


CIBA FOUNDATION GCOLLOQUIA
ON ENDOCRINOLOGY

Vol. II. Steroid Metabolism and Estimation



Ciba Foundation Symposia

Other Volumes in this Series *

Vol. L. Steroid Hormones and Tumour Growth
and Steroid Hormones and Enzymes

Vol. IIL

H F gy and
and Steroid Hormone Administration
Vol. IV. Anterior Pituitary Secretion and

Hormonal Influences in Water Meta-
bolism

General Volumes .

‘Toxzmias of Pregnancy 2Is.
Liver Disease 25s.
Isotopes in Biochemistry 27s. 6d.

Visceral Circulation About 30s.



CIBA FOUNDATION COLLOQUIA
ON ENDOCRINOLOGY

VOLUME 1I

Steroid Metabolism and Estimation‘

General Editar for the Ciba Foundation
G. E. W. WOLSTENHOLME, 0.BE., M.A, M.B,, B.Ch.

Assisted by
MARGARET . CAMERON, MA.,ABLS.

T¥ith 96 Ilustrations

LONDON
J. & A. CHURCHILL LTp.
104 GLOUCESTER PLACE, W.1
1952



ALL RiGHTS RESERVED

This book may not be reproduced by
any means, 1n whole or in part, with-
out the permission of the Publishers

Printed 1n Great Britain



PREFACE

Tue Ciba Foundation is an international centre where
workers active in medical and chemical research are en-
couraged to meet informally to exchange ideas and informa-
tion, In the two and a half years since its opening in June,
1949, 1n addition to many part-day discussions, there have
been 18 international symposia, each lasting two to four days,
attended on invitation by outstanding workers {rom many
countries.

The informahty and intimacy of these meetings have
permitted discussion of current and jncomplete research and

stimulated hively speculation and arg t. They have also
been the occasion for reference to much published and
blished work througl the world. The proceedings
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are now being 1ssued 1n full, with only the minimum of
editing, in order to pass on to a far wider audience the benefits
of these meetings. Assembled in book form they present
very Treadably much information not readily available
elsewhere.

Nine of the first 18 Symposia form a series of “Colloquia
on Endoennology,” dealing mainly with steroid hormone
problems.  One of these, on Nomenclature of Steroids, has
had 1ts conclusions prbl?}égd scparately;* of the remaining
eight, two are now comb in each of four volumes.

Volume II contains the proceedings of two conferences on
closely related subjects, held within a few wecks of each other,
and attended for the most part by the same people. The
first Book, on Estimation of Steroid Hormones, covers chiefly
the determmnation of urinary metabolites of progesterone,
cestrogens, and corticosteroads. The second conference, in
Book II, was concerned with the Metabolic Breakdown of
Steroids, and attention here was turned mainly to androgens,
progesterone and corticosteroids.

*Chemistry and Industry, June 23rd, 1951.
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vi "PREFACE

In Volume II the steroid nomenclature used by the Editors
has been based on the recommendations of the international
group of distinguished steroid chemists at the meeting re-
ferred to above. The Editors are greatly indebted to Dr. W.
Klyne for help in producing some conformity in nomenclature
in this volume, and also for the explanatory note which
follows.



STEROID NOMENCLATURE

IN any group of naturally occurring compounds, the
members first isolated are given trivial names based on their
origin (e.g. cholic acid) or their biological activity (e.g. andro-
sterone). Compounds derived from such natural products by
degradation, or related compounds, are then given names
based on these (e.g. dehydrocholic acid, dehydroisoandro-
sterone). Sconer or later, the organic chemists working in
such a field find it necessary to introduce a systeratic nomen-
clature. The two names *dehydrocholic acid” and ““dehydro-
isoandrosterone” illustrate the need for this; the prefix
“dehydro” in dehydrocholic aeid implies the oxidation of the
three hydroxyl groups of cholic acid to keto groups, whilst
the same prefix in dehydroiscandrosterone indicates the
presence of an olefinic double bond, The systematic nomen-
clature usually takes the form of a few basic names for the
fundamental hydrocarbons or heterocyclic structures, to
which prefixes and suflixes are added in accordance with the
general rules of organic nomenclature Such names, although

y for 10 ical work, are often clumsy, and
the old trmal names remain in use as well, chiefly for those
compounds which have a biological origin or activity.

In a book such as this, it seems desirable to use both the
systematic and the trivial names. Some readers will be more
nterested in the structures of the compounds discussed;
others will be more interested in their biological functions.
All must, however, have some interest in the connexion
between structure and function, otherwise they would hardly
be reading the book.

There is, at present, no internationally agreed system of

lature for the ds, but an pt was made to
draft a system at a Conference held at the Ciba Foundation in
May-June, 1950. The draft rules have been published in
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it SteEROID NOMENCLATURE

English (Chem. and Ind., 1951, p. SN1), in German (Helv. chim.
Acte, 1951, 34, 1680) and in French (Bull. Soc. chim. Fr.,
1951, p. i). These proposals were discussed during the
meetings of the International Union of Pure and Applied
Chemistry in New York in September, 1951; a large measure
of international agreement was reached, but adoption of the
proposals was deferred until full agreement could be attained.
A sub-committee of the L.U.P.A.C., under the Chairmanship
of Professor C. W. Shoppee (Swansea) is considering the
outstanding points.

In prepating the papers n this Symposium for the Press,
the staff of the Ciba Foundation have tried to introduce the
“Ciba Foundation Rules” in what 1t is hoped will be thought
a gentle and unobtrusive way. In most cases, the trivial
names used by the authors, who are actually working with
the compounds, have been retained, with the formal names
inserted in parentheses at the first mention in each paper.
It is hoped that in future Symposia and in publications
elsewhere, authors will graduslly forsake the use of many
trivial and semi-trivial names, as, e.g., epi-androsterone,
cis-testosterone, and use the systematic names as far as
possible. Trivial names wil certa.\nly be retained, however,
for a few pounds of the g logical importance,
such as cestrone and progesterone, a list of which is given in
the “Ciba Foundation Rules”.

8 Jan,, 1952 W. Kuyye
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BOOK I

ANTERIOR PITUITARY
SECRETION



FOREWORD

by

A. 8. PARKES, Ph.D., D.Sc., F.R.S.

Tais Collogmum dealt with many of the most important
problems relating to the anterior pituitary body. The dis-
covery of the dynamic effects of this gland carried with it a
logical necessity that co-ordination with the target organs
should be reciprocal, especially in the case of the reproductive
organs, and further that environmental factors might directly
or indirectly mfluence the anterior pituitary body. Our know-
ledge of the reciprocal mechamsm is very far from complete
and many questions still await an answer : how, for instance,
is the anterior pituitary body informed of the presence of a
fertilized egg in time to change gear for pregnancy ? Never-
theless, as the Colloqumum showed, a great mass of information
has now been accumulated. Some years ago, the anterior
pituitary body was referred to as the conductor of the endo-
erine orchestra That saying has become rather hackneyed,
and although true, it is very far from being the whole truth.
We now know that the conductor is really just a marionette,
activated by different strings pulled, often simultaneously, by
various members of the orchestra, as well as by members of
the environmental audience. Clearly, this is no ordinary or-
chestra, and the fact that physiological cacophony 1s com-
paratively infrequent shows that the elaborate co-ordination
is surprisingly effective. It was the task of the Colloquium to
assess how much we know, and even more iniportant, how -~
much we do not know about the mechanisms concerned, and
it is to be hoped that the present volume, in which the papers
given are presented in full, will be of help to all workers n this
field. ) .



PART 1
ANATOMY, HISTOLOGY AND CYTOLOGY

CYTOCHEMICAL LOCALIZATION OF THE
PROTEIN HORMONES OF THE ANTERIOR
HYPOPHYSIS

4. G. EVERSON PEARSE -

Frou the anterior pituitary gland with its three classical
types of epithelial cell, six protein hormones ean be extracted.
These are_the growth hormone (somatotrophin), lactogenic
hormone (mammotrophin), thyrotrophic hormone (TSH),
adrenocorticotrophic hormone (ACTH), follicle-stimulating
hormone (FSH) and luteinizing hormone (LH), The problem
of which cell produces which of the above hormones is largely
unsolved hut there is, nevertheless, a general measure of
agreement about the source of three of the hormones (growth,
Iactogenic and FSH), while on the source of the other three
there nre many opinions and much disagreement. It is usually
considered, however, that two of the three cell types, the
acidophil and the basophil, between them produce all the
known hormones and that the third cell, the chromophobe, is
inactive in this respect.

As various functions came to be recorded and ascribed to
the pituitary gland, a number of methods were used in an-
endeavour to establish a relationship between these functions
and the individual cell types. Such methods, which are still
being employed, fall into six groups:—

(1) Pituitary eytological studies in pathological or physlo~
logical states (the classical method).

1
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(2) Putuitary cytological studies in artificially induced
states.

(2) Studies of the effects of implantation of whole or
speetfic portions of pituitary glands, or extracts thereof, on
the body of the recipient.

{4) Studies of the effects of punﬁed substances extracted
from the pituitary gland.

(5) Studies of the effects of substances other than of
pitnitary origin on the eytology of the gland.

(6) Cytochemical methods.

This paper is primarily concerned with the last of these, but
a short survey of the other five, and the conclusions derived
from their use. will not he out of place.

Secretory Cytology of the Anterior Hypophysis by the
i Older Methods
In the classical method of correlating structure with function
a compatrison is made between the cytology of the hypophysis
and the abnormal condition caused by its dysfunction. In
this way Benda (19004, b) explained the excessive growth in
acromegaly and gigantism as due to hyperplasiz of the acido-
phils. After Evans and Long (1921) had produced gigantism
in rats by repeated injections of saline extracts of bovine
anterior pituitary gland, Benda’s reasoning was confirmed
when Smith and Smith (1928) found that the hypophysecto-
mized tadpole would show a growth response only when
injected with tissue derived from the predominantly acidophil
areas of the bovine pituitary. The long series of investigations
on Snell’s dwarf mice (Snell, 1929; Smuth and MacDowell,
1930, 19831; Kemp, 1933, 1936, 1938; Kemp and Marx, 1936,
1937; de Beer and Gruneberg, 1940}, in which there is an
almost complete absence of acidophils from the anterior
h\pOphysns, make it certain that the origin of the gro“.th
isin the acidophils th Ives. That this fret is uni-
versally accepted is revealed by the relative absence of modern
experimental work on the location of the growth hormone.
The relationship between the pituitary gland and the gonads
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was not understood until, between 1926 and 1928, the work of
Smith in the United States, and of Aschheim and Zondck in
Germany, clearly pointed the way to an association between
the basophils and the gonadotrophic hormones. Cytological
studies on the pituitary glands of castrate animals had been
made long before the existence of gonadotrophins became
known and most observers were agreed that the number of
basophils rose 7-14 days after removal of the gonads and that
the cells simultancously increased in size. On this kind of evi-
dence Cushing (1932) expressed his belief that the sex-maturing
principles were claborated in the basophil elements of the
anterior lobe. In the early work on pituitary gonadotrophins
it became clear that at least two factors were secreted by the
anterior hypophysis and these were named, in respect of their
separate properties, FSH and LH. More recently biochemical
evidence, in the prep ion of sep pure protein fracti
called thyla- and metakentrin repectively, has confirmed the
existence of these two gonadotrophins. Evidence upon the
origin of FSH and LH, derived particularly from work in
Groups 1 and 3, 1s contradictory, although nobody now argues
that FSH is produced other than by the basophils. Wolfe
and Cleveland {1931) and Wolfe, Phelps and Cleveland (1933)
worked on the variations shown by the rabbit’s anterior
pituitary cells during the sexual cycle and concluded that LH
was produced by the acidophils, the basophils alone being
responsible for FSH, and Herlant (1943) showed that the rat
hypophysis, rich in acidophils after prolonged insulin injec-
tions, contained more than the usual amount of luteinizing
hormone. This circumstance was taken to favour the produc-
tion of LH by the acidophils, Severinghaus (1938) in his
review of the available evidence ugreed that this was best
suited by the proposition that the basophil duced FSH
and the acldophlls LH. Smelser (1844) and Giroud and
Martinet (1948a, &), on the other hand, administered extracts
or implants of ox and pig hypophyses to immature female
mice or rats, and both sets of authors concluded that FSH
and LH were denived from the basophils.
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The cause of most, if not all, of the difficulty was revealed -
by the discovery, by Astwood and Fevold (1989), of a third
pituitary gonadotrophin which they named luteotrophin, and
by the identification of this with the lactogenic hormone
prolactin (Evans, Simpson, Lyons and Turpeinen, 1941).
1s now customary to recognize a single hormone produeing
lactogenic and progestational effects under the alternate
names of mammotrophin and luteotrophin. In the case of
the former all the evidence, past and present, points to & -
derivation from the acidophils. - In particular the work of
Schooley and Riddle (1938) on the pigeon hypophysis strongly
supports this view. In this bird a striking degranulation of
the acidophils occurs during crop stimulation, a process
known to be controlled by prolactin. The experimental work
which has the greatest bearing on the derivation of LH and
luteotrophin 1s that of Friedgood and Dawson (1938, 1940,
1942). These authors described a particular type of acidophil
in the hypophysis of the eat and rabbit, stained by Heiden-
han’s azocarmine modification of Mallory’s trichrome stam,
and this has been the subject of some work of the author
reported for the first time in a later part of the paper. As will
be seen, this evidence for the derivation of LH from the
ucndop}uls is not as good as might appear at first sight.

ideration of the cytolog: in the anterior
pxtuntary induced by hyperthyroidism, and by thyroidectomy,
have not led to agreement as to which cell secretes thyro-
trophic hormone, though there is general ngreement as to the
nature of the cellular changes. In the rat hypophysis, the
histological picture following thyroidectomy was described by
Severinghaus, Smelser and Clark (19384), by Zeckwer, David-
son, Keller and Livergood (1985), and by Nelson and Hickman
(1937). Both types of chromophll cell were found to be
affected; the acid; r‘ lated while the baso-
phils increased in size and number. Large vacuolated cells .
(thyroidectomy cells) appeared, which some workers deseribed
as chromophobes but which are correctly regarded as baso-
phils. Manne, Rosen and Spark (1985) confirmed these
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changes in the case of the rabbit, but Baker and Everett (1947)
denied them in the casc of the rat. Severinghaus et al. (1934)
observed that the administration of thyroxine to rats caused
changes in the basophils similar to those induced by thyroid-
ectomy, while the acidophils reacted in the opposite way by
b ing hypergranulated. Griesbach (1941) described the

. changes in the basophils of rats with hyperplastic thyroids

induced by goitrogenic diet and concluded, from cytological
evidence, that the vacuolated basophils known as goitre cells
were active, not degenerate, and might therefore be the source
of TSH. Griesbach and Purves (1045) realized that attempts
to correlate thyrotrophin production \uth pituitary eytology
failed in severe thyroxin deficiency the resulting
cellular ch ffected both acidophils and basophils. They
therefore determined the normal thyroxine requirement of
thyroid ized rats and maintained such rats on slightly
subnormal levels of thymxine Under these conditions the
basophils were mcrmsed m number and =activity while
the acid d. They concluded that the
basuph\ls were responsible for the secrction of thyrotrophin.

A similar opinion was maintained by Zeckwer (1937) who
stated that thyroidectomy cells probably produced TSH.
Marine, Rosen and Spark (1935) had come to the opposite
conclusion from their studies of goitrous and thyroidectomized
rabbits, since they beheved that depletion of the acidophil
granules, coinciding with thyrod activity, suggested the
production of TSH by the acidophils. The majority of workers
favour its derivation from the basophils.

There is considerable agreement, at the present time, upon
the relationship between the pituitary gland and the adrenal
cortex; reduction in blood levels of the adrenal cortical
hormones is believed to stimulate production of pituitary
ACTH with a resulting increase in output and production
by the cortex. There is no agreement as yet as to which cell
produces ACTH. Earlier evidence, which was derived from
studies of the hypophysis in Addison’s disease, suggested that
the basophils were responsible, but up to the time of Swapn’s
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(1940) review of the pituitary-adrenocortieal relationship,
experimental work had failed to produce reasonable evidence
for or against this hypothesis, Heinbecker and Rolf (1044),
working with dogs, produced hypoplasis of the adrenal
cortex by hypopliysectomy. After cutting the infundibulum
and fibres from the paraventricular nucleus, however, the
adrenal cortex remained normal while there was a decrease in
the nuraber of basophils and a normal number of acidophils
in the anterior hypophysis. They concluded that adreno-
troplin was produced by the acidophils. 1’Angelo, Gordon
and Charipper (1948) showed, in the guinea-pig, that starva-
tion caused adrenal hyperplasia, which they presumed to be
due to increased adrenotrophin secretion, Under such
conditions there was & fall in the number of acidaphils with an
mcrense in the number of busoph:ls and chtomopl\ohes, they
interpreted these findi as i an tation of
circulating ACTH by secretion from the b'!sop]n]s. Pearse and
Rinaldini (1950) have shown, in the rat, that starvation in-
crenses the ber of i taining cells (basophils)
by 820 per cent, which corresponds closely to the 260 per cent
crease in gonadotrophic potency ecalculated by bioassay
(Rinaldim, 1949). Whether the d ber of basopinl
which undoubtedly occurs in starvation can be interpreted as
giving rise to an increased secretion of ACTH is open to
question. Finerty and Briseno-Castrejon (1949) performed
unilateral adrenalectomy in rats, which resulted in compen-
satory hypertrophy of the remaining adrenal and a marked
in the p ge of acidophils in the hypoplyses of
treated animals by ecomparison with controls {50 per cent and
88 per cent respectively). They believed, on this account,
that the acidophils produced ACTH.
From all the above work, the majority of which falls into
Groups 1, 2 and 8 of the classification of methods given above,
it is now usually concluded that growth hormone and the
lactogenic hormone (prolactin, luteotrophin) are derived from
the z\cxdophlls while FSH comes from the basophils. The
origin of the other three hormones remains uncertain. In

VN



Cyroenrmicat, Locarazatiox or HonMoxes ki

spite of the rclntuclv stmmv ecidanae 4a o LN '

Fume 47

P A TS :

' Loy or wunuuCntly nttnh\ucd to lhe latter.
hg. 1, bcla\\' is taken from an itustration by Fuller Albright
(1018) which sets forth his views on the derivation of the

various ho-rm(mes Thcsc Ao wama oo i linjeal
RV i . . tinein
. ' "o . .o *oer, said
A(Yn
SEOWTH

isn
LACTOCENC

Fie, 1. The ummry eytolomy of \he nn(tmx hyrn‘ph)’iﬂ as
d oda.

y
buopluh Blacks) A/m Aright (lxm )

Albright, but LI 1 looking over his shoulder beeause he is
not quite sure of his place. Such 15 the position when we
came to apply the methods of cytochenustry to the investiga-
tion of the problem,

The Cytochemistry of the Anterlor Hypophysis
Herlant (1942, 1913} was £he f\rst 1o use the cytochermm}

He employed o ic st
and claimed that he could syeczﬁcﬂlly demanstmbe thﬂ i,
trophic hormones in tha hors * 1
onthe ke S
LH) bel - . foweoptutems and that such



A

8 A. G, Evensox Pranst

substances are eapable of indneing metachromasia with dyes
like toluidine blue, Subsequent work by Catchpole (1017,
1049) and by Penrse (1048, 1949) has made furthier use of the
mucoprotein nature of the ponadotrophins, coupled with
newer techniques of investigation,  The protein hormones of
the anterior pitnitary gland can be divided into two groups,
first on the basis of their carboliydrate content and secondly
on their isocleetrie points (LIELE), When this is done, as in
Table T opposite, it can be scen that FSH, LII and TSI fali
into Group 1 while gm\vﬂ\ hormone nnd prolactin (luteo-
tmphin) fall into Group 2, 'The pituitary gland thus produces
h\o main clnsses of prutcm- ane acid, basophil and carbo-
hydr e { T ); the o!hcr basie, acidophil
and carbohydrate Tree {stmple protein).  The prime examples
of the two classes are FSH and growth hormone, There are
two nnomalies which mar the perfection of this scheme,  First,
the high LB, reported for swine LY Ly Shedlovsky,
Rtothen, Greep, van Dyke and Chow (1910), and secondly, the
fact that ACTH does not conform to the major division
between the two groups. The preparation referred to by
Shedlavsky ef al. was a pure protein, with an isnelectric
point at pII 7-85, which “stimulated the interstitinl tissue of
the testis or ovary and caused the formation of corpora lutea
provided that maturing follicles were present” It was free
from follicle-stimulating nctivity but Greep, van Dyke and
Chow (1042) observed in respeet of it that “a preparation of
pure sheep ICSH (LA proved consistently more effective
in ovulating does (rabbits) than did hog metakentrin (LII).”
It scems fikely that the fraction isolated by Shedlovsky et al,
consisted of lateatrophin and that in this sense only could it
be regarded as & Juteinizing hormone.

Beeause of the anomaions position of ACTH in Table I,
the histochemieat methods employed hy Penrse {1040, 1052)
could not be expested to achieve its localization in the
anterior hypophysis. It could be present in the beta granules
without cansing an appreciable alterntion in their chemient
and physien] propertics.  Similarly, if present in the alpha
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granules, no alteration would be expected unless the amount
was greater than that of the simple protein, with high LE.P’,,
of which these granules consist. In the case of the other
hormones, however, cytochemical localization is theoretically
possible. Al reported analyses of protein fractions from the
hypophysts corresponding to FSH, LH and TSH record the
presence of hexose and hexosamine in significant quantities.
These substances can be demonstrated cytochemucally with-
out difficulty. The periodie acid-Schiff (PAS) reaction of
MeManus (1946) and Hotchhiss (1948) was used by both
Catchpole and by Pearse to demonstrate the presence of
hexose and hexosamine-containing mucoproteins in the

Table 1
Carbohydrate I lowIEDP. HghIEP l
FSIT
Positine LY $Group 1 — -
TSH
Negative ACTH g;gr;‘:;"ic}cmup 1

anterior hypophysis. Pearse (1919) showed that such material
was present exclusively in the basophils and in some cells,
classified as chromophobes by older staining techniques, which
he regarded as belonging to the basophil series. This was true
not only of the human gland but of the other species studied
{rat, guinea-pig, rabbit, mouse, sheep, goat). The PAS reac-
tion has been considered to be specific for the 1:2-glycol
hinkage which occurs in a variety of tissue components, but
whatever the mechanism of the reaction 1t can be shown to be
capable of revealing substances in five main groups. These
are- (1) polysaccharides (glycogen); (2) mucopolysaccharides
(mueins, hyaluronic acid, heparin); (8) muco- and glyco-
proteins (mucoids, gonadotrophic and thyrotrophic hormones,
fractions of serum alb and globulin); (4} gly
(kerasin, phrenosin); and (5) phospholipids (lecithin, cephalm).
3

Yinid
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When the method, with suitable counterstains, is applied to
the pituitary gland the basophils are deeply red, due to the
colour of the individual beta granules and the true chromo-
phobes are at the most pale pink. By means of various
compl itary histoch I tests it has been shown by
Pearse (1949, 1952a) that this colouration of the beta granules
15 due to their content of mucoprotemn (though neutral
mucopolysaccharide cannot be specifically excluded) and not
to substances in any of the other groups mentioned above.
Catchpole (1949), moreover, has shown in the case of the rat
hypophysis that the presumed mucoprotein which stains with
PAS has the same pomt of mimmum solubxhty in buffers as
the mucoprotemn FSH.

The alpha granules, in all species so far examined, have
been found free from any traces of redness when the PAS
reaction is applied and they stain yellow with the orange G
counterstamn used n the Trichrome-PAS method (Pearse,
1950). This means that they contain certamly no more than a
trace and probably no reacting polysaccharide (1:2-glycol)
whatsoever. It can be shown that the PAS reaction will
easily appreciate 1 per cent of polysaccharide. From figures
given by Seibert, Pfaff and Seibert (1948) for the albumn and
globulin fractions of normal human serum, to which figures for
fibrinogen have been added, it has been calculated that normal
human plasma contains about 1-4 per cent of polysaccharide
(dry weight). The colour of lipoid-free plasma, stained by the
PAS method, is a recognizable pink.

As a result of these cytochemical mvestigations it can be
stated that the mutoprotein hormones of the anterior hypo-
physis (FSH, TSH, LH), provided that they are not synthe-
sized extracellularly from an intracellular carbohydrate-free
precursor, can only be derived from the mucoprotein beta
granules of the basophils. The growth and lactogenic
{luteotrophic) hormones, on the other hand, are known to be
composed of hasic, or relatively basic, simple proteins and such
proteins have been shown to be present in the alpha granules
of the acidoplils. Using Albright’s mode of expression,
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Fig. 2 shows the secretory cytology of the hypophysis as
determined by cytochemical means.  The left hand column
refers to the acidophils, the night hand one to the basophils.
In the middle, beeause no proof one way or the other can be
offered, stands ACTIL

Comparison Between Cytochemical and Other
Evidence
It may reasonably be said that the non-cytochemical
evidence against the derivation of FSH from the basophils is

CROVTH AKTH

0%
5

Fi6 2. The secretory cytoloy of the antenor hypophysis by
cytochermcal meitiods. For companson with Fig 1.

negligible and on this score the eytochemical methods in
Group 6 are in complete agreement with the other groups.
In the case of TSI, the non-cytochemical evidence agarnst its
denivation from the basophils is slender and I consider that the
cytochemical findings, in conjunction with the observations of
Gneshac]x and Purves (1945), indicate conclusively that this

is produced Ly the basophils. Only in the matter of
the lutcmlzm« hormone (LH) does the cytochemiceal evidence
confliet sharpl) with the non-cy tochemical evidence offered
by Friedgood and Dawson. Much of this difference 1s due to
the fact that not one, but two hormones capable of exerting

inizing effects are d by the anterior h\'pop’h‘sls
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Though these are chemically separate and distinet hormones
there is some difficulty in distinguishing their several effects
biologically. The course of events in the hypophysis of the
rabbit following costus has been built up from a pumber of
observations. Hill (1931) found that the anterior pituitary
gland of the normal female rabbit contained 1,560 rabbit-
ovulating units of gonadotrophin, while half an hour after
coitus this had fallen to 1,220 umts (20 per cent decrease) and
after 24 hours to 210 units (87 per cent decrease). 1t isknown
that m the rabbit ovulation is not induced by ¥SH alone but
by FSH and LH. Fee and Parkes (1929) showed that while
hypophysectomy of the female rabbit (by decercbration) one
hour after coitus would prevent ovulation, the same operation
performed later than this had no such effect. Sawyer, Markee
and Hollmshead (1947) were able to mbibit ovulation in
the rabbst by interruption of the humoral pathway from
the hypothalamus with the adrenergic blocking reagent
dibenarmne.  Tlis was only possible of the dibenamine was
injected less than 3 minutes after cotus.  We know, there-
fore, that a minute or so after cortus the stimulus for discharge
of gonadotrophin reaches the anterior pituitary. that within
half an hour 20 per cent of the total gonadotrophm has been
discharged and that in about one hour the amount of LH
seereted is sufficient to produce ovulation. We do not know
how long this discharge of LI continues nor yet (conclusively)
{from which type of cell it is produced. Friedgood and Dawson
scareely mentioned the hasophils in thew descriptions of the
hypophyseal changes following coitus, so that it seemed
essential to repeat their work and particularly to examine
the part played by these eells,

Cytology of the Rabbit Hypophysis after Coitus

The essential abservation made by Friedgood and Dawson
on the rabbit and eat hypophysis was that within 30 minutes
of coitus there appeared in the gland large numbers of a
modified acidophil {Fig. 5), whose granules have 2 particularly
great affinity for the dye szocarmine, This dye can be
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removed withs ease from the graunies of the normal acidophits
(Fig. 8). The vome carmine cell, Iater {Dawson, 1046) car-
minophile, was applied to them, Though they were normally
present ondy 1 small numbers, a particularls striking rise
carmine cells oceurred in two conditions, (1) immediately
following coitus and (2) during late pregnancy and early
lactation. Friedgood and Dawson initially traced the origin
of LY tu the carmine cell, and therefore to the acidophnl, by
correlating the hypophbysent changes following coitus with the
tevels of serum ponndotrophiv.  The carmine eell reached its
zenith between 1 and 31 baurs post-coitum while degranula-
tion was observed to take place £ hours after ecitus and to be
complete nfter 14 hours.  This latter period was observed to

ide with the i fevels of jotrophm in the
serum.  They concluded (1912) that the carmine cell contamed
a lutemizing hormone essential for the imtial maturation of
the follicle and that its subsequent degranulation represented
the sceretery phase. A further conclusion from this work, and
that of Dawson (1946} on the effect of laetation on the
carmmopliles, was made by Fricdgood (3956). He stated
that circumstantial evidence mdicated that prolactin was
derived from the carmine cells.

My own fodings agree with the particularly accurate
ohservations of the omgmnl authors m the matter of the
carmne cell. The poorly statimng normal acidophils, shown
1 Fig. 8, beeame converted in 13 bours slmost entirely into
fully granulated carmune cells, of the type seen in Fig. 5.
When the basophils were exammed, however, a ¢hange anfy
chromatically less striling than that affecting the acudophils
was observed. 1t is necessary 2t this pomt to refer hriefly to
the weork of Severinghaus {1935, 1938). Tins anthor deseribed
w the acidophils and basopluls of the human hypophysis a
eycle of degranulation and restoration accompanied by
nuclear changes of n distinet and easily recognized type.
Using his own modification of Mallory’s trichreme stan,
Severinghaus found that the nuclei of degranulating acidophils
assumed an averafl blue colouration towards the end of the
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sceretory part of the cycle while at a similar stage in the
basoplnls the nuelei became bright red. e described these
nuclear changes as pyknotic, a use of the word with which I do
not agrec. The essential change (Penrse, 1052b) consists of a

ton 1 the stainable quantity of acid and therefore
basophil protein in the chromatin threads, together with an
unmasking of, or an increase in, the acidophil proteins of the
ground substance. Why in the case of the acidophils the
increased acidophia of the nueleus should express itself as an
affintty for aniline blue, winle m the basophils it shows as an
affinity for the red acid dyes (acid fuchsin, azocarmine) has
not been explained.

When the basophils from a doe half an hour after coitus are
compared with those of a control female rabbit in cestrus
(F1g. 4), the characteristic alteration of the nuclei deseribed by
Seveninghaus is seen to have increased from less than 1 per
cent to about 30 per cent. One hour after coitus aver 60 per
cent of the nucler of the basophls show this change (Fig. 6).
Instead of being composed of fine purple-staming chromatin
threads. often enclosing a single red nucleolus (Fig. 4), the
whoale nucleus has acquired a strong affinity for azocarmine so
that it stains bnght red.  After 3 hours the percentage of cells
showing the nuclear change 1s still high but is diminishing
both numerteally and qualitatively, with evidence of a return
16 the normal chromatin pattern in many of the cells, At this
stage deg; ion of the basophils, which has been proceed-,
ing n the two previous stages, becomes quite obvious (Fig. 8).
After 6 hours (Fig. 7), the majority of basophils are refilling
with beta granules though some are still degranulated and
others have nuclei intermediate between the degranulating
type and the normal. The carmine rells, on the other hand,
can be observed to be degranulating at § hours post-coitum
as judged both by dimmution in size and granule content and
by they of the blue nucleus of deg Intion deseribed
by Severinghaus. At 6 hours past—cnimm they are extensively
degranulated and the nuclear change is still visible (Fig. 7).
Table 11 shows the results given by Friedgood and Dawson
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secrctory part of the eyele while at & similar stage in the
basophils the nuclei t bright red, e described these
nuelear changes as pyknotic, a use of the word with which I do
not agree. The essential change (Pearse, 1952b) consists of a
dinunution m the stainable quantity of acid and therefore
basophil protein in the chromatin threads, tagether with an
unmasking of, or an inerease in, the acidophil proteins of the
ground substance. Why in the case of the acidophils the
mereased acidophiha of the nucleus should express itself as an
aflinity for aniline blue, while in the basophils it shows as an
affimty for the red acid dyes (acid fuchsin, azoearmine) has
not been explained.

When the basophils from n doe half an hour after coitus are
compared with those of a control female rabbit in cestrus
{Fig. 4), the characteristic alteration of the nuclei described by
Severinghaus is seen to have increased from less than 1 per
cent to about 30 per cent.  One hour after coitus over 60 per
cent of the nucler of the basopluls show this change (Fig. 6).
Instead of being composed of fine purple-staining chromatin
threads, often enclosing 2 single red nucleolus (Fig. 4), the
whole nueleus has acquired o strong affinity for azocarmine so
that it stuns bright red.  After 8 hours the percentage of cclls
showing the nuclear change is still high but is diminishing
both numerically and qualitatively, with evidence of a return
to the normal chromatin pattern in many of the cells, At this
stage deg; Intion of the basophils, which has been proceed-
ing in the two previous stages, becomes quite obvious (Fig. 8).
After 6 hours (Fig. 7), the majority of basophils are refilling
with beta grannles though some are stil degranulated and
others have nuclei intermediate between the depranulating
type and the normal. The carmine cells, on the other hand,
can be observed to be degranulating at 3 hours post-coitum
as judged both by diminution in s1ze and granule content and
by the presence of the blue Jeus of d )! 3| ibed
by Severinghnus. At 6 hours post-coitum they are extensively
degranulated and the nueclear change is still visible (Fig. 7).
Table II shows the results given by Friedgood and Dawson

ion
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(1938) for the carmine cell change in the rabbit hypophysis
together with my own results, from a small series of 18 rabbits
(3 controls and 3 at cach time interval), expressing the

lation of the basophils in a similar manner. Both the
nuc]cnr change {acidophilia) and frank loss of granules have
heen taken as indicators of degranulation. -

Table 11
e et | Basophd
it | Crracnon’ | degremiiation Remorks
thonra)
¥ t Dasophit degranulation alreads
i +H PRGN under way. 20 per cent drop in
PRI piturtary gonadotrophn
++ 9
f Sr | Nomatenat —

+++ | Basophil degranutation increasing.
1 ++ PRERIRES Ovulation proceeds post-hy po-
+++ PRI physectomy.

" A ++++++ ", nuhu;mm degranulation of baso-
R e Mk
N . 1 I 4+ | Xomatenal -
++
++ Degranulation of carmune cell
33 | Lit+ +++++++_ begins
" + No material —

+++

+ Basophuls regranulating, Carmine
6-8 ++ +++ cells still degranulating

Columns 1 and 2 are taken from Friedgood and Dawson (1938).
Column B represents author § observations

I conclude from these observations (1) that the secretion of
suffictent gonadotrophin (known to be mainly LH) to produce
ovulation coinaides with the beginning of the period of
maximal d lation of the basophil and.(2) that at this
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Fic 7 (top right) The female rabbit
hypophasis six hours after coitus
Left, regranulating bisophuls, some
showng the ‘“intermediate “<tate of
the nucler.  Right, degranulating
carmine cells, some showing the
(blue) nucleus of degranulation
Hlerdenlinins Azocarmine method.
 300.

FIG 8 (bottom right}. Degranulated
Dasophils t the female rabbit hy po-
physis three lours after coitus
Gevennghaus change <till viatble m
the majonty of nucler Heidenhatn s
Azocarmune method,




CyTocnesicat Locatization or Horvoxes 17

(4) Cytochemical methods support the source of the simple
protein grow th and lactogenic hormones as the alpha granules
of the acidophils, but give no indication, at present, of the
source of ACTII.

(5) The outstanding non-cytochcmical evidence for the
derivation of L from the acidophils is the work of Friedgood
and Dawson on the carmine cell. This work has been repeated
in the rabbit, and it has shown that sufficient LI to induce
ovulation is seereted during the period of maximum hasophil
degranulation. No degranulation of the earmine cells can be
observed at this time.

(6) The appearances in the post-coital rabbit hypophysis
support rather than deny the derivation of LH from the
basophils.
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time, and indeed until about 3 hours post-coitumn, the carmine
cells show no evidence of degranulation whatsoever. In view
of these conclusions 1t is likely that not only the mucoprotein «
FSH but also the mucoprotein LY {metakentnn) are secreted
hy the basophils and the discrepancy between cytochemical
and cytological reasomng is removed, This repetition of the
work of Friedgood and Dawson does not prove that LH is
derived from the basophuls, merely that it could be and very
likelyss. In conjunction with the cytochemical evidence given
sbove, the possibility becomes o certawnty, As regards the
true function of the carmme cells, the findings of cytochemistry
agree very well with the hypothesis that they are responsible
for the secretion of the lactogente hormone (luteotrophin).

Summary

(1) The methods which have been used wn attempts to
correlate the secretory functions of the anterior pituitary
gland with 1ts cytalogy fall mto six groups. The first five of
these may be aggregated under the single heading “non-
cytachemieal.” The sixth group comprises the cytochemical
methods with which this paper is chiefly concerned.

{2) The prablem of which of the cell types of the anterior
prtuitary gland produces which of the six known protein
hormones 15 reviewed in the light of the non-cytochemical
evidence. This broadly suggests that growth and lactogenic
harmones are produced by the acidopinls and FSH by the
hasophils. In respect of the other three (LH, TSH, ACTH)
the evidence favours production of the first by the acidophils,
the second by the hasophls and the third by either.

{3) Cytochemical methods, capable of revealing smatler
amounts of carbohydrate (hexose and hexosamne) than those
which are found in any of the three mucoprotein hormones
(FSH, TSH, LYJ), indicate that none of them is present m
the acidophils (alpha granules) unless in the unlikely form of
ecarbohydrate-frec precursors. They can only be present in
the beta granules of the basophils.
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Were you able to get your human material in reasonably
fresh cnndmon?

. ot M ¢ of glands less than

. ' . 1} hours. With the
‘ nges in the majonty
. - 1 usually throw out

any over that period

Parxrs. What do you nnagine causes the continued secretion by the
rabbit pituitary after an amount adequate to cause ovulation has been
poured out?

Pearse- I suppose that goes on for at least an hour and a half after
1t's necessary.

Panxes: The pitustary very soon has to start thinking about the
building up of corpus luteum. Have you managed to trace any changes
corresponding with this phase?

Pearst: I think that the work of Friedgood and Dawson suggests
that lutcotrophin 1s secreted from the tlurd hour onwards 1n farge
quantities, and FSIH may still be excreted at that time It's very
difficult to say from this kind of preparation, but I take 1t that the
output of luteotrophin ceases very shortly after three hours, and that the
excess that's put out is rather typieal of the body—it never seems to do
anything without overdong 1t

Tucnmann-DurLessts 1 would like to ask Dr. Pearse what he thinks
about the McManus reaction? Do you think that !hls is & specific
reaction for the mucoprotein of the pituitary?

Pearst. I think it's probably the most unspecific reaction in the
world. It never fails to stan anything. Butit’s a very useful indicator
of these materials It never fails to stain a material that contmns
more than about 1 per cent of hexose and hexosamine.
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basophils. There are in fact two kinds of mucopmtem gr:mules seen in
the pituitary, the true classical betay granule de ﬂm other granule
which I have called the g 1 don't much hke
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THE PHYSIOLOGICAL MEANING OF THE
HISTOLOGICAL PICTURE OF THE ANTERIOR
HYPOPHYSIS CHARACTERISTIC OF CASTRA-
TION, PREGNANCY AND THYROIDECTOMY

L. DESCLIN

Tue ultimate purpose of every cytologist studying the
anterior lobe of the pituitary is to discover in what cells the
various hormones elaborated in this organ are formed and to
characterize the aspects of these cells related to the rate of
elaboration and rclease of these secretory products. The
difficulty of this task has been stressed by many authors
(Severinghaus, 1936, 1937; Romcis, 1940) and results mainly
from the multiplicity of the pituitary hormones contrasting
with the relative uniformity of the cellular pattern in the
anterior lobe.

Three different cellular types only are generally present in
the anterior lobe of vertcbrates. Subeategories of these cell
types seem to be due to speeies differences without character of
generality or do not axd much at present for the understanding
of the physiological processes. It s clear that pure eytological
research cannot give the solution of such problems, which may
only be solved through the comparison of physiological data
with the details of morphological observations. Our present
knowledge of the functions of the different cells of the anteriot
lobe rests mainly on this comparison.

The study of well defined structural changes, such as those
resulting from castration, pregnancy or thyroidectomy, have
contributed the most important part of our knowledge of
these problems.

It is my purpose to report here the results of experi-
ments performed recently in my laberatory concerning the

21
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these designations—but the difference between them chiefly seems 1o be
a matter of polymerization, The hem grzmulc, \»ccause it appears to

e fenle, A e o

but I can’t help 1t.

SawvLwk: Frniedman and others have shown that the pituitary is
maximally depleted of L at about 23 hours after cojtus. Do you get
a second depletion in the basophil granules following the instial drop?

Pearse: § dida’t examine them after 8 hours.

NeLsox. One might terpret your fmdm"s on the basis that the

delta cells were y two diff gonndo!mphms.
and that both are therefore par z n the g
ovulation.

Pranse. Yes. Successively, I think.
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horn was implanted regularly in one of the ears. The animals
were killed two months later.

1t is now a well estabhished fact that the cestrogen secreted
by an ovary transplanted to the spleen is inactivated in the
liver. This has also been the case in our experiments; if the
ovary had been implanted at this site, the uterine horn
mmplanted in the ear of the castrated male under these
conditions remams completely atrophic. Its aspeet was
entirely different when the ovarian graft was located in the
ear. In this case the piece of uterus was much bigger, the
epithehum was definitely higher and many glands could he
secn in the mucosa. The cestrogenic stimulation was obvious.

This situation was also reflected in the study of the hypo-
physis of these two groups of ammals. Whereas the animals
bearing an ovanan graft in the spleen had a pituitary of the
castration type, with very numerous castration cells, the
anterior lobe of those grafted in the ear did not show these
hypertrophied basophils. They were in fact not completely
normal and, from time to time, & hypertrophie basophil could
be found.

The comparative cell counts in castrated controls, and in
the two series of experimental animals are given in Table I,
which shows that whereas the structure of the anterior lobe
has not been influenced by the ovary implanted in the spleen,
it has been influenced by the ovary implanted in the ear.
In this casc the number of basophils is much reduced.
Nevertheless the correction is not complete. The figure of
14 per cent found in these animals is much higher than in our
normal males, where we found 10-74+0-22 per cent. They
could also not be considered as feminized. Our female controls
showed a figure of 5-00+0-11 basophils. Contrasting with
this, the basophil rates remained very high in the serics where
the graft was located in the spleen, as high as in the non-
grafted castrated male. On the other hand, the percentage of
eosinophils in the different series remained constant and their
deg;anulatlon was least in the case of the intrasplenic
graft.
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significance of these structural changes, and they do not
entirely conform to current views on this matter.

The study of the pituitary of castrated animals has con-
tributed much to the idea that the gonadotrophic hormones
of the ptuitary are elaborated in the basophils of the anterior
lobe, This is at present one of the best established facts
regarding correlation of ecllular activity with physiological
function. It rests on a great deal of evidence: increase in
number and size of the basophils after gonadectomy, and
their transformation into particular cells, the so-called
castration cells, having a vacuolated cytoplasm with a hyper-
trophied Golgi apparatus (Fichera, 1905; Addison, 1917;
Severinghaus, 1932; Deschin, 1933, 1934, ete.); parallel increase
in the gonadotrophic content of the pituitary after castration,
as shown through the mmplantation of the anterior lobe in
immature receptors (Engle, 1929; Evans and Simpson, 1929;
Severinghaus, 1932; Nelson, 1985; Lauson, Golden and
Severinghaus, 1939); excessive release of gonadotrophic
hormones after castration, as shown by the experiments of
parabjosis (Martins and Rocha; Hill, Watschi et al.). These
last experiments and other researches on ovarian grafts in the
castrated male (Lipschiitz f al., 1925; Smelser, 1038; Pleifler,
1934; Bartschi and Ponse, 1984, Goodman, 1933; Pfeiffer,
1936; Deanesly, 1938) have led to the consideration that the
basophils are the site of formation of the follicle stimulating
hormone only, whereas the luteinizing hormone should be
claborated within the eosinophils (Severinghaus, Wolfe,
Herlant).

In the Jast few years, Dr. Kempf in my laboratory has made
a comparative study of ovarian grafts in the ear and in the
spleen of male castrated rats At the same time, he hasmade a
very complete study by the method of cell counts of the
pituitaries of thesc animals, The rats used were either
immature or adult rats. The immature ones were 30 days old -
when the graft and castration were performed. The adults
were 4 months old at the time of operation, To detect the

e Attty AP tha ACaTian v o Tiana nf Farine
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The comparative study of the structure of the implanted
ovaries after two months was very interesting. For the grafts
in the ear, our results arc in complete agreement with those
of previous studies by others in the male (Moore, 1919,
Goodman, 1984; Pfeiffer, 1936; Deanesly, 1938). They show
only follicles or follicle eysts, but no corpora lutea. When the
ovary has been implanted into the spleen, the picture after
two months is entirely different. As a rule, they are much
bigger and completely filled up with a tremendous number of
corpora lutea. One can find sométimes 30 of them on a
single preparation. -

This differcnce in the structure of the splenic graft as
compared with that of the implants in the ear must obviously
be related to the difference in the structure of the pituitaries
in these two conditions.

To make sure that a particular influence of the spleen jtself
could not be the cause of these differences, we recently com-
pared three series of animals implanted with two ovaries.
Male rats were 7 months old at the beginning of the experi-
ment, In one series both ovaries were grafted in the ears and
castrated the same day. In another group similarly castrated,
both ovaries were grafted in the spleen, whereas in a third
series one ovary was implanted in the ear, the other in the
spleen. In the two first groups, the results were exactly the
same as those of Dr. Kempf, showing only follicles and no
corpora lutea when the graft had been made into the ear;
showing on the contrary very numerous corpora lutea in both
ovaries grafted in the spleen. The pituitary showed equally 2
pure castration picture in this latter case; whereas in the first
the castration picture had almost completely regressed. But
in the third group of animals, where one ovary was implanted
in the ear, the other one in the spleen, both grafts showed the
same structure and only contamed follicles. The graft in the
ear had exerted its influence on the anterior lobe, which was

d to a iderable extent. We may therefore
conclude that the picture of the ovary in the spleen 15 the

exact expression of the activity of the anterior lobe. But we
WATFR - N
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that this LI comes from the eosinophils? The evidence is
not convineing. In pseudopregnant rats and in rats treated
with cstrogen, the cosinophils are not the only elements
showing evidence of activity. The basophils are intensively
degranulated and show signs of active secretion, also enlarg-
ment of the Golgi area.

Similar basophils are present in the pituitary of the lactating
rat. In this case we have shown that this active state of
secretion persists after castration, providing that young are
suckling {Desclin, 1936). But we found also that in an ovary
grafted in the hidney under these conditions, no follicular
development can be found. These very active basophils
therefore do not release FSH but could very well be the site
of LH sccretion in accordance with the facts reported in our
previous experiments.  As for the significance of the degranu-
lation and activity of the eosinophils during preg ¥,
pseudopregnancy and lactation, much of the evidence
resulting from our personal observations during lactation
(Desclin, 1936, 1945, 1947) and from other authors in mammals
(Everett and Baker, Dawson) and in birds (Schooley and
Riddle) indicate that they are elaborating and releasing
prolactin.

Besides their réle in the elaboration of the gonadotrophic
hormones, the basophils are also thought to be the site of
formation of the thyrotrophic secretion of the anterior lobe.

The most impressive evidence here comes from the so-called
thyroidectomy picture. It has been known for a long time that
the removal of the thyroid in the rat determines profound
structural changes in the pitvitary. These alterations appear
very rapidly and consist 1n an intense degranulation of the
eosinophils accompanied by an inerease in number and volume
of the basophils. These last cells show very quickly numerous
vacuoles and are similar to the so-called castration cells
found a relatively long tume after the removal of the gonads.
Much controversy has arsen about their exact nature. Some
authors have considered them as identical with the castration
cells (Severinghaus, ete.), others have stressed the differences
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must ako come to the conclusion that the pituitary after -
castration, if it is completely unchecked and liberated from
the control of the ovary, releases notable quantities of
luteinizing hormone.

We should like to stress again the fact that the only differ-
ence in the pitwitary picture between the animals grafted in the
spleen and those implanted mto the ear affects the basophils.
The eosinophils remain T d 1n both conditions, We
must therefore lude that the basophils are the site of
elaboration of both gonadotrophic hormones FSH and LH.

This conclusion is in opposition to the current view,
advocated particularly in the last few years by Severinghaus,
Wolfe and recently by Herlant. Most of the evidence in
favour of this theory came from the study of the pituitary
m pseudopregnant ammals and in female rats treated with
cestrogen.  Their pituitaries have been found to show a
degranulation of the eosinophnts, which I have myself observed
{Deschin and Brouha, 1931; Desclin, 1938, 193%, 1985).
These eOSanphllS show evident signs of great activity: in-

of mitochondria (Severinghaus), enlargement
of the Golg1 area (Severinghaus, Desclin) and basophilic
ribonucleie inclusions (Desclin, 1935, 1936, 1940; Dempsecy
and Wislockl, Wolfe). They are found also in the so-called
pregnancy pitwitary. Their presence is always coincident
with the presence of active corpora lutea in the ovary, and has
been interpreted as a mamfestation of the release of LH.

In particular, the experiments of Hohlweg (1935), by which
he could provoke the precocious apparition of corpora lutea
in the ovaries of immature rats under the influence of cestradiol
injections and produced a simlar degranulation of the
eosinophils in the anterior lobe, contributed much to the
success of this theory. It might be interesting to say on
this occasion that Dr. Kempf could also obtain the lutciniza-
tion of ovarian grafts in the ear of the male rat by cestrogen
injections. We have personally confirmed the results of
Hohlweg. We are therefore convinced that the pituitary
releases LH under the influence of cestrogen. Does this mean -
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“combined action of thiourea and cwstrogens in male rats,
normal and castrated. Our experiments ineluded study of the
weight of the thyroid; thyroid cell height and pituitary
structure; the action of thyroxine; and we have tried to
establish the quantities of thyroxine necessary to determine
the regression of the thyroid in normal, eastrated or cestrogen
treated rats,
Table 111

' INFLUENCE oF Various Dosagrs 0F (ESTROGEN COMBINFD WITHH TE Sae
DosacE oF 23 uG. Tutovaacit, DaiLy o Bony anp Orcavy WEIGHTS IN

E Rars
Pody toeight | 55 elght of organs in myt. | Retatice wesght
Treatment of thyroud for
Degine | g | Howwr |2y Adree | P38 body
ning phyns [ Thyroudl gy
Controls . . 182 5{203 5 69 f219]31.0]30-5406
PropyIthiouracil . 195 5} 172 7548781256 2+82
Estradiol benz 200
100 5[190 |21 8]27 |48 5] 82-620-12

HE . .
Propylthiouracil 4

wstradiol benz 200

g . 1875|146 |17 6|43 6 [ 37-8 | 52642 4
(Eslmdlol benz. 50
183|182 |18 1263 |462}36 1
Pmp)lthmumul

cestradiol benz. 50

Ke 187 1147 50153 40-6 133 3402433
Estradiol benz 5 g, (1965|107 |15 [259) 30 " | 30-6
Propylthiouracil 4.

cstradiol benz. 5

[ S 193 |57 |145(453 (306537118,

We could find that in accordance with the results of
Severinghaus et al.; Nelson and Hickman; Clarke; Leblond,
Albert and Selye, in the thyroidectomized animal, the adminis-
tration of cestrogen could completely inhibit the appearance
of the thyroidectomy cells in rats treated with thiouracil.
Nevertheless, the thyrotrophic activity of the pituitary was
_not in the least influenced by this treatment and the weight
" and cellutar height of the epithelium of the thyroid were not
reduced in these ammals. These results are shown in Table IT
and for various dosages of cestrogen in Table TIL
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between these elements (Zeckwer). The first opinion was
supported by the fact that the administration of cestrogen
may completely nhibit the appearance of the so-called
thyroidectomy cells.

The use of the thyro-inhibitors of the thiourea group
showed that this same pituitary picture may be obtained
without removal of the thyroid by inbibition of thyroxine

Table II
MraN WEIGnts anp Mean Hewgur o the Erttaciity oF THE THYROID
1N NorwaL or Castratrp MALE RATs TRCATED wiTH THIOURACIL OR WITH
(ESTRADIOL BENZOATE AND THIOURACIL

Mean weight of | Ieght of epathetium
the thyrond 1 mg ina

Normal males . . 28 241 19 90140 17

Castrated males one month after
castration . 24740 07

Normal males treated with 5 ug
wstradiol benzoate dslly for one
month 41 742 81 11 8540 60

Normal males+25 mg. tluourncnl
daily 1n the food for 14 d 63 343 4 16 7640 18 -

Castrated males one month after eas-
tration+thiouracil for 14 days . 70 044 G

Normal males treated with cestradiol
benzoate 5 pg daly for one month
+thiouracil for 14 days 76 145 4 20 8741 5

The weights of the thyroids ate relative weights and calculated for & constant body werght of
2.

The figutes for cellular height result from measurement on 120 vesiclea in every ammal,

synthesis. It showed also that this picture and the paradox-
1eal stimulation of the thyroid which result from the ad-
ministration of thiourea regress by injecting thyroxine. This
study led to the conclusion that the hypertrophied basophils
are the site of elaboration of the pituitary thyroid stimulating
hormone (Gnesbach and Purves).

1 have in the last few years, with the collaboration of
A. M. Ermans, undertaken extensive experiments on the
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The administration of thyroxine to thiouracil-treated
castrated ammals showed regression of the thyroidectomy
cells but not of the castration cells. It showed also that the
dose of thyroxine necessary to bring about the correction of
the thyroid weight in the thiouracil-treated rat is definitely
greater than in the animal similarly treated but not sub-
mitted to cestrogen treatment (ef. Table IV).

‘Table IV

INFLUENCE OF INCREASING DoSAGES OF THYROXINE ON THE WEIGHT OF
NorMAL, CASTRATED OR (ESTROGEN TREATED (5 4G (ESTRADIOL DBENZOATE
Darvy) Mare Rats Apwinisrerep Thiouraci 1N Foon

Thiouracl
Controls
Dosage of th no
sage of thyroxine e
4 2ug 2w 4ug
Normal male rats 53 6 54 47 1 306 315
Castrated . 66 6 50 8 252
@stradiol treated 64 4 40 2 58 8 42 4

These experiments show that the thyroidectomy cells may
dxsappcar under the influence of cestrogen. (Estradiol
is able to infl them as well as the castration
cells. These two clements neverthcless react differently to
thyroxine which does not inhibit the appearance of the
castration cells. The thyrotrophic activity of the hypophysis
of the animal submitted to the influence of thiouracil is not
decreased if their basophils have regressed under the influence
of cestrogen. This fact scems to cast some doubt on the
onigin of the thyrotrophic hormone in the basophils.
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STRUCTURAL CHANGES IN THE ANTERIOR
PITUITARY WITH SPECIAL REFERENCE TO THE
ADRENAL CORTEX

H, TUCHMANN-DUPLESSIS

Tue existence of a functional relationship betwcen the
hypophysis and the adrenal-cortex has for a long time been
suspected by clinicians. 1[ it has heen possible to determine
the control of adrenal cortieal sceretion by the adenohypo-
physis through the work of P. §. Smith, and more recently by
the chemical isolation of the specific factor responsible for
this control, the adrenocorticotrophic hormone (ACTH), the
influence of the adrenal cortex on the function of the adeng-
hypophysis is by no means so well determined.

It is on this particular problem of the inter-relationship
between the adrenal cortex and the adenchypophysis that I
wish to speak now. We believe that cytological examination
is eapable of revealing some of the secrets of the function of
the anterior pituitary gland.

Methods

‘We have used white rats of the Wistar strain, of between 120 and
150 gm., body weight. In each group of rats we have examined the
hypophyses of 12, eight in treated ammals and four controls, The
ammals have been hilled by coal gas and the hypophyses removed
immediately to be fixed for 30 minutes in Hetly’s flwmd, they have then
been embedded in paraffin or 1n celloidin, and sections stained according
to the technique which we have described elsewhere (Tuchmann-
Duplessts, 1047),  ~

In Ores o= Asdaemm —=ahe Saee iiew .
physis,
and Ta
m the
treated . . e
Autopsy 1s carried out 96 hours after the beginning of treatment. e
adrenal glands are werghed and then fixed 1n 10 per cent formahn and
examined histologreally after staining with either Sudan 111, or BZL

ue,
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DISCGUSSION

EveEReTT. In the cestrogen-treated ear graft ammals what was the
time 1nterval between the injection of cestrogen and the occurrence of
corpora lutea?

DEescLIN, The interval between the injection of cestrogen and sacri-

DescLIN. We injected progesterone twice, and we did 1t accordmng to
the scheme you used 1n constant cestrus females, because in the male
you cannot know sbout the @strogeme activity of the ovary or sbout
the cycle, In this graft there were many follicles which contained blood,
but we did not see new-growing follicles. Of course, the germinal
epithehium is not conserved, and there are many follicle cysts. The
important fact is that after progesterone treatment we get corpora
lutea 1n the ovary grafted in the ear, whereas these formatwons are
always absent in the untreated male.

Rawson: Ihd you assay the pitwitaries of your animals receiving
1 ) for thyrotrophic h 2

DescrLin, No. We did not. N

Rawsoxn: I would Iike to add that in the pitmitaries of rats mamtamed
on thiouracil we have been unable to demanstrate thyrotrophie hormone
by a mucrohistometne method of assay mn the chick. However, if we
admimster thyroxine, 15-20 pg. a day, we restare 1t to a normal level.
‘We have also tested tetrabromthyronine, and have observed that about
15 times as much of that agent 1s required to restore the normat level of
TSIX\X 1 the pitustary of rats recerving thiouracil

'
pitutaries that have been converted to a normal histological state
after the it fon of thi 1 plus ¢ contain thyro-

trophic hormone.
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number of cosinophil and basophil cells is reduced, and that
of chromophobe cells increased. The cosinophil cells are less
granular, and with this loss show alterations in shape.

The basoplil cclls are the site of more marked changes,
consisting of loss of granulation and vacuclization of the
cytoplasm, which is also only feebly staned. But there
remain always a few normal, very active cells in addition to
those with vacuolization and hyaline degeneration.

According to their relative abundance, the basophil cells of
the rat after ad lectomy can be arranged in three classes:
those with either a few remaining granules or none at all,
returning to the chromophobe state; those normal and very
active; and those vacuolated and dying. As o result of the
loss of granulation of the eosinophil and basophil cells, the
chramophobe cell count is mereased.

The description just raade applies to the majority of rat
hypophyses after adrenalectomy. Nevertheless, in some
animals we have found several islets consisting of 10-13

lar badies staining feebly hil. It is likely that it is
such bodies that l\'\\e led certain authors to describe the
hypophysis after adrenal y as being basophil

The reduction in size and number of the chromophil cells |
and their marked loss of granulation testify to the predomin-
ance of excretory over secretory activity.

(b) Deoxycorticosterone Acetate (DCA)

The anterior pituitary lobe 1n amimals treated with DCA is
characterized by an intense chromophil appearance. The
chromophil staining is very largely due to the increase in
basophil cells. The eosinophils contain a richly granular
material, the proportion of larger eosinophil cells is higher
than normal, whilst the total number of eosinophils is normal
or only slightly increased.

The basophil cells are much enlarged, and their cytoplasm
contains numerous granulations, The nuecleus 15 Tounded,
often moved to one side of the cell, and separated by a narrow
band of cytoplasm from the apparatus of Golg, which 1s
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The following operations have been performed:—

{a) Adrenalectomy: The removal of the adrenals has been made at
one operation; the animals have been maintained on a normal diet
without addition of salt and sacnificed 8-10 days after operation.

Ad) of dearycortie acetate; One group recerved
over a penied of 18 days an injection of 5 mg. of deoxycorticosterone in
otly solution every three days, to a total of 3¢ mg. per onimal. The
second group has been sacrificed 10 days after having been given o
subeutancous implantation of two tablets each of 10 mg. of deoxy-
corticosterone acetate.

¢} Compound 8 of Reich has been
m amounts of 3 mg. each day for 10 days.

{d) Cortasone acetate: One group of rats was given 5 mg. each day for
s1x days, and a second group the same dose for each of 12 days, that is
to say a total of 30 and 60 mg. of cortisone for each animal,

(e) ACTI{ Ammals were divided into three groups- the first was
given 0 4D mg. over a period of 30 days, the second 1 mg. for 10 days,
and the third 2 mg. for five days, the mjections were made twice a day

d 1

AT pioht b si htas nan Sloam
! - intramus-
tered sub-
- the other

U Uus gl 10k de Uayse

Morphological Changes
Before mving the results of our observations, I think it would be
useful to remund ourselves of the morphologtesl eriterta which permit
us to judge of the functional state of the adenohypophysis. They are
four 1n number: the numerjcal proportions between the chramophobe
and chromophil cells, cellular shape, the abundance of granulations, and
the of the cytopl. Golgi's apparatus and
the mitochondria
In the mntact amimal, the numerteal proportions of the three different
kinds of cell, chromophobe, basophil and eostnophil, are relatrvely
constant.  Increased productive activity 1s shown usually by an
increase in number and size of the chromophil eelis. Conversely,
4! d retory activity or of excretory activity
are revealed by a reduction in the ratie of the number of chromophil
to chromophobe cells  Further, the cytoplasmic granulations “hic'h
B RQARIr ala uine . onke il ARt

(a) Adrenalectomy
After the removal of the adrenals, the anterior lobe of the
pituitary assumes a mainly chromophobe appearance. , The
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accentuated and many of the cells have completely lost their
granulations. Neither v lization nor deg; tion is seen.
The cosinophil cells show slight loss of granulation. The
number of chromophobe eclls is slightly increased in propor-
tion tothe basophils. Inno group have we observed a basophil
reaction, nor the changes described by Creoke ns reported
1 man by Golden e al. {1950).

(f) Thyroxine _

The changes produced by the administration of thyroid
hormone are already well known. They consist of chromophil
accentuation with merease 1 the number and in the size of
both cosinophils and basophils. The cosinophils often show
evidence of loss of granulation. The basophils are hyper-
trophied but only feebly granulated; a certain number of
them contain chromophobe v les; small basophil cells
strongly granular have practically disappeared completely.

(g) (Estrogens

Administration of cestrogens leads to an increase in weight .
of the hypophysis and a turning towards chromophobia in
the anterior lobe, )

With small doses one notices first a slight increase in the
number and in the size of the basophil cells. This transitory
hypertrophy of the basophils 1s followed rapidly by a pro-
gressive loss of granulation which is evidence of an intense
excretory activity by these cells. With large doses, loss of
granulation in the basophils becomes extremely important,
so much so that after eight days of treatment one can only
find a few basophils with normal granulation. The eosino-
phils, which early in treatment show signs of increased
activity with hypertrophy of Golgi's apparatus, later suffer
equally from loss of granulation, but this is always less
marked than in the case of the basophils. There always
remains & considerable number of eosinophils; their appear-
ance resembles the “cells of pregnancy.” The gland also
shows a vasodilatation of importance.” One ean often see
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hypertrophied. Small basophils, characteristic of young cells,
are rare. Many of the hypertrophied basophil cells contain
fine chromophobe vacuoles and show the hyaline changes
described by Crooke (1985) in Cushing’s syndrome,

The ncrease in number and the hypertrophy of the basophil
cells in animals treated with DCA testify to the predominance
of productive and accumulative over excretory activity.

(c) Compound S of Reichstein

The anterior lobe changes after administration of this
compound are of the same kind as after treatment with DCA.
The number of large basophil cells with clear cytoplasm and
hypertrophied Golgi’s apparatus is often even more mcreased
than after DCA,

(d) Cortisone

The hypophysis is both hypertrophied and chromophil
as after the admimstration of the two previous compounds.
There are, however, some differences n appearance for the
majority of the basophil cells are of average size and well
granulated. The large basophils with hypertrophied appar-/
atus of Golg are less frequent, and only exceptionally can one
find cells showing hyalime degeneration of their cytoplasm.

The eosmophils are well granulated and present a normal
appearance. Chromophobe cells are dimimshed in number
by comparison with controls.

(e) Adrenocorticotrophic Hormone (ACTH)
In the group of rats treated by small doses over 30 days,
. the changes 1n the hypophysis are very slight. The propor-
tions of the different ecells remain normal. Nevertheless, 1f
the eosinophils, appear normal from all pomnts of view the
size of the basophil cells is usually reduced. Large basophil
cells are rare and therr staining 1s feebler indicating reduced
activity. In the group of rats which have been given strong
doses of ACTH for five to ten days, the number of basophil
cells is indisputably diminished. Loss of staining is more
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Table ({
Brovocicar AssAv o TRE ACTII Contet oF Ifvrornyses of FEMALE RATS
“Itrpamn TesT™

Pereentage
Werghtof | eiht tncrease ration
Cron adrenalin | in percentage | eompared wuh
4 mg {100 g compared with | anvmals treated
Body werght conirols wuh mormat
hypoph gland
Hypophysec. controls . . o0 - —
iypophysec +normal
hypoph. gland . 1ne +24 4 —
1y paphysec. +cortisone
Croup I . . 161 +78 8 +43 7
Ilypophy sec. +cortisone
Group i1 . . 17 +88 8 +51-7

According to the results shown in Table II, cortisone
increases the ACTH content of the gland by 40-50 per cent.
This increase in ACTH is accompanied by atrophy of the
adrenal cortex, which is evidence of a failure of hypophyseal
excretion of ACTH.

Substances which stimulate the activity of the adrenal
cortex depress that of the adenohypophysis: They increase
the excretion of ACTH and lower 1ts production,

The results are particularly striking in the rats treated with
Fenocychne, In our experiments the increase in weight of
the adrenals 1n these animals was of the order of 80-100 per
cent. Hypertrophy of the adrenal cortex was alnays more
marked in the male than in the female rats. The results of
the biological assays were equally instructive. On the basis
of the “Repair Test,” the ACTH content of the hypophyses
of rats treated with Fenocycline was lowered by 70-80 per
cent. This was a more marked fall than that found in the
animals previously adrenalectomized.

Examination of Table III which summarizes the results
of our observations, shows that agents which inhibit the
activity of the adrenal cortex, such as DCA, Compound S of
Reichstein and cortisone, increase the adrenocorticotrophic
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in the neighbourhood of the -dilated capillavies masses of
blue colloid which perhaps represents remams of basophil
cells. The cytological appearance in these hypophyses reflects
an increase in the exeretory activity of the basophil cells which
can continue to therr complete exhaustion,

Adrenocorticotrophic Content of the Adenohypophysis

The results of biological assays of the adrenocorticotrophic
hormone content of hypophyseal glands are summarized in
Tables I and 11,

Table 1
BiovrosicaL Assay or Tae ACTH Cowrent oF Ivrornyses oF Male Rars
“Rerar TesT”

Percentage
St ewght of | ¥ erght increase | vamation
@ adrengtwn | 1n percentage | compared with
roup mg.j100 & compared with ) animals treated
body weight with B
hypoph gland
Hypophysee, controls . 88 — —_
H) poplt) sec +-pormal
hypoph. mland 12 0 436 8 -
Hypophysec +adrenalectomy
Toup 10 2 +15 9 ~17 6
Hypophysee +adrenalectomy
roup 11 N 98 +11 3 —22 4
Hypopliysee +DCA Group 1 W8 468:1 +23:8
Hjypophysee.+ DCA Group I 13 8 +53 & +12 §

Examnation of these results shows that the “degree of
repair’” of the adrenal cortex, which is a measure of the
ACTI! content of the hypophysis, varies with the nature of
the preparation. The strongest stimulations of weight
increase, 53-68 per cent, are obtained with hypophyses from
rats previously treated with DCA. The smallest increases in
weight, 11-16 per cent, arc found when rats have been
previousty adrenalectomized. The hypophyses of the animals
treated with DCA contam more ACTH than those of intact
animals, whilst the ACTH content of the glands of rats
previously adrenalectomized is less than the normal.
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and decrcase after adrenaleetomy and after the administra-
tion of substances which stimulate the activity of the adrenal
cortex. It 1s, therefore, reasonable to look for the origin of
ACTH in these cells.

Among the experiments wlich we have tried, that which
has been generally best studied 1s, without doubt, the effect
of adrenalectomy. If all the authors agree n recognizing
that after the removal of the adrenals the number of cosinoplul
cells decreases, their opinions vary somewhat in regard to the
basophil cclls, on which the evidence 1s less substantial,
Nevertheless, with the exception of Colombo (1946), who
found in the sdrenalectomized rat an increase in number of
basophils, the majority of authors report regressive changes
in the basophils. Grollman and Firor (1935) 1n both dog and
rat, Reese et al. (1939) in rat, report a constant decrease in
the number and 1n the size of the basoplils. The same is
found in the work of authors whe have studied the hypophysis
in patients with Addison’s disease  Kraus (1927), Shumacker
and Firor (1934), Crooke and Russell (1935) and Severinghaus
(1938) believe that the most characteristic change to be found
1n the adenohypophysis in Addisonian patients 1s the diminu-
tion m number and the regressive changes mn the basophils,

The functional capacity of the basophil cells in animals
which have been adrenalectomized 1s variously cstimated
If some authors attribute to them increased function, others
such as Reese ef al. (1939), basing their comments on the
appearance of Golgi’s apparatus and the reduction in granula-
tions, consider them to be hypo-active,

Tt appears to us that these esttmations are 1n error. Under
a single term, the authors in fact seem to confuse two distinet
functions of the cell, 1ts secretory and 1its excretory activities,
It seems to us that the reduction in size of the cell, the loss
of granulations and the atrophy of Golgi’s apparatus in the
basophil cells of the adrenalectomjzed amimal are evidence
of an 1ncreased excretory activity and not of a general loss
of activity of the whole cell. This interpretation fits in well
with the diminution i ACTH content of the hypophysis

5

WATER
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activity of the hypophysis. Adrenalectomy and stimulations
of adrenal cortical activity, such as by Fenocycline for

example, on the contrary lower the adrenocorticotrophic
activity of the hypophysis.

Table 1T
Cytatogreat cham, ACTH
,, iologueat changes coniondop | State of odrenal
Baro Eonno { Chromo | Aupophyses
Adrenalectomy - - + —_ o
DCA .o + + - - + Shight atrophy }-
+
Compound § + + ~ - + Shight atrophy
+
Cortwsone + [Normal{ ~ + Matked atrophy
ACTIL ~ |Normal]l -+ |nottested | Hypertrophy
‘Thyroxine + + — not tested | Hypertrophy
(strogens - - 4+ + - Hypertrophy
. Discussion

It 1s quite certain that operations on the adrenal cortex
modify the structure and the function of the anterior lobe
of the pituitary gland. The comnaidence found between the
changes 1n the cytological appearance of the hypophysis and
the variations in its content of ACTH raises two problems:
that of the site of production of ACTH, and that of the
influence of the adrenal cortex on the adenchypophysis.

In the absence of a specific histo-chemical test, the exact
Iocalization of the formation of ACTH can only be surmised
indirectly, that is to say by examination of cytological data -
at the same time as the results of hormonal assays.

When one examines the results of morphological analysis,
one fact stands out: thie cells which are most frequently
changed by experiments on the adrenal cortex are the basophil
eells, They increase under the influence of corticosteroids -
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treated with corticosteroids has nlso been observed by Cheng
and Sayers (1950). The authors state on the one hand that
DCA increases the ACTH content of the gland, and on the
other that DCA acts 1n opposition to the hormonal depletion
which normally follows adrenalectomny. i

Study of the hypophyses of animals treated with cortico-
steroids provides, therefore, an important argument in favour
of the localization of eorticotrophic function in the basophil
cells. The réole of the cosinophils being left for the moment
out of consideration, ncrease in corticotrophic activity can
be explained by quantitative increases in basophil cells.

In the course of our work, we have proved that there is o
remarkable parallelism between the number of basophil cells
and the ACTH content of the hypophysis. Iless and Hall
(1951) have, however, announced the finding of a disappear-
ance of ehromophl cells in the hypophyses of rats treated with
DCA. The conditions of their experiments were different
from ours and it would be difficult to dispute their findings
here.

Two other arguments can be found in favour of the par-
ticipation of basophils 1 the claboration of ACTH: the
results of the administration both of ACTII, and of synthetic
cestrogens.  When ACTH is mven in adequate dosage, it
produces unmistakable involutionary changes in the basophils
without affecting the eosinophuls. If the number of basophils
is not always markedly reduced and so has escaped several
observations, there is no doubt about the constant finding of
a reduction m the size of these cells and of their loss of
granulation. Such changes, evidence of cellular hypofunction,
have been detected both in prepuberal and adult rats by
Konefl (1944). .

On the other hand, in patients suffering from glomerulo-
nephritis and treated with ACTH (400-500 mg.), Golden et al.
(1950) have found an increase of 20-25 per cent in the number
of basophil cells. However, 1t would seem unwise to place
too much reliance on these findings which were obtained in
two cases only dying from uremia. Tt 1s known, in fact, that
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found in the adrenalectomized animal, not only by us but
also by other authors. Using the “Ascorbic acid test,” Sayers
and Cheng (1949) found that the ACTH content of the
hypophysis of the adrenalectomized rat was lowered to as
much as 80 per cent of the normal. Interventions such as
traumatization and burns which also stimulate the adreno-
corticotrophic activity of the hypophysis only lower its
content of the hormone by 30 per cent.

The relationship found between the decrease in the number
of basophil cells and the lowering of the content of ACTH is,
without doubt, in favour of the theory that these cells take
part in the elaboration of ACTH. This argument has only
a relative value for an equal decrease 1n the number of eosino-
phuls is also found in the hypophysis of the adrenalectomized
animal. The importance of this latter finding has still to be
explained.

Results obtained by the administration of corticosteroid
seem to us to be more easily capable of interpretation.
Whether it is a question of DCA, of Compound 5 of Reichstein, =
or of cortisone, the anterior lobe of the pituitary reacts with
the same chromophil activity in all three cases. If the eosmno-
phul cells are only shghtly or not at all changed, the increase
in the number and size of the basophils is considerable. The
hypertrophy of the cells, the abundance of granular material -
and the frequent vacuolization suggests that the secretory
activity of the basophils 1s ncreased in comparison with
their excretory function. One can imagine that the hormone
being only slowly eliminated accumulates within the cell and
ends by inhibiting its actxvnty.

This interpretation appears to be confirmed by two facts:
the atrophy of the adrenal cortex and the increase in cortico-
trophic potency of the hypophysis. If the atrophy of the
adrenal is relatively shght after administration of DCA, or of
Compound 8, it is certaly unmistakable in amimals treated
with cortisone, and this rules out any doubt about the

nhxbmon of ACTH excretion by the hypophysis. The
mcrease in corticotrophic potency in the hypophyses of rats
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treated with corticosteroids has also been observed by Cheng
and Sayers (1950). The authors state on the one hand that
DCA incrcases the ACTH content of the gland, and on the
other that DCA acts in opposiﬁon to the hormonal depletion
which lly follows adrenal °

Study of the hypophyses of nmmnls trented with cortico-
steroids provides, therefore, an important argument in favour
of the localization of corticotrophic function in the basophil
cells. The réle of the cosinophils being left for the moment
out of consideration, increase in corticotrophic activity can
be explained by quantitative increases i basophil cells.

In the course of our work, we have proved that there is a
remarkable parallehsm between the number of basophil cells
and the ACTH content of the hypophysis. Iess and Hall
(1951) have, however, announced the finding of a disappear-
ance of chromophil eells in the hypophyses of rats treated with
DCA. The conditions of their experiments were different
from ours and it would be difficult to dispute their findings
here.

Two other arguments can be found in favour of the par-
ticipation of basophils in the claboration of ACTH: the
results of the administration both of ACTH, and of synthetic
cestrogens.  When ACTH 1s given m ndequate dosage, it
produces istakable invol Y ges in the b hl.
without affecting the eosinophils. If the number of basophlls
is not always markedly reduced and so has escaped several
observations, there is no doubt about the constant finding of
a reduction in the size of these cells and of their loss of
granulation. Such changes, evidence of eellular hypofunction,
have been detected both i prepuberal and adult rats by
KonefT (1944). .

On the other hand, in patients suffering from glomerulo-
nephritis and treated with ACTII (400-500 mg.), Golden et al.
(1950) have found an increase of 20-25 per cent in the number
of basophil cells. However, it would seem unwise to place
too much reliance on these findings which were obtaned in
tno cases only dying from uremia. It is known, in fact, that
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uremia 1s among the numerous factors which can provoke a
basophul reaction in the hypophysis.

The specific effect on the basophil cells in rats treatcd with
ACTH seems to us to assume an mmportant significance,
Many observations confirm that when an anterior lobe hormone
is administered, the functional activity of the cells normally
responsible for that hormone’s production is inhibited.

The correlation between basophil cells and ACTH sceretion
1s equally well demonstrated 1n animals treated with cestro-
gens. The basophils first show increased activity, followed
very quickly by a marked loss in granulation, The cell
literally empties 1tself of 1ts contents and then disappears.
Excretion of the product of the cell is accompanied by intense
stimulation of the adrenal cortex, which leaves no doubt as
to the nature of the hormonal content of the basophil cell.
Besides, the disapy of basophils cc des, as we have
shown, with a marked fall in the corticotrophic potency of
the hypophysis.

When the various observations are reviewed, one is inevi-
tably driven to conclude that elaboration of ACTH is con-
nected with the activity of the basophil cells. This hypothesis
does not exclude the possibility of the basophils being con-
cerned 1n the production of other hormones. The manner of
the regulation of cellular activity is still unknown. It 1s
possible, if not probable, that the adenohypophyseal eell
can produce different products at different times.

The sccond problem raised by our observations 1s con-
cerned with the functional relationships between the adrenal
cortex and the adenohypophysis. They appear, subject to
verification, to be similar to those which govern hypophyseal
and gonadal relations. Adrenalectomy provokes not only a
reduction in the number of chromophil cells but also a lowering
of the ACTH content of the hypophysis. Everything oecurs
as if remaval of the adrenals suppressed hath the control
which normally opposes liberation of the hormone and the

stimulus which leads to its production. Administratien of
corticosteroids® produces the reverse effects; they increase

.
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the corticotrophic potency of the gland whilst at the same
time probably inhibiting liberation of the hormone. Such
stimulants of ACTH sceretion as thyroxine and strogens
seem to act by the same mechanism as does adrenalectomy.

Our interpretation, which is based on the ACTI content
of the hypophysis, 1s open to several eriticisms. If it is triie
that the hormonal content of a gland does not necessarily
reflect its functional activity (it could be increased when the
gland is at rest or inhibited, and reduced when it is suddenly
activated), there are some indications that the factors which
inhibit the adrenal cortex act in opposition to the hiberation
of ACTIH. If this does not appear to be certain in the case
of DCA, it is quite evident 1n the case of cortisone.

The action of cortisone 1s at first sight unexpected, particu-
larly if one compares 1t with that of cestrogens on gonado-
trophic function. Large doses of cestrogens produce, as is
well known, a reduction in the number of chromophil cells in
the hypophysts accompanied by a drop 1n the gonadotrophic
potency. In the case of cortisone, on the contrary, the hypo-
physis continues to thrive and its hormonal content increases
about 40-50 per cent. At the same time the liberation of
ACTH 1s obviously reduced for the receptor organ, the adrenal
cortex, undergoes atrophy.

The stimulating action of adrenalectomy on the excretion
of ACTH appears to be supported by the observations of
Taylor et al. (1049), on patients with Addison’s disease. It
was possible to detect appreciable quantities of ACTH in the
blood of the patients who were not treated, that is to say those
who had a reduced level of corticosteroids. On the contrary,
in the treated patients with a higher level of corticosterods,
the authors were not able to detect the ACTH.

Results obtained by use of the stimulants of adrenal cortex,
thyroxine and cestrogens, confirm this point of view, It seems
as 1f an increase of cortical steroids inhibits the liberation of
ACTH and leads to its accumulation in the cells of the hypo-
physs, whilst adrenalectomy and the admimstration of cestro-
gens have opposite effects.
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Asis seen in Fig. 1, the functional relationships between the
adenohypophysis and adrenal cortex are different from those
which exist between the hypophysis and the gonads, Whilst
custrntmn shmulntes both hberation and pmduchon of

)} adrenalectomy  does  not  increase  the
elnbnnhon of ACTH. In the former, the hormonal content
of the gland 1s increased, 1n the latter it is reduced. There 1s
a second difference in that the corticosteroids, whilst inhibiting
liberation of ACTH, do not alter the cytological picture of the
anterior lobe and do mecrense its hormonal content. Estro-
gens, on the contrary, produce nvolutionary changes in the
cells and reduce the hormonal content of the gland.

Although our observations suggest that quantitative
variations in the levels of corticosteroids may play an
important role in the mechanism of regulation of ACTII
secretion, we do not propose to discuss this problem here,
where it will be dealt with by more competent speakers. If
our obscrvations seem to fit 1n well with the theory of Sayers
(1950), we should like just to mention a recent finding
(Mercier and Tuchmann-Duplessis, 1951} which appears
wmportant to us. When one gives thyroxine to a rat, cellular
metabolism is increased, and the hypophysis 1s stimulated
and secretes increased quantities of ACTH which, in turn,
produce hypertrophy of the adrenal cortex. By contrast,
when one admmsters dinitrophenol, which 15 an equally
potent stimulant of cellular metabolism, no hypertrophy
of the adrenal cortex results. It seems, therefore, that

L Y O

imvalutionary changes 11 the hypophiysis wth redietion’ 1n ts content of
gonadotrophing
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utihzation by the tissues of corticosteroids may not be a sole
factor in the regulation of ACTH secretion.

Summary

The influcnce of the adrenal cortex on the adenohypophysis
of the rat has been studied by examinations of the cells of the
hypophysis and of its hormonal content.

Seven groups of amimals have been studied: {a) Adrenal-
ectomized; (8) Treated with deoxycorticosterone acetate; {¢)
Treated with Compound $ of Reichstein; (d) Treated with
cortisone; (¢} Treated with ACTIIL (f) Treated with thyroxine
and Fenocychne (wstrogen)

Removal of the adrenals produces a reduction n the number
of eosmophil and basophil cells, and in the hormonal content
of the gland, Under the mfluence of corticosteraids, the size
and number of the basophils and also the hormonnl content
are increased. Fenocycline, which has been proved to have
a powerful stimulatory cffect on the adrenal cortex, produces
o marked loss of granulations i the basophil cells and reduces
considerably the hormonal content of the hypophysis, ACTH
produces Joss of granulations i the basophxls.

The d hetween changes in the b hul cells and
1 the hormonal content of the hypophysis indicates that
the elaboration of ACTH takes place in the basophi] cells.

Functional relationships between the hypophysis and the
adrenal cortex appear to be different from those between the
hypaphysis and the gonads. Whilst removal of the gonads
stimulates both produetion and hiberation of the gonadotro-
phins, adrenalectomy only i hormonal hberation. Ad-
mintstration of corticasterods inhibnts the liberation of ACTH
and leads to its acewmulation in the cells of the hypophysis.

The réle of the adrenal cortex in the regulation of ACTH
secretion is discussed.

PRI TOr PO,

and Fenoeycune.
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DISCUSSION

Houssay The relations between the adrenal and hypophysis are
very complieated. There 1s an 1nterrelation between both glands.

fter adrenall v in Tats the of pitwitary adrenocortico-
trophin 1s definitely inereased  We have seen that with Pinto (Rev.
Soc. argent. Biol, 1914, 20, 38 and 108) in parabiosis experiments
Normal female rats in parabiosis bave an adrenal weight of 56 mg.,
but when one ammal was adrenalecteruzed and was urtited m parabs-
os1s with a normal animal the weight of the adrenals of the latter
increased to 70-00 mg. or more  We have also done adrenalectomy m
pregnant rats, and we found that the adrenals of the new-born were

4

after The eytolog
suggests that the ACTH decrease 1s related to

. o
aspect of the p Ty
an mereased hormonal
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output. A ing to this int i ne may expect that the
pltu\lﬂl‘) of an adrenalectormzed animal would produce a greater
stimulation to the adrenal in parabiotic experiments than the pituitary
of an mtact animal, as you find 1n your experiments It seems to me
that adrenalectomy increases only the release of ACTH but not its
production,

1 agree with Professor Houssay concerning the adrenal-pituitary

only hormnnal release (euretmn), gonadectomy 15 followed by an
d and d release.

Dr. Sayers, who worked with the ascorbic acid test, found under the,
same conditions the same results as I did. He found that the decrease
of the ACTH content in the rat 48 hours after adrenalectomy could be
as great as 80 per cent. On the other hand, a few months later he found
that 1f he gave DCA to an adrenalectomized rat the release of the ACTH
of the pituitary was inhtbited

HE

.. PR Lot it emmeninn hae haan thot there 18 10

guarantee that you have not ultimately given the animal 11-oxysteroius,
because of the capacity of the adrenal very rapidly to introduce an
oxygen 1n the 11-position,

TUCHMANN-DU‘P SSIS: I xgree cnure]y with Professor Long.” The

' - Aidorant T van mve DCA you

- while

. erence

. if you

" self or
compounds derived from DCA whrch act on the sarenais. -

Long- What 1s the mortality in your hands of total adrenalectomy?

TucumanN-Dopressis: I koll them after 8~30 days because they die
after about 19 days

Lone: Is there a possibility that some of those first changes that you
observed may be due to a generalized adrenal cortical msu!ﬁmency,
because they were dying then’

TucnmANN-DupLEssis. I don’t know.

Houssay: In the strain of rats that have very severe nsufliciency
and die quickly, you wil find the histological changes that you men-
tioned, but in the stramn of rats that can survive, after a transitory and
less severe wnsufficiency, you have much Iess lnstologlcal change in
the hypophysis. N
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Professor Houssay has observed.,

Howe With regard to Dr., Long’s remark about not being able to get
inhitntion of the pituitary with deoxycorticosterone, we have used
deoxy corticosterone glucoside, which has the ndvantage of not producing
a significant cosinoplul fall, and we find that we can inhibit pituitary
activity with this substance in dogs. We have used large doses—60-75
mg. given intravenously., Furthermore, its effect docsn’t scem to be
on the basis of a conversion to Compound F or cortisone because
minute amounts of Compound I produce a very good eosinophil fall
n dogs, and these dogs have no sigmficant eosinoplul fall,

NersoN I would hike to refer for o moment to some experiments that
DeNwh® e b - T - evar v gne L
yours 1 . .
mte two . N
procedur . '
these cells very beautifully, The delta cells appear to be associated with
thyratrophin and with gonadotrophin, while 1t 13 the beta cell which
shows changes under conditions of altered adrenal function, either
adrenalectomy  or .admimstration of adrenocortical  compounds
Although I couldn’t distingussh, tinctorially, these cells on your photo-
graphs, T could do so by their shape, and it scemed to me that they
were the cells that were undergomg changes. They are a smaller,
more compressed cell than the delta cell

Tuemuss-DurLessis: T didn't see s publication. I did the cyto-

- - Dt SR AR R

different types of basophuls. So I think that we are only entitled to
draw conclusions if we find large changes 1n a great number of pitwitanes.
However, I am very glad to know that other people with more precise
techniques came to the same conclusion

PearsE: I have endeavoured to use Halmt's not very easy technique

'

cells at all.

Neison But they do behave differently under these altered physto-
logieal conditi-—= ¥ AR S eemms s e d

Peanse: Y '
different stim . v
you want to, \

Neisone If
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procedure, which really isn’t diflicult, you will find that on alteration of
either the gonadal state or the thyroid state, the delta cells are the
ones that underpo evident alteration: while under altered conditions of
por st - it e et B 3 Lonel!

Pearse: Well, they're both the same cell,

Nrison, Dr Halmi doesn’t think so

Timras There are many factors wiuch can modify the response of
the hypophysis and the adrenals to cestrogens, and I should like to
constder two of them

One 13 the & of estrogen i When an adult rat
is njected with astrogens, it foses weight during the first two weeks of

_Age 19 annther factor which can mnfluence the response of the );ypo:

duranon of the treatment does not affect the morphology of the adrenals
in younger rats. Iowever, i the immature as mn the adult rat the
PR SNSRI e o AR s -

Touenvanx-Durrcssiss For the tests with aestrogen we used two
groups- one with Tugh dosages and the other with very low dosages.
With lugh doces the adrenal had a ypectrophy of 100 per cent. [ think
that after a treatment longer than ten days there may be repair of the
mitmtary, but we didn’t do any experiments for longer than ten days.
e only wanted to see if different agents wineh inhibit or stimulate the
release of ACTI would cause some modification of the cytology of the
pitwtary.

Jacossaun May I refer ta the patainosis experuments again - About.
ten years ago Westman and I did experiments on parabiotic rats
(Westman, A., and Jacobsohn, D., 104, Acta path. microbiol, scand.,
Suppt LIV); we adrenalectormzed one rat and hypoph) scctomized the
other. We exp 10 get a good hyp phy m the adrensls of the
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hypophysectomuzed animals, but we were disappointed: there was no
hypertrophy.  We hiad at that time very few ammals. Two years ago
[ used the same technique for a study of mammary gland growth
(Jacobsohn, D , 1949, Acta physiol. scard., 17, 423). A hypophysecta-
mized female rat was joined in p with an 1 d
rastrated female. The adrenals of the hypophyscctomized mate were
not hypertrophied as compared with normal glands, There was,
however, an ncrease in adrenal gland weight, beeause if a non-adrenalec-
tomized rat is jomned to a liypophysectomized rat, adrenal atrophy
oceurs after hy pophysectomy, and tlus atrophy 1s restored to normal
(but not more) when the hypophyseetomized rat 15 jomed to an
adrenatectomized mate.

TuenMasy-Durrnsaist Do you think that if one removes the adrenals
the secretion or the release of ACTH is increased or decreased®

Jaconsony: Increased,

TreavasN-DurLessis. The excretion or the seeretion?

Jaconsony. I observed these amimals over a very long period, nml
the weight of the adrenals of the hypopt artner
normal during the whole time. I took out the hypophyses nnd examined
them, and I couldn’t find many in the
castrated smimals.




NERVE FIBRES IN THE RAT ADENdHYPOPHYSIS
UNDER NORMAL AND EXPERIMENTAL -
CONDITIONS .

E. VAZQUEZ-LOPEZ and P. C. WILLIAMS .

Our attempt to describe in detail the mnervation of the
adenohypophysis 1s far from complete. The fragmentary
evidence that we have 15 only worth presenting here because
the question whether such innervation exists or not is so
mportant in the controversy concerning the hypothalamic
control of anterior pitwitary function. We feel-that any
demonstration of nerve fibres in hitherto unsuspected locations
and in profusion 1s important.

Material and Method

Description of the methods used is necessary not so much
to explain our own positive results as the negative results of
others. Itis well known that the impregnation of nerve fibres
is an uncertamn procedure whatever method or material is
employed. Some allowance for this uncertamnty can be made
by patiently repeating impregnation in a large number of
glands, always bearing in mind that one positive result out-
weighs many negative ones, for in such a case the shortcomings
of the method must always be suspected as the cause of the
faitlure of impregnation.

With the ptuitary gland, particularly of such a small
animal as the rat, there is another difficulty. All silver
methods applied to tissues in block produce super-impregna-
tion of the surface areas so that study of these parts
of the block is almost impossible. Where the tissue to be
examined is as thin as the pituitary stalk the problem is
difficult enough, but it is made even more so by the fact that
the fibres we wish to demonstrate run on the very surface of

54
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“the stalk. It is easy to understand why ordinary methods
fail in this purpose.

This surface superimpregnation can be minimized by using
one of the variants of the Cajal method with minor modifica.
tions. Fixation for longer than normal in 10 per cent formalin
plus 10-20 per cent chloral hydrate seems to reduce the
argentophilia of the tissues, We have used tissues fixed for
10-80 days in this fixative and have found that the surface
arens are then sufficiently resistant to impregnation to allow
only the most argentaphil tissues (that is the nerve fibres) to
become imy ed. The later g d follows the usual
stages: incubation in 1-5 per cent silver nitrate for 5-6 days
and reduction in pyrogallol and formalin.

Another way of improving the technical results of impregna-
tion is to increase the argentophihia of the nerves, It is well
known that nerve fibres are more easily stained under ab-
normal conditions and we (Vazquez-Lopez, 1949) have already
taken advantage of this in studies of the nerve supply to the
hypophysis 1 rabbits having spontaneous encephalitis—and
have been criticized for it. We regard the criticism as ill-
founded. The good impregnations obtamned under such
conditions are no more than particular cases of the general
rule that degenerating and regenerating nerves have much
greater silver affinity than normal ones; this basic, elementary
fact of neurchistology sometimes seems to be forgotten. As
the rat does not suffer from spontancous encephalitis, we
hoped to improve the impregnations by using partly or

pletely hypophy: d rats. E ination of these
at intervals after operation might also provide evidence about
the survival and regeneration of nerve fibres in the different
parts of the gland after injury.

Observations in Intact Rats
In normal rats we almost always find a thick bundle of
nerve fibres running along the full extent of the pars tuberahs
on the surface and very near the inferior aspect of the gland.
The bundle is stained deep black and sharply contrasts with
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the yellow or brown staining of the other structures unless the
capsule of the organ is overstained when 1t is almost impossible
to distinguish the bundle i the uniformly black superficial
region. The course of the bundle is rather irregular, following
caudally the general direction of the portal vessels and being
very close to them in some places, Tt is impossible to follow
1ts whole course in 1solated sections which only show segments
of it At the cephalic end of the pars tuberalis, almost at the
level of the sulcus mfundibularis, it appears as thin fascicles
or as single fibres which are collected together caudally to
form the bundie seen 1n Tigs 1 and 2.

In connection with the vagaries of silver impregnations, it is
worth examining this section i some detail. In most respects
the mpregnation is very successful and the two nerve tracts
are clearly shown: the hypothalamic-hypophyseal tract in the
upper region corresponding to the neural stalk, and the tract
that eventually reaches the pars distals i the lower region
among the tissue of the pars tuberalis. The specificity of the
impregration is shown by the lack of staining both of the
connective tissue surrounding the loops of the portal vessels
and of the fibrous capsule which lies flat and partly detached
near the lower border of the stalk. In spite of these exeellent
resuits 1t will be noticed that the marginal zone of the neural
stalk appears absolutely devord of nerve elements though it
will be shown later that this zone actually contains a substan-
tial number of fibres. This farfure to demonstrate them is
partly due to the difficuity of focusing them m this field, for
under the microseope some fibres can be scen running vertically
between the capillary loops, though their number is small.
This typifies the difficulties of silver impregnation: almost
perfcet impregnation 1 the hypothalamic-hypophyseal tract
and pars tuberabs and almost complete refractoriness in the
tissuc between, despite the very small area involved.

1In serial or semi-serial sections it is possible to follow the
complete course of the nerve bundie to the pars distalis where
it enters that region of the gland, in the neighbourhood
of the antenor hypophyseal artery (artery of the posterior
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T'ic 1. Samttal section of hypothilamus and median eninence of 3 normal
rat_showing the third ventricle (V), hypothalamic-hy pophyseal tract (H),
and bundles of nerve fibres (N) runming along the pars tuberalis, (x80)
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the yellow or brown staiming of the other structures unless the
capsuvle of the organ is overstained when 1t is almost impossibl
to distinguish the bundle in the uniformly black superficia
region.  The course of the bundle is rather irregular, follawing
caudally the gencral dircetion of the portal vessels and being
very close to them in some places. It 1s impossible to follow
its whole course wn 1solated sections which only show segments
of it. At the cephalic end of the pars tuberalis, almost at the
level of the sulcus infundibulans, it appears as thin fascicles
or as single fibres which are eollected together eaudally to
form the bundie secn 1 Iigs. 1 and 2.

In connection with the vagaries of silver impregnations, it is
worth examining tlus section 1n some detail.  In most respects
the impregnation is very successful and the two nerve tracts
are clearly shown- the hypothalamic-hypophyseal tract in the
upper region corresponding to the neural stalk, and the tract
that eventually reaches the pars distalis in the lower region
smong the tissue of the pars tuberahs, The specifierty of the
impregration is shown by the lack of staimmng both of the

ve hissue sur ding the loops of the portal vessels
and of the fibrons eapsule which lies flat and partly detached
near the lower border of the stalk. In spite of these excellent
resuits 1t will be noticed that the marginal zone of the neural
stalk appears absolutely deveid of nerve elements though it
will be shown later that this zone actually contains a substan-
tial number of fibres This fatlure to demonstrate them is
partly due to the difficulty of focusing them m this field, for
under the microscope some fibres can be seen running vertieally
between the capillary loops, though their number 1s small.
This typifies the difficulties of silver impregnation: almost
perfect impregnation n the hypothalamic-hypophyseal tract
and pars tuberahs and almost complete refractoriness in the
tissue between, despite the very small area involved.

In serial or semi-serial sections it 1s possible to follow the
complete course of the nerve bundle to the pars distalis where
it enters that region of the gland, in the neighbourhood
of the anterior hypophyscal artery (artery of the posterior
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Fic. 10. Pitustary stalk (9) and surrounding area in a rat with a super-
numerary pars netvosa {SPN). 11 indicates the hypothalame-hs pophyseal
‘truet, T the infundibilum, and 1 the pars distalis, (86 )
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NERVE FisRES IN ADENOHYPOPNYSIS 57

lobe), which corresponds to the zona tuberalis of other
mammals. Ilowever, we have never been able to frace it
beyond this point, cither as a bundle or as isolated fibres
among the glandular eells.

The only advantage in the use of uncertain methods, such as
those of silver impregnation, is that one is obliged to use a
Jarge number of animals to ensure a proportion of positive
results. Thanks to this one often finds some eases differing
somewhat from the normal and offering better conditions for
observation. One such anomalous case is illustrated in Figs.
8-9, which are taken from an apparently normal male rat aged
about 18 months. In this rat the bundle of nerve fibres
running along the pars tuberalis is unusually thick and large
so that in some sections it can be observed for the greater
part of its course to its termination well inside the pars
distalis. Fig. 3 shows a para-sagittal section of the hypothala-
mus with only the most lateral fragment of the pars tuberalis.
Several fascicles of nerve fibres are clearly seen running over
the glandular cells. A section nearer the sagittal plane is
illustrated in Fig. 5, which shows a similar picture with the
nerve fibres still divided into small segments and individual
fascicles coming from different directions. - The distinctive
character of the component fibres can be seen in Figs. ¢ and 6,
taken at higher magnification. The individual fibres forming
the fascicles can be scen in these pictures to have the typical
morphological characteristics of nerve fibres. Although the

pregnation of this speci is fairly satisfactory, the

énochrome rv duction of the microphotographs mn black
and.white lessens the difference between the black of the
nerve fibres and the various brown tones of the connective
tissue in the capsule and borders of the bran, which i1s much
clearer in the actual preparations,

Figs. 7-9 show further semhsenal sections in the more
median planes of the same sp ; they show i
greater lengths of the bundle of ﬁbres, which in Fig. 08 maches
well inside the pars distalis in the region of the anterior
hypophyseal artery (artery of the posterior lobe). The hundle

waren
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runs along the whole length of the pars tuberalis, although the
cephalic part near the suleus infundibularis of the tuber
cinereum and optic chiasma is not visible in the section. It
comprises a very long segment exactly similar to a typical
nerve trunk in structure, even showing the wave-like inflection
common to small nerves along their course before their final
ramification. In this animal, as in all the others we have
studhed, the impregnation of the fibres stops at the point where
they enter the pars distalis proper and no isolated fibres or
nesve endings are visible among the glandular cells. We
assume that this nerve-hke structure has the pars distalis
as its destination although the final stages of the component
nerve fibres still remain to be discovered.

There are two main possibulities regarding the origin of these
fibres: that they originate in the hypothalamic nuclei and reach
the pars tuberalis via the hypothalamic-hypophyseal tract
or that they originate i the cervical sympathetic gangha and
reach the pars tuberalis together with the blood vessels
forming the portal system of the pituitary stalk.

We have not yet examined the pitwitary gland from sym-
pathectomized rats but intend to do so as soon as possible.
Until this 1s done we cannot dismiss the possibility of the
sympathetic origin of the nerve fibres in the pars tuberslis,
though Westman, Jacobsohn and Hillarp (1943) have
deseribed the persistence of a similar system of fibres after
sympatheetomy m the rabbit.

There 15 some evidence favourng the hypothalamic origin
of the fibres—in the literature concerning other species and in
our own experience mith the rat. The literature contains a
number of reports of fibres leaving the hypothalamic-hypo-
physeal tract by turming sharply, almost at right angles, and
vertically crossing the marginal or peripheral zone of the
nevral stalk to follow the direction of the portal vessels and
even to reach the pars tuberalis. Perivascular fibres m the
marginal zone of the neural stalk have been deseribed in the
horse (Vazquez-Lopez, 1942) and cat (Nowakowski, 1951),
and fibres with a similar course and a destination in the
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rlandular cells of the pars and zonn tuberalis have been found
n the rabbit (Varquez-Lopez, 1949), They .have been
Jeseribed even by authors who deny the existence of nerves in
‘he adenohypophysis. Among the most recent work Rumbaur
1950 admits that one of these fibres could be traced from the
rypothalamic-hypophyseal tract right into the pars tuberalis
in the cat.

It is true that many of the fibres in the margins of the
neural stalk and adjacent zones of the pars tuberalis end in
the perivascular zone surrounding the capillary loops and
portal vesscls, and have termmnal apparatuses cxactly like
those found in the rest of the neurchypophysis and, thercfore,
probably of a similar sensorial nature. Stutinsky (1918) has
described nerve fibres of this character not only in connection
with the blood vessels, but forming specialized receptor organs
in the interstitial tissue of the pars tuberalis in the horse. Yet
he also found other fibres of an cxcito-secretor nature reaching
the colloid vesicles and the glandular tissue in the horse and
also in the ox, sheep, pig and dog.

Our evidence for the hypothalamic origin of the nerve fibres
in the pars tuberalis of the rat 1s derived from study of the rat
which had the particularly large nerve bundle already fully
described, as well as from observations in hypophysectomized
rats to be described later. The large bundle illustrated n
Figs. 8-9 was apparently confined to the one side of the stalk
while the other side showed that irregular disposition of the
neurohypophysis already described in the rabbit as a super-
numerary pars nervosa {Vazquez-Lopez, 1919). This consists
of an enlargement of the zone of the stalk adjacent to the
zona tuberahs {or in this case to its homologue) leading to
altered relations between the neurohypophysis and adeno-
hypophysis. Normally the neural part is nowhere in direct
contact with the glandular tissue of the pars distalis whereas
in these cases there is a greater or lesser ares of contact
between the two divisions of the organ making 1t possible to
follow nerve fibres passing from one to the other.

Fig. 10 15 a general view of the anatomical relations among
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the different divisions of the gland with a supernumerary pars
nervosa.  The alterations in the neural stalk consist of its
enlargement in the direction of the pars distalis and the
abnormal bulge projecting into the infundibular cavity (the
missing tissue at the base of the gland in the zone of contact
with the supernumerary pars nervesa is due to a technical
fault). The hypothalamic-hypophyseal tract can be seen
running past the supernumerary pars nervosa along its normal
course, and the rest of the organ, including the pars nervosa
proper, shows no abnormality., Higher magnification of
another seetion (Fig. 11) shows fibres from the hypothalamic-
hypophyseal tract passing diagonally to the supernumerary
pars nervosa, and collecting caudally m a bundle of fibres
which crosses the border of the pars distahs and which can be
followeq for a certain distance into the glandular tissue. The
direction of this bundle within the pars distalis is, like that
from the pars tuberalis described above, towards the zone
where the anterior hypophyseal artery enters the gland, The
even higher magnifieation in Fig. 12 shows the typical

. morphology of the nerve fibres coming from the hypothalamic-
hypophyseal tract and Joining the bundle passing towards the
pars distalis.

Observations in Hypophysectomized Rats

This is a very incomplete study so we only mention the
points that nre immedintely relevant to the origin and
destination of the nerve fibres in the marginal zone of the
neural stalk and pars tuberalis.

In the mtact rat impregnation of nerve fibres passing
perpendicularly from the hypothalamic-hypophyseal tract to
the pars tuberalis is very rarc or absent: in the partially
hypophyscctomized rat 1t is quite otherwise. The rats are
those from which the body of the gland has been completely
removed but in which the pars tuberalis remains intact and
may even show hyperplasia. In such animals a considerable
number of nerve fibres running m the hypothalamic-hypo-
physeal tract change direction to cross the marginal zone of
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the neural stalk vertieally in the free spaces between the
loops of the portal vessels so as to reach the pars tuberalis.
Tlere they revert to the horizontal and follow the same course
over the glandular cells as the f: les deseribed in the intact
rats. The number of these filires varies from animal to animal
and seems to increase with the interval after hypophysectomy
though this point cannot be stressed without further investi-
gation; it is nevertheless clear that the number s large in most
hypophysectomized rats.

Fig. 13 shows a low-power magnification of the median
eminence of n rat killed 140 days after hypophysectomy. The
pituitary body has been completely removed but the pars
tuberalis remains and the hypothalamic-hypophyseal traet is
well preserved, especially in its proximal parts. The capillary
loops of the portal vessels are perhaps more developed than in
intact rats and in the spaces between them are isolated nerve
fibres and bundles of fibres, which can be traced from the
hypothalamic-hypophyseal tract into the pars tuberalis,
Fig. 14 is a higher magmfication of the central field of Fig. 18
showing the character of these fibres and thewr origin in the
hypothalamic-hypophyseal tract. This 1s not a very specific
impregnation, as some of the connective tissue 1s also impreg-
nated, although m the actual scetion these connective-tissue
tracts are brownish-yellow and eastly distinguishable from the
black nerve elements. Fig. 15 to some extent avoids this
confusion. It shows a scction from the same ammal but of a
region nearer the proximal end of the stalk where the vascular
loops of the portal vessels are less numerous; fibres can be seen
leaving the hypothalame-hypophyseal tract to cross to the
Ppars tuberalis where they resume their horizontal course.

There are two possible explanations of the many nerve
fibres that ean be demonstrated in the pars tuberalis of -
partially hypophysectomized rats. Either they are normal
pre-existing fibres that become mare easily stainable under
the abnormal conditions or they arc regenerating fibres
following a new course. We cannot, dismiss the second alter-
native mainly because the number of fibres seems to increase
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with time after hypophysectomy, but even in this case it is
probable that the new fibres will follow the course previously
adopted by normal fibres, That normal fibres do take such a
course, 1f only in small numbers, is probably because some of
them have been scen mn intact rats as well as in the other
species listed above.

YVery recently Stutinsky (1951) has studied these nerves in
rats using the Gomori method. He has been able to follow
fibres from the hypothalamic-hypophyseal tract to and
through the pars tuberahs—but only in hypophysectomized
rats. Inintact rats they are invisible but the changed condh-
tion of the Gomori substance makes them clearly evident from
the sixth day after hypophysectomy. This shows that in this
region we have to take into account not only the alterations in
staining properties that always exist in regenerating nerve but
also of alterations due to changes in the peculiar substances
that are narmally present in the neurohypophysis.

For the present we believe that these abservations establish
the fact that regions of the pituitary stalk in which it is very
difficult or mmpossibic to demonstrate any nerve elements
under normal conditions show a profusion of fibres under
other conditions and that this can explain the origin of the
nerve bundles running along the pars tuberabs in the direction
of the pars distalis

Conclusions

1t 15 obvious that the innervation of the rat adenohypophysis
cannot be regarded as proved until the grigin of the fibres we
have described has been firmly established and their final
course and endings have been described.  Meanwhile we fecl
justified in drawing the following conclusions.

The impregnation of nerve fibres in the marginal zone of
the neural stalk and pars tuberalis vares considerably
according to the condition of the tissue.

Tn normal rats there are many nerve fibres forming bundles
in the pars tuberalis running in the direction of the pars

distalis.
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The origin of these nerve fibres is uncertain but there is
nbundant evidence of fibres passing from the hypothalamie-
hypophysecal tract to follow a course compatible with the
hypothesis that these are the proximal segments.

More than three months after almost complete hypo-
physectomy, nerve fibres are demonstrable in great abundance
in the remaining parts of the gland (pars tuberalis and neural
stalk).
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DISCUSSION

Nowaronsat Iwould like 1o ask 1f you are able to distinguish in the
silver preparations neuroghal tissue and nerve fibres. Can you be
sure that the fibres which run perpendiculatly to the supraoptico-
hypophyseal tract are really nerve fibres and not ependymal fibres?

Vazquez-Lorez- I very tarely stain ependymal fibres with the Cajal
method., They are not like the reticular fibres that I would expect to
react, The ependymal fibres are more or less the prulong:\h'cn of the
‘

N

Vazquez-Lopez: No. We haven’t done that but hope to do so
soon.

I1arnis The problem that always comes up with these fibres 15
whether they are reticular fibres or whether they are nerve fibres The
mpression 1 got from some of the larger fibres in the slides that you
showed was that they were very similar to the reticular fibres that ate
present around the frunks of the portal vessels m the pats tuberahs
This 15 open, not so much to discussion, as to a simple expermment.
Cut the pituitary stalk—if they are nerve fibres they will degenerates
1f they are teticular fibres they will presumably rematn there,

Vazqurz-Lorcz Of course, it is very evident that there 1s some
connective tissue there DRut to beheve that the nerve fibres and the
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reticular fibres, when they are properly stained, cannot be distinguished,
1s a fallacy. There can be doubt mn an isolated case or in some part of
the fibre, but that is very exceptional. If you have reasonably good
staining you have not only a bit of fibre, but some Iength of fibre. Of
course, 1t 1s much easier to get good staining when you use frozen
sections than when you use paraffin sections. There is no point in
using paraffin sections for this kind of work beeause i very thin shees
of tissue the nerve fibres go above and below the plane of the section,
and you lose them., But when you get a farly thick section hke the
frozen ones, you can follow the fibre up and down, although 1t makes it
much more difficult to photograph.

Harris: But 1t would be rather more convinang to other people, 1
think, if you could produce two sections, one from o rat with the pitu-
1tary statk cut, and one from a normal rat, mounted on a single shde snd
put through the same staining soluttons mn the same way, i

Vazqurz-Loprz: That is why I showed you the second illustration.
For there in the one section the nerve fibres of the hypothalamic-hypo-
physeal tract in the upper part and the fibres in the pars tuberalis in
the lower part are per‘fectly stamned, yet t‘he ﬁbrjes inL between are

: PR L AR SOV e

Ricuarosox. I should lke to ask Dr. Vazquez-Lopez if he th‘lr}ks it

.

which many histologists belteve to be inevitable with some silver
impregnation techniques, could be cleared up by detailed examination
of individual sections treated in this way .

Vazouez-Lopez: Yes I am going to do that in a scction containing
the nerve tract. [ expect I shall find plenty of reticular (ibres there as
well as in the anterior lobe

Prarse: Would the nerve endings be adrenergic?

Vazqurz-Lorez: I expeet they are.



GOMORI-POSITIVE AND GOMORI-NEGATIVE
NERVE FIBRES IN THE NEUROHYPOPHYSIS
AND THEIR PHYSIOLOGICAL SIGNIFICANCE

H. NOWARKOWSKI

Wirn the aid of Gomori’s method (chromhematoxilin-
phloxin stain) Bargmann (1049) was able to stain electively
the entire supraoptico-hypophyseal system in the cat and
dog. It might be appropriate to der the signi
of this new staining method for some problems of hypophyseal
physiology

Fig. 1 represents o paramedian saggital section through
the hypophysis and hypothalamus of a cat stained with
Gomort’s chromhxmatoxilin-phloxin method.

The boundary between hypophysis and tuber cinereum is
represented in all mammals by a macroseopically visible
groove, the “suléus infundibularis” (Spatz, Diepen and
Gaupp, 1948). Procceding from the proximal to the distal
portion, three separate parts of the neurchypophysis can be
distinguished histologically, corresponding to well-defined
portions of the adenohypophysisi—

1 The “infundibulum” (=median eminence) with the
“pars mfundibulans of the adenohypophysis,” the latter
corresponding to Tilney’s pars “tuberalis »

2. The hypophyseal stalk with a portion of the pars inter-
media.

3, The posterior lobe, also bordering on the pars intermedia.

The adenohypophyseal tissue 15 always separated from the
central nervous system (=tuber cinereum) by neurohypo-
physeal tissue. The neurohypophysis, in addition to its
hormone-producing function, therefore must also have the
function of a link between the adenchypophysis and the
hypothalamus. With Spatz, Diepen and Gaupp we have
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designated the zone of contact between adeno- and neuro-
hypophyseal tissue as ‘“adeno-neurchypophyseal contact
surface 7 Certamn findings indicate that a transport of sub-
stance takes place at tlus pont.

Closer examination of the section shows that the supra-
optico-hypophyseal tract is stained light-blue in its entire
course from the nerve cells of the nucleus supraopticus, along
the fibres through the infundibulum and hypophyseal stalk
on to the terminal ramufications of the neurites in the posterior
lobe. The Herring-bodies are stamed in the same manner
with an obviously intimate relationship to the nerve fibres.
While the anterior lobe of the adenohypophysis is completely
free of “Gomori-substance” the posterior lobe presents a
surprisingly intensive blue reaction.

In a highly magnified frontal section through the supraoptic
nucleus of the cat, stained 1n the same manner, we find in
the cytoplasm of the nerve-cells an accumulation of Gomori-
substance and dark blue fibres with globular engorgements:
the neurites of the nerve-cells of the supraoptic nucleus. The
blue substance along the entire course of the supraoptico-
hypophyseal tract seems to be a speaific product of the
neurones. Bargmann believes that 1t is a secretion originating
1n the nucleus supraopticus and paraventricularis, and moving
along the fibres towards the posterior lobe, where it is stored.
These morphological findings are similar, however, to those
observed by Cajal and later by Spatz (1921) in the central |
portions of the neurites following spinal cord transection.
With Spatz we would therefore prefer to interpret these
phenomena as a degenerative and not as a secretory
phenomenon. In our opmion, a disintegration of the nerve
substance takes place 1n the ncurohypophysis under physio-
logical condittons, If this assumption 1s correet, then
logically there must be a process of regeneration proceeding
from the central stump of the axon. Regardless of the inter-
pretation given by these findings, they doubtlessly add strong
support to the neuroseeretion hypothesis of Gaupp and Scharrer
(1935). Obviously the fibres of the supraoptico-hypophyseal
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(—median eminence), €7 = Central zone, P% = penpheral zone, Sule nf.
= suleus mfundibularss, Tub.e =tuber einereum
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tract not only conduct nervons impulses but are derectly
concerned with the production of neurohypophyseal hormones.
This conception would esplam  the presence of the large
number of nerve fibres in the neurohypophysis.  Whether
the Gomori-substance is the substrate of a neurohypophyseal
hormone, a precursor or a prosthetic group ss as yet uncertain.
It scems therefore that the pitwicytes are not as important
in harmone production as we belicved previousiy.

Perhaps the fact that the pitweytes helong to the ghal
tissue and may be satelite-cells of the nerve-fibres has not
been considered sufliciently heretofore.

It is obvious that i the proximal parts of the neurohypo-
pliysis (infundibulum) the blue stamed “Gomon-positive™
fibre bundles of the supranptico-hy pophyseal tract are only
Jocated in the eentral zone of the mfnndibulum, whereas the
periphieral zone —bordermg on the “adeno-neurohypophyseal
contact surface’—is nearly free of Gomori-substance.

A silver stamn of this region (Fig. 2) shows that the fibre
bundles of the supraoptico-hy pophyseal tract pass through
the central zone of the mfundibulum.  On the border of the
penplieral zone a number of finer nerve fibres emerge at
nght angles toward the contact surface, forming a very
dehieate and rich nctwork in the penipheral zone.  This nerve
fibre plexus 1s not stamed by the Gomori method; in contrast
to the blue-stamed © : " oo N N
{eact, this network '

In a frontal sect N .
emereum with o particularly clear representation of the
morphology just desenibed (Fig. 3), the contrast between the
central zone and the peripheral zone of the infundibulum s
Jrikng.  Now, what is the funchional significance of the
Gomor-negative nerve fibre system m the neurohypophysis,
winch we find only 1n the proximal parts? From the studies
of Westman, Jacobsohn' and Hillarp (1943), we know that
these parts are of particular importance for the connection
of the adenohypophysis, especially the anterior lobe, and the
hn)o!hnlﬂmus.
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We find i the peripheral zone of the infundibulum pecuhar-
vessels described by Green and Harris (1047) as “capillary
loops,” wluch 1 must discuss particularly, since we have
made some defimte deductions regarding thesr function,
differing from the conception of Dr. Green and Dr. Harris.

In a frontal section through caudal parts of the infundibu-
Tum (Fig. 4) we can see that these infundibular vessels are
solated loops and intimately related te the capillary network
of the adenohypophysis. Since they have no other afferent
blood flow they must contamn adeno hypophyseal blood eon-
ducted through the neuzohypaphyseal tissue m this manner,
In our opinion (1951), these vessels are nn expansion of the
adeno-neurohypophyseal contact surface. An ohservation of
Berblinger (1941} supports the view that adenohypophyseal
blood circulates in these “special vessels”: he was able to
demonstrate the presence of FSH in the proximal parts of
the neurohypophysis after removing the pars infundibularis
{=pars “tuberalis”), not however in the posterior lobe. With
tlus conclusion nothing is said concerning the direction of
blood flow in the portal-vessels. In the immediate neighbour-
hood of these mfundibular “spemal vessels,” we find end
divisions of our Gomori-negative nierve fibres, Whilst with
reference to the anatomicat findings there is extensive agree-
ment wi xth Dr. Green and Dr. IIams, we came to an exactly
ot o s Cndirec We believe that the

e pterar i e ove e PS11) cirentating in the in-

[undlhular vessels simnlate he Genoti-negative nerve fibre

plexus and that these impulses are conducted centripetally

towards the parvo-cellular medioventral tuber cinereum
. (*sexual centre” of Bustamante, Spatz and Woersscliedel,

1942), The direction of conduction of these fibres secording

to our conception would therefore be an afferent one, and not

an cﬁ"crent one. The Gomori-negative fibres of the nenvo-
hypophysis we regard as dendriles of the parvocellular medio-

venlral tuber cinerewm, in contrast ta lhc Gom(m-paszuw

neurites of the Hwtar supraop ypoph 1 system,
The Gomori-negative nerve fibres would thercfare have a
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chemoreceptory function responding to adenohypophyseal
hormones. Vazquez-Lopez (1932) as well as Spatz, Diepen
and Gaupp were the first to express the view that neuro-
kypophyseal nerve-fibres may have chemoreceptory functions.
According to this hypothesis, the medioventral tuber
cinereum is consequently under direct control of the anterior
lobe. An efferent regulation of anterior lobe function seems
possible via sympathetic fibres, which doubtlessly enter the
anterior lobe.
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DISCUSSION

Harnts: I think there are some points that would be rather strongly
against your view of the function of these vessels The shide y ou showed
was of a cat. In other forms, like the rat, the primary plexus 1s far
removed from the pars distahs  So that if anterior piturtary hormones
were arculated in the plexus which protrudes into the nervous tissue,
the blood flow then would have to he from the pars distalis up the
stalk towards the brain, which m fact 1t’s not.

Nowaxowskl The capillanes protruding mto the infundibulum of

in the adjacent adenohypophysis, i this case the pars mfundibulars
(=tuberalts). I have another question. how would you explain ths
observation of Berblinger that he found FSH m the prosamal part of
neumhypophys:s?
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TIarris In which species was this?

Nowakowskr It was in eattle and in man, I believe.

Harrs: 1 think you could explan that in many ways. It could be a
matter of diffusion postmortem,

GreeN I would agrec with Dr. Ilarris, because in some forms, for
example, the turtle and the snake, the pars tuberalis 1s very small or
absent, and tlle zone ol; contact is quite different, there 1s a connective

snakes
Nowakowskrr No, I have only studied mammals,
Vazqurz-Loprz I mught add that the nerves accompanymg the
portal vessels play a great part in tnnervation. The weight of evidence
seems to be that they come down from the pars tuberalis to t!le.antcr!?)‘

things than hormonal precursors come down the stalk from the hypo-
thalamus,

1 should like to ask something about Gomon-positive and Gomor-
negative staming. After hypor y or section of the stalk, when
the flow of Gomon substance 15 interrupted, don’t you find Gomori
staining everywhere, including the fibres I have deseribed? The
distinction between Gomori-positive and negative may not really be
physiological

Nowarowsk! Following section of the stalk in the frog Fild found an
accumulation of secrction at the site of injury. The preximal stump of
the fibres was di ded  Similar expeniments have not yet
been done in mammals, so that 1t 15 not possible to conclude whether
Gomori-positive substance 1s present in the penpheral zone of the
infundibulum.

Vazqurz-Lorez: That may be possible in the stalk where nerve
o - - - '* " *’ng the Gomon

In any case,
. nal zones, but

Nowakowskrn: I do not know the work of Stutinshy, but in my prepa-
rations I never found Gomorn-positive nerve fibres in the pars infun-
dibularis, and I believe this supports the 1dea that hypothalamic nerve
fibres do not enter the adenohypophysis (except the pars intermedia).
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substance,
Sawytm: I should like to question the mmportance of Derblinger's
work to which Doctor Nowakowsht referred. the finding of I'SII in the

he tested with extracts of the hypothalamus,



COMPARATIVE ASPECTS OF THE HYPO-
PHYSIS, ESPECIALLY OF BLOOD SUPPLY
AND INNERVATION

J. D. GREEN

Many divergent views have been expressed about the inter-
relationship between the pituitary body and the nervous
system. Some of these are summarized in Fig. 1. In view of
these differences it seems reasonable to suppose that a mor-
phological charactenistic found in many divergent species is
more likely to have functional importance than one which is
found only in a few related animals. A comparative approach
. 15 of value from this point of view. Thus a brief recapitulation
of some comparative aspects of the hypophysis may be
desirable.

The terminology to be used is that previously proposed
(Green, 1951a) and differs little from the usage of Rioch,
Wislocki, and O"Leary (1940) except that 1t attempts to define
more closely the limits of the various parts.

A true homologue of the pitwitary has not Leen found in
Amphiozus lanceolatus. A few observations on hemichordata
(Saccoglossus) and urochordata (Mogula) have been equally
inconclusive. Only adult forms have been studied in these
animals- it is possible that the larval stages might show some
signs of a pituitary gland.

In all species of animals so far investigated, froma cyclo-
stomes to man, the pituitary gland 1s subdiwvisible into an
adenchypophyseal part developed from Rathke's pouch and
a neurchypopbyseal part developed from the di phalon

The cytology of the hypophysis is considerably more com-
plex than was at one time thought to be the case. WWhether
these cytological appearances represent a varicty of cell

72 -
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types or a varicty of stages of development, their study may
well lead to an understanding of hypophyseal control.

Romeis {1940) has given detailed descriptions of many cells
of the pars distahs, including two main basophil types and a

variety of chromophobié und ac1doplulxc cells. The two
basophil types are best disti hed by the pl d
Romeis procedure but they ean alse be shown by a simpler
technique (Green, 1951a) and the latter may be usefully
varied by combining it with the periodic-acid-Selnff reagent
method of McManus. Besides these cells & number of hyper-
chromatie cells with pyknotic nuclei, both acidopluls and
basophils, are usually to be found in the pars distalis of the
human pitwtary.

Both basophil types are stamned by Schifl’s reagent but
may be distinguished by the background colour of the eyto-
plasm. Certain large cells, presumably degranulated baso-

* phils, show irregular droplets, rods, crescents and annuh
which stan strongly. Most of the collod, including colloid
in the pars tuberalis and hypophyseal vessels, stains deeply.
A little fails to stain.

The periodic-acid-Schiff reaction is not specific for basophils.
In acidophils occasional droplets are seen in the general
vicimty of the Golgi net. Reticulum stains deeply and ground
substance fantly. In the neural lobe the periodie-Schill
method shows basophils which have migrated into this region
and there are also long spindle-shaped cells which show
similar granules, These cells resemble the pigment cells so
often reported in man. Similar cells may be found in the
median eminence and neural stalk, especially n relation to
the vessels.

The cytology of the neurchypophysis has been adequately
discussed by Romess (1940) and Harris (1948). Many cell
types are found Cunously, there are more nuclei to be seen
between the swathes of nerve fibres than in immediate
relation to the vessels in the neural lobe. The term pituicyte
is not specific. It includes many cells of different character-
1stics. Romers (1940) has described these in detail. A eurious

waTER
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protein-like substance pervades the neural lobe. It is readily
stained by a variety of methods and mey be seen by phase
microscopy in preparations treated with phosphotungstic
aed.

Collin (1937), the Scharrers (1945), Palay (1945), Bargmann
(1949), and others have maintained that certain substances
pass between the nerve fibres of the tractus hypophyseus
either up the stalk to the hypothalamus or down it to the
adenchypophysis.  Intracellular “colloid” and material
between nerve fibres can readily be seen, but the significance
is dubious, for *‘secretory” granules may be seen in many
unrelated parts of the central nervous system. In the hypo-
thalamus and tegmentum, cells containing curious secretion-
like granules can readily be stained by the periodic-acid-Schiff
method.

Fia. 1 {opposite). Some relationstups wluch have been suggested to occur
Letween the nenvous system and the adenchypophysis.

A vatiety of 1deas has been expressed about the connections between the
nervous system and the adenohypophysis In this diagram an attempt is
made to summarize some of these concepts and a few of the objections to them.
A Earliest concept of portal vessels of pituttary  Vessels believed to carry
hormones to hypothalamus Disproved by direct observation of direction
of the blood flow, -
B. Modified concept mungling of blood from pars tuberahs with that of median
emunence, Cannot be universally applicable simee some animals lack a pars
tuberalis and others, for example Anurans, do not haye the necessary vascular
arrangement.
€ and D Concepts of substances passing betneen the nerve fibres of the
tractus hypophy seus, exther up or down the stalk. Inconclusi e esadence either
for such transportation.or for any activity of the matenal concerng

F_Although there g good experimental mdence for the production, mn the
liberats
acmanng gonadotrophm output by the pltmtary. o such substance hns so
far bcm 1solated,

G There are many bot and

for suppasing a drrect central or penpheml \Rmersation of the pars dustalis,

though innervation of the pars tuberalis and pars intermedia 15 adnutted,

M Control of pars distahs activity by a vasomotor mechanssm would allow
only a very erude regulation of hormone output.
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The above brief note on eytology applies to mammals and ,
particularly to man. In some lower forms, particularly in
fishes, it 15 by no means certain that parallels may be drawn
between the cells seen in their pituitaries and the pituitaries of
higher animals.

The hypophysis of the lamprey consists of a flattened plate
of glandular cells separated from the widely opened infundi-
bulum by a fine vascular plexus. A few vessels pass into the
adenohypophysis from this plexus. Throughout the verte-
brates, a plexus lies between the adenohypophysis and the
neurohypophysis. The arterial origin is constantly from the
circle of Willis or 1ts homologue and is more often derived from
1ts anterior than 1its posterior parts.

In the fishes the adenohypophysis is found to be folded
around a ncurohypophysis which 1s very irregular in shape and
shows many finger-hke branchings. Despite the great
speciahization of almost every organ which occurs in the fishes,
these relationships are constant. They are not affected by the
morphological changes which oceur with age (Woodman, 1939;
Green, 1951a) nor by the wide species varrations in the general
shape of the gland. The vascular plexus may or may not
penetrate the neural tissue, depending on species, and hikewise
may or may not communicate with the vessels of the saccus
vasculosus. It consistently supplies the adenohypophysis
and its venous effluent is constantly into perihypophyseal
vessels.

Thus the necurohypophysis and adenohypophysis in fishes
have a common blood supply which seems first to supply the
nervous tissuc and later the epithelial cells of the adenohypo-
physis. In the connective tissue between the two parts of the
pituitary a certain amount of mingling of the two blood
streams undoubtedly occurs, not only in fish but in most other
animals. This could account, as Nowakowski (1951) has
pointed out, for adenohypophyseal products acting on the
neurohypophysis, but such actions still require to be proved.
Tt seems much more likely that ncurohypophyseal products
act upon the pars distalis.
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In amphibians the ncuroh)pophysxs receives blood from
two's : the median 15 supplied with blood which
then passes to the pars distalis. The neural lobe receives an
mdependent blood supply. This independently vascularized
region corresponds to the neural lobe in higher forms and it
has been suggested (Green, 1951a) that this independence of
vasculanzation provides the best means of distinguishing
between the two parts of the gland. It is particularly interest-
ing to note an apparent correlation between the size of this
part of the gland and the animal’s dependence on water-n its
environment (Green, 1947, 1951a). Thus a large neural lobe
is found in the salamander Plethodon cinereus which is largely
terrestrial, and o small one 1n amblystoma (chiefly aquatic).
The neural lobe is likewise large n toads and small in frogs,
large in snakes and hizards and small in turtles and alligators.
The cetaceans apparently also have neural lobes which are
small relative to the size of the rest of the gland.

Presumably, when ammals first acquired a land habitat,
the control of water loss from the body became of prime
wmportance. The comparative physiology of the neurohypo-
physeal water-controlhng factors has been thoroughly
mvestigated, especially by Heller (1950) Surprisingly, it has
been found that antidwretic and amphibian water balance
factors are present in substantial amounts 1n species from

branch fishes to Is. In fishes these substances
have not been shown to have any influence on water balance
but in hagher forms their activity 1s pronounced. It has been
found that in the kangaroo rat (Ames and Van Dyke, 1950),
which hives in very dry surroundings, the concentration of anti-
duretie substance is extremely hugh. The response of animals
to water balance factors has also been shown to correlate with
habitat to at least some extent.

The site of origin of these factors probably includes other
regions besides the neural lobe. Sato (1928) and Van Dyke
(1926) found significant concentrations in the neural stalk.
Melville and Hare (1945) found rather large amounts in the
supraoptic nucleus. Nevertheless, 1t seems that the greater
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amount of these substances is produced in the neural lobe,
and thercfore the morphological changes observed may well
be correlated with requirements for water.

Besides the appearance of a neural lobe in amphibians
other remarkable changes are seen. The vessels to the pars
distalis not only supply the median eminence and pars distalis
but, in the anurans, they collect together into portal channels
between the two vasemlar beds which may be calted the
primary and secondary ecapillary nets, even though the vessels
of the pars distalis are more strictly sinusords. A hypophyseo-
portal system has been found first in the anurans and con-
stantly thercafter in all the more advanced animals studied,
its degree of development depending chiefly on the length of
the hypophyseal stalk.

Sometimes the portal vessels arc earried n specialized
channels, Muller {1871) and von Economo (1899) described
the “cberlappen™ of birds which was supposed to transmit
vessels from the dura to the pars distalis. One of von
Economo’s illustrations clearly shows the portal vessels
passing from the median eminence through the dura, This
arrangement is found not only m birds but in some reptiles
{snakes and lizards) and in the whales. In these species the
adenohypophyss 1s frequently separated from the brain by n
septum of dura which 1s penctrated by the portal vessels and,
apparently, by nothing clse. This seems to be a strong
argument for the smportance of these vessels in hypophyseal
control.

¥n more common animals (rabbt, cat, rhesus monkey, man)
there is to be found a specialized region nt the junction of the
pars tuberalis, pars distals and pars mtermedia through
which pass the largest tranks of the portal system. This has
been called the “zona tuberalis™ by Dawson and has also been
regarded as a vasenlar hilum by earlier observers. The region
s characterized by an abundance of connective tissue and
rather small cells. It may be partially demarcated from the
pars distalis proper by a conncetive tissue septum,  Dovson
(1918) has obscrved that the first eytologieal change produced
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by a variety of endocrine interventions is in this area and that
cytological changes follow the course of the portal vessels as
they distribute themselves in the pars distalis.

The nature of the portal vessels in mammals is rather
variable, but there are a number of common characteristics.
The primary capillary net is common to the pars tuberalis and
the median eminence and neural stalk. It consists of a dense
plexus of fine vessels lying in the connective tissue septum
between the two parts. From this plexus vessels penetrate
the nervous tissue, particularly the cortical part external to
the tractus hypophyseus, but also penetrating between the
wnerve fibres of the tract, In many species these vessels take
the form of capllary loops, but in the Old World monkeys
and in man they take the form of skein-like vessels. In most
instances the vessels of the primary net are true capillaries,
but 1 man and the Old World monkeys they have a more
complicated histological structure, which has been previously
described (Green, 1947). The arteries supplying the primary
net for the most part enter as branches at the edge of the pars
tuberalis. In man these branches are very numerous. The
vessel walls show well defined elastic laminz and the smooth
muscle cells of the media are of the “epithelioid™ type.

The structure of the portal vessels proper varies from simple,
short sinusoidal vessels in ammals with short hypophyseal
stalks to well developed veins, as seen in the human hypo-
physis. The sinusoids of the secondary capillary net are of
large diameter. They are surrounded by the curious connec-
tive tissue of the hypophysis which shows two elements: a
fine one staining with the periodic acid-leucofuchsin technique
and a coarser one stamning with light green or aniline blue.
Elastic tissue 1s not seen in their walls. This connective tissue
surrounds both the sinusoids and groups of hypophyseal cells _
with a fine reticular net. Occasionally it appears to surround
single large cells where these project from the side of a cluster.

. Ths reticulum may be shown in a variety of ways but is
best seen in silver preparations or in phase-contrast prepara-
tions treated with phosphotungstic acid and mounted in a
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medium of high refractive index. Pericellular nets were first
described (as reticulum) by Tello (1912). Later, pericellular
nerve endings were described (Pines, 1926; Brooks and Gersh,
1941; Hagen, 1950). The author has presented evidence from
phase-contrast studies that reticular nets do exist (Green,
19516). For this reason he is doubtful about the existence of
nerve nets in the same situation,

Nerve fibres in the hypophysis are a particularly difficult
problem. While it is impossible to demonstrate that nerve
fibres do not exist 1n the pars distalis it is, on the other hand,

y for the prop ts of a direct secretory innervation
to demonstrate clearly that any nerve fibres they find actually
nduce secretion. Histologists have wrangled for many years
about this particular problem and on the differentiation of
nerve fibres from reticulum in general (see Fig. 2). The issue
depends entirely on the kind of evidence which the observer
considers acceptable. In fine, no histological technique is
specific for nerve fibres or endings. The best method seems
to be that which can be best controlled.

A number of techniques have been tried. These have
included methylene blue, various modifications of Cajal’s
and de Castro’s. techniques, Ranson’s silver pyridine method,
Bielchowsky methods and the techmques of Romanes,
Reumont, Silver and Bodian. The latter, after shght modifi-
cation, has been adopted as a routine because with 1t the most
regular results were obtained. Observation of control areas
of the same preparations showed an absence of visible reticular
or collagen fibres but impregnation of fine nerve fibres in such
situations as the molecular lamma of the cerebral cortex,
sympathetic fibres accompanying blood vessels, pain endings
in the pharyngeal rucous membrane and fine fibres accom-
panying blood vessels in the bone marrow. The impregnation
of the neurchypophysis was detailed and nerve fibres were
readily observed in the pars ntermedia. Yet these prepara-
tions have consistently failed to show nerve fibres or endings
in the pars distalis proper. .

In preparations where glial or recticular fibres were visible
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in control regions (this is often the case with block techniques,
modifications of the Bielchowsky method or Bodian prepara-
tions, where the gold chloride is too warm or parhally ex-
hausted) fibres were seen in the pars distalis which closely
resembled nerve fibres. In other preparations from the same
species n more detailed impregnation of nerve fibres in control
regions and an absence of rcticular or glial staining was
obtained and in these no fibres whatsoever could be seen in
detailed search of serial sections. Evidence that fibres
resembling nerve fibres can be demonstrated by phase
microscopy in sections in which nerve fibres in control regions
are mvisible also tends to support this thesis (Green, 19514).

Nerve {ibres are common i the pars tuberalis and pars
intermedia. The former are derived both from the blood
vessels and the tractus hypophyseus, They may extend along
the portal vessels and occasionally reach ¢he zona tuberalis.
The pars intermedia derives its nerve fibres from the neural
lobe. They often end in fork-shaped processes among the
cells. A curious situation exists in the cebus monkey. Here
the pars intermedia apparently is found both rostral and
caudal to the hypophyseal cleft (see Fig. 4). At all events,
cells of the same characteristic appearance.are found on both
sides. Fibres from the neural lobe enter the caudal part,
sweep around the edges of the cleft and innervate the rostral
part. The pars distalis proper shows no nerve fibres what-
soever.

The innervation of the neural lobe of mammals is generally
accepted, even though there has been some dispute about the
nature of the fibres seen there Some have contended that
they are of a sensory nature. The evidence that the neural
lobe is a secretory organ under the control of the nervous
system (Fisher, Ingram and Ranson, 1938, Verney, 1948,
Harris, 1948) makes it unhkely that all the nerve fibres are
sensory, however. The source of these fibres is undoubtedly
in part from the supraoptic nucleus and very probably from
the "closely related paraventricular nucleus also. It seems
that the posterior part of the tractus hypophyseus is derived

P ania -
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from the lateral tuberal nuclei {Green, 1951a). A large number
+ of fibres are also derived from the region ventral to the fornix
in the anterior and lateral parts of the hypothalamus coming
from the general region of the medial forebrain bundle (Fig.
38). Since these fibres disperse fanwise, their connections
cannot be established. They may be of olfactory origin.

Recently “osmoreceptors” have been described in the
supraoptic nucleus (Verney, 1948). Without in any way
detracting from the excellent physiological work leading up to
this conclusion, the histological evidence must be doubted.
These vesicles may be seen in brains perfused at too high a
pressure and probably represent dilated or ruptured capillaries
(see Fig. 4). They are absent from specimens prepared by
immersion fixation in which the brain has been carefully
dissected from the base. Morin (1945) described similar
structures produced by pulling on the leash of vessels which
penetrates the supraoptic nucleus. He states that carefully
perfused matenal failed to show them. Similar structures
may be produced by perfusion at systolic blood pressure (or
even less) in any part of the brain, particularly where the
capillary bed is rich.

From a histologist’s point of view 1t may be said that there
is little sanction for direct secretory innervation of the pars
distalis. If such innervation is lacking, then there must be
either a humoral or vasomotor control of the gland under the
control of the central nervous system. A humoral control
could be exerted either through the systemic circulation or
through the portal vessels and a hypothetical excitatory or

. inhibitory substance might be derived either from the medjan
eminence proper or from the pars tuberalis which surrounds
it. Extracts of this region have failed to induce ovulation
(Westphal, 1949) or to yield adrenaline. Nevertheless, the

_work of Harris on hypophyseal stalk section (Harris, 1950)
strongly suggests a humoral control through the portal
vessels, at all events for gonadotrophin production. Further-
more, the arrangement of vessels found here may well allow
of local action of a substance too weak to act when in

s
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the general circulation or too rapidly destroyed by other
tissues.

Adrenaline appears to induce responses of the kind which are
rather arbitrarily cullectcd togcthcr as. thc *stress” reaction,
This may w =~ o "
can npp:\rcl " "
to grafts in '
et al., 1949) and since the pcrfuscd adrenal rencts to ACTH
but not to adrenaline (Vogt, 1951). It is not impossible that
more than onc mechanism may be involved in this rather
complex system,

Finally, the possibility of o vasomotor control of the
hypophysis through the portal vesscls may be considered.
This, on the face of it, would appear an extremecly crude
mechanism. However, the hypophysis is a primitive organ;
at least one vasomotor substance can apparently activate it
and an active vasomotor substance is produced in the neuro-
hypophysis. Furthermore, the immediate effect of cutting
off the blood supply to the pars distalis in the toad is ovulation
{Lascano-Gonzalez, 1985). It is rather fruitless to speculate
in this superficial manner and without going into much greater
detail; nevertheless, the control of the hypophysis cercbri 1s
s0 plex that all possibl i must be idered
from a morpholog\cal as well as from an experimental stand-
point. Since morphological interpretations are necessarily
syllogistic 1t is important to consider very carefully the
evidence on which they are based.
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DISCUSSION

Brobeek, This 18 something about which I've never found any clear
statement 10 the hterature. In anymals that have these portal vessels,
what proportion of the blood supply reactung the anteror lobe will
pass through these vessels?

Guesx It depends on the speeies, I thunk. In the toads, I think
Laseano-Gonzalez showed that if yeu cut off the supply by transecting
the h therehy T the superior hypophysesl
arteries, there was almost complete wnfarction of the pars dustals,
except for @ very small sectwon postersosly, In otber amimals there
is a systemic supply, but my ympression is that that is very lorgely
capsular. I have no doubt that these vessels conld supply the pars
distalts in the evert of an ermergeney, but my impression 18 ihat by o7
the majority of blood supplying the pars distalis 13 portal blood.

Houssay: In 1835 Dr. Biasotts, Dr. Sammartino and I observed the
hypophysis and the ventral surface of the hypothalamus and of the
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antenior part of the hypophysis, but the pars intermedia, the neuro-
hypophysis, and some parts of the anterior lobe are preserved because
they also receive vessels from the brain and from the basilar artery.

hypophysis,

GreEN. This seems to be an extremely important point, and T have
discussed 1t 1n a Tecent paper. One of the reasons that I suggested the
possibility of a vasomotor control, even though it would be & crude
mechanism, 1s this work in Dr. Houssay"s laboratory.

QuERIDD, I should like to ask Dr. Green 1f he has any 1dea about the
magmtude of thus portal eirculation in human beings  And secondly,
whether he has any 1deas about the factors which are influencing 1t in,
say, vasoconstriction-vasomotor reactions. I ask it for a special reason.
I don’t understand, first, why post-partum hazmorrhage leads to necrosis,
and second, why large hxmorrhages m males never give these syndromes.

REEN" I can onl; that the

in"smiu would probably recover s Dr. Houssay’s frogs recovered
(after about 80 days, I think). I suppose that a somatic blood supply
could lead to recovery

S
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very engorged of special endocrine changes may be fovalved Y have
no evidence ane way ar the other as ta whether there is, in fact, an
enlargement of the portal vessels during pregnancy. )

Crooxe: 1 would entively agree with you on the extent of the supply
ta the human pituitary. T have cut serial sections of about 800 hurman
pitui Admittedly I only ined every seventh section, but
that took a cauple of years, and out of that 300 I think I've enly seen
about half a dozen titaes munute vessels entering the capsule of the
antentor lobe or anywhere other than vessels comng down the staik.
X think that practically the entire supply to the human pitmtary must
be by the stall, N




PART 1I
CONTROL OF SECRETIONS

THE RELATIONSHIP OF THE HYPOTHALAMUS
TO THE PITUITARY SECRETION OF ACTH*

DAVID M. HUME

WE have studied the effects of electrolytic lesions placed in
various portions of the hypothalamus on the ability of the
anterior pituitary to secrete ACTH after various stressing
agents were applied. We have also studied the effects of
remote control stimulation of the intact hypothalamus on
pituitary ACTH secretion. We have tried to assess the effects
of hypothalamic extracts on pituitary function. Brief
abstracts of this work have already appeared (Hume, 1949;
Hume and Wittenstein, 1950). Studies have been carried ont
on the role of the sympathetic and central nervous systems in

this short note are still in progress and are incomplete as yet,
All experiments have been carried out in dogs.

It has been shown that the fall in circulating eosinophils
four hours after the injection of epinephrine 1s dependent on
having an intact pitmitary and adrenal cortex (Recant et al.,
1950). There is some question whether this is always so in the
human (Thorn et al., 1951), but 1t appears to be true for the
dog. It is possible to take out the entire posterior lobe and
most of the anterior lobe and still have a normal eosinopenia
in response to injections of epinephrine. However, taking

*Supported by a grant 1n a1d for research from the Commonwealth Fund.
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out the entire anterior lobe completely abolishes the epine-
phrine-induced eosinopenia. .

Effects of Hypothalamic Lesions on Eosinopenia
induced by Epinephrine, Insulin, Mecholyl, and
Operative Trauma

Certain Iesions in the hypothalamus prevent the normally
occurring cosinopenia following the injections of epinephrine,
msulin and mecholyl. In two animals the eosinopenia follow-
ing operative trauma was also abolished. These effects were
always temporary, in that no animal continued to show this
absence of response longer than six months after the lesion
was made. It does not seem Iikely that post-operative cedema
could explain this period of unresponsiveness for the following
reasons: (1) In many cases the lack of response persisted for
three to five months; (2) Very large lesions in some areas of
the hypothalamus did not prevent the eosinopenic response at
any time after they were made; and (3) Large lesions in the pit-
uitary itself did not prevent the eosinopenic response following
stressing agents,

The lesions which were effective i preventing eosinopema
following epinephrine, insulin, or mecholyl were located either
m the anterior portion of the median eminence of the tuber
cinereum, or, in two nstances, in the posterior portion of the
tuber and the anterior portion of the mammullary bodies. In
the two animals in which the response to operative trauma
was blocked as well, the location of the lesions were in the
anterior portion of the median emunence. This area 1s
shown diagrammatically in Fig. 1. Some involvement of
the walls of the third ventricle at this level was also present.

The midline lesions in the floor of the third ventricle some-
times did and sometimes did not produce diabetes insipidus,
depending on their lateral extent. The presence or absence of
diabetes insipidus had no tion with the loss of the
normal eosinopenic response following stress. Lesions made
directly in the supra-optic nuclei, producing diabetes insipidus,
had no effect whatsoever on the normal cosinopenic response
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%o stress. We have s yet no explanstion for the observation
that the animals begin to respond again after o long peried
of time. N

The pre- and post-operative respanse of a typical animal
with a hypothalamic Jesion is shown in Fig. 2.

Secction of the stalk along the plane shown by the dotted
line tn diagram 1 did not prevent the normal eosinopenie

Fia 1 Inagram of sagttal seetion of hypothalamns and

hypophysis of the dog te show the Joeation af the Jesiors which

appeared 20 be the most <fechive in abolishiag the cossnopenie

response 1o stress  The third sentricle was dilated and 1ta

ependyrmal bning was demaged to varyng extents st thas level,

s‘):o The dotted hne wWivsirates the plane through wineh stalk
section was carred out.

response folloning stress. Serial sections of the hypothalamus
and the prtwtary were made in these anwmals but indian ink
injections of the blood vessels were not dane. It canmot,
therefore, be canclusively stated that the hypophyseal portal
vessels had not regrown. However, one of the animals was
tested only o week after the operation, and a polycthylene

warER N
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out the entirc anterior Jobe completely abolishes the epin
phrine-induced eosinopenia, .
Effects of Hypothalamic Lesions on Eosinopenia
induced by Epinephrine, Insulin, Mecholyl, and
Operative Trauma

Certain lesions in the hypothalamus prevent the normal
oceurting eosinopenia following the injections of epinephrin
insulin and mecholyl. In two animals the eosinopenia follos
ing operative trauma was also abolished. These effects wer
always temporary, in that no animal continued to show th
absence of response longer than six months after the lesio
was made. It does not seem likely that post-operative cedem
could explain this period of unresponsiveness for the followin
reasons: {1} In many cases the lack of response persisted f¢
three to five months; (2) Very large lesions in some areas t
the hypothalamus did not prevent the eosinopenic response
any time after they were made, and (8) Large lesions in the pit
uitary itself did not prevent the cosinopenic response followin
stressing agents

The lesions which were effective 1n preventing eosinopent
followwng epmephrine, insulin, or mecholyl were Joeated eithe
m the anterior portion of the median eminence of the tube
cnereum, or, in two instanees, in the posterior portien of th
tuber and the anterior portion of the mammillary bodes, i
the two animals mn which the response to operative traum:
was blocked as well, the Jocation of the lesions were in thi
anterior portion of the median emmence. This area i
shown diagrammatieally in Fig. 1. Some involvement o
the wails of the third ventricle at this level was also present

The midline lesions 1 the floor of the third ventricle some
times did and sometimes did not produce diabetes insipidus,
depending on their lateral extent. The presence or absence of
diabetes insipidus had no connection with the loss of the
normal eosinopenic response following stress. Lesions made
directly in the sug ptic nuclei, producing diabetes insipidus,
had no effect schatsoever on the normal eosinopenic response
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sheet had been placed between the pituitary and the hypo-
thalamus after the stalk was severed, making it seem
u.nlikely that the vessels could have re-formed in so short a
time under these circumstances.

The Effects of Stimulation of the Hypothalamus in

Intact and Totally Sympathectomized Anlmals
Electrodes attached to coils were implanted by a shght

modification of the method used by Harris (1947), making it

ANTERIOR HYPOTHALAMIC LESION
D06 NO 2849

EPHERRNE msuL
TEST TogamcL

PREQPERATIVE PosTOPERATIVE

Fic.2 The fallm s 1n response

to epinephrine and Ihsulm before and after a hypothalamic

Ieson  Note the mncrease w the zero hour eosophl count
Tollowing the lesion

possible to do repeated remote control stimulations of the
hypothalamus in the unanmsthetized dog. The effects of
anterior hypothalamie stimulation in the intact dog are shown
in Fig. 8. Four three-minute stimulation periods during the
course of one hour were used. The current is a 60 cycle sine
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wave current, and this same effect can be produced by a
single ene-minute stimulation with 0-4 volts at 0-2 milliamps.
The marked cosinopenia and the concomitant marked rise
1n total white blood cell count indieate that o release of ACTIL
has followed thys hiypothalamic stimulation. The stimulation

DOG NO 173 -COIL IMPLANT

—a o
110 w00

e ECSNOPHLS
o o-m-0 whe

aa 100
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response

15 a very localized one and the dog gives no indication that he
1s aware of being simulated. The location of the tip of the
needle in this animal is shown by the photomicrograph in
Fig. 4. Itisjust to the right of the midlime in the floor of the

hypothalamus posterior to the optic chiasma but anterior to
the stalk.
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seen that the marked eosinopenia and rise in white count
following hypothalamic stimulation oceur even without
release of endogenous epinephrine,

To summarize the foregoing experiments: It was possible to
make lesions in the hypothalamus which abolished the release
of ACTH from the pituitary following stress although the
pitwitary itself was intact. Conversely, stimulation of the
hypothalamus produced a release of ACTII from the pituitary
even in the absence of the sympathetics.  Section of the stalk
did not appear to prevent the release of ACTH following
stress. The development or absence of diabetes insipidus had
no effect on ACTII release. We concluded from these experi-
ments: (1) That the hypothalamus was important in the
increased release of ACTH from the pituitary which occurs
fo]lowmg stress, (2) That its effect on the pituitary need not be

about by epinephrine or by pituitrin; and {8) That its
effect must be mediated by some humoral substance because it
was present even in the absence of any direct connection
between the pituitary and the hypothalams.

The Effects of Hypothalamic Extracts on Dogs with
Hypothalamic Lesions

1t has been very difficult to assess the effects of hypothala-
me extracts and to date we have obtained no consistent
results with these substances, We are continuing to work
with them.

The Effects of Section of the Spinal Cord on the Release
of Pituitary ACTH Following Trauma to the Denervated
Area

This is a difficult group of animals to work with and the
results are not always consistent. There s some evidence that
sympathetic, as well as somatie, afferents have to be elimina-
ted, so that the limb 15 completely denervated, before one
notes an absence of ACTH release following trauma to the
denervated extrermty. Fig. 6 shows the results of some
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It is known that stimulation of the posterior hypothalamus
leads to sympathetic excitation and thus to release of
cpinephrine from the adrenal medulla. Although we have
not observed any evid of epinephrine release foll

pincy
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stimulation of the anterior hypothalamus, we had not
completely ruled out epinephrme as the cause of the eosino-
penia observed after hypothalamic stimulation. Therefore,
coils were implanted in totally sympathectomized dogs. A
diagram of the effects of hypothalamic stimulation in a
totally sympathcetomized dog is shown in Fig. 5. It may be
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fall which was nated. A study is under way on sympathec-
tomized dogs to check this pomnt.*

Other Possible Mechanisms of AGTH Release

1t is well known that epinephrine can produce a release of
ACTH from the pituitary, and from the results of our experi-
mentation it appears to us that this must be due to the effect
of epinephrine on the hypothalamus rather than by a direct
action on the pituitary, as postulated by McDermott et al.
(1950). It has been shown above that the release of ACTH
following hypothalamic stimulation does not depend on the
presence of epinephrine. It was likenise shown, as may be
seen in Fig. 7, by using a sympathectomized, unilaterally
adrenalectomized, unilaterally adrenal-demedullectomized
dog, that operative trauma produced a marked ACTH relcase
even in the absence of epinephrnine, as shown by the eosino-
penua following this procedure. An injection of mecholyl
Iikewise produced a marked eosmopenia in the absence of

pwephrine.  Thns P was abolished by injecting
atrophine before injecting mecholyl. It has also been shown
that the injection of insulin produces a marked eosinopenia
m the absence of epinephrine.

An experiment was done to check the theory of Sayers
{1947) that the traumatized area removes corticoids from the
blood stream, thereby decreasing the amount of circulating
corticoids and inducing ACTH release. A bilaterally adrenal-
ectomized dog maintained on a DCA pellet was used for these
experiments, An injection of Compound F was given intra-
arterially and a dose was determined that was small enough
to give Just a sigmficant fall of eosinophils (Fig. 8). The leg
of this dog was now traumatized at operation, a procedure
which of course produces no eosinoy mn an ad
mized dog, and the same amount of Compound F was now

*subsequent expenments have shown that a sub-normal eosinopenic

response can be produced by a severe burn below the level of cord section

even after total sympathectomy 'Thus may be due to direct notion of the

products of tissue destruction upon the adrenal medulla or upon the hypo-
alamug
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cxperiments on a dog with a cord section at the level of C7, and
it will be noted that he no longer showed an eosinopenia
following operative trauma to the denervated extremity,
although he continued to show an eosinopenia following
injections of cpincphrine and to operative trauma above the
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Fi6. 6 The percentage change m cosinophils 1n_response to
trauma below and above the level of cord section  The response
to -V epinephnne 13 also charted. No cosinopenua was induced
by operative trauma to the denervated portion of the body,
although a smular procedure done to the hend produced a
normal eosmopenic response.  Severe trauma (burn) to the leg
produced a mmmal cosinopeme response, probably on the
basss of reflex secretion of endogenous epmephrine,

Jevel of cord section. Very scvere burn trauma to the hind
leg did produce a slight eosinopenia, though far less than one
would see following such trauma in an intact animal. This
animal was 1ot sympathectomized and he developed marked
mass refiexcs when his leg was put in boiling water. This may
have released enough endogenous epinephrine to prod the
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area did not directly take Compound F from the blood stream.
These experiments were carried out on a single adrenalecto-
mized dog, and more animals will have to be studied to
establish this point finally, The experiments cited above in
. '
stﬂ
SOMPOUND F oA o

g T - v

which moderate trauma to the denervated extremity failed to
produce & significant eosinopenia likewise suggest that direct
utilization of corticoids by injured tissues was not the prin-

cipal factor responsible for ACTH release under these
clrcumstances.
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injected intra-arterially so that it would come in contact with
the traumatized area before gaining access to the general
circulation. 1f the Compound F were removed from the blood
stream by the traumatized area there should be less of it

93-49 - SYMPATHECTOMY, LEFT ADRENALECTOMY,
RIGHT lADRENA DEMEDULLECTOMY
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reaching the géneral circulation, and a less marked eosino-
penia should develop. Actually a given dose of Compound F
produced the same degree of eosinopenia in the ad v

tomized dog with or without trauma. Under the condit}cns
of this experiment, therefore, it appeared that the traumatized .
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by =& direct action of the corticoids on the anterior pituitary,
as postulated by Sayers (1947). In the dog, for example,
injecting large amounts of dcoxycorticosterone glucoside
intravenously will prevent the release of ACTII following
trauma, or cven hypothalamic stimulation. The réle of the
hypothalamus seems to be to imtiate an increased sceretion of
ACTH in respounse to stresses of various kinds, and this in-
creased sceretion is probably brought under control ultimately
by increased blood level of corticoids. Hypothalamic
stimulation 1s brought about by a variety of different stresses
and therefore serves as a co-ordinating mechanism between
non-specific stresses and the specific release of pituitary
ACTH. The effect of the hypothalamus on the pituitary
appears to be mediated by a humoral substance. Hypo-
thalamic stimulation also results n the release of epinephrine
from the adrenal medulla and this, 1n addition to its other
functions, appears able directly to stimulate the hypo-
thalamus. It is realized that there are probably other factors
which are important in the release of ACTH and this diagram
is vastly over-simphfied. Much work remains to be done to
elucidate further the rdle of the hypothalamus in the rclease
of anterior pituitary hormones, but we feel that the hypo-
thalamus has been shown to be an important factor in the
release of ACTH from the anterior pitumitary,
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Suq:mary and Conclusjons

Fig. 9 outlines our present concept about one means by
which ACTH is released from the pituitary following stress.
This theory may be modified considerably by the results of
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F16. 9 A diagram sustrating concept of pathways mvolved
in the inereased secretion of ACTII following stress ~ Feripheral
nervous impulses, humoral substances {epinephrine, msulm,
? tissue product) and cortical impulses sre represented as ending
n hypothalamic stimulation, which 1n turn jeads to the release
f\fc% humoral substance that acts on the pittitary to release
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further experimentation and it represents merely a working
hypophysis to try to explan the findings which we have
observed in our experiments to date. There is a balance
between the pituitary seeretion of ACTH and the adrenal
cortical secretion of corticoids which is probably maintained
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Huse: We have done some work with Nembutal in this regard, which
1 didn’t want to bring in now because st's a rather lengthy discussion,
The effects of Nembutal seem to be quite vanable. The cosinopenia
i ing hirine and operative trauma are sometimes decre:
by Ne and it not, Ne anxysthesia ajone produces
a slight eosinopema in some animals and nhot in others, efc.

Harris: In regard to the speed with which ACTIH is sccreted 1n
response to a shmulus, there was a recent paper by Gray and Munson
(Gray, W. D, and Munson, P. L., 1951. Erdocrtnology, 48,471) in which
they injected histamine 1n rats and found that the release of ACTH was
stimulated within 10 seconds of the injection,

HuME: Yes, that’s right. The shortest time we used was a minute,
and it's certainly true that 1t’s under a minute.

Harms: A minute would be too short for Sayers's suggested
mechamsm to work.

Loxc: But you still have to account for the fact that, as Gerdon has
shown in rats, even in the deafferinated limb severe trauma will still
produce a fall in the adrenal ascorbie acid.

Huwe: That's got to be a sympathetically denervated imb also,
because if you simply denervate the somatic afferents, impulses can
apparently travel up the sympathetic afferents

Loxe: But you still get a fall.

Huae: With severe trauma you still get a minimal fall  We get a fall
with burn trauma, which is a very severe trauma, and, as I said, there
must have becn some spinal release of epinephnine 1 response to this
burn trauma.*

Loxg: It seems to me we stll have epinephrine coming into this
picture—sympathetic stimulation 18 there. You are postulating there
is a type of reflex stimulation of the hypothalamic area that can only
involie the anterior portion, In these circumstances, you do get
epinephnine secretion as well

Huye: You do, that's right, but ACTH is released in response to
trauma whether epinephrine 1s present or not, as we have shown by

h s ! ized ammals

BrosEck Certain pomts were not quite clear to me. One of them
had to do with your second shde. The first animal there, with a lesion
that was entirely in the postemor hypothalamus, was the one that
showed the Jeast response in the cosmnophils,

Hram: That difference in response 15 an apparent and not a real
difference  When the responses are around +34 per cent nstead of
around ~+10 per cent it doesn’t mean that the amimal is less responsive.
. YVe thought that perhaps we were destroying afferent tracts leading

*Later experiments have shown that this minimal eosinopenia follows burn
trauma even i the limb—perhaps by virtue
of something in the tissue released by & severe burn.
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DISCUSSION

Dr Hume, Yyou have relied entirely here on the eosinophil
erenramant of the relaqse of ACTH. Have you had the
Irenal activation?

+ we have come to

fter all, thereis a

adrenal cortical

" the factors that

’

influence the eosinophil test

- R e

that 1f the animal has been previously operated on Jou gl save
bizarre behaviour of the eosinophils, In fact, you can’t say that you
always get a fall in the eosinophils 1n an animal that has had a previous
trauma. It’s true also of the adrenal ascorbic acid, It can at times be
completely deceiving.

Hume, Ithink tha.t most of those differences will level themselves out,
because we kept all of these ammals for at least four months and we
made several tests on every ammal.

Lone: Does adrenal atrophy occur?

Hune: No. That's one of the differences between this animal and

e,
one

TR po-
[} ito

. my

po-

lly

PO as
demonstrated in various ways 1s not alwnys mc mee. FUTRFTTS LN
if you accept the fact that Fou
«ill find that all fum:uons are not equally dcpresscd For instance,
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HYPOTHALAMIC CONTROL OF ACTH
SECRETION BY THE PITUITARY GLAND

J. DE GROOT and G. W. HARRIS

Tnere is much evidence that the activity of most of the
endocrine glands may be affected by changes in the external
environment. It is well known that the functional activity
of the ovaries and testes may be modified by changes n light
exposure, that the activity of the thyroid gland 1s influenced
by the environmental temperature, and that various forms
of stress exert a marked effect on the functions of the adrenal
cortex. Itis very probable that these effects are mediated by
the anterior pituitary gland.

In 1947 we started investigating the mechanism by which
the secretion of ACTH from the anterior pituitary gland 1s
controlled. At this time it was known that increased secre-
tion of ACTH could be gauged either by noting the direct
effects of the hormone on the adrenal cortex {structure and
weight of the gland, cholesterol and ascorbic acid content of
the cortex) or by observing the indirect effects which follow
increased adrenal cortical secretion {transient lymphopenia).

Prelimmary experiments, in collaboration with Dr. Harry
Colfer, showed that normal rabbits react to emotional stress
(& lization or sub neous faradism) with a reduction
in the number of crrculating lymphocytes (Colfer, de Groot
and Harris, 1950). This lymphopema was maximal
about three hours and could be closely simulated in magnitude
and time relations by an injection of ACTH. Hypophysecto-
mized rabbits exposed to the same stresses did not show any
response, though injection of ACTH was still followed by a
lymphopenia. Denervation of the adrenal glands did not
modify the response. There was then available for nvestiga-
tion m the rabbit a reaction which could be expressed:

103
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only the supraoptic nuclei we have not had any decrease in the response
to stress at all—at's been perfectly normal—and it's only the lesions
winch have involved the wall of the third ventnicle and the figor, and
one or two snimals 1n which the posterfor portion of the floor of the
thied venincle was destroyed, which have had a decrease in their
response to stress.

Brosrex: 4 chart of this type suggests to some of us the interruption
of an efferent pathway leaving the hypothalamus through the caudal
patt, rather than of an afferent path coming to it

What is the evidence that these lngh spinal sectrons are sccomplishing
thesr effect by sympathetic rather than by afferent denervation? Have
you done any purely sympathetic denervation along with the Jower
spinal lesions?

Huwc: I have begun the operations, but have no results to report yet.
Tt 1s tnteresting that you apparently have to keep gomng up the cord
untl you get to the posnt at wiich you're just abave the place where
the last sympathetic enters the cord before you get the absence of
response

Bropeck We have had some expenence with dogs vecently, and it's
our impression that although this ism may be active in a very
few manutes, as you descnibed from your blocking experiments, never-
theless the eosinophil response takes a long time, and in some rases
hours. s 1t possible that by using the dog, where the eosinophils are
either more stable or therr destruction is somehow slower, that one may
be missing several parts of o t that may be responding more
quickiy?

Huwm: I don’t thank so, beeause 3f you give mdravencus ACTH either
i the dog or the human the tume and the shape of the curve 1s about the
same as 1f you spphied a stimulus to either the dog or the human.

Lone: But 1t's slow m the dog. It takes four hours wath ACTH,

Huse Yes, ibs slow with both of them  It's slow even sath intras
venous ACTH. That means that since ntravenous ACTH gives the
same curve as a stunulng does, that the Ing can’t be between the stimulus
and the release of ACTH,

Lowg: Have you any expenence with hustamine m the dog? Becanse

1t wwas shown in rats that the resy of was as
grest 3n 15 minutes as the response to mtravenous ACTH swas in four
hours

In the

Houme: We've done wery hittle with hustamine in the dog
experuments i the Tat the doses of hustamune which have been used were
so outside the physiolomeal mits as to raise grave doubts s to thew
vakdity. In the dog we've used only up to 2 ml. of 11,000 histamine
intravenously, winch gives the dog o marked systemic reaction. Thas
dose produces no eosmoph} fall in dogs.
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1o stress. We have as yet no explanation for the obnervation
that the animals begin to respond again after o long period
of time.

The pre- and post-operative response of a typical snimal
with a hypothalamic lesion is shown in Fig. 2.

Section of the stalk along the plane shown by the dotted
line in diagram 1 did not prevent the normal eosinopenic

response following stress, Serial sections of the hypothatamus
and the pituitary were made in these animals but indian mk
injections of the blood vessels were not done. It canmot,
therefore, be conclusively stated that the hypophyseal portal
vessels had not regrown. However, one of the animails was
1ested only » week after the operation, and a polyeth

-
%
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emotional stress — stimulation of the central nervous system
. —excitation of the antenior pituitary — excitation of the
adrenal cortex —+lymphopenia.

It was decided to investigate the pathway by which the
stimulus from the central nervous system is transmitted to the
anterior pituitary gland. For this purpose, electrolytic lesions
were placed in various parts of the hypothalamus and pituitary
gland and the effect of such lesions on the lymphopenic
response to stress was studied (de Groot and Hayris, 1950).
It was found that lesions in the antenor pole of the pituitary
(zona tuberalis) abolished the response, and that transverse
lesions in the posterior part of the tuber cinereum and mam-
millary body diminished or abolished the response. Similar
Iesions elsewhere in the pituitary gland or hypothalamus were
compatible with normal lymphopenic responses.

The converse experiments (de Groot and Harris, 1950)
consisted of electrical stimulation of various parts of the
hypothalamus and the pituitary gland, to see whether this
resulted in a lymphopenia comparable to that evoked by
stress or injection of ACTH. For this purpose a technique of
electrical stimulation was required which did not entail any
incidental emotional stress during its application. The remote
control method of stimulation was therefore used. In 2
preliminary operation a small coil was implanted between the
skull and the scalp and an insulated clectrode led from one
end of the coil into the required region. The tissue surround-
ing the bare electrode tip could then be stimulated by passing
high amperage current pulses through a large primary coil
surrounding the rabbit’s cage. The buried secondary coil was
thereby situated 1n an electromagnetic field, the strength of
which could be easily adjusted. Thus a localized eleetrical
stimulus could be applied in the hypothalamu-hypophysen\
\egion in unanxsthetized, unrestrained rabbits. Using this
technique it was found that stimulation of the posterior
tuber cinereum or mammillary body resulted in n Jympho-
penia similar to that following emotional stress or intravenous

b Cr o armranriate doce of ACTIT. Stimulation of
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sheet had been placed between the pituitary and the hypo-
thalamus after the stalk was severed, making it seem
unlikely that the vessels could have re-formed in so short a
time under these circumstances,

The Effects of Stimulation of the Hypothalamus in

Intact and Totally Sympathectomized Animals
Electrodes attached to coils were implanted by a slight

modification of the method used by Harris (1047), making it

ANTERIOR HYPOTHALAMIC LESION
DOG NO 28-49
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leston. Note the increase in the zero hour eosinophul count
following the Jesion.
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wave current, and this same effect can be produced by a
single one.minute stimulation with 0-4 volts at 0-2 milliamps.
The marked eosinopenia and the itant marked rise
in total white blood cell count indicate that a release of ACTIL
has followed this hypothalamie stimulation. The stimulation

DOG NO 173 -COIL IMPLANT
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is a very localized one and the dog gives no indication that he
15 aware of being stimulated. The location of the tip of the
needle in this animal 1s shown by the photomicrograph in
Fig. 4. It1s Just to the right of the midlne in the floor of the
hypothalamus posterior to the optic chiasma but anterior to
the stalk,



Fic 4 Photomicrograph of coronal section through hypo-
thalamus 1n dog No 173-19 showing the loeation of the tip of
the stimulating electrode  The bare tip of the platinum wire
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seen that the marked eosinopenia and rise in white count
following hypothalamic stimulation occur even without
release of endogenous cpinephrine,

To summarize the foregoing experiments: It was possible to
make lesions in the hypothalamus which abolished the release
of ACTH from the pituitary following stress although the
prtuitary itself was intact. Conversely, stimulation of-the
hypothalamus produced a release of ACTIH from the pituitary
even in the absence of the sympathetics. Section of the stalk
did not appear to prevent the release of ACTH following
stress. The development or absence of diabetes insipidus had
no effect on ACTH release. We concluded from these experi-
ments: (1) That the hypothalamus was important in the
increased release of ACTH from the pitintary which oceurs
fnllowmg stress; (2) That its effect on the pituitary need not be

about by epinephrine or by pituitrin; and (8) That its
effect must be mediated by some humoral substance because it
was present even in the absence of any direct connection
between the pituitary and the hypothalamus.

‘The Effects of Hypothalamic Extracts on Dogs with
Hypothalamic Lesions

It has been very difficult to assess the effects of hypothala-
mie extracts and to date we have obtained ne consistent
results with these substances. We are continuing to work
with them.

‘The Effects of Section of the Spinal Cord on the Release
of Pituitary ACTH Following Trauma to the Denervated
Area

This 1s a diffieult group of animals to work with and the
results are not always consistent. There is some evidence that
sympathetic, as well as somatie, afferents have to be elimma-
ted, so that the limb 1s completely denervated, before one
notes an absence of ACTH release following trauma to the
denervated extremity. Fig. 6 shows the results of some
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It is known that stimulation of the posterior hypothalamus
leads to sympathetic ecxcitation and thus to release of
cpinephrine from the adrenal medulla. Although we have
not observed any evidences of epinephrine release followmng

DOS NO. 183-49 SYMPATHECTOMY, COIL INPLANT
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stimulation pertods done 18 months apart are shown ™ There1sno
appreciable change 10 hamatoent or blood sugar.

stimulation of the anterior hypothalamus, we had not
completely Tuled out epinephrine as the cause of the eosino-
penia observed after hypothalamic stimulation. Thercfore,
coils were implanted in totally sympathectomized dogs.- A
diagram of the effects of hypothalamic stimulation in a
totally sympathectomized dog is shown in Fig. 5. It may be
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fall which was noted. A study is under way on sympathec-
tomized dogs to check this point.*

Other Possible Mechanisms of ACTH Release

It is well known that epinephrine can produce a release of
ACTH from the pituitary, and from the results of our experi-
mentation 1t appears to us that this must be due to the elfect
of epinephrine on the hypothalamus rather than by a dircet
action on the pituitary, as postulated by McDermott et al.
(1950). It has been shown above that the release of ACTH
following hypothalamic stimulation does not depend on the
presence of epmephrine. It was hkewise shown, as may be
seen in Fig. 7, by using a sympathectomized, unilaterally
adrenalectomized, unilaterally adrenal-demedullectomized
dog, that operative trauma produced a marked ACTH release
even in the absence of epinephrine, as shown by the eosino-
penia following this procedure. An injection of mecholyl
likenise produced a marked eosmopenia in the absence of

pinephrine.  This 38 was abolished by injecting
atrophine before injecting mecholyl. Tt has also been shown
that the injection of insulin prod a marked

P
1 the absence of epinephrine.

An expeniment was done to check the theory of Sayers
(1947) that the traumatized area removes corticoids from the
blood stream, thereby decreasing the amount of circulating
corticoids and inducing ACTH release. A bilaterally adrenal-
ectomized dog maintaned on a DCA pellet was used for these
experiments. An 1injection of Compound F was given intra-
arterially and a dose was determined that was small enough
to give just a significant fall of eosinophils (Fig. 8). The leg
of this dog was now traumatized at operation, a procedure
which of course produces no eosinopenia 1n an adrenalecto-
mzed dog, and the same amount of Compound F was now

*Subsequent expenments have shown that a sub.normal eosimopenic
response can be produced by a severe burn below the level of cord section
even after total sympathectomy This may be due to derect action of the

products of tissue destruction upon the adrenal medulla or upon the hypo-
thalamus
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experiments on a dog with a cord section at the level of C7, and
it will be noted that he no longer showed an eosinopenia
following operative trauma to the denervated extremity,
although he continued to show an eosinopenia following
Injections of epinephrine and to operative trauma above the
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Fic 6. The percentage change in eosinophils m response to
trauma below and above the level of cord section. The response
to I-V epmephrine 1s also charted  No eosinopenra wes induced
by operative trauma to the denervated portion of the body,
although a similar procedure done to the head produced a
normal eownopemic response  Sesvere trauma (bum) to the leg
produced a mimmal eosmopeme response, probably on the
basis of reflex secretion of endogenous epinephnne

* Jevel of cord section. Very severe burn trauma to the hind
leg did produce a slight eosinopenia, though far less than one
would see following such trauma n an intact animal. Ths
animal was not sympathectomized and he developed marked
mass reflexcs when his leg was put in boiling water. This may

have released enough endog pincphrine to produce the
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area did not directly take Compound F from the blood stream.
These experiments were carried out on a single adrenalecto-
mized dog, and more animals will have to be studied to
establish this point finally. The experiments cited above in

DOG NO 33-5! BILATERAL_ADRENALECTOMY+ DCA PELLET

SOMPOUND A

which moderate trauma to the denervated extremity failed to
produce a sigmficant eosinopenia likewise suggest that direct
utilization of corticoids by injured tissues was not the prin-
ci.pal factor responsible for ACTH release under these
ecircumstances. -
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injected intra-arterially so that it would come in contact with
the traumatized area before gaining access to the general
circulation. If the Compound F were removed from the blood
stream by the traumatized area there should be less of it

93-49 ~ SYMPATHECTOMY, LEFT_ADRENALECTOMY,
RIGHT _ADRENAL DEMEDULLECTOMY
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reaching the general circulation, and a less marked eosino-
penia should develop. Actually a given dose of Compound F
produced the same degree of cosinopenia in the adrenalec-
tomized dog with or without trauma, Under the conditions
of this experiment, therefore, it appeared that the traumatized
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by a direct action of the corticoids on the anterior pituitary,
as postulated by Sayers (1947). In the dog, for example,
injecting large amounts of dcoxycorticosterone glucoside
intravenously will prevent the release of ACTIL following
trauma, or even hypothalamic stimulation. The réle of the
hypothalamus seems to be to initiate an increased secretion of
ACTH in response to stresses of various kinds, and this in-
creased secretion is probably brought under control ultimately
by ncreased blood level of corticoids, IHypothalamic
stimulation 1s brought about by a variety of different stresses
and therefore serves as a co-ordinating mechanism between
non-specific stresses and the specific release of pituitary
ACTH. The eflect of the hypothalamus on the pituitary
appears to be mediated by a humoral substance. Iypo-
thalamic stimulation also results in the release of epmephrine
from the adrenal medulla and this, in addition to its other
functions, appears able directly to stimulate the hypo-
thalamus. It s realized that there are probably other factors
which are important in the release of ACTH and this diagram
is vastly over-simplified. Much work remains to be done to
elucidate further the role of the hypothalamus 1n the release
of anterior pituitary hormones, but we feel that the hypo-
thalamus has been shown to be an important factor in the
release of ACTH from the anterior pituitary.
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Summaty and Conclusions

fl‘ig. 9 outlines our present concept about one means by
which ACTH is released from the pituitary following stress.
This theory may be modified considerably by the results of
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Fic. 8 A digram illustrating concept of pathways ynvolved
n the inereased secretion of ACTH following stress.” Perpheral
nervous impulses, humoral substances {epinephrine, tnsulin,
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further experimentation and 1t represents merely a working
hypophysis to try to explain the findings which we have
observed in our experiments to date. There is a balance
between the pituitary secretion of ACTH and the adrenal
cortical seerction of corticoids which is probably maintained
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Huse We have done some work with Nembutal iy this regard, which
1 didn't want to bring in now because it's a rather lengthy discussion.
The effects of Nembutal seem to be quite variable. The eosinopenia
following epinephnine and operative trauma are sometimes decrensed
by and not. Nembutal anwxsthesia alone produces
a slight cosinopenia 1n some animals and not 1n others, ete.

Harnmig: In regard to the speed with which ACTH is secreted 10
response to a stimulus, there was a recent paper by Gray and Munson
(Gray, W. D , and Munsen, P. L., 1951. Endocrinology, 48, 471) in which
they injected histamine in rats and found that the release of ACTH was
stimulated within 10 seconds of the injection

Mume: Yes, that’s right. The shortest time we used was a minute,
and 1t's certainly true that it's under a mmute,

Harris: A minute would be too short for Bayers’s suggested
mechanism to work. .

Loxc But you still have to account for the fact that, as Gordon has
- Tt ot st + * auma wil still

Lo P ted hmb also,
. ©impulses can

must have been some spinal release of epinephnine 1n response to this
burn trauma.*

Lova: It seems to me we still have epinephrine coming into this
picture—sympathetic stimulation 1s there. You are postulating there
15 8 type of reflex stimulation of the hypothalamc area that can only
mnvolve the antenor portion In these arcumstances, you do get
epmephrine secretion as well.

Huste: You do, that’s nght, but ACTH s released mn response to
trauma whether epinephrine 13 present or not, as we have shown by

ympatk dad 1! antmals.

Broneck: Certam points were not quite clear to me. One of them
had to do with your second shide. The first ammal there, with a lesion
that was entirely 1 the posterior hypothalamus, was the one that
showed the least response in the eosmnophils.

Huye, That difference in response 1s an apparent and not a real
Qifference When the Tesponses are around +34 per cont stead of
around +10 per cent 1t doesn’t mean that the ammal 15 less responst

1w b b ey e — . e

o thoeahs 40

*Later expeniments have shown that this minima! eosmopenia follows burn
trauma even In the sympathectomized, denervated hmb—perhaps by virtue
of something in the tiasue released by a severe burn.
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DISCUSSION N
._Long: Dr. Hume, you have relied entirely here on the eosinophil

.
very good direct method for the deternination of adrenal cortical
steroids, and we know comparatively httle about the factors that
nfluence the eosinophil test.
Hume: That's very true. There are objections to any method that is
Pt f P D g S S

LoNG It’s true under certain circumstances, but it is also a fact
that 1f the animal has been previously operated on you get rather
bizarre behaviour of the eosinophils. In fact, you can’t say that you
always get a fall in the eosinoph:ls 1n an animal that has had a previous
trauma, It’s true also of the adrenal ascorbic acid. It can at times be
completely deceiving. .

Home: I think that most of those differences will level themselves out,
because we kept all of these animals for at least four months and we
made several tests on every anumal

Lona: Does adrenal atrophy occur?

Hume' No, That’s one of the differences hetween this animal and

N
with an inerease 1n sensitivity
LoNe: You postulated an effect of epinephrine solely upon the hypo-
thalamue centres. I presume you regard epinephrine as a stimulus to
the hypothalamtc centres Well, has that ever been shown? It was my
impression that epephrine does not act as a stimulus to the hypo-
thalamic centres. In fact ¥ think there is some evidence that it actually

the of the hy centres
T . t oo
de
if N
Wl '
N N

ok ions. We think that epmephrine works on the hypothalamus
think that epncphrine works o ? the hypotha
. N ' it of
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HYPOTHALAMIC CONTROL OF ACTH
SECRETION BY THE PITUITARY GLAND

J. DE GROOT and G. W. HARRIS

THERE is much evidence that the activity of most of the
endocrine glands may be affected by changes in the external
environment. It is well known that the functional activity
of the ovaries and testes may be modified by changes in ight
exposure, that the activity of the thyroid gland is influenced
by the environmental temperature, and that various forms
of stress exert a marked effect on the functions of the adrenal
cortex. Itisvery probable that these effects are mediated by
the anterior pituitary gland.

In 1847 we started investigating the mechanism by which
the secretion of ACTH from the anterior pituitary gland 1s
controlled. At this time 1t was known that mereased secre-
tion of ACTH could he gauged ether by noting the direct
effects of the hormone on the adrenal cortex (structure and
weight of the gland, cholesterol and ascorbic acid content of
the cortex) or by observing the indirect effects which follow
increased adrenal cortical secretion (transient lymphopenia).

Preliminary experiments, 1n collaboration with Dr. Harry
Colfer, showed that normal rabbits react to emotional stress
(immobihization or subcutaneous faradism) with a reduction
mn the number of circulating lymphoeytes (Colfer, de Groot
and Harris, 1950). This lymphopenia was maximal in
about three hours and could be closely simulated in magnitude
and time relations by an injection of ACTH. Hypophysecto-
mized rabbits exposed to the same stresses did not show any
response, though imjection of ACTH was still followed by a
lymphopenia. Denervation of the adrenal glands did not
modify the response. There was then available for investiga-
tion in the rabbit a reaction which could be expressed:
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only the supraoptis nuclei we have niot had any decrease in the response
1o stress at allt's been perfectly normal—and it’s only the lesions
which have mivolved the wall of the thind veninele and the foor, and
one or two ammals in which the pesterior portion of the floor of the
third ventriede was destroyed, whick have had a decrease in thew
Tesponse to stress,

Broptek: A chart of this type suggests to some of us the interruption
of an efferent pathway leaving the hypothalamus through the caudal
part rather than of an afferent path coming tot.

What1s the evidence that these high spinai sectsons are accomplishing
their effect by sympathetic rather thaa by afferent denervation? Have
you done any purely sympathetic denervation along with the lower
spinal lesions?

Huse. I have begun the operations, but have 0o results to report yet.
Its ing that you apy ly have to keep gowg up the cord
untit you get ta the point at which you're just above the place where
the last syrapathetic eaters the cord before yon ged the absence of
Tesponse,

Brosrex- We have had some experience with dogs recently, and it's
our smpression that although this mechamsm may be active in a very
few mumutes, as you descrzbed from your blocking expeniments, never-
theless the eostnophs} response takes a long time, and in some eases
hours s 1t possible that by using the dog, where the gosinophls are
either more stable or therr destruction 1 somehow stower, that one may
be missing several parts of & h that may be ding moare
quickly?

Husee: 7 dow’t think so, because of you gve intravenous ACTH erther
 the dog or the hummasn the time and the shape of the curve is about the
same as 1f you applied a stimulus to ertber the dog or the human,

Loxo. But it's slow tn the dog. It takes four hours with ACTHL.

ome Yes, 1w's slow with both of them.  1ts sfow cven with intra.
venous ACTH, That menns that since mtravengus ACTIL gives the
same curve as a stimultus does, that the lag ean’t be betw ren the stimulus
and the release of ACTIE

Long. Have you any experience with fustamne sp the dog? Because
it was shown in rats that the resy of, puls to b ine wayas
great in 15 minutes a3 the tesponse to miravenons ACTE was in four
hours,

Hume, Welve done very hitle with histamine m the dog. In the
expenments 1 the rat the doses of fustamine which have been used were
<0 outside the physwologienf limits 13 to raise grave doubts as 1o their
salidity. En the dog we've used only up to 2 n of 1:1,000 Istamine
intravenously, nhich gives the dog a marked systemue reaction.  This
dose produces no cosinophil fall sn dogs,
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other parts of the hypothalamus (including the supraoptico-
hypophyseal tract) or of any region of the pituitary gland was
not followed by a lymphopenia.

From this and other evidence it was concluded that the
pathway by which stimuli from the central nervous system
excite increased ACTH secretion from the pituitary gland
consists of a neural and a vascular component The former
component, which is situated 1 the posterior part of the tuber
cinereum and mammullary region, may be blocked by lesions
and excited by localized clectrical stimul. The latter or
vascular component, the hypophyseal portal vessels, extends
from the median eminence of the tuber cinereum through the
zona tuberalis to the pars distalis. It is reasonable to suppose
that these structures may be blocked by lesions but are
inexcitable to electrical stimuli. These conclusions are also
supported by the findi of ! and histological
studies of this region 1n normal ammals.

The secretion of ACTH by the pituitary gland seems to be
under neural control via the posterior hypothalamus and the
hypophyseal portal vessels of the pituitary stalk.
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emational stress —stimulation of the central nervous system
~=excitation of the anterior pituitary-—excitation of the
drenel cortex—~lymphory .

It was decided to investignte the pathway by which the
stimulus from the central nervous system is transmitted to the
anterior pituitary gland. For this purpose, electralytic lesions
were placed in various parts of the hypothalsmus and pituitary
gland and the effect of such lesions on the lymphopenic
response to stress was studied {de Groot and Harris, 1950},
1t was found that lesions in the anterior pole of the pituitary
(zona tuberalis) sbolished the response, and that transverse
lesions 1n the postertor part of the tuber cinereum and mam-
millary body di hied or abolished the resp Similar
Jestons elsewhere m the pituitary gland or hypothalamus were
compatible with normal lymphopeme responses,

The converse experiments (de Groot and Harns, 1950)
consisted of clectrical stimulation of various parts of the
hypothalamus and the pituitary gland, to see whether this
resulted in a lymphopema comparable to that evoked by
stress or injection of ACTH. For thus purpose o technique of
electrical stimulation was required which did not entart any
incidental emational stress during its applieation. Theremote
contral method of stimulation was therefore used, In 2
prelimnary operation a small coil was smplanted between the
skull and the scalp and an insulated electrode led from onc
end of the coil into the required region, The tissue surround-
sng the bare electrode tip could then be stimulated by passing
hugh amperage current pulses through a large primaty coil
. surrounding the rabbat’s eage  The buried secondary coll was
therehy situated m an electromagnetic field, the strength of
which eould be easity adjusted. Thus a localized clectrical
stimulus could be apphed i the hypothalamo-hypophyseal
region in unanmsthetized, unrestrained rabbits. Using d}i%
technique it was found that stimulation of the posterior
tuber cineteum or mammillary body resulted fn a lympho-
penin similar to that fo)lqwing emotional stress or. immv.enm:s
injections of an appropriate dose of ACTH. Stimulation of
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pathway laid down in the pars tuberalis, and it has been
suggested that this part of the pituitary, which has no proven
endocrine function, is established in the embryo to form the
bed for such a pathway (Harris, 19047a). On the basis of what
is known regarding transmission of stimuli in general it might
be expected that the hypothalamus stimulates the anterior
prtuitary gland by (a) nerve fibres, or {b) humoral channels,
laid down in this path.

1. Innervation of the Anterior Pituitary Gland

Most workers have found that the pars distalis of the adeno-
hypophys:s receives a very seanty innervation, if any at all.
In view of the danger of mistaking reticular connective
tissue fibres for nerve fibres, any claim that the gland receives
a rich innervation requires the simple control procedure of
staining sections from a ‘‘denervated” gland on the same.
slide as sections from a normal gland. At the moment there
1s no sound evidence for beheving that the pars distals of the
pituitary receives secretomotor nerve fibres (Harris, 1948a).

2. Vascular Supply of the Anterior Pituitary Gland

The adenchypophysis has a systemic arterial supply in the
form of small artenal twigs from the internal carotid artery or
from the Cirele of Willis, and systemic veins which pass into
the surrounding venous sinuses.

Many years ago Professor Fr. I. Ramer of Bucharest
noticed that human subjects, st autopsy, sometimes showed a
prominent system of blood-vessels running along the pituitary
stalk (see Popa and Fielding, 1935). It was found that these
vessels are markedly engorged with blood immediately after
death, and especially so when the death was of & violent
nature. The same observation was made afterwards on
ammals killed at the slaughter house. One of Rainer’s pupils
(afterwards Professor Popa) made a microscopic study of
these vessels and found that they were portal vessels, in that
the large trunks of the pituitary stalk passed into capillaries if

- traced upwards to the hypothalamus or downwards into the



HYPOTHALAMIG GONTROL OF THE ANTERIOR
PITUITARY GLAND

G. W. HARRIS

TrE factors which maintain and control the rate of secretion

N of hormones from the anterior pituitary gland have been the

.7 subject of many investigations, These factors oceupy a-

position of some importance in the field of endocrinology

since they determine also the activity of the target endocrines

(ovaries, testes, thyroid and adrenal cortexj upon which the
anterior pituitary hormones exert their action.

It-may be sigmficant, in this respect, that Rathke’s pouch
in the embryo becomes detached from the epithelum of the
stomodzum and mgrates, through what will later become
the base of the skull, to attain a final resting place in the
cranium. From the teleological pomnt of view, it might be
suggested that the purpose of this embxyomc migration of the
adenochypophysis to the base of the brain is the formation of
an anatomuical link between the two structures, by means of
which the central nervous system of the adult regulates
anterior pitustary activity. The most constant point of
contact between the derivatives of Rathke’s pouch on the
one hand, and the denvatives of the hypothalamus on the

\ other, lies 1n the contact of the pars tuberalis with the median
eminence of the tuber cinereum. Tius has been observed in
nearly all vertebrates examined and is brought about by two
small evaginations of Rathke’s pouch, the lateral lobes,
which ascend and in most forms encircle the tuber cinerenm
to form the pars and zona tuberalis of the gland. In some
forms, such as the Cefacea, this is the only point of anatomical
unjon between the central nervous system and the adeno-
hypophysls It would seem likely then that any influence the

crvous system exerts over this gland would be mediated by 2

- 106
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Taubenhaus and Soskin {1941}, on the basis of experiments in
which they applied a prostigmine-acetyleholine mixture to the
exposed pituitary glands of rats, carried the idea a step further
and suggested the humoral stimulus to the anterior pituitary
might be carried by the hypophyseal portal vessels. This
possibility was considered in more detail, and the evidence
regarding it summanzed by Harris (1944), and after o further
study of the vessels the hypothesis was restated by Green
and Harris (1947). At the present time it can be said that
these vessels are intimately related to the maintenance and
control of anterior pituitary activity. The experimental
evidence for this statement will now be considered.

(@) Electrical stimulation of the hypothal elicits anterior
prurtary secretion whereas stimulation of the gland wself does not.

It 15 well known that in the rabbit the stimulus of coitus
exaites the adenohypophysis, by means of a nervous reflex, to
secrete gonadotrophic (I ing) hormone and that ovulation
thereby occurs some ten hours after mating. On the suppo-
sitton that one part of the path of the nervous reflex involved
the hypothalamus, this structure and the pituitary gland have
been subjected to electrical stimulation. Markee, Sawyer and
Hollinshead (1946) found that ovulation 1s more easily
elieited by electrical stimulation of the hypothalamus than of
the hypophysis. At the time of this report the same result
had been obtamned (Harris, 19485) in experiments in which
locahzed electrical stimuhi had been applied to the same
structures in a number of unanesthetized rabbits. The
method used was that of remote control stimulation {Harris,
1947b), and the stimulus applied had a spread of not more
than } mm. so far as unmyelinated fibres were concerned.
Stimulation of the vanous parts of the hypothalamus and
hypophysis was performed in seventeen rabbits for periods
varying from 1 minute to 7} hours. Up to three experi-
ments were performed on each animal. In the first experiment
the period of stimulation chosen was usually 1-8 hours,
followed by laparotomy 48 hours later. After a month the
experiment was repeated with an increased or decreased




N
108 G. W. Harris

pituitary gland. This work was interrupted and not published.
Some years later, at the suggestion of Professor G. Elliot-Smith,
the anatomy of these vessels was reinvestigated at University
College, London. Popa and Fielding (1930, 1933) confirmed
that these vessels were really portal in nature, and suggested
that blood was dramed from both lobes of the pituitary gland
up the stalk and redistributed in a “secondary net” of capil-
laries in the hypothalamus. The presence of these vessels in
other forms was reported by Wislock: and King (1936) and
Wislocki (1987, 1938). These workers diflered from Popa and
Fielding in believing that the direction of blood flow was
towards the pituitary gland, that the upper net or plexus of
capillaries was situated in the median eminence of the tuber
cinereum (that is in tissue of the neurchypophysis rather than
hypothalamus proper), and that the lower end of the vessels
connected with the sinusoids of the anterior lobe only of the
pituitary. Green and Harnis (1947) found similar portal
vessels 1 the common laboratory animals—dogs, rabbits,
guinea-pigs and rats—as well as in man. Direct microscopic
examination of the vessels m hving amphibians (Houssay,
Biasotti and Sammartino, 1935; Green, 1947), and rats
(Green and Harris, 1949) has established that the blood flows
from the primary plexus of capillaries in the median eminence,
through the trunks of the vessels situated largely in the pars
tuberalis of the stalk, to the sinusoids of the pars distalis
TIn the last few years a detailed study has been made of the
hypophyseal portal system in a wide variety of vertebrates
(Green, 1951).

3. Evidence Relating the Hypophyseal Portal Vessels

to the Control of Anterior Pituitary Activity

Over ten years ago Hinsey and Markee (1985), Harris (1937)
and Brooks (1938) mentioned, rather tentatively, the possi-
bility that a stimulus might be transmitted from the hypo-
thalamus or neurochypophysis to the adenohypophysis
“humorally.” This idea was put forward in view of the
paucity of identifiable nerve fibres in the anterior pituitary.

-
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fifty-five rats. After operation their reproductive functions
were studied. In twenty-three of these animals the stalk was _
divided and the ends left in proximity; of these, fourteen
showed the return of a regular cestrous rhythm, eight the
return of an irregular rhythm and one remained permanently "
ancestrous, Thirty-two rats had the stalk divided and a
foreign body (usually a small paper plate) inserted between
the cut ends of the stalk, and of these fifteen remained
permanently ancestrous. The majority of animals that
showed a post-operative return of estrous eycles were tested
with a sterile buck, and showed a pseudo-pregnancy response
{and decidual reaction) following sterile coitus. At the end of
the experiment the animals were killed, the vascular tree
perfused with indian ink and serial sections cut through a
block of tissue containing the pitwitary gland and hypothala-
mus. A study of these sections revealed: firstly, that the
hypophyseal portal vessels regenerate across the site of stalk
section with what appears to be extreme facility; and secondly,
that there was a correlation between the return of reproduc-
tive functions after operation and the amount of regeneration
of these vessels. For example, it was found in seventeen rats
(in which a foreign body had been inserted between the cut
ends of the stalk and which had returned to cestrus after
operation) that regeneration of the portal vessels had occurred
through the interstices of wool plugs, and around the borders
of the wax or paper plates when these had been slightly
misplaced. The injection of the vessels with indian ink,
and the sectioning of a block of tissue with any plate still
in situ, would seem to be essential control procedures before
any statement can be made regarding the complete and
permanent interruption of these vessels after pituitary stalk
section. In a further group of eighteen rats the stalk was
sectioned and a study made of the rate of regeneration of the
portal vessels, Regeneration was observed to start within
one day of operation. The hypophyseal portal vessels of the
monkey have been observed to regenerate in a similar manner
to those of the rat (Harris and Johnson, 1950).

v
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duration of stimulus according to the previous result. In -
most._cases a third experiment was performed, the animal
then being killed, It was found that out of seventeen rabbits,
eight gave the ovulatory response to stimulation and nine
were negative. In the eight positive cases the electrode was
situated in some part of the tuber cinereum and in the nine
tiegative in some part of the adenohypophysis. The contrast
between the cxcitability of the hypothalamus with that of
the pituitary gland may be illustrated by the fact that one
rabbit that had the electrode situated in the anterior part of
the tuber cinereum gave a full ovulatory response to 3 minute
stimulation, whereas other rabbits in which the electrode was
situated in various parts of the adeno- or neuro-hypophysis
gave no sign of ovarian activation after 74 hours stimula-
tion. The conclusion drawn from these results is that coitus
in the rabbit normally excites the release of gonadotrophins
by stimuli which reach the region of the tuber cinereum by
nervous pathways. From the tuber cinereum to the anterior
lobe of the pituitary the path 1s inexcitable to electrical
stimuli, and the stimulus is probably transmitted humorally
in this region.

Similar results and conelusions were reached after a study
of the effects of such stimuli in causing the release of a glyco-
trophie factor and of the adrenocorticotrophic hormone (see
Harris, 19484, and de Groot and Harris, 1950).

(b) The variable effects of section of the hypophyseal stalk on
anterior pituilary function.

Results obtained by different workers from experiments
involving section of the pituitary stalk show marked dis-
crepancies. Very varied conclusions have been drawn as to
the importance of an intact pituitary stalk in relation to the
functions of the anterior pituitary gland. It was thought
that these discrepancies might be explained by different
degrees of regeneration of the hypophyseal portal vessels
following the initial stalk scctio‘n‘ To test this idca, a temporal
approach to the pituitary region of the rat was developed
(Harris, 1950) and the pituitary stalk divided in a group of
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4. Conclusions Regarding Hypothalamic Control of
Anterior Pituitary Function
The conclusions drawn are represented diagrammatically
in Fig. 1. The hypothalamus is regarded as a region where the
effect of neural stimuli, arising in the external environment
and in the higher centres of the brain, are integrated with
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(¢} Evidence derwed from a study of anterior pituitary
transplants and grafts.

Most endocrine glands, including the ovary, testis, thyroid
and adrenal cortex, may be transplanted to a distant site
in the body and maintain a high degree of functional activity.
It seems likely that this is due to the fact that they derive
their normal stimulus to activity, the pituitary eutrophic
hormones, through the general systemic circulation, and this
reaches them effectively after transplantation. Many studies
have been made on the functional activity of anterior pituitary
transplants, and the position was summarized by Ingle and
Gniffith (1942) when they stated—“Viable grafts of anterior
lobe tissue may be obtained but no method has been estab-
lished whereby such grafts can be made to maintain a normal
level of functional activity.” On the theory that the anterior
pituitary gland receives its stimulus to normal activity
through the hypophyseal portal vessels, it would seem
reasonable to suppose that transplantation of the gland to a
distant site removes it from the sphere of its normal stimulus.
This idea was tested in experiments made in collaboration
with Dr. Dora Jacobsohn (Harris and Jacobsohn, 1951), in
which it was shown that pituitary grafts placed in a site where
they became revascularized by the hypophyseal portal
system will show normal funetion, but 1f placed elsewhere
show very little, if any, activity.

At the present time it may be taken as established that the
hypophyseal portal vessels are intimately concerned with
the maintenance and control of anterior pituitary activity. The
exact mechanism by which they perform this function is
unknown. It seems more likely that they transmit a specific
humoral substance liberated into the primary plexus by nerve
fibres of the hypothalamus, than that a control exists
dependent on total pituitary blood supply.
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4, Conclusions Regarding Hypothalamic Control of
Anterior Pituitary Function
The conclusions drawn are represented diagrammatically
in Fig. 1. The hypothalamus is regarded as a region where the
effect of neural stimuli, arising in the external environment
and in the higher centres of the brain, are integrated with
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humoral factors (blood level of cestrogens, adrenal cortical
hormones, ete). The total effect of such influences is trans- .
mitted via the hypophyseal portal vessels of the pituitary
stalk to the anterior pituitary gland, It would seem likely
that the “feed back™ of hormones secreted from the target
endocrines (gonads, thyroid, adrenal cortex) to the central
nervous system is responsible for the behavioural patterns of
various endocrine states. It 1s possible that the hypothalamus
is responsible not only for adjusting anterior pituitary
secretion according to the blood level of these substances,
but may also play an imtiating rdle in the overt behavioural
patterns such as occur, for example, 1n the state of cestrus.
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FUNCTIONAL HYPOPHYSEAL GRAFTS
G. W. HARRIS and DORA JACOBSOHN

WuEeTHER the anterior pituitary gland retains its functional
capacity after complete separation from the brain is a question
which has received much attention. Many workers have
studied the viability and function of pituitary glands trans-
planted into different sites in hypophysectomized animals.
The function of these transplants was generally found to be
slight 6r absent, a result which might be due, at least in part,
to factors mherent n the transpl f ation. Another teck

que,

Harris, 1948). After transection of the pituitary stalk in
rabbits and rats, Westman, Jacobsohn and Hillarp (1943)
found that the anterior pituitary gland, which had been
completely separated from the brain, ceased to function. If,
however, any connection between the pars tuberalis and the
pars distalis remained, then antersor lobe function persisted.
From these observations it was concluded that cerebral
control as effected by the pars distahs-pars tuberalis con-
nection is essential for any functional activity of the gland.
Harmis (1950) also transected the pituitary stalk in rats, and
concluded that anterior lobe function is dependent on vascu-
larization of the gland by the hypophyseal portal vessels.
These vessels pass through the pars tuberalis, and it was
suggested that they are responsible for transmitting a humoral
stimulus from the hypothalamus to the anterior pituitary
gland which maintains and controls the activity of this gland.

The functional activity of pituitary grafts was now remn-
vestigated (Harris and Jacobsohn, 1951). Particular atten-
tion was paild to the possibilities that vascularization of

- 115
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appropriately placed grafts might be obtained from the
hypophyseal portal vessels, and if so whether such vaseulariza:
tion was essential for any funetion of such grofts. This w ork
forms the subjeet of the present paper.

As recipients of the grafts, adult female rats from an inbred
strain were used. The donors were the recipient’s own
new-botn young, 2-10 days old. The use of such donors for
hypophyseal transplants had given the best takes in 8
previous investigation by Westman and Jacobschn (1940),
The donors’ hypophyseal tissue was grafted into hypophysee-
tomized rats: (1) under the temporal Jobe of the brain or {2}
under the median eminence of the tuber cinerenm, Only the
latter grafts could reasonably be expected to recerve r supply
from the hypophyseal portal vessels.

The hypophysectomy and the grafting were performed in o
one stage operation, One of us (.1} hiypophysectomized
the rats by the parapharyngeal route, and the other {G.W.HL}
performed the grafting operation using the temporal approach
as deseribed for stalk transection by Harris (1030). The donor
rats were killed and their pituitary glands dissected out
immediately before placing mn the recipients. Some of the
grafted animals were observed for several months, but most
of them were killed after six weeks’ observation. During this
time the reproductive functions were studied. At the end of
an experiment the vascular system was perfused with indian
ink, aud the head fixed and decalcified. A block containing
hvpothalamus, pitwitary gland and base of skull was embedded
in paraflin wax and cut into serial sections: one section 300x,
six sections 10, and four sectsons 5u. By this method the
distribution of the vesscls as well as the microscopic preture
of the grafts and the operation fictd could be studied. As
indicators of any function of the grafts the weight and micro-
scopic appearance of the ovaries and adrenaf glands, angd in
some cases the microscopic appearance of the thyroid, were

ed,
usrw 1 shows typical examples taken from & group of 10
cxperiments with grafts plnved under the tempornl Jobe of the
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brain, and of 12 with grafts under the median eminence. In
all these 22 experiments the grafted pituitary glands were well
vascularized and viable. Only those grafts which were
placed under the median eminence were supplied by the
hypophyseal portal vessels, and only these grafts showed good
cellular differentiation.

The findings related to the functional activity of the grafts
were as follows. Daily vaginal smears revealed the oceurrence
of astrous eycles in all of the 12 hypophysectomized recipients
with grafts from their own young placed under the median
eminence. None of the 10 recipients with similar grafts
placed under the temporal lobe came into cestrus. Grafts
placed under the temporal lobe of the brain then, on the
evidence of the vaginal smears, showed a lack of gonadotrophic
secretion. This conclusion was substantiated at the end of
the experiment when the ovaries were examined mieroscopic-
ally and found to be atrophic. The mean weight of these
structures was 27-8 mg. +2:08 (10). The adrenal glands were
also atrophic, though not as completely as in hypophysecto-
mized rats. The mean weight of both adrenals was 20-7 mg.

. i e Cae
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marked. These observations agree with those made previously
by Westman and Jacobsohn (1940) on hypophysectomized
rats with hypophyseal transplants from therr own young
placed 1n the anterior chamber of the eye.

Strikingly different from these findings were those made on
the hypophysectomized recipients with grafts placed’ under
the median eminence. The 12 recipients of this group which,
as noted previously, had cestrous cycles, were placed together
with normal males. Six of these animals became pre}nant
and delwvered living, normally developed young at term.
One had an abortion and the other five fajled to become
pregnant. After partuntion the maternal mammary glands
of the six rats were found to be well developed, the alveoh
and ducts being distended with secretion. In spite of vigorous
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suckling, however, the young did not obtain the milk present
in the mammary glands and died from starvation. It was
found that this could be prevented by subcutaneous injections
of oxytocin (100-300 mU.) into the maternal rat. After such
an injection a copious transfer of milk occurred from the
mother to the litter, a process which could be observed
through the transparent abdominal walls of the young, By
this procedure, repeated three times a day, one of the hitters
was raised and has now produced a second generation, These
observations indicated that the grafted anterior lobe tissue
was functional whilst the posterior lobe tissue was not. The
post-mortem findings confirmed this conclusion. Micro-
scopically the ovaries and adrenals presented 2 normal
picture. The mean weight of both ovaries was 58 mg. -£3-49
(12) and of both adrenals 417 mg. £1-16 (12). The thyroid,
examined microscopically in 9 cases, appeared normal.

The experiments presented here show that the functional
activity of grafted anterior lobe tissue depends upon the
anatomical site of the graft. Experiments with hypophyseal
transplants under the temporal lobe of the brain or into the
anterior chamber of the eye show that good vascularization,
irrespective of the source of the blood, is not sufficient to
render anterior lobe tissue functional. Some additional,
specific factor is obviously necessary and this factor is present
in those experiments in which the graft is placed under the
median eminence. When placed 1n this site the graft becomes
revascularized by vessels regenerated from the primary
plexus of the hypophyseal portal system which pass through
the pars tuberalis to the rest of the grafted tissue.
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DISCUSSION

Vazquez-Lorez. I would like to ratse some objections to Dr. Harns’s
paper. There are some technical details in the crucial expenment of
Harns and his co-workers that are capable of a completely different °
explanation in relation to the transmission of the stimulus. I agree that.
the portal vessels may have some very important function, but the
[t AR e Asipstind N i pup P i I i S

yougetag hie response that you don’t get when
you stimulate the anterior lobe 1tself. The important point here is the
spread of the electrnical stimuli. T think that the spread in the ex
a . prbmendad A F o APLA

ante nf X f2ovee

volume of anterior lobe
Harris: That 1s a pomnt we have considered There are two facts,
however, that scem to_be important 1n this connection. Firstly, the

T .
1
.
¢

ovarian response if stimulated for as long as 450 mnutes. Secondly,
QUL TSRO 1 stmnaee 3 F a8 YD pes. peegnt
result in ovulation—but 1t does not

MarKEE: In our experiments I think that 1n five of them we had the
electrodes far enough apart so that a considerable amount of the
anterior lobe must have been stimulated.
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Vazqrrey H - .
Stalkay - 7. . .
find th- os yo lUnCtion reqppen
Butity . e legenerate the herves ywjp Tegenerate 400, c
Hazrrzs. The question of nerve Tegeneration is 5 pont wlich war.
considered 5 lot. 1 think all thar amn e N .
that there 1o .. - - - -
Will regene: '
from the 1, it LIE same geen
Wwould expe O UOL L0 amanae.s -
€lear for tha w-oy -
Vazou . . "

nawk e . .

1 ‘

' A4QUEZ-Lopgy N suct auly
these nerves 1 the wr“na lnk they gre Probably demon-
strable in the transplant

Ay When you stimutaen
thus an . -

ot wtecl sumulation of the
Poster "Ly cetietomotor nervac nes ' -
Hangrs, If o, 7t5 200 .
erther ¢
fibres ¢ & Ut et the postersor Jobe,
4s meas v WdLer outpyut of on uterme contraction, It Yyour .
electrode 15 Nght 1n the Postertor 1ope FOU get a response that 15 almost
equal, if not quite so large, That mught be for one or two reasons,
but 1t 15 very Iittle different from the Tesponse where you stimulate the
whole tract g¢ o site further forward gp those grounds, if there js a
€omparable nerve SUPply between the neurohypophysis ang the adeno-
hypophysiv. You would certainly expeet a responge by stimulating with
the electrode in the pars distags

Kamson; From the answer muvey 1 think the eXperiments support
the view that nerve fibros n the anterior lobe, 5f there are sucly (the
lecture by Dy, Vnzquez-Lopcz yesterday has convineed us that there are
such fibres) might not pe secretory,
Vazqu.z-LuPcr Tdon't pom-e . .

R . s meises. Proctieatty
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anywhere you put the electrode in the posterior lobe you are going.
10 excite a considerable number of nerve fibres, s6 when you stimulate
11 the postertor Iobe 1t is practically the same as when you stimulate in
the hypothalamic tract.

Kamsox Physiologmsts will agree that nerve termunals are easily
smulated, and T should e surprised if the spread of the stimulus,
using this tech is not ads to activate a i propor-
tion of nerves 1n the antenior lobe

Voot May I ask Dr. de Groot a question about one siide he showed
us. Isit a regular finding, or was it just accidental that in the shde he
showed, in the hypophysectomized animals the basic level of lymphocyte
was low?

pE GroOOT: I thmk we found reguhﬂy that the first few days sfter
vel was lower than in normal
ammals. but n contm th hypop rabbits
reacted to ACTH injections as did normals.

VoGT. You mean the percentage fall was the same?

DE Groor: Yes

Descun: I should ike to say a word about the pituitary grafts,
Years ago we studied pituitary graits m the kidney and the influence
of cestrogen ou the structure of the pitwitary graft, and we found that
the changes which result from the wstrogen administration take place
n the graft as well as 1n the pitwitary in its normal location. If those

- v . (R N e ¢

admimistration  Mucification of the vagina and lobuloalveolar develop-
ment of the e mammary gland are e sometiimes present.

complete stalk transection produces some effects which you do not get

Qrymn There ama ooy
L LU LR
& 1

)
1’ \llll"
" '

LTI M I Y
hypothalamus, It seems moreover that cstrogens can act duectlv on

waTER 1
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Vazouez-Lorez: With regard to the expeniments on the section of the
stalk and the transplants i the tuber cinerettr if yau cut the stalk sou
find that the portal vessels regenevate, and the function reappears.
But if the portal vessels regenerate the nerves will regenerate too.

Harrys: The question of nerve regeneration is a point which we have
considered a lot. T think all that can be said at the mornent 15 this,
that there 15 no evidence at all that nerve fibres ity the posterior Iobe
will regenerate. And on the assumption that the supposed nerve fbres
from the hypothalamus to the anteror lobe are the same type, one
would expect those also not to regenerate, That punt has been made
clear for the postenior lobe by Ranson and his workers and many others.

Vazauez-Lorrz: T agree that in the postersor Iobe, which 1s after alla
part of the central nervous system, you perhaps don't expect a regenera-
tion. But when you cut the stalk, naturally you cut this tract of nerve
fibres, which are not any more in the central nervous system, fbres
which run alongside vascular structures and which are morphologically
exaetly the same as any peripheral nerve fibze, wlich wall regenerate.

Harris: We considersd staining these transplants to see if there nere
nerve fibres present, but since we couldn’t find any nerve fibres at all
15 the norma} pars distahs, 1t made this a rather doubtful procedure,

Vazquez-Lorez This, of course, 15 where we disagree. 1 have found
these nerves in the notmal animal and think they are probably demon-
strable in the transplant

Kanison, When you stimulate with electrodes i the anterior labe,
thus activating nerve tettnals, and you get no secretory Tesponse, this
ymght mdicate that there are no secretory herves to the anterior lobe.
¥ wonder what results have been recorded on direct stimulation of the

Jobe where nerves are known to be present.

Hannss: If you sumulate the supraophe tract of the postenor lobe,
erther on the median eminence or the mfundibular stem where the nene
fibres are d, you get n resy from the posterior lobe,
s measured on the water output or on uterne contraction. If your

15 right 1n the lobe you get a respanse that is almost
equal, if not quite so farge. That nught be for one of two reasons,
but 5t 1s very hittle different from the response where you stlmu!dte.the
wwhole tract at a site further fornard. Oun those grounds, if there is 3
rcomparable nerve supply between the neurohypophyus and the ade{m—
hypopbysis, you weuld expect n Tesp Dy stumulating with
4he electrode 1n the pars distahs,

Kaurson From the auswer given T think the expenments support
the view that nerve fibres 1n the anterior lobe, tf there sre such (the
Jecture by Dr. Vazquez-Lopez yesterday has convinced us that there are
such fibres) mght not be seeretory

Vazquez.-Lorez. 1 don’t agree for this reason: the function of 1'he
nerves to the posteriar lobe mray not be seeretory at all. I the posterio?
Jobe is, na I believe 1t 15, & receptor organ, whatever the stimul that you
prepare, the stunuli will be t i to the hyp m Hutn
any case, the ions an the lobe are Jt y different
from the anterior Jobe. The pasterior lobe s full of nerves. Practically
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function normally, so I don’t think the total blood supply is the cruaial
point in these experiments, but rather the function of the glandular
tissue depends on whether it is vasculanized solely by systemic vessels
or by the hypophyseal portal vessels as well

BroeckK: I3 the graft smaller?

Jacosson~: They are the same size. I have also studied the vessels
in rabbuts with the hypophyseal stalk transected, and the hypophysis
‘which 15 completely separated from the brain and has no supply from
the portal vessels is very richly vascularized, but has no function.
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the pituitary as well as on the hypothalamus, as is evident from what
Rr. Descl.m told us. It looks then as though some, at any rate, of

organs, the pituitary itself hecomes hypoactive; but supply some of
these secretions artificially, and some at least of the pituitary functions
will then carry on.

Harris I thimk it 1sn't possible to exclude a direct action of the
target gland hormones back on the pituitary itself, but X think there 1s
considerable evidence that they do act back on the hypothalamus, The
idea of the cestrus cycle that Dr. Everett put forward would mnvolve the
hypothalamus 1n the cestrus cycle, ie., the ovarian hormones are
reacting back in reciprocal fashion on the hypothalamus, and via that
on to the pituitary From the point of view of the grafts there 1s the
pomnt that the pitmtary tissue of male rats grafted on the median
eminence of female rats will maintam normal cstrus cyeles m the
hosts, and these rats can become pregnant Then 1f you take the pit-
witary tissue of new-born rats and place them on the median eminence
of their hypophysectomized mothers, cestrus cyeles may start within a
matter of 10 days, so that the animal is having cycles from pitmtary
tissue that 1s only actually 12 days old. In other words, the piturtary
tissue seems to be very plastic tissue which 1s open to hypothalamic
drive. This 1s a httle away from your pomnt, but I think that the
hypothalamus 1s the driver.

SwWYER. Yes, I wouldn’t deny that, but what I am suggesting 1s that,
for example, cestrogen can make the pituitary, even when 1t’s not
connected to the hypothalamus, produce LH. That 1s what Dr Deschn
said, and that 1s the sort of effect I was thinking of.

Bropeck: With regard to the blood supply to the antenor prtuitary:
what 1s the evidence that 1t 1s the portal part of the blood supply
rather than the total blood supply that is essential?

Hannis: In rats when the pitwtary stalk is cut by the temporal
route one usually sees some fibrosts develop in the centre of the pars
distalis  However, m & series of animals exarmned some weeks after
stalk section we could find no correlation between the return of repro-
ductive functions and the amount of anterior pitmtary tissue present
1 the sella turcica, or with the total vascularization of this tissue (as
Judged by indian ink injections). There was, however, a correlation
between the return of ive fi and ion of the
portal blood vessels across the site of stalk section. And then regarding
the grafts. As far as one can see m(hL mjectlion, the temporal lol:f

s , “
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activated in more than one way, the nature of the required
pathway or mediator being determined by the nature of the
stress applied. The following two experiments were done in
order to test this hypothesis.

Experiment A

Comparative Resp of the Eosinophils to Neuro-
tropic and to Systemic Stimuli after Hypophyseal
Transplantation

Exposure of rats to intense sound or light was shown in
this laboratory to elicit a rapid and intense discharge of ACTH,
as evidenced by the depletion of the adrenal ascorbic acid
content {Fortier, 1950a, b). Similar results were reported by
the Cambridge group with the emotional stress of immobiliza-
tion which induced a marked lymphopenia 1n the rabbit
(Colfer et al., 1950). Admnistration of cortisone (Fortier et al.,
1951a, b), adrenodemedullation or the use of Dibenamine, an
adrenolytic agent (Fortier, 1951q, b), proved, in our hands,
equally ineffective 1n preventing the sound-induced adrenal
ascorbic acid depletion, which was, however, suppressed by
transplantation of the pituitary from its normal site into the
anterior chamber of the eye (Fortier, 1951a, b). Likewise, as
shown by the Cambridge workers, the emotionally induced
lymphopenia of the rabbit, persisting after denervation of the
adrenal gland (Colfer et al., 1850), “was abolished by lesions in
the pars tuberals and, 1n most cases, was abolished or dimin-
1shed by transverse lesions 1n the posterior region of the tuber

or 1n the llary body” (De Groot and Harris,
1950). The corticotrophic effect of such neurotropic stimuli
as sound and unmobilization was apparently dependent on
the integnity of these very hypothalamo-hypophyseal path-
ways whose suppression proved compatible with the release of
ACTH n response to systemic stimuli (cold, histamine,
adrenaline) (Cheng et al., 1949b, Fortier and Selye, 1949;
Fortier, 1950b; McDermott ef al., 1950z, b) Hence, the
following experiment was planned to compare the cortico-
trophic effect of the two vareties of stimuli, as judged by the




STUDIES ON THE CONTRO[I, OF ACTH RELEASE
BY MEANS OF HYPOPHYSEAL TRANSPLANTSt

CLAUDE FORTIER*

Tur search for a common mediator of the stress-induced
release of ACTH from the adenohypophysis has led so far to
an apparent deadlock. Of the three mechanisms independ-
ently shown to play a rble in the activation of the pituitary
corticotrophic function (Sayers, 1950a), none has proved
essential for the release of ACTH under all conditions of stress.

Administration of cortical hormones to prevent the lowering
of their venous titre (Moya and Selye, 1948, Sayers, 1949,
1950b; Gershberg et al., 1950, Fortier et al.. 1951a, b), exclusion
of the sympatho-adrenal system through complete sympathec-
tomy (Hume and Wittenstemn, 1950, Recant et al., 1950),
denervation of the adrenal gland (Vogt, 1947; Colfer ¢t al.,
1950), adrenodemedullation (Gershberg et al., 1950; Gordon,
1950; Long, 1050; Recant ¢t al.,, 1950; Fortier, 1951a, b;
Nasmyth, 1951), the use of adrenolytic agents (Tepperman
and Bogardus, 1948, Seifter et al., 1949; Wiedeman and
Lewis, 1949; Gershberg et al.,, 1950, Paschkis ef ol., 1950,
Ronzoni and Reichlin, 1950, Sayers, 1950¥; Fortier, 1951a, b
Nasmyth, 1951), deafferentiation of the hypophysis through
pituitary-stalk section (Uotila, 1939; Keller and Brecken-
ndgc, 191.7 Cheng et al., 1949a; Fortier and Selye, 1949; De

a oo aara T w a1 10En Qolea and Fortier,
o 19405;
Lotees we ' . o et al.,
1950a, b; Se]ye nnd Fortier, 1950q, b), equally failed to prevent
ACTH rclease in response to vanous stressing procedures.

This is compatible with the view that the pituitary may be

oPresented at the Colloquum on behalf of Dr. Yortier, nbsent through

JlIness, by Dr. Paola S. Tinmras.
AThie work was done during the tenure of an American Feart Association
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sub-groups, each made up of one half of the experimental
group, underwent respectively either the cold or the histamine
test. The adrenaline test was repeated, in a final stage, on
six animals whose graft-containing eye had been enucleated
on the previous day.

Eosinophils. Immediately before and three hours after
initiation of the stimulus, direct counts of blood eosinophils
were made on freely flowing samples of tail blood by the
selective method of Randolph (1949). Umform diluting
pipettes were utilized. The mixing of the blood was standardized
by the use of a Burton pipette-shaker and the eosinophils
were counted on both sides of a Levy-Neubauer counting
chamber of 0-2 mm. depth. A rather wide range of variation
was observed in the initial levels of the eosinophils in both
mtact {100-275/mm.%) and pituitary-grafted (75-450/mm.%)
animals. However, the high correlation coefficient ohserved
by the Yale workers between the initial levels and the absolute”
falls of these elements “makes it statistically pernussible to
employ percentage fall as an accurate index of change”
{McDermott et al., 1850b). Our results have been expressed in
this way.

Histology. The animals were killed by bleeding at the
end of the experiment. The adrenals and testes were fixed in
Bown’s fluid prior to weighing. The graft-containing eye
(or eyes) was removed, its posterior half cut away and the
remaining portion fixed 1n Bouin-Hollande extemporaneously
mixed with sublimate (HgCl,, 10 per cent). The pitwitaries
of the normal controls and the sellar regions of the hypo-
physectomized ammals were similarly fixed, the latter prior
to decalcification This matenal, sectioned at 7p, was stained
with Masson’s modified trichrome. Completeness of the hypo-
physectomy, first checked at autopsy with a 5 x magnifying
glass, was later ascertained by microscopic examination of
serial sections of the sellar region. Pituitary remnants were
discovered in four cases and the original experimental group
was reduced to the 18 animals which are mcluded in this
report. ~
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fall of the circulating blood eosinophils, after separating the
adenohypophysis from the hypothalamic centres and trans-
planting it into the anterior chamber of the eye.

Methods )

Preparation of the Animals, Male piebald rats of an
average initial weight of 100-120 g. were used. Adenohypo-
physeal transplants were aseptically introduced, under light’
ether anzsthesia, into the anterior chamber of either one or
both eyes, according to a previously described technique
(Fortier and Selye, 1949). Animals of the same sex and weight
served as donors. Two days later, hypophysectomy was
performed by the standard parapharyngeal approach. Asa
preventive measure, on the day of the operation and at weekly
intervals for the following six weeks, penicillin in oil was
injected subcutaneously m a dose of 50,000 units. The
animals were kept, for the duration of the experiment, at a
constant room temperature of 28° to 30°C. They were given -
a 5 per cent glucose solution to drink and maintained on a diet
of dry pablum.

Stimuli. Between 45 to 55 days postoperatively the tests
were initiated on 22 animals whose pituitary transplants
showed adequate morphological take, and on eleven intact
controls. They were repeated at weekly intervals with
different stimuli including adrenaline {(epinephrine HCI, 0-02
mg./100 g. dissolved in 0:2 ml. of 0-9 per cent NaCl and
injected subcutancously), histamme acid phosphate {1 mg./
100 g. also dissolved in 0-2 ml of 0-9 per cent NaCl and
administered intraperitoneally), auditory stimulation (30
minutes of exposure to sound generated by 2 type 2, 2 h.p.,
110 v., 25 amps., Federal Siren), cold (3 hours of exposure at
0° to 2°C.) and immobihization (8 hours). The latter stress

was mduced by ﬁrmly wrappmg up the animal with adhesive
e 3 ek way as to allow for ample

nge in position (Mann and
FUI Lot were successively exposed
to the udrenalmc, sound and immobilization stimuli. Two
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fewer basophils, and poorly staining sparsely granulated
chromophul cells whose identity could not be ascertained.
Body and Organ Weights. As can be scen from Table I,
the transplants had very little if any effect on body growth
and evidenced a markedly deficient gonadotrophic activity, as
judged by the prevalent testicular atrophy. By contrast, the
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adrenal glands showed a much smaller degree of atrophy and
were, as a whole, adequately maintained.

Eosinophils. The response afforded by the circulating
eosinophils was well defined (Fig. 1). Adrenaline, cold and
histamme, the so-called systermc stimuli, induced a marked
fall of these elements in both intact and grafted animals.
Sound and 1mmobilization, the neurotropic agents, produced
a comparable eosimopenia in the controls but none in the pit-
uitary-grafted animals  No fall of the eosinophils was elicited
by adrenaline following removal of the graft-bearing eye.
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Results

Histology of the Transplants. The ocular implants in
most cases were richly vascularized and presented various
degrees of invasion by a dense connective tissue stroma.
Islets of viable glandular tissue showing typical nest forma-
tions were found, however, in all of them. As in previous
studies, the trichrome staining showed a great predominance
of chromophobice elements interspersed with rare acidophils,

Table 1

Ersecr of Prrustany TRANSPLANTATION ON Hony GROWTH, ADRENAL AND
Testis Weisnr

Groups o o Rl R SR -
Controls A <4200 17 1130
B +188 i3 o1
c +210 18 787
D
E 4200 13 991
r +248 14 - 964
G +218 22 1022
i +248 19 1059
1 +190 19 1051
J +146 20 1333
K +144 14 1055
Average | 4199430 | 18 541 1028446
Bearers of A +24 25 619
Pitwtars B 418 % 185
Transplants < 14 it 285
D + 8 10 144
E +44 81 263
¥ ~22 2 518
G
¥ -1 14 221
1 ~ 12 235
J +10 18 218
K ~2 15 263
L - 14 201
M +26 w 22y
N + 4 19 ke
o +18 12 214
13 + 2 13 130
Q 412 15 708
n + 6 10 205
Average +5:£4 16 4413 { 3184550
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(De Groot and Harris, 1950). The latter would be relayed
to the adenohypophysis via the hypophyseal portal vessels
by means of an unknown neuro-humoral agent (Harris, 1948;
De Groot and Harris, 1950) The enhancement of the eserine- ~
induced adrenal ascorbic acid depletion by simultancous
admnistration of atropine would seem to preclude the pos-
sibility of this agent being of a cholinergic nature {Dordoni
and Fortier, 1950, 1951).

Even though dissociated, under our experimental-condi-
tions, the above two mechanisms should not be considered as
mutually exclusive n relation to a given stimulus, and it is
logical to assume that they are cohcurrently called into play
under the many stress conditions which partake of both
nervous and systemic components.

Experiment B

-

P of the Eosinophils to Direct Stimulation of
Hypophyseal Transplants

A sertes of brilhant investigations conducted by Long and
co-workers (Gershberg et al., 1950, McDermott et al., 1950a, b}
has led to the concept that “the mechanism of control of the
secretion of the adrenal cortex, through the release of adreno-
corticotrophic hormone from the pitmitary, apparently consists
of two phases which may be independent or sequential,
depending on the conditions of stress encountered by the
organism. These phases have been labelled autonomic and
metabolic, terms which seem descriptive of their physiological
characteristics. The first or autonomic phase depends on the
reflex secretion of epinephrime which directly activates the
anterior pituitary, while the second or metabolic phase is
based upon the rate of utilization of adrenal cortical hormones
within the organism” (McDermott et al, 19505). 'The reflex
secretion of adrenalme and, tithin physiological or near
physmlog\cal Iimits (Fortier et al., 1951u, b), the level of
lating cortical h are ittedly related to the
regulation of ACTH release (Sayers, 1950a). It has already
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Discussion .

The functional activity of the transplants is of obvious
importance in an experiment of this type and forms the pre-
requisite for its interpretation. From a histophysiological
standpoint, the increased chromophobe/chromophil ¢ell ratio,
which has proved in this as well as n previous studies a
constant feature of the transplanted pituitary (Cheng ef al,
19495; Fortier and Selye, 1949; Fortier, 19505, 1951b), strongly
suggests a loss of function which is further borne out by the
testicular atrophy and arrested growth of the animals. All
the more evident is the repeatedly observed dissociation in
pituitary transplants between growth and gonadotrophic
activities on the one hand, and the corticotrophie function on
the other (Cheng et al., 19495; McDermott et al., 1950a, b; °
Fortier, 19518). The latter was well preserved, as yudged by
the partial maintenance of the adrenals, the stress-induced
eosinopenia and 1ts prevention by removal of the graft-
containing eye.

Our results, so far i agreement with previous similar
studies, point however to a definite selectivity in the cortico-
trophic response to stress of the transplanted pituitary. The
lack of response to neurotropic stimuh of otherwise reactive
transplants, supports our orginal contention regarding the
stimulus specificity of the pathways mvolved in cortico-
trophic activation. At least two different mechanisms of
ACTH relcase are suggested by the above results: the first,

. induced by so-called systemic agents, would imply the direct
activation of the pituitary by one or several humoral agents,
the nature of which remains the object of interesting specula-
tions (Gershberg et al., 1950, Long, 1950; McDermott et al.,
1950b; Sayers, 1950, b; Vogt, 1950); while the other, brought
forth by neurotropic stimuli, would require the participation
of the hypothalamo-hypophyseal pathways. .

The brilliant investigations of Harris and co-workers, wx.th
the stereotaxic stimulation method, point to the posterior
region of the tuber cinereun.l and t}Ee mamillary bod_y as the
most probable sites for the intcgration of the nerve xmp_ulses
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by the same suthors to induce the release of ACTH. The
dosages of dibenamine (0-03 mg.[100g.) and histamine (0-01
mg./100g.} were correspondingly adjusted, on the basis of
experiments done in this laboratory. Cold was locally applied
{o the transplants by freezing the contents of the anterior
chamber by means of an ethyl-chlortde spray divected towards
the cornen for 10 seeonds.  The stimuh whach induced o fall of
the eosinophils were repeated, after an interval of four days,
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Fuwx 2 Response of the eostnophily to diect stsmulatian of
hypophy seal transplants.

on the intact eye, The blood ecosinophils were counted three
hours after stimulation,

Results

Of the four agents tned, and at the concentrations used,
two, adrenalme and histamine, induced a pronounced fali of
the eosmophils when appled to the graft-containing eye
{Fig. 2. Loeahzed cold and dib ine were ineffective in
this respect, and $p were adrenahne and bistamine when
mjected into the intact eye.
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been pointed out, however, that interference with either
pracess is, under certain experimental conditions, compatible
with the stress-induced release of ACTH and that, further-
more, both mechanisms fail to activate the pituitary in
response to neurotropie stimul (Expenment A), Likewise
the direct ACTH-refeasing effect of adrenaline locally applied
to pitwitary grafts (McDermott et al., 1950q, b) does not
rule out the possible participation of ether similarly acting
agents in the regulation of the corticotrophic function, With
the object of testing this possibility, direet stumulation of
hypophyseal transplants with vamous agents {adrenalne,
cold, histamine, dibenamine) was nttempted in the following
experiment; the fall in circulating blood eosinophils beng
used agam as a criterion of ACTH release.

Methods

The tests were mitiated between 75-85 days after hypo-
physeal transplantation on cight ammals which had been used
1 the preceding expertment, The stimuli were locally applied
to the graft-contaming eyes under light nernbutal anwsthesis
(4 mg./100g.), an wterval of four days being allowed to clapse
between successive tests. The chemical agents {adrenaline
HCY, dibenamine YCI and histamine acid phosphate) were
adyusted with 00 per cent NaCl to a vohune of 0-05 ml. and
admnistered through sab-conjunctival injections distributed
between four equidistant sites to accelerate absorption, This
mede of administration was adopted in preference to the
direct application pr lescribed by McDermott o al.
(19502, 5} Less traumatizmg for the eye-ball, it prevents the
loss of administered flurd and the danger of hemorrhage into
the anterior chamber encountered with the Intter procedure,
while nllowing for repeated tests and ensuring a rapid and
localized absorption, as evidenced by the development of
unilateral mydrinsis following adrenaline administration.
The amount of adrenaline injected {0-004 mg./100g.) was
similar to the dasage reported by MeDermott ef al. (19502, b
and correspends 10 3/100 of the dose parenterally administered
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by the same authors to jnduce the release of ACTIL The
dosages of dibenamine (0-03 mg./100g.) and histamine (0-01
mg.J100g.}) were eorrespendingly adjusted, on the basis of
experiments done in this Iaboratory. Cold was locally applied
to the transplonts by freezing the contents of the anterior
chamber by means of an ethyl-chloride spray directed towards
the cornea for 10 seeonds.  The stimuli wlach induced a {ali of
the eosinophils were repeated, alter an interval of four days,
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¥Fre 2 Response of the eosmophis to dsrect stimulation of
hrypophyseal transplants

on the intact eye. The blood eosmophils were counted three
hours after stinutation.

Resnlis

Of the four agents tried, and at the concentrations used,
wo, adrenaline and hi i duced a p d fall of
ﬁ\!.: cosinophils when applied to the graft-contaming eye
(F}E- 2}, Localized cold and dib ine were ineffective in
this respect, and so were adrenaline and histamine when
injected into the intact eye,
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Discussion and Conclusions .

The above results throw serious doubt on the response-
specificity of the piturtary for a given humoral mediator of
ACTH release. While confirming the Yale ivorkers’ conten-
tion of a direct effect of adrenahne on the gland, they point to
a similar action of histamine. However, like adrenaline or
alterations in the level of cortical hormones, the latter agent
is not essential for the stress-induced increase in ACTH
secretion; Phenergan (1-dimethyl-amino-2 ‘methyl, 1ethyl-n-
dibenzo-p-thiazme hydrochloride, also known as 8277 R.P.),
a powerful antihistaminic drug, fails to prevent in the rat the
adrenal ascorbic acid depletion consequent to cold exposure
(Fortier and Guillemin, unpublished). If specific pathways
(hypothalamo-hypophyseal ~connections) are apparently
required for the activation of the pituitary in response to
neurotropic stimuli (Experiment A), it is suggested, on the
basis of present evidence, that the corticotrophic effect of
systemie stimuli is mediated through various himoral changes
induced by stress (Selye, 1951) and acting either independ-
ently or concurrently on the hypophysis to elicit the release
of ACTH.

Summary

The ACTH response to systemic (adrenaline, cold, hista-
mine) and to neurotropic (sound, immobilization) stimuli was
compared in rats, following separation of the adenohypo-
physis from the hypothalamic centres through homotrans-
plantation of the gland into the anterior chamber of the eye.
These animals, along with normal controls, were stimulated at
weekly intervals and the fall of the circulating blood eosino-
phils used as an index of ACTH release. Adrenaline, cold
and histamine brought about a defimte eosinopenia in both
normal and grafted animals. Sound and immobilization
induced o marked fall of the cosinophils in the intact but none

« in the grafted animals,”

In a complementary experiment, direct stimulation of t.he

hypophyseal transplants with cold, adrenaline, dibenamine
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and histamine was attempted. Sub-conjunctival injections
of adrenaline and histamine into the graft-containing eye
resulted in a pronounced fall of the eosinophils. Localized
cold (ethyl-chloride spraying of the cornea) and dibenamine
were ineffective in that respect, and so were adrenaline and
histamine when injected into the intact eye. It is suggested,
on the basis of present evidence, that the hypothalamo-hypo-
physeal connections are required for the activation of the
pituitary in response to neurotropic (nervous or emotional),
stimuli, while the corticotrophic effect of systemic stimuli
15 mediated through various humoral changes mduced by
stress and acting either independently or concurrently on the
pituitary to elicit the release of ACTH.
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report. And, as I shall show you this afternoon, our experiments on the

cortical function.

m the controls.

bew

Kanison: It seems difficult to assess the function of a transplant put
1nto the eye chamber unless we know how great a proportion of the
hormone which might be liberated passes the barriers between the
transplant and the general circulation,

Loxg: Yes, but isn’t 1t evident if one accepts the fall in eostnophils as
a measure of adrenal cortical secretion that some ACTH has penetrated
that barrer and reached the adrenal?

Vocr The expenment suggested by Dr. Kahlson will only give the
nght information 1f 1t 15 correct 1o assume that there 1s the same barrier
1 an eye that has been operated on and has scar tissue as n a normal

Swrtser' A pituttary graft on the ins would probably give up its
seeretion to the aqueous humour, and once there 1t would pass to the
canal of Schlemm and there pass out of the eye hy diffusion and flow.

K;;mson Yes, but isn’t the rate of flow through the channel rather
slow’

Suriser Recent work has shown that it 1s remarkably fast Expen-
ments by Maunce and Davson 1n London and by Kinsey at Harvard

warer 1
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DISCUSSION
Loxe: Our results with the transplantation of the antenor fobe fo the
eye, as far as the mantenance of the adrenal weight 15 concerned, the
fmh‘xre ta mamtam the wesght of the testicles or to observe any signi-
feant moant of growth, entisely agree With those 1w Dr. Forbers



THE ROLE OF EPINEPHRINE IN THE
SECRETION OF THE ADRENAL CORTEX

C. N. H. LONG

Tuere would appear to be little doubt that epinephrine
is a potent stimulus to the seeretion of adrenocorticotrophic
hormone (ACTH) by the anterior pituitary. The conclusion
has been reached by several groups of investigators, all of
whom have employed different methods for the detection of.
an increased rate of secretion. By direct measurement of the
output of adrenal cortical hormone after the intravenous
mjection of epinephrine 1n dogs, Vogt (1944) found that the
rate of secretion rose rapidly and continued for some time
after quantities of epinephrine that may be regarded as
within the physiological rate of secretion of the adrenal
medulla. Although at first she was inclined to the view that
the effect of epinephrine on the adrenal cortex was a direct
one, In a later paper w;th chkford {Pickford and Vogt, 1951)
she luded that an i ion of adrenal cortical
hormones is only observed if the hypophysis 1s present. In
other words, the effect of epinephrine on adrenal cortical
secretion 1s by a prehminary activation of ACTH secretion.

By the use of the adrenal cholesterol or ascorbic acid
depletion methed, Long and Fry (1945), and later Gershberg,
Long and Fry (1950), also concluded that epinephriné
enhanced adrenal cortical sccretion by augmentation of
ACTH secretion. They observed in normal rats that the
subcutaneous, intravenous or intramuscular injection of
epmnephrine in quantities of the order of a few micrograms
was followed within an hour by a well marked fall in both the
cholesterol and aseorbic acid content of the gland. It should
be noted that the depletion of either the adrenal cholesterol
or ascorbic acid /is a measure of the blood level of ACTH,

189
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show that approximately 40 to 50 mm.? of total aqueous leave the eye
per minute in the experimental amumal. These experiments were done
! o | H

reeall, there was no evi of any n of the

id.
Tminras, I think Dr. Fortier didn’t mention the thyroid because his
results lacked consisteney in that respect. However, as far as I can
ber, they Ieled his observations 1n regard to the
gonads. _ A more extensive study would be required to reach definite
conclusions, .
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maintained with cestrogens (Bourne and Zuckerman, 1940).
In hypophysectomized migeons Miller and Riddle (1839) have
reported that the size of the adrenal is inereased by the ad-
ministration of thyroid, insulin or formaldehyde.

The very large number of circumstances that have been
shown to be associated with an increased rate of adrenal
cortieal secretion may be presumed to bring about that effect
by stimulating the secretion of ACTH. Since many of these
same circumstances are also those that have been known for
some time to be associated with activation of elements of the
nutonomic system and release of epinephrine, we have
suggested (Long, 1946) that the immediate release of ACTH
from the anterior lobe is a q! of the bined
nervous and humeoral response to conditions which threaten
the existence of the org You will gnize that such
a hypothesis is in effect an extension of the views previously
advanced by Cannon and his associates concerning the role of
the autonomie nervous system and epinephrine in the preser-
vation of the organism.

The Nature of the Effect of Epinephrine on Adrenal
Cortical Secretion

The effects of liberation of epinephrine mto the circulation
are so widespread and diverse, mimicking as they do those of
generalized sympathetic activity, that it is no easy matter to
determine the exaet manner by which this hormone evokes
the secretion of ACTH

Some of the possible ways may be considered. (a) It has
been suggested by Sayers (1950) and by Selye (1950) that the
effect of epinephrine is non-specific. Although Selye has not
defined exactly what is meant by a non-specific effect of
epinephrine, a physiological agent that heretofore has been
regarded as highly specific in its action, Sayers has-suggested
that it stimulates ACTH secretion by its capacity to increase
the metabolic rate. Such a suggestion 15 in keeping with his
view that many conditions are associated with an increased
cellular utilization of cortical hormone and that epinephrine is



140 C. N. II. Loxe

not of the adrenal cortieal hormones. owever, the close
physiological relationship between the organs concerned
allows deductions from the former t6 be applied to the latter.

Recently, the decline in either the blood lymphocytes or
eosinophils has come into widespread use as a measure of
adrenal cortical activation, or more properly as a measure
of an increased blood level of adrenal cortical hormones.
With this technique Godlowsky (1948), Recant et al., (1950),
and many others have shown that the subcutaneous or
intravenous injection of epinephrine n many species, in-
cluding man, is followed by a fall in the number of circulating
eosinophuls.

It has also been shown by Long and his colleagues that
the capacity of epinephrine to influence either the level of
adrenal cholesterol, ascorbic acid or number of circulating
eosmophils can only be demonstrated in animals with an
intact hypophysis.

Investigators in a number of laboratories, using a variety
of species of animals, have established that epinephrine can

bring about an increased rate of adrenal cortical secretion.

It is also now agreed that this augmentation of adrenal
cortical secretion follows a preliminary releasc of ACTH from
the hypophysis and consequently the explanation for this
effect of epinephrine 1s to be sought m the study of those
mechanisms that control the secretion of ACTH. It is upon
the nature of these mechanisms that disagreement still exists
between the various laboratories engaged on this problem.

Conditions Associated with Augmentation of ACTH
Secretion

Except possibly under exceptional or abnormal ecircum-

stances there is no increased secretion of adrenal cortical

. hormones without a prior release of ACTH from the anterior

+ pituitary. The possible exceptions are the exposure of per-

fused adrenals to relatively high concentrations of histamine

or potassium (Vogt, 1951), and the cyclic variations noted in

hypophysectomized spayed rats in which artificial cycles were
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b injection of epinephrine does not prevent the
usual eosinopenia, It would appear from these experiments
thatboth histamine and epinephrine rapidly release ACTHand
do 50 within & time which would appear to preclude this effect
as bemg due to any great increase in the cellular utilization
of cortical hormone.

The apparent rapidity of the response of the hypophysis is
however in keeping with the time relationships which we have
come to accept as characteristic of a neural or neurc-humoral
mechamsm. Furthermore, many stimuli that are associated
with ACTH secretion are of a kind that would seem to preclude
any metabolic disturbance as the immediate cause of its
release. - -

The admission that there are circumstances associated with
ACTH release that cannot be adequately accounted for by a
decline in the bleod level of adrenal cortical hormones does not
exclude from further consideration the importance of this
type of regulation. In my opinion it has been adequately
proved that a purely } 1 hanism can regulate the
secretion of ACTH.

Thus, the adrenal cortical hypertrophy and hyperplasia
that follows unilateral adrenalectomy or adrenal demedulla-
tion would appear to be effected by humoral means alone.
The hypertrophy of the adrenals of the intact partner following
bilateral adrenalectomy in its parabiotic twin (Li and Pan,
1940) would also seem not to require the participation of a
neural or neuro-humoral mechanism. The observation of
Ingle, Higgins and Kendall (1838) that the injection of adrenal
cortical steroids 1s followed by adrenal cortical atrophy is also
evidence that the secretory rate of ACTH may be influenced
by the blood level of adrenal cortical hormones. Finally, it
has been shown both by ourselves and by Gordon (1950a) that
traumatization of areas of the body deprived of their innerva-
tion is followed by inereased adrenal cortical secretion. In
our experiments, laparotomy with intestinal manipulation
failed to cause easinopenia in one hour in rats with a high

spinal section but nevertheless still produced a marked fall
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non-specific in this scnse. This view is in keeping with the
general hypothesis advanced by him that the regulation of
both adrenal cortical and ACTH secretion is effected by the
blood levels of these hormones. This regulation is of such a
kind that a fall in the blood level of adrenal cortical hormones,
as a result of increased cellular utilization, is in itself a stimulus
to the secretion of ACTH by the hypophysis. Conversely, a
rise in the blood level of cortical hormones decreases the rate
of ACTH secrction. By direct evidence and by analogy with
the relationship between the blood levels of the other trophic
hormones and those of their target organs, there is much to
give support to this hypothesis. Consequently if this is to be
accepted as the sole mechanism concerned with the secretion
of adrenal cortical hormones, the explanation for the effect of
epinephrine on this secretion is to be found in what may be
termed the purely metabolic effects of this hormone. Un-
fortunately there is still inadequate understanding of the
nature of these metabolic effects of epmephrine, for as
Griffith (1951) in s detailed account of this subject points
out, the calorigenic (metabolic) effect cannot be considered as
2 unitary response but one that is an integration of several
reactions including those of the vascular system.

(b) The chief difficulties in accepting a mechanism based
solely on the reciprocal blood levels of adrenal cortical
hormones and ACTH as the only regulator of adrenal cortical
secretion are: first, the rapidity with which the pituitary-
adrenal cortical system responds to suitable stimuli, and
secondly the character of some of the stimuli that evoke a
response. -

Thus Gray and Munson (1951) have found that after the
intravenous injection of histamine in the rat ACTH discharge

* occurs in a matter of seconds, While 1t is true that the nse of

intravenous histamine as a test of these regulatory mechanisms
raises difficulties of its own, a similar rapidity of response has
been observed in our laboratory to follow stimulation of
senso}y nerves, while Love (1950) has reported that adrenalee-
tomy carried out in rats within ten minutes Aaftcr the
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subcutaneous injection of epinephrine does not prevent the
usual eosinopenia. It would appear from these experiments
thatboth histamine and epinephrine rapidly release ACTHand
do so within a time which would appear to preclude this effect
as being due to any great increase in the cellular utilization
of cortical hormone.

The apparent rapidity of the response of the hypophysis is
however in keeping with the time relationships which we have
come to accept as characteristic of a neural or neuro-humoral
mechanism, Furthermore, many stimuli that are associated
with ACTH secretion are of & kind that would seem to preclude
any metabolic disturbance as the immediate cause of its
release, -

The admission that there are circumstances associated with
ACTH release that cannot be adequately accounted for by a
dechine in the blood level of adrenal cortical hormones does not
exclude from further consideration the importance of this
type of regulation. In my opinion it has been adequately
proved that a purely humoral mechanism can regulate the
secretion of ACTH.

Thus, the adrenal cortical hypertrophy and hyperplasia
that follows unilateral adrenalectomy or adrenal demedulla-
tion would appear to be effected by humoral means alone.
The hypertrophy of the adrenals of the intact partner following
bilateral adrenal y in its parabiotic twin (Li and Pan,
1940) would also seem not to require the participation of a
neural or neuro-humoral mechanism. The observation of
Ingle, Higgins and Kendall (1938) that the injection of adrenal
cortical steroids is followed by adrenal cortical atrophy is also
evidence that the secretory rate of ACTH may be influenced
by the blood level of adrenal cortical hormones. Finally, it
has been shown both by ourselves and by Gordon (1950a) that
traumatization of areas of the body deprived of their innerva-
tion is followed by increased adrenal cortical secretion. In
our experiments, laparotomy with intestinal manipulation
fatled to cause eosinopenia 1n one hour in rats with a high
spinal section but nevertheless still produced a marked fall
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four hours after the injury. Adrenal demedullation did not
prevent this delayed fall.

The point at issue at the present time would appear to be
not whether there is both a rapid and 2 more slowly acting
mechanism for the release of ACTH, but the nature of the
more rapidly acting mechanism.

(e) X have pointed out that epinephrine which is refeased
with great rapdity and under a vanety of circumstances
might well be the agent that is responsible for the rapid
release of ACTH. As epinephrine release may be no more than
a reinforcement of the nervous discharge and bear little or no
relation to some specific neural or neuro-humoral mechanism
of ACTH release, we have earried out a series of experiments
designed to test (1) whether the removal of the adrenal
medulla alters the secretory response of the anterior lobe;
(1t) whether the ditect application of epinephrine to antetior
iobe tissne will eanse ACTH sceretion; and (iii) whetber after
exclusion of all possibility of reflex cpinephrine discharge
there still exists in the brain stem any mechanism that can
cause a prompt release of ACTH.

We have found in our experiments after adrenal demedulia~
tion and the elapse of an interval of 4 to 7 weeks, that the
immediate fall (1 bour) in eosinophils observed after exposure

. to cold, laparotory, histamine or insulin injection is greatly
diminished. The effect of insulin hypoglycemin on adrenal
cortical secretion is of some interest since it is well known that
below a blood glucose level of 56 mg. per cent sympathetic
excitation and epinephrne discharge regularly oceur. Dury
(1950) and Munroe {195)) have also found that adrenal
demeduliation is followed by s failure of adrenal cortical
sy to insubn hypogl in, as judged by the absence

of eosinopenia or & decline in adrenal ascorbic acid, On the
other hand Gordon {18500} has reported that insulin, exposure

Yo cold and histamine injection still bring about e fall in the

ascorbic acid content of the demedullated rat adrenal. This
author does not subrmt any eomparison of the responses of
the adrenal demedullated with thase of normal animals, so it
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is not possible to say whether or not any alteration in the
magnitude of response has occurred. In our laboratory we
have encountered considerable difficulties in attempting to
prepare adrenal demedullated rats in which the ascorbie acid
content of the reg ted gland apy hed the values found
in the intact organs. Furthermore, considerable variation in
the control of the ascorbic acid in the regenerated glands has
also been found.

In an attempt to determine whether the direct application
of epinephrine to anterior lobe tissue 1s followed by ACTH
rclease, we have carried out the following experiment. Rats
were hypophysectomized and a piece of anterior lobe from a
donor animal was implanted in the anterior chamber of one
eye. After o sufficient period had been allowed for the growth
of the transplant, the response of this tissue to the subcu-
taneous injection of epinephrine (20 micrograms), as well as to
the painful stimulus associated with the subeutaneous
mjection of 1 ml. of 10 per cent NaCl was determined. In
those animals in which an eosinopenia ogeurred, indicating a
viable transplant, a very small quantity of epinephrine (0 2
micrograms) was injected into the anterior chamber of the
eye beaning the transplant. In all seven animals used, a fall
in eosmophils of equal magnitude to that produced by sub-
cutaneous epinephrine was observed. Similar injections into
the normal eye did not produce any fall in eosmophls.
Finally the eye bearing the transplant was removed, after
which no response to mjected epmephrine was obtamed.
These experiments appear to indicate that anterior lobe
tissue may be directly stimulated to secrete ACTH by small
quantities of epinephrime. If these results are confirmed,
many of the observations on the conditions surrounding ACTH
secretion ean be interpreted 1n terms of the release of epine-
phrine that 1s associated with them.

The third set of experiments I would like to present are
c d with an pt to d rafe whether or not a
release of ACTH can occur in rats in which all possibihity of
reflex epinephrine discharge has been excluded by section of




146 C. N, II. Lone -

the spinal cord at the level of the third thoracic vertebra
some weeks previously. -

If a few drops of 10 per cent NaCl are injected beneath the
scalp of normal rats it produces a painful stimulus lasting 2
few minutes. It is followed by an‘eosinopenia that is evident
one hour later and persists for at least four hours. However,
similar injections under the scalp of spinal rats do not cause
any significant change in eosinophils either one or four
hours after the injection of the hypertonic salt solution,
even though an equal degree of pain and discomfort is
evident. B

It would appear from these experiments that although the
sensory pathways from the skin and underlying tissues to the
thalamic and hypothalamic centres were activated in both
the normal and spinal rats, it was only in the former where re-
flex secretion of epinephrine was possible that ACTH secretion
followed such stimulation. In other words, this experiment
suggests that there does not appear to be any mechanism
within the cervical cord, brain stem, hypothalamus, or pituit-
ary stalk which is capable of rapidly effecting a discharge of
ACTH under conditions 1n which epmnephrine secretion is
abolished.

Consequently, we have tentatively suggested that a dual
mechanism is responsible for ACTH secretion in the diverse
and different cireumstances under which it occurs. It would
seem that we are observing the interplay of two connected
mechanisms, one a self-regulating humoral system involving

_ merely the relative blood concentrations of ACTH and adrenal
cortical hormone, the other representing a part of the response
of the autonomic nervous system. The activation of the
autonomic nervous system with the release of its reinforeing
hormone, epinephrine, is able to bring about with great
rapidity the release of ACTH and hence of cortical hormone to
meet the immediate requirements of the organism, while the
purely humoral system comes more slowly into operation and _

may not be operative at all if the pressure on the organism is

of short duration. o
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NEURAL CONTROL OF SECRETION OF ACTH*
JOHUN B. BROBECK

THERE now appears to be general ngreement that the central
nervous system or, more particularly, the hypothalamus is
capable of stimulating the anterior pituitary gland to secrete
adrenocorticotrophic hormone. Somewhat less well deter-
mmed are the circumstances -under which this stimulation
ocenrs, while the mechanism, whether by a direct or an indirect
activation, is the subject of no little debate. From the hypo-
thesis proposed by Long and Fry (1945) that epinephrine may
be an impertant stimulus to ACTH secretion, it mght be
inferred that the rdle of the central nervous system and the
hypothalamus is expressed through thewr connections with the
autonoreic nervous system aud the adrenal medulla. Both
the tegmentum of the brain stem and the hypothalamus have
been shown to be concerned with autonomic responses by the
experiments of Karplus and Kreidi, Houssay, Cannon, Bard,
Ranson, and their respective collesgues, as well as by many
other workers,

Neural pathways whueh would be expected to take part in
this activation may be summarized as follows, using cutancous
pain as an example of a stimulus whieh will eventually exette
the adrenal cortex:~—

(1) Conduction of afferent impulses over small myelinated
and unmyelinated fibres through the dorsal roots to the
spinal cord;

(2) Synapse in the substantia gelatinosa, with commissural
peurones conducting to the lateral columns of the opposite
side of the cord;

»Representing the studies of ¢, N . Long, Edth G Fry, Witlam ¥,
AleDerntott, Recards R, Itodriguez and Johin @ Brobeck From the Depart-
rent of Phystologteal Chermustry, and the Laberatory of Physiofogy, Yale
Univereity School of Medieme, New Haven, Connectiout.
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(3) Ascent through the lateral spmo-thalamic tract to
terminations in the thalamus, possibly within the ventral
portion of the lateral nucleus;

(4) Connections, anatomically still obscure, with the hypo-
thalamus—with neurones capable of exciting the sympathetic
or thoracolumbar outflow;

(5) Descending connections from thc h)pothalamus.
probably relayed through medull
ending finally within the lntermedlolateral cell column of the
upper - thoracic segments;

(6) Preganghonic neurones distributed through the white
rami and splanchnic nerves to the adrenal medulla. From the
medulla, epinephrine may be p d to be carried to the
anterior pituitary gland where ACTH is released, thus exciting
the adrenal cortex to greater secretion.

All of these neural pathways have been well recognized for
many years upon physiological evidence, and all, except the
thalamo-hypothalamie connection, have been demonstrated”

inatomically.  Their possible significance 1 regulating
anterior pituitary function, however, had not been seriously
nvestigated prior to the formulation of the hypothesis of
Long and Fry.

In order to test their hypothesis further, experiments have
been designed to interrupt at vamous levels the mechanism
outhined above, Three types of preparation have been used,
namely, rats with both adrenal medullee removed, chronie
spinal rats, and rats with lesions 1n the thalamus and hypo-
thalamus  Results of these experiments have been reported
by McDermott and his associates {19850), whose conclusions
may be summarized by saying that after interruption of this
autonomic mechanism, activation of the adrenal cortex is
delayed following exposure to cold, subcutaneous injection of
epmephrine, or surgical operations. McDermott also con-
cluded that there must be another mechanism, in addition to
the aut fe-er pl which can stimulate
ACTH on, since in e peri of four hours’ duration
the cortex did imncrease 1ts hormonal output (as measured by




150 Jonx R. Brosrck :

blood eosinophil levels), The delays noted in one-hour samples
in all three types of rats were taken to mean that the auto-
nomie nervous system and adrenal medulla serve as a “trigger
mechanism” bringing about a raprd excitation of the anterior
pituitary, to be followed in most instances by the action of,
other, more slowly aroused influences which persist longer
in their effects upon the hypophysis.

In McDermott’s study the ndrenal demedullated, spinal,
and diencephalic animals were alike jn their responses save
in this one respect, that during cold exposure the spinal rats
showed in four hours a much greater eosinopenia. The cold
appeared to be more severe in 1ts effect on those rats which,
with the spinal cord severed at the third thoracic segment,
could not fully bring mnto play the antonomic and somatic
reactions of piloerection, vasomotor changes, postural adjust-
ments, and shivering, all of which normally help to conserve
heat or to increase heat production.

More recently, Miss Edith Fry and Dr. Ricards R.
Rodriguez, in Dr. Long’s laboratory, have been repeating and
extending these studies, and have been able to confirm many
of the conclusions of McDermott et al. We now have in the
combined series a total of twenty-five rats with lesions of the
diencephalon, of which possibly seventeen showed delayed
eosinopema following cold exposure, laparotomy, or subcu-
taneously injected epmephrine (Fig. 1). The series is not large
enough, nor are most of the lesions locahzed well enough, to
allow us to decide just what region of the diencephalonmust
be destroyed to prevent the autonomic response. The smallest
‘effective lesions which we have thus far produced have been
of the type pictured in Fig. 2, involving the ventral portion
of the antertor thalamus just dorsal and lateral to the para
ventricular nuclei of the hypothalamus. In all of the animals
with lesions like these the paraventricular nuclei were at
least slightly injured, although it is questionable whether the
injury was severe enough to have interfered with the function
of these neurones. (This amount of damage to the supra-
optie nuclei would give no sign of diabetes insipidus.) On the

,
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other hand, this same degree of injury to the paraventricular
nuclei and, in one or two cascs even more extensive involve-
ment, has been found in rats which showed normal adrenal
cortical responses. Tt appears, therefore, that the paraven-
tricular nueclei are not a part of the autonomic reflex respon-
sible for ACTH secretion, but we cannot now identify the
neurones which are, The fact that these smaller lesions are
mainly thalamic in position has led us to consider whether
they may be interrupting the thalamo-hypothalamic con-
nection.

The series also includes & few rats with severe damage or
even complete destruction of the paraventricular nuelei

RAT 49823

Fi. 3 Drawings from sections through the diencephalon of
Rat 49-M-23. Symbols are the same asin Fig 2

(Fig. 3). Their reactions were sirmlar to those of rats with the
smaller lesions described above. Of particular interest is the
four-hour response of the rats with large lesions, since it
shows the normal eosinopera (Fig ¢). This seems to indicate
that the paraventricular nuclei are not required for the,
delayed, or so-called “metabolic’” phase of the activation.
Miss Fry has also been able to confirm the essential part of
McDermott’s experiments where a painful stimulus was
applied above the level of cord section in spinal rats. Oneml.
of 10 per cent saline injected subcutaneously produces a
striking, but purely transitory, response in normal rats, whl?h
is accompanied by a 40 per cent fall in blood eosinophils
\within one hour. Spinal rats do not show this fall within the
hour after saline is injected in the back of the neck where the
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skin retains its normal innervation and central connections.
In Miss Fry’s studies only one out of six animals showed o
significant cosinopenia in one hour, and upon re-testing this
particular rat the earlier result could not be confirmed.
From these data we conclude that the brain stem and hypo-
thalamus do not contain a mechanism capable of increasing
ACTH output in responsc to pain.
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THE ROLE OF ADRENALINE IN THE RESPONSE

OF THE ADRENAL CORTEX TO STRESS OF

VARIOUS KINDS, INCLUDING EMOTIONAL
STRESS

MARTHE VOGT

Doctors Long and Brobeck have given us a beautiful
account of their work on the role of adrenaline in controlling
the output of ACTH n stress, and all that remains for me to
do 15 to report on some experiments of my own, and in order
to stimulate discussion, not to dwell too long on the many

“points of pl fie t, but to emp} some minor
points about which our experiments do not lead to the same
conclusions.

Most authors (Gellhorn and Frank, 1949, Gershberg et al.
1950, Gordon, 1950a; Recant et al.,, 1950; Vogt, 1947, 1951a)
are now agreed that the response of the anterior pitwitary
to stresses like low and high environmental temperature,
. o * °r ™ “3not abolished

The question
. n the adrenal
medulla 15 unable to function. One fact renders the answer to
that question diflicult Consider the first five of those eon-
ditions of stress In all of them the release of adrenalme
greatly helps the ammal in withstanding the damage done by
the stress, and the same condition, let us say the same dose of
insulin, is a much more severe stress for the animal in which
the medulla has been removed than for the normal control
Therefore, if 2 response of the pituitary in the operated ammal
1s equal to that of the normal, it does not represent an equal
response to the same, but to a severer degree of stress. A
condition in which this difficulty does not arise is the injection
of ﬂ-tetmhydro-naphthy]amine (B-Tetra). This compound,
. 154
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hich stimulates both adrenal medulla and central sympa-
retic centres, is tolerated by the animal with demedullated
drenals equally well as or even slightly better than by the
ormal control. Nevertheless, as shown 1n the first figure, the
epletion 1n the adrenal ascorbic acid of the rats subjected to
drenal demedullation 15 only shghtly less than that of the
ormal controls. This difference appears even greater than it
eally is, because, in the demedullated rats, the initial ascorbic

60mq/kq
CONTROLS 3 —~TETRA
—

VR

2hr

B 5 8 8 3

W NORMAL
O DEMEDULLATED,

618 26 68 (Naot RATS)

Fic 1 Ascorbic acid m rat adrenals, percentage of controls
Effect of subcut. < mjection of B hthy

acid concentration before stress s applied is lower and the
possibilities of depletion are therefore more limited.

If, then, the size of the response 15 not greatly altered by
demedullation, 1s the speed reduced® Dr. Long has empha-
sized the slowness of what he has termed the “metabolic”
phase of the response to stress. Now the ascorbic acid falls
only slowly under the effect of -Tetra, as seen in the small
response one hour after the operatton, but it does so in normal
and operated rats alike, because the metabolic effects of 8-
Tetra develop slowly Would the same hold if the metabolie
response were rapid? Here 1s a point where my experiments
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led me to conclusions which differ somewhat from Dr, Long's.
A number of authors (Gordon, 1950a; Gray and Munson, 1951}
have seen depletion of adrenal ascorbic acid in demedullated
rats or in rats given large doses of tetraethylammonium
chloride as early as 1 hour after the beginning of stress. As
shown in Table I, the process can be much faster still: a
significant fall of ascorbic acid to 72 per cent of the control
value was caused 1in demedullated rats m the course of 10-12

TEMP._TAKEN
CONTROLS  ‘WTRANID  TRMATD

100

80

ol m NORMAL

40) O DEMEDULLATED
20]

614 &3 6
Fre 2. Ascorbic acid mn rat adrenals, pereentage of controls
Effect of “emotion”™ ot rectal

i~ s narfarmme an oneration under cther. The operation
. S e

nerves.
The second point I wish to raise 1s that of the response of
the demedullated adrenal to emotional stress (Vogt, 19515)-

My own conclusions are not the same as those of Gershberg :

¢t al., but I think I know the cause for this difference. First, I
shall show you the results (Fig. 2). Groups of rats, normal and
demedullated, had their rectal temperature taken with a small
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thermometer three times during the course of 20 minutes and
were killed an hour later. Provided the rats had not previously
experienced such measurements of temperature, their adrenal
ascorbic acid fell by 40 per cent in the normal and by 17 per

cent in the operated rats. Small though it is, this latter fall is _

statistically significant, and constitutes an emotional release
of ACTH caused by an unfamiliar procedure. Adrenocortical
responses of demedullated rats to sensory stimuli have also
been reported by Gordon (19506), who demonstrated that in
such animals traumatizing of an innervated leg caused a
greater adrenal response than injury to a denervated leg.
Ronzoni and Reichlin (1950) believe that the lack of
correlation between fall in adrenal ascorbie acid and rise
m blood sugar seen on stimulation of the central end of the
sciatic nerve shows that the response of the adrenal cortex«
to sensory stimuli 1s not dependent solely on the release of
adrenaline. ~

How are we to account for the discrepancy between these
results and the two sets of experiments reported from Yale?
I think it 15 all a matter of thresholds. In the experi by
Gershberg et al., 1n which ascorbic acid depletion was used as
an index of release of ACTH, the 1nitial ascorbic acid eoncen-
tration m the glands of the control ammals was too low for a
very small effect to show. It was fortunate that the control
rats in my own experiments had high ascorbic acid concen-
trations and so rendered conditions more favourable for the
detection of small depletions. In the results of MeDermott
et al , counts of the circulating eosinophils were used in order
to follow, in spinal rats, the effect of injecting hypertonic
salme on the release of ACTH. I hope Dr. Long would agree
that depletion of ascorbic acid in the rat is obtained with much
lower doses of ACTH than is a similar percentage depression
of eosinophils. It would then not be surprising if the small
effect of emotion which persists after adrenal demedullation
is not reflected 1n a depression of the blood eosinophils.

How can one explain this effect of emotion on the demedul-
lated adrenal?
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The first possibility is that, in the absence of ‘the adrens!
medulln, enough ndrenaline or sympathin may enter the
general circulation during emotion to account for a release of
ACTH. Sympathin contains o high percentage of noradrena-
line, Noradrenaline can easily be excluded as n possible cause
for this phenomenon, since it has been shown by many
anthors (first by Nasmyth, 1919) that it releases ACTH only
when acting in high concentrations, The possibility that
ext; dul) Irenaline may be responsible has been tested
directly in the following way:—

The plasma sdrenaline of rats was estimated under four
different conditions:-—

{1) Normal rats, anesthetized with cther, were subjected to
cannulation of one carotid artery, injection of heparin and
collectibn of blood from the carotid while the central end of
the brachial nerves was stimulated electrically.

(2) Demedullated rats, treated hke group 1.

(8) Demedullated rats, injected 1.m. four times with 1 pg.
adrenaline per 100 g. rat at intervals of 15 minutes. Blood was
obtained from the carotid 6-8 minutes after the last injection.

{4) Demedullated rats, treated as under (8), the dose of
adrenalne being 2 pg. wstead of 1 pg.

The results, together with adrenal ascorbic acid estimations
done on the same animals, are shown in Table L.

Blood adrenaline estimations were carmed out by making
extracts of plasma with acid aleohol, subjecting them, after
purification, to paper chromatography, and testing the eluates
from the paper by ther power to inhibit eontractions of the
rat’s uterus elicited by carbaminoylcholine (Gaddum, Peart
and Vogt, 1848; Crawford and Outschoorn, 1951).

Stimulation of afferent nerves produced adrenaline concen-

At fnan

\
o} 12 SIMUATLY LrEaied GLeauBaliu tals,  Lulls tageduiuy sees
demedullated rats, of doses of adrenaline whiclt just caused
a detectable depletion of ascorbicacid produced concentrations
of blood adrenahine which were detectable by the assay.
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The inference is that circulating extr'\medullary adrenaline
is not responsible for the release of ACTH in emotional stress
of the demedullated rat.

The alternative is to assume that the effect is produced by
direct stimulation of hypothalamic centres which, according
to de Groot and Harris (1850), are responsible for a release of
ACTH in the rabbit subjected to emotional stress. It is not
unreasonable to assume that similar centres exist in the rat.

Table I
PLASMA ADRENALINE AND Asz-eM. Ascmuxm Acln ¥ RATS SUBIECTED TO
ARtors Treamn
Adrenal
Flarma adrenaline ascorbie aend
! TInpercal
Treatment eg o (perceniagear | A2
Normals Demedullated
Operation
{ether) 2 3(5rats) | <0 5{(12rats) | 72 (10 rats) 12
431 pp (100 g
Adrenaline 02 (1rmat)
Im, — 05 (1rat) | 83 (2rats) 60
4X2 pg 100 g.|
Adrenaline — 10 (lrat)
Im 0 (1rat) 58 (2rats) 80

The table also demonstrates the fact mentioned earher,
that, in the demedullated animal, a significant depletion of
adrenal ascorbie acid ean oceur within 12 minutes from the
beginning of a stressing procedure, provided the physiologieal
consequences of the stress take place sufficiently rapidly.
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DISCUSSION

Prunty: 1 wonder how far these excellent experiments of Dr. Long
and his colleagues can be applied to the human? I'm both seeking
information and offering it. We have found that domg four-hour
inophil resp to injected ly in humans

15 a very chancy sort of business and doesn’t seem to obey any rules
That has been borne out I think by the observations gf E:{\)ch and

Some

'
. 1 for a
(. 'mount
1t prior
to the morning dose of ACTH on a stx-hour régtme 1s 100 per cent,
there 15 always a significant and rensonable increase m the excretion
rate, by our techmque about 8 mg per day. Ina patient with rheuma-
toid arthnitis whom we treated with multiple doses of adrenaline over
2 penod of mne days with doses up to 4 5 mg., divided into six and
administered subcutaneously, there was a complete disappearance of

produced” ) .
Hume: There are a fe :

- 4-he fail Ly Hetlpuug e by’ theory that trauma to tissue
oo reutati jcords in the blood stream and that this
uces ACTH release. Idon't know whether Dr Long

e
decreased level prod:
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still beheves that or not. We fecl that operations done on the legs of

amimals with high spinal section 1n which there is no release of adrenal

corticoids, and the speed of ACTH release {ollo(ving trauma in the
s 4 mm e 14— 3 4n e ma A bd alumsh ki bhan

some other substance, ‘

And the third and most & epinephrine

A

animal, 5o that it doesn’t act by means of releasing epinephrine.

With regard to the eflectiveness of epinephrine in producing an
eosinophul fall, there are widely different responses to this substance in
different species. In fact, 1f one takes dogs alone, one finds that in
different breeds of dogs there are different responses to epinephrine.
For instance, we have tried injecting coach dogs with the same dase of
epmephrine which produces a good fall 1n other dogs, and found that
3 out of the & had no fall at all with epinephrine and the sixth had a

differences between dogs and rats.

Dr. Thorn and lus co-workers appear to have demonstrated a very
cunous phenomenon, which he hasn’t reported yet. Twelve total
bilateral adrenalectomues have been done 1n humans, and in those people
who have been given epmephnne tests post-operatively several haye
shown a perfectly normal eosinophil fall i response to epinephrine,
m the absence of both adrenals. (This does not occur in the dog)
e el et " e AT W

py eom 2@ T o
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talk that we've had, by saying that the dose of epinephrine which s put

in the eye with the graft'is a much smaller dose than ‘would give an

cffect if injected in the periphery of the ammal. I don't know at what

point in t'~ =e—-t ea - cear R T s N

end of the -

from the .

going from the eye to the hypothalamus. N i
dly, h hrine and hi ine, when placed directly on

tissue, are very damaging agents We had to give up the use of sub-

cutanenng aminanhe mnsn dan ant w b Lo B L I e

and .
location of the lesions which we found were most effective. 1 also feel
that the injection of 10 per cent sodium chloride under the skin is a much
less traumatic simulus than operative trauma

Loxg: T would like to repeat something I said this morning, that
failure to respond in eosinopema to epinephnine 15 one thing, and these
experiments of Thorn that Dr. Hume has quoted on the fall of eosino-
phils in the adrenalectomized ammal, another. Nevertheless, Dr. Yogt
has very clearly shown that epmephnne does produce an increased
adrenal cortical sccretion. I think we are getting a hittle confused by

Dr. Hume asked, why did we pick on epiephrne, why don’t we pick
on histamine or acetylcholne, or blood glucose or potassum? The
answer 1s that epinephrine, 1n amounts which we know can occur 1n the
blood under these crrcumstances, 1s a stimulus to ACTH secretion,
while the quantities of histarmuine and of acetylcholine that are used to
produce comparable falls 1n eosinophils are not normally encountered
m the blood. After stimulation of a sensory nerve, for example, one
does not have 1n the blood quantities of acetylcholine or hnstamne that
are comparable ta the known 1nereases 1n epinephrine, and these blood
levels of epinephrme, as Dr Vogt has Just shown, are perfectly capable
of stunulating the secretion of the adrenal cortex.

aft e ltben oo e - - [P JRURURI N 8
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purely humoral contro] of the ndn.-nal curucnl sccrctlon. 'lhe exper-
are

ments that Professor Houssay
very dn(ﬁcult to cxp]:un unless S you assume that therl.; is some type of

' . -
a too ngd separation between the two types of response, or two types
of secretion of ACTIL. One is not necessarily followed by the other,
They may occur almost snmullaneously under some circumstances;
under other circumstances one may be the predominant mechanism,
and, as I mentioned, the other may not appear at all, or only appear
to a small degree. 1t depends on the circumstances,

Voot. I would like to mention an observation made on the cosinophils,

responses are unspecific and one has to be very careful when the con-
ditions of the experiment are complex.

Ty morge ¥ ahanle bhn & wap mabeber meh s oo 87 o< &mmes aome &m bos —o -
ve .
op - .

nt

this case in the rat?

with histamne
Harais: The second pomt was with regard to Sayers's view.
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talk that we've had, by saying that the dose of epinephrine which is put
in the eye with the praft’1s » much smaller dose than would give av
effect if injected in the periphery of the animal. 1 don’t know at what
pornit :n_the peniphery of the ammal this is injected, but i€ it is in ‘the

and Dr. Iirobech have deseribed were completely different from the
Tocation of the lesions which we found were most effective. 1 also feel
that the injection of 10 per cent sodium chionde under the skinisa much
{ess traumatic simulus than operative trauma.

Long 1 wonld Jike to repeat something 1 said this morning, that
fmilure to sespond 1n eosnopema to epmephrine is one thing, and these
espeniments of Thorn that Dr. Hume has quoted on the fall of eosino:
phils 1n the adrenalectonmzed ammal, anothier. Nevertheless, Dr. Vot
has very clearly shown that epinephnne does produce an increased
adrena) cortical secretion I think we are getting a httle confused by
our rehance on the change i the eosinophnls as the d’eeigi'v‘e‘ measure of

Dr. tume asked, why did we pick on epmephrine, why don't we pick
on histamine or acetylcholine, or blood glucose or potassium? ‘The
answer 1s that epinephrine, in amounts which we know can oecur in the
blood under these circumstances, 15 o stimulus to ACTIT secretion,
whie the s of and of acetylcholine that are used to
produce compurable fails 1n eosmophuls are not normally enmu'nte::lf
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nto a normal rat there is a tapid fall of the cosmopluls within 30 minutes
or an hours but in an animal in hypoxia there 1s an increase of eosinophils
for an hour or more, in spite of the fact that there is immediate rclease of
adrenalme 1n hypoxia: and after this time there is a defimte decrease.
In both cases there is an increase of secretion of adrenaline. There 15
something other than adrenaline acting, because 1f adrenaline alone were
acting, you would get only a rapid fall in the eosinophils. |

Broeeck: We have observations hike Professor Houssay’s in some
respects, and we've been mving cortieal extract to demedullated
animals because preliminary expeniments suggest that by this procedure
the ascorbic acid in the demedullated glands may be restored to the
normal Jevel Miss Fry has some E‘(pcrin]ents t}:?t l;gnd to show that i‘n

the spipal amimal, for example, 1s to a certan extent fortuitous, because
1 that period the count has first nisen and then begrun to fall.

Lowg: I have mentioned several times some of the difficulties en.
countered 1n using the level of blood eosinophuls as a enterion of adrenal
cortical secretion. I would like to pont out that the contraction of the
spleen that occurs 1n many circumstances associated with ACTH
secretion may actually cause a Tise m the eosinophils, at least for a
- ey ety O SR e -

nteresting to mention some expenments performed recently m our
laboratory and published in Nature (Selye, H., 1951, Nature, Lond.,
168, 149), In these experiments, Dr. Selye showed that ACTH can
synergize the thymolytic effect of 2 corticord hormone such as cortisone,
even in the absence of the adrenal cortex While these results were
obtamed by studymg the lymphatic tissue and not the eosinophils,
they can, however, be connected with those of Thorn and Forsham on
the eosinophil fall in adrenalectomized humans. Both these observations
suggest that a peripheral action of ACTH may be responsible for the
cosmophit fall and for the thymolytic action,

In connection with the ascorhic acid depletion of the adrenal after
the admimstration of several drugs, I would like to mentton the work of
some of my colleagues (Dordont, ¥., and Fortier, C., 1950 Proe. Soc
exp. Biol, Med,. 75, 815). In this work the adrenal ascorbic acid
Tesponse to ind an it fon of eserine
and atropme was studied in the normal and hypophysectormized rat.
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very sorry Dr. Sayers is not here today, for we could then ask him
personally. But it seems to me very diflicult to explun the adrenal
hypertrophy you get with chronic stress on Sayers’s hypothesis
According to Sayers the output of ACTH 1s stimulated by a fall in the
level of the blood corticoids, However, the adrenal hypertrophy that
follows prolonged stress implies a raised blood level of adrenal corfical
hormone cownerdent with a raised blood level of ACTH  Some other
factor must come nto the picture, at least under these conditions
Loxa: I also regret very much that Dr. Sayers 1s not here to defend
his reciprocal blood level hypothesis, Iagree with Dr. Harris that there
are difficulties when one comes to these chronic experiments. I would
also Iike to point out that it’s well hnown in man that after burns or
fractures the increase 1 adrenal cortical steroids 1n the urine becomes
very marked, and I don’t see how that is compatible with a theory which
supposes that the blood level of the adrenal cortical sterords at that
time is reduced. )
Harrs: With regard to these anterior pituitary grafts. Gralts in
the eye, I think I'm right in saying, do not maintain adrenal glands of
rormal weight. In Dr, Sayers's expenments s grafted animals had
adrenals that were as atrophic, in many cases, as those m the hypo-
physectomzed controls, and I think that most workers have found that
grafts in the anterior chamber of the eye will result m adrenal atrophy
to greater or less extent. Grafts undef the median 'emlne'nce, how e:’:x;‘.

\

atrophied, ly

the p 1 for increased
adrenal cortical output are not sufficient to stimulate the secreno;l °§
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RESUMPTIVE HYPOTHALAMIC CONTROL OF
SPONTANEOUS OVULATION

JOUN W. EVERETT

REFLEXOGENIC activation of the rabbit adenohypophysis
eading to ovulation is apparently a rapid process which is
:ompleted within about one minute after coitus. The final
ink in the reflex 15 thought to involve an adrenergic neuro-
wmor (Markee et al., 1948; Sawyer, Markee and Everett,
19505) which 1s brought to the gland from the median emin-
ence by the hypophyseal portal veins (Harris, 1948). The
reflex can be blocked by the anti-adrenergic agents, Dibena-
mine or its congener SKF-501, when intravenous injection is
completed withmn a minute after coitus (Sawyer, Markee et al.,
1947, 1949, 19504). A cholinergic mechanism preceding the ad-
renergic one is assumed from the finding that intravenous
injection of atropme will also usually prevent ovulation when
mjection begms within 15 seconds and ends within 80 seconds
post coitum This finding was recently supported by very
similar results with another anticholmergic drug, Banthine
(Sawyer, Markee and Everett, 1951). Central components
of the reflex evidently operate so rapidly that no interference
with ovulation follows the mduction of profound narcosis
with pentobarbital or pentothal within 15 to 30 seconds post
coitum.

Spontaneous ovulation 1n the rat 1s equally dependent, we
think, on a chr Ily limited neurol 1 stimulus to
the hypophysis, quahtatively similar to that in the rabbit.
Everett, Sawyer and Markee (1949) demonstrated that in
cyche rats ovulation can be prevented either by intravenous
wjection of Dibenamme or by subcutaneous injection of
atropine before 2 p.m. on the day of pro-cestrus (4-day eycle).
Similar treatment at 4 p.m. does not usually interfere with

167 -
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Eserine ns well ns atropine induced o marked decrease af ascorbic acid
which was enkh ¢ by the si Ininis of the two
drugs  The fall of ssvorbic neid was prevented by hypophysectomy.
‘These results mdicate that two substances pharmacolopically opposte
sy have the same action on adrennl ascotbic acid. I thnk that ne
could asentbe these results to the “non-speaific action™ of the drugs.

Qurwipo: I just sant to make a remark about the relation between
the thyroid and the adrenals which mught be important in the comparion
of anmsmals with eye grafts and ammals which are uot grafted. I
thyroidectomized arumals after about three months we fnd 8 spwe
fieantdecrense inthe ndrenadweight, and ¥ nondered whether the anumals
with grafts in the anterior chamber of the eye shouldn't be given 2
preventive dose of thyrose to keep adrenal function at n.nrmn'l Jevel.
“Flus perhaps should come into consideration when considering different
muagmtudes of reactions,

Love: It is an mterestg suggestion that the metabohe rate smght
be Jow in these auunals. As far os 1 know, nobody has measured i
metabolie tate of anmals that have an anterior pituary graft in
the eye.
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& 28br i
C_mm

FIG. 1 Schematic representations of the normal 4-day cycle
(A) and of the charactersstic results of different régimes of
pentobarbital treatment (B-F) Stages of the vamnal smears
are indicated by Rtomn numerals above each tume scale, while
symbols above these show the correspondmg follicle and corpus

wATER 13
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ovulation. Identical results, with similar time relation
have been obtained with intravenous SKF-501 (Sa
Markee and Everett, 1950q), subcutaneous Banthine
published) and the barbiturates (Everett and Sawyer, 1
pentobarbital in particular.

Pentobarbital Experiments

Studies with pentobarbital have shown that this agen
regularly prevent ovulation, when injection is properly 1
and, in addition, they have given evidence that the c¢
(presumably hypothalamic) component of the “LH-re
mechanism” has a 24-hour periodicity. Several of the ty
cxperiments are summarized in Fig. 1.

Events in the normal 4-day cycle are represented in Fif
On the day of pro-cestrus the critical hours for pitu
activation (S) are shown to be between 2 and 4 pm. O
tion (OV) occurs between 1 and 3 a.m. next morning; !
fresh corpora lutea are present at autopsy later that
Injection of pentobarbital (or any of the other blocking agt
at 4 p.m, usually does not modify these results (Fig.
However, as shown 1n Fig. ¢, injection of pentobarbit:
2 p.m. during pro-cestrus delays events exactly 24 h
Stimulation of the hypophysis occurs on the second
between 2 and 4 p.m. and ovulation follows that night.
stimulus may be blocked agam on the second day (Fig. 1¢
Pentobarbital at 2 p.m. if a supplementary injection is g
1} to 2 hours later The cycle is retarded another 24 ho
ovulation now takes place during the third mght. Block
for 3 days in sequence (Fig. 1f) characteristically results in
completion of a follicular eycle, and all of the large folli
become atretic on the fourth morning. At that time
vaginal smear is usually di-cestrous. New follicles are grow
meanwhile and, 1 the absence of further treatment, |
estmes of 8 new eyele oceurs ahout day 6 and the new folln
ovulate that night.

Save for the fact that follicle generations are shorter-lit
and less overlapped, these experimental follicular cycles
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appearance. ‘This depletion of interstitial lipid appears to be a
function of an excess of gonadotrophin, as suggested by the
wark of Claesson and Hillarp (1947). When ovulation has
occurred, the tubal ova are easily visualized during the follow-
PR A w oea . e .
i

. . T
The ova are clearly seen through the transparent wall of the
dilated segment. In the absence of ovulation this pronounced
dilatation is not found.

Histologically the follicles of a fully blocked rat on the day
after injection show no evidence of preovulatory swelling or
luteimzation of the granulosa (Fig. 8). The ovocyte nuclear
membrane is intact. Secretion of secondary liquor folheuli
15 not apparent. The granulosa remains compact with its
basal layer everywhere clearly separated from the theca
interna by the basement membrane. The follicles have simply
continued to grow. They continue to secrete cestrogen, as
indicated by the prolongation of vaginal cornification into the
third day (if, for example, a pentobarbital-blocked rat is
allowed to survive that long—Everett and Sawyer, 1950).
The blocking agent does not, then, greatly impair secretion of
either FSH or whatever small amount of LH is necessary for
the elaboration of cestrogen. It does prevent, selectively, the
release of the additional amount of gonadotrophin which
would cause preovulatory swelling, follicle rupture and
luteinization.

Estimated Duration of the Ovulatory Stimulus in Rats

With the intention of learning more about the actual dura-
tion of the ovulatory stimulus in this species, we recently
explored the interval between 2 and 4 p.m. during pro-cestrus
(Everett, 1851). Forty-nine 4-day cyche rats, in groups of
9 or 10 each, were given the standard blocking dose of atrapine
(cf. Sawyer, Everett and Markee, 1949) at one or another of
the various times shown m Fig. 4 between 2.40 and 8.30 p.m.
All of the rats were autopsied about 18 hours after injection.
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rats appear to be analogous with those in the cestrous rabbit.
The mechanism which is selectively blocked out is comparable,
in certain respects, with the coital reflex in the rabbit. Both
can be blocked by the same agents, Furthermore, of the
extensive list of agents which will not block in the rabbit,
several have been tried in the rat with equally negative results
These are, specifically: the imidazoline adrenolytics; the non-
adrenolytic derivative of Dibenamine, 2-dibenzylamino-
ethanol; and the ganglionic blocking agent, tetraethyl-
ammonium (Sawyer, Markee and Everett, 1950).

‘We have, therefore, formulated the hypothesis that spon-
taneous ovulation and reflex-induced ovulation are both
governed by a comparable hypothalamico-hypophyseal lmk-
age. In rats this apparatus is considered to be activated by 2
hypothalamic centre in which resides the property of spon-
taneity and which undergoes a well-defined diurnal fluctuation
of excitability, Correlated studies have indicated that this
excitability also depends importantly on cestrogen and pro-
gesterone levels (Sawyer, Everett and Markee, 1949; Everett
and Sawyer, 1949; Everett, 1951).

The Ovary as an Indicator of Blockade

The effect of blockade of the LH-release mechanism, 85
registered in the ovary by the following morning, is we
illustrated by the next two slides. (Two Kodachrome slides
were shown, photographs of freshly excised ovaries from 2
Dibenamine-blocked rat and an untreated control rat,
respectively. Both had been running parallel 4-day cycles.
The first received Dibenamine at 9 a.m. during pro-cestrus and
both were autopsied at the same hour of the next morning.)
The first is characterstic of full blockade with any of the
agents mentioned. The follicles are uniformly large and c]ea}'.
The interstitial tissue remains markedly fatty as it normaily is
during pro-cestrus. In the absenee of blockade (control ovary}
there ave full sets of fresh corpora lutea. The interstitial tissue
is markedly depleted of faf, taking on a rather dull, watery



o 3 Typial graafian follicle at about 102 m of the morning
after pentobarhital blockade (injection at 2 ng_pro-
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The 2 p.m. and 4 p.m. data (64 additional rats) included in the
chart are taken from previously cited studies with both
atropine and pentobarbital. It is apparent that in the
majority of cases activation of the hypophysis began during
the first hour and that it was often complete within that tie.
In fact, in 3 rats 1t was complete by the time the 2.40 injections _
took effect.

Among the 49 rats of the 2.40 to 8.30 groups, 9 (184 per

100 @10 8 W

2 230 300 3% 400
TME

¥ic. 4 Results of attempted blockade at varous times during

the critical 2 to 4 pm_interval on the afternoon of pro-testrus

(4-day eycle) BLACK—complete blockade. SHADED—

partial blockade WIHITE—full ovulation, Number above

each lar denotes tle number of rats in that respective time-
group

cent) were partially blocked, 1e. showing on the next mormng
intermediate effects between complete blockade and full
-ovulation. The mmimal effect of LH release that was recog-
nized was the presence of localized lutemn patches (Figs. 5 and
6) in the walls of 2 or more folhcles. The maximal effect short
of full stimulation was the presence, i one pair of ovaries, of
5 very freshly ruptured follicles (cf. Fig. 8) and 7 follicles in
Jate swelling (cf. F1g. 7). 1In several cases the serial sections
disclosed 1 or 2 follicles in swelling, coexisting with others



Tie 2 lobal 0va as normally found 1n the dilxted segment of

the ampulla on the mormng after ovulation  Excised loop of

ampulla compressed 1 physolomeal saline between shde and
coner shp

Fig 3. Tymcal graafian follicle at about 10 a m of the morming
after pentobarbital blockade {injection at 2 pm during pro-
@strus)  (By permission of the edttor of Endocrinology )
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116 5. Localzed lutein plague (upper left) m the wall of 0
tollicle otherwise unaffected by luteimzing hormone.

Fic. 6 A lutem plague similar to that m Fig 5, under higher
‘Theca led. Unaffected
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Fic 7 Late preovulatory swelling, mpending rupture  Note
polar body  Incomplete blochade by Dibenarmne {ef Everctt,
Sawyer and Markee, 1939).
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which were unaffected or which at most contained loealized
lutein patches.

While these intermediate effects undoubtedly represent
release of less than the usual amount of luteinizing hormone,
it is unhkely that this resulted from dircet interference with
the actual discharge of the hormonc into the blood stream.
Certainly none of the blocking agents has such an effect in
rabbits; a species difference in this respect appears unlikely.
It follows, thercfore, that diminished release of luteinizing
hormone resulted from interruption of Liypophyseal activa-
tion per se.

Since the chanee of interrupting a progressive process 1s a
function of 1ts length, it 1s possible to translate the percentage
partially blocked mto duration of stimulus. Caleulations
made on this basis have led to a rough estimate of 20 to 85
minutes. An extreme upper limit of 40 minutes 1s given
directly by the 2.40 p.m. data, where 3 rats were fully activa-
ted. The lower lmut of expectation (P=0-005) calculated
from Fisher and Yates’ Table VIII, (1949} is 10 minutes. We
have concluded that in the rat the spontaneous stimulus is far
longer than the momentary reflex stimulus in the rabbit.

Reflex Induction of Ovulation in the Rat

Recogmizing the high predictability of spontaneous pituitary
activation n our rat colony and the selectivity of pentobar-
bital blockade on successive days, various procedures may be
attempted to mvoke activation “out of hours,” so to speak.

There 15 1 the literature some evidence of copulation-
mduced ovulation in this species under special conditions.
Dempsey and Searles (1943) reported that after production
of persistent cestrus by continuous hght, copulation caused
corpus luteum formation. Browman (personal communica-
tion) has stated that females exposed to continucus light will
become pregnant. Rats which have spontaneously developed
persistent cestrus will oceasionally form active corpora lutea
after mating (Everett, 1939, 1940), although a delay of several
days often intervenes. We have been espeaially interested
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recently in the question of whether ovulation can beinduced by
copulation outside the known critical hours for the spon-
tancous stimulus. Consequently the following cxperiment
was carried out (unpublished). -

The basic procedure was barbiturate blockade at the
critical time during pro-cestrus and the following day (cf. Fig
le). In about half the cases such animals came into heat
during the intervening night and copulated when caged with
known fertile males. The males were removed about 8 am.
next day and the vaginas were examined for plugs and sperm.

In 9/55 trials this procedure resulted in ovulation which
was directly referable to the copulation. In one animal
autopsied on day 3 (2 days after pro-cstrus), a set of well-
organized corpora lutea was found, nearly as well developed
as they would have been had no blocking agent been given.
Cleaving ova were found in the fallopian tubes. In the other
8 rats pregnancy was established. By such means as back-
dating from the placental sign, ovulation was assigned in each
case to the first 24 hours of the experiment.

In the great majority of the remaining trials, where ovula-
tion and pregnancy were not induced, the result was unexpec:
tedly bizarre (Fig. 9). Follicular atresia was frequent in rats
autopsied on the fourth morning and the incidence of fresh
corpora lutea or luteinized follicles was relatively rare
(contrast with Fig. 1¢). During the succeeding cycle, however,
fresh corpora lutea were regularly formed. Oddly enough,
when animals were allowed to survive, these corpora lutea
became activated and pseudopregnancy followed: 2 curiously
delayed effect of the copulation 5 or 6 days earlier.

While in the past it has been customary to consider as
analogous the coital reflex for ovulation in the rabbit and the
induction of pseudopregnancy in rats, this appears to be
erroneous. The analogy should be restricted to induction
of ovulation in either species. Induction of pseudopregnancy
does not appear to be a rapid reflex: witness the delayed
response just mentioned and the earlier report by Greep and
Hisaw (1938) that dopreg y may be induced by
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electrical stimulation of the cervix during the preceding di-
cestrous interval. I find it difficult to accept the view that a
brief {reflex) stimulus to the hypophysis will set up in the
gland itself a new pattern of secretion and maintain it for
10 to 14 days. Admittedly, the results of one of the stalk-
sectioning experiments by Westman and Jacobsohn (1938)
and the data of Taubenhaus and Soskin (1941) seem to favour

A A

LAAL

A . .
B. Blockede mith on the day of pro-mstrus and
the Tollowng day (<t. Fig. 1, 1) " Ovulation durlng the thivd
nught,

€. Same basic procedure as B, but with copulation dunng the
fist mght Corpora lutea formed durng the second cyele
become "The Ine pseudo-

e
pregnancy-

the single stimulus. Both experiments, however, are open to
reinterpretation in view of present-day knowledge.

Summary
The evidence outlined indicates that in female rats different
mechanisms control hypophysesl secretion leading respec-
tively to: (I) follicle growth and cestrogen secretion; (IT) pre-
ovulatory swelling, ovulation and luteinization; and {I11)
activation of organized corpora Iutea.
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recently in the question of whether ovulation can beinduced by
copulation outside the known critical hours for the spon-
taneous stimulus. Consequently the following experiment
was carried out (unpublished). -

The basic procedure was barbiturate blockade at the
critical time during pro-cestrus and the following day (cf. Fiz-
le). In about half the cases such animals came into h?at
during the intervening night and copulated when caged with
known fertile males. The males were removed about 8 am.
next day and the vaginas were examined for plugs and sperm.

In 9/55 trials this procedure resulted in ovulation \thCh
was dircetly referable to the copulation. In onc animal,
autopsied on day 3 (2 days after pro-astrus), a set of well
organized corpora lutca was found, nearly as well deve]'oped
as they would have been had no blocking agent been given
Cleaving ova were found in the fallopian tubes. In the other
8 rats pregnancy was established. By such means as back-
dating from the placental sign, ovulation was assigned in each
case to the first 24 hours of the experiment.

In the great majority of the remaining trials, where ov ula-
tion and pregnancy were not induced, the result was unexpec-
tedly bizarre (Fig. 9). Follicular atresia was frequent 1 rats
autopsied on the fourth morning and the ineidence of fresh

P lutea or luteinized follicles was relatively Tare
(eontrast with Fig. 1¢). During the succeeding cycle, however
fresh corpora lutea were regularly formed. Oddly enough,
when animals were allowed to survive, these corpora.lutea
became activated and pseudopregnancy followed: a curiously
delayed effect of the copulation 5 or 6 days earlier.

While in the past it has been customary to consider 25
analogous the coital reflex for ovulation m the rabbit and the
induction of pseudopregnancy in rats, this appears to.be
erroneous. The analogy should be restricted to induction
of ovulation in either species. Induction of pseudopregnancy
does not appear to be a rapid reflex: witness the delayed
response just mentioned and the earlier report bY Gree}: and
Hisaw (1938) that p dopreg y may be ind by
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SawveR, C. H., MARKEE, J, E., and TownsenD, B. F. (1049). Endo-
crmology. 44, 18,

TAUBENHAUS, M., and Sosxin, 8. (1041). Endocrinology, 29, 858

WesTMAN, A., and Jacomsonn, D (1938). . eta path mncrobiol.
Scandinav., 15, £45.

N DISCUSSION

Tiyuras. I would Like to ask Dr. Everett what is his interpretation of
the action of Dibenamine on LH release. Dr. Nickerson has already
recalled that, although the sdrenergic bloching action of Dhbenamine
usual]y overshadows all other actions of this compound, 1t must be
kept in mind that no known drug is ubsolutcly specifie. Thus, observing
that the inj of D n the of Everett,
Sawyer and Markee were regularly l'ollowc(l by signs of extreme central
nervous systema stimulation, he suggested that tlus drug can mhibit
LI release by o central nervous effect tndependent of adrenolytic
R e it b S i

stradiol benzoate and were exposed to various types of stress One
group recerved two njections of 0 9 mg of adrenaline each, another
group two injections of 0 09 mg. of esenine, another group was injected
with a 4 per cent solution of formalin, and in the last group the spinal
cord wastesected Twenty-four hours after exposure to stress all amimals
were sacnificed  In all animals exposed to stress an mcrease 1n adrenal
weight and a decrease 1n lymphatic tissue weight were found. Similarly,
in about 40 per cent of the stressed rats we observed a blockade of LI
release as shown by the loss of cholesterol-staining matenal i the ovary.

Eveers: Yous basic procedure, as I understand 1t, was the mjection

f

o dunng early p of the corpora
lutea two days later for cholesterol storage In the ammals subjected
10 stress was there any he of by
cestrogen?

Trtras: The number of ova was also decreased i all stressed groups
Dr. Dordont and T wondered how our results would fit in with your
1dea of an adrenermic stimulation since drugs other than Dibenamine,
such as adrenaline and eserine, and even formaln and spmal cord
resection could preclude LH release.

EveErcTr. We have used other substances than Dibenamne. In
addition to Dibenamne, SKF 501, atropine and Banthine, We have used
tet: and the amounts
which one would expect to be mducive of stress, Under the condlﬁons m
which we admimstered these other agents there was no interference

~N L
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ver . usva 15 SUIL O be defined.

Miceonmsm 1, however, has been explored sufliciently for
one to characterize it tentatively as similar to that in rabbits,
save for its spontaneity. There is evidence here of neuro-
humoral control by way of the hypophyseal portal vems.
While this neurohumoral apparatus may under some circune
stances be activated reflexiy in rats as in rabbits, 1t is usually
activated w the former by a rhythmic centre presumably in
the hypothalamus. Indications are that this centre undergoes
diurnal variation in sensitivity and that it is, furthermore,
potentiated by elevated cestrogen and progesterone levels,
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N DISCUSSION
Toairas. I would like to ask Dr. Everett what is lus interpretation of
the action of Ihbenamine on LH release. Dr. Nicherson has already
recalled that, although the adrenergic blocking action of Dibenamine
usunlly mexshadows all nlhor actions of this mmpcund, it must be
ARG PO N Amemar mbend 2

e hcperien

astradiol benzoate and were ex‘posed to vanous types of stress. One
group recerved tw n;ectmns ot c9 of adrenaline each,
group two 1jecti~ ~ etom
with a 4 per cent . . . .
cord was resected - ot '
were sacnificed. oot v
sweight and a decrease in lymphatic tissue we-am were found. Similarly,
in about 40 per cent of the stressed rats we observed a blockade of LH
release as shown by the loss of cholesterol-staiming matenal in the ovary.
EVERETT Your basic procedure, as I understand 1t, was the injection
of eestrogen during early pregnancy, with examination of the corpora
lutea two days later l‘or cholesterol storage. In the ammals subjected
to stress was there any interference with the induction of ovulation by

n?

Tositras: The number of ova was also decreased 1n all stressed gro upt
Dr. Dordoni and T wondered how our results would fit in with your
1des of an adrenergic stimulation since drugs other than Dibenamine,
such as adrenaline and eserine, and even formalin and spinal cord
resection could preclude LH release.

EvERETT: We have used other substances than Dibenamine. In
addition 1o Dibenamine, SKF 501, atropine and Banthine, we have used

an e adrenolytics, in amounts
‘which one would expect to be inducive of stress. Under theconditions 1n
which we administered these other agents there was no interference
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with the sp ovulation i We did not try them
the pregnancy experiment.

Trmiras: We have found in our experiments that there was some
relation between the weight of the adrenals and of the thymus and LH
blockade. We believe therefore that intubition ef LII secretion from
the hypopliysis might be explained—at least in part—Dby a shift in the
sceretion of the pitwitary.

Evererr: That idea occurred to us. For that reason we not only
took into sccount the injection of these other agents, which were ot

. T s e Pl Pl

Lvererr: No .

Sawyrn: In the rabbit dibenzylaminocthanol has an even more
shocking effect on the animal than lias Dibenamine, and yet the animals
ovulated normall 3

Trvigas: I have been speaking of experiments in the rat, not in the
rabbit.

Sawvyer: The rat 1s, of course, a more difficult animal with which to
work on the mechanism of Dibenamine nction because .ofv the .-]m:%
i o e R AR
with
used t
stimu

by

rather dangerous, that there may be local damage. I would hke 0
know what Dr. Harris thinks about that.

Tlarprs: I think that possibility that you are damaging at least SQH}S
cells of the anterior pitwitary does mean that you require fairly rigl
controls. 3

Manker: I think we supplied the controls when we applied the
acetylcholine.

SawvER: And the XCN, and the electrodes. ,

Harws: May I ask Dr. Everett whether he has tried Tod:rymz the

. \ .

R P e N N N aah
7 -
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THE INFLUENCE OF CERTAIN ADRENERGIC AND
CHOLINERGIC DRUGS ON URINARY GONADO-
TROPHIN OUTPUT IN AMENORRHEIC WOMEN

4. C. CROOKE

TuE beautiful series of experiments descnibed today by
Everett and his co-workers and by Harris suggest that the
flood of gonadotrophin from the pituitary gland which stimu-
lates ovulation is mediated by adrenergic andfor cholinergic
impulses. We have investigated the effects of adrenergic and
cholinergic drugs on the gonadotrophin output in man.

Material and Methods
I. The Drugs

The adrenergic drug used in these experiments was am-
phetamine sulphate (dexedrine). We chose this substance
because we have sometimes observed that amenorrheeic
women treated with amphetamine sulphate for obesity begin
to menstruate, even when they fail to lose weight. The first
instance of this was an cut-patient Sister, aged 87, who had
had amenorrheea for 15 years. She began to menstruate
after 6 weeks treatment with amphetamine sulphate but she
failed to lose weight. She continued to menstruate regularly
for three months while receiving treatment and stopped when
treatment was suspended. In recent months we have used
L-amphetamine (levedrine) because Chance (1951) has stated
that lzvedrine causes ovarian hypertrophy in the intact, but
not in the hypophysectomized rat, whereas dexedrine has no
such action. We have used this drug orally in doses of up to
60 my. daily.

The cholinergic substances which we have used are prostig-
mine and acetyl-beta-methyl-choline-brormide {amechol). We
tried prostigmine because of 1ts well-known action in causing

179
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menstruation when used as a test for pregnancy. We have
given it subcutaneously in doses of up to I mg. 4-hourly for
5 days. We have given amechol orally in doses of up to 200
mg. hourly for 24 hours and subeutaneously in doses of up to

25 mg. -hourly for 4} hours.

II.  Clinical Material

We chose 14 young adult women with amenorrhea for at
least one year. The youngest was 18 and the eldest 81 years
Four hiad primary amenorrheea. The remaining 10 had had
amenorrheea for an average of 4} years, with a mimmum of
1 year and 8 months, and a maximum of 8 years. All but
8 had previously been attending the fertility clinic, often for
more than a year, and had had the usual routine investigations
done,

III. The Urinary Gonadotrophin Assay

Twenty-four-hour samples of urine were treated by the
kaolin adsorption method described by Dekanski (1949) .and
by Loraine (1950), and assayed by the mouse uterus weight
method deseribed by Klinefelter, Albright and Griswold
(1948). The results were expressed m umts of a standard
prepared in our laboratory from urine of menopausal women
These units correspond fairly well with the mouse units of
other workers, and normal menstruating women excrete up to
15 units a day.

Results . i

The results of treatment may be convenently divided into
those observed by gonadotrophin assay and those produce
clinically.

We have carried out 24 experiments on 14 women but we
have used levedrine alone in only one experiment because Wé
have rarely had any clinical response n women with such
prolonged amenortheea, In this experiment there was no
significant increase in the output of gonadotrophin. . We have
also carried out only one experiment with prostigmine alone
and this again showed no significant change.
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In the remaining 22 experiments we have used combina-
tions of lvedrine with prostigmine_or with amechol, or clse
amechol alone. We have failed to demonstrate an increase in
the output of urinary gonadotrophin n 5 women treated
intensively for short periods They were first given 40 mg.
of levedrine by mouth and then 25 mg. of amechol subeu-
taneously 3-hourly for 4} hours, or 125 mg. }-hourly for 9
hours. Treatment for longer periods sometimes appeared to
cause a sigmificant nise 1 the level. More often there was a
tendency for the level to rise gradually for a day or two after
treatment was stopped, as shown in Fig. 1 (e and b).

Four of the patients had persistently high levels of gonado-
trophin output but were otherwise clinically indistinguishable
from the rest Treatment did not cause any immediate
change but there was a tendency to fall to low levels a few
days after treatment ended.

One of these patients was observed to have a high level in
May (Fig. 2a) and on several previous occasions, but in June
she was found to have a level which was normal for menstru-
ating women. It rose during treatment and fell afterwards
(Fig 2b) and she menstruated 3 days after fimshing treatment.
This 27-year-old woman had had amenorrheea for 6 years,

Clinical Results

1t 1s difficult to assess the value of the chimeal results in a
series of only 14 patients treated with three different drugs in
different dosages for a maximum period of only 7 months.
However, six of the ten women with secondary amenorrheea
for an average of 4} years have menstruated, and two of the
four women with primary amenorrhoea have also menstruated.
These last two are perhaps of greatest interest. One, aged 31
years, has had anovular menstruation on three successive
occasions within two days of finishing treatment. Each period
has increased somewhat in amount and in length over the
previous one. The other woman, aged 26 years, menstruated
17 days after finishing treatment. She had apparently ovula-
ted within a few days of finishing treatment, as judged by the
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menstruation when used as a test for pregnancy. We have
given it subcutaneously in doses of up to 1 mg. -hourly for
5 days. We have given amechol orally in doses of up to 200
myg. hourly for 24 hours and subeutancously in doses of up to
25 mg. }-hourly for 4} hours.

I1.  Clinical Material

We chose 14 young adult women with amenorrhees for at
least one year. The youngest was 18 and the eldest 81 years.
Four had primary a theea.  The remaining 10 had had
amenorrheea for an average of 41 years, with a minimum of
1 year and 8 months, and a maximum of 8 years. All but
8 had previously been attending the fertility clinic, often for
more than a year, and had had the usual routine investigations
done.

III. The Urinary Gonadotrophin Assay

Twenty-four-hour samples of urine were treated by the
kaolin adsorption method described by Dekanski (1949) fiﬂd
by Loraine (1950), and assayed by the mouse uterus weight
method described by XKlinefelter, Albright and Griswold
(1943) The results were expressed in units of a standard
prepared mm our laboratory from urine of menopausal women.
These units correspond fairly well with the mouse units of
other workers, and normal menstruating women excrete up to
15 units a day.

Results

The results of treatment may be conveniently divided 1nto,

those observed by gonadotrophin assay and those pmduced
clinically.

We have carried out 24 experiments on 14 women but W&
have used levedrine alone in only one experiment because W¢
have rarely had any clinical response 1n women with such
prolonged amenorrheea  In this experiment there was no
significant increase n the cutput of gonadotrophin, We have
also carried out only one experiment with prostigmine alone
and this again showed no sigmficant change.
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alone and samechol alone. Moreover, it scems that short
periods of treatment lasting only a few hours are quite as

AaTe
L. 10 mg, x 3 dally

A.400 ng, x 5 dally
405 —a

135
45

15

W.H.B, Units

5 & 7T B 8§ 10 1N 12
May

A.400 mg. x 5 dally

N mn

W.K,B, Unite
-
o

3 1 2 3 4 5 & T 8 9
Mey June
Fio 2.
AT Duly output of urinary gonadotrophins in a woman aged
27 with <X years amenorthea treated with levedrme (L) snd
amechot (A)
Daily output of unnary gonadotrophins n the same woman
treated with amechol (A) only,

often followed by menstruation as are intensive courses
lasting for five days.
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examination of an endometrial biopsy specimen taken within
an hour of commencing menstruation,
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' Po 1 mZ. 4 hrly,
n 135
N £
4
i 45[
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=
= 5}
ot
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|
A.400 mg. x 5 dally
—

oo 135
s
E 45}
W\ 1sf
=
s 5
[}
5 6 7 8 9 10 1 12
. vy
: Fio. 1.

E.C. Dady output of utinary gonadotrophins in a woman aged
30 with four years amenorrhicea treated with Levedrine {L) and
prostigmine (F),

M.F.C. Daily output of urinary gonadotrophins n & woman
~ aged 20 with three years amenorrheea treated with Lesednne
(1.) and amechol (A).

Menstruation has occurred in these eight women after pro-

* v A .
stigmine and levedrine, amechol and levedrine, prostigmine
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terms of this standard, but they might equally be expressed as mouse
units, We also take rather big steps from one concentration to the next
1 order to cover a wide range of concentrations. ‘Three normal women
whose output we have studied daily over one or more eycles, by this
method, have shown very even curves. Generally 1t is consistently
below 5 urats till nud-cycle when it tises to 15 units. This corresponds
well with what others have found.

Quermo: I think we must have a number of expenmenu under
controlled conditions, in the sense that nobody knows what is being
injected. Sometimes women will be amenorrheric for a couple of years,
they come to the office, you only talk to them, and a month later they
menstroate.

N ‘(_?xcom: Tlm. is true, And I thmk thcn: is much more v\ark to do

tr

therefore, a good control and 1t was some lmlc time before I begnn to
think that benzednne might have o do with
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Discussion

The significance of thesc preliminary observations must
await confirmation from a larger scries of patients but it scems
unlikely that the high incidence of menstruation in this group
1s fortuitous and very unlikely that ovulation would have
oceurred unless the pituitary gland had been activated. Itis
difficult to see, however, why any drug acting on the pituitary
gland should be effective in causing menstruation in womer
who are already excreting normal or even excessive amounts
of gonadotrophin. It is possible that the cercbral stimulus to
the ovaran cycle has failed and that therersnevera sufficiently
great surge of gonadotrophin to cause -ovulation. The pit-
witary might then continue to secrete gonadotrophin at 8
constant slow rate, but as the ovary gradually fails the amount
of gonadotrophin secretion would increase. Yet it seems from
our results that even when 1t has reached menopausal levels
it may still be possible to resume normal ovarian functioqasa
result of adrenergic or cholinergic stimulation.
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Fig. 2 demonstrates the effect of an extract from a dog's
hypothalamus before and after incubation with histaminase.

SESTSESES ES

(4) The active agent 1s resistant to boiling with 6 N-hydro-
chloric acid m a water bath for one hour.

(5) The agent is not mactivated by crystalline trypsin
prepared‘ by our colleague Dr. P. Edman.

)] |

Fio. 2 Guinea-pig's fleurn 5 0 02 ug lustamune (base) H
and Hp 0 15 ml of an extract of a dog's hypothatamus befare
Tt

The smallness of the median eminence presents a hazard in
these experiments. In cats the region excised and here
referred to as the median emmence has a weight of 0-7-2 mg.,
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THE OCCURRENCE OF HISTAMINE IN

CEREBRAL REGIONS RELATED TO THE
HYPOPHYSIS

G. W. HARRIS, DORA JACOBSOIIN end G. KAHLSON

It is well established that the neurohypophysis contains
histamine. Tlis amine is a potent stimulant to certain glan
dular structures, for example the parietal cells of the gastr®
mucosa and the chromaffin cells of the suprarenal medulla
It has been suggested that definite nerve fibres, referred to 2
*histaminergic,” control the activity of effector cells by the
liberation of histamine (Ungar, 1935; Ungar and Parrot, 193%
Kwiatkowski, 1043). N

The aim of the experiments reported here was to investigate
the occurrence of histamine in the hypophysis and in those
parts of the brain which are linked up with the hypophys'®
by the hypophyseal portal vessels or by nerve fibres.

The active agent, here referred to as histamine, has the
following properties:— .

(1) It contracts the atropinized guinea-pig’s small intestiné.

(2) It 1s inactrvated by the enzyme histaminase preparc
from the pig’s kidney.

(8) Its activity on the isolated intestine is antagonized by
the antihistamine substance neoantergan. This test was
performed as described by Roberts and Adam (1950) and i
illustrated in Fig. 1. At the marks § and E, respectlvel}"u
0-01 pg. histamine (base) and 0:08 ml. of an extract of a dog’s
median eminence was added to a bath in which a piece of gub
was suspended. After adding 01 ug. neoantergan to the bathy
histamine and the extracted median eminence in the previo"ﬂy
applied doses have no visible effect on the gut. Recovery ©
the sensitivity of the gut to equiactive doses of the standard
histamine solution and the extract occurs at a similar rate.~

186
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of this extract is equiactive with 0:022 g, histamine (base).
On incubation with histamase the quick type of activity
disappears. The histamine free extract now causes a slow
type of contraction if the extract is left in the bath sufficiently
long. The oxytocic activity in the rat’s uterus is destroyed on
boiling with 6 x-hydrochloric acid in the water bath for one
hour (Fig. 4). It can thus be excluded that the oxytocic
activity of the median eminence may simulate histamine-like
activity in the assay on the gut.

[}

o] [}
hydr hydr.

Fic. 4 Rat’s uterus. O and Opgq,. respectnely, oxytooic
activity of extract of the international standard powder before
and after boling with 6 N-hydrechlonc acid.

Table I represents the histamine content of the total brain
and some regions which are not specifically linked up with the
hypophysis. In these regions and the total brain, extracted
with trichl ic acid, the 1 ine concentration is too
low to be estimated with certainty. ‘The figures for total
brain confirm those published by Kwiatkowski (1943).
Conspicuously high figures for histamine in nerves and peri-
pheral ganglia have been recorded by Koshtojans et al. (1945)
and by von Euler (1949).

Table II shows the histamine content of the anterior and”
posterior lobes of the pituifary gland, of the hypothalamus,
of the median eminence and of sympathetic gangha (in the
cat superior cervieal, in the dog cceliae). The tissues were
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indogs 5-12 mg., in pigs 10-15 mg.” The median eminence of 2
dog may contain 0-1 g, histamine. A proper assay and identi-
fication on the cats’ blood pressure requires the equivalent
of approximately 1-0 pg, histamine (base), five to ten times the
quantity extractable from the median eminence of a dog. A
sensitive piece of guinga-pig’s gut readily responds to 0-01 g
histamine, With a few exceptions the assay and identifies-
tion was done exclusively on the gut.

The extraction of very small quantities of histamine also
entails hazards. In experiments where 0:05-0-1 pg. hista-

g
Wl

HHO OhHHOhHHHH

e (hase)
+-—-tional

Rie: § Cumenprgs levm | 110,022 pg, huster
. alter

Nanin

_mine (base) was added to 10-20 mg. of minced brain, recovery
was better with acid alcohol than with trichlomcetic. acid.
With these small quantities recovery was inconsistent,
varying between 35 and 100 per cent. It thus must be con=,
sidered a possibility that the figures given here for the content
of extractable histamine are lower than the amount actually
present in the median eminence. - .

We have observed that extracts of the median eminence
exert oxytocic activity on the rat’s uterus used as descr.lbed
by Pamela Holton (1948). Obviously it must be ascer}nmfd
whether the histamine-like activity of the median eminence
on the guinea-pig’s gut is in part due to this oxytocic Bgeﬂt'
From the international standard powder of posterior pituitary
lobe a solution 1 part in 1000 was prepared. In Fig. 3, 0-2 ml.
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Table I

HISTAMUNF IN 5G.f6 IN INeebre~NT PARTS OF THE BRAry  (EXTRACTED
Wittt TRICHLORACETIC ACID)

Totat brawn Thalamus Nuclens cawdat Corebellum
- o
Guinen pig <01
Guinea pig <01
I
Guinea piyg <01
Cat . <0 04
B—
Cat <0 03
= I
Cat . . <003
A I
Cat . <0 06
< —
Cat <0 06
I—
Cats (9)* <02
Cats (5) . <04 <06 <0 05
Dog . <03
It [
Dog <0 03 <005
Dog <0 8 <01 <0 05
Dog <02 <02 <02
Dog . <01 <01 <01
Dog <01 <01 <01
R
Dogs (2) <0 03 <0 03
bl SRR
Prgs (2) - <01 <0 06
E—
Pigs (3) - <0 01 <0 02
Pigs (8) . - <0 03 <0 03 <0 02
T
Pigs (3) . - <0 04 <0 0t
e
Calfs () - ] <oz |
TR
JCalfs (2) - . <01 l <0 02 ’

The fgores 1m parenthesss indicate te numbee of braios pooled m prepariug extracts
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DISCUSSION

Loxg: Dr. Kahlson'’s paper suggests the possibihty that histamine
may be a specific stimulant for ACTH secretion.

Kanrson: Idon’t know of any expeniment which proves that histamine
is a speaific stimulant for the secretion of ACTH. There are guesses
and indmstmns. We would get nearer some!hmg resembling evidence

- - a mmambn h cbmonia admneal o

or otherwise induce secretion in the anterior lobe.
Lone: The identity of the neurohumoral transmtter between the
nerve endings in the median eminence and the cells 1s a matter of
considerable interest. It has been sugpested at one time, I think by
Dr. Markee’s group, that 1t was adrenergic in nature, It would be
interesting if this were the case since 1t might allow for a reconciliation
between the views exprcssedlby Dr. Harris and ourselve
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xmm.crsed in acid alcohol or trichloracetic acid as soon as
possible, 10-80 minutes after death. Confirming previous
‘\:orkcr.s. the posterior lobe, with two exceptions, contams
histamine in high concentrations, The anterior lobe, with a
few exceptions, 15 also very rich in histamine. The hypothala-
mus, as a general trend, compares approximately with the
.conccntrntion in sympathetic ganglia, The median eminence
is conspi ly rich in hi i The actual concentration
in the median eminence proper may possibly be considerably
higher than indicated n the table. In the first place, the
histamine may be restricted to a minor region of the structure
which was excised and extracted. Secondly, unknown pro-
portions of the minute quantities of histamine originally
present might have been lost during the processes involved it
Prepnring the samples for the final assay on thegut. In several
instances the histamine concentration of the median eminence
is of the same order as in the gastric mucosa where histamine
is believed to act as a stimulant to the parietal cells (Emmeln
and Kahlson, 1944).

In contrast to sympathetic ganglia, the histamine coneen
tration of the anterior and posterior lobes of the pituitary, the
hypothalamus and the median eminence varies greatly in
different individuals of the same species. The range of
individual variation in the histamine concentration is narrower
ift the median eminence than in the anterior lobe. This fact
might be taken to indicate the possibility that in the median
eminence histamme may be related to nerve terminals from
where histamine, dependent on the state of activity, is carried
to the anterior lobe in quantities anywhere between minimal
and maximal. Tt is possible that in the hypothalamus hista-
mine is contained mainly in those neurones which terminate
in the median eminence.

Much work remains to test these speculations and to se¢
whether histamine actually has a specific effect on the anterior
pituitary gland similar to its capacity to induce secretion
in the pametal cells of the stomach and to liberate adrenaline
from the suprarenal medulla, !




THE INFLUENCE OF VARIOUS STEROIDS AND

STEROID HORMONES ON THE HORMONAL

ACTIVITY OF THE ANTERIOR LOBE OF THE

PITUITARY GLAND--EXPERIMENTS IN HUMAN
BEINGS

CHRISTIAN HAMBURGER and MOGENS SPRECHLLR

TuE aim of the investigations to be reported here has been
to throw light on the interaction between the hypophysis, the
gonads and the adrenal cortex in man by determinations of
the urinary excretion of 17-ketosteroids (17-KS) and reducing
corticoids during the administration of various steroid sub-
stances.

The experimental subjects were normal healthy persons and
patients suffering frem rheumatoid arthritis and other
“collagen diseases,” cancer of the uterus, and Addison’s
disease.

Twenty-four-hour-urine specimens were collected carefully
and examined for 17-KS and for reducing corticolds  The 17-
KS were determned by the technique deseribed by Hambur-
ger and Rasch (1948), and the corticoids by Sprechler’s
method (1950), which involves the determination of the redue-
ing property of the ketonic fraction of chloroform extracts of
the urne specimens. (Usually the steroid excretion was
determined for 4-5 days prior to the first injection, during
the administration of the steroids, and for some days after-
wards.)

The interpretation of the experimental results meets with
several difficulties, the most important of which are the
following,—

We presuppose that in women the urinary content of 17-KS
<reflects a function of the adrenal cortex, and only of this.
This presupposition might be incorrect, as the human ovaries

195
N



194 General Discussion
MLo et et A Aeemann mie o mcmnbenall s Tathal dncames bt

‘ PO | -

Py u o . - '
substances the interpretation 1s difficult because these drugs have so
many effects. One action which might be quite mmportant 1 ths
connection was demonstrated by Emmelin and Muren in our Jaboratory,
They found that some antihistaminic substances are potent hiberators
of adrenaline from the adrenal medulla.

As to listamune, I have seen some interesting papers where histamine

3 u Lave e e 2 i am ag vathar large,
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from the chromaffin cells It scems more accurate when using big
- X T e —-litemm AF ACYILT ¢ vefer 0 histamune
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were

Voor: In answer to ths last point, Istamine releases ACi sl evenn
the absence of the adrenal medulla, so T think that that 15 not the osly’
possible mechanism.

There was one ammal 1n that table which had a particularly high
Justamine concentration in the tuber, and another with a very hugh
concentration in the anterior lobe. Do you know anything ahout these
animals which made them different from the others? Their preceding
history or something? "

Kamrson: No  In future experiments we will try to correlate the
mode of killing and the state just prelimmary to death with the distribu-

tion of histamune 1n the regions under discussion.
‘
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In one case the experimental subject was a young man with
homosexual tendencies. Estrogenic substances were given
partly thernpeutically, that is in order to suppress the sexual
libido, and partly experimentally. In the course of the 10
months® observation period, 185 24-hour urines were assayed
for 17-KS, 120 of which were also assayed for corticoids. The
pre-h—eatment level of 17-KS was normal for Ius age (15 mg./24
hr.). Single intramuscular injections of cestradiol benzoate in
oily solution-resulted regularly in & marked decrease to about
7 mg. 17-KS/24 hr. The pre-treatment level was reached in
the course of about 12 days. Ten injections of 5 mg. cestradiol
benzoate each depressed the 17-KS5 for about 26 days. At one
period a istration of preg lone and cestra-
diol benzoate was given (sec below).

Before the pre-treatment level was reached, ethinylcestra-
diol was given orally daily for 5 months, the daily dose being
from 0-05t0 0-20 mg. As small an amount as 010 mg. a day
suppressed the 17-KS excretion to, on the average, 6-7 mg./24
hrs. After discontinuation of this prolonged astrogen admini-
stration, the 17-KS remamed low for 8 days and increased
gradually to reach the pre-treatment level 26 days after the
last injection.

In contrast to the 17-KS, the corticoids did not change
significantly during the cestrogen admimistrations. In some
instances there seemed to be an increase immediately after
the cestrogen, but during the long-term oral cestrogen ingestion
the corticoids w ere somewhat below the average. The difference
between the excretion pattern for corticoids (irregular fluctua-
tions) and 17-KS (rapid return to pre-treatment levels) during
the ultimate “period of recovery” was very impressive.

During the periods of decreased 17-KS excretion the testes
were small and soft, and the erech]c power and libido were
alsomarked ired ion of the nipples .
and of the skm in the genital regmn occurred, but otherwise
there were no untoward reactions.

. Single mtramuscular injections of cestradiol benzoate
(8-10 mg.) were given to 6 women. In three of the subjects-
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probably also produce androgenic substances and, therefore
may contribute to the excretion of 17-KS. It has been showr
however, that the amount of the total neutral 17-KS does no
change after ovariectomy, and determinations of the tot:
neutral 17-KS must uently be independent 'of th
ovarian activity,

We assume that the excretion of reducing corticoids in bot!

_sexes reflects a function of the adrenal cortex only, and »
think that no serious objections can be raised against thi
supposition,

Furthermore, we assume that among the hypophyses
hormones only ACTH stimulates the adrenocortical function,
admitting, however, that it has not been definitely proved that
the luteinizing hormone (LHJ could not have a similar effect.

In normal (i.e. non-castrated) men the 17-KS represent
metabolites both from testicular and adrenocortical hormones,
and changes in the 17-KS excretion can, therefore, be due
either to an altered hormonal activity of the testes or of tf'xe
adrenal cortex. If, however, both 17-KS and corticoid
determinations are carried out, we assume that a decrease o
mcrease of the 17-KS, with constant corticoid excretion,
indicate a decreased, or an increased testicular activity
respectively.

The evaluation of the steroid analyses may furthermore be
complicated by the fact that the administration of steroid
substances might alter the metabolic breakdown of the endo-
genously produced steroids. s

Summarizing, we presuppose that changes in the corticoid-

, . N A
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“changes I Lne L/-5ad wikiuuy wosscopunses - ¢
corticoids in normal men, are related to the gonadotrophie
hormones..

.Admitting these difficulties for the interpretation of our
analytical results, we shall present some cases which show the
effects of steroid hormone administration on the 17-KS and

corticoid excretion. .
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inhibitory cffect of cestradiol. In order to see whether preg-
nenolone in man would protect the hypophysis against
cestradiol, the first-mentioned patient was treated with large
doses of pregnenolone (intramuscular injections of 500 mg.
microerystals and three -800 mg. linguets) and one intra-
muscular injection of wstradiol benzoate. In spite of the
pregnenolone administration, the 17-KS decreased as after
cestradiol benzoate alone. In this ease pregnenclone did not
interfere with the inhibitory effect of eestrogen on the gonado-
trophin production.

It is well known that testosterone and its esters are conver-
ted to, and excreted as, 17-KS. After the high excretion of
17-KS a period of decreased excretion usually occurs. As this
“negative phsse” was found also in women treated with tes-

(Hamt and Kaae, 1949), it was
thought that ‘the ACTH produchon was inhibited by testo-
sterone. We can now add 3 new cases (male subjects) in which
both corticoid and 17-KS determinations have been carried
out. The 17-KS and the corticoids in a 84 years old man,
treated at first with testosterone valerate crystals, and after-
wards with testosterone propionate 1 oily solution, showed
that, after the peaks in the 17-KS, marked suppression took
place, and there seemed to be some depression of the corticord
excretion also. In a second case no suppression of the corti-
coid excretion oceurred, and the decrease in the 17-KS was
slight, although unquestionable. Very high doses of testo-
sterone propionate m oily solution were njected intramuseu-
larly to a 58 years old man. One hundred mg. were.injected
daily, and after a few days of treatment there was a marked
inhibition of the corticoid excretion.

In 8 cases the 17-KS and corticord excretion were deter-
mined before, during and after the adoumstration of cortisone
acetate. In two male patients the corticoids increased in both
cases, indicating an excretion of metabolites from the exogen-
ous cortisone. In the younger patient the 17-KS decreased,
in the other they increased during the cortisone administra-
tion. end in a third case (a woman 56 years old) 2,000 mg.
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both corticoids and 17-KS were determined, in the others only
the 17-KS. In half of the cases the 17-KS excretion increased
somewhat; in the others it was more or less diminished. The
changes cannot be regarded as significant. The slight decrease
in the corticoid excretion did not exceed the normal daly
variations. .

A surgical male castrate, 50 years old, received a single
tramuscular injection of cestradiol dipropionate. Both
corticoids and 17-KS decreased slightly, but probably not
sigmficantly.

The effect of inyections of progesterone was shown in &
healthy male 33 years of age. The total dose of 300 mg
progesterone given intramuseularly 1n oily solution, caused &
marked decrease m the 17-KS excretion and = slight decrease
in the corticoids.

Pregnenolone was given to several experimental subjects.
In the first case, a 88 years old normal man, two intramuscular
injections of 100 mg. pregnenolone (suspension of micro-
erystals) caused a moderate, but unquestionable decrease of
the 17-KS. In another healthy man, daily oral administration
of pregnenolone hnguets (50-100 mg.) did not change the
17-KS excretion, whereas a moderate decrease took place
after intramuscular injection of a total of 250 mg. In a young
woman of 25, two injections of 100 mg. each caused & gmdflﬂl
decrease in the 17-KS excretion. The corticoid excretion
showed marked fluctuations, but the average daily excretion
was the same before and after the injections, In a womsall
suffering from chronic rheumatoid arthritis, a total amount of
1,400 mg. pregnenolone acetate crystals suppressed the 17-KS
markedly, but 1n another arthritic patient 1,600 mg. of the
same preparation gave rise to an increased steroid exeretion,
especially of the corticoids. As the injections of the large
c}ystals were very painful, and the patient developed 2 f:"‘;;
regarded as a “stress reaction.” 3

Tt has been claimed (Selye, 1942) that pregnenolone 1
ammal experiments could protect the hypophysis against the

L mE—
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inhibitory cffect of cestradiol. In order to see whether preg-
nenolone in man would protect the hypophysis against
cestradiol, the first-mentioned patient was treated with large
doses of pregnenolone (intramuscular injections of 500 myg.
microcrystals and three -300 mg. linguets) and one mtra-
muscular injection of wstradiol benzoate. In spite of the
pregnenolone administration, the 17-KS decreased as after
estradiol benzoate alone. In this ease pregnenolone did not
interfere with the inhibitory effect of astrogen on the gonado-
trophin production.

It is well known that testosterone and its esters are conver-
ted to, and excreted as, 17-KS. After the high excretion of
17-KS a period of decreased exeretion usually oceurs. As this
“negative phase” was found also in women treated with tes-

t propi Haml and Kaae, 1949}, it was
thought that the ACTIL production was inhibited by testo-
sterone. e can now add 3 new cases (male subjects) mn which
both corticord and 17-KS determinations have been carried
out. The 17-KS and the corticoids in a 34 years old man,
treated at first with testosterone valerate crystals, and after-
wards with testosterone propionate in oily solution, showed
that, after the peaks in the 17-KS, marked suppression took
Place, and there seemed to be some depression of the corticoid
excretion also. In a second case no suppression of the corti-
ﬂfld excretion oceurred, and the decrease in the 17-KS was
slight, although unquestionable. Very high doses of testo-
sterone propionate in oily solution were injected intramuscu-
]3"‘1)’ to a 58 years old man. One hundred mg. were injected
fiﬂ\l'y{ and after a few days of treatment there was a marked
inhibition of the corticoid excretion.

'In 8 cases the 17-KS and corticord excretion were deter-
mined before, during and after the administration of cortisone
acelale.. In two male patients the corticoids increased m both
cases, indieating an excretion of metabolites from the exogen-
ous cortisone. In the younger patient the 17-KS decreased,
In the ulh?r they increased during the cortisone admunistra-
tion, and in a third case (a2 woman 56 years old) 2,000 mg.
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both corticoids and 17-KS were determined, in the others only
the 17-KS. In half of the cases the 17-KS excretion increased
somewhat; in the others it was more or less diminished. The
changes cannot be regarded as significant. The slight decrease
n the corticoid excretion did not exceed the normal daily
variations.

A surgical male castrate, 50 years old, received a single
intramuscular injection of cestradiol dipropionate. Both
corticoids and 17-KS decreased slightly, but probably not
significantly. .

The effect of injections of progesterone was shown in &
healthy male 83 yenrs of age. The total dose of 300 mg
progesterone given intramuscularly in oily solution, caused 3
marked decrease in the 17-KS excretion and a slight decrease
in the corticoids. .

Pregnenolone was given to several experimental subjects.
In the first case, a 83 years old normal man, two l'ntmmusc:ulﬂr
injections of 100 mg. pregnenolone (suspenston of micro
crystals) caused a moderate, but unquestionable decreaseADf
the 17-KS. In another healthy man, daily oral administration
of pregnenolone linguets (50-100 mg.) did not change th
17-KS excretion, whereas 2 moderate decrease took place
after intramuscular mjection of a total of 250 mg. Inayoun?
woman of 25, two injections of 100 mg. each caused a gradual
decrease 1n the 17-KS excretion. The corticoid excretion
showed marked fluctuations, but the average daily excretion
was the same before and after the injections. In a womat
suffering from chronic rheumatoid arthritis, a total amount f;f
1,400 mg. pregnenolone acetate crystals suppressed the I7 -KS
markedly, but mn another arthritic patient 1,600 mg. Of.the
same preparation gave rise to an increased steroid excretion
especially of the corticoids. As the injections of the large
c;ystals were very painful, and the patient developed a fever,
we believe that the increased steroid excretton must be
regarded as a “‘stress reaction.” i

It has been claimed (Selye, 1942) that pregnenolone In
animal experiments could protect the hypophysis against the
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of the corticoid excretion occurred in some cases. The fact
that the 17-KS, but not the corticoids, were depressed in one of
the normal males, might indicate that the gonadotrophin
production was also inhibited,

Cortisone acetate and deoxycorticosterone acelale seemed to
inhibit the ACTH production. From our experiments it could
not be decided whether any changes in the gonadotrophin
production occurred.

The inbibitory effects of the steroid substances on the
hypophyseal production of ‘*-trophic” hormones are fully
reversible,

General Conclusions
In human subjects the ACTH production was inhibited by
all the steroids examined—with the exception of cstrogens.
The gonadotrophin production is inhibited by cestrogens,
and probably also by progesterone and test The
effects of the other steroids on the gonadotrophin production
were not clarified by the present experiments,
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the testis as 1t 15 1n laboratory animals, but we learned that all levels of
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cortisone acetate given in the course of 19 days, caused no
significant changes in the steroid excretion.

Quite recently we have followed the 17-KS excretion during
cortisone administration in a girl 13 years of age with adreno-
cortienl hyperplasia. She excreted about 90 mg. 17-KS per
day. During the cortisone acetate injections (50~100 mg. per
day), the 17-KS decrensed, and 2 days after the last injection
the excretion was depressed to 4+5 mg./24 hr., which s normal
for her age. Then the 17-KS increased rapidly and in the
course of 7 days reached 54 mg. .

The last case to be reported here is a female Addisonian
patient duming the administration of d icosit
acetate injections (10 mg. in oily solution daily). The total
reducing corticoids increased during the injections, probably
as the result of metabolites from the injected DCA, whereas
the water-soluble fraction from the benzene-water partition
decreased somewhat, indicating a diminished endogenous
corticosteroid production. The 17-KS did not change sig”
nificantly.

From thesc investigations we believe it justified to draw
the following conclusions:—

As cestrogenic substances suppress the 17
excretion markedly only in the presence of the testes,
no significant changes in the corticoid excretion were no

~ wsirogens seem to inhibit the gonadotrophin production b
have no gffect on the ACTH production.

Progesterone caused a marked 17-KS depression and 3
slight corticoid depression in & normal man, presumably d1¢
to a marked gonadotrophin inhibition and a slighter ACTH
inhibition.

As pregnenolone caused a depression of the 17-k
in some of the females as well as the male subjects,
inhibit at least the ACTH production. It could not
whether the gonadotrophin production was I
Pregnenolone did not “protect” the hypophysis against
gonadotmphin inhibition produced by cestrogens. )

Testosterone inhibuts the ACTH production, as & suppression

ketosteroid -
and a8
ticed,
ut to

etosteroids
it seems to
be decided
influenced

the



THE CO-ORDINATION OF HYPOTHALAMIC
VEGETATIVE CONTROLS

G. C KENNEDY

TuERE is o great deal of experimental evidence that
stimulation or destruction of well defined areas of the hypo-
thalamus causes disturbances of vegetative functions, and
that this region plays a vital part in the maintenance of homo-
eostasis. But with the exception of the supra-optic nucler,
none of the so-called nuclei of the hypothalamus has been
implicated with certainty in any speafic control. And the
absence of reliable methods of studying degenerating non-
myelinated fibres means that we have almost no knowledge of
the anatomical consequences of the lesions which have such
striking effects. So we must deduce what we can of the
relations of hypothalamic areas one with another, and with
other parts of the central nervous system, from disturbances
of physiological behaviour. Ishould like, therefore, to describe
an nvestigation of the relation between the effects of a variety
of hypothalamic lesions which appear to disturb the regulation
of energy exchange 1n the rat.

Brobeck, Tepperman and Long (1943) showed that the
hypothalamic mechanism controlling food intake was most
vulnerable in the region of the ventro-medial nuclei of the
tuber cinereum and that quite small bilateral lesions in this
area would regularly produce enormous obesity. The obesity
1s characterized by a striking increase in food intake during
the stage of development, although later the food eaten returns
to normal levels, This hyperphagia, as Brobeck has called it,
is clearly the chief cause of the obesity, as little evidence has
been found in the obese rats of any alteration in intermediate
metabolism or activity which would be sufficient to explain
the rapid deposition of fat. The limitation of hyperphagia

203
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are inferior, that is those which show certain fibrotic changes, are more
likely to be damaged by & steroid substance than are more normal testes.

During the last year, with Dr. William Maddock of Detroit, we bave
had occasion to treat eight men with chorionic gonadotrophin, and have
followed tl}c‘r‘n with testicular biopstes before and after treatment, anﬂ

were also treated with chorionic gonadotrophin. There was no change
whatsoever 1n their 17-ketosteroids, which I think bears on the pont
you have made about LH, at least choriome gonadotrophin LH, not
having an effect on the adrenal cortex, 1

Nowaxowskr: I would like to ask Dr. Hamburger about the cortica
steroid in the case of 1 d L.

HaMBURGER: The cortical steroid excretion is being determlmd“:
this case, but it 15 a very recent case, and the results have 1o
appeared yet.
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food more attractive, such as serving it as a wet mash rather
than dry, or mixing it with olive oil or nut oil, usually make
the fat rat fatter still, but never affect the weight or food
intake of the normal rat. In fact, however one disguises the
diet, palatability does not seem to affect the calorie intake
of the normal rat, but it appears to be a major determinant of
the amount the obese rat eats, and consequently of how fat it
becomes. This emphasizes two different aspeets of satiation
—a calorimetrie one which 1s dominant in the intact animal
and damaged by the lesion, and a conditioned discriminative
one which becomes more important with the accumulation of
fat after operation. Because of the wide variety of conditioned
reflexes which affeet this second aspect of satiety 1t is sugges-
ted that it is a cortical function, Finally, there 1s a third
familiar aspect of feeding behaviour which has not been
considered—hunger, the urge to eat induced by the depriva-
tion of food. It is pi in all our experiments that no
diet, however unattractive, ever reduces the weight of an
obese rat below that of 1t§ control. As their weights approxi-
mate, their feeding behaviour becomes identical. Moreover,
we have not encountered any hypothalamic lesion which will

be summed up 1n & simple diagram (Kennedy, 1951) —

CALORIMETRIC—SATIETY—CONDITIONED
{Hypothalamus) 1] {Cortex) -~
HUNGER
(Lower Centres}-

This represents food intake as being governed by a balance
between hunger and satiety, satiety having the two major
aspects I have described. The release of hunger from hypo-
thalamie inhibition causes hyperph As fat te:
a threshold is eventually reached when the damaged hypo-
thalamic mechanism is again able to inhibit hunger. As this
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with the accumulation of fat deposits is not due to recovery
from the effect of the hypothalamic damage, as hyperphagia
can be re-induced subscquently following a short period of
starvation which removes some of the fat. This conditioning
of feeding behaviour by the amount of body fat is very
striking and will be referred to again,

Hyperphagia is not merely undiscriminating voracity. A
hyperphagic rat may eat three times as much of its normal
diet as its unoperated litter mate, but when offered an un-
appetizing food such as a mixture of its usual diet with
powdered kaolin, it refuses it completely. Yet the unoperated-
rat immediately increases the bulk of food it eats to compen
sate.more ar less exactly for the presence of the diluent, so that
it obtains the same calorie intake as before (Kennedy, 1950)-
So strong is this urge to cat for calories that the normal rat
can be made to quadruple the bulk 1t usually eats in order to
maintain its nutrition, The discrimination shown by the
obese rat is condittoned by the amount of fat in its depots.
Soon after operation 1t may eat more of a kaolin mixture thaln
a control animal and continue to get fat on 1t, but when it 15
obese it appears to prefer to live on its fat and it may et
nothing for as long as ten to fourteen days. Naturally, 1t
loses weight, and as it does so its food intake gradually
increases, until finally it cats precisely the same amount as the
control animal and 1ts weight becomes steady. The weight
level at which this oceurs is characteristic for the animal m}d
the particular diet. By varying the proportion of kaolin in
the mixture one can make a fat rat take up a different weight
for each proportion. The effect is not restricted to bulkys
adulterated diets. Almost any method of making foodless
attractive, such as feeding it dry, with a restricted fluid
intake, or adding unpleasant flavours, affects the food intake
of the obese rat more than that of the normal one. Miller,
Bailey and Stevenson (1950) have reported similar EITC.C“
from adding quinine to the diet and from using mecham'c"*’
devices to restrain the animal from reaching its food easily.
The converse is also'true, that things which apparently make
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thalamic hyperphagia from those areas responsible for other
hypothalamic symptoms, and secondly, to demonstrate the
integrity of the co-ordination of vegetative functions after
damage to these hypothalamic areas,

First, the relation between food and water intake (Bruce
and Kennedy, 1951a). In general, on the stock diet we use, a
normal rat dninks about the same weight of water as it eats
of food, and day to day variations in the one are mirrored.in
similar changes in the other. Strominger showed that thisrela-
tion 1s usually preserved in hyperphagia and wehave confirmed
this. Now by careful placing of hypothalamic lesions one can
produce hyperphagia' alone, or combine it with diabetes 1n-
sipidus, or produce diabetes insipidus alone. Richter (1938)
has given reasons for regarding the limiting water intake a day
in diabetes insipidus in the rat as about equvalent to the body
weight of water. We have produced a number of hyperphagic
rats in which the water intake on a normal intake of food was
of this order but when eating is unrestrnicted, such an animal
doubles 1ts food intake, and its water intake increases propor-
tionately so that 1t may exceed twice the animal’s body weight
aday. Such animals have severe d ge to the hypothal
centres concerned in the control of both food and water intake,
yet the “co-ordination” of food intake and water ntake is
still preserved, It ean hardly be argued that the hypothala-
mus 15 essential for the co-ordination. The more likely
explanation is suggested by the fact that the apparent co-
ordmation can easily be upset in either the normal or the
operated animal by changmg the chemical composition of
the diet, so as to vary the excretory load on the kidney. The
usual relation between food and water intake is probably due
merely to the fact that any change in the amount eaten
naturally changes the excretory load on the kidney and there-
fore the volume of urine, which is ultimately the chief deter-
minant of the water intake. As the sensitivity to osmotic
diuresis is preserved in diabetes insipidus, the effect is still seen.

Chnically, the assotiation between obesty and changes in
the sex cycle is famliar and early reports on experimental
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stage is approached, hunger becomes weaker and the cortical
aspect of satiation becomes more important.

This leads us to the inter-relations of the hypothalame
mechanisms concerned in the regulation of energy exchange.
Dr. Brobeck has suggested that the hypothalamus integrates
all the processes of energy exchange. As he has pointed out
{1946) an animal must constantly submit to changes in diet,
in work and in environmental temperature, and the precision
with which it always manages to balance its energy equation
is suggestive of central co-ordination. He has made the
intriguing suggestion that the basis of the integration is the
effect which all these environmental changes have on tempera-
ture regulation. Dr. Strominger (1947), also of Yale, has
suggested that there may be an inter-action between the
tuberal centres concerned in these effects and the supra-
optic centres concerned 1 the control of water balance. I
should first like to make the general point that even if one
grants the existence of central co-ordination, it need not be
hypothalamic. The central control of food intake must
involve more than one level in the central nervous system—it
probably involves  much more complex hierarchy than the
simple one I have suggested. And if one considers the analogy
of the motor system, the more complex co-ordinated patterns
of movement are represented in the cortex, while the simpler
more specific effects on individual muscles are elicited by
stimulation or destruction of lower levels, such as the motor
tracts or anterior horn cells. The crowding together of the
descending pathways makes them more vulnerable to small
lesions than the cortex, and 2 similar effect might explain the
relative ease with which one can elieit symptoms by damage
to the hypothalamus as compared with, say, the frontal
cortex. The anatomical simplicity and comparative primitivt'?-
ness of the hypothalamus make 1t seem more likely that. it
should be concerned chiefly with reflex rather than co-ordin-
ating functions. .
imental approach has been, first, to distingu!

Qur experl . <
the anatomical area concerned in the production of hypo-

sh
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itself perfectly well on half that at 94°F. And this is a steady
state, maintained indefinitely and not altered by subsequent
acclimatization. So far as.we can judge, the rats remain just
as active as at the lower temperatures. Now the hyperphagic
rat adapts to these conditions equally well and shows no evi-
dence that its temperature regulation is disturbed, It main-
tains its previous rate of growth, but does it by eating 10 g. a
day less, as the normal rat does, I think thercfore that one
can draw two conclusions—that the satiety mechanism is not
directly affected by environmental temperature, and that it is
concerned in regulating the excess of food intake over current
needs, not the absolute level of intake, If food is removed
from the body again after absorption, as 1t is for example in
lactation, the hypothalamus appears to take no account of 1t,
Normal rats treble their food intake during maximat lactation,
but the growth of their litters reflects the re-export of two-
thirds of the food they absorb. So the high absolute food
intake is not mhibited by the hypothalamus. It is difficult to
see, on thermodynamie grounds, how the body could be pro-
tected against an excess of heat and plethora of fat by the
same centre. Food does not become the concern of the
temperature regulating mechanism until it has been burned
and has yielded its energy as heat. But it is clear from our
feeding experiments that the chief determinant of the activity
of the satiety mechamism is the level of fat in the depots.
And as the potential energy of all this material is intact,
sensitivity to its presence could only be achieved by a chemo-
sensitive centre, presumably reacting to changes in blood
metabolitessecondary to the presence of the fat. Measurements
of fat turnover have been equivocal, but just as the fat
accumulates in the depots as a result of an excess of available
food in the circulation, I imagine 1t nught in turn raise the
level of blood metabolites. There certainly is an increase of
blood fat, for example, m the obese rat. 1 suggest that the
tuberal nuclei of the hypothalamus must constitute a satlety
centre with ch itive 1 toV ’s
osmo-receptors or the CO,-sensitive cells of the re

i
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hypothalamic obesity stressed the occurrence of simil
associations, It is, of course, difficult to isolate individu
hypothalamic areas exactly, and just as it is possible to pr
duce diabetes insipidus in association with obesity, so also
variety of sex effects may be produced. A proportion -
operations carried out with the intention of producing obesil
fail, although 1t can be shown that the lesions are usually ver
near to the correct area. A comparison of the sex effect
produced by these lesions has shown that they are 1dentic:
with those in the obese animals (Bruce and Kennedy, 19515

Finally, the relation between obesity and the control «
body temperature, Brobeck (1948} has summarized his hypo
thesis of food intake as a method of temperature regulatio
by saying that the animal eats to keep warm and stops eatin,
to prevent hyperthermia. He considers that it controls it
food intake by sensitivity to the heat released during meta
bolism. I shall try quickly to outline our reasors for dis
agreeing with this view and our evidence for a contrary
hypothesis.

Brobeck has shown that rats exposed to temperatures of
over 90°F. refuse food, lose a good deal of weight and become
pyrexial. He suggests that the refusal of food is the primary
effect and that the loss of weight 1s due to the animal calling
on stored energy reserves. If that is so, the rat appears to
derive no advantage from restricting its intake of exogenous
calores, because it replaces this with endogenous food, which
of course is just as pyrogenie. And it does not, in fact, succeed
in preventing hyperthermia. In any case, it appears just as
likely that the catabolism associated with fever is the primary
effect and the animal refuses to eat because it is already
deriving all the food it can handle from the breakdown of its

- own tissues. Because of this difficulty in interpretation, we
have tried-to avoid causing fever in our animals by stepping
up the rate of ventilation in our hot room. Itis q\{ite easy.to
do this and still to reduce the heat‘lost by the animal to its
environment very considerably. We have f:?und that_a ra.at

ich eats about 20 g of food a day at 75°F. can maintain

whi
p.



Hyrornatamic VEGETATIVE CONTROLS 209

itself perfectly well on half that at 904°F. And this is a steady
state, maintained indefipitely and not altered by subsequent
acclimatization. So far ns.we can judge, the rats remain just
as active as at the lower temperatures. Now the hyperphagic
rat adapts to these conditions equally well and shows no cvi-
dence that its temperature regulation is disturbed. It main-
tains its previous rate of growth, but does it by cating 10 g. a
day less, as the normal rat does. I think therefore that one
"can draw twoconclusions—that the satiety mechanism is not
directly affected by environmental temperature, and that it is
concerned in regulating the excess of food intake over current
needs, not the absolute level of intake. If food is removed
from the body again after absorption, as it 1s for example in
Voo e T s S A

N .

thirds of the food they absorb. So the high absolute food
intake is not inhibited by the hypothal Itisd It to
see, on thermodynamic grounds, how the body could be pro-
tected against an excess of heat and plethora of fat by the -
same centre. Food does not become the concern of the
t ure regulating hanism until 1t has been burned
and has yielded its energy as heat. But it is clear from our
feeding experiments that the chief determinant of the activity
of the satiety mechamism is the level of fat in the depots.
And as the potential energy of all this material is intact,
sensitivity to its presence could only be achieved by a chemo-
sensitive centre, p bly reacting to changes in blood
metabolit dary to thep f the fat. M t:
‘of fat turnover have been equivoral, but just as the fat
accumulates in the depots as a result of an excess of available
food 1n the circulation, I imagine it might in turn raise the
level of blood metabolites There certainly is an increase of
blood fat, for example, n the obese rat. I suggest that the
tuberal nuclei of the hypothalamus must constitute g satiety
centre with chemo-sensitive neurones analogous to Verney’s
osmo-receptors or the COysensitive cells of the respiratory
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centre. If this be granted, little central co-ordination of the *
different aspects of energy exchange need be postulated.
Certainly we have been able to find no evidence of such co-
ordination by the hypothalamus.

Although these experiments are concerned with a hypo-
thalamic control which is probably not mediated through the
pituitary, I think they are germane to the present discussion
because they illustrate what may be one general type of
hypothalamic reflex concerned in homoeostasis, invo]ving
direct chemical sensitivity to a disturbance of the internal
environment.
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be clanfied by thinking in terms of SDA rather than the total calonc
valye of the food. For example, we know that during growth and
during lactation the so-called SDA is less, and it would presumably
require a larger quantity of food to liberate a given amount of heat in a
lactating amimal than 1t would in & normal animal.

Dr. Bal Anand in our laboratory has recently found that Iesions in
$ha he b habocmnes goram aee lim Alomn ALs ven A8 a8 The Wameodes hon

and he finds, as Dr. Kennedy has described, that when these lesions are

first made our lestons to produce obesity, the aumals never eat agam,
Following Iesions ahead of or behind this area, the rats may show for u
few days a fall 1n food intake, which eventually returns to normal.
Dr. Anand has done the same sort of expertments in the other plane,

on the other sde there 18 no further food ntake and the ansmal dres of
starvation. The paper has been mecepted by the Proccedings of the
Society for Experimental Biology and Medicine (and published 1 com-
pleted form in the Yale J. Biol Med , 1951, 24, 123).

KENNEDY Ttis surpnising that one can localize this area because, as
Dr. Brobeck has himself probably found, if one just misses the right
place in trying to make an ammal fat one gets acute anorexia, and, as
e says, such ammals always die. What puzzles me about 1t, and why
Tsad specifically **chronic anorexia” was that I've never seen an ammal
Goaon Es‘in Simmonds’ disease or 1n anorexia nervosa, and live on a

Broprck: I think I ean answer that, although not completely. The
lesion in the region marked - 1n our diagram led to a reduced food
Intake for fairly long penods of tume, and there was often in such rats a
complete absence of eating for a day or two after operation. I suppose
that the of and the of besity,
taken tagether, would make one inkerested 1w the Prewble veelalness of
thus type of lesion; but at the moment the result is nearly an all or
nothig response. As Dr. Kennedy said, nearly all of us that have worked
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centre. If this be granted, little central co-ordination of the N
different aspects of energy exchange need be postulated.
Certainly we have been able to find no evidence of such co-
ordination by the hypothalamus.

Although these experiments are concerned with a hypo-
thalamic control which is probably not mediated through the
pituitary, T think they are germane to the present discussion
because they illustrate what may be one general type of
hypothalamic reflex concerned in homoeostasis, involving
direct chemical sensitivity to a disturbance of the internal
environment.
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THE INFLUENCE OF ENVIRONMENTAL
CHANGES ON THE PITUITARY*

8. ZUCKERMAN

Tne adaptive reactions of an animal in response to changes
in its environment are mediated through the nervous and
endocrine systems, The fact that the reactions are adaptive

. is, by defimition, an indication of their co-ordinated character,
and this in turn implies, first, that the activities of the nervous
and endocrine systems are integrated, and second, that the
endocrine system 1s responsive to environmental changes.
On the other hand (and with the exceptions of the adrenal
medulla, neurohypophysis and possibly the islets of Langer-
hans)such evidence as points to the existence of a secreto-motor
innervation of the endocrine organs is both controversial and
shght, and the way in which the environment influences the

endocrine system is ‘consequently little und d It is,
however, widely d that the hypothal the led
head of the ic nervous system, plays an

important part in the process.

The environmental factors which influence the endocrine
organs may be “physical” in the sense of an alteration in
hours of daylght, or “social” m the sense of stimulation
deriving from the group of which an animal is part. Some
changes appear to be mediated through the sensory modality
of touch~for example, the stimulation arising from coitus (or
pseudo-coitus) which, in the rabbit or ferret, results in
ovulation; stimulation of the reproductive tract which m the
rat leads to pseudopregnancy; the pressure-pattern of the
eggs which determines the number of eggs that are laid by a
bird in a single clutch; and the nipple-stimulation on which

*This paper was not given at the Coll
e o g B e loquium, as the author wa{ absent
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with hypothalamic lesions have found that some lesions have produced
anorexia, and T had been under the impression that this was beeause
the lesions were large. I attempted to persuade Dr. Anand of this when
he first noted these amimals, but he began workmg with smaller and
smaller lcsu:ns and ﬁm’l‘]ly was able to localize the effective lesions very
e rernd Y Yo e n Pani et A

nraacaly, i

c
kaolin stufl that'the others will. Has anybody expérimented péripher- <
ally by destroymg the taste buds and the sense of smell in these animals
to see 1f this prevents overeating and obesity? 1 would think it is
worth while, '

Kenvepy: I don’t know whether anyone has done this. We
certamnly haven't done it, And I quite agree that 1t ought to be done.

Bronrck: Another type of experiment that should be dome (Dr.
Kennedy may have done this, but we haven’t) consists in putting these
animals on & kaolin diet or something hke that before operation, and
then making the Jesions to see 1f under such conditions the animals might
not. eat larger quantities of a diet to which they were accustomed. There
is no doubt that changing the diet disturbs them, and whether they
would eat these same dsets 1f they were used to them as normal animals,
we don't know, Do you know?

KenneDY; No, I don't—although we have gone on giving this sort of
diet for three months or so, and they don't get reconditioned to1t during
that period.

L e " [ A S S S o )

but when the lesions are small enough there 15 10 cbvious sleepiness.

Parkes: The animals won’t drnk if they don’t eat, will they?

Brorsck: No, We haven't done the really careful measurements of
~water intake required to distinguish betw een evaporation and the low ered
water intake of a fasted animal, but 1t is my impression that, ke any
fasted animal, they drink little or no water. .,

KexneDy' I would like to ask Dr. Brobeck what happens to their
temperature regulation, because the acute ones that I've seen have all
been hypothermic.

BroBECK: With large lesions?

ENNLDY. Yes.

gnonncx: That’s a common observation, Dr. Anand did mensur‘e -
rectal temperatures 1z 2 few of these, and foundolhcm to he rmmmé
We keep our animals at a temperature of about 82° 50 that there is nof X

much cold stress.
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A priori, it would therefore seem a relatively simple problem
to track impulses from the retina to the point of effective
stimulation of the adenohypophysis. In practice, attempts to
do so have revealed little more than that neither the integrity
of the visual cortex nor mid-brain is essential to the response
(Clark, McKeown and Zuckerman, 1989). Moreover, un-
certainty about the innervation of the adenohypophysis
makes it unlikely that this kind of experiment can provide
more than a partial answer to the problem, Further examples
of enquiries that have led to inconclusive and conflicting
results are those that have been designed to discover the
pathways along which impulses, initiated apparently in the
reproductive tract, travel in order to stimulate the pituitary,
so causing either ovulation (e.g. the rabt) or pseudopreg-
nancy (e.g. the rat) (for general review see Harris, 1948a).
In spite of our increasing understanding of the trophic control
which the adenchypophysis exercises on other endoerine
organs, it 1s only too clear that we know relatively little about
the means whereby the activity of the endocrine system is
related to a continually changing environment.

Obviously an essential key to this problem 1s an understand-
g of the ways in which the adenohypophysis, as opposed to
other endocrine organs, is influenced by the stimulation of
different bodily receptors. Another is a clearer understandmg
of the hormonal interaction of the adenohypophysis and the
endocrine organs 1t stimulates, which reveals itself in the
regulation of the milien intérieur of the body. In general we
conceive of the pituitary as controlling a number of distinct
functions by means of a number of specific hormonal secre-
tions. When, as it were, one tap is turned, the gland elaborates
andjor secretes more gonadotrophin; when another, more
ACTH or growth hormone, But the conditions which activate
a given tap do not necessarily turn it the same way, or at the
same relative time, in all species, or even 1n the two sexes of
one species For example, an increase in the amount of
llumination to which the ferret is exposed daily stimulates
the production of gonadotrophin, and induces heat, whereas
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the maintenance of milk-secretion at least partly depends.
Others are mediated through the visual and auditory
modalities, and comprehend such reactions as the increased
secretion of adrenaline following a frightening noise; the induc-
tion of breeding activity in an ancestrous ferret as a result of
exposure to illumination during the hours of darkness; and
the egg-laying of an isolated prgeon which is shown 1ts image
in a mirror. The chemical changes in pond water which are
said to initiate spawning in the common frog (Savage, 1935),
and which presumably act on chemo-receptors in the skin,
can be regarded as appertaining to yet another sensory
modahty.

With the possible exception of responses in which the adrenal
medulla, the neurchypophysis, and the parathyroids may be
concerned, the adenohypophysis, because of the trophic
control which it exercises, 1s presumably a constant mter-
mediate link in the environmental control of the endocrine
organs. Thus exposure to artificial light during the aneestrum
will not induce heat 1n a ferret deprived of 1ts pituitary, any -
more than it will in one that is spayed. The chain of events in
reactions of this kind is presumably (a) stimulation of one or
more sets of receptors; (6) the transtission of afferent impulses
to the thalamus, hypothalamus and cortex; (c) the imtiation
or modification of hypothalamic activity by thalarus and
cerebral cortex; (d) excitation of adenohypophysis: and finally
(¢) differential activation of peripheral endocrine organs.

Attempts to describe and elucidate the links in this chain
have focused mainly on two issues: (1) the control exercised
by the adenohypophysis on other endocrine organs, an
(2) the possible way in which the hypothalamus influences t'he
adeno-, as distinet from the neurohypophysis, with which its
interaction is faurly well understood. Other aspects of the
process have been studied to a much lesser extent, ‘and such
investigations as have been carried out have provided only
For example, the gonadal (mstro}ls)
ination

equivocal results. gon
response of an ancestrous ferret to artifieial 1llumi

appears to depend in the first inst: on retinal
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adrenal cortex and thyroid. Correspondingly the activation
of the gonads (e.g. of ferrets, moles, etc.) at the start of the
breeding season is associated with an increase in the size of
the adrenal cortex and also with increased activity of the
thyroid. Similar changes occur in the thirteen-lined ground
squirrel (Moore, Simmons, Wells, Zalesky and Nelson, 1934;
Zalesky, 1084) and are associated with a seasonal increase in
the weight of the pituitary gland and an alteration in its
cellular constitution. The thyroid is also said to enlarge
during the breeding season of certain types of bird (see Selye,
1947).
The obvious inference from these facts 15 that whatever
_the stimulus (e.g. hght in the ferret) that triggers the secre-
tion of gonadotrophin at the start of the breeding season, it
also sets in train other functions of the pituitary
It may, however, be noted that the adrenal cortex hyper-
trophies 1n the thirteen-lined ground-squirrel, a speczes which
does not react during hibernation to mncreased 1llummation,
when its ovaries are activated during the ancestrum by gonado-
“trophin (Moore ¢t al., 1934). The ammal does not possess an
X zome, so that the enlargement of the adrenal cannot be
regarded as a direct effect of the treatment on this cortical
zone. Unless the gonadotrophin used n the experiment
contained ACTH, this observation suggests, therefore, that
whereas the activation of the gonads 1s a direct effect, that
of the adrenals is in some way medated indirectly (e.g. as a
result of stimulation by gonadal hormones (see below).

2. The Parallelism of Ovarian and Adrenal Changes

The adrenal cortex enlarges i frogs (Stillmg, 1898) and
Ppigeons (Riddle, 1923) at the time of ovulation. Enlargement
of the cortex also occurs at cestrus in the mouse (Masui and
Tamura, 1926) and rat (Anderson and Kennedy, 1932; Bourne -
and Zuckerman, 1941a).

There are three possible explanations for this parallelism:
(a) that the activated gonads directly stimulate the adrenals;
(b} that at the times concerned the adenchypophysis secretes

'

WATER
18
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it is the reverse condition of decreasing hours of daylight that
heralds the breeding season in, say, deer and sheep. Again,
while both the female and male ferret are sensitive to light,
the female comes into cestrus at some time between the middle
of March and Apnl, whercas the male may begin to show
signs of spermat is early in December, well before the
winter solstice. And in many mammalian species the sexual
and reproductive activities do not appear to be influenced by
light at all.

Many people have found it difficult to reconcile the concep-
tion of a number of separate hormonal taps working indepen-
dently (and controlled reciprocally by the specific hormonal
sccretions they stimulate, by what is sometimes called a
““push and pull mechanism"), with the fact of a much smaller
number of distinctive secretory elements in the adenohypo-
physis. This difficulty is, however, hardly worth emphasizing
in the face of our gencral ignorance about the mode of action
of pituitary hormones at the cellular and molecular level.
What is more important {from the pont of view of this discus-
sion is the fact that the overlap in function of manifestly pure
pituitary extracts (e.g. pure growth hormone has galacto-
poictic properties; while pure luteotrophin is lactogenic) also
seems to qualfy the belief that the number of distinct
pituitary secretions 18 as many as the identifiable function.s
the gland controls. The primary purpose of this paper s
therefore to draw attention to a few instances in which the
activation of the pituitary by changes in the environment Is
simultaneously associated with the stimulation of more than
one of the endocrine organs which 1t controls. Reference 15
also made to the likelihood that the same environmental
stimulus may, under different physiological conditions, affect
the pituitary in different ways. o

1. 'The Activation of Endocrine Organs by Light
Many mammals with” annual breeding seasons hibernate

during the winter, and hibernation is as a rule nssocia.ted. with

regression not only of the gonads, but also of the pituitary,
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occurrence of some “inherent rhythm’ in its function which
persists after the removal of the pituitary.

Grollman’s suggestion that the increase in the size of the
adrenal cortex at the time of follicular rupture is merely a =
manifestation of enhanced bodily activity is too general to be
assessed 1n the light of the available facts.

3. The Influence of Environmental Factors on
Lactation

Rats kept i the dark do not grow as well as those which live
under normal laboratory conditions. Tlus observation
applies both after puberty (Browman, 1940) and also to the
first 18 days of life when both the doe and litter are kept in
total darkness (Eayrs and Ireland, 1949). The delayed
growth of the hitter 1s associated with a decrease in food-intake
by the doe. On the other hand, the depression of growth in
normal non-lactating adult females kept in darkness 15 not
assoelated with any change 1n the amount of food eaten.

In a senes of experiments designed to explain these facts,
Eayrs (19512, b) has observed that growth is also retarded in
the young of blinded females kept under normal conditions of
daylight and darkness A comparison of the rate of growth of
litters belonging to normal does that were allowed only a
hmted amount of illumination daily showed clearly that the
growth of a litter 1s far more sensitive to changes In
the conditions affecting the mother than it 1s to changes in
the amount of lumination to which the young are subjected.
Further tests showed that the pattern of a doe’s actwvity is
not significantly altered in the dark In view of this observa-
tion and the fact that the food-intake of mature non-lactating
rats kept in darkness 1s not impaired, it follows that the
depressed growth-rate of suckling young kept in the dark is
due to a falling-off m the doe’s powers of lactation, which
may secondarily lead to a decline in food-consumption,

In view of the fact that they do not eat less, Eayrs suggests
that the decline in growth of mature rats kept permanently
m the dark may be associated with a fall in the level of
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and releases ACTH as well as gonadotrophin; and (c) that as
Grollman (1936) has suggested, the enlargement of the adrenal
corteX 1s merely a consequence of the “profound changes in
the general activity of the body as a whole” which accomparaes
reproductive activity.

The 1ncrease in the size of the adrenal cortex of birds and
mammals at the time of follicular rupture can be related to
Tuchmann-Duplessis’ statement at this meeting, that the
synthetie cestrogen fenocyclin can terease the weight of the
adrenals, and also to the observations that ovariectomy m
the rat leads to a transitory increase and then to the partial
involution of the adrenal cortex (Bourne and Zuckerman,
1941a; Parkes, 1945; Burrows, 1949). In the mature male
rat the reverse happens, for removal of the testes leads not to
mvolution but to adrenal hypertrophy, an effect which can be
reversed, or prevented, by means of gonadal hormones (Hall
and Korenchevsky, 1938). The usual view 1s that this cham
of responses is indirectly mediated through the pituitary, but
in the hight of more recent observations on hypophysectormzed
rats by Zizine, Simpson and Evans (1950) there 1s a strong
possibility that androgen can directly stimulate the adrenal
cortex. On the other hand, the alternative possibility that
the increase in the size of the adrenals at ovulation or cestrus
is due to the simultaneous release of gonadotrophin and ACTH
1s supported by the observation that in the rabbit the stimulus
of mating releases not only gonadotrophin from the patuitary
but also thyrotrophin, and possibly adrenotrophic hormone
as well (Saxton and Green, 1942).

Although the adrenal cortex imvolutes considerably affer
removal of the pituitary, experiments on hypophysectomlzed
rats maintammed on a constant threshold dose of strogen
suggest that 1t continues to fluctuate n size with the phases of
the “artificial’” cstrous cycles that are induced in this way
(Bourne and Zuckerman, 19418). If we assume that the
greater part of 1ts fluctuation during the cycle of the normal
animal is due to cyclical fluctuations in the level of sceretion
of ACTH, it would be necessary to posit in addition the
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uniformity of this kind of reaction either suggests that some
types of stress may be associated with the liberation of gonado-
trophin, as well as ACTH, or that the activated adrenals have
a direct effect on the ovares, a view which is not supported
by the available evidence. Brolin’s (1946-47) observation
that exposure to cold can stimulate the secretion of both
ACTH and thyrotrophie hormone favours the first possibility.

The Pathway of Motivation of the Adenohypophysis
These varous observations lead me to the general

lusion that envir al ch as defined above,
may simultaneously affect several functions of the adeno-
hypophysis. They also suggest that the effect of a particular
set of conditions (e.g. deprivation of hight) may have different
results, depending on the physiologieal state of the organism.
For example, & non-pregnant rat kept in the dark experiences
prolonged periods of metcestrus, apparently because of a
dechine in FSH secretion (Fiske, 1941), whereas in the same
cireumstances lactation and growth become mmpaired in a
nursing rat, due apparently to a concomitant decline in the
growth-promoting and galactopoietic powers of the pituitary
(Eayrs, 1951a). In so far as they argue against the view of a
large number of distinet and specific hypophyseal reactions,
and of parallel and speafic pathways of stimulation, these
two conclusions, if sustained, greatly simplify the problem of
determining how the adenohypophysis is affected by different
bodily conditions. To some extent they also simplify the
question of the nature and functions of the anatomical connec-
tion between the hypothalamus and adenohypophysis, since
they make 1t unnecessary to suppose that the hypothalamus
1s so differentiated that it can separately “trigger” any one of
several functions of the anterior priuitary,

Harris (19484, and at this meeting) has provided a careful
review of the information bearing on this pomt, and in addi-
tion has put forward a number of observations in support of
the thesis that the hypophyseal venous-portal system, which
oniginates 1n a capillary network in the median emjnence,
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secretion of growth hormone, Pure growth hormoéne also has”
galactopoietic properties (Cotes, Crichton, Folléy and Young, .
1949) and it is therefore possible to inter-relate the reduced
growth of the non-lactating rat kept in the dark and the poor
lactating ability of the nursing female. It also follows from
these observations that a normal level of secretion of both
growth and galactopoietic hormone probably depends upon
a normal level of light stimulation of the retina, which in turn
appears o be a necessary condition of the normal growth and
maturation of the gonads in rodents (Fiske, 1941). This
pattern of observations thus suggests clearly that the influence
of light on endocrine function may be almost co-extensive
with the whole field of action of the anterior pituitary. -

The Reaction of the Ovaries and Thyroid to so-called
Conditions of Stress

The term “stress” has practically become synonymous with |
a very wide series of conditions (e.g. physical exhaustion,
trauma, bacterial infection, exposure to extreme cold) that are
commonly associated with the stimulation and subséquent
exhaustion of the adrenal cortex. These adrenal changes are
part of the so-called “alarm reaction” of Selye. .

According to Selye (1947) the syndrome 1s associated in
both male and female with atrophy of the gonads, “due to the
shift in pituitary-hormone production which necessitates 2
decreased secretion of other hypophyseal principles in order to
permit maximal corticotrophin, elaboration.” Observations
made in my own department suggest, however, that both the
ovaries and adrenals increase in weight in a vzmety' of
traumatic conditions (e g. surgical procedures; homografting
of various tissues; application of corrosive fluid to uterine
horn). In the rat, for example, both organs hypertrophy
after unilateral or bilateral hysterectomy (Mandl and Zucker-
man; 1951). A related observation is the finding (Mand! and
Zuckerman, 1052) that breakdown of the vaginal c’losm'ﬂ‘
membrane occurs significantly earlier 1n young rats which are
exposed to cold than in their undisturbed litter-mates. The
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tuher cinereum adjacent to the median eminence did, Harris
concludes that the way the function of the adenohypophysis
is controlled is by a *“‘chemotransmitter” which is liberated
into the sinusoidal capillaries of the median eminence and .
“transmitted via the trunks of the portal vessels, ventrally
into the simusoids of the anterior pitutary.”

Harns is undoubtedly on certain ground in emphasizing
the shortcomings and equivocal nature of the evidence that
has been adduced in favour of the view that the link between
the hypothalamus and adenohypophysis is neural in nature.
At the same time, his own thesis raises a number of far-
reaching questions. Green (1951), confirming Wislocki and
King (1936), points out that “the primary capillary net of the
portal system does not anastomose significantly with the
vessels of the neural lobe or the vessels of the hypothalamus,”
and Harris (1948a) has also underlined the fact that the primary
capillary net is in the median eminence which, as he empha-
sizes, 15 part of the neurochypophysis. According to Ranson,
Fisher and Ingram (1938), and all subsequent workers, the
cellular and fibre structure of the median eminence is identical
with that of other parts of the neural lobe. Harns (1948q)
therefore talks about “the neural control of the adenohypo-
physis” as bemng “humorally transmitted from the neuro-
hypophysis to the pars distalis,” and suggests that “nervous
stimul might cause the liberation of some substance’mnto the
capillary sinusoids of the median eminence.” On the other
hand, he has 1dentified s own results with those of Markee,
Sawyer and Hollinshead (1946), who observed ovulation m
three of four rabbits after bipolar stimulation of the “hypo-
thalamus”-—exactly where not being stated, although it 1s
noted that the stimulation oceasioned some spread, as evi-
denced by tremor of the head, neck and forelimbs.

The actual site of elaboration of the hypothetical “‘chemo-
transmitter” 1s of critical importance to the thesis which
Harris supports  If1t 15 in the hypothalamus proper, as Hume,
at this meeting, has also suggested, and outside the area
drained by the primary capillary net of the hypophyseal
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l
and which opens into the venous sinuses of the pars distalis
of the adenohypophysis, forms a controlling link between the
gland and hypothalamus. He emphasizes the unconvincing
nature of the evidence that nerve fibres from the hypo-
thalamus enter the adenohypophysis, and argues that
experimental results are in favour of the view that normal
anterior pituitary function persists after section of the
pituitary stalk, provided the portal vessels are patent.
Contrary observations he attributes to the possibility that
the portal circulation had not become re-established. In
experiments of his own (Harris, 19485) he found that remotely-
controlled unipolar electrical stimulation of the hypothalamic
region of the brain caused ovulation mn two of sixteen rabbits,
and also in eight of a second series of seventeen animals The
tip of the electrode in the two positive experiments of the
first series was in the right formx as it sweeps past the para-
ventricular nucleus, and 1n the posterior part of the tuber
cinereum to the left of the midline. In the fourteen negative
experiments the electrode was variously placed: in the supra-
opticohypophyseal tract; i different parts of the tuber
cinereum; below the paraventrrcular nucleus; and n the
neurohypophysis (other than median emmence) and adeno-
hypophysts In the exght positive experiments of the second
series the tip was “in some part of the tuber cinereum,” and
in the nine negative “m some part of the adenchypophysis.”
Harris pomnts out that the duration of the stimulus necessary
to evoke full ovulation varied considerably, and that some
rabbits showed an inereasing ovarian with ing
periods of shmulation, which 1n the first sertes of experments
varied from 1 minute to 1 hour, and which in most consisted
of “periods of 5 minutes apphed daily for several days,” and
1n the second series varied from 1 minute to 74 hours.

According to Harris, the most active focus in his expertments

was in the anterior wall of the tuber cinereum just above the

anterior part of the median eminence. Smce direct stimula-
tion of the adenohypophysis and of the mfundibular stem
failed to induce ovulation, whereas that of the part of the
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transmitter produced in the median eminence may merely be
some substance which controls vasodilatation or vasocon-
striction in the pars distalis, the implication being that some
such process alone may be responsible for a particular pattern
of pituitary secretion. Ilarris (1948a), as well as Green (1951)
also discusses the possibility that the chemotransmitter is an
adrenaline-hke substance. Green, on the other hand, has
underlined the highly conflicting nature of the evidence that
concerns the “blocking’ of coitus-induced ovulation in rabbits
by means of various drugs, and the stimulation of ovulation
by injecting adrenalme directly into the pars distalis (e.g.
Taubenhaus and Soskin, 1941; Sawyer, Markee and Holhns-
head, 1947; Sawyer, Markee and Everett, 1950), and has
concluded that it is “too soon to concede that either an adre-
nergic or cholinergic ink exists™ between the adenohypo-
physis and hypothalamus.

A final and more general issue, that 1s brought to the fore .

by these various possibilities, affects general ideas about the
nature of humoral action  As originally set out by Bayliss
and Starling m 1905, and as elaborated since then, the basic
endocrinological concept 1s that there are tissues which are
specialized to produce and hberate into the systemic blood
stream specific chemical substances which in the course of
therr cireulation round the body affect the function of certain
target organs. The concept does not presuppose any specific
anatomical connection between the endocrine organ and the
tissues which it influences, thus androgen produced in the
testis stimulates the cells of the comb and wattles of the head
of a rooster, Its critical feature is that of the interaction
between a speeific chemical stimulant and a specific substrate,
The notion of chemotra which infl the action of
the adenohypophysis falls quite readily into this general
scheme, 1n the same sense as does the knowledge that the
adrenal cortex is controlled by a specific secretion of the
anterior pitwitary. From this point of view 1t neither matters
that the nature of the possible chemotransmitters of the
median eminence is unknown, nor that we do not know by
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portal vessels (i.e. the median eminence, then'it is difficult to
see why the presumed *humoral transmitters” should not be
swept into the systemice circulation—unless it were to be
argued, as could be from the observations of Bargmann (1949)
and Bargmann and Scharrer (1951), that they pass within
nerve sheaths from hypothalamic neurones into the median
eminence. If the latter view is advanced, it would be necessary
both to explamn how the tractus hypophysius is so spectalized
for the molecules m question to be distributed within the
median eminence only, and not throughout the neurohypo-
physis, and to dispose of the convincing thesis that the
neurosecretory material of the hypothalarhus passes by
“axonal transport” nto, and is identical with, the protein
hormone of the pars nervosa (see, for example, Smith, 1951).
If, on the other hand, the chemotransmtters are produced in
the median eminence itself, the zone of the primary capillary
net, which is what is suggested by some of Harris’ deseriptions,
it becomes necessary to explain, first, how the hypothalamic
impulses which provoked ovulation both in his own and
Markee’s experiments, reached the median eminence, and
second, why, in spite of its umform histological structure,
only part of the neurohypophysts is specialized as a controlling
centre of the adenohypophys:s (e.g. Harris notes that stimula-
tion of the infundibular process and stem had negative results),
Another important issue which 1s raised concerns the possible
specificity of the chemotransmitters of the medjan eminence.
Unless 1t be assumed that the adenohypophysis secretes a
balanced pattern of 1ts hormones when subjected to stimula-
tion hy some single humoral substance “produced” in this
part of the neurchypophysis, or m the adjacent part of the
hypothalamus, the pattern altering according to the strength
of the stimulus, it follows that a number of different chemo-
transmitters can be released in different circumstances, each
being responsible for same specific pattern of secretion by the
pars distalis. i . X
Harris has referred, but only briefly, to this consideration.
He mentions a suggestion of Green (1951}, that the chemo-
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in a corresponding way. Another is the stimulation of
gonadal activity in ancestrous ferrets by means of hght.
This problem has been under investigation over the past
three years 1n my own laboratory, but for a number of “tech-
nical hitches,” ferret distemper not least among them, no
results worth reporting have so far emerged—except the
observation that blind ferrets, contrary to published reports,
frequently come into season at the same time of the year as do
normal ones. The observations which Harns and Jacobsohn
have reported at the present meeting would lead us to expect
that the results of the experiment we are carrying out will be
negative except mn the case of sellar grafts in which a portal
circulation has re-established itself,

Whatever their nature, and however useful it will be to
establish one way or the other whether the functioning of the
adenohypophysis 1s dependent, as Harnis postulates, on the
integnty of the portal vessels, it is essential to realize that such
experiments will not answer the greater part of the problem of
how the pituitary responds to environmental changes. The
central 1ssue of the problem 1s the translation of 4 complex and
continually varying pattern of hormonal stimulation. Such
hormonal links as have been posited, for example, adrenaline,
which according to Sawyer ¢t al , 1950, may stimulate the re-
lease not only of ACTH, but also of thyrotrophin, impart to
the problem too sumple a character. So, too, does the emphasis
on isolated anatomical links We shall only end by deluding
ourselves if we fail to remember that the problem of the way
m whach the pituitary reacts to environmental stimulation 1s
at least as obscure as the way in which the hypothalamus
modulates the functions of the body, and so helps to integrate
them in patterns of adaptive responses.
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what hypotbalamic cells they are produced—iwhether they be
the cells. of the median eminence, or those of the nuelei
supraopticus or paraventricularis, as suggested by the
observations of Bargmann and Scharrer, What is important
is that the notion of such chemotransmutters is bound up with
the idea that they are conveyed along a specific anatomical
pathway. What 15 also mmportant is that the evidence now
gathering leads clearly to the conelusion that the neuro-
secretory substance of the hypothalamus is released and
stored in the neurchypophysis. These two issues introduce
a completely new aspect into general discussions of the
specificity of eeffular reactions of the kind with which we are
dealing. They cannot be properly evaluated until we are
certain that the anatomienl integrity of the pituitary-hypo-
thalamic connection 1s essential, as a general rule, for the
functioning of the adenohypophysis, and that the function
of this part of the pituitary 1s in some way controtled by the
ncurchypophysis.

The papers that have already been given at this meeting
have indicated many areas in which facts as well as inter-
pretations are conflicting and to that extent at Jeast, uncon-
vinceing. The critical proof that the anatomical integrity of
the portal circulation 1s essential for the normal functioning
of the anteriar pituitary, or for that matter, any other
anatomcal Ik (e.g. nenral) between the hypothalamus and
pars distahs, would be the demonstration that pituitary "
grafts do not maintain normal bodily function, or alternatively
that normal function 1s impossible after the pituitary is
separated from the hypothalamus. The literature on this
subject which Harris (1948a) reviews 1s cquivocal, More
recently, Cheng, Sayers, Goodman and Swinyard (1949, &)
have shown that pitmtary grafts in the anterior chamber of
the eve will release ACTH, as shown by the ascorbic acid test,
following the mjection of histamine. Thus observation has
been confirmed at the present meeting by Fortier, and also in
an earlier paper by himself and Selye (1949). Tlus is only one
of many'si’ecme hypophyseal responses that needs to be tested



STUDIES WITH RADIOACTIVELY LABELLED
ANTERIOR PITUITARY PREPARATIONS*

MARTIN SONENBERGY

THERE js now a considerable body of evidence which suggests
that proteins may be labelled with substituent groups and
retain to a considerable degree their biological properties.
Both wlth in mtra as wi ell as with w mvu techmques the bio-

et * to those of

v generally ~

=nt groups.
For evample, various groups have been coupled by the diazo
linkage to antigens (Landstemner et al., 1917, 1918) and their
reactivity with antisera studied. R-salt-azo-benzidene»azu-
egg albumin was prepared (Heidelberger, Kendall and Soo
Hoo, 1938) as an antigen and this permitted the quantitative
colorimetric determination of antigens. Labelled anti-typhoid
serum (Marrack, 1934) has been prepared by coupling “R”
salt to one end of bisdiazotized benzidene and anti-typhoid
serum to the other. Fluorophores coupled to antiserum
(Coons et al., 1941, 1942) have been used to trace the coupled
antiserum 1n t1ssues by ultraviolet light.

More recently, radioiodinated antigens have been prepared
to study the immunological reactivity of bovine serum albumin
(Eisen and Keston, 1949). These preparations have been
found in quantitative precipitin studies to react in a manner
indi hable from unlabelled serum albumi; When
antibodies have been labelled with 311, there has been no loss

P U I Y .

tFellow in Cancer Researeh of the Amencan Cancer Society. -
229
ya



228 REFERENCES

Broui, 5. E. (1046-7). Acta Anat., 2, Suppl. 111, 1.

Browmaw, L. G, (1040). Anat. Rec., 78, 59.

Burnows, . (1949). Buological Actions of Sex Hormones. 2nd Ed.
Cambridge: University Press.

Cneng, C-P, SAYERS, G., Goopyan, L, S., and SwiNvarp, C. A. (1949a).
Amer. J. Physiol., 158, 45. .

Cnexc, C-P, SAvERs, G., Goopman, L. S., and SWINYARD, C. A. (1940)
Amer. J. Physiol., 159, 426.

Crark, W. E. Le Gros, McKeoww, T., and ZUCKERMAN, S. (1938).
Proc. Roy. Soc. B., 126, 449,

Corzs, P. M., CriciToN, J. A., FoLLEY, S, J., and Youxg, F, G. (1949).
Nature, Lond , 164, 992,

Eavrs, J. T. (1951a). J. Endocrinol., 7, 280.

Eavss, J. T. (1051b). J. Endocrinol., 7, 849.

Eaves, J. T., and IreLanD, K. F. (1949). J Endocrinol., 6, 386.

FIsKE, V. M. (1941). Endocrinology, 29, 187.

ForrICR, C., and SELyE, H. (1048). dmer. J. Physiol,, 159, 433.

Greey, J, D. (1951). Amer. J. Anal., 88, 225, ,

GROLLMAN, A. (1936). The Adrenals. Baltimore: Wilhams & Willans.

Hawr, K., and Korcnencvsky, V. (1938). J. Physiol.,, 91, 365.

HARRIS, G. W (1848a). Physiol. Rev., 28, 139.

HAaRRis, G. W. (1948b) J. Physiol., 107, 418, )

Manpr, A. M., and Zvekcryan, S, (1951). J. Endocrinol, 7, 830

ManpL, A. M., and ZuckERnaN, S. (1852). (In the press).

Marker, J. E., Sawysr, C H., and Horunsaean, W. H. (1846).
Endocrinology, 38, 845.

Masvr, K., and TaMura, Y, (1026) J. Coll Agric, Tokyo, 7, 853.

Moorr, C. R , Sisstons, G F., WeLLs, L. J., ZALESKY, M., and NELSON,
W. 0. (1934). Anat. Rec., 60, 279. .

PARKES, A, S, (1045). Physiol Rev., 25, 203,

Ranson, S. W, Fisner, C., and IN6ray, W. R. (1038). Res Publ:
Ass Nerv. Ment. Dis., 17, 410.

RippLe, O. (1923). Amer J. Physiol , 66, 322.

Savace, R. M (1935) Proc. Zool Soc., 1, 49.

SAwYER, C. Il , MARKEE, J. E., and EverETT, J. W. (1850). Endo-
crinology, 46, 536.

SawvER, C. H, Markzg, J. E, and HoLuwsueap, W H. (1947)-
Endocrinology, 41, 395, .

SaxTON, J. A, JR., and Greew, H. S. N. (1942). Endocrinology, 30,
895, -

SELYE, H. (1947). Textbook of Endocrinology. Montresl Acta Endo-
- crinologrea.
SarTh, S, W. (1951). Amer, J Anat., 89, 195,
StrLeane, H. (1898) Arch. nukr, Anat., 52, 178,
2o e @ @ r104Y Endocrinology, 29, 938
U Amer. J. Anat., 58, 421.

ZAZINE, Liu Ary DIERON, ML 10y auia

wavato, H. M. (1950). Endocrinologys



LABELLED PITUITARY PREPARATIONS 231

the preparation gives no indication of the biological activity
of the labelled molecules, since the bulk of the molecules are
essentially the unreacted biologically active molecules. The
interpretation of any experiment involving the labelling of a
protein preparation is conditioned by the degree of homo-
geneity of that preparation. The rates of labelling of each
constituent 1n a non-homogeneous preparation may vary
widely (Pressman and Sternberger, 1950). The average
number of substituent groups per protein molecule in a hetero-
geneous preparation may not therefore reflect the average
number of substituent groups attached to,the biologically
active constituent.

With these possibilities and limitations in mind we have
studied the biological activity of several labelled anterior
pituttary preparations. In these studies hormone prepara-
tions have been labelled by iodination with 1311 or by coupling
the protein prep ion with 33§ diazot Iphonic acid.
The non-protemn bound radioactivity was dlalysed free of the
labelled protemn preparation. The latter was used for deter-
mination of the biological activity as well as for localization
studies,

It has been found (L1, Lyons, Sunpson and Evans, 1940}
that prolactin preparations iodinated with an iodine to
protem molecular ratio of 12 to 1 still retamed some biological
activity. If substitution to this extent did not destroy all the
biological activity, one might expect greater retention of
activity with trace labelhng. Prolactin preparations have
been labelled with 10dine contaming 1 until there was an
average of 1-6 iodine atoms substituted for each protem
molecule For these determi we have a

protemn of molecular weight of 80,000 (White,
1949). Such a preparation has been found to retain all its
biological activity as assayed by the pigeon crop sac tech-
mque (Sonenberg, Money, Keston, Fitzgerald and Godwin,
m press) It has also been reported (Cox, 1951) that there has
been retention of biological activity of prolactin after labeling
with 1 and obtammg an average of 2 iodine atoms per
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in their ability to precipitate specific antigens, When inocu-
lated into rats * 2 labelled anti-tissue antibodies have Jocalized
at the specific tissue agsinst which they were prepared
(Pressman ef al., 1948, 1049¢, 1019, 1949, 1950q, 18509,
1950¢, 1950d; Eisen and Pressman, 1950; Eisen, Sherman and
Pressman, 1950; Masouredis, Melcher and Koblick, 1051},
“8 dinzobenzenesulphonie acid has afso been used to Iabel
antibodies and study their in vive Jocalization (Pressman etal,
1950¢).

New bialogical properties in addition to the old ones have
been reported after such procedures as the couphng of o
diazonium compound to protein or the direct iodination of
protein. The average number of groups substituted on the
protein molecule and the ami id substituted will deter- _
mine exther the loss of some biologieal property or the acquisi-
tion of another, After msuln was coupled {(Reiner and Lang,
1911} with 6 azo groups per protein molecule it was as active
biologically as an unlabelled preparation. Insubn coupled
with diazotized p-odoamline with radiorodine has been used
to study the absorption and distribution of insulin (Reiner,
Keston and Green, 1942; Reiner, Lang, Irvine, Peacock and
Evans, 1918; Hoot, Irvine, Evans, Remer and Carpenter,
1914). Labelled insubin bas been prepared by the direct
iodination of the protein hormone with 1321 (Ferrebee, John-
son, Muthoefer and Gardella, 1051).

The reaction of iodine with n protein may not only lead to
subststtion on the protem molecule but may also result in
oxidation or other reactions which may additionally alter the
biological actwity of the proten. It has heen reported
(Herriott, 1047} that largely substitution without oxidatfon
took place rapidly above pH 5, When a protein preparation
is labelled cffectively with reagents i amounts smaller than
one reagent molecule per protein molecule, as is possible Mt'h
sadioactive substances, the probability that the same protein
molecule will be both Iabelled and undergo any other chemical
reaction, o.g. oxidation, is small. Although such preparations
may be most useful in tracer experiments, biological assay of
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may be compared with other radioactive substances without
the same hormonal activity. Presumably there should be
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Tie 1. Biological actrvity a3 messured by chuck thyrod weight
of vamous thyrotrophic preparations. The ratios of the
TSH 8 preparations refer to the average ratios of sulphomc
aed group to protem TSH control refers o a group of chicks
recerving an unlabelled thyrotrophie preparation.

greater localization of radioactivity in the target organs of the
labelled speerfic material. Thus, there is greater concentra-
tion of radioactivity in the rat adrenal after injecting a 1311
labelled ACTH preparation than with either inorganic jodide
labelled with 31 or a radioiodmmated bovine serum albumin
prepamt:on (Sonenberg, Keston and Money, 1951). When a

dinated growth h preparation was admimstered,
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protein molecule. Preparations with adrenocorticotrophic
activity labelled with 111 have also been found to retain their
biological activity (Sonenberg, -Keston and Money, 1950e,

1951; Ferrebee, Johnson, Mithoefer, and Gardella, 1951).

‘Such hormone preparations retained considerable activity

after treatment with several non-radioactive iodine atoms per

molecule of protein (Li, Simpson and Evans, 1946). Protein
-preparations with thyrotrophic activity have been labelled by

coupling the protein to diazotized benzenesulphonic acid:
labelled with 3. For this purpose carrier-free %S sulphanilic

acid was prepared {(unpublished experiments). When labelled

with a sulphonic acid to protein average molecular ratio of

1 to 6, there was no loss of biological activity. Complete loss

of biological activity was noted when the average molecular '
ratio of sulphonie acid group to protein reached 6 to 1 (Fig. 1).

For these caleulations it was assumed that we had a homo-

geneous protein of molecular weight of 10,000 (White, 1944).

Since many of these preparations were non-homogeneous,

such information must be mterpreted with considerable

reserve,

On theoretical grounds, & hormone may be considered first
to be bound to its end organ and then to activate this gland.
These two properties of the hormone may be independent of
each other. The ability to activate may conceivably be lost
with retention of ability to bind with its end organ. This may

_be similar to the case of diphtheria toxin, where treathent

with formaldehyde (Eaton, 1987) destroys toxicity with reten-
tion of antigenicity. In the case of our labelled prolactm and
ACTH preparations, however, it is likely that both the
biological activity and the localizing potential have been

retained. In our tracer experiments with Iabelled snterior

pituitary preparations, we have attempted tollabfel th.ese
preparatior'ls in such a manner as to retain their .bmlofc;lcal
activity. This has been approached by labelling with mﬂ?er
traces of labellng reagent or with smounts of iotne wl‘:'.ch
were demonstrated not to destroy appreciable biological

activity.

'
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anterior pituitary preparation. Preparations with known
biological effects on one organ may show greater localization of -
radioactivity in that organ than in another which is not known
to respond to the trophic preparation. For example, there
was a greater egree of localization of radioactivity in the
adrenal than in muscle after the administration of: a 131
labelled ACTH preparation {Sonenberg, Keston and Money,
1951). This approach should not preclude, a priori, the
localization of radioactivity at an unexpected site.

ovaRY/BLOCD RATIO OF 1 GONGENTRATION

LM Nal BSa 1% Raw 113! Na 8
Fi6. 8. Effect of perfusion on the localization of radioact]
1n the ovary two hours after the admumstration of 21 labelled
substances.

Fourthly, it has been noticed that radioactivity which has
locahized in an orgam 1s to a greater extent retained in that
organ after perfusion when the material administered appar-
ently has a specific relationship for that organ. In thewease of
a 191 labelled prolactin preparation (Sonenberg, Money,
Keston, Fitzgerald and Godwin, in press) or a 13 labelled
luteinizing hormone preparation (Fig. 3) less than 15 per cent
of the radioactivity in the ovaries was lost by perfusion.
There was a greater loss of radioactivity from the ovaries by~
perfusion after the admunistration of radioiodinated bovine
serum albumin or 311 labelled inorganic iodide,
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there was greater localization of radioactivity in the pancreas
than when 31 labelled preparations rich in other pituitary
fractions were given (Fig. 2). This was also greater than the
concentration of radioactivity with radioiodinated bovine
serum albumin or inorganic iodide labelled with 11,
Secondly, it may not be sufficient to make actual compari-
sons between the concentration of radioactivity between
experimental and control substances. The levels of radio-
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Fi 2. Locahzation of radioactivity in the pancreas one hour
after the admrustration of 11 labelled substances.

iR I

V3 oncan

S moo0

activity in the blood may determine to some extefnt the
amount of radioactivity in an organ. To obviate this, the
concentration of radioactivity in an organ may be compared
. with that in blood at the same time. Such a comparison will
reveal an absolute concentration in an organ which could not
be accounted for by the blood content alone of that organ
(Figs. ¢ and 3). This may suggest either binding or penetra-
tion into cells by one or more components of the labelled
ration.
pr’elgfirdly, comparisons may bt.: made }')etw:een differen;
organs of the same animal recewving a radioactively labelle
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component either in perfusion or in tissue fixation. The
absence of significant concentration of radioactivity may,
)i , really exclude the y tissue as a site of action
of prolactin preparations. Early experiments with labelled
adrenocorticotrophic preparations suggested the kidney as a
site of localization for the pituitary factor. But as more
active preparations became available less of the administered
matenal localized in the kidney (Fig. 4).

—
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RGAN /BLOCD RATIO OF I GONCENTRATION

Fic 4 The localization of radiwactmity 1 the kudney_ 15
munutes after the adnumstration of 1311 labelled ACTH pre-
parations  Each ammal recerved 100 micrograms of protein
The potency with reference to the LA-1-A standard was.—

H—8205 —2 5

J—9401A—1 8

J—9w01 —17

WOE—18 AR—100

The data obtamed from the degree of localization of radio-
acetivity i organs at different times after the administration
of radicactively labelled hormone preparations may be
employed to estimate the possible turnover rate of these
substances. Such interpretations must be made with the
realization that we are measurig not only the labelled material
of a possible specific nature but also labelled contaminants
and the metabolic products of all these substances, which may
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Fifthly, when comparisons were made between two ¥4
labelled ACTH preparations with different adrenocortico-
trophic activity, as measured by adrenal ascorbic acid
depletion, there was a difference in the degree of localization
of radionctivity (Sonenberg, Keston and Money, 10505).
After perfusion, more radioactivity was retaned in the adrenat
after the injection of the labelled ACTH preparation with
greater adrenocorticotrophie activity,

Finally, sutoradiography may be employed to define more
precisely the histological area of the localized radioactivity.
The radwactivity in the ovary after the administration of 2
3T Ighelted prolactin preparation seemed to predominate in
the corpora luten, uung the autoradiographic technique
(Sonenberg, Money, Keston, Fitzgerald and Godwin, i press).
Of the radioactivity which has Jocalized in the kidney after
the admnistration of a 91 labelled growth hormone prepara-
tion the bulk was m the convoluted tubules. After the
admimstration of all our labelled protem hormone prepara-
tions, the radioactivity in the kidney has shown o preference
for the convoluted tubules. .

The use of labelled anterior pituitary preparations may fail
to suggest a site of action of a particular antersor pituitary
factor. When & '¥I labelled prolactin preparation was
adrunistered to female rats there was no sigaificant locahzy-
tion of radioactivity in manmmary tissue (Sonenberg, Money,
Keston, Fitzgerald and Godwin, in press).  Pregnancy of
lactation 1 rats did not seem to alter the pattern of mf{lo'
sctivity loeahzation. This might at first appear disconcerting
but scveral explanations for this observation are possible.
In a non-homogeneous hormone preparation, the _facmf
acting on mamumary tissue may represent & small fraction of
the extract used. The speafic factor would then be limited
in its degree of localization. The inclusion of non-mammaty
tissue with mammary tissue in our radioactivity assay \)'qllld
also result in a low tration of Jocalized radicactivity.
Negative liographs of y tissue may merely
reflect a loose binding which would permit the loss of a specific




LABELLED PITUITARY PREPARATIONS 289

after being placed in the cold for four hours, have demon-
strated a greater concentration of 13I in the adrenal than
normal animals after the administration of a 1% labelled
ACTH preparation (Fig. 6). The differences noted were not
as marked between the chilled and normal animals when
injected with radiotodinated bovine serum albumin or 11
alone. Whether this is a result of stress, increased circulation
through adrenals, or other reasons, we cannot say at present,

§ 0z0
g
IR ON-STRESSED
g o) Cstresseo
2 oo
5
2
5 008,
gg oo
ACTHIS Y 658 P has ey .
Fig. 6. The loeahzntlon of mdmm:my in the adrenal ope
te after the a n, of vanous 34[ labell

In conclusion, it would appear that anterior pituitary
preparations may be labelled with various radioactive
reagents. Such tagged preparations may then be employed to
study the behaviour of the anterior pituitary factors under
varying physiological conditions. Caution should be exercised
in the mterpretation of the data obtained with these tect
The non-homogeneity of pituitary preparations, the mabllxty
to precisely charactenize the localized components, biological
variations and other unknown vanables emphasize the need
for qualified conclusions. Further study is in progress in this
laboratory to explore the usefulness and limitations of this
method,
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be retained in the organ, Such retention may prolong the
apparent biological half life. Notwithstanding, it is interest-
ing to note that the biological half life of radioactive com
ponents in the ndrenal from a labelled ACTH preparation
(Sonenberg, Keston, and Money, 1951} was similar to results
obtained by biologieal assay of plasma {Greenspan, Li and
Evans, 1950). There may be different turnover times for
endogenous and exogenous ACTH, especially when the latter

Lh P¥onaz

% fou o nissur

ST BLote
MYSAE b T
T

00

30 w00
THE 5 MNUTES

F16, 5. The localization of wadioactsvity m vanous tissues
alter the sdnunistration of a 91 labelled lutenining hotmone
{L.H ) preparstion,

has been administered in excessive amounts, The half time
of turnover of locahzed components in the adrensl after
. adwinistering labelled ACTH preparations was about §'5
minutes. In the ovary, the turnover rate of localized rad(f)-
activity after injecting sadioactively labelled prolactin
preparation Was approxamately 90 minutes {Sonenberg

Money, Keston, Fitzgerald and Godwin, in press), ond aftes

injecting labelled huteinizing ) p: tions was about

85 minutes (Fig. 5}, R
An attempt has been made to employ Jabelled anterior

pituitary preparations in a more dynamic fashion. Rats,
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DISCUSSION
ForreY: It seems to me that the mammary mtra-duct injection
experiments of Lyons, carned out on rabbits, in which he mjected
minute amounts of punfied prolactin direct into individual galacto-
phores of the rabbit mammary gland, show definitely that the hormone
does have a direct effect on the eplthehum, and l don 't at the moment

Tnwr hig vacslte mam ha menneaddad wibh s

° I mught add that I have since noticed a short abstract n the American

Journal of Anatomy by Dr. Cox in Montreal, n which she states she

detected the radioactivity 1n mammary tissue and milk. That was in
mice  Our work was in rats.

Pocm: Presumab\y your data on mammary gland could be explamed

cre but h to have a Tapid

Yurnover.
SoNENBERG. Presumably that’s true, but in the case of the ACTH
preparation, which seems to have the most Tapd turnover —it has a
biological half-hfe of about 5 5 rmnutes 1n the adrenal gland—we were
able to detect st. It would bave to be even more rapid than that.
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they were 10dinated with only small amounts of iodine, in contrast to
some of your experiments. (By “small amounts,” I mean we would
introduce less than two groups per protein molecule if we had a homo-
Py enbain Y MTha wan manta n b and sndinnatinbe wag samaead
'

the retimity of growth hormone, ACTH, and lactogenic hormone was
abolished on rodination We used very extensive iodination; but
perhaps in your case only one or two groups of tyrosine 1 the molecule
are iodinated.

SoNExBERG: No, we have just assumed an average molecular weight
for the protein and then determined the amount of iodine in the protemn
[oi Sl plvpuiretmi e iphnr
that 1n & matter of five hours all the jodine went in the thyroid. Your
expenments Tequite only a matter of minutes, and it 13 quite possible
that 1n such a short time no 10dine goes to the thyro:d. I wonder
whether by using thyroidectormzed animals more 1odine would be
localized in the glands you want to study.

CoURRIER Are you sure that in your expeniment the radioactivity
remains bound to the hormone?
SoNEr——~a  Ae 1~ -
can nes '
ntrodu
there 3
But th
prepar: . .
up all . ~
there a .
some specificity for different tissues, even 1f the biological activity
150°t retained, We certainly haven't resolved that to our own satis-
faction, that the biologically active molecules are also the labelled
molecules.
Morris: Couldn’t the problem of whether the radioactivity is stilt
e e R R S N Hacked by
rays, rather
h} the iodine
N . N attached in
some other way. The two groups would have to be split off at the same
ate 1n order £0 maintain a constant ratio 1n your locabized site. It
increases the probability.
SonEnperG Yes, that would be a good suggestion.
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Youna: Was’y"our labelled grawth hormone fully active biologically?
. S'ON.EN.BEIU?. . lhe‘ _growth hormone has not yet been assayed for

as yet.

Nerson: I wonder 1f Dr. Sonenberg would like to tell us where
prolactin 13 localized in the male. The action of prolactin in males has
been a source of much concern to those of us who are interested in male
reproductive physiology.

SoNENBLRG: With prolactin m the male, we've only done experiments
with 20 animals, If you want to accept it in the light of these small
numbers, we've noticed 1t n the prostate in males, and in these 20
ammals it’s been somewhat consistent.

NEeLsoN: Did you detect which part of the prostate? N

SonENBERG: We found 1t in both the ventral and dorsal prostate in
the male rats. I have no idea what that means.

L1 I was wondering about the purity of the lactogenic hormone,
because in our experience the ICSH (LH) content of lactogenic hormone
g tputoraluegit i AR P Il i A P U Yl

Coa e . .

tivity in the adrenals after
preparations.

e that Dr. Bates
gonado-
=+~ on

enough, we did have localization of radioac
i ing these rad: 1

Netson- I think the preparation you used was one
made in very large amount He assured me it was free of

i ' = aght

. o ting
d” hypophysectomized
H a};lzlon. Sol tlt'ngk
e

:ﬁ‘ects of @strogen. Ho“‘lever, when we use:

animals, we found that it did indeed have an ICS:

at least in the male this particular preparation of prolactm mus
Trlov o TOQLY atbrne

you did not get loss
' ' by fodmation in a1
-arbonate buffer and

#The labelled growth hormone preparations have since been found to be
iologieally active )



ATTEMPTS AT INHIBITION OF ANTERIOR LOBE
SECRETION BY p-HYDROXYPROPIOPHENONE

A. LACASSAGNE

DurinG the last two years, various papers have drawn
attention to the physxologxcal effects and therapeutlcal
possibilities of para-hydroxypropiopk (PHP), a.ck 1
which had been known for more than 60 years, but whose
brological activity had not been investigated. Therefore a
brief historical survey seems suitable.

History

Since January 1944, when my co-workers and I put
forward a first example of competitive antagonism in the
carcinogenic action of two polycyche hydrocarbons with close
configurations but different activities, an extensive team-work
has been undertaken m order to prepare and test a number of

d as possible inhibitors, either as “ant:-
carcinogens” or “‘anti-cestrogens.’”

For this last study, our organie chemists prepared a series
of various compounds, the cestrogenic activity of which was
determined according to the Allen-Doisy test; the results of
these first experiments were published m 1946 (Corre et al.).
Among the tested substances were PHP, which was inactive
at a dose of 5 mg., and its succinate, weakly cestrogenic.

Meunier and his co-workers (1943) had previously observed
an between d ol and half of its molecule:
3- methyl -4-hydroxycoumarm. In the same way, one mught
suppose that stilbeestrol (I) could be antagonized by PHP
half of 1ts ketomized molecule (1T)

As the synthesis of PHP previously described by Perkin
(1889} and even that of Goldzweig and Kaiser (1891) gave.
poor yields, a new type of synthesis was worked out by my

245
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e

Li: In your exp when this ive iodme goes to the
adrenal, in o matter of two to three minutes after injectron of iodinated
ACTII, you found that the lugher the actiity of the matenal the more
material migrates to the adrenal, and the converse, Could that be
used as an assay method?

SoNENpLRre: Well, it could, if there was direct correlation between
the degree of localization and the purity.

Lr: I meant for an assay of activity rather than punty; the punty
and activity might not go hand 1n hand.
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It can be concluded from Table I that PHP is about
35,000 times less cestrogenic than stilbeestrol, when given
subcutaneously, and 10 times less when given orally.

Action on the Growth of Young Animals. Several litters of
mice and many young rats received a diet containing 5 to 10
mg. of PHP per day. In general the growth was slowed down

Table I
Mode of admnsstration Dote s mg et

Sun-cuTANEOUS 10 50

(total dose after 5 jections in 36 12 80

hours) 15 90 to 100
Orav 10 to 50 0

{total dose ingested m 36 hours mith 100 20

10to12 g of food) 120 20

or even stopped. The treatment could be maintained,
without other trouble, for more than a year, but the female
remained sterile.

Table I1 is an example of an experiment started on 4 Wistar
6-week-old rats, to which a total dose of 3-6 g. PHP was given
orally 1n 80 days.

Table I

Controls Treated
Number of ammaly . ) 2
e arqrmat | 86 03
27 141

. 43 48

sugions . . 10-1 10 6

Adrenals . . 16 1 31-7
Testis . . P 1182 395
Seminal vestcles-prostate . 260 33
Sub-mallary glands - 161 161

A striking diserepancy appears between the inhibition of
growth of the gonad (weight 33 per cent of the eontrol) and of
the accessory sexual glands (weight decreased by 89 per cent)
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co-worker Buu-Ilo1 (1949) which made large quantittes of
this substance available to the experimenters. _Meanwhile,
Dr. Perrault to whom PHP had been given for tests at the
Hopital Lariboisitre, obtained with it a surprising thera-

peutical result: the disapp of multiple Jung metastases
mn a case of generalized chorio-epithelioma (Perrault et al.,
1949).

The publication of this case aroused curiosity about the
biological properties of PHP from both physiological and
therapeutical standpoints. Our first results in mice and rats
have been recently published (Lacassagne et al., 1950). The

CH o) OH
C,Hy C,H; C,Hs
(L] (I} N

present status of our research in this field can be summarized
in the following way.

Results Obtained in Our Experiments X
Mode of Administration. PHP js practically insoluble in
water and in oil. Heated in a water bath for 15 minutes at
100° in physiological salime, it gives a stable solution of 1 mg.
per mL The best solvent is propylene-glycol, which can
dissolve 40 mg. per ml. at 52°, »
Such preparations have been used in sub-cutaneous injee

' tions mainly for a study of the ezstrogenic potency. For long

treatments, the drug was mixed with the food and given

orally. ) . .
(Estrogenic potency was established with accuracy 1

ovariectomized rats with both modes of administration.
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Anti-goitrogenic Action in the Adult Rat. But the fact that
PHP slows down the goitrogenic action of propylthiouracil
can be proved by Chamorro’s test {1949).

Table 1V includes: {(8) 6 controls; (b) 6 animals which
received by mouth 120 mg. of PHP daily during 24 days
and which, from the 11th day on, were given 1 injection a day
of 1 mg. propylthiouracil (a 10~2 solution at pH 7-4), during
14 days; (¢} 6 animals which were given this second treatment
only.

Table IV
IWerght of the
" Total weight K
Numberof Treaiment s 1 |ty o s
antmal weight
8 Controls . . 18 1 84
8 PHP - propylthiouracil 20 6 96
6 PropylthiouTacil alone . 337 157

From this table, hypertrophy of the gland due to propyl-
thiouracil acting by exciting the secretion of thyrotrophic
hormone, is mostly inhibited by PHP.

Interpretation of Our Results. Besides the experiment which
has just been reported and which shows an inhibiting action
of PHP on the secretion of the thyrotrophic hormone of the
pituitary, it may be concluded from the results obtained in
male rats that there is a marked and early inhibition in the
production of LH and perhaps a delayed one of FSH. In
fact, despite the weak cestrogenic power of this substance, a
marked atrophy of the accessory sexual glands is followed by
the regression of the seminal line, the activity of which is not
completely suppressed, even in growing animals.

In contrast with this depressing influence on certain
secretions of the anterior lobe, 15 the absence of macroscopic
and microscopic changes in ths gland after PHP, whereas
cestrogens, given over a long period to mice and rats, lead to
hyperplasia, very mmportant sometimes, ending with the
formation of adenomas.

18
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on the one hand, and the lack of effect on the thyroid and the
hypertrophy of the adrenals (about 100 per cent) on the other
hand. Histologically, the testis alone displays important
changes* the cells of the seminal liné (which 1s cut before
sperm is formed) show many abnormalities with aspects of
cytolysis, These important changes in the sexual glands are
obtained with a dose which, from the cestrogenic potency
standpoint, corresponds to the absorption of one rat-unit per
day, in the case of the oral administration of 110-120 mg. of
PHP.

Action on the Sexual Organs of the Male Adult Rat. Daily
doses of PHP given for a long time to adult mice and rats cause
progressive atrophy of the testis and of the accessory glaﬂ.ds-
The cffect on the gonad appears slowly, the atrophy being
marked after 4+ months. Atrophy appears much earher in the
seminal vesicles and the prostate.

Table II1 is an example of an experiment carried out on 4
Wistar adult rats which were given a total dose of 8-6 g. PHP
in 30 days

Table IIT
Controls Treated
- i
Number of animals 2 2
Average weight 1n g. . P 316 a1
z}vemge weight after 30 days 312 297
Average weight of the organs in mg :
Prtuttary gland & . 10 1 89
Thyroids .. . 20 6 177
Adrenals . . . 43 358
Testis . AN . 2862 2906
Semunal vesicles+prostate . . . 1548 1120
Sub-maxillary glands . . 413 850

The marked regression of the seminal vesicles, of the pro-
state (28 per cent) and of the sub-maxillary gland (15 per cent)
after treatment, is significant; it contrasts with the lack'of
,effect, after one month, on the weight of the testis, in'wthh
histological examination fails to detect any injury in the
seminal line. The experiment also does not show any evident

~ffect on the thyroid.
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Therapeutical Effects. Observations made by physicians
agree with those of the experimenters. We shall not speak
here of the few happy regressions of malignant tumours (to
which a much larger number of failures should be opposed);
this is a different problem, which is out of place 1n this talk,
But numerous observations have been published, reporting
mmprovements after PHP in von Basedow’s disease and in
hyperfolliculinemia where the hormonal equilibrium was
re-established (Perrault, 1930; Ezes, 1951). The mechamsm
of this action seems to consist in the slowing down of a hyper-
production of thyrotrophic and gonadotrophic hormones.

Conclusions

It 15 still too early to explain how PHP, a very weak
cestrogen, intervenes in slowing down the general growth of
young ammnals, 1n reducing the volume of the accessory
sexual glands (seminal vesicles and prostate), 1n producing the
atrophy of the testis, and m antagonizing the goitrogenic
action of propylthiouract], but one can suggest that such
actions are due to an mhbition of certain secretions of the
anterior lobe of the pituitary gland.
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Results Obtained by Other Experimenters

The results of Soulairac and Desclaux {1959) lead to con-
clusions which fit in with the preceding ones.  With doses
from 60 to 560 mg. of a solution of PHP propionate in oil,
injected subcutancously to rats, these puthors obtained a
progressive mvolution in the eprithelium of the glands of the
uterine horns and a decrense in thickness in the epithelium of
the seminal vesicles, of the prostate, and mainly of the vas
deferens, with the disappearance of the phosphatase activity.
Moreover, they noticed (1951) & fow lsstologieal changes in the
pituitary gland, 1.e. some vacuolization of basophil cells.

Martella (1051) noticed some alterations in the cestrous
eyele of rats receiving 25 cg. of PHP per day in their food;
he attributes them to an anti-gonadotrophic action which
exerts itself more probably on the pitwtary gland thar
directly on the ovares.

Loeper and lus co-workers (1951}, injectmg PHF to rats,
have prevented the hypertrophy of thyroid and pituitary
glands after treatment with propylthiouraeil. But, on account
of the very high doses of this substance they have used, they
could not prevent histological lesions mn these glands.

On the other hend, Guillemin (1951) got results which pre-
vented him from edmitting an action on the growth of young
male rats. With daily doses of 10, 30 or 50 mg. of PHP given
orally dunng 18 days to ammals weighing 80 g. {the doses
bemg doubled during the last 8 days), he did not observe any
statistically significant dufference between the growth of th.e
treated animals and of the controls. At the end of the experi-
ment, no macroscopic ar microscopic alteration of the gonads,
thyroid, adrenals, thymus, or kidneys, could be found.

How can we understand such a complete discrepancy?
First, 1t seems that the doses given by the last author were
too small, and that the treatment was performed during {0‘7
short a time. Secondly, we used for a while some commereial
PHP which had not been synthesized in our laborator}'} by
Buu-Hoi’s method; this substance proved totally inactive,
even with higher doses and longer treatment.
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Therapeutical Effects. Observations made by physicians
agree with those of the experimenters. We shall not speak
here of the few happy regressions of malignant tumours (to
which a much larger number of failures should be opposed);
this 1s a different problem, which 1s out of place in this talk.
But numerous observations have been published, reporting
mprovements after PHP in von Basedow’s disease and in
hyperfolliculinerma where the hormonal equilbrium was
re-established (Perrault, 1950; Ezes, 1951). The mechanism
of this action seems to consist in the slowing down of a hyper-
production of thyrotrophic and gonadotrophic hormones.

Conclusions

It is still too early to explain how PHP, a very weak
cestrogen, intervenes in slowing down the general growth of
young animmals, in reducing the volume of the accessory
sexual glands (seminal vesicles and prostate), in producing the
atrophy of the testis, and n antagonizing the goitrogemc
action of propylthmouracil; but one can suggest that such
actions are due to an inhibition of certamn secretions of the
anterior lobe of the pituitary gland.
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Results Obtained by Other Experimenters

The results of Soulairasc and Desclaux (1950} lead to con-
clusions which fit in with the preceding ones. With doses
from 00 to 560 mg. of a solution of PHP propionate in oil,
injected subcutaneously to rats, these authors obtained 3
progressive mvolution in the epithchum of the glands of the
uterine horns and o deerease m thickness in the epithehum of
the seminal vesicles, of the prostate, and mainly of the vas
deferens, with the disappearance of the phosphatase activity-
Moreover, they noticed {1051) a few histologieal changes inthe
pituitary gland, 1.e, some vacuolization of basoph eefls.

Martella (1051) noticed some alterations in the strous
eyele of rats receiving 25 cg of PHP per day in their food,
he attributes them to an anti-gonadotrophic action which
exerts itself more probably on the pituitary gland than
direetly on the ovaries.

Loeper and his eo-workers (1951), injecting PHP to rats,
have prevented the hypertrophy of thyraid and pituitaty
glands after treatment with propylthiouracil. But, on aceount
of the very high doses of this substance they have used, they
eould not prevent histological lesions in these glands.

On the other hand, Guiliemin (1951) got results which pre-
vented hum from admitting an action on the growth of yaung
male rats, With daly doses of 10, 80 or 50 mg. of PHP given
orally during I8 days to animals weighing 80 g {the doses
bemng doubled during the last 8 days), he did not observe any
statistically sgmficant difference between the growth of the
treated animals and of the contrals. At the end of the expert:
ment, no mucroscopic or pucroseopic alteration of the ganads.
thyroid, adrenals, thymas, or kdneys, could be found.

How can we understand such a complete diserepancy?
Fust, it seems that the doses given by the last auther wert
too small, snd that the treatment was performed during f?ﬂ
short a time.  Secondly, we used for a while some commaercial
PHP which had not been synthesized in our laboratory by
Buu-Hoi's method; this substance proved totally inactive,
even with higher doses and longer treatment.
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before we instituted any form of therapy, and we had observed on
three occasions that her pick-up of radicactive jodine 1 the thyrod
was 1n the neighbourhood of 70-75 per cent. After six weeks of treat-
ment with the pl hydrnxyptopmphenone there had been no change
observed in her eyes. However, the 10dine pick-up had fallen off to
20 per cent, which I think 1« rather a sigmficant change.

LacassaoNe: Dr. Cowie has shown negative expeniments, but it
seems to me that a duration of 17 days is not enough _In a paper by
Guillemin of ‘\Iontrc:ll pubhshed a few weeks ago 1n the Presse Médicale,
tha Anratin avmom mmante wan 1@ Awwe and tha mrawth of tha

Dr. Rawson has clinical observations We have not done experiments
on patients, but Dr. Perrault in the Hopital Lanboisiére has done
b St . At 3

may be due to different reasons Perhaps the doses were madequate,
these doses were believed to be adequate at the beginming, but now
we have seen that Dr Lacassagne 1s using very high doses,

Another possibility 13 the duration of the experiment. Or perhaps
it 18 an mactive preparation. He has used a preparation of Laroche
Navarron In these problems the positive results with a pure prepara-
tion are more ymportant than negative, and Dr. Lacassagne has shown
us very mmportant positive results  Another possibility could be that
some very active contamimant might be present n some preparations
and not 1n others I mentioned the negative results because we have
to see what is the reason for them

Gross, Dr. Schuler did some experiments in cur laboratories with the
preparation of Laroche Navarron and found a decrease of gonado-
trophic hormorne in pitwitaries of rats treated with 100 mg./kg. orally
daily for 10 days.



252 General DiscussioN

Peanaver, M., Viexatou, J., and Enexye, M. {1040). Bull See
méd. 1f6p., Paris, 65, 1008,

SourammAc, Ao and Descaux, B, (1930), Ann. Endocrinal., 11, 812

SouLAtrac, A, Buscravy, P, Cuantag, 1., and TEYSSEYRE, 3. (res1)
Ann. Eundecrinol,, 12, 03

DISCUSSION

Cowie Recemtly at Shnfield rumours reached us of this interesting
substance and 1t scemed that st would be of interest to find out it
would mhiint those secretions of the anterior prtwdary which are
essentsal for lnctation,  Up to now our eapeniments bave ver negatne
rosuits We measured the growth rate of the htters of the three follow
ing groups of lactatsng rats (1) a controt group; {2) a group it sohich
each rat was inplanted with a 50 mg. pellet of p-hy droxypropiophenon®
every four or five days {mean dmily absorption="=9 25 ‘mg.); and (3)8
group which recerved dmly subcutaneous wjections ofa supcm\tura!ed
solution of this substance m salne (12 5 mg /day) These was 10
evidence of hibition of growth of any of the htters of the treated rats,
showing that p-hydroxyproprophenane had no sntubstory effects on
aulk secretion  These treatments were carnied out from the Ath to the
T7th day of lactation, after winch time the piothess hove hifled and the
endoerine ghwds and the mamme examuned lustologealls - So far
have had the opportamly to examine only a fow Shidés, but sn these 1
have observed no differences between the tissues from treated and
control ammals  Seetions from the mamma, the ovary, i he
adrenal giand were all normal  While these results give ‘no mdeation
of any whabition of the galactoparetie or other factors of the patencl

\tmtary, 1t must be stressed that these rats ‘wore treated only for 8
totat of 18 days, winch may bave Leen too short n time fof {lie eftects
of p‘llydro‘typropmphcncne ta show up "

fiawson. We have been domg some studics with phydroXypropio”
phenone m rats, and i one human. We have admumstered p-hydroy
propiophenone to rats 1eCEiving thouracil or to zats on jodine: e
diets and have folloned the ¢ffects of the agent oD the thyrod weil
and on the capaaty of the thyraids 1o concentrate or pick 8P adio-
tive jodme  With doses of 10, 25, 50 and 300 8 danly, ve e
observed no effect of the p-hydroxypropwphenone oft the thyrouls ©
these smmals. ig that

One thing that 18 important 1 companng these c‘(penmenls is thal
Dr Lacassagne worked with the Wistar rat, whereas we have beﬂl:’
using the Sprague-Dawley mt T wouldn't have beheved that wﬂc
could have made much difference, excepting for this fact. e hav
peen studymg jodine metabolisre i the Sprague-Dawley ral on ‘;
Remington diet for 2 long peniod of tune and have been abls ¥0 X!‘;
maximum pick-up of radwactive todme,  Other iny estigators in + :
United Stetes have heen unable to get these same effects f they “xcr
qsing the Wistar rat. However, if they changed to the Sprague-Dan ‘c{
rat they did get this dilference i pick-up. There may be some differen
m the thyroid metabolism in the two ammals. -



PART IIY
GROWTH HORMONE

THE GROWTH HORMONE AND CARBOHYDRATE
METABOLISM

F. G. YOUNG

In a conference on “Control of the anterior pituitary and
reciprocal relationships between its secretions and those of the
target organs” a paper concerning the growth hormone may
seem to be not entirely relevant since, as far as we know,
there is no single target organ for the growth hormone and the
question of the control of the anterior pitwitary by the
hormones secreted by the target organ therefore does not
anse. But a discussion mvolving the antemor pituitary
gland would be ncomplete without reference to the growth
hormone, and I feel I can take my place, without undue
embarr t, mn ideration of the infl of this
antertor pituitary hormone on carbohydrate metabolism,
Even o I shall have to restrict my field to a discussion of two
main points- the so-called diabetogenic action of growth hor-
mone, and certamn aspects of the influence of growth hormone
on protein deposition—protem of course being an important
source of carbohydrate during normal metabolism. Finally
1 hope I shall be allowed to mtroduce two minutes of specula-
tion concerning the possible general significance of the growth
hormone on metabolic processes 1 general.

In our investigations concerning the diabetog activity
of anterior pituitary extract we have ahways preferred to use
the mtact dog or the intact cat as test animal, and we have no
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Havoow: I wonder +f Dr. Lacassagne has considered the posssbiity
that these sp mght be inated with traces of, sa),
stilborstrol atself?

Lacassacwe: After we had made our first experunent with PHP
synthesized i our inboratory, the chemusts found it took too jong i
prepare it for the chmenl and expersmental work, and they tned to
obtan a commercial product.  For severs! mumths we have done
expeniments with g preparation from the United States, and 1t was
totally inactive. T have asked the chenists how st js possible that tne
products of the same chemical formula have such different activity.
They could net reply It 15 possible that either in one or the other
s an wmpurety. 1 don't think that it 1s stitbeestrol, ¥ am not 29
argare chemist, and { eannot diseuss thus question, but I have asked
iitispossble It scems that it should not be. But what s the chemucst
difference between the two products, the products we received from
Amenca and the produets we made in Pans, I eannot say.

Nowaxowssr I couldn't understand one point, why you have
different effects on the gonads. In one shde you showed a gos
atrophy, but i another easc, where I believe you gave the dosage BY
mouth, there was no atrophy of the gonads.

LaCassAGNE: 1 spoke about growing ammals first; and then about
adult e, The growing ammals are much more sensitive than sdult
wuce. Ina few weehs we can see the alterations that we have shownin
the growng mice, but 1t 1s necewsary to gne the treatment for four
months to obtaan the same effects in the aduit

Nowarowskt In the treatment of exophthalmic goitre by p-hydroxy-
propaph have the oh scen any atroplue ehanges i the
gonads in these patients®

Lacassacyr. § have no personal expersence with the chmc:'d work

Younc: Was the food mtake of your treated young growing rats
smaller than that of the contrals?  Dud they eat less? |

Lacassaowe There was no change. This substance is not tovc
We can mamtan these animals given PP more than one year.

Sueeser I nas discussing this work with Dr. Prerre Riotz 1 the

Hopital Bichat, Pars. e has had opportumbties to treat six cssz;

of mahgnant exophthalmos, with negative results, Unfortupately
did not know enough at the time to ash where he obtatned the prepasd
tions he used. s comment m reference to one of the chmceal papeﬁ;‘
also from Pasis, in wineh they had posttive results in the treatmont o
~exophthalmos with PIP was that m this ease the treatment was
d iately after of X-irrad of the prtuttary

, and he feEt that the physician had been a Mttle too quick 10
irradsation and to nstitute

gland,
conclude a negattve effect of the pituitary
& second therapy with tins drug,

Buss, Has I‘r;!fcsmr c{.nmss;tgim}e Pmcd the e
i resence of these doses of PH
m[t“,:echsmxm No, we have pot studied 1t We have obsesved no
effect on prolactin.  For matance, mice receiving PIIP 14 day s before
dehvery rould have young, and there was no inlubition of lactation.

ffect of gonadotrophut
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example, precipitation under various conditions, treatment
with acid and with enzymes, 1odmatmn and acetylation, all
led to the disappearance of d genic activity (in the
intact cat) at the same rate as growth-promoting activity in
the intact rat (Reid, unpubhshed observation). One interest-
ing result of the acetylation of growth-hormone carried out by
Dr. Reid 1s the finding that both growth-promoting and
diabetogenic activities depend on the integrity of the e-ammo
acid groups of the lysine residues in the peptide chain but not
on the « ammo groups of the alanine and phenylalanine
residues at the ends of the chains,

These results suggest that the diabetogenic activity of the
growth hormone is a property of the molecule itself, but since
the diabetogenic activity of ACTH in the human being has
been demonstrated by Conn and his colleagrues and others in
the US A, the possibility still exists that in the intact dog
or cat small amounts of ACTH, which we suspect could lurk
1 the purest of growth hormone preparations, might exert a
synergistic action with respect to the diabetogenic action of
growth hormone. However, in a prehminary attempt to
demonstrate the diabetogemc activity of ACTH in the intact
cat we have completely failed. Even 50 mg./kg./day has
proved to be ineffective i the eat, though 1-2 mg./kg./day of
growth hormone is sufficient. Campbell, Davidson, Snair and
Lei (1950) with the intact dog, and Houssay and Anderson
{1949) with the partially depancreatized dog or cat have also
failed to find a clear-cut diabetogeme effect of ACTH, although
Ingle, L1 and Evans (1946) were sucecessful m the intact rat.

In spite of this lack of diabetogenic activity of ACTH alone
in the dog and cat, Dr. Rexd (1951) finds that it appears to
exert some synergistic action with respect to the diabetogenic
action of less purified preparations of growth hormone in the
‘intact cat, although this effect is less well marked with more
purified growth hormone. The significance of these observa-
tions 1s still ocbscure.

All the evidence available so far suggests that the diabeto-
genie action of growth hormone is a property of the molecule

t
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dimculty'in induripg diabetes in these species of animal with-
out preliminary surgienl or other interference with the
pancreas. T emphasize this point particularly because we are
beginning to reslize that the secretion of insulin may not be
the sole function of the islets of Lanperhans of the paneress,
and in experiments in which partially depancreatized animals
are used it may he unsafe to assume that the results are
directly applicable to anjmwals with the pancreas intact. In
our experiments the mmimal diabetogenic dose of pusifie

growth hormane prepared by the method of Li or of Withelmi
appears to be, for the cat, about 2 mg./kg. of body-weight/day
{Cotes, Reid and Young, 1949) while that for the dog may be
about twice thns figure.

Since onr publication numerous investiy have reported
on the diabetogenic activity of punfied growth hormore,
some in the intact animal but mostly in animgls from which
the major part of the pancreas had been removed. X s
interesting to note that the Qose of purified growth bormone
employed by Houssay and Andersen (1939) to induce diabetes
in the non-diabetic partially dey d dog or cat was
twenty-five to fifty times that we found to be nceded in
experiments in which the mtact dog or cat was employed &
test animal.

Naturally we have been anxious to know if diabetogenic
activity 15 a propesty of the growth hormone itself {the
assumption bewng made that the protein is indeed the growtk -
hormone) or whether it is associated with a second type of
molecule present as an impunty. Another but perhaps less
probable aiternative is that the two types of activity (growth-
P tion snd disb is) are to be aseriied to different
structures in the same molecule, Dr. B. Reid at Cambridge
has recently argued that if diabetogenic and growth-p 4
artivities do pot depend on identical structures in the same
solecule then any treatment of the protein which led f0 4
change in its grawth-promoting potency might result in 2
" quantitatively greater or less change with respect to diabeto-
genic action. Numeraus different types of procedure, for
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metabolism, which is stimulated, or on carbohydrate and
protein metabolism, which are depressed, or whether an effect
is exerted on some or all of these simultancously. We are
however inclined to believe that the deposition of protein
under the influence of growth hormone is of primary im-
porfance.

The possibility then arises that processes in which a positive
nitrogen balance 1s needed may be particularly susceptible to
stimulation by growth hormone. Certamly the production of
milk by the lactating cow is i d by the administration
of growth hormone (Cotes, Crichton, Folley and Young, 1849)
although the results coneerning a possible influence of treat-
ment of a pregnant animal with growth hormone on the size
of the offspring are inconclusive (Cotes, unpublished observa-
tions). Recent attempts by Miss Cotes to detect growth
hormone 1n blood and unne from pregnant and lactating
anmmals have been unsuccessful (Cotes and Young, 1951).
Nevertheless we believe 1t 1s very probable that the physjo-
logical significance of the growth hormone is much greater
than 1ts name would mmply
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itself. Sinee, however, in the young of all species we have
cxamined, including the kitten and the puppy, growth
hormone docs not induce diabetes but growth {Young, 1841,
1949), 1t seems not unreasonable to suppose that the influence
of growth hormone on carbohydrate metabolism is physio-
logically significant.

Br. Greenbaum and ¥ have investigated the site of deposi-
tion of the protein laid down in the normal rat under the
ifluence of growth hormone, and have observed bizarre
variations from one muscle to another which are hard to
account for. Wondering whether these differences might be
assocated with differences i lability of the protem in
different muscles, we have compared the behaviour of the
same museles duning six days starvation, with that resulting
from the action of growth hormone. The correlation is pot
good but the observations do suggest that with some excep
tions, of which that of the masseter muscle 15 the most
striking, the muscles nhich mnerease in size more under the
mfluence of growth hormone are those which Jose more
substance under the influence of fasting (Greenbaum and
Young, 1951). Recently Miss Bigland and Miss Jehung a
University College, London, have mvestigated the work
capacity of the guadriceps muscle of the growth-hormone
treated rat and have found no functional differences despite
an increase 1 Weight up to 40 per cent (Bigland and Jehring
1953). When evpressed as g. tension/g. muscle the figures
obtaned from the treated muscles were significantly lowet
than those from their control counterparts The probability
that the hypertrophy of the muscle, amounting to 6~12 per
cent inerease 1n cross seetion area of the fibres, did not rc:ixflt
from the predommant deposition of effectively contractile
tissue is supported by the observatson of Miss It. J. Hume {“
Cambridge, that the proportion of the total muscle protein
present as myosin is not raised as the result of growth
hormone hypertrophy.

e a of growth

~ =ab know vet whether the influence
E, cesnd An fab
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Gunn’s Insulin MIEHU have CONLAILEU SUWE EIYLUBELULY UL satiuts
Whether that would explam the difference between our results I don't
know.

Hoer: In with the y of the diab action
of growth hormone in different species and in the same species at
Qifferent ages, as shown by Professor Young, I should ke to point
out the greatly increased diabetogenic action of cortisone mn the
Addisoman patient, as seen in these two cases of Addison's disease,
treated with 100 mg. cortisone (Table I) In cases without chronic

Table 1
D, AcroN or C IN ADDISON’s DISEASE
Blood Sugar Values after Admnutraton of 50g Dextrose
After After
Dextrose 45 minutes 90 minutes
MP. Before treatment | 0 88 127 0 89
54 years old,
weight 43 kg 8/2/51
B.P 0/60 21 hours after
Addison’s for 3 100 mg
years cortisone 126 2 80 166
Treated with
DCA 9/2/51 .
(100 g dex-
trose) 166 2 04 213
11/2/51 205 2
spm
sa Before cortisone 0 89 177 167
40 years old
s2kg 4 days 100 mg
Never treated cortisone 131 2 66 2 52
(Urine
2l g %)
2 days after
discontnuing
cortisone 114 2 00 190
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DISCUSSION

Lt: Tho expersments which we hope to publich soon may substantiate
Professor Young’s hypothesis that growth hormens is a hormene with
disbetogene retivity. Our 1n ve and in vitro experiments on 12
glycogen formatzon and glueose uptake of the rat draphragm suggest
that part of the expl ton of the diabetog, activity of growth
hormene 15 perhaps a direet action i antagonizing the function of the
insulin molecule ~ The second experiment was done 10 collaberation
with Dr. D. J Ingle of Upjohn Laboratones. He wished to find out
whether glycosurzaenn be produced i the normal rat by growth hormone.
A number of years ago we were able to produce a glycosuna witha fagh
carbohydrate diet and 8 ligh dose of ACTH, In this expenment,
with normal male rats on & medium carbohydrate diet, the growt
hormone alone had no effect, but 1n the presence of ACTH there wes
some sert of synergistic sction 1 the production of glycosuria

Youne: A synergism between growth hormone and ACTH may also
arse m our experiments with cats.  Certarnly the rat 1s 8 cunous
ammal m that in our expenence it doesn’t develop diabetes at all Wit
the growth hormone, even with very large doses, It fs mterestng that
n tius spéctes add of growth pot the
action of ACTIL

Gray, Do you think there 1s any possibility that growth hormone
exests an effect on the absorption of glucose i the renal tubules? ¥I'm
Just wondermg 1f the results of Dr Lr's expeniments could possibly
be duc to a lowered remal threshold, Ihd you in fact measure the blood
glucoss?

La. No, we just measured the glycosuria.

Gray> There 1s a posstbality 1t could be due to an alteration in the
renal pressure

L It's qute possible, The growth hormone is known to affect the
ksdney function 1n some smaller smmals

Youne: We find that i the dog @ high protein dset 1s much mos¢
effective in stinulating the production of diabetes under the influence
of growth | than 15 & high earbohydrate diet  Have you tried
giving 8 high pretemn diet?

La No. VWhen we vaned the diets, we found that with ACTH a
high fat diet was more effective m produewg glycosuna m the rat.
Of course, this may be a species difference . . N

Trio: I wondered if you bave any comments on the fact that in {ort’s
laboratory purified growth hormone daes not seem to have an in w1
effect on the diaphragm. "

L I don't think anybody has found any w pifro effects on the

iaph with growth h as far as 1 know,

Yorrey: With regard to the question of growth hormane and fat

holism, at 8 p here, Dr 8, Gunn reported (5";
Isotopes in Bochemisiry, p. 283) that the incorporation of labelle
soetate into fatty acids by Lver shices was stmulated by fnsuhman wi{‘";

and that the insuln elfect was antagonized by growth homnone, & i

-
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sugar for some days after pancreatectomy. de Bodo’s expeniments are
all acute, and undoubtedly some insulin may be present i the tissues
of these animals. T 'have a prejudice that the action of growth hormonc
in mducing the d of protein 15 upon the avai y
of insulin in the tissue At least I’d hike to see 1t proved that there 1s no
insulin available at all.

I vmuld agree Wllh th:lt. Thc reason I sho“ed the shde was

thing, as you did 1n your eather work.
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T 1insuficiency the diab aetion of cortisone can be seen
after many days, but the tolerance eurve falls one hour and a half aftet
deatrose. Therefore T auppose that in chrome suprarenal insuffiezency
of lang standing, the g is in a fi and perhaps morpho-
logscal condition which makes the organ sensitive to the diabetogenic
action of corstisone  Tius increased diabetogenic action of cortisone
has been scen in four other cases of Addison’s disease, It is u regular
fact scen mn fresh cases ar in cases treated with DCA implantation

Loxc: ¥ wil] show two shdes {not reproduced} 1o an attempt to com
plicate this story further. They illustrate the differences between
administration of growth honmone to fasted diabetie anmmals and fasted
notmal ammals, the so-called paradoxical effect.  In rats made drabetse
by alloxan, the ndmustration of highly punfied growth hosone
produces an mcrease in the blood glucose level. PH eall your attention
to the faet, how ever, that there also occurs a fafl 1n the amino mireged
an the blood 1 spite of this disbetogenc effect.  However, if the same
a2maunt of hormone 15 given to normal fasting rats, wstead of a Tise it
the blood glucose we now get a marhed hypoglycema, but this is still
sccompamied by a fall 1n the amno mtropen of the biood Indecd, i
this p 18 nd to { animals such 3
severe hypoglyemmia appears that the aninals will usually die of 318
effects Within an hour or sa  Here we have a paradoxical effect of tbe
growth b depend y on the pres or absence of the
pancreas. Whether this means that growth hormone actually stimu-
iates the secretion of wnsubn or whether 1t merely means that the
growth hormone withdraws from the metabolic mikture such a large
proportion of protein that the bload glucose can no longes be mamntained
at the normal fasting level, we do not know _

Youxe' Have you any observations with fully depnncreawﬂd
anumals? de Bodo and his recently ted that
in fully depancreatized anmals growth hormane wlt produce 8 fall in
blood sugar level .

Loxg No, we have not earrsed out this experment on depancreatized
cats and dogs, which presumably ove the proper speaes for this
However, our anymals were quste severely dsabetic, witha fasting bk"?"
glucose of nearly 300. That does not mean that there may not still
be a little insulin present, but our experience has been, at least with the
rat, that regardiess of the severity of the diabetes produced by sllovs®,
we alvays obserwe a nse i blood gluease, \We have not seent these
immediate hypoglycenue effects such as de Bodo has recently descrited
m the dog soon after pancreatectomy,

Youe., In dinbetic rats we ean’t demonstrate an effect of growth
hormone either 1n causing & nise or fall in blood sagar. There seem 10
be some stram differences n this respect, And we've had a cat that has
been persistently diabetic now for aver a year, and to which small doses
of growth hormone have been given at intervals, without any ophvious
elfect one way or the other, I think these species differences are very
important, 1 wonder whether the admmstration of growth harmog;
to the fully depancreatized animal would stll produce & foll of blo:
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certain species the reproductive cyele was profoundly influ-
enced by events in the reproductive tract. Thus, in the rat
and mouse sterile mating through mechanical stimulation of
the cervix (Lang and Evans, 1922) throws the basie eycle out
of gear, prolongs the life of the corpus luteum and causes a
peniod of pseudopregnancy which would not otherwise appear.
In the rabbit, even more dramatically, ovulation 1s dependent
on mating, which exerts its effect by some means not connec-
ted with the semmal fluid or with mechameal stimulation of
the vagina or cervix. I do not need to enlarge upon the steps
by which the r liation has been effected or by which the
hypothalamus has become implicated in a complex chan of
stimulation, eomposed of both nervous and humoral hnks.
1 should, however, point out that the reproductive processes
provide very good examples of the reciprocal co-ordmation
between the anterior pitwitary body and the organs affected
directly or indirectly by its secretions.

Thave already referred briefly to the effects of X-irradiation
on the ovary. If a mouse 1s exposed to an adequate dose of
X-rays, drastic changes follow very rapudly m the avary.
The whole of the existing oocytes degenerate and come to
form crumpled ghosts which may persist for a long time. The
follicles, bereft of oocytes, break down and fade away.
Corpora lutea, if existing at the time of the irradiation, are not
alfected, but disappear later in the ordmmary way. In addition
to all this, the germinal epithelium loses its capacity to re-form
germ cells, so that in a very short time the ovary becomes
completely devoid of hive oocytes, The germmal epithelium
may, however, subsequently bud off short tubes, which
probably represent anovular primordial follicles, but which
undergo no further development (Brambell, Parkes and
.Fielding, 1927)  When irradiation is carmed out on the
immature animal the onset of puberty 1s not affected, and the
basic 5-day cycle 1n the reproductive tract 1s established as
usnal (Parkes, 1926). When the adult anumal is irradiated
the cycle continues unaffected by the ensmng chaotic state

of the ovary or by its subsequent non-cyche nature (Parkes,
wATER 19




PART IV
GONADOTROPHINS

OVARIAN PERIODICITY IN THE ABSENCE OF
CYCLIC STRUCTURES -

A. 8§ PARKES

Ax ovary from an immature animal grafied into an adult
animal starts immediately to function as s mature ovary.
Conversely, an ovary from a mature animal implanted into an
immature ammal ceases to function (Foa, 1900). Further,
if one ovary 1s removed, the other undergoes compensatory
hypertrophy and does the work of two ovaries. The setivity
of the ovary is therefore dependent on some extra-ovarian

fus which 1s wadequate in the immature anirpal, an

adequate in the mature one for a given degree of ovarian
activity. Agan, if the folhicles and thence the corpord
lutes are abohshed from the ovary by X-rradiaton, the
basic cycle in the reproductive tract, dependent on ﬂ}E
periodic action of ovarian estrogen, 1s unaffceted. The basic
endocrine eycle of the ovary, like its over-all activity, is thus
dependent on extra-ovanan control.

These observations and deductions were iluminated
bniliantly by the discovery of the gonadotrophic hormones o
the anterior pituitary body, but they belong to ancient history,

* and I mention them only beeause they bearon thenew material
which T have to describe. The discovery of the )xypoph}'seﬂ]
control of the ovary, however, while it cxpliined one group
of faets, had itself to be reconciled with another group ?f
equally well known facts which indicated that at least i
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were remarkably consistent; in each of the 10 animals a normal
vaginal cycle was re-established within 18-19 days of making
the graft, as would havé happened if a normal ovary had
been transplanted. Only one of these animals has so far been
killed; the graft consisted of nodules of secretory tissue devoid
of cocytes or follicles, The uterus was fully functional, which
indieates that the vaginal cycle observed was not of the type
reported by Bourne and Zuckerman (1940) to arise from a
continuous cestrogenic stimulus at threshold level, This
result indicates that freezing by the method employed was
compatible with the survival of a large proportion of the
secretory tissue of the ovary and that the absence of cyclic
structures did not affect the basic cyclic activity of the ovarian
tissue, which, as in the case of the irradiated mice, is pre-
sumably dependent on eychie activity of the anterior pituitary
body. It remains to find out whether mating n such animals,
which would necessarily be sterile, would throw the basic
5-day cycle out of gear and lead to a condition of pseudo-
pregnancy.

In the second group the ovaries were frozen slowly to
—79°C. and stored at that temperature in most cases for about
10 days, but in one instance for 83 days; they were then thawed
out and implanted back into the donor animal. Vaginal
smears were not made immediately, but 1n each amimal the
vagina became atrophic, as after ovariectomy, and remained
so for 2-8 months after the grafting of the ovanan tissue,
Signs of westrogemc activity then slowly became apparent,
and vagmal smears made when the vagina was fully active
showed a state of persistent cornification The delay 1n the
establishment of effective endocrine activity on the part of -
the graft makes it very likely that there was massive destruc-
tion of the ovarian endocrine tissue on freezing and thawing
by the method employed, and that the few surviving cells
took a long time to build up a functional graft. Such greater -
destruction, as compared with that found in the other series
of animals, may have been due to the difference 1n the tempera-
tures employed or to other known differences in technique.
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1927). The eflect of sterile mating was not investigated
specifically in these experiments on irradiation, and ificidental
observations on this point were inconclusive.

The new work which I want to deseribe to you has arisen
as a side shoot of the study being made by my colleagues and
mysclf on the survival of hiving cells at low temperatures, 8
study which so far has included spermatozos, red blood eells,
and certain endoerine tissues  Dr Audrey Smith and T have
found that ovarian tissue of the rat, chopped into small
preces and soaked m 15 per cent glycerol saline, can be frozen
slowly to —~79°C. {solid CO, in alcohol} or to —192°C. {hquid
air) for long periods without destruction of all 1ts components.
Thus, ovanan hssue, so treated, implanted subcutaneously
into the ovariectomized donor “takes™ as a graft and sooner
ar later gives nise to typical wstrogene effects, Such gralts,
however, according to our present expertence, are completely
devard of cocytes, and thence of follicles and corpora lutea.
Qoeytes present at the time of freezing are apparently dfs'
troyed, together with the germmal epithelium or at feast its
power of neoformation of pocytes* The graft ansng from
frozen matenal is therefore very similar to the ovary sterthized
by exposure ta X-rays. Histologieally, we have not abserv‘ed
the crumpled remnants of oocytes charactenstic of X-irradia:
ted ovaries, but the short tubules secn in irradiated material
are prominent also in the frozen grafts. Functionally, the
over-all picture also seems to be sumular, but there are inherent
differences in the techmques nvolved which are associated
with suggestive differences n results.

There are twwo groups of rats, resuits on which 1 want to
deseribe and contrast.

In the first group, the ovaries were frozen slowly to —~ 102°C.,
kept at that temperature for 1 hour or 9 days, and then thuf\’ed
out and implanted back mto the donor animal Vaginal
smears were made from the day of ovariectomy. The rcsuls

sl
e o T e e e .
grafts repenerated from frozen tissue My reform a small number of ooeyted
and folhictes.
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whether the cycles he observed were astrous cycles or vagnal cycles.
Will these rats mate and show mating teflexes?

PankEes. Very recent experiments show that they will.

Wituiams It would be interesting to know whether the ones with
constant cornification are continuously 1n astrus or merely show con-
tinuous vaginal cormfication.  If there are, as Dr, Parkes sad, possibly
two types of cell 1n the implants, then one might produce cestrogen and
the other progesterone

wkes, I'm afrmd the rats are dead now, the experiment was
imperfectly designed from this pont of view. What we were interested
n was finding conditions of freezing compatible with permanent
preservation of ovaran tissue, and other things emerged as sidelines
If we get any more ammals of that kind we shall certainly mate them,
as we shall mate those that are now cycling.

Houssay With regard to the production of vaginal cycles i spayed

~rats with daily mjection of a constant quantity of cestrogens, these
vaginal cycles are also obtained more intensely withont the adrenals
The idea that the adrenal was was b;
who has repeated this experiment m monkeys In some cases del
Castillo and his fellow workers have obtained uterine cycles in castrated
human beings by 1njecting constant doses of cestrogens.

Parkes. I think that’s just one more difference between mice and
men, that you don’t get threshold uterine cycles in muce.

TucaMaNN-DupLEssts I wanted to ask you if you had studied the
pitwtary of these spayed ammals with the grafts, You said there
would be castration changes 1n the prtmtary  Are there castration

you explamn this eestral cycle m which you see only cormfication?
Parkes After the first session of this sympositm on Monday, I
realized we had commutted a great error in ot getting the pituitanes
from those continuously cormfied rats; the only excuse 1s that we were
50 excited at having got some sort of graft from tissue which had been
left at ~79°C. for weeks that we didn't think of 1t, But we shall do so
n future

N

developed graft

When you on rad
of the ovaries of rmce, I was surpmed nt the difference 1n radio-
sensitivity of the ovary of the rabit. You can totally sterilize the
rabbit. I have obtained 1m mice e\actly the same resuh.s as in the
rabbit, by downg the
ovary with a very narrow beam of \-rays, wlth Tugh doses I obtained a
true sterihzation—total atrophy of the ovary, a total ancestrus,
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Whatever the explanation of this anomaly, however, the fact
. that the delay was associated with the production, ultimately,
of persistent cornification is highly suggestive. Lack of ¢yche
activity may be the ultimate fate of all such grafts, though
there is no support for this 1dea in the records of the irradiation
work, or it may have been due in the animals in question to
unknown causes. Most likely, however, the delay 1n the graft
becoming active, mcreased in one rat by the long inter_val
between ovariectomy and grafting, resulted in castration
changes taking place in the anterior pituitary gland. From
the point of view of the present symposium the interesting
pomt is that, on this explanation, the ovary devoid of eyclic
structures was not able to restore the “castration” type of
pituitary to cyclic activity. Be this as it may, further study
of the ovary devoid of cyclic structures, in the light of modern
knowledge of the pituitary-gonadal relationship, is likely to
lead to instructive results.
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DISCUSSION
EvererT: I would like to recall del Castillo’s observation that‘nf}f:

threshold stimulus, then the adrenal will apparently cause some km:
of vaginal cycle. However, the threshold stimulus for the uterus :s
many times higher than that for the vagma, and the uterl of the gare
With an active graft were perfectly all right, so we're not deahng ;3 ¢
with an adrenal cyele superimposed on a constant threshold strmulu!
ovarian graft.

"“x'?.i‘ifms; 1 tl’f\rnk that threshold cycles, vagnal cjcles, nIr,e f::
cestrous cycles: there 15 no mating I shonld like to ask Dr. Parl



INTER-RELATIONS OF GONADOTROPHIC AND
GONADAL HORMONES IN THE REGULATION
OF TESTICULAR FUNCTIONS

WARREN 0. NELSON

TuE mmportant réle played by the anterior hypophysis in
testicular function has been amply confirmed by numerous
studies since the pioneer investigations of Smith (1930), It
has been shown that two gonadotrophic substances seem to be
involved in the normal maintenance of the two testicular
functions, production of germ cells and secretion of hormone,
Although earlier studies, such as those of Smith, Engle and
Tyndale (1934) and Greep, Fevold and Hisaw (1936) seemed
to indicate clearly that spermatogenesis and androgen produc-
tion are stimulated selectively and respectively by FSH and
ICSH (LH), further investigations have provided reasons for
doubting the existence of such clearly separable relationships.
This is particularly true m the case of spermatogenesis.

Probably the first evidence that provided reason for ~
examining these relationships more closely was the demon-
stration that urinary extracts contaming androgenic sub-
stances (Walsh, Cuyler and MeCullagh, 1934) and crystalline
androgenic hormones (Nelson, 1937) would maintain sperma-

1n hypophy: d rats. The same results have
been obtamed mn other species and 1t has been shown,
furthermore, that while relatively small amounts of androgen
will inhibit sper genesis, large will maintain
spermatogenests, despite the fact that in either case the
secretion of hypophyseal gonadotrophins is mhibited (see
Ludwig, 1950, for d of this pt ). These
studies showed that 1n some species, at least, androgen has a
direct stimulating effect upon spermatogenesis and led to the
conclusion that androgen plays a definite role in the process of

211
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PArkes: You must have cooked them pretty well because in the
ordinary way endocrine tissue 19 very resistant to X-rays, and T think
other things would go first. IJow Tong do they hive after that kind
of dose?

Lacassacne: 583 days after 6000r in onc case (Lacassagne, A, 1936
Proc., R. Soc. Med., 39, 603). I can never obtaimn these results in trying
to obtain bilateral sterilization by X-rays because the antmals get
fesions of the intestine and die.
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spermatogenesis. In the absence of sufficient amounts of
gonadotrophin the testes remamn in the infantile state (Heller
and Nelson, 1948a). When chorionic gonadotrophin is given
in adequate amounts the Leydig cells are stimulated and
androgen s secreted. The tubular response to such treatment
in these cases is interesting. In those individuals whose
testes before treatment, as revealed by biopsy, contained
tubules without lumina and with germ cells in the spermato-
gonial stage, the response of the tubules was confined to a
differentiation and enlargement of Sertol: cells with httle or no
change in the germ cells. On the other hand we have observed
recently that in two cases where the onginal biopsy revealed
considerable numbers of primary spermatocytes as well as
spermatogonia, treatment with choriome gonadotrophin (CG)
induced the formation of spermatozoa. This observation
suggests that CG, the active factor of which 15 akin to ICSH,
has the capacity to carry spermatogenesis to completion from
the primary spermatocyte stage. In the patients just men-
tioned 1t 1s believed, but not yet completely proven, that the
deficiency of gonadotrophin was confined to the ICSH factor
and that some FSH was present. In further support of this
idea 15 our observation that the combined use of FSH and
ICSH 1n all these hypogonadal men was followed by complete
spermatogenesis

Some reports 1n the literature, for example the recent one
of Barter, Sniffen, Simmons and Albright (1951), have
indicated that the use of CG only 1s sufficient to induce

genesis 1 hyp dal men. These observations
may be explained by our finding that CG will provide the only
treatment necessary for sperma in hyp dal men
whose testicular tubules contan primary spermatocytes and
who presumably are produemg small amounts of gonado-
trophic hormone, particularly FSH.

We have mentioned that Sertoli cells undergo differentiation
under the mnfluence of androgen secreted by the Leydig cells
of hypogonadal men who receive CG. This apparent relation-
stup between androgen and Sertoli cell differentiation is seen
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sperm production. Indeed, the idea was advanced (Simpson,
L1 and Evans, 1941) that ICSH might be the sole gonado-
trophm ry for spermatogenesis. It should be noted,
however, that more recently Evans and Simpson (1950) have
found that spermatogenesis is stimulated in hypophysecto-
milzed rats by a pitutary preparation said to contain FSH
only.

It would appear reasonable to suspect that both FSH and
ICSH, the latter through the medium of androgenic hormone,
may play a rdle in normal spermatogenesis, and at the present
time this concept seems to most satisfactorily embrace and
harmonize the accumulated evidence. As yet it is not possible
to relate the individual hormones to precise réles in the process
and such is not likely to be possible until purifieation of the
two gonadotrophic hormones has progressed further than
at the present time. In an attempt to explain the respective
roles of FSH and ICSH in spermatogenesis Gaarenstroom
and de Jongh (1946) have presented a theory that, when
reduced to 1ts essential points, would suggest the following
(1) FSH increases the number of spermatogonia which have
the capacity to undergo mitosis to form other spermato-
goma and so increase the number of cells available for further
maturation, (2) ICSH, through the medum of androgen
produced in the Leydig cells, prolongs the life of the germ
cells, thus permitting them to continue maturation. It s
suggested that the later stages of spermatogenesis are not
under hormonal control.

The first part of this theory, relating to the rdle played by
FSH, would appear to be more defensible than the second.
However, until accurate counts are made of mitotrc
activity in the spermatogonia of hypophysectomized anmmals,

with and without replacement therapy with purified gonado-
RIS et ha nnnantad anth raconvatinne  The same

Certain observations on human testes may be heiptul 'm
elucidating the roles played by the hypophyseal hormones It
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high sperm-producing potentials. However, it should be
noted that in the two experiments which have been cited both
the androgen and the route of administration as well as the
rate of testicular activity were different.

Further evidence in favour of the partlclpatmn of ICSH
through the di of androgen, in the sper
process has been provided by McCullagh (1948) who studied
two eunuchoidal brothers whose sperm pmductlon was very
low. Biopsy revealed poor sy and
complete absence of Leydig cells. We have been privileged to
study this material and more recently to encounter three
additional cases of this testicular condition. In one of these
the admmstration of CG caused a marked improvement in
the production of sperm as well as the formation of Leydig
cells and the secretion of androgen, In these cases it would
appear that the hypophysis was secreting FSH but hittle or no
ICSH, and that as a result of the deficiency of androgen
spermatogenesis was unable to proceed normally.

In summarizing the mnter-relations of gonadotrophic and
gonadal hormones in man on the basis of available evidence
it appears that FSH 1s important to the spermatogenic process,
at least m providing a stimulus for continued production of
spermatogonia and for the formation of primary spermato-
cytes Its relationship to further stages of sperm maturation
15 uncertain. Through the medium of androgen, ICSH seems
to influence differentiation of Sertoli cells and may play an
important réle in the physiological activity of these cells.
‘When both FSH and ICSH are present spermatogenesis can

proceed to letion. Excessive of androgen, and

the same is true of cestrogen, interfere with spermatogenesis
by inlubiting the secretion of hypophyseal gonadotrophin,
The mechanism controlling the secretion of gonadotrophin
by the hypophysis 1s of great theoretical and practical interest.
The idea advanced by Moore (1939} that the level of androgen.
arculating in the body exerts a controlling influence on the
hypophysis has been the basis for many studies and their
interpretation. Low levels of androgen were supposed to
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in other conditions. We have had occasion to secure testicular
biopsies in 6 boys, ranging from 3 to 6 years old, who showed
sexual pseudoprecocity due to hyperplasia .of the adrenal
cortex. In 5 instances the Sertoli cells showed definite
evidence of differentiation accompanied by tubular enlarge-
ment although in otherrespects the testes remained infantile.
That the response of the testis to gonadotrophins and to
androgen may not be precisely the same in all species needs
emphasis. It was disappointing to learn that the human testis
does not show direct stimulation of spermatogenesis when
large amounts of androgen are administered. In an attempt
to duplicate the results obtained in laboratory animals e
have treated men with 25 to 100 mg. of testosterone propionate
daily for as long as four months, Biopsies obtained at the
termination of treatment showed the complete cessation of
spermatogenesis and the occurrence of severe peritubulﬂ\‘
fibrosis. However, it was gratifymg to find that additional
biopsies obtained 6 to 30 months later revealed a remarkable
degree of spermatogenic recovery and the disappearance t‘bf
fibrosis. Indeed, in almost every instance spermatogenests
was better than 1t had been prior to the initiation of treatment
(Heller et al., 1950) We have applied this finding, as have
Heckel, Rosso and Kestel (1951), 1n certain cases of infer-
tility, Sperm counts show a progressive drop in “spermato-
genesis during treatment, with a remarkable rebound, in most
cases, to levels higher than those observed prior to treatme'ﬂt‘
It would appear that in man the parenteral admimstratio?
of adequate amounts of andragen ihhibits the secretion of
gonadotrophin, with the result that sperm production suffers
and that recovery occurs only when the administration of
androgen is terminated. It is worth noting at this juneture
“that the administration of methyltestosterone linguets (20 to
40 mg. daily) for 80 to 45 days in 5 men whose sperm counts
ranged between 150 and 270 million per ml. did not materially
change their sperm counts. These studies require extensior,
“but it appears that the admmistration of androgen has less
~ffect on the pituitary-gonadal axis in mer hose testes have
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.
severe peritubular fibrosis of the human testis. This hypo-
thesis, comparable to that offered 1n the case of the thyroid by
Rawson, Sterne and Aub (1942), surmests that the level of

1 s

process of stimulating the gonads much of the gonadotrophins
are destroyed or inactivated so as not to be detectable in the
urine (Jungek, Heller and Nelsen, 1947; Heller and Nelson,
1948b)

This concept does not deny the pituitary mhibiting action
of the gonadal hormones since that phenomenon can be amply
demonstrated 1n man and laboratory animals. It does,
however, suggest that the amounts of gonadal hormone,
patticularly of androgen, which are required to effect inhibi-
tion of the hypophysis in man are beyond physmloglcal limits.
For ple, it has been possible by impl ion of pellets
of testosterone to correct or alleviate conditions due to
androgen deficiency in castrates, cases of the Khnefelter
syndrome, and cases of the male climacteric, without lowering
the elevated unnary levels of gonadotrophin that are present
in these patients. While such evidence 1s by no means
conclusive, 1t suggests strongly the existence of additional
factors in the control of the secretion and excretion of gonado-
trophins. It1s possible that gonadotrophin inactivation in the

better explanation 1s provided for the existence of the in-
creased levels of gonadotrophun than is offered by the inhibin
hypothesis or the hypothests which would hold that androgen
alone controls the level of gonadotrophin secretion. In many
cases of the Klinefelter syndrome, probably'all cases of
germinal cell aplasia, and the vast majority of cases of
peritubular fibrosts, there is no evidence of androgen deficiency.
In the remaining conditions, castration, eryptorchidism, and
the male climacterie, as well as in some instances of the
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encourage and high levels to inhibit secretion of gonado-
trophin. However, this theory of ~reciprocal relationships
between gonadotrophin and androgen has met with various
objections. These stemmed first from the observation that
the pituitary appeared to secrete more than normal amouns
of gonadotrophin in cases where the production of androgen
seemed reasonably normal, but where the spermatogeme
process had been seriously damaged (X-irradiation, eryptor-
chidism, vitamin E deficiency), The idea was advanced that
the testicular tubules produce a substance which is responsible
for the mamtenance of normal levels of gonadotrophin
secretion and that in those conditions which interfere with
spermatogenesis this substance is not produced. This hype-
thetical substance, originally believed to be water-soluble,
has been given various names among which “inhibm” is the
most familiar. McCullagh et al. (1950) have recently reviewed
the evidence in favour of inhibin and should be consulted for
further details,

It has been difficult for the proponents of the mhibin theory
to determine the site of production, germinal or Sertoli cells,
of the substance, although the basic observations would have
pointed strongly toward the germinal cells. However, recent
observations in two types of human testicular defects have led
some peaple to modify the original concept. On the l)aSlS‘Of
observations on the levels of gonadotrophin, arbitrﬂfll.y
designated as FSH, in the urine of men with puberal semint-
ferous tubule failure (Klnefelter syndrome) and germmal
cell aplasia, the 1dea was advanced that the Sertoh cells are
responsible for the production of a pituitary intibiting
substance, This substance has been designated variously a$
“x-substance,” pregnenolone and cestrogen (see Howard,
Sniffen, Simmons and Albright, 1950; and Nelson and Heller,
1951, for further consideration of this subject) f

An alternative hypothesis has been advanced to account
for the occurrence of increased quantitics of gonadotrophin it
such conditions as X-irradiation, eryptorchidism, vitamin
deficiency, Klinefelter syndrome, germunal cell aplasia,

N

and
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may act to maintain the constant rate of secretion of gonado-
trophin, but probahly play & minor role except in cases where
-they are present in unusual amounts. In the event of loss of
the testes or of failure of either or both of its components,
tubules and Leydig cells, “utilization” of the gonadotrophic
hormones is reduced and the urinary levels of these hormones
are correspondingly increased,

Of related interest to the concepts that have been discussed
is the question of the site of cestrogen production in the testis.
(Estrogen has been found 1n the urine and testes of various
species, including man, and 1n lesser quantities 1n castrates
than in intact subjects. It has been generally assumed,
primanly on the basis of the studies of Huggins and Moulder
(1945) on tumours of the dog testis, that the Sertol cells are
the site of production of cestrogen (Teilum, 1950; Howard,
Sniffen, Simmons and Albnght, 1950) However, recent
studies have suggested that, in the human species at least,
the Leydig cells are the more likely sites of production than
the Sertoli cells, and that the Sertoli cells are, as has been
believed for many years, primanly, 1f not completely, Susten-
tacular elements. Thus we have found that the gonads of
five intersexes, ostensibly female, were testes with infantile
characteristics except for the presence of large numbers of
Leydig cells. The tubules were small and either lacked
germ cells completely or contained very few. The Sertoh
cells were undifferentiated in several of these cases and were
not regarded as hkely sources of the cestrogen which these
gonads were producing (Nelson, 1951) Additional evidence
has also been presented (Maddock and Nelson, 1951) in a group
of adult men who were treated with CG. In each of these
cases the urinary levels of cestrogen were markedly increased
during the ‘period of treatment. This period of mcreased
excretion of cestrogen was d by definite st
of Leydig cells without noticeable change in Sertoli cells.
These findings suggest caution 1 regarding the Sertoli cells
as the site of production of testjcular strogen and as elements
which are concemed with the control of gonadotmphm

-~
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Klinefelter syndrome, androgen deficiency does exist to 2
greater or lesser degree; but as noted earlier, the amount of
androgen which is required to suppress the elevated levels of
gonadotrophin in these patients is far in excess of that which
will correct the manifestations of androgen deficiency.

The coneept which maintains that the Sertoli cells produce
some substance having a pituitary inhibiting effect cannot
explain the occurrence of high levels of gonadotrophin in men
with cryptorchidism, the male climacteric, and the germinal
cell aplasia, since in these conditions Sertoh cells are present
and appear to be normal by all tests that have been applied.
Furthermore, no evidence has been offered that the hypo-
thetical substance they are supposed to produce is decreased
in these conditions or in cases of the Klinefelter syndrome or
of peritubular fibrosis. .

Inviting as thé concept of gonadotrophin utilization may be,
it can scarcely be regarded as more than a tentative hypo-
thesis. Experiments must be done in which “qtilization”
of gonadotrophin can be measured directly and the urinary
levels of gonadotrophin in the varous types of conditions
cited must be assayed for the two gonadotrophic factors.
“The latter procedure, hampered by the lack of satisfactory
procedures for analysis of FSH and ICSH in urine, should
show variations in the levels of the two hormones in the
different types of testicular failure if the hypothesis is correct-
Thus the urime of castrates should contam inereased amounts
of both FSH and ICSH while the urine of men with germinal .

“ cell aplasia should show an 1ncrease of FSH only.

Until adequate evidence is provided either in support of of
against the concept of “utilization,” the best explanation for
the control of gonadotrophin levels in the male 15 provided by
combining the better features of the different hypotheses.
One might suppose that under ordinary circumstances the
pituitary secretes gonadotrophins at a fairly constant rate.
Most of these hormones are “utilized” by the gonads in the
Pmduction of germ cells and gonadal lx9nnones. i.e., androgen
and cestrogen. The latter substances, particularly cestrogem

.
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may act to maintain the constant rate of secretion of gonado-
trophin, but probably play a minor réle except in cases where
they are present in unusual amounts, Tn the event of loss of
the testes or of failure of either or both of its components,
tubules and Leydig cells, “utilization” of the gonadotrophic
hormones is reduced and the urinary levels of these hormones
are correspondingly increased. .

Of related interest to the concepts that have been discussed
is the question of the site of cestrogen production in the testis.
(Estrogen has been found in the urine and testes of various
species, including man, and in lesser quantities in castrates
than in intact subjects. It has been generally assumed,
primarily on the basis of the studies of Huggins and Moulder
(1945) on tumours of the dog testis, that the Sertoh cells are
the site of production of cestrogen (Teilum, 1950; Howard,
Sniffen, Simmons and Albright, 1950). However, recent
studies have suggested that, in the human species at least,
the Leydig cells are the more likely sites of production than
the Sertoli cells, and that the Sertoli cells are, as has been
believed for many years, primarily, if not completely, susten-
tacular elements. 'Fhus we have found that the gonads of
five intersexes, ostensibly female, were testes with mfantile
characteristics except for the presence of large numbers of
Leydig cells. The tubules were small and either lacked
germ cells completely or contaned very few. The Sertoh
cells were undifferentiated in several of these cases and were
not regarded as likely sources of the cestrogen which these
gonads were producing (Nelson, 1951) Additional evidence
has also been presented (Maddock and Nelson, 1951) 1n a group
of adult men who were treated with CG. Tn each of these
cases the urinary levels of cestrogen were markedly increased
durmg. the period of treatment. This pertod of increased
excretion of cestrogen was accompanied by definite stimulation
of Leydig cells without noticeable change n Sertoli cells,
These findings suggest caution in regarding the Sertoli cells
as t‘he site of production of testicular cestrogen and as elements
which are concerned with the control of gonadotrophin
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secretion. The studies do not, of course, deny the possibilit;
that eestrogen produced in the testis has an effect upon th
secretion of gonadotrophins by the pituitary gland.
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DISCUSSION

D N oot ‘ed with highly purified
. 15, and myself (Endo-

' low dosage there is no
o . definite stimulation of

tubules and spermatogenesis  Even with Ingh dosage the interstitial
cells still atrophy, but the tubules are stmulated I was wondering
whether the rat is different from the human, and that that difference
acatraiaindivp gt f - e BRI PR TN

N , .

togenesis, but whether or not it alone can carry spermatogenes:s on to
Emz\plele maturation I am not as yet convinced. We have not ourselves

turther n commenting on that point.
Sertoli cell simulation, as far as we can determune, appears to be
!ﬂgfted to some extent through the Leydig cells. Many types of

Nelson has expressed.

NELsox- In his original publication del Castillo sa:d that these men
had normal gonadotrophuns, but 1 talked to him in Atlantic City
recently and he’s not so certam at the present time  In our expenence,

Leydig cells are not functiomng normally.
wATER ! b
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NEevLson: So far as we're able to tell, the first focus of failure in the
Klinefelter syndrome centres in the tubules, but the Leydig cells
ultimately fail too, Whether this failure occurs early in puberty or
later will determine the condition of the patient. If the failure occurs
early, comcident with the tubular failure, then those mdividuals wil
be eunuchoidal. If it occurs late or occurs post-pubertally, then those

will be fally normal physi 4 they'll have normal
gemtaha, normal harr development, narmal stature, But the Leydig
cells usually do fail even 1n these cases at a relatively early age, and
that event 't with proves I 1n relieving the
f i It is correct, I beheve, to' classify

hotdal e

u-

O
cases of the K as n
choidal and non-eunuchoidal m accordance with the physical condition
of the individuals,



GONADOTROPHIN EXCRETION IN MAN
P J. BANKS, I1. M. LLOYD and E. F. SCOWEN

PrEvious comparnsons of the gonadotrophic activity of
urinary extracts prepared by precipitation in alcohol and by
ultrafiltration through collodion membranes have indicated
that the two methods yield roughly similar amounts of
hormone (Gorbman, 1945; Jungek, Maddock and Heller, 1947).
However, during investigations of gonadotrophin excretion by
human subjects we have found that differences in activity of
the two types of extract frequently occur. The variations int
activity with the two methods of extraction are observable in
response to the exhibitton of gonadal hormones but are much
more striking m response to stilbaestrol.

It would appear that the findings must represent either a
variation in anterior lobe response or in mode of excretion.
The failure to demonstrate such a type of change in men with
diminished or absent anterior lobe function would indicate
that the variations in gonadotrophin excretion represent
variations 1n anterior lobe response. We wish to draw atten- |
tion firstly to circumstances in which there is divergence in the
activity of the two types of extract, and secondly to those in
which the two yields are similar.

The method of precipitation in aleohol described by
Klinefelter, Albright and Griswold (1943) has been adopted,
and dialys:s and reprecipitation in alcohol have been carried
out in all cases. The technique of ultrafiltration is that of
Gorbman (1945). The activity of the extracts has been deter-
mined by biological assay, the increase in weight of the uterus
of the immature female mouse being the criterion of the test.

Post-menopausal women excrete large amounts of gonado-
trophin which can be extracted both by precipitation in
aleohol and by ultrafiltration. Case 4 indicates the effects of

283
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stilbeestrol on this excretion (Fig. 1), This was a woman of 52
years, suflering from osteoporosis, the menopause having
oceurred spontancously at 36 years. Initial exeretion levels
were high by bath methods of extraction. During the admini-

400
fre
30
3

Fic. 1 Excreton by post-menopamsal woman, shoming
esponse to stilboestrol, with drvergence 1n activity of aleahal
preeitate and ulirafiltration exiract.

stration of stilbwestrol mg, 1 daily, there was a fall in activity
of the ultrafiltration extract to 40 units on the sixth da'y of
treatment, while the activity of the alcohol . precipitate
remained high. On the next day, there oceurred 2 return o

activity in the ultrafiltration extract to 170 units/2# hours.
The dose of 1 mg. daily was continued for 12 days, and then

s
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for five days, 5 mg. daily was given. On the day following
withdrawal, excretion was 433 units/2¢ hours by the ultra-
filtration method, and 49 units/2¢ hours by alcohol precipi-
tation. During the subsequent ten days there was a return
to levels of about 200 units in both extracts. Here then is
an example of two different responses in excretion of gonado-
trophin—firstly a depression of activity of the ultrafiltration
extract, accompanied by high activity of the alcohol precipi-
tate, and secondly a highly active ultrafiltration extract
accompanied by a weakly active alcohol precipitate on the
day following cessation of stilbeestrol.

In a post-menopausal woman the yields from the two ex-
traction methods showed no wide differences. This patient,
67 years of age, was suffering from thyrotrophic exoph-
thalmos which had developed eight years previously, nine
years following subtotal thyroidectomy for toxic goitre. Also
there was a mild diabetes melhtus, for which no msulin was
required. Five initial gonadotrophin assays showed that
excretion was varying from less than 80 units to 128 units/24
hours, the higher activity being present in the alcohol preci-
pitate only. The activity of the ultrafiltration extracts did
not rise above 60 umts. Stilbcestrol 5 mg. daily was given
for five days, and after the third dose the ultrafiltration
extract showed increased activity (107 umts) which was still
present two days later. On these two occasions the alcohol
precipitate showed activity of 50 and 30 umts. A fall in
excretion then occurred, and it remained low during the next
twelve days following cessation of stilbeestrol. A very
marked merease in activity of both extracts was then found,
and this was maintained four days later, After the first dose
of a second course of stilbaestrol, a fall to less than 50 units
oceurred, the activity of the two extracts being closely
similar. On the next day, however, ultrafiltration (80 umts)
gave a greater yield than aleohol preeipitation (36 units).
Exceretion remained at a low level on days 88, 42 and.44.
Thus here the gross change i activity after withdrawal of
stilbeestrol was shown m both extracts, and apart from the
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slightly increased ultrafiltration yield during stilbeestrol ad-
munistration the two methods gave similar results thronghout.

A third post-menopausal woman (aged 68 years) who vas
suffering from osteoporosis, was studied in relation to the
effect of cestradiol. The administration of cestradiol benzoate
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Fio. 2 Excrebon by 83-year-old man, showng response to
stifbeestrol.
3 mg. every fourth day resulted in no significant char}gﬁ n
excretion after 83 weeks. The two extracts were of similar
activity on both occasions. No reaction was therefore
detected to this gonadal hormone. .
Divergence of results has been encountered in male subjffttf'
and is particularly marked during administration of synthetic
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cestrogen. Case 14 (Fig. 2a) was a man of 65 years suffering
from osteoporosis. Initially gonadotrophin excretion was
high, but there was no other evidence of gonadal deficiency.
Stilbeestrol 5 mg. daily was taken for two weeks. On the first
day, the activity of the ultrafiltration extract was 160 units/24
hours, which was significantly greater than that of the alcohol
precipitate (66 units). The remaining results showed a fall
m activity of both extracts with possibly greater depression
of the alcohol precipitates, One week after the cessation of
stilbeestrol, the activity of the alcohol precipitate was
increased.

When the same subject was studied again mmne months
later, stilbeestrol mg 5 daily was given for three days {Fig.
2n). After the third dose, a rise to 239 units/24 hours occurred
m the ultrafiltration extract, whereas the activity of the
aleohol precipitate was depressed. On the next day ultra-
filtration gave a yield of 122 units/24 hours and alcohol
precipitation less than 18 umts. Divergence was therefore
demonstrated 1 a man with increased gonadotrophin excre-
tion, and the ncreased activity under the influence of stil-
beestrol was present in the ultrafiltration extract only.

More marked differences in yield by the two methods were
demonstrated in a series of five men who were recerving
stilbcestrol (Fig. 3). Four were suffering from prostatic
carcinoma. Case 9, 79 years of age, had taken stilbeestrol for
six years, and at the time of assay the daily dose was 20 mg.
Ultrafiltration gave a yield of 270 units/24 hours and alcohol
precipitation 88 units Case 10, 61 years of age, had recerved
stilbcestrol 15 mg. daily for three years. Assay was performed
on two oceasions, and on each the activity of the ultrafiltration
extract was much in excess of the alcohol precipitate. Case 11,
68 years old, had for three years taken 1-3 mg daily and the
dose at the time of assay was 1 mg. The yields were 80 units
by ultrafiltration and 24 umts by aleohol precipitation. Case
12, 59 years old, after seven days on stilbeestrol 20 mg., gave
widely divergent results, the alcohol precipitate showed no
detectable activity, whereas ultrafiltration gave a value of
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- 484 units/24 hours, In this Jast subject excretion values were
also obtained before treatment, and wese found 6 be low
by both methods. Stilbeestrol was administered for six days
to & man of 63 years with benign prostatic hypertrophy. The
first dose was 10 mg. and the remaining five 20 mg. On the
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Fi6, B. Excretion by four men recerving stilbestral, showing
« highly active ultrafiltration extracts and inactive alcohol
precipitates,

third day excretion was 17 units (alcohol) and 880 units
(ultrafiltration) and on the fourth day 84 units (alcobol) and
163 units (ultrafiltration). Three weeks after the withdrawal
of stilbeestrol, the activity of the ultrafiltration extract had
fallen to 60 units, and the last result, three days later, was 20
units. The alcohol precipitate was only slightly active o
these two occasions (14 and 17 units).
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This behaviour of five men in relation to stilbeestrol
administration may be contrasted with that of the next
three cases.

Administration of stilbeestrol to two men with hypogonad-
ism, low gonadotrophin excretion and anterior lobe failure
resulted in little change in the activity of the extracts. Thus
Case 16, 46 years, received stilbeestrol 5 mg. daily for 11 days
and no rise in the activity of the ultrafiltration extract
occurred. Case 15, 57 years, showed no detectable gonado-
trophin excretion by either extraction method (less than 12
units/24 hours) until the fifth of a five day-course of stilbcestrol
5 mg. daily. Ultrafiltration then gave a yield of 80 units/24
hours and alcohol precipitation less than 25 units, The stil-
beestrol was discontinued, and three days later, the two
extracts showed no activity. Case 6 was a woman of 72 years,
suffering from hypertension, in whom the menopause had
accurred at 51 years of age, Gonadotrophin excretion was
low initially and ined low throughout the administration
of stilbeestrol 0-5 mg. on alternate days, followed by two
doses of hexcestrol 2 mg.

Finally, conditions where there is depression: of gonado-
trophin yield by either extraction method in post-menopausal
women can be illustrated. Cases I and 2 (Fig. 4) were given 50

mg. test: edaly, and d ton of activity of
both extracts occurred It must be noted that the ultrafiltra-
tion extract of Case 2 during the second week of treatment
showed no activity, in contrast with the high activity of the
alcohol precipitate, The combined effect of testosterone
propionate and cestradiol benzoate was also investigated in
Case 2. During the last week of testosterone administration,
three doses of cestradiol mg. 2 were given. Both hormones
were discontinued, and two weeks later the assay figures were
210 units for aleohol precipitation and less than 18 units for
ultrafiltration. The next assay after an interval of four days
showed that the activity of the ultrafiltration extract had
risen to 159 units/24 hours. Thus although depression occurred
i'n both extracts during testosterone therapy and during
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combined festosterone and cestradiol administration, the
release effect occurred at different times, being first shown m
the aleohol precipitate.

Dietary restriction was found to be eflective in reducing
activity of both extracts n the cases of two post-menopausal
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f activity of both

women. Case 7 was an obese woman of 60 years, and while
she was receiving a normal diet yields were high by both
extraction methods. For two weeks the diet was reduced to
two apples and five pints of flud, and then increaspfi tq 750
calories. Four days later, no activity was detectable in cl_thﬂ'
extract. Case 8, 54 years, suffered from obesity, and activity
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of both extracts was initially high. Diet was then reduced
to 750 calories, and six weeks later the activity of the aleohol

e was iderably d ished (125 units) and that
of the ultrafiltration e'(tmct completely depressed The reac-
tion to stilbcestrol 0-5 mg. daily 15 interesting in that at the
end of the third week, ultrafiltration gave a yield of 125 units,
while the activity of the alcohol precipitate showed no
significant change.

Summary

Compansons have been made of gonadotrophic activity
of urmary extracts prepared by ultraﬁltmtlon and precipita-
tion in alcohol

Conditions in which the two types of extract show (i) similar
and (i) different gonadotrophie activity have been mvesti-
gated.

Administration of stilbeestrol to male and female subjects
was associated with gross fluctuation in excretion, and marked
divergence in activity of the two types of extract.

Stilbeestrol admmnistration to two men with anterior lobe
failure resulted in little or no alteration in gonadotrophin
excretion.

By either extraction method, 1t was found that the gonado-
trophin excretion of post-menopausal women was depressed
by admunistration of testosterone propionate and by restric-
tion of diet.
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DISCUSSION
CrookE. I should have thought that this mught have been explained
purely on technical grounds, e have used both these methods and
have generally grot much better yields from aleohol precipitation than
from ultrafiltration, I wonder whether you're getting a complete
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separation with your method. Another possible cause of diserepancy
may be in the number of mice used. -

Lioyp: We have used immature female ymee weighmg iniually
between 7 and 11 grams, ten animals per dose level, and the unknown
p is pared with a fon of "roares” serum
as a standard. The answers are expressed in terms of units of pregnant
mares’ serum per 24 hours, .

Crookr: We now rely entirely on the kaoln precipitation method
which was developed in Professor Gaddum’s laboratory, and we think

P T .

alns :

alcohol precipitates on a large number of normal patients-who had not
received any hormone preparations, and although we have found
differences on oceasions, we have not found such marked differences
as in the examples I have shown you of subjects receiving estrogen
therapy, particularly male cases receiving stilbeestrol.

QuERIDO: May I ask a technical pomt? We have the impression that
you might encounter differences when you extract the residue which
you have obtained. Our impression is that if you leave it at room
temperature for an hour or if you extract it 1n the 1ce box 1t makes 8
great difference in the results, and I wondered what method you used?

Lrovp: We have adopied the same technigue throughout our use of

Itration. The b 15 d 1 equal parts of absolute
alcohol and absolute ether, and the final precipitate 1s then alloved to
dry; it is extracted before assay (an hour before assay as a rule) with
tap water at room teroperature.

QuEmIDo. Have you ever tried divading the residue and using different
temperatures of extraction?

Lroyp: No, we haven’t done that,

ScowEN: A far as the technigue is concerned, 1W's identical through-
out, and since the divergence comes in two different reactions, I can’t
see how you could possibly explan this on the basis of precipitation
alone,

Qunwemess 3 oo Ao g mmfnm e e 41 o
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down with the ultraprecipitate, and would be taken up; whereas in the
aleohol precipitate of course it would remain in solution m the alcohol.
That could possibly account for the greater results, because you were

lhnt isn't the high doqngc that some of the other patients were mven,
Swyer: The by, Were 1n cases 20 mg., and
quite clearly thcre mny be differences even in the same patient from

get dufferent slopes, for one thing, and so the actual companson 18 apt
to be rather fallacious

Lrovp: We have mad of these
before we used this assay mutmely, and although these results will
take a lot of going over, we were satisfied initially as regards the assay,
and 1t was a help to have some substance of a standard nature.




PART V
THYROTROPHIC HORMONE

FACTORS WHICH INFLUENCE THE
PHYSIOLOGICAL REACTIONS OF THE
THYROID-STIMULATING HORMONE OF

THE PITUITARY -

RULON W. RAWSON

Ma~y physiological and pathological states of thyroid
function have been attributed to either an increased or a
decreased secretion of the thyroid-stimulating hormone
(TSH). From these theories there has evolved a concept
known as the pituitary-thyroid axis, which suggests a finely
balanced relationship between the thyroid and the pituitary,
in which a decreased level of circulating thyroid hormone 15
balanced by a compensatory mereased secretion of TSH, and
conversely an increased level of circulating thyroid homl(?ﬂf
results in a decreased secretion of TSH. Observations which
indicate that certain ovarian or adrenocortical hormones, when
in excess, mnhibit the thyroid have resulted in a broadening'ﬂf
the axis, to include the gonads and the adrenals. The thyroid-
inhibiting properties of gonadal and adrenal hormones have
been interpreted by some investigators as phenomena result-
ing from a decreased pituitary secretion of TSH.

‘Although we know of no direct evidence that hormones of
the gonads or of the adrenal inhibit the production of TSH,
we believe that there 1s ample evidence in support of the
that an excess of thyroid hormone will decrease
olish the production of TSH by the pltuitn}'y'
for a decreased thyroid function

204

hypothesis
and even ab .
Likewise, the evidence
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resulting in an increased production of TSH, though indirect,
15 strongly suggestive. We sl)ould liketo present an additional
theory that certain physiological and pathological changes in
the thyroid are related to factors which influence the thyroid’s
response to TSH.

This theory was first suggested to us by & study of thyro-
trophic substances in the urine of humans who presented
varnous states of thyroid function (Rawson and Starr, 1938).
In that investigation it was observed with the microhisto-
metric method of assay that euthyroid males excrete small but
measurable amounts of thyrotrophin. No thyrotrophic
activity was found in the urine of patients having untreated
hyperthyroidism, whereas relatively large amounts of thyro-
trophic sub were d rated in the urines of three
recently totally thyroidectormzed patients Furthermore, we
have observed that certain people with Jow basal metabolic
rates and presumably eolloid goitres excrete increased amounts
of thyrotrophic substance. These observations are not incon-
sistent with the thesis that an increased level of thyroid
hormone inhubits the secretion of TSH by the pituitary,
whereas an absence or decreased level of thyroid hormone
results in an mereased secretion of TSH. However, the theses
suggested to us were that the thyroid in responding to TSH
mactivated the hormone and that the amount of TSH
mactivated depended on the state of the thyroid or other body
mechamsms which influence the thyroid’s response to the
stimulating influence of the pituitary.

The theory that a functioning thyroid inactivates its
trophic hormone was first suggested by the observations of
Loeser (1984), who administered intravenously to intact and
to thyroidectomized rabbits large amounts of pituitary extracts
rich m thyrotrophic hormone. He then assayed the blood of
s animals for thyrotrophic activity at various intervals.
He was unable to demonstrate any thyrotrophic hormone in
the blood of his intact rabbits sixty minutes after administer-
ing the extract. However, he was able to demonstrate ths
hormone in the blood of his totally thyroidectomized rabbits as
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THYROTROPHIC HORMONE

FACTORS WHICH INFLUENCE THE

PHYSIOLOGICAL REACTIONS OF THE

THYROID-STIMULATING HORMONE OF
THE PITUITARY

RULON W. RAWSON

Many physiological and pathalogical states of thyroid
function have been attributed to either an increased or 2
decreased secretion of the thyroid-stimulating hormone
(TSH). From these theories there has evolved a coneept
known as the pituitary-thyroid axis, which suggests a finely
balanced relationship between the thyroid and the pituitary,
in which a decreased level of circulating thyroid hormone is
balanced by a compensatory increased secretion of TSH, and
canversely an increased level of circulnting thyroid hormene
results in a decreased secretion of TSH. Observations which
indicate that certain ovarian or adrenocortical hormones, when
in excess, inhibit the thyroid have resulted in a broadening of
the axis, to include the gonads and the adrenals, The thyroid-
inhibiting properties of gonadal and adrenal hormones have
been interpreted by some investigators as plicnomena result
ing from a decreased pitmtary secretion of TSH.

Although we know of no direct evidence that hormones of
the gonads or of the adrenal inhibit the production of TSI,
we believe that there is ample evidence in support of the
hypothesis that an excess of thyroid hormone will decrease
and even abolish the production of TSII by the pituitary.
Likewise, the evidence for a decreased thyroid {unction
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dehydrogenating enzyme system and is thus inactivated; (2)
that the thymus and lymph nodes are also target organs of the
thyroid-stimulating hormone.

Studies by Dr. Sonenberg now in progress in our laboratory
give some evidence for the latter theory. Dr. Sonenberg, as
he told you this morning, is labelling with 1sotopic techniques
various pituitary hormone preparations and then following
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long as seven hours after administering the pituitary extract.
Seidlin (1940) did a similar study in intact and thyroidecto-
mized guinea pigs to which he administered a preparation of
thyrotrophic hormone, He was able to demonstrate thyroid-
stimulating substances in the urine of thyroidectomized
guinea pigs but none in the urine of intact animals.

In our studies (Rawson, Sterne and Aub, 1942) we utilized
tissue culture techniques in evaluating the effects of thyroid
and other tissues on the thyroid-stimulating properties of
pituitary extracts. Explants from young adult rabbits of
thyroid and control tissues, i.e., adrenal, kidney, liver, ovary,
pancreas, parathyroid, spleen, stomach mucosa, testis,
thymus, and lymph nodes, were bathed for 72 hours at 38”?.
in Tyrode’s solution containing a pituitary extract rich in
thyroid-stimulating hormone, in amounts equivalent to 8-5,
7-5 and 15 Junkmann-Schoeller units per explant of tissue.
Following such exposure the media were removed and assayed
for thyroid-stimulating properties by the microhistometric
method of Rawson and Starr (1938). .

It was observed with these methods that explants of fhyr.md
weighing between 60 and 100 mg. were capable of inactivating
as much as 12 units of TSH and that similar explants of thymus
and of lymph nodes were capable of inactivating nearly half
as much. None of the other tissues studied were capgble of
inactivating the exposed TSH. Furthermore, by studying the
effects of exposed and unexposed pituitary extracts on
the testes of cockerels we have demonstrated that the thyroid
does not inactivate gonadotrophic hormone. We have also
observed that thyrotrophic hormone inactivated by exposure
to explants of thyroid tissue can be reactivated by exposure to
minute amounts of strong reducing agents wh%ch_are also
poitrogenic, i.e., thiouraeil, 5-ammo-2-mer?aptothxad'1azole« or
3-phenyl amino methyl-2-mereaptothiazoline {see Fig. 1)- L

From these observations we have developed two theories:
{1) that the thyroid-stimulating hormone in exerting its
action on its target gland contributes to the n}ew?o"sm
of the thyroid cell through some unidentified oxidative or
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the fate of such labelled pituitary preparations in various
experimental animals, He is Iabelling his thyrotrophic
hormone preparation with %53 labelled diazobenzenesulphonic
acid. Such labelled preparations of TSH are injeéted intra-
venously into chicks, The chicks are then sacrificed at
varying intervals and the radioactivity in various tissues is
compared with that in whole blood. Similar observations are
made in animals which have received beef serum albumin
labelled in a similar fashion, with #§ labelled sulphate or *§
labelled sulphanilic acid. At the five-hour interval Sonenberg
has found the organ/blood ratio of S labelled TSH m the
thyroid to be twice that of the control 33§ preparation.
At this interval he has found an even greater concentration of
radioactive sulphur in muscle, gonads, orbital contents, and
the thymus of animals which received the labelled hormene
preparation (see Fig. 2¢). At twenty-four hours the concentra-
tion of radioactive sulphur in the thyroids of the hormone-
treated chicks has been found to have increased fourfold over

_ the five-hour level, whereas the concentration in muscle had

decreased to the level of the control %5 preparation. At the
same interval there was also 2 significant decrease in radio-
active sulphur in the orbital controls of the hormone treated
chicks. The level in the thymus remained about the same as
at the five-hour interval. The radioactivity in the gonads
of the hormone-mnjected clhicks had increased even more
than it had o the thyroid at the 24-hour interval and was
higher at all time intervals than m any other tissues {see
Fig. 2b). This latter observation is not surpnsing when one
considers that our preparation of TSH is very rich in gonafib'
trophic activity. As pituitary preparations are far from being
pure it is impossible to make any statement as to other
specific end orgahs of the thyroid-stimulating'hormon&
However, the fact that the thymus, which inactivates TSH,
picked up large amounts of this preparation rich in thyro-
trophic hormone whilst it did not pick up other labelled
pituitnxy’hormane preparations, suggests strongly thab the
thymus is a target of thyrotrophic hormone,
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This theory is supported by our observation (Money and
Rawson, 1950) that the thyroids of rats subjected to prolonged
(18 to 27 months) treatment with thiouracil no longer show
the extreme diffuse hyperplasia so characteristic of the
thyrods of rats which have been under shorter periods of
treatment with thiouracil, but show the picture of a colloid
goitre surrounded by a rim of hyperplastic tissue. We beheve
that the large colloid-filled follicles, ined by flat and inactive-
appearing epithelium, represent exhausted thyroid tissue
whieh is no longer capable of responding to the secreted TSH.

An 1ncreased sensitivity to thyrotrophic stimulation has
been described in laboratory ammals under various experi-
mental conditions by Starr et al. (1936), Stephens and Allen
(1941), Soffer et al. (1949), and by Money ef al. (1951). Starr,
Patten and Brunner reported in 1935 that the thyroids of
guinea pigs whose ovanes at time of sacrifice showed large
corpora lutea were more sensitive to the administration of a
preparation of TSH than were the thyroids of similar animals
whose ovaries presented active follicles. Stephens reported
in 1941 (Stephens and Allen, 1941} that the thyroids of guinea
pigs on a weight-losing diet were considerably more sensitive
to TSH than were the thyroids of similar animals on a weight-
gaiming diet, He was unable to alter this situation by ad-
ministering any of the known vitamin preparations. Soffer
and his associates and Money 1 our laboratory have observed
that the admmistration of epinephrine to intact rats results
m a decreased capacity of the thyroid to collect radioactive
iodine  However, in the adrenalectomized rats treated with
epinephrme they have observed a greater than normal
capacity of the thyroid to collect radioactive iodine. In view
of Soffer’s d ration that the ad ation of epine-
phrine to dogs results in an increased secretion of TSH, the
above observations on rats may be interpreted as representing
an mereased sensitivity of the thyrod to thyrotrophic
stimulation 1n the absence of certam adrenal steroids.

In another study Money (Money et al., 1951) has investiga-
ted the effects of several steroids of gonadal and adrenal
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Further studies on the inactivation of TSI have been
carried out with human thyroid tissue, normal and patho-
logical (Rawson, Graham and Riddell, 1948). Explants of
human thyroid tissue weighing between 150 and 200 mg. were
bathed in nutrient media (Tyrode’s solution) containing 7}
Junkmann-Schoeller units of TSH. Following a 72-hour
exposure, samples of the bathing media were removed and
assayed for thyrotrophic activity in cockerels by the micro-
histometric method. The thyroids of patients with Graves'
disease were removed after a maximum response to treatment
with iodides had been obtained. The pre-treatment basal
metabolic rates of these patients ranged between plus 25 and
plus 65 per cent. Non-toxic nodular goitre tissue was obtained
from routine operations for such goitres. The basal metabolic
rates of these patients were all below minus 10 per cent.
Samples of normal thyroid tissue were obtamed as biopsy
specimens at operations for parathyroid tumours. In these
studies 1t was observed that 150-200 mg. explants of normal
human thyroid tissue were capable of inactivating between
8and 4 units of TSH. Simlar explants of thyrod tissue taken
from patients operated npon' for Graves’ disease inactivated
between 6 and 7.5 units of the hormone. Since the histo-
logical picture of most of the thyroids taken from this group
of patients showed involution, and n some mstances hypel"
involution, we do not believe that this greater degree of inac-
tivation can be attributed to cell mass. .

We have suggested that the increased capacity of thyroid
tissue in Graves’ disease to inactivate TSH might explain
our inability to recover active thyroid-stimulating hormonf
from the urine of patients suffering with untreated Graves
disease. We also suggest that the mcreased reactivity between
TSH and the thyroid tissue of Graves’ disease presents & clue
to the pathogenesis of this disease. .

The fact that the colloid goitres which we studied "verc
incapable of inactivating TSH suggests that such goitres
oceur because of their inability to respond to the stimulation

of thyrotrophic hormone. \
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This theory is supported by our observation (Money and
Rawson, 1950} that the thyroids of rats subjected to prolonged
(18 to 27 months) treatment with thiouracil no longer show
the cxtreme diffuse hyperplasia so characteristic of the
thyroids of rats which have been under shorter periods of
treatment with thiouracil, but show the picture of a colloid
goitre surrounded by a rim of hyperplastic tissue. We believe
that the large colloid-filled follicles, lined by flat and inactive-
appearmng epithellum, represent exhausted thyroid tissue
which 15 no longer capable of responding to the secreted TSH.

An ncreased sensitivity to thyrotrophic stimulation has
been described in laboratory anmmals under various experi-
mental conditions by Starr et al. (1936); Stephens and Allen
(1941), Soffer et al. (1949); and by Money et al. (1951). Starr,
Patten and Brunner reported in 1935 that the thyroids of
guinea pigs whose ovaries at time of sacrifice showed large
corpora lutea were more sensitive to the admimstration of a
preparation of TSH than were the thyroids of similar animals
whose ovaries presented active follicles. Stephens reported
m 1941 (Stephens and Allen, 1941) that the thyroids of guinea
pigs on a weight-losing diet were considerably more sensitive
to TSH than were the thyroids of similar animals on a weight-
gaimng diet. He was unable to alter this situation by ad-
ministering any of the known vitamin preparations. Soffer
and hus assoctates and Money mn our laboratory have observed
that the administration of epinephrine to intact rats results
1n a decreased capacity of the thyroid to collect radioactive
1odine. However, in the adrenalectormzed rats treated with
epmephrine they have observed a greater than normal
capacity of the thyroid to collect radioactive 10dine. In view
of Soffer’s demonstration that the admimstration of epine-
phrine to dogs results in an increased secretion of TSH, the
above observations on rats may be interpreted as representing
an increased sensitivity of the thyroid to thyrotrophic
stimulation 1n the absence of certain adrenal steroids.

In another study Money (Money et al., 1951) has investiga-
ted the effects of several steroids of gonadal and adrenal
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origin on the weight and cz'lpacity to concentrate radioactive
iodine of the thyroid in rats maintained on an jodme deficient
diet, The steroids were administered for ten days. The
animals were sacrificed on the eleventh day, twenty-four hours
after the intra-peritoneal injection of a tracer dose of radio-
active iodine. None of the gonadal steroids studied altered
the thyroid weights. Iowever, the thyroids of rats treated
with testosterone propionate (total dose 50 mg.) and cestrone
(total dose 500 micrograms) were observed to colleet signi-
ficantly more %I than did their controls.

The thyroids of rats treated with ACTH or cortisone had
lower absolute thyroid weights as well as lower thyroid/body
weight ratios, Deoxycorticosterone in daily doses of 15 mg.
and cortisone 1n daily doses of 2-5, 5-0 and 10 mg. caused &
significant decrease in uptake of 1311 by the thyroid.

In another experiment we have studied the effect of ACTH
and of cortisone on the thyroid’s response to TSH in hype-
physectomized male rats. Treatment with ACTH or cortisone
was started three days following hypophysectomy. Cortisone
was administered 1n a daily dose of 5 mg. for 4 days and then
of 2-5 mg. for three days. ACTH was administered in doses
of 8 mg (Armour’s standard) three times a day for four days,
and then 1-5 mg. three times daily for three days. TSH was
administered in a dose of 1 mg. (6-8 chick units) once ﬁially
for the last four days of the experiment. One micgocurie of
131] was administered to each amimal twenty-four hours after
the last injection of TSH and the ammals were sacrificed
twenty-four hours later. The responses to TSH were
evaluated by determining thyrod weights, mean acinar cell
heights and the pickup of ¥ B

Whereas the effects of TSH on the thyroid weights and
mean cell heights were not greatly mfluenced by the admini-
stration of cortisone or ACTH, both hormones cau§ed a
significant decrease in the effect of TSH on the co]lectlofl of
131] by the thyroids of these rats. From these observatxorlls
and similar ones which have been reported (‘Voo.db}xry'rt a ‘,‘
1051) it_is suggested that at least part of the inhibition o
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thyroid function produced by adrenal steroids is a direct one
on the collection of iodine’by the thyroid. At the present
time we are unable to support or refute the theory that
adrenocortical hormones inhibit the secretion of TSH by the
pituitary. t

Since the thyroid hormone is capable of inhibiting thyroid
function via the pituitary and by a direct action on the
thyroid, 1t would not surprise us to find both direct and indirect
effects of the adrenal steroids on the thyroid.

We hdve observed that the administration of thyroxine in
daily doses of 0-1 mg. to intact adult rats for three to four
weeks results 1n a demonstrable loss of TSH from the pituit-
aries. We have also observed (Cortell and Rawson, 1944)
that the administration of thyroxine to hypophysectomized
rats results in a decreased response of the thyroid to physio-
logical amounts of TSH. In one such experiment 20 micro-
grams of DL-thyroxine were admmstered subcutaneously for
10 days to hypophysectomized male rats. Thyrotrophic
hormone was then administered in daily doses of 4 Junkmann-
Schoeller umts for the last four days of the experiment.
The responses to TSH were estimated by determining the
mean thyroid acinar cell heights and by measuring the thyroid's
avidity for radioactive jodine. The mean thyroid acinar cell
heights of the untreated controls averaged 2-6 micra, of rats
treated with TSH 6 5 micra, of rats treated with thyroxine
and TSH 4-8 micra, The percentage collection of the admini-
stered radioactive 10dine by unoperated untreated controls
averaged 6 9 per cent, of hypophysectomized untreated
controls 0- 4 per cent, of hypophysectomized rats treated with
TSH 7 8 per cent, of similar rats treated with thyroxine and
TSH 2-7 per cent (see Fig. 8). In this study we have evidence
that thyroxine may inhibit the action of physiological amounts
of TSH. In another experiment done on imtact rats it has
been observed that prolonged treatment of rats with doses of
Lhyroxme, great enough to put the thyroid in a state which

greally is almost id 1to that of hypophysectomized
rats, increases the sensitivity of the thyroid to large doses of
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thyroid-stimulating hormone. In this study thyroxine was
admnistered to adult intact rats in a daily dose of 0-1 mg
for 21 days. During the last four days of the experiment
three groups of the thyroxine treated and of the untreated
rats received TSH in daily doses of 0, 20 and 50 Junkmann-
Schoeller units, respectively. The anmals were sacrificed on
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Fie. 3, The effect of thyrowine and TSH on the collection of
1] by the thyroids of hypophysectomized tats.

the day following the Jast injection of TSH and the mean
acinar cell height of each ammmal’s thyroid was deternuned-
Whereas the rats which had received no thyroxine made
* practically no response to TSH when administered in_ a daily
dose of 20 units, they did show a very slight increase in mean
cell height followmg the administration of 50 units (.iall)'-
On the other hand, the mean acinar cell heights of ammﬂﬂ:/
which had been treated with thyroxine only averaged 82

micra, while similar animals treated with thyroxine and

TR
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TSH showed a very marked increase in mean cell height. Rats
treated with, 20 units daily had average mean cell heights
of 7-73 micra and those treated with 50 units daily had an
average mean cell height of 7-97 micra.

We have made a sinular observation in one human who
presented himself to the chnic with thyrotoxicosis factitia.
He concentrated no radioactive 10dine in the thyroid but
had a protein-bound 1odine of 21 micrograms per cent.
Following the admimstration of TSH (100 Junkmann-
Schoeller units daily for 7 days) he concentrated 70 per cent
of a tracer dose of %I n the thyroid

There are also certain pharmacological agents which appear
erther to alter the circulating thyrotrophic hormone or to
affect the hormone’s action on the thyroid,

The very striking goitrogenic properties of chermcal agents
such as thiouracil and its derivatives have been widely attri-
buted to an increased secretion of thyrotrophic hormone
following mhibition of thyroid hormone production. There is
no doubt that these agents interfere with the utidization of
jodine 1n the synthesis of thyrowd hormone and that the
goitrogemic action of these agents is dependent upon an intact
pituitary gland. It has also been demonstrated that those
anmmals made gortrous as the result of treatment with these
agents have pituitaries which are larger than normal and
contain no demonstrable TSH, m contrast to the pituitaries
of normal rats or of rats treated with thiouracil and thyroxme,
in which approximately one chick unit of TSH ean be demon-
strated per pituitary,

However, we have not been fully satisfied with the above
explanation of the goitrogenic action of these agents. For
example, we have observed a fifty per cent increase in the
mean acinar cell height in the thyroids of rats which have
recerved thiouracil m the drinking water for only 24 hours.
Furthermore, in these same animals we have failed to demon-
strate any significant fall in the serum protein bound iodine
levels at this 24-hour mterval. With these observations 1t is
dafficult to explam the fapid increase m mean cell height as



806 Ruron W. Rawson

the result of increased secretion of TSH secondary to a fall in
circulating thyroid hormone,

In view of these observations we have proposed the theory
that these agents act to augment the action of TSH. Support
for this thesis was obtained {(Albert et al., 1947a) by administer-
ing active TSH, and TSH which had been inactivated by
elemental jodine for three days, to cockerels receiving 2
standard diet and to others receiving a diet which contained
0-2 per cent thiouracil. It was observed that the thyroid
weights of chicks receiving thiouracil and active TSH averaged
9:1 mg., in contrast to weights of 6-5 mg. in cockerels
treated with active TSH and no thiouracil. In the chicks
which recerved no thiouracil and inactivated TSH the
thyroid weights averaged 8-7 mg. whereas the inactivz.;te.d
TSH when administered to cockerels receiving thiouracil in
the diet produced thyroid weights which averaged 5-8 mg

Gassner (Gassner e al., 1950) has extended these studies and
has observed that propyl thiouracil has an even great;f
augmentary effect on administered TSH than has thiou{acll.
He has also demonstrated that 5-iodo-thiouracil end 5-iodo-
propylthiouracil are lacking 1n this capacity to uugme.nt. f.he
action of TSH even though they do manifest thyroid ighibiting
properties. Smce we have been able to augment the action
of TSH by simple incubation of the hormone with minute
amounts of thiouracil (Albert et al, 1947}, we s_t.mngI}'
suspect that this mn vivo enhancement of TSH by Phlourl?cl]
and related agents is due to a direct effect on the circulating
hormone rather than to any direct effect of these drugs on the
thyroid cell. w of
.- The important réle that iodme plays m the synthesxs.ii
thyroid hormone is well established. The mechanism by “i}uc h
it exerts its therapeutic effects when administered to patlentf
suffering with Graves’ disease remains a point of dxsagrefme"d
among clinicians and physiologists. We have d 'ﬂtf.
that the involuting effects of iodides on the hypel‘pk‘st "_’
‘thyroid of Graves’ disease can be separated from the n(;l ;lc
tional effects of jodine (Rawson et al., 1945). Thus was do
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by comparing biopsy specimens taken from the thyroids
of four patients with Graves’ disease before treatment,
and after treatment with thiouracil had brought about a
fall in the basal metabolic rate to a normal level, with the
histological pattern of several specimens taken from the
thyroid removed subtotally after treatment with thiouracil
plus iodides.

In the pr biopsy speci we observed the
classic thyroid hyperplasia of Graves’ disease and by micro-
histometric measurements observed mean cell heights which
averaged 13-2 micra Biopsy specimens removed after
treatment with thiouracil had lowered the basal metabolic
rates to normal, showed similar hyperplasia and an average
mean acinar cell height of 14-0 micra. These same thyroids,
removed after continued treatment with thiouraci! and added
iodides, showed mvolution and a marked decrease in cellular .
hypertrophy. The mean acmar cell heights averaged 8-0
micra, Notwithstanding these involutionary changes which
were induced by 10dides there was little or no iodine retained
in these thyroids, as evidenced by radiolodine excretion
studies and by the very low thyroglobulin 10dine values in the
operatively removed thyroids (see Fig 4},

We have postulated that this nvolution of such hyperplastic
and hyperfunctioning thyroids occurs as the result of an
nhibition to the reactions which occur between thyroid cells
and thyrotrophic hormone (Rawson and Money, 1949).
Support for this hypothesis is obtaned from two different
studies. In one we compared the mean thyroid acinar cell
heights of hypophysectomized rats treated for four days with
TSH, eight Junkmann-Schoeller umts daily, with those of
similar rats treated with the same amount of TSH and also
sodium 1odide 1n daily doses of 500 to 1,000 micrograms. The
mean acmar cell heights of thyroids taken from untreated
control rats averaged 8-8 micra, of the thyroids taken from
rats treated with TSH 10-1 mucra, from rats treated with
TSH plus 500 and 1,000 gamma daily of sodium jodide 5-4
and 5-2 micra respectively.
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In another study we have investigated the effects of iodide
on the in wvitro inactivation of TSH by explants of thyroid
tissue. Explants of rabbit thyroid tissue were bathed in 15 ml.
of Tyrode’s solution containing 7} units of TSH and sodium
iodide in o concentration of 100 micrograms per 100 ml. At
the same time similar explants of thyroid tissue were bathed
in media containing the same amount of TSH but no sodium
jodide. The degree of inactivation of TSH was estimated by
microhistometric methods applied to the thyroids of chicks
which had been treated with the variously exposed medis.
Camplete inactivation of the hormone resulted from exposure
to slices of thyroid tissue, whilst in the presence of sodium
iodide very little inactivation oceurred. We have also
observed 1n the urine of a few patients with Graves® disease,
who excreted no active TSH before treatment, sx'gniﬁ?:mt
amounts of thyroid-stunulating hormone after short perfods
of treatment with rodide. On the basis of these observations
we can postulate that rodides infubit the oxidative enzyme
through winch TSH makes its contribution to the metabolisn
of thyroid tissue,

Finally we should Iike to suggest that cerfain careinogens
act by altening the thyroxd’s response to the growth promoting
properties of TSH and thereby promwote the development of
cancers in thyroids which are subjected to profonged stimu
Iation by TSH,

We have observed that the adminstration of thiouractl 10
rats for six to eighteen months promotes the development of 8
vanety of tumours {(Money and Rawson, 1850). None f)f the
tumours which we have produced by the admimstration of
thiouracil without any other form of treatment have been
observed to metastasize nor have they been tz'ansp!anfﬂh’&
However, when similar rats were treated with thiouracil and
subeut ly admimstered 1 tumouts
developed which lustologically were similar to those observed

in rats which had recerved thiouracil only. However, these
lantable, The hanism by which this
p powth

tumours were t
carcinogen affected such a change in response to the 2
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In another study we have investigated the effects of iodide
on the in vitro inactivation of TSH by explants of thyroid
tissue. Explants of rabbit thyroid tissue were bathed jn 15ml
of Tyrode's solution containing 7§ units of TSH and sodum
iodide in & concentration of 100 micrograms per 100 ml. At
the same time similar explants of thyroid tissue were bathed
wn medin containing the same amount of TSIT but no sodium
iodide. The degree of mactivation of TSII was estimated by
microhistometric methods applied to the thyroids of chicks
which had been treated with the variously exposed media.
Complete inactivation of the hormone resulted from exposure
to slices of thyroid tissue, whilst in the presence of sodium
iodide very httle mactivation occurred. We have also
observed mn the urine of a few patients with Graves’ disease, -
who esereted no active TSH before treatment, sigmﬁt'::mt
amounts of thyroid-stimulating hormone after short pCI}OdS
of treatment with 1odide On the basis of these observations
we can postulate that iodides mbibit the oxidative enzywe
through which TSH makes its contribution to the metabolism
of thyroid tissuce.

Fnally we should like to suggest that certain carcinogens
act by altering the thyrosd’s response to the growth promoling
properties of TSH and thereby promete the development of
cancers in thyroids which are subjected to prolonged stimti-
lation by TSH.

We have observed that the administration of thiouraail to
rats for six to eighteen months promotes the development of 8
vanety of tumours (Moncy and Rawson, 1950). None Pf the
tumours winch we have produced by the administration of
timourac without any other form of treatment have beer
observed to metastasize nor have they been tmnsphnrnb!c‘

However, when similar rats were treated with thiouractt and
1 N 1 b 1 fumours

subeut 1y e

developed which lustologieally were similar te those observ

in rats which had recerved thiouraeil only, However, these
table. The hanism by which this

tumours were

carcinogen affected ‘such a change n response to the growt!
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310 GENERAL Discussion -

Srrenens, D. J., and Aoy, W, M. (1941).  Endocrinology, 28, 580.
‘Woobsury, D. M., Guosn, B. N., and SavErs, G. (1951). Abstract,
J. elin. Endocninol,, 11, 761.

N DISCUSSION

TucaManN-DuPLESsIS, I would like to ask you what you think about
the relationship between the adrenal and the thyroid.” You saud that
the thyroid would be ired after 1
thought it also a year ago, because I had a series of 20 rats wheh
showed a decreased activity of the thyroid after adrenalectomy. But
sunce then I have adrenalectomized more than 60 rats and I have never
been able to see any histological modification of the thyroid. On the
other hand, T have tried to study the influence of adrenal hornivnes on
the structure of the thyrord, and I found many variatons. With DCA
I think that one can say that there 1s never any modification from the
Iistological point of view. With cortisone, if you give very high doses
there may be some inlibition, but I don't know whether this modifica-
tion has a phystol 1 or only ap logical ing.

Rawson: Thus is a problem that’s been close to my heart for a long
time  We have found that the thyrords of intact animals of the Sprague,
Dawley strain treated with adrenaline have a decreased pick-up of
radioactive 10dine, even i the immature female. (We had observed
previously that the thyroid of the Sherman stran mmmature femzl:i
rat did have an increased reaction to thyrotrophie hormone, as measure:
by cell height, after the admimstration of one dose of adrenalne). In
1939 we studied the effect of one stimulating dose of testosterone ot
the thyroids of immature female rats, and we observed that such 8
provocative dose would inerease the cell height of the immature rat’s

thyroid from around 8 5y to about 5 5y 1n 96 hours. However, in the
or X d immature rats given -
o A n ceraater stimuius

animals I beleve suggests that in the absence of the adrenal the lll)‘l‘;‘:
15 probably more sensitive to stress Then we have observed also th an
deoxycorticosterone 1 doses of 15 mg. o day does inhibit the collec:;ﬂ
of 10dine by the thyroid, and cortisone in doses of 2 5 to 10 mg- 8 da¥
also inubits the collection of 1odine by the thyroid "

VazquEz-Lorez: How did you apply the carcinogen in these €¥per
ments? )



PENETRATION OF LABELLED THYROXINE
INTO THE HYPOPHYSIS: RECENT FINDINGS

R. COURRIER

ADMINISTRATION to an animal of thyroid hormone in
excess puts the thyroid gland itself into a resting phase
(Herring, 1917; Cameron et al.,, 1921, 1922; Courrier, 1922,
1924). Further, after treatment with thyroxme, radioactive
jodine enters only very slightly into the thyroid gland (Joliot,
Courrier, Horeau and Sue, 1945),

The mechamsm by which thyroxine inactivates the thyroid
gland is a matter of dispute. It 1s certain that thyroxine acts
on the anterior lobe of the pituitary, and 1n order to discover
whether this action is direct or indirect we have made use of
labelled thyroxine, mtroducing **'I into duodothyronine. We
began our researches in 1944 (Johot, Courrier, Horeau and
Siie), and made some new experimental findings in collabora-
tion with Horeau, Morel and Marois (1949, 1951).

The thyroxme which we used had a stronger specific radio-
activity; at the time of the experiment 1/10,000 pg. gave 70
counts per mnute by the Geiger counter. The purity of this
labelled thyroxme has been confirmed by radiochromato-
graphy, which shows radioactivity concentrated in the one
spot characteristic of thyroxine.

We injected the labelled thyroxine into the marginal ear
vems of rabbits. Other rabbits were given labelled solutions
of KI* or of Na*Cl. The animals were sacnificed 2 hours later
and the findings were as follows—

(1) Male rabbits weighing 2 kg. were given 25 pg. labelled
thyroxine per kg.; after two hours the ratio of radioactivity of
1 mg whole hypophysis/1 mg blood was 1-6-2 3. The ratio
bemng more than 1 suggests that there has been concentration
1n the hypophysis.

a1
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(2) In male rabbits weighing 2 kg, and given KI¥, with the
same quantity of jodine of the same radicactivity as in
experiment 1, the ratio of radionctivity of 1 mg. whole hypo-
physis/t mg. blood was 055,

The two fodine containing substances, therefore, behave
differently in regard to the hypophysis.

(3) In male rabbits weighing 2 kg. given Na*Cl, the ratio
of radioactivity of 1 mg. whole hypophysis/l mg. blood was
g-53.

Sodium is an extra-cellular element and it is secn that the
ratios for sodivm and ionic iodine are the same. It seems,
therefore, that ionic iodine does naot enter the parenchyma of
the hypophysis, although the jodine of thyroxine hecomes
concentrated in the gland.

We have confirmed that it is thyroxine itself which enters
the hypophysis and not a breakdown product contaiting the
192]; we have been able to recover the labelled thyroxine from
the glands by more than one procedure.

We have attempted to determine the difference between the
intra- and extra-celtular fractions of the labelled thyroxine it
the whole hypophysis by reasoning along these hinesi—

With radioactive sodium, the ratio of radonctivity of 1 mg.
hypophysis/l mg. blood was 0-5. Novw, this radioactivity
represents that of the extra-cellular component of the fuids
in the gland, and this component is found to have apparently
the same activity as the blood. The ratio found, therefore,
indicates that in 1 mg. of hypophysis there 15 approximately
1 mg. of extra-cellular flmd and  mg. of cellular components.
Let us now consider the following experiment:—

A rabbit is given 25 ug. per kg. of labelled thyroxine. The
activity of the thyroxine at time T 15 26 counts per mlf!llte or
1/1,000 pg. After 2 hours, examinations and estimations ar¢
made:— R 130

The hypophysis weighs 20 mg. Its total radxouctx\flty is1 .
counts per minute adjusted to time T. One mg. of cxrcuhtm':
blood gives 4-5 counts per minute at time T. The h)'PDP]‘Y,S(;
which weighs 20 myg. contains 10 mg, of extra-celfular fuid,



Locar1zaTioN oF LABELLED THYROXINE

313

which corresponds to a radicactivity of 10 x4-5=45 counts
per minute at time T. The activity of the cellular component
at time T is, therefore, 116 —45 =71 counts per munute. This

means that _Z_l___., +7 thousandths of a microgram of thyroxine

have entered the gland in 2 hours.
Other similar experiments have given the following results

(Table T).
Table 1
Labelled thyrozine wnjected N ﬁgdm;)‘l;' - h’;;:':;rﬁ,‘:‘:u:nmv/;ﬂml w

fhg vabbut ¥ mg blood after % how
5 26 06
25 2 31

250 23 29
250 23 128

500 07 10

1200 08 20

It 15 seen that in rabbits more than 250 pg. thyroxine per

kg. saturates the pituitary parenchyma in 2 hours.

The

ratio of radioactivity of 1 mg. hypophysis/1 mg. blood becomes
less than 1, because when the hypophyss is saturated, only
the proportion 1n the blood 1s 1ncreased by larger dosage.
We repeated these experiments imn rabbits, measuring
separately the radicactivity of the anterior and posterior lobes,
kg were given 50 ug. of labelled

Male rabbits of about 2
thyroxine per kg. mto the marginal vein of the ear

Two

hours afterwards, we obtamed the following results, on
average: for the anterior hypophysis, radioactivity of 1 mg.
hypophysis/l mg blood=0 58; for the postertor hypophysis

radioactivity of 1 mg hypophysis/1 mg. blood=4-38,
It is, surprisingly, mn the posterior and not the anterior
oan . PR

Ay

1 considering the physiology of the whole hypophysis

warER
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(2) In male rabbits weighing 2 kg. and given KI*, with the
same quantity of iodine of the same radioactivity as m
experiment 1, the ratio of radioactivity of 1 mg. whole hypo-
physis/1 mg. blood was 0-55.

The two iodine containing substances, therefore, behave
differently in regard to the hypophysis.

(3) In male rabbits weighing 2 kg. given Na*C], the ratio
of radioactivity of 1 mg. whole hypophysis/1 mg. blood was
0-53.

Sodium is an extra-cellular element and it is seen that the
ratios for sodium and 1ome iodine are the same. It seems,
therefore, that 1onic iodine does not enter the parenchyma of
the hypophysis, although the 10dine of thyroxine becomes
concentrated in the gland.

We have confirmed that it is thyroxme itself which enters
the hypophysis and not a breakdown product containing the
131]; we have been able to recover the labelled thyroxmne from
the glands by more than one procedure.

We have attempted to determine the difference betwe:én t)}e
intra- and extra-cellular fractions of the labelled thyroxine In
the whole hypophysis by reasoning along these lines:—

With radioactive sodium, the ratto of radioactivity of 1 mg.
hypophysis/l mg. blood was 0-5. Now, this radioactivity
represents that of the extra-cellular component of the flwds
in the gland, and this component is found to have apparently
the same activity as the blood. The ratio found, the‘refore.
indicates that in 1 mg. of hypophysis there is approzimately _
1 mg. of extra-cellular fluid and } mg. of cellular components.
Let us now consider the following experiment:—

A rabbit is given 25 pg. per kg. of labelled thywxi'ne. The
activity of the thyroxine at time T is 26 counts per mlflute for
11,000 pug. After 2 hours, examinations and estimations arc
made:— . ) Ll 16

The hypophysis weighs 20 mg. Its total radmactn{lty 1s 1 .
counts per minute adjusted to time T. Onemg. of circulating
blood gives 45 counts per minute at time T. The hyPOPII‘ N
which weighs 20 mg. contains 10 mg. of extra-cellular fluic,

ysis
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corresponds to a radioactivity of 10 x$-5=45 counts
nute at time T. The activity of the cellular component
e T is, therefore, 116 — 43 =71 counts per minute. This

that ;—;: -7 thousandths of a microgram of thyroxine

ntered the gland in 2 hours.
er ssnular experiments have given the following results

).

‘Table I
o theranine wnjectad My Y, i ey
£ A ]
5 26 06
25 2 31
250 23 29
25 23 123
500 07 10 N
1200 o8 20

s seen that in rabbits more than 250 pg. thyroxine per
1turates the pitwtary parenchyma in 2 hours., The
of radioactivity of 1 mg. hypophysis/1 mg. blood becomes
han 1, because when the hypophysis is saturated, only
roportion in the blood is increased by larger dosage.
repeated these expeniments in rabbits, messuring
ately the radicactivity of the anterior and posterior lobes,
rabbits of about 2 kg. were given 50 ug. of labelled
xine per kg. into the marginal vein of the ear. Two
. afterwards, we obtained the following results, on
ge: for the anterior hypophysis, radioactivity of 1 mg.
physis/1 mg. blood=0-58; for the posterior hypophysis
activity of I mg. hypophysis/l mg. blood=1-38.
is, surprisingly, in the posterior and not the anterior
that thyroxine appears to be concentrated, although the
one acts without doubt on the morphology and physi-
- of the anterior lobe. This finding may be of importance
osidering the physiology of the whole hypophysis.

R 22
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The research work which we have just considered has been
carried out on the rabbit. Gross and Leblond {1947) dd not
find g selective concentration of thyroxine in the hypophysis
of the rat and we have, therefore, done similar experiments in
a variety of species, )

“Table I
Thywory 8 hale
Spreses ’ﬂ'ﬂfu “toteryar fakel | Fontesor fob! Fapephyt

ot .. 50 [ ¥ 0 a2 042
Cuwea pig 50 0 a8 047 8485
Rat .. 150 053 0 85 057
Cock .. %50 074 093 0-36
Monkey . 50 @ 41 187 oo
Rabbrt, . 50 058 423 138

With Na*Cl we obtained the following results:~—

In the rabbit—anteror lobe/blood=0-65; posterior lobel
blood =069, In the rat—anterior lobe/blood=0-5%; pos-
terior lobe/blood=0-67. It is clear that the results vary
with the species of animal,

We should like to report finally that we have not found
concentration of thyroxine in the testis, submaxillary gland,
myocardum, adrensl, nor in lymph glands, Anumals in.jtﬂfd
with labelled thyroxime excrete the radioactive iodine in bile
and urine. i

In canclusion, of the organs studied the only one jn which
concentration of thyroxine has been found is in the hypo-
physis. The results vary with the species. In the snimals in
which we found this phenomenon, it was in the posterior lobe
that most of the thyzoxine was found fo have conventrated
during the two hours.
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DISCUSSION

Houssay Have you determined the thyroxine in the hypothalamus
or the tuber cinereum?

CourmiEr: Yes, we have, e found no thyroxine in the hypothala-
mus,

Was the d thyroxine lewo or dextrolevo?
COURRIER. Bacemxc Duodolhyromne from Hoffman LaRoche.
‘What did you use to identify the

radicactivity s thy‘mxme
Courricr Isotope dilutton, radiochromatography on paper, and
butanol extraction.
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The research work which we have just considered has been
carried out on the rabbit. Gross and Leblond {1947) did not
find a selective concentration of thyroxine in the hypophysis
of the rat and we have, therefore, done similar experiments in
a variety of species. -

Table 11
S Thmﬂ; i Anterior lobef | Postertor lobe]

e 'l'éefkg blaod blood

Cat . 50 042 042
Gumea ptg . 150 0 48 047
Rat - 150 0-53 0585
Cockk . . 150 07y 093
Monkey . 50 04 167
& 58 88

Rakee . . 58 '

With Na*Cl we obtained the following results:—

In the rabbit—anterior lobe/blood =0-65; posterior lobef
blood=0-69. In the rat—anteror lobefblood=0-57; pos-
terior lobe/blood=0:67. It is clear that the results vary
with the species of animal.

We should like to report finally that we have not found
concentration of thyroxine 1n the testis, submaxillary gland,
myocardium, adrenal, nor in lymph glands. Animals inject?d
with labelled thyroxine excrete the radioactive jodme m bile
and urine. .

In conclusion, of the organs studied the only one m which
concentration of thyroxine has been found is in the hyp?-
physis. The results vary with the species. In the animals in
which we found this phenomenon, it was in the posterior lobe
that most of the thyroxine was found to have concentrated
during the two hours.

REFERENCES .
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what I am afraid is & very minor point—namely some evidence
obtained a few years ago, and which we have been unable to
extend, on the pathogenesis of that form of exophthalmos
produced in the guinea-pig within a few days of starting daily
pituitary injections in young animals, using acid or-crude
alkaline extracts of pig anterior pituitary. I want to specify
this because changes causing this acute exophthalmos, which
is the form that has been studied mainly, may be irrelevant
to the exophthalmos occurring later after the start of injections
1 the guinea-pig.

May I first summarize briefly certain earher observations
(Pochin, 1944), Since the guinea-pig’s eyes project laterally,
a measurement of the intercorneal distance can be used to
estimate the amount of exophthalmos, provided allowance is
made for any change in total body weight from growth or
wasting, which also influence this measurement. As body
weight increases mn the growing anmmal, the intercorneal
distance ncreases correspondingly, and with loss of weight the
mntercorneal distance falls, The exophthalmos caused by
pituitary injections, however, causes the mtercorneal distance
to 1ncrease out of proportion to the body weight, which may
mdeed fall. If therefore intercorneal distance is plotted
agamnst body weight, rather than each against time, the
exophthalmos can be detected and estimated mdependently
of concurrent changes in body weight. When determmed 1n
this way the exophthalmos could be shown to merease rapidly,
reaching a2 maxifium after a few days, then decrease slowly.
It 1s perhaps of interest that the exophthalmos was equal i
normal and in thyrowdectormzed gumea-pigs 1n these experi-
ments, using this method to allow for the greater weight loss,
which tended to mask the exophthalmos in the normal group
after mjection.

The amount of the exophthalmos could be related, in a
roughly quantitative fashion, with the changes in orbital tissue
bulk which caused it. This holds also for the enophthalmos
associated with loss of body weight and confirms what would
be anticipated, that the ph may be more accurately




THE MECHANISM OF EXPERIMENTAL .
EXOPHTHALMOS CAUSED BY PITUITARY
EXTRACTS

E. E. POCHIN

Exorrtuaiyos provoked by anterior pituitary extracts
has been shown to occur in a number of species, including the
fish Fundulus that Albert and Money studied, and probably
also in the duck and the piy. Most work upon 1t, however, has
been done in the guinea-pig, where a massive exophthalmos
can consistently be produced and of which Smelser (1939,
1948q, 1943b) has made a detailed analysis. .

I think that those who have examined the exophthalmos in
guinea-pigs were at first intcrested in the light that 1t might
throw upon the exophthalmos that occurs i human Graves's
discase, and therefore upon the eause of this condition, It was
clearly important to see whether the exophthalmos and
thyroid stimulation in the gumea-pig and in man might both
be due to the antcrior pituitary. At present there are many
defects in the argument. Furstly, the evidence that anterior
ituitary extracts cause evophthalmos in man is, I think,
very tenuous, but this may be due simply to the low dosage
that has been given mn man compared with that niceded, 07 2
weight for weight basis, to provoke exophthalmos consistently
in the guinca-pig Secondly, the local orbital changes re-
sponsible for the exophthalmos in human thyroid discn?c are
not understood: excess orbital adipose tissue 15 found in simple
exophthalmos and cedema and fibrosis, but no excessive
adipose tissue in so-called progressive or malignant exoph-
thalmos. The pathogenesis of thesc changes is still a matter
for speculation. And thirdly, the way in which p.itmta{l'
extracts cause orbital volume changes even in the gumgﬂ-l“ﬁ
is not fuly explained.  This is my reason for wishing to discuss

316
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Histologically the shrinkage of both glands is associated
with a reduction in size of the alveoli and enlargement of the
central lumen (Fig. 2), strongly suggesting the output of
secretion from a stimulated gland. The normal appearance
(Figs. 8 and 4) is converted at 6 hours to one of shrunken

A . .

DLG.

06 Bhs  2d3s 4 days
foe v ACwoie e e e

e . of



318 " E. E. Pocux

studied by examining the orbital tissues themselves. When
this was done it was found that, at the height of the exoph-
thalmos, the two lacrymal glands that occur in the guinea-pig
were considerably increased in bulk, particularly the dorsal
or Harderian gland, the capsule of which was sometimes
greatly swollen to form a thick gelatinous mass. These two
glands constitute most of the total retrobulbar tissues and it
is difficult to establish whether other orbital tissues are
enlarged, as the swollen gland capsule is intimately related to
the eye muscles. The exophthalmos at this stage is due pre-
dominantly to lacrymal gland enlargement and Smelser (1941)
has described the hyperplasia of the Harderian gland at this
stage and its secretory overactivity, on which I wish to present
further evidence.

These are the changes at the height of the exophthalmos
several days after the first injection.

May T deal now with the changes observed immediately
after the first injection. When the intercorneal distance is
measured within a few hours of the mjection the eyes are
found to be enophthalmic, although only to a small degree,
and this condition persists for about 6 hours after a large dose.
The eyes then return to normal and exophthalmos develops,
usually being detectable within 24 hours. During this imtial
enophthalmic phase it 1s often possible to sce on the surface of
the conjunctiva at the id a collection of slightly refractile
hiquid which probably represents accumulated Tacrymal
secretion.

The changes mn bulk of the lacrymal glands in these first
hours run parallel to and presumably account for the changes
in position of the eye (Fig. 1), Both lacrymal glands are
found to be reduced n size soon after the injections, before
later enlargement develops. . The change 1s not large, but when
measured in groups of injected animals and compared w'xth B
control groups, it is significant and consistent, the reduction
being greater and continuing longer in the ventral gland ﬂ}ﬂ“

- in the dorsal or Harderian, in which the subsequent swelling

is greater.
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Fic 3. Ventral lacrymal glinds before (€), and 7} hours, 23 hours and 96
hours after start of d uly antenor pitwt iry 1njections.
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alveoli with large lumens; later, pale staining cytcp]xfsm and
enlarging alveoli are found, consistent with a sustained over-
activity of the gland. Only a crude chemical analysis was
undertaken, but the water content (Fig. 5) of the glands rises
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Fic 2. Dinmeter of alveoh and alveolar lumen 1n the ventral
lagrymal glands after daily anterior pitwitary injections.

sharply within the first day of injection, later returmng to the
resting value despite continued injections.

It scems clear therefore that the changes which occur under
these circumstances—transient imtial enophthalmos f{ﬂlo“f‘]
by sustained and massive exophthalmos—are duc primarily
to the fact that in guinea-pigs anterior pituitary extracts
stimulate the lacrymal as well as the thyroid gland, either
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through the same or different hormones. I do not want to
Perpetrate dacryoadenotroplne  hormone unnceessarily,
finee .Ule hormone responsible appears etther to be the thyro-
trophic hormone or to be closely associated with 1t n its
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Fie 4. Dorsal, or Marderian, lacrymal glnds before (C), and 7§ hours, 2
hours and 96 hours after start of daily antenor pituitary injechions.
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through the same or different hormones. I do not want to
perpetrate o dacryoadenotrophic  hormone unnceessarily,
since the hormone responsible appears either to be the thyro-
trophic hormone or to be closely associated with it in its
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biological distribution. This may be tested by the method
used by Chance, Rowlands and Young for other hormones,
comparing the results of stimulation by extracts of pituitaries
from different species. In tests of this type we have compared
the dorsal lacrymal enlargement to the thyroid enlargement
in the same animals after injection of pig, ox and horse
pituitary extracts. With each extract the degree of lacrymal
enlargement for a given thyroid enlargement has been sumilar
and, despite the large differences m thyrotrophic hormone
content of these extracts, the ratios of percentage lacrymal
to percentage thyroid enlargement after four daily injections
were:—

0-26 for pig pituitary, with standard error . 0:04
0-28 for ox pituitary, with standard error 0-06
G-05

022 for horse pituitary, with standard error

This 1s evidence of biological association and not of chemical
identity of the relevant hormones. It does however suggest
that in these experiments in the guinea-pig, exophthalmos may
have occurred because the thyrotrophic hormone stimulates
the lacrymal as well as the thyrod gland.

T would like to suggest several comments upon these

observations.

Thretly, this patho may not t for all forms of

e

although some might prove to be secondary, 101 Lxussy
the vascular disturbances associated with what is probably.ﬂ
grossly unphysiological overstimulation of the glands. This
seems unlikely, in view of Smelser’s work with excision of.the
Harderian gland and orbital implants, but needs considerntlony-

Secondly, are we throwing hght on human exophthalmos?

Lacrymal gland changes are not D in vaes;
disease and man does not possess a Harderian lacrymal gland.
develops slowly as d with the

The human condition

’ guinea-pig’s and these animal results seem to offer no resent

blance to what is found in man.
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And thirdly, if the pituitary does stimulate the lacrymal
glands, as well as the mammary glands, what other exocrine
glands, for example in the alimentary tract, does it stimulate?
And would so crude a test as the water content of a gland &
few hours after injection facilitate the detection of such
actions? 1In fact, to what extent 1s the pituitary not only the
conductor of the endocrine orchestra, but also the leader of
the exocrine band?

REFERENCES
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SMELSER, G. K. (1039) Amer. J. Ophthal,, 22, 1201,
SuELsEr, G, K (1041). Anat Rec., 79, (Suppl.), 96.
SuELser, G K, (1943a). Amer. J. Anat, 72, 149.
SwmELSER, G, K. (19435). Anat Rec., 85, 245

DISCUSSION

Parges: This symppsium would not have been complete without
producing one new hormone, or at least a new name for a hormone,
and now we've had it, together with a great quantity of experimental
observation on what 15 one of the most bafling features of the hyper-
thyroid syndrome.

SmELsEr;: It would be a great deal more fun 1f Dr. Pochin and I would
have a real basis for disagreement, but during the past few years our
expenments have been somewhat similar and 1 think our results are 1n
quite complete harmony. T am a bit envious that Dr. Pochin has seen

this gland and erther put 1n its place some fat from other parts of the
body or orbital fat from other donor ammals, Ve were able to produce
an exophthalmos without the presence of the Iarderran gland, The
dense mueilaginous matenal which accumulates 1n the fat and con-
nective tissue around the Harderian gland 1s sumular to that found in
connective tissues around some other glands, and I am not certam

'
Tochmn, and in the human when there 1s no actively growing gland. -
T am quite certam of that, but we still don’t know with certainty whether
the gumnea pig exophthalmos s the same as, or only simulates, that
whieh 1s found elinieally:
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MA{\y people have the idea that exophihaimos is caused by the thyro.
trophic tormone, and 1t may be. I believe ths is basieally hecaust
chnivans have assotiated growth of the thyvoid, thyrotoxicosis, and
exophthalmas, but I think i alt of Dr. Pochin’s experiments, and
certanly in all of mine, and with o very few exceptions, in most of the
work that has been done on this subject, crude extracts have been used,
They contamn thyrotraphic activity, but one daesn’t know that the
effect on the orbit, and the consequent exophthalmos, 35 due to the
ined thy phic b It mught be a “Hardenan-trophic”
hormone, as Dr Pochin suggested.  Until one has worked with relatively
pure preparatwons I don’t sce how one can ever decide whether the
cause of 15 1 phc ) or hing else.

Tn answer to Dr. Poclan's Iast question, I might suggest that the
dorsal or Ylarderan gland tsn't the only one which reacts fo these
antenor prtuttary extraets  In the lids of these ammals, you find hitle
maeborman plands—a siagle pair, one n the upper hd and one m.lhe
lower— ich hypertrophy also. At the other extremity of the guines
pig, you'll find some sebaceous glands around the rectum, simitar i
type—one portion rather discrete and the other diffuse  They sbu
hypertzophy at the same time as the eyes bulge out. 1 don’t know
what hind of trophic hozmones cause that. This happens in the absence
aof the ovanes or of the testes and in the absence of the thyyoud, Hew
can this be the “thyrotrophic fiormone” when t's ncting i the absence
of the thyroid on somethung quite unrelated to the thyrmd gland?

1 was interested i the comment by Dr. Folley that the mammasy
gland was a particulasly good gland for studying synthess of fats,
“The Harderian gland 1s Iarge, 1t's an exoctine ghand and s secreteon
ts very largely fat. It would be nice 1f someone would get interested
in the formatton of some of thie hpuds of this exoenne gland.

Rawson. I would ke to make o hitle wore confusion if 1 may.
Several years ago when Dr Afbert and Dr Money were studying the
effeet an the eyes of tlic Pundulus of pitmiary extracts rich i 1y~
trophite Bormene, they found that admimstration of an extract of sheep's
pitmtanes which they had prepared themselves, produced a rather
dramatic snd farly Jong-lasting “popeye” wn the Fundufus. This
gecurred in abaut 212-13 hours and lasted for three or four days. lmeg
10 repeat therr observations with some beef pitutary extracts, nn{
couldn't  \We then set up the same experiment together, using the b’ce
pituttary preparation and the sheep pitwitary preparntion i bt n;r
ammals, ard we stayed up 2l mght observing the ammals at hour] ay)
\ntervals  We found that the beef prtuttary extract produced & m"“‘“k
exophthalmos about three to four hours after admnistering e

hormone, that disappeared, whereas the sheep pittutary eviract pro-

duced 2 "rather strking evophthalmos which lasted for three or fc;{r
days, These preparations had about the same thyrotrophic. actts !1 ¥.
1 helleve that Dr. Dobyns 1s working with this again and is finding
imafar results

e s about the abservations made

here were other interesting thun,
va D’r. Money and Dr. Albert.  They abserved that they could remaie

—,
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from behind the orbit n milky fluid which when injected into another
Fundulus would agam produce an esophthalmos.

One of the most interesting observations was made in_animals
treated with thioursell  The thiouracil admunustered to the Fundulus
produced a good hyperplasia without any eye changes if the water
was changed every day; however, if the ammals were left in the water
they had orignally, and if 1t was allowed to become contaminated with
ther body excreta, they did develop an exophthalmos—ancther
observation that we could not explam.

"There is another climical observation that has intrigued me for a long
time. G occurs not n male patients with
Graves's disease. We've had the impression recently that this occurs
to & greater degree and probably more frequently in the patients who
Ppresent a more severe ey e picture, than n those patients who have more
classic hyperthyroidism without severe exophthalmos. I am interested
mn knowing whether Dr Smelser and Dr Pochin have any comments
on that climical observation.

On the other side, m support of this being a thyrotropluc factor 1s
this, when we incubated pituntary etracts rich in thyrotrophic hormone
with thyroid tissue, we found that the thyrotrophic activity s lost,
and that the gonadotrophic activity 15 not lost, but that the exophthal-
mos promoting activity, as assayed in the gunea pig by Dobyns'
method, 1s d or lost g exy to thyroid tissues.

Pocnry: With regard to the pomt Dr. Smelser ratsed about the ventral

different factors might conceivably be mvolved.

.
may mduce some of these changes The second thing 1 wanted to
suggest 1s that n our studies with the labefled thyrotrophic hormone |
preparations (which were quite imh we found a
concentration. of radioactivity m the extra-ocular matenial In other.
words, 1t’s not aqueous or vitreous, and I'm not prepared to say what
itis

Pocrrx. We haven't excluded ACTH activity, but we failed to get
any exophthalmos with posterior pituitary extracts sufficient to geve
good antiduures:s 1n the gumea pig

Sxerser, I don’t thmk 1t's ACTH TIn recent experments the
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addition of ACTH to & preparation of pituitary which caused exoph-
thalmos did not enhance its effect. The preparations producing
exophthalmos contain very hittle pressor or oxytocic material, and power-
ful preparations of posterior pitwitary don’t stimulate the Harderian
gland or produce exophthalmos. L2
MyanT* Dr. Smelser, have you ever chanced to look at the salivary
glands? Ithnkit’s aninteresting suggestion that the ordinary exocrine
glands may be influenced, because certamn glands, 1n man at any rate
and I think 1n other animals too, concentrate jodide almost as much
as the thyroid. The salivary glands do; the pancreas doesn’t Have
L B (R et

you chan ~ ~maena®
SmELsE ' i .
by the cb *
other. I 1 - B
........ PSP S
nd,
me

seco;ldary effect of our prturtary extract.



PART VI
ADRENOCORTICOTROPHIC HORMONE

ON THE BIOASSAY OF
ADRENOCORTICOTROPHIC HORMONE

CHOH HAO LI*

BEroRre any discussion of the problems of the bioassay of,
the adrenocorticotrophic hormone (ACTH), it may be well to
summarize the physiological function of this hormone. In
the absence of the adrenal glands ACTH exerts no metabolic
effects (Ingle et al., 1948); this means that the biological
effects of ACTH are produced mdirectly through 1ts stimula-
tion of the adrenal cortex.

Physiological Studies

Inhibition of Growth. Smce Moon (19375) deseribed
retardation of growth in immature gonadectomized rats after
large doses of crude adrenocorticotrophic extract, evidence has
accumulated to confirm the growth-inhibiting activity of
ACTH. Injections with highly purified ACTH protein cause
inhibition of growth in both immature and adult male rats
(Evans et al., 1943). The inhibiting effect of the hormone on
body weight gain cannot be accounted for by differences in
food mtake. Furthermore, in adrenalectomized rats this
effect 1s not seen.

*The author wishes 1o scknowledge the co-operation of the following

327
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In hypophysectomized rats, the biological potency of the
growth hormone is antagonized by the action of the adreno-
corticotrophic hormone (Marx ¢t al., 1943). This antagonism
is evident also from the osseous development (Becks, Simpson,
Marx et al., 1944). Recent experiments m this laboratory
(Asling et al., 1951) have explored further the retardation of
“‘termuinal” growth by the administration of a small dosage of
ACTH in rats hypophysectomized at 21 days of age.

Studies by Baker et al. (1948a) have shown that the growth
of hair and skin becomes retarded in ACTH-treated rats.
There occurred a thinning of the epidermus, reduced growth of
hair, an inconstant reduction in the size of the sebaceons glands,
increased compactness of the dermal connective tissue, and
reduction of the panniculus adiposus. These observations
appear to be i harmony with the findings of Butcher and
others who discovered that growth of hair is accelerated by
adrenalectomy (Butcher and Richards, 1939; Butcher, 1941;
Ralli and Graef, 1943).

Since protein anabohism is closely related to the process of
growth, the inhibiting action of ACTH may be interpreted as
resulting from anti-anabolic or catabolic effects on protem
synthesis. It 1s therefore not surprising to note that ACTH
causes a sigmficant increase n the blood ammno-acid content
1n normal and hypophysectomized rats (La, Geschwind. and
Evans, 1949). DMoreover, the hormone 1ncreases the urinary
excretion of nitrogen 1n normal and diabetic rats (Gordon
¢t al., 1946; Bennett and L, 1947). Recent studies of Hober-
man (1950) using 1sotopic glyeine showed that the rise in the
output of mtrogen following treatment with ACTH may be
the result of a more rapid rate of protein breakdown al}d 2
decrease 1 the rate of ncorporation of amino-acids into
protein. .

Effects on Carbohydrate Metabolism. The production
of glycosuria in normal rats by ACTH injection was first
achieved by Ingle et al. (1946). Normal male rats were force:
fed a fluid diet which represented approximately 15 grams of
available carbohydrate per day. The animals developed
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glycosuria on the second day following the beginning of the
mjection period and the condition continued as long as the
hormone was given. This observation was later confirmed and
extended in alloxan-induced diabetic rats (Bennett and Li,
1947). It was found that ACTH consistently produced a
marked increase of the glycosuria in these rats, both with and
without exogenous insulin.

The production and aggravation of glycosuria in normal and
diabetic rats by ACTH treatment may be explained by the
inhibition of carbohydrate utilization or the inerement of
gluconeogenesis, or both. Experiments of Bennett (Bennett,
Applegarth and Li, 1947) appear to mdicate that ACTH
influences carbohydrate metabolism not only by increasing
gluconeogenesis from protein but also by depressing
carbohydrate utilization. This conclusion was derived from
studies in diabetic rats maintained on a carbohydrate-free
daet.

The fact that ACTH inhibits carbohydrate utilization
could well be the result of the antagomstic action of the
hormone to insulin. Recent data, obtained with the dia-
phragms of ACTH-treated ammals, show that the rate of
glucose uptake with and without msulin remains unchanged
but that the insulin effect on glycogenesis is decreased. In
the ab of insulin, glycogenolysis actually occurred 1n the
diaphragms of the treated rats (Li, Kalman and Evans, 1949).

From this experiment it 1s evident that the insulin effect in .

promoting glycogen storage 15 impaired 1n the diaphragms of
animals treated with adrenocorticotrophic hormone.

Effects on Fat Metabolism. The hver fat of fastmg
normal or hypophysectormzed rats has been shown to be
ncreased by acute treatment with ACTH (ILa, Simpson and
Evans, 1949a4). In normal rats force-fed a medium carbo-
hydrate diet, treatment with ACTH for 10 days caused an
mcrease in hver fat along with other effects (L1, Ingle et al
1949). The of hypopl ized rats, fed ‘a
limited quantity of food and treated with ACTH, showed a
gam m fat content (Li, Simpson and Evans, 19495). Using

wWATER 23
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histological techniques Baker ef al. (1948b) found fatty infiltra-
tion of the rat liver after ACTH treatment.

A regulor inerease in the amount of sudanophilic lipid in the
cells of brown fat in ACTH-treated, intact and castrated rats
has been reported by Baker, Ingle and Li (1950}, Treatment
of the hypophysectomized animal with ACTH results in an
increased turnover of liver phospholipids (Geschwind #f al.
1950). It should also be mentioned that ACTH increases the
ket ia and the ia of fasted normal rats (Bennett
et al., 1948),

Effects on Electrolyte Metabolism. Since the adrenal
cortex js known to affect the electrolyte metabolism it would
be expected that ACTH would have a similar marked effect.
Tt was found that there was an increased urinary excretion of
potassium and phosphorus in ACTH-treated rats {Ingle
et al., 1946; Lo, Ingle &f al., 1949), There were no consistent
changes in the excretion of sodium and chloride in these
animals; however, in human subjects the administration of
ACTH caused an initial retention of the latter two elements
(Luft ¢t al., 1950).

ACTH treatment did not appear to influence the uptake of
radio-caleivm (45Ca) by the femurs of the intact rats, but did
effect a significant reduction of the uptake in the hypophysec-
tomized group (Ulrich et al., 1951), No significant differences
in the serum levels of ©Ca were found between the freated and
centrol groups, In normal and hypophysectomized male rats
the administration of adrenacorticotrophic hormone in doses
sufficient to eause hypertrophy of the adrenals produced 8
significant decrease in the alkaline phosphatase level of the
plasma (Li et al., 1936). These changes in #°Ca uptake and in
plasma atkaline phosphatase activity may have resulted l'ror.n
the effect of the hormone in retarding both chondragenesis
and cesteogenests, as has been indicated by histological studies
(Becks, Simpson, Li and Evans, 1944). i

Tornblom (1949) has observed an increase in serum inor-
ganic phosphones in  ACTH-treated hypaphysectomized
rabbits which were kept on a phosphate-deficient dict rich in




Broassay oF ACTIHL 331

ealcium. The injection of ACTH into hypophysectomized
rats restored the turnover rate of %P in all tissues (liver,
kidney, adrenal and intestine) except muscle and brain
(Gemzell and Samuels, 1950).

The injection of ACTH produced a significant hypoferremia
in normal rats, an effect not found after adrenalectomy
(Hamilton et al., 1951). On the other hand, it has been found
that the ad ration of ACTH the total circu-
latmg volume of red cells m normal rats and prevents its
decrease n hypophysectomized rats (Garcia et al., 1951}

Effect on Lymphoid Tissues. The administration of
ACTH has produced a rapid decrease in the weight of thymus
and Iymph nodes 1n the mouse and rat (Dougherty and White,
1943a; L1 et al,, 1913) and an absolute lymphopenia in the
mouse, rat and dog (Dougherty and White, 19435; Reinhardt
et al., 1944). A rapid deerease in the number of lymphocytes
n the thoracic duct lymph has been obtained by a single
mjection of the hormone (Reinhardt and Li, 1945; Yoffey
et al., 1946). Moreover, Yoffey and his colleagues (Yoffey
et al., 1951) recently observed a significant increase in the
lymphocyte content of the bone marrow after the administra-
tion of a single dose of ACTH

The circulating eosinophuls are strikingly depleted by
ACTH injections (Forsham et al., 1948). This effect was
suggested as a functional test for the adrenal in man (Thorn
et al., 1948).

Direct Effect on Adrenal Cortex. The adrenal hyper-
trophy produced by ACTH has been shown to be confined
mainly to the cortex, Deane and her collaborators (Deane,
1950) demonstrated that the zona glomerulosa of the adrenal
cortex of the rat 1s not under the influence of the anterior hypo-
physis. When rats undergo hypophysectomy (S\mpson et al.,

e

101 tha 7ana facaianlakn e cmactls —a

A single mjection of ACTH results in an immediate fall in
adrenal ascorbie acid and, cholesterol in rats and guinea-pigs
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(Sayers et al., 1944, 1946). It has been suggested that these
observations give an indication that thesc substances are
related to the manufacture andjor the secretion of adreno-
cortical hormones (Long, 1947). In young chicks ACTH
causes adrenal hypertrophy without altering the ascorbic acid
content of the gland (Jailer and Boas, 1950).

Survival of the Hormone in the Circulation. From
the rate of disappearance, as estimated by bioassays, of »
single intravenous injection of ACTH in rats, certain observa-
tions were clear. It was found that the plasma level of
injected ACTH falls in a logarithmic fashion against time and
that the rate of disappearance 15 rather rapid, the biological
half-time of disappearance being calculated as &-5 minutes
(Greenspan et al., 1950) By the technique of parabiosis, Van
Dyke et al. (1950) were able to conclude that the average life
of the cirenlating ACTH at physiological levels in the rat was
approximately 17 minutes. -

Bioassay in the Intact Animals

The procedure of bioassay using the 21-day-old normal male
rats was first suggested by Moon (1937a). The amount of
ACTH necessary to cause an increase in adrenal weight of 50
per cent over the controls, when injected into 21-day-old male
rats for a period of three days, was defined as one normal rat
unit. The data fail to fall onto a rectilinear log-dose responsc
curve (Moon and Hansen, 1910). Because of various sub-
stances and conditions which will cause adrenal hypertrophy
in the intact animal, 1t is clear that such assays in the intact
animal are not at all speaific. i

Ourr recent data (Hayashida et al., unpubhshed) mdicate
that the highly punified ACTH protein preparation gives only
slight increase of adrenal weight 1n the Moon test. A total
" dose of 5 mg. caused about 10 per cent increase over the

adrenal weights of the controls. When the same dose was

injected as an alum-hormone complex (precipitate) a 45 per

cent adrenal weight increase was achieved (see Table I). This

indicates that the poor response of the highly punified ACTH

3
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protein prcparntlon in causing adrenal hypertrophy in 21-day-
old male rats is probably due to the rapid disappearance of the
hormane from the circulation. When the alum precipitate
was used the increased potency which resulted was obviously
the consequence of the delay in absorption.

Table I
EFFECT OF AttM PRECIPITATE 0¥ T#E ACTH PotENCY IN 22 Days Op
Rats

Six rats 1n each group.

Preparation Hody wesght tdrenal Thymus
mg

ACTI . | s0e 86 2
(16 9»-:. 2

ACTH— \lum ppt * 60 7 259 353
(22 7-28-0)

Alum-Saline e 180 149 3
(12 8-21 8)

Injected onee daily for three days, anmals were autopsied on the fourth day

ml ACTH solution (1 § g m} ), add 5 mi 1 per cent alum solution neutrabized
. ,u 4748 with® § X NaOI Shake well Sebre inyectuon.

tRanges in pacentheses

Evidence of the potency of ACTH can be adduced from the
hzmatological effects of the adrenal steroids which are released
when ACTH 1s admunistered. We have investigated the blood
eosinophil level in unfasted mice after ACTH preparstions
have been injected intraperitoneally for four hours, In the
controls receiving saline the eosinophil counts averaged 497
plus or minus 17 cells per cu.mm.; injections of 20 pg. of ACTH
produced a fall of 17 plus or minus 5 per cent (Reinhardt et al.,
1951). There was n considerable variation in the fall of
eosinophil levels within the range of both the control and the
treated groups, se that in order to obtain really reliable
determinations it would be necessary to use large numbers of
animals in each group. In addition, it must be kept in mind
that equivalent amounts of ACTH preparations, which have
been shown by other assay techniques to possess different
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adrenal-stimulating activitics, may still produce equivalent
cosinopenic responses.

Bioassay in the Hypophysectomized Animal

The great advantage of using hypophyscctomized animals
for bivassay is the absenee of non-specifie effects due to the
cessation of the animal’s own secretion of the tropic hormone;
thus the effects noted are wholly resultant from the stimula-
tion of the administered material, This increases the senst
tivity and speafiaty of the method and makes rchable
quantitative analysis possibl

Repair Test. Female rats, 26-28 days of age, were hypo-
physectomized and the adrenals were allowed to regress for
14 days. At this time, daily intraperitoncal injections of
ACTH were given for 4 days, followed by autopsy 24 hours
after the last injection. For microscopic sections the adrenals
were fixed in formol, cut as frozen sections, and stained with
Sudan Orange. The changes observed at the lowest effective
dose levels of ACTIH were as follows: individual cells constitut-
ing the zona fasciculata and glomerulosa became larger; fipid
droplets were finer and more evenly distributed. Some increase
in the width of the zona fasciculata and a reappearance of the
zona reticulans may have oceurred. This minimal respanse
was designated as a plus 1 reaction. )

The test is both sensitive and specific; on the other hand, it
has a low degree of accuracy.

Mati Test (Suny Evans and Li, 1943). Hypo-
physectomized male rats (40 days old) were injected i.ntm-
peritoneally daily (except Sunday) for 15 days (13 injections).
A unit was defined as the daily dose which maintained the
preoperative adrenal weight under these conditions; that x's‘..n
daily dose of approximately 0-2 mg. of pure ACTH profcm
isolated from sheep glands. Increasing doses of ACT) i
produce irrerements in the adrenal weight which fall inte 2

- finear log dose-response relationship. Groups of 15 to 23

i are [ 'y, however, for satisfactory

data.
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The maintenance test has been considered, in general, more
satisfactory than the repair test, but it has several disadvan-
tages: a 2-week injection period is necessary, a large total
amount of hormone is required and the aceuracy of the deter-
mination at various dose levels is relatively poor.

It should be pointed out that in all of the preceding methods
an merease in the frequency of injections greatly increases the

bly b of the rapidity of destruction
of ACTH. The data in Table IT show that the potency of the

‘Table II

CopariSON OF A Givew DaiLy Dose of ACTH IN MAINTENANCE TEST
WHEN INJECTED ONCE oR TwicE Datty
Daily totel dose, 0-20 mg. ACTH Protein

No of daly Hody weght at
achions No of rate s Adrenals

& mg
o* 12 n4 8 10 340 44
1 11 121 4 20-64-1-3
2 7 1171 25 9416

*Cont

Q\lun * lundard deviation
materal in maintaining the size of the adrenal is enhanced 1f
the same dose of ACTH is divided into two daily injections.

Bioassay by the Ascorbic Acid Depletion Method

By far the most sensitive method for the bioassay of ACTH
has been estimation of adrenal ascorbic acid depletion, as
standardized by Sayers et al. (1948). Male rats weighing
120-160 g are maintained at a constant temperature for 1
week prior to hypophysectomy. Twenty-one to 27 hours
after hypophysectorny the animals are anssthetized with
sodium pentobarbital intraperitoneally, and the left adrenal
is removed, The solution to be assayed 1s injected via the
tail vein, and one hour later the right adrenal is removed.
The adrenals are carefully freed of connective tissue under a
dissecting lens and weighed on a double-hook-precision-
weighing-balance (Roller-Smth). They are homogenized
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with sand and 4 per cent trichloroacetic acid in a glass homo-
genizer, and the total ascorbic acid content is determined by
the method of Roe and Keuther (1943).%" It has been found
that the ascorbic acid content of the two glands of the hypo-
physectomized ammal does not differ by more than 25 mg./100
g. adrenal, and that the ascorbic acid depletion is a specifie
function of the ACTH admimstered. A rectilinear relation-
ship exists between the depletion and logarithm of the dose
over the range of 0+15 ta 2+5 micrograms of highly purified
ACTH.

The data obtained in the standardization of sheep ACTH
protein are presented in Table III. From caleulations of the

Table III

STANDARDIZATION OF SHEEP ACTH PROTEIN BY THE ASCORBIC ACID
DepLETION METHOD

Dose ACTH Depler Bic aerd mg of difference between meansd
12 /100 g
i per cent
Groups compared P valut®
Controls — 6 832
2 — 43 3% 7 3(28) 0 2 vs controls
05 — 59 9% 32(10) 0-5v30-2
10 — 73 0% 6 4(13) 1002
10vs05
20 6 8(11) 20vs10
30 16(12) 30vs20
50 6 9 (13) 50vs30
50vs1 0
10-0 —145 44 4 8 (8) 10 0 vs 5:0
20-0 —149 3% 9-7 (10)
50 0 —194 81 69 (5)
b
.. . .
significance of the difference between the means at each dose
level, it can be shown that for groups of 10 to 12 animals an
+Dr. 1 I. Geschwind in the wnter’s y has found that the tempera-
tare of incubation 1n the procedure of Roe and Keuther for the detemmam;r;
d can be increased to 57°C, and the solutions nllu:;rd to react
ure

scorbic aci
o wmutes. Dy this modification, the whole assay proce
considerably shorteried.
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increase in dose of approximately 3 times was necessary to
produce a significant increment in the response. In our hands
the accuracy of the method has not been as high as that
achieved by Snyers et al,

As shown in Table IV, there is no decrease in ﬁensmwty to
injected ACTH, as judged by adrenal ascorbic depletion, in

Table Iv
Errecr or ACTH P ON TNE AsCOR IN THE
ApreNALS OF HYPOPHYSECTOMIZED RATs oF 1, 2 OB a DAYs POSTOPERATIVE
Preparation | 1.day 2 dayr
L2145 MP| —103, —us, —1u ~105, —107, —115| —79, —~93, —66
—102, — !
L2214 A —110, —132. —135 -65, —39
L2212A | —101, —113, —08 | —96, —104, —88
L2210B | 107, —130, —128| —117, —72, —94

Domgrawreat 2 g per 100 g body weight, depletions of ascotbic acid are fn mg per 100
2 adrensl

hypophysectomized rats on the second postoperative day.
On the third postoperative day, however, sensitivity is
diminished. We have also been investigating the sensitivity
of different strains of rats in response to the same dosage of
ACTH preparation. So far, the three strains (Long-Evans,
Sprague-Dawley, and Wistar) studied are equally reactive to
ACTH administration (see Table V). N

Evaluation of Adrenocorticotrophic Activity by Various
Assay Technlques

The d for | ibed above are based on
dx[rerent ecriteria for changes i ln the adrenal caused by ACTH
mjections and can be classified as follows: biochemical—
ascorbic acid depletion in the adrenal; morphological—the
repair and maintenance tests; hzmatglogical —eosinopenia
and lymphopenia responses. Does the whole ACTH protein -
molecule provoke all these changes in the adrenal? Can we
prepare an active ACTH peptide preparation which will
provoke only one type of response? Since it has been dis-
covered and established that the hydrolysates of the ACTH -

\ -
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Table V

Broassay or ACTH PREPARATIONS IN VARIOUS STraINs oF Hyporrvsec-
ToMizED RATS BY THE Ascorpic Acip DEPLETION MEeTnop

Preparation Long-Evans Sprague-Dawley Wstar
L2062SP {Peptide) | 160, —196, —140, —146,
—68, —101 —61 {~116)*
(—181)*
L2062QP (Peptrde) | —172, —177, | —118, —152,
—145(—165)t | —87 (~119)t
L1607M (Protetn) —156, —102,
—143, —101,
—80, —I10
(~126)t

Values are the depletion of ascorbic acid m g per 1008 adrenal, n parentheses are aversge
values,

*Assay 8t 1 gamma N level.

tAssay at 5 gamma Sofid level.

protein retain biologieal potency, these guestions are constantly
being raised in the mimds of investigators. X

The data to be presented i the following section are
obtained from three different ACTH preparations (1) ACTH
protein prepared from sheep glands by a modified proce'dule
previously described (Li et al., 1048). (2) ACTH pepsin digest
prepared by a method described earlier (Li, 1948). (3) ACTH
acid digest prepared by acid hydrolysis of ACTH as follows:
One gram of ACTH protein 1s dissolved in 90 ml. 1-0 M HCl
and the solution is kept in a boiling water bath for 30
minutes. After cooling, 10 ml, 50 per cent trichloroncetic
acid {TCA) is added. The precipitate 15 removed by centr-
fugation; to the supernatant is added 11 ml saturated TCA
solution, The precipitate formed 1s dissolved in water and
extracted with cther to remove the remaming TCA. The
ution is then frozen and dried in vacuum. The

aqueous sol r u it
der is called ACTH acid peptide mixture (Li

final dry pow
1951).



" Brosssay or ACTH . 330

It may be seen from Table VI that the ACTH acid peptide
has the highest ascorbic acid depleting potency; while the
ACTH pepsin digest mixture is about twice as active as the
ACTH protein, it is significantly less active (P <0-01) than
the acid peptide preparation. When these preparations were

‘Table VI
Broassay or D ACTH F BY A Acip
DerLETION METHOD
T i
[ Estumated
Preparation Dose | Mo of rats | Depletion of awcorbic acsd | ACTH
i eguwairn
I i e mg /100 2 adrenal
Proten Tos 33 126 4 4¢ 6
Fepsin Peptide 2 a2 120+ 58 4
Acd Peptide . 2 | ° 148 0111 1 13
*\jean + standard deviation
T T - ity in
R asat
ol + acid

peptide mixture the least active. On the other hand, the most
active preparation in terms of thymolytic and lympholytic

Table VIT
B104ssa oF Vanious ACTH PREPARATION BY THE MAINTENANCE TEST
Total dose, 5 25 mg 1n 10 days.

Preparation| N0 of ﬂ";{, Adrenal (1Y Thymus Ter, weal lymph

z me mg mg
control
(Saline) | 3 | 104 | 0 &(7-10p | 268 (187-328) | @1 (61-113)
Proten | 5 | 110 | 16 2(14-19) | 125 (95-231) | 69 (51-103)
Pepsin

l‘epude 5 102

32(11-15) | 62 (382-142) | 48 (44-61)

I‘epude 4 107 1 2(11-13) | 207 (188-2G7) | 122 (101-149)

*Ranges n parentheses i
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‘Table V

B or ACTH P 1N Various StraiNs or Hyroraysec.
TOMIZED RATS BY THE Ascorsic Acrp DEPLETION METHOD

Preparation Long-Evans | Sprague-Dawley Wstar

L2062SP (Peptide) | —160, —196, —140, —146,
—68, —101 —61 (—116)*
(—131)*

L2062QF (Peptide) | —172, —177, | —118, —152,
—145 (~165)t [ —87 (—119)F

L1607M (Protem) —134, —121, —156, —162,
—101, —162, —143, —161,
—111, —~112, —80, ~11
—103, —84 (—1200t
(—118)t

Values are the depletion of ascorbic aeil 1n g per 100 adrenal, tn parenthescs are aversge
values.

*Assay at X gamma N level

t4ssay at 5 gamma Solid level.

protein retain biological potency, these questions are constantly
being raised in the minds of investigators.

The data to be presented mn the following section are
obtained from three different ACTH preparations: (1) ACTH
protein prepared from sheep glands by a modified procedure
previously described (Li e al., 1943). (2) ACTH pepsin digest
prepared by a method described earlier (Li, 1948). (8} ACTH
acid digest prepared by acid hydrolysis of ACTH as follows:
One gram of ACTH protein is dissolved in 90 mL 1-0 3 Hl
and the solution is kept mn a boiling water bath for 30
minutes. After cooling, 10 ml. 50 per cent trichloroacetic
aeid (TCA) is added. The precipitate is removed by centrr-
fugation; to the supernatant is added 11 ml. saturated TCA
solution. The precipitate formed is dissolved in water and
extracted with ether to remove the remaining TCA. The

aqueous solution is then frozen and dried in vacuum. Th.c
ture (Li,

final dry powder is called ACTH acid peptide mix!
1951).
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activity, but with only intermediate adrenal weight main-
tenance effect, was the ACTH pepsin digest. Furthermare,
the data of Table VIII show that the ACTH pepsin peptide 1s
significantly less active in maintaining adrenal weight than
the protein preparation.

It should also be noted in Table VII that the acid peptide
exhibiting the highest ascorbic acid depleting potency is the
least active in causing reduction in weights of thymus and
cervical lymph nodes. The suggestion must be made that higlt
ascorbie acid depleting potency is not necessarily related
directly to the process by which the adrenal secretes substances
causing reduction i thymus and lymph node weight (Rein-
hardt and Li, 1951). This conclusion 1s further supported
by the studies of Hungerford, Reinhardt and Li (Hungerford
et al., 1952), investigating the effect of various ACTH pre-
parations on the lymphocyte content of thoracic duct lymph
in the rat. Results, summarized m Table IX, give clear
indication that the ACTH peptide is unable to effect reduction
of the lymphocyte counts, whereas administration of ACTH
protein produces a rapid decregse in the number of lympho-
cytes in the thoracic duet lymph.

The findings represented by these data suggest at least onc
consideration and several long-term questions. For the tim¢
being, the data mdicate the necessity for making parallel
assays of ACTH preparations (protein and peptides) by at
least two methods, until such time as we can establish and
define more clearly the correlation between experimenml
observations on the one hand, and activity as determin'ed by
various bioct ical and morpk logical assay t nq
One possibility for the future which will obviate these difficul-
ties is that when components of the ACTH protein are even-
tually isolated through various chemical procedllll'esi ‘I,‘ﬁ
result” may be.a purified peptide preparation Wl}lch wil
exhibit activity in only one or the other of the variou !
assay methods. Some further questions which must ,re
raised to clarify the whole problem are {a) the P°55’b:
presence in the ACTH preparation of two or more nc’!l\

s bio-

el
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factors, (b) the effects which are consequent upon differences
n rate of absorption, utilization, and excretion, and (c) the
role of trace contaminants,

REFERENCES

AsuiNg, C W, REIN1arpT, W. O, and Ly, C. I, (1931)  Endocrinology,
48, 534

Bakeg, B L., InéLe, D J, L1, C H., and Evass, H. M (1848a). /Inat.
Rec., 102, 313

Bakce, B L., INGLE, D.J, L1, C. H., and Evaxs, H M. (1948b). Amer,
J. Anat., 82, 75.

Bakeg, B L, INcLe, D T, and Lx, C. H. (1950). Prac Soc. exp. Biol.
Med , 75, 857.

Becks, I, Snresox, M. E | Li, C H, and Evaxs, H. M, (1944) Endo-
cranology, 34, 303.

Becks, H, Smurson, M, E,, Marx, W,, L1, C. H, and Evaxs, H. M,
(1944)  Endocrinology, 34, 311.

BownerT, L L, APPLEGARTH, A P., and Ls, C. H. {1947). Proc. Soc.
exp. Bl Med., 65, 256.

Bennerr, L L, and Lr, C. H (1947). Amer J. Physwl , 150, 400.

Bewsnerr, L. L., Kresss, R, E., L, C. H, and Evans, H. M. (1948),
Amer. J, Physol , 152, 210.

B LA AESE L B A cesm Tederimology, 25, 787,

. ' h 48, 120
. Edited by R. C.
ssociation for the

Douguerty, T F, and WaiTE, A. (1943a) Proc Soc. exp Biol. Med ,
53, 132
DovucHERTY, T, F., and Wnitk, A. (18435) Scence, 98, 367,
Evans, H. M,, S1eson, M. E, and Lr, C T, (1948) Endocrinology,
2;
Forsam, P H., Tuory, J. W., Pronty, F. T. G., and Hius, A. G
(1948) J c¢lin Endocrinol , 8, 15.
Garcia, J. F, Van Dyke, D. C, Hurr, R, L, EtMunger, P. J., and
ODa, J. M (1951). Proc. Soc. exp. Biol. Med., 76, 707.
Gemzers, C. A, and Samures, L. T, (1950). Endocrinology, 47, 48.
Gescrwinp, I I, Lt, C H., and Evaxs, H. M. (1050), Endocrinology,
7, 162,
Gorpow, G S, Ly, C. I1,, and BEnngr, L. L. (1946)  Proc. Soc exp
Bl BMed , 62, 103.
GRET;SPAN’ F.S., L1, C. H, and Evans, H. M (1950) Endocrinology,
, 261,
Hamyiron, L D, Gueirg, C. J,, ASHENBRUCKER, H., CARTWRIGHT,
G. E., and Wintrong, M. M (1951). Endocrinology, 48, 43.
Havasnma, T, L1, C 1T, and Lvons, W. 1t Unpubhshed data.
HopgrMan, H D. (1950)  Yale J. Biol. Med , 22, 341

e



aptnlag pv 1oy
bt wedag iy
RN AATY
rN W wd g g

lo8ju0y

ONRH(03 4 §{ 03 3ojud BaN0Y 0w} Afymauoyiiaduiuy apess suopaafug gy
(og) [E)
k&1 G 8 ¥10 Loz QOGRS ces TL B 4 ot
° {r0) £.0) | (e} €0
<8t L) k244 LaFA s 00z 1 o1 <1 N
(4] €0 | (3} @ o
5 +£1 9 L2 85§ ouglz | o5 e | ot -
"len o w |ga
2 5 66 158 8¢5 | oo0zs | o1z o1 (X1}
-
] (€1} ©0 | (sp) (s 0)
= 5 *g 59 015 | oocte TeT 8%
)
= suogru Tt suorypa Jus W ndod 3 Fu
e owyf oy
e <
L Ny wior, yeuhg
P——— E— Jda wton i arog uonudig
sanoy 43 3 001 13g simay vz 02 P fo o

BARAT 1D 2] JDVEOIL], 40 INTINOD T1AD TVLOJ, ONY AL

342

*s9sayjudand Ut s1049 picpuels s pajuasazd sanges ueapy

SIVY AIVIY

XI

AIQ-AVQ-09 20

dlqer

VU MO THL NO SROLLVUVIRN] J1J)V INRUARAI(T 40 107435]



GexeraL Discussiox 815

Smpsov, M. E., L1, C. H., szvmum-r. W. 0., and Evass, H. M. (1943) .
oc. exp, Biol. Med., 154, 135.

Tommwn, N. (1949). Acta endoerinol , Suppl 4.

Tuorw, J. W., Forsaad, P. H., an\-nr, . T. G., and HiLrs, A. G.
(1048). J. Amer. med. Ass., 137, 1005.

Urricr, F., Corp, D, H., Asuxg, C. W., L1, C. H., and RemviaroT,
W. 0. (1951). Emiomnalugy, 48, 2435,

Vax Dykg, D. C., Sprrson, M. E,, L1, C. H and Evaxs, I M. (1850).
Amer. J. Physiol , 163, 297,

Yorrey, J- M., Ress, M., and BAx'rl:n, J. S. (1948). Nature, 157, 368.

YorreY, 3. M., Mercary, W. K., HErpax, G., and Namnv, V. (1851).
Bnit, med. J., 1, 660. -

DISCUSSION
Love: We require a precise method of assay, as the present ones all
leave much to be desired. “'lmt 15 your experience wllh the cbolesterol

Aanlabton santhad® o nem easly o

. .
there are after three hours definite differences between themn.

SoNENBERG: What are the critena of homogeneity of your ACTH
preparations?

Lr: It would take the whole morning to answer that question.
Preparations A and B appear to be different by chromatography.
These were very crude preparations

Prunty' You found that the acid peptide 1s more active in ciusimg
a depletion of ascorbic actd and less active in producing a fall in eosino-
phils?

L1: We also found that the acid peptide preparation is very poor n
the adrenal mamtenance test _

speakng only as an old standardizer—what we need to know is that
dlﬁerent batches of Aml are standardized with regard to their
effects. The need & method which will enable

2%

waTER



344 REFERENCES

HuNGrnFuRD,J F., R.l:lNllAllD’l‘, W. O, and Li, C. H. {1952). Blood,
193,

IVGL;, D. J., L1, C. H,, and Evans, H, M, (1946). Endocrinology, 3%,

INGL;ZS,D J., Prestrup, M. C., and L1, C. If. (1948}, Endocrinology,

202,

JAILER, J. W., and Boas, N. F. (1950). Endocrinology, 46, 314

Ls, C. H,, Evans, H. .. and Speson, M, E, (1043). J. biol. Chem,
149, OT)

Ly, C. H. (1948). In Metabolic Aspects of Conval Trans. 17th
Conf., p. 114. New York' Josiah Macy, Jr., Foundatron,

Li, C. H Smrsm M. E,, and Evans, H. M. (19491:) Arch. Biochem ,

Li, C. H.. Smrsox. M E., and Evans, H M. (1949b). Endocrinology.

L 71,
L1, C. H., Katman, C., E\ANS. H M., and Swpsox, M. E. (1946). J.

bol. Chem 163, 7
Li, C H Kazmaw, €., snd Evans, H, M. (1949). Arch. Biochem , 22,

. . e e
177, 1. t
. N .
Lo . ] ennol., 5, 827,
N . ** 11943), Endo

:nnolag:/, , 102,
Moox, L D. (IPB'M) Proc. Soc. exp. Biol. Med., 35, 649
Moon, H. D (1937b). Proc Soc. exp Biol. Med., 37, 34, i
Moon, H. D., and HanseN, W (1940). Proc. Son exp Diol. Med , 43,
46,
Rawwt, E. P, and Grary, L (1943). Endocrinology, 32,1
REINHARDT, \V 0., ARDV, H, and L1, C H, (1844).
Biol, Med, 57, 19
RristArDT, W O, and L1, C. H (1945) Science, 101, 360. "
Remnmarpr, W. 0., Honerrrorp, G. F., and L1, C. H (llhl) Fe
Proc., 10, 109. f 7,
RunmarnT, W O, and L1, C H. (1951) Proc, Soc. exp ol Med , 76,
8

Proc. Soc exp.

36.
RS S @ A sragar g, biol, Chem,, 147, 899
) Viurrr, -A., and Long, €. N. 1.

v, and Lo~g, C. N 1L {1946).
cry, L A. {(1948). Endocrin-

08l L5 04 .
Smyg:é”\x E., Ev,u:s, L. M., and Lt, C. H. (1943), Endocrinology, 33,
261.



OVARIAN RESPONSE TO ACTH
F. T. G. PRUNTY and B.ARBARA E. CLAYTON*

Ix the past there has accumulated much evidence, based on
embryological, experimental and clinical studies, suggesting
an endoerinological relationship between the adrenal cortex
and the gonads. Many aspects of this subject were excellently
reviewed recently by our Chairman (Parkes, 1945). It is
possible to extract from the work that has been done certain
apparent guiding principles, and it is worth remembering that
the adrenal cortex and gonad are derived from adjacent areas
of the genital ridge.

Some animals show cyclical changes in the adrenals
assoclated with the reproductive cycle. This appears to be
particularly marked in the rat, where cortical enlargement
accompames cestrus {Bourne and Zuckerman, 1941). In the
mouse the situation appears more complex, though it seems
certain that the X-zone regresses with sexual activity and in
pregnancy (Howard-Miller, 1927; Deanesly, 1928},

On the other hand, increased adrenal cortical activity
would appear to diminish certain phases of ovarian function.
Thus, amenorrheea 1s found to occur in Cushing’s syndrome
and the adrenogenital syndrome. With the advent of cortisone
and ACTH 1t has been noticed that these hormones sometimes
induce amenorrheea when used for therapeutic purposes
(Hench et al., 1950). The admimstration of cortisone inter-
rupts pregnancy n mice {Robson and Sharaf, 1951).

Under certamn eircumstances there are indieations that the
ovaries can exert an adrenal cortical-hke achvxty Survival
after adrenalectomy is prolonged in various species, including
rodents, by pregnancy (Firor and Grollman, 1933), admmlstr-p
tion of progesterone (Pfeiffer and Hooker, 1940), and treatment

*Holden Research Fellow.
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ACTH to be used as an alternative to cortisone. Which of the present
hods can parded as indicath i "t achty?

Lx: We have used the ascorbic acid test extensively.

Darx: You measured the potency of your fractional preparations by
the ascorbie acid depletion test, because the test 15 easy to perfonn,
and gives fairly reprodumble results. But these might be definitely
misleading with regard to the therapeutic efficiency of diiferent samples

Long: When you measure the effect on white blood cells you are
measuring the cortisane released from the gland by ACTH.

Dare: How is such an organization as the National Institnte of
Medieat Research to standardize batches of ACTH for therapeut
potency?

LonG. Up to now there has not been any systematic assessment of
ACTH activity usmg all the methods now 1n use on the same prepara
tions.

Dave: From the practical view any of the methods now in yse miy
be misleading, If they place the same preparations in different orders,
they cannot all be night.

L1: Some tests are mare popalar than others, but o great deal more
work on the methods of assay needs to be done.
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requirement for cortical replacement became relatively large
after delivery by Cmsarian section. On another occasion we
observed marked periorbital cedema at the commencement of
the menses in a patient with Addison’s disease implanted with
the maximum tolerated dose of DCA.

That the ovaries have some controlling influence on the.

activity of the adrenal cortical cells has been beautifully
demonstrated by Woolley (1850). Certain strains of mice are
prone to develop nodular cortical hyperplasia or adrenal
cortical carcinomata after gonadectomy.

For several years Albright and his colleagues (Albnght
et al., 1942) have considered that there is a pituitary hormone,
in their opinion probably luteinizing hormone, which exerts an
effect on hoth ovary and adrenal cortex. With regard to the
latter gland the function of this hormone has been thought to
be mainly stimulation of androgen production. In their view,
the oceurrence of hirsutism in certain women with cystie
ovaries is due to stimulation of luteinizing hormone in
association with the arrested ovarian follicular phase. On the

other hand, the work of Hamblen and his colleagues (1941) ~

would seem to show that a rise in 17-ketosteroid excretion
accompanies total ovanan lack and ovariectomy. This is
more in accord with evidence produced by Smith (1946)
mdicatng mcreased adrenal cortical funetion with regard to
electrolyte and carbohydrate metabolism in the ovariectomized
rat, and the expenments reported here by Dr. Nelson, in
which chorionic gonadotrophin failed to produce increased
17-ketosteroid excretion 1n castrate men. However, it is
widely held that ovarian cestrogen secretion is an mmportant
factor m the stimulation of pituitary luteinizing hormone

ion. Tt is also ly agreed that cestrogen adminis-
tration in the rat produces adrenal cortical enlargement in the
presence of the pituitary. The significance of this latter
fact 15 comphicated by the extremely toxic effects of cestrogen
in adrenalectomized animals noted by a number of workers, -
mcluding Pfeiffer and Hooker (1940), and in the course of
experiments in our laboratory.
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with pregnant mares’ serum extract {Pfeiffer and Hooher,
1940). The experiments demonstrating these facts strongly
sugpest that survival after adrenalectomy is correlated with
the presence of a corpus luteum. Pscudopregnancy is also
effective, so that it seems uniikely that the feetuses are con-
cerned.  Swingle ef al. (1937) showed that adrenalectomized
bitches do not require cortical hormone ‘during pseudo-
pregnancy.

A seasonal variation in the survival after adrenalectomy
has been found. For example, Bilbring (1937), observed that
the amount of cortin r d to in adrenal ized
drakes varied with the time of year, and she found a correla
tion between the amount of cortin required and testicular size,
Parkes (1945) suggests that after the breeding season the testes
might elaborate substances that supplemented corticosterone.

The grafting of ovaries into the ears of adrenalectomized
mice assists in the mamtenance of life (Hill, 1948). Using an
ACTH preparation with lactogenic activity, but containing no
gonadotrophin, thyrotrophin, or growth hormone, Davidson
and Moon (1836) were able to show prostatic and seminal
vesicle stimulation in castrate mice.

Patients with Addison’s disease may improve, possibly
due to placental activity, during the latter part of pregnancy,
once the strain of morning sickness has terminated. Thora
et al. (1942) have commented on this and have drass
attention to the very entical persod immeduately following
delivery. Much of the literature has been reviewed by

. Knowiton et al. (1949} In two of their patients they observed
significant rises in 17-ketosteroids as pregnancy advanced
But suggested they might be of placental origin, An improve-
ment in blood pressure was noted during the latter part of
pregnancy in a patient with Addison’s disease observed by us.
She was thirty at the time of the event, and had eight years
history of the disease. Up to the sixth month there was @
steady fallin blood pressure swhich then underwent spontancous
reversal. The patient remained exceptionally well through-
out the pregnancy without any inereasc in therapy. The
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The results obtained following adrenalectomy appeared to
indicate a seasonal change. During the second half of
November 1950 it was found that even though the adrenals
were absent ACTH still produced inhibition, In December
1950 and the first half of January 1951 only some adrenalec-
tomized mice showed inhibition, and by the second half of
January 1951 none showed complete inhibition.

Complete data on uterine weight and ovamnan size of 21-
day-old mice in the colony have been available every week for
eighteen months. The uter: have constantly weighed 2-3 mg.
except for an interval in the early part of the winter when
they have weighed 7-10 mg. and occasionally more. The
ovaries associated with these large uteri showed follicles in
which antrum formation appeared to be more prominent.
During this time, too, the uteri are unduly but irregularly
responstve to urinary follicle-stimulating hormone.

After a lull in breeding during September and early October
these mice were the first offspring produced during the new
breeding season. The 21-day-old mice maturing prematurely
were litter-mates of the 6-9 weeks old adrenalectomized mice
in which ACTH could cause inhibition of healing, and the
correlation 1s shown in Fig. 1. These findings of an apparent
seasonal variation suggested that a gonadotrophin might be
playing a part. Accordingly, a further series of experiments
were performed as shown in Table II. Thus, mice born at the
beginning of the new breeding season, pregnant mice, and
those pre-treated with chorionic gonadotrophin showed
mhibition, even when adrenalectomized.

Cortisone will cause inhibition in the gonad d
mouse. It seems likely that the gonads, particularly under the
infi of luteinizing h are capable of producing one

or more unknown compounds which will cause inhibition.
Other than cortisone, of the steroids examined, only pro-
gesterone produced a shght effect in a dosage of 2-5 mg. per
animal

A further interesting experiment seemed to indicate an
action by ACTH i the absence of the adrenals. ACTH or
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This, then, was the general position when our experiments
now to be described were performed. They seem to indicate
that _the mouse ovary has an adremal cortical-like action
provided it is in the luteal phase (Clayton and Prunty, 13515).

'ljhe mdication used of supposed adrenal activity was the
mbhibition of experimental wound healing in mice. The details
of the technique have been fully described elsewhere (Clayton
and Prunty, 1951a, b). Under the experimental conditions
used, the 50 per cent inhibiting dose for any group of mice was
45 pg. ACTH (H7911, potency =6 xLa-1-A), and 2 mg, of
cortisone acetate. The percentage of ammals failing to heal
in any group is proportional to the log of the dose of ACTH
given, and by using probits the potency of various prepara-
tions of ACTH can be compared.

Experiments showed that pitressin tannate and gonado-
trophin would not inhibit healing, and that the sample of
ACTH used did not contain any gonadotrophin. Operative
interference of any kind causcs some impairment of healing,
but by careful control of all experiments this did not prove 2
disadvantage.

The preliminary experiments carried out, and the results
obtained are summarized in Table I.

Table I
Mouse ) Effect of ACTII on healing

Intact male and female mice Inubition,

Hypophysectormzed male and | Inlubrion at one duy.
No inhibation at erght days.

w©

female mice
3. Ovanectomzed mice No inlubition
4. Ovarjectomized and adrenal- No mlubitien.
ectomized mice
5. Gonadectomuzed male mce. No inlubition
6. Gonadectonuzed and adrenal- No inlubition

ectomized male mice.
Adrenalectomized male and Vanable response, probably
female mice. seasonal.
At the beginning of the breeding
season—mhibition.
Later—no inlbstion.

2
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receiving daily ACTH gained in weight, and the scrota,
vulve, and dependent parts of their faces became swollen
and cedematous.

Conclusion

These experiments seem to indicate that under certain
conditions, particularly when luteinization is induced, the
mouse ovary is able to respond to ACTH with a cortisone-like
action causing inhibition of wound healing. The question of
the nature of the hormone concerned is an interesting specu-
lation. It would appear unlikely that endogenous progester-
one only is concerned for two reasons:—

(a) Chorionic gonadotrophin alone proved insufficient
stimulus to prevent healing.

(b) Administration of progesterone produced poor response,
whereas Pfeiffer and Hooker (1940) reported that one-ﬁfth of
the dose used would maintain life in ad ized mice.

It remains to be seen whether further evidence is forthcoming

to suggest elaboration of a C,, ketonic steroid by the ovary.
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Fi6. 1. Correlation between seasonal breeding, uterine weight,
and healing response to ACTH.

saline was administered daily to groups of 21-day-old male
and female mice in February 1951 for 10 days. It was found
that whereas untreated, or saline treated, adrenalectomized
mice usually lost weight or remained stationary, those

Table II
Mouse Effect of ACTH on healing
8. Pregnant adrenalectomized Partial or complete inhibition,
mice. becommg more marked as

pregnancy proceeds Thiseffect
rapdly disappears postpartum

Ad ; Neo intl
after 2 weeks pretreatment

with postmenopsusal FSH or

PMS.

10. A 1l ized female mice,
after 2 weeks pretreatment .
with human chorionic gonado-
troptun.
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Loxg: Jailer, I think, suggested that the placenta might produce
ACTH or something like it.

CrayTox: If males are given gonadotrophin over s long period their
wounds do not heal so well as in cantrols.

Broprck. Why was there no inlibition when the adrenals were
mtact?

Crayton: We should like to know,
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DISCUSSION

Huxe: I am not clear about the methods used to sssess nwound healing
Was this judged by the presence of granulation tissue?

PRUNTY: Yes

Huxr: In my opnion, this 1s not necessarily s good criterion—on
ACTH wound healing can oceur without the normal amount of grant-
Iation tissue. I think “healing” is not an accurate term to use m this
connection, .

CraxyTon: If any change 1s found in the wound 1t is taken to mdlt’]ﬂf:
healing. If there were hyperenma, for instance, we would say thal
there was no inhibition.

Huwe- Is ths after 24 hours?

Cravron 28 hours,

Busn' How long before the experiment were the animals ovaretto:
mized?

PrunTy: Two days. the

TuCHMANN-DUPLESSIS Might the seasonal changes be due to th
influence of the thyroid . e

PruNTy. The animals in the sccond season behaved 1n preciscly the
same way as in the first season  We have not had the opportunity
looking tnto the thyroid side of 1t yet "

}Iuvgss.w: Dr. Pgumcuu Dellle l%ms published in the Presse MérImﬂ:
on the formation of granulation tissuc In adrenalectomzed Nt H
granulation 15 very pecially if they are spay

afes. .
chlz 1 am not clear about what Dr. Prunty obtained with his ACTH.
Does 1t have a direct effect on the ovaries? *
: Yes.

- — . . - Voo mad and
| I o -

he testss. . »
Dnc‘u\rm.v- Were the ovaries pre-treated with Tuteinizing hormone?
Lx: No. You assume that ACTI is synergrstic to gonadotrophin

Cravrox: It seems so.
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hypophysectomized animals. The dosage is cxprcssed in mg.
The therapeutic effect of Cortiph on various diseases has
been acknowledged by Lohmeyer, Husselmann and Bansi
(1950) in Hamburg, and Heilmeyer (1951) and is equivalent to
foreign preparations.

In our clinic Cortiphyson was used for the first time in a
case of chronic arthritis. It was a child of 11 whose illness
had so far not been influenced by any other therapy. Witha
daily dosage of 45-90 mg. a noticeable improvement of the
illness could be observed. During ACTH treatment a drop
of the eosinophil counts, an increase in the fasting blood sugar
and a decrease in the erythrocyte sedimentation rate could be
seen. Alterations of nitrogen and electrolyte metabolism did
not vary from those in adults.

We then tried to find out the effect of Cortiphyson on healthy
thriving infants, using a lower dosage of 7-5-22 5 mg. per day.
It was interesting to notice that mn each case the normal
growth was impeded to a great extent during ACTH treatment.
Cortiphyson therefore seemed to have a “dystrophying
influence” on the healthy thriving child.

As you see in the first ﬁgure, the daxly merease of weight
was diminished and pletely. In some
cases we even noticed a decrease of weight durmg ACTH
treatment. We cannot explain this fact as a consequence of
alterations 1in water and mineral metabolism, for the intake of
food and flmds had not been changed and the daily amount
of urine and chlorides in the urine was not increased. On the
other hand, estimation of the nitrogen excretion revealed an
1crease until the mtrogen balance ran negative, At the same
time the uric acid and the creatinine exeretion was raxsed
Therefore we assume that ACTH affects the growing tendency
of mfants by 1ts strong influence on the protein metabolism.

As an example I should like to show you in the second
diagram the effect of ACTH on the nitrogen balance and
creatimne excretion of an infant: the balance runs negative,
the creatinine excretion mises in spite of an unchanged diet.
Obviously, this is of much greater importance to an infant




EXPERIENCES IN THE ADMINISTRATION
OF ACTH TO INFANTS

E. ROMINGER

Ix the course of our investigations on the pathogenesis of
severe nutritional disturbances in infauncy, which we call in
Germany “Siluglings—l)ystrophie,” we have tried to ehcidsie
the effect of different hormones on the metabolism of the
infant. Recently we have gathered some experience in the
use of cortisone and, particularly, ACTH.

Under the term “Saughngs-Dystrophie” we understand 8
severe chsturbance of nutrition in infancy. The ehildren do
not thrive normally in spite of optimum feeding, and deve{ap
severe marasmus even when there is no evident abnormality
of digestion, such as diarrheea, In fact, these infants stane
for “endogenous reasons.” The principal cause of this severe
illness is not yet known, Itis quite possibie that the dxs’turb-
ance of growth results from insufficient anabolism of tissue,
probably in consequence of inadequate utilization of. the
protems fed. According to the results of new in"estfgatxans,
we beheve that hormonal factors, mainly ACTH, are involved
in this process. .

In order to Jearn something about the part which ACTH 1;
taking in the pathogenesis of infantile dystrophy, we ﬂrft had
to watch the effect on healthy thriving infants. In doing 50
we made some remarkable observations concerning the effect
of ACTH on the growing orgamsm, and these, I think, are of
general interest. Therefore I should like to give you o short
report on our mnvestigations. -, :

The ACTH we used is named Cortiphyson, a prcparnhor:"?'
the firm P; —Hamburg. Cortiphyson is 8t present
only available ACTH preparation in Germanv. It is sta
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Apart from investigating the protein metabolism, we tried
to learn something about the effect of ACTH on carbohydrate
metabolism in infants. For this purpose we carried out
dextrose tolerance tests by giving 3 grams of glucose per kilo-
gram body weight orally or 0-3 grams intravenously, and we
watched the fasting blood sugar and the reaction of the blood
sugar after each injection of ACTH. Thercby we made the
following observation: during ACTH treatment up to ten days,
the glucose tolerance tests showed a diminution of tolerance ta

ATHISmy g4} ey
T m—rﬂ—ﬂj
+
HETABOUIC EFFECT
: oF ACTH .
EXCRETION B IN AN INFANT
OF CREATININE

Fic 2 Metabolic effects of ACTH  Negative N-balance and
ncreased excretion of creatinine during ACTH treatment.

glucose in one single case only. This diabetic curve became
normal again within a few days after the treatment with
ACTH had been stopped In no case could glycosuria be
detected. The increase m the fasting blood sugar reported by
some authors was not seen in our infants. )

After each mjection of ACTH, however, we noticed a
considerable merease of the blood sugar; the average increase
was about 80 per cent of the initial level. T have not been able
to find out the exact explanation for this fact.

Furthermore we were specially wnterested in the hzmato-
logical effects of ACTH i infants. e continuously
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than to an adult, as the infant grows and ean only do soas
long as the nitrogen balance keeps positive.

The anti-anabolic effect of ACTH was already presumed in
adults. Lookmy at the weight chart and the nitrogen balance

BODY-WEIGNT OF (NFANTS
Before,during and oftes ACTH- treatment

ATH ISmg poday
LR AL A O O ]
[ I O A G

ACTH ZASmg prr sy

E R S

Fie, 1. Stationery of decreasing weight dunng ACTH
treatment.

we can show impressively that even during a short period gf
treatment with ACTH the growth of infants is rctﬂ;/(vl;}i
Comparing the effects of other hormones with those of A .
we come to the conclusion that ACTH indeed )x{s an A}\:\!'\gm
pistic effect to the somatotrophic hormene of Li and Eval
(1945), as has been previously suggested.
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in the urine. There ins only one explanation: the adrenal
cortex of the infant does function, but apparently in a way
which varies a little from that of the adult. Probably the Jack
of eosinopenia after ACTI treatment 15 a sign of incomplete
activity of compound I in infants.

The effect of ACTH on the infant, however, is in many ways -
similar to that of compound E, i.e. cortisone. In fact, we have
been able to create a temporary retarding of the growth of
infants by using cortisone acetate. Even with & dosage of up
to 50 mg. of cortisone per day a regular decrease of eosinophils
in the peripheral blood could not be achieved.

Comparing cortisone and ACTH with each other, we found
that we required a much larger dose of cortisone—about
double the amount—to get the same effects as we did with
ACTH.

In our experience the control of lymphocytes and leucocytes
proved to be a much more useful test of the effect of the use of
ACTH on infants than the eosinophils. Our clinica} observa-
tions have shown clearly that ACTH, when given m sufficient
dose, retards the growth of a healthy infant even within a few
days. The antagomstic effect of ACTH to the somatotraphic
hormone of Li and Evans (1945) can be shown most con-
vincingly in infancy.

The importance of this fact regarding the pathogenesis of
disturbed growth in infancy has still to be investigated.

REFERENCES
Hemseves, L. (1951). Med. Welt, 20, 141
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(1950). Disch Med Wschr., 75, 1129,
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coptrolled the peripheral blood and the bone marrow of our
chlldr_en with the following results: after each injection of 2
sufficient amount of ACTH the lymphocytes dropped withm
two hours to almost 50 pet cent: simultaneously the neutrophil
leucocytes increased in numbers until they reached a peak
after about 4 hours. This probably means that the nentrophil
leucocytes are being mobilized. If you draw the curves of
Iymphocytes and neutrophils synchronously one underneath
the other, it is seen that the two types of cells reach their
maximum reaction at different times, You get the impression
that the two hamatological systems react independently from
each other.

The reticulocytes on the other hand show no alteration nor
do the red cells or the hzemoglobin values. Contrary to thg
observation of Koller (1950), we have not been able to estab-
lish an increase of thrombocytes when treating our infants
with fully effective doses of ACTH.

In the bone marrow we have seen a regular decrease of the

. mature granulocytes which can only be interpreted as 2

consequence of an increased output of these cells, At the same
time we notice a relative increase of immature granulocytes,
ie. a shift to the left.

To my mind it is remarkable that the lymphatic cells in the
marrow are almost unchanged 1in number although they are
reduced significantly in the peripheral blood, Therefore I
think we are allowed to conclude that the changes in the
Iymphocytes of the peripheral blood take place without the
corresponding reaction in the bone marrow. Yet there has
been no proof for the suggestion that the decrease of lympho-

> eytes under ACTH treatment 1s caused by their destruction.

We have not been able to estimate the effect of ACTH
injections by only controlling the eosinophils. Although the
number of eosinophils is ionally reduced, this cannot be
considered a rule. But one cannot conclude from this that th$

P . .
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SOME REMARKS ON THE PATHOPHYSIOLOGY
AND THERAPY OF THE ADRENOGENITAL
SYNDROME

A. JORES, H. NOWARKOWSKI and F. RAUSCH

In the course of the past few months we have had oceasion
to make a number of new observations in three cases of
congenital adrenogenital syndrome in children.

The first case was that of a 13 years old girl with all of the
clinical signs of interrenalism. Determination of the 17-keto-
steroids 1n the urine showed an excretion of 30 mg. daily, with
normal values for the beta-fraction. To exclude an adrenal
tumour a perirenal insufflation was made, the result of which
suggested an adrenal hyperplasia. Since an adrenal tumour
could not be excluded with certainty and an atresia of the
vagma also suggested the possibility of zygotic hermaphro-
ditism, an exploratory laparotomy was perfﬂrmed, which
confirmed our tentative di of femi herma-
phroditism with adrenal cortical hyperplasia. Thus far, the
case history of our patient presents nothing remarkable, The
postoperative course and lethal termination, however, made
it interesting and instructive.

Following the operation, which presented nothing of note, |
an intestinal atonia ensued, which, however, could be quickly
controlled. On the third day after the operation, vomiting
commenced. Emesis was continuous, and marked circulatory
weakness followed, so that the surgeon considered the

ibility of an Addi 1518, a dition observed
occaslonally 1 young pseudo-hermaphrodites, A saline
infusion was made and 4 ml. of adrenal cortical extract were
injected immediately follawing the infusfonr. A few minutes
after this injection there was a completely unexpected attack
163
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counts were done two hours and four hours after the injectton and were
counted 1n a counting chamber,

Hume., An absolute count? T can't understand why there was no
response unless the total dose was too small. In my opinion intra-
museular ACTH should be given four times a day for maximum effect,

Roxunoecr: The counts in my investigations were absolute counts
According to the Thorn test the eostnophils should have shown a

1 1 . [
studied over a pertod of six months and given 8 mg. a day m four
divided doses we found no inhibition of growth up to 80 days, sight
inhibitory effects over 30 days, and significant inhibition after three
months.

Lona: What was the age of these rats?

Li: We gave them ACTH from day 1.

Lona: There is & recent report from the Merck Institute of marked
inhibition of growth after cortisone.

Lz; Those were young hypophysectomized rats mjected from tl.le'da)’
of and with d ions for 30 days. The inhibition
of growth was quite obvious. .

Courmich: I have also seen mhibition with cortisone. I injected
pregoant rats and I found that the litters were smaller than mn the
controls, and there was marked atrophy of the adrenals.

SseLser: ACTH and cortisone are used in ophthalmology to reduce
growth of retrolental tissue in infants with retrolental fibroplasia
nhubrtion of body growth and infection are limiting factors.

Pruwnty: Professor Rominger, in_one of the charts you put vp the

nitrogen balance curves roven,
but the weight curves w nt,
Have you tried to corm res?

‘Were your uninary specimens complete?
RoyMINGER: I am sure that we got hold of the complete dail{ urmaty
i Besides, the of the nitrogen balance from day
to day are already considerable under normal conditions, Therefore
1 didn’t correlate the nitrogen balance with the daily weight changes:

On the other hand, we think we can draw the conclusion from the
= ~f ASD[] intantian that i

wnnticn o bonmnn Badneans o fhan oo de
[ RN . . .
I oo . o seen

instantly.



SOME REMARKS ON THE PATHOPHYSIOLOGY
AND THERAPY OF THE ADRENOGENITAL
SYNDROME

4. JORES, H. NOWARKOWSKI and F. RAUSCH

Ix the course of the past few months we have had occasion
to make a number of new observations in three cases of
congenital adrenogenital syndrome in children.

The first case was that of a 13 years old girl with all of the
clinical signs of interrenahsm. Determination of the 17-keto-
steroids in the urine showed an excretion of 80 mg. daily, with
normal values for the beta-fraction. To exclude an adrenal
tumour a perirenal insufflation was made, the result of which
suggested an adrenal hyperplasia. Since an adrenal tumour
could not be excluded with certainty and an atresia of the
vagina also suggested the possibility of zygotic hermaphro-
ditism, an exploratory lapamtomy was. perfcrmed whlch
confirmed our tentative diag of f -
phroditism with adrenal cortical hyperplasia. Thus far, the
case history of our patient presents nothing remarkable. The
postoperative course and lethal termination, however, made
it interesting and instructive.

Following the operation, which presented nothing of note, ,
an wtestinal atoma ensued, which, however, could be quickly
controlled. On the third day after the operation, vomiting
commenced. Emesis was continuous, and marked circulatory
weakness followed, so that the surgeon considered the
possibility of an Addi 15is, a dition observed ~
occasionally m young pseudo-hermaphrodites. A saline
infusion was made and 4 ml. of adrenal cortical extract were
injected i diately foll the infusion. A few minutes
after this mjection there was a completely unexpected attack '
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of tonic-clonic spasms, foaming at the mouth and a rise in

temperature to 41°C. In spite of all measures taken, the

child died of circulatory failure. The autopsy confirmed our

clinical diagnosis.* The hypertrophy of the clitoris was very

O'bvious. Vagina and urethra ended in the common urogenital

sinus. The internal genitaha, uterus and ovaries, were hypo-
)

plastic; in their develoy t, however, they carresg to |

the age of the patient, There was no indication of testicular
tissne, Both ~A--ent- v ooty oo s
skull findings ‘ .

were exaggera * . . .

part of the skull was thin and atrophied. The sutures of the
skull were partially obhterated. The brain itselff showed a
remarkable increase in weight. It weighed 1,300 g—in 2
child of 18 years—whereas the average weight of the adult
brain is 1,250 g. The convolutions of the cortex were flat and
there was a definite pressure conus of the cerebellum. On
frontal sections the ventricles were found to be narrow,
especially in the region of the anterior and lateral horns, as
well as the aqueduct. These findings are indieative of
generalized brain ccdema or swelling. 'There were no signs of
brain tumour.

Summarizing the clinical and pathological findings, the
cause of death in this case was an acute cedemn of the brain
{ollowing the operation. The p d digital impressk
and the strophy of the skull are indieative of increased méra-
cranial pressure of longer duration.

The question arises why &
chronic nature and, finally, an acute cedema of the brain
developed. It is well known, that increased production of
steroid hormones influences skeletal growth profoundly. There
is in the adrenogenital syndrome a premature caleification
of the epiphyseal cartilages, but this is also the ease in

*The putopsy was performed in the Institute of Psthology of the University
of Hamburg (director: Prof C. Krauspe), An extensive report on the patho<
fogieal findings s in preparation

§1Ve are indebted to Prof. H Spatz, Giessen, for his invaluabie sdvice and

el
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other parts of the skelcton, for instance in the cartilages of
the ribs. :

1t seems plausible to assume that the ossification of the
skull sutures in the adrenogenital syndrome takes place before
the determation of normal brain growth, physiologieally
ending in the third decade of life. Premature craniostosis
naturally leads to a cessation of growth of the skull. Since the
brain continues to grow, however, a disproportion between
skull volume and brain volume must necessarily ensue. We
are familiar with this condition in the case of turricephaly.
So far as we know no similar observations in the adrenogenital
syndrome have been published before. The neurosurgeon is
familiar with the fact that chronic intracranial pressure
favours development of acute wdema of the brain. Shght
stress, such as operation, infection, hydrerma, ete., may suffice _
to produce a catastrophic reaction with lethal end. In our
case we must assume that the trauma of operation, infusion
of NaCl and adrena] cortical extract produced the conditions
leading to brain cedema.

th regard to the quest\on, whether it is posslhle to
i androgen overp tion ph logically, we
present chnical data from two other patients. Two sisters,
aged 10 and 13} years, presented the same symptoms,
differing only in the degree of development. The younger
gl was still in her phase of growth acceleration (the roent-

showed open epiphyseal sutures). She was already

as large as her older sister. The latter had stopped growing

2 years before due to premature closure of the epiphyseal
sutures. There was also a marked difference in the somatic
type of the two girls; the younger was slender, girlish, whereas
the other represented a more boyish type with strong muscle,
development. The axillary and pubic hair was equally
developed in both. In the elder sister there was an indication
of 2 beard. Regarding the external genitalia a marked hyper-
trophy of the chitoris was obvious. The external and internal
gemtaha were cf female type; urethra and vagina separate
and gy 1 ion showed the develog of
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of tonic-cloni¢ spasms, foaming at the mouth and a rise in
temperature to 41°C. In spite of all measures taken, the
child died of circulatory failure. The autopsy confirmed our
clinical diagnosis.* The hypertrophy of the clitoris was very
o}wious, Vagina and urethra ended in the common urogenital
sinus.  The internal genitalia, uterus and ovarics, were hypo-
plastic; in their development, however, they corresponded to
the age of the patient. There was no indication of testicular
tissue. Both adrenals were appreciably hypertrophied. The
skull findings were especiaily picuots: digital impressions
were exaggerated on the scalp and the osseous tissue in this
part of the skull was thin and atrophied. The sutures of the
skull were partially obliterated. The brain itself} showed
remarkable increase in weight., It weighed 1,800 g—in &
child of 13 years—whereas the average weight of the adult
brain is 1,250 g. The convolutions of the cortex were flat and
there was a definite pressure conus of the cercbellum. On
frontal sections the ventricles were found to be narrow,
especially in the region of the anterior and jateral horns, as
well as the agueduct. These findings are indicative of
generalized brain cedema ar swelling. There were no signs of
brain tumour.

Summarizing the clinical and pathological findings, the
cause of death in this case was an acute cedemn of the brain
following the operation. The p 3 digital § i
and the atrophy of the skull are indicative of mercased {ntra-
cranial pressure of longer duration, .

o

The question arises why i o
chyanic nature and, finally, an acute cedemn of the brain

developed. It is well known, that increased praduction of
steroid b sinf) foundly. There

d int ial pressu

keletal growth p y ¢
is in the adrenogenital syndrome a premature ealcification

of the epiphyseal cartilages, but this is slso the case in

»The gutopsy was performed in the Institute of Pathology of the University

of Hamburg {director: Trot, T Rrauvpey.  An exvensivs THam, o Wa jane
Jogical findings 19 in prefaration.

" §t¥e ate indebted 10 Peol. I1. Spata, Guessen, for his mvalunble advics and

help.
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(Fig. 2) shows the action of these substances on the excretion
of the 17-ketosteroids, cortin fraction and the plasma colloids
determmed by electraphoresis. The values of the various
protemn-fractions are represented in percentage values. The
dosage is indicated at the top.

In the case of the elder girl, in whom the average excretion
of 17-ketosteroids, as already mentioned, amounted to 70 mg.,
the exeretion dropped gradually after treatment to an average
value of 30 mg. daily The reduction of 17-ketosteroids 1s
significant and certainly beyond the physiological range of
variation. In spite of increasing dosage of thiosemicarbazone

}in NH,
5 .—-(]: S=f,
NH-NH, NH.N= CHONH.CO cHy

Th

d
(TBI/G38, Conteben Bayer)
Fio 1

1t was impossible to reduce the 17-ketosteroid values further.
Immediately following discontinuation of the drug, 17-keto-
steroid excretion rose agamn  Entirely different were the
levels of the cortin and the aleoholic fraction. Here, a clear-
cut increase could be observed. Especally interesting were
the values for plasma colloids: there was a decrease of alpha-2
and gamma-globulins, as several authors have stressed
(Herrnring and Kuhlmann, 1951). The shift in the albumin-
globulin-quotient and drop 1n sedimentation rate are impor-
tant mdications of the action of thiosemicarbazone Whether
the plasma-colloid shift precedes the drop in the 17-keto-
steroids or occurs simultaneously, 1s still uncertain.

In the case of the younger sister there was no significant
change in 17-ketosteroid excretion in spite of the same dosage.
The cortin fraction, aleoholic fraction and plasma colloids, on
the other hand, showed the same trend as in the case of the
elder sister.
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uterus and ovaries.  The question of whether we were dealing
with a hormonal or zygotic form of intersexuality was decided
by an assay of the 17-ketosteroids in the urine. In the younger
the excretion amounted to 25-30 mg., in the elder 70 mg. in
24 hours on the average. The beta-fraction was not increased
in either of the two. Roentgenograms of the adrenals in the
elder showed a marked bilateral mcrease in size.

On the basis of the chinical picture, analysis of hormone
excretion and the roentgenograms, there was no doubt as to
the diagnosis of an adrenogenital syndrome with adrenal
hyperplasia in both cases. Also, we raade a deternmnation of
the FSH and found 66 MU m the younger and 24-4 MU m
the elder. The cortin-fraction, determined according to the
method of Heard and Sobel was rather high, on the average
2 and 85 my. respectively in 24 hours.

The results of operative treatment of the adrenogenital
syndrome with adrenal hyperplasia are not very encouraging.
On the one hand, the mortality is comparatively high, on the
other it is seldom possible to modify the clmical picture
significantly even by removal of the greater portions of the
hypertrophied adrenals, Wilkins (1951) has reported an
excellent result with cortisone in the adrenogenital syndrome.
He was able to reduce the high exeretion of androgens in the
urine to normal levels with comparatively small doses of
cortisone. But cortisone was not available to us.

Stimulated by the observations of Heilmeyer (1950} and
Kuhlmann (1951), who found s reduction m 17-ketosteroid
excretion under the effect of thuosemicarbazone, it seemed to
us justifiable to test the action of this substance in our cases.
We considered it all the more permissible to try these sub-
stances since new derivatives of much lower toxicity than
the usual ommercial products were available,

The basic substance of these new compounds is thiosemi-
carbazide (Fig. 1). p-Acctylanudobenzaldehyde thioser.ni- .
carbazone, discovered by Behnisch, Mietzsch and Schmidt
(1948) is known for its tuberculostatic action (Domagk).
The commercial name 1s Confeben (TD 1/608). The graph



THERAPY OF ADRENOGENITAL SYNDROME 367

(Fig. 2) shows the action of these substances on the excretion
of the 17-ketosterowds, cortin fraction and the plasma colloids
determined by electrophoresis. The values of the various
protein-fractions are represented in percentage values. The
dosage is indicated at the top.

In the case of the elder girl, in whom the average excretion
of 17-ketosteroids, as already mentioned, amounted to 70 mg.,
the excretion dropped gradually after treatment to an avcrage
value of 30 mg. daily. The reduction of 17-ketosteroids is
significant and certainly beyond the physiological range of

variation. Inspite of i ing dosage of th bazone
moL
§=C S=(‘:
ILH-NH: NH.N= CHONH.CO.CHJ
TI hy &

(TB1/693, Conteben Bayer)
Fio. 1

1t was impossible to reduce the 17-ketosteroid values further.
Immediately following discontinuation of the drug, 17-keto-
steroid excretion rose agam. Entirely different were the
levels of the cortin and the aleoholic fraction. Here, a clear-
cut increase could be observed. Especially mteresting were
the values for plasma colloids: there was a decrease of alpha-2
and gamma-globulins, as several authors have stressed
{Herrnring and Kuhlmann, 1951). The shift i the albumin-
globulin-quotient and drop 1n sedimentation rate are impor-
tant indications of the action of thiosemicarbazone. Whether
the plasma-colloid shift precedes the drop m the 17-keto-
steroids or occurs simultaneously, is still uncertam.

In the case of the younger sister there was no significant
change in 17-ketosteroid excretion in spite of the same dosage.
The cortin fraction, alcoholie fraction and plasma colloids, on
the other hand, showed the same trend as n the case of the
elder sister.



868 A, Jores, H, Nowaxowskt AN F. Ravscr

Summarizing, we can state that there was a reduction in the
17-ketosteroid exeretion of more than 59 per cent in the case
of the elder sister. Excretion rose again immediately after
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Fig. 2. Effects of thissemicarbazone on the plasma collods,
ids and ) in 8 )3}yar-od female -

Ppseudohermaphrodite.

discontinuation of treatment. In the younger sister, treﬂtgd
1n the same manner, there was no decrease in 17-ketosteroid
urine level. The cortin fraction and alcoholic fraction rose
*in both cases. DParallel to or preceding the fall in \]7-}:2(0-

- . i
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steroids (as judged by findings in the elder sister) there were
characteristic changes in the electrophoretic pattern. An
increase in dosage over 5 g. was jmpossible, due to signs of
early hepatic damage.

An interpretation of our findings is difficult. Besides their
tuberculostatic action, the thiosemicarbazones possess other
non-specific actions, as shown by a decrease mn 17-ketosteroids,
drop in the sedimentation rate and shift in plasma colloids.
Since thiosemicarbazone derivates also are effective in
rheumatoid arthritis, there was an inchination to attribute a
cortisone-like action to these substances.

Regarding the mechanism of action the following possi-
bilities have suggested themselves:—

These substances may act upon the adrenals, either
indirectly by blocking ACTH secretion of the pituitary or
directly by inactivation of hormone synthesis in the adrenal
cortex; there may be an increased destruction of steroid
hormones by the liver, whieh, as 15 well known, plays a central
role 1n steroid metabolism.

In comparmg our results with the findings of Wilkins after
cortisone treatment, we see that cortisone reduces the excre-
tion of the 17-ketosteroids as well as that of the cortin fraction,
whereas m thiosemicarbazone treatment these two entities are
influenced in opposite directions. In this respect, thiosemear-
bazone and cortisone are very different in their action. The
profound difference 1m the action of the two substances in
tubereulosis we need mention only briefly. Whether the
thi 't directly mnfi hormone synthesis in
the adrenal cortex (in view of their chemieal similanty with
thiouracils one could visuahze thus) or whether their carbazide
group 1nactivates the ketone group cannot be decided by our
observations. We know from clinical experience that a
damaged liver catabolizés androgens to a higher degree and
that 17-ketosteroid excretion is reduced in this process.
Liver cirrhosis is an example of this. Numerous authors have
deseribed hepatic lesions due to treatment with thiosemi-
carbazones. The question arises, whether a depression in
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17-ketostersid exeretion as observed by other authors and
ourselves may not be explained on the basis of disturbed
hepatic function. If this explanation for the non-specific
action of the thi iearl is pted, other findings,
such as plasma protein changes, arc easily understood. As
yet, defimte { sre not possible. Further studies
are under way. .

e are mdebted to Dr. G. Hermnnng for performing the hormone sssayt
and electrophoretic analysis.
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Srmeson- 1 would hke to comment on your terminology. Itis unu}\m‘
1o apply the term ‘‘pseudohermaphroditism™ to cases not obvious
pefore pu

Prarst: Was the ptutary exammed, and were any changes seen
in the first case? Iaving regard to the mode of action of the thioser:
carbazanes, surely the new drug would need to be sphit before it could
act as & blocking agent.

Jones. The results of microscopie exarmmation were not ready when
Ileft. Nothng was seen macroscopically. I agree with you about the
ents by Meer and Schuler, rats treated wlgh

Hiaal e LAY chauad an jpcrease in
1 amumals, If
the inerease

drug. )
Gross: _11.\ experir
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Cushing’s syndrome. There was a normal amount of Compound I
{despite the stress of operation) but four to five times ns much of an
abnormal steroid, probably a Cy, steroid In the Cuslung's case, in
which there was mild hirsutism, the adrenal venous blood showed large
amounts of Compound F only, and none of the abnormal steroid.



A PROPOSED MECHANISM FOR THE SYNTHESIS
OF STEROIDS IN THE ADRENAL CORTEX

C.J 0. R. MORRIS

Dunmve the past few years a considerable amount of
evidence has accumulated on the synthesis of adrenocortical
steroids under the influence of ACTIL. The pioneer work of
Long, Sayers and .their collaborators has demonstrated that
among the earliest effects of ACTH on the adrenal cortex isa
depletion of the cholesterol and ascorbic acid content of the
latter, and that almost simultaneously an outpouring of
glucocorticoids oceurs, as manifested by the depletion of liver
glycogen. There appears to be no direct evidence that the
adrenocortical steroids are in fact formed from cholesterol.
although we do know that the organism is capable of carrying
out all the separate stages involved. Thus Bloch (1945) has
shown that labelled cholesterol can be converted to labelled
pregnanediol in the human, showing that the side chain of the
C;; sterol can be shortened to give a Cy, steroid. The conver-
sion of a A% 8-aleohol to a A* 8-ketone is known to occur
in vive, while the perfusion expenments of Hechter et al. (1950}
have demonstrated that the adrenal cortex can introduce an
11-oxygen function into a suitable steroid molecule. The
mechanism of 17-hydroxylation is less certain, although the
co-existence of corticosterone and 17-hydroxycorticosterone
as the mam adrenocortical hormones i many species suggests
that the adrenal cortex ean also carry out this process.

The assumption will therefore be made here that cholesterel
js in fact the precursor of the adrenocortieal steroids.

It has heen known for some time that the adrenocortieal
steroids nre divided chemieally into two groups: the Gy type
which give rise to urinary 17-hetosteroids; and the Cyn tyPe

a12 .
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the metabolites of which are many and varied, and indeed
from a quantitative standpoint are mostly unknown.

The conversion of C;; to Cy, steroids and the elimmation of
the latter as 17-ketosteroids has for a long time been believed
to be a major metabolic pathway of the Cy, group. This has
been the basis of the clinical use of 17-ketosteraid deter-
minations as a measure for adrenocortical function. Addi-
tional evidence for this belief appeared to be provided by the
isolation from urine of 17-ketostermds with an 1l-oxygen
function. However the demonstration by Hechter that the
adrenal cortex in vitro ean oxidize in the 11 position both
C,, and C,; steroids now makes this evidence of httle value.
Tt is even possible that the adrenal cortex may introduce an
11-oxygen atom into steroids of extra-adrenal origin which
may be presented to it via the adren | circulation.

The availability of cortisone has made 1t possible to examine
the conversion of a C,, stercid into C,, metabolites in human
subjects with greatly depressed endogenous production of
adrenocortical steroids. This of course has been done by many
workers, notably by Dobrimer and co-workers, but 1 should
like to present here some data on a previously untreated
patient with fairly severe Addison’s disease

The first figure shows the effect of ACTH at a dosage of
100 mg. daily. It will be seen that there are no significant
changes 1n electrolyte excretion, eosinophil eount or 17-keto-
§ter0id excretion during the experimental period.* It may be
inferred that the patient’s adrenals were virtually mncapable
of responding to an ACTH stimulus.

The second figure gives the response of the same patient to
100 mg. of cortisone daily. It shows a rise in 17-ketosteraid
excretion from about 4 mg./48 hours to about 10 mg./48 hours
which was not sustained after cessation of dosage. The
eosinaphil count also shows a depletion, showing that the
mechanism for this process can still respond to cortisone and
together with the first figure, confirming the patient’s lack of

*The marked ncrease in Na*~during the 1st and 2nd 48 br periods was .

due to an alteration in Na* mtake in the diet
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production of corticoids. Eosinophil counts in the period
immediately before the first control period were 155-238/c.mm.

This study can be régarded as a control observation on the
one which follows and suggests that conversion of C,; to C;,
steroids is not a major metabolic pathway, at least in adrenal
deficiency.

The third figure gives metabolic data on a pseudoherma-
phrodite girl of 6 years who was admitted with symptoms of
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Fre. 3. Action of ACTH on a female pseudo-hermaphrodite.,

adrenal virilism. ACTH was administered at a dose of 50 mg.
daily. It will be seen that although there were virtually no
changes 1 electrolyte excretion or eosinophil count, the 17-
ketosteroid exeretion, which was already running at the
exceptionally high level of 60-80 mg./48 hours, almost
doubled during ACTH administration and returned to its
former level on cessation of dosage. This increase is statistic-
ally significant: P>0-05.

P
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The fourth figure illustrates the response of this case t
cortisone acetate at a level of 100 mg./24 hours. It will b
seen that the 17-ketosteroid excretion dechined from an initia
value of 33 mg./48 hours to about 6 mg./48 hours, whicl
is almost normal for o girl of this age. The low level wa
maintained for some time after cessation of dosage.

The eosinophil count was depressed by the cortisone treat:
ment, indicating that endogenous produetion of corticoids
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to

should have been detected if it had occurred in respor
ACTH. )

The conclusions which may be drawn from this case nre as
follows:—

(1) Endogenous production of corticoids, niready at adow
fevel, was not influenced by ACTH. 5

{2 FExerction of 17-ketosteroids, slready at a very high
Jevel, was practically doubled by ACTH and reduced to

-~
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almost normal levels by cortisone, presumably by the direct
action of the latter on the pituitary, in depressing the release
of ACTH.

(3) The production of 17-ketosteroids and corticoids is
brought about by separate mechanisms, only one of which, the
17-ketosteroid production, was in this case under ACTH
control.

(4) It is interesting to observe that 1 ml. of this patient’s
urine before ACTH treatment, injected into hypophysecto-
muzed rats, brought about a 20 per cent depletion of adrenal
ascorbic acid.  Although the author believes that use of the
Sayers ACTH assay on biwological fluids is not yet on a satis-
factory basis, this finding would at least suggest that ACTH
production was at a high level, since the inhbitory effect of
the endogenous corticords was lacking. The high rate of
ACTH output would thus account for the very high 17-keto-
steroid production, since there 1s no evidence that substances
of this type can have an mhibitory effect on the pituitary.
After the cortisone treatment, the urine was negative in the
Sayers test.

(5) Since the 17-ketosteroids and eosinophils responded to
cortisone, the primary effect in such cases of adrenal virilism
would appear to lie 1n some stage of the synthesis of corticoids
from cholesterol The defeet 1n many such cases 1s probably
genetic.  As the feed-back effect of the endogenocus corticoids
18 lacking, the pituitary will turn out ACTH at a high rate and
the adrenals will respond by turnmg out Cy, steroids at a
correspondingly lgh rate, givmg Tise to the clinieal symptoms

of virihsm. In contrast, in Addlson s dxsease synthesls of
hth O amd £ s cnmn o 102 %

with the very variable 17-ketosteroid outputs n such cases.
A tentative scheme which embodies these conclusions is
gwven m Fig, 5.
The degradation of adrenal cholesterol to precursors of the
Cyy and Cyy groups is under ACTH control and presumably

WATER 28
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T?m fourth figure illustrates the response of this case to
cartisone acetate ot a Jevel of 100 mg.j24 hours, It will be
seen that the 17-ketosteroid excretion declined from an initist
}'ahxe of 83 mg./48 hours to about 6 mg./48 hours, which
is almost normal for o girl of this age. The low level vias
maintained for some time after cessation of dosage.

The eosinoph} count was dep 1 by the cortisone treats
ment, indicating that endogenous production of corticaids
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‘hould have been detected if it had occurred in response to

ACTH.

The conclusions which may be drawn from this case are as
oHowsi—

(1) Endegenous production of corticoids, already at adow
svel, was not influenced by ACTH.

(2) Excretion of 17-ketosteroids, already at a very high
wel, was practieally doubled by ACTH and reduced to
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1t is tempting to compare the degradation with the ehromie
acid oxidation of cholesterol familiar to the organic chemist,
where both C,; and C,, steroids are formed simultaneously.
Although it is dangerous to force this analogy too far, it does
at least indicate the weak places in the cholesterol side chain.
The subsequent production of the typical corticoids from the
C,, precursors by introduction of the A* 3-ketone group, the
11-oxygen function and in some cases the 17-hydroxyl group
are not under pituitary control, as 1s demonstrated by the
in vitro experiments of Hechter. The order given is not
necessarily the correct one, although it is likely that 17-
hydroxylation is a late stage

It is hoped that the outlined scheme, though at present
tentative, will serve the purpose of all good hypotheses, to
provoke d'mcussic‘n and stimulate experiment,
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DISCUSSION

Long These expenments of Morns, together with those of Pincus,
may 1ndicate the site of action of ACTH. Some C, compound seems to
be the precursor of adrenal sterods, but the formation of eholesterol
15 not under ACTH control. Hypophysectormzed ammals after
depletion of the adrenal cholesterol by ACTH ecan resymheslze ndrenal
cholesterol. Pincus has the
an intermediary 1n the formation of adrenal steroids but 60 far has not
Tocated any step that appears to require the presence of ACTH for such
conversion.

Foriey 1 would Like to ask Dr Long about the evidence that the
adrenal can synthesize cholesterol

Loxg, Chakoff showed that shees of beef adrenal cortex will convert
labelled acetate 1nto cholesterol, Bloch showed that pregnant women
excrete labelled after of labelled

Morwris Bloch's experiments are fairly water-tight, and as good as
such evpenments can hope to be. The same results are found in several
specls

Loa Bloch repeated his expemments with double labelling and
confirmed bis original findings.
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the mechanism in some way involves ascorbic acid. As we
have seen, pathways A and B may be independent although
it seems more likely that defects in corticoid production may
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Fic. 5. Proposed scheme of synthesis of adrenccorticel steroids.

be due to defects in the later stages; 17- or 11-hydroxylation,
ete. Yrom this viewpoint the C,, and Cp precursors &
formed sxmultuncously from cholesterol and the primssy
function of ACTH is to induce and/or facilitate this change.



PART VI
LACTOGENIC AND MAMMOGENIC HORMONES

SOME ASPECTS OF THE PHYSIOLOGY OF
THE ANTERIOR-PITUITARY LAGTOGENIC
HORMONE

8. J. FOLLEY

ThE existence of s lactation-mtiating hormone of the
anterior pituitary was discovered by Stricker and Grueter
(1928). It is now one of the best characterized protein-
hormones of the anterior lobe and 1s known variously as lacto-
genic hormone, prolactin, luteotrophin, o mammotrophin.
1 propose in this communication to use the term *“prolactin.”

Though some progress in the chemical purification of
prolactin soon followed on the proneer observations of Stricker
and Grueter, there is little doubt that advance in this field was
greatly facilitated by the perspicacious characterization by
Riddle, Bates and Dykshorn (1983) of prolactin as the
hormone present m anterior-pitustary (A.P.) extracts which
causes enlargement of, and secretion 1n, the crop glands of
the pigeon For this discovery provided the basis of a very

i and useful t method for prolactin which,
in the “micro” form first developed by Lyons and Page (1935),
has been widely used by those engaged on chemical work with
this hormone.

In the present connection it may be noted that prolactin
was the first A.P. protein-hormone to be prepared as a pure
protein as judged by currently accepted physico-chemical
criteria. In fact, 1t 15 probable that as long ago as 1937
Lyons had obtained almost pure preparations of prolactin,

381
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Panrxes: How did you collect your 24-hour samples?

1 : They were t by 7 people, rnd each one was
checked by the creatmine content, We've wanted to repest these
tests, but the chimaans are not keen on them.

Querino: If my mmpression from one of your shdes 13 correct you
did not see & rise an I7-ketosteraid excrction until the third day of
ACTH admmstration It s our expenience that after ving sdequate
amounts af ACTH, response 15 already seen on the second day. '

Monms: We have a grent deal of data, more that I presented todats

especially 1 regard to the earher periods, before admunisteation of
due 1o the

ACTH. Many of the variations that people teport arc
techmiques used 1 the of 17+ ds, But I feet
confident of our techmque  The merease is stapistacally sigmiicant.
Q Our data ate Iy also correct; they are n;n xtr; dﬂ&\'
n the

Q
cate and collections nre made under strct supervIsion.
case of Addison's disease, would you regard the figure of 8 Mg for
ketosterosd excretran as within the normal range?
Monass. I am not competent to say t
> . There 15 that and snfubrt the secretion O
pitustary ACTIL.
Morwts: We wwere estimating 17-ketosteroids and not testosteront N
Sopson Have yous any views on the inhibition of the sectetion o
ACTH by testosterone?
Morauss Ne, 1t's outede my provinee .
Saarson: Selye's group showed atropby of the adrenal cortex in 1ats
o Climeally  t has been wsed IR
Cushing's syndrome to reverse or modify 2 negative nirogen balance.
Bosi: A | o Bloch's exp ts may not be 0
water-tight as has been suggested. Using labelled acetate or labelied
cholesterol he was able to show that Compound F from dog adrenals
showed the same spectfic actvity with eather preeussor. 1t does szeylz“
that there 1s o furly direct route of synthesis from cholestesol 1o the
cortical sterords, but at hagh rotes of synthesis the route from nctmi;
itself may be equally important. The evidence for the sl}awn(‘s& ans
lateness of the r7-Bydegeylation s remforced by Pincus’s Pﬂﬁ““:“
expeniments, where 1n single pesfusion the ratio of mmcostctunle ;
Compound F was roughly constant Bt all levels seen. Although the! :
may be other considerations in Lo, Pineus found that of the tmuc'!nc
froma the perfused adrenal was passed repeatedly through the gland th
proportion of Compound F { steadily .
In the Cushmng’s case which I ‘mentioned earher, biood fevels ©
Compound F were five to six tmes the normal, although the 1144?0;
sterord excretion was only at the lugh range of normsl and the elev tios
very sipmficant.
no;Xonrxz;s:Ernhe essential pornt Is the demonstration of the wdependence
of the two mechanisms, and the cases m w fich these can be demom
(rated are very Tare; oneIn four to five yenrs so far as we are concerntt.




PART VII
LACTOGENIC AND MAMMOGENIC HORMONES

SOME ASPECTS OF THE PHYSIOLOGY OF
THE ANTERIOR-PITUITARY LACTOGENIC
HORMONE

§ J FOLLEY

THE existence of a lactation-mitiating hormone of the
anterior pituitary was discovered by Stricker and Grueter
(1928). It is now one of the best characterized protein-
hormones of the anterior lobe and 1s known variously as lacto-
genic hormone, prolactin, luteotrophin, o* mammotrophin,
T propose in this commumecation to use the term “prolactin.”

Though some progress n the chermeal purification of
prolactin soon followed on the pioneer observations of Stricker
and Grueter, there is little doubt that advance in this field was
greatly facilitated by the perspicacious characterization by
Riddle, Bates and Dykshorn (1933) of prolactin as the
hormone present 1n anterior-pituitary (A.P.} extracts which
causes enlargement of, and seeretion m, the crop glands of
the pigeon. For this discovery provided the basis of a very
convenient and useful bioassay method for prolactin which,
in the “micro” form first developed by Lyons and Page (1985),
has been widely used by those engaged on chemical work with
this hormone.

In the present connection 1t may be noted that prolactin
was the first AP protein-hormone to be prepared as a pure
protein as judged by currently accepted physico-chemical
enteria.  In fact, it is probable that as long ago as 1987
Lyons had obtained almost pure preparations of prolactin,

381



350 GeNerat Discussion .

Panres How did you collect your 24-hour samples?

Mornis: They were coliected by competent people, and each one was
checked by the creatimne eontent. We've wanted to repeat these
tests, but the clinicians are not keen on them,

Queroo: I my mmpression from onc of your shdes is correct you
did not see a mse i 17-ketosternid exeretion unti} the third day of
ACTH sdministration. It is our expenence that after giving adequate
smounts of ACTIH, response ts afready seen on the second day. R

Monass: We have a great deal of data, more than I presented today,
especrally in regard to the eatlier penieds, before adminsstration of
ACTH. " Many of the vanations that people report are due 10 the

used in the i o But I feel
confident of our technique  “The merease 15 statistically significant.

Quemine: Our data are certamly also rorrect; they are Tun 10 duph-
cate and collections are made under striet supervision, In the fist
case of Addison’s disease, would you regard the figure of 8 mg. for
keiosteroid excretson as within the normal range?

Morrrs I am not competent to say.

Sywrson: There s evidence that androgens inlubat the seeretion of
pitmtary ACTH

Morris We were g 37 31

Soupson Hawve you any views an the mnhibition of
ACTH by testosterone?

Monris: Ne, #t's outside my province

SimrsoN. Belye's group showed atrophy of the adrenal cortex in is
following testosterone. Chmeally testosterone has been used
Cushing’s syndrome to yeverse or modify & hegative nitrogen bakzace.

Busitt, Accordmg to Zaffaroni, Bloch’s expersments may not be sa
water-tight as has been suggested. Using labelled acetate or labelled
cholesterol he was able to shaw that Compound F from dog adrentls
showed the same speerfic netivity with cither precuzsor It does scem
that there 15 & farrly direct voute of synthesss from cholesterol
cortical steroids, but at high rates of synthesu the route from acetm;
itself may be equally rmportant. The evidence for the slonness ab
Tateness of the 17-hydrovylation is remforced by Pmcus’s perfusion
experiments, where in single perfusion the ratio of co!‘tlcmtemnﬁ 10
Compound F was roughly canstant at alf levels seen  Although t ":
may be cther considerations 1 vire, Pmeus found that if the emuc;l
from the perfused adrenal was passed repesteilly through the gland the
proportion of Compound ¥ inereased steadily, s

In the Cushing’s case which ¥ mentioned earhter, blood levels of
Compound F were five to six times the normal, although the 17-keto
sterord excretion was only st the high range of normal and the elevation

rery signsficant
nail:’;?mgrnhc t posnt is the of the independ
of the two mechanisms, and the eases 1 which these can be dcma:;-
trated are very rare, one tnt four 1o five yoars 50 far as we ote LONCLIN

d not
the secretion of
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these and other considerations which 1 ecannot go into now,
which led F. G. Young and myself (Folley and Young, 1941),
in a critical discussion of the status of prolactin as a lacto-
genic hormone, to prefer the coneept of lactogenesis as being
a response to the co-ordinated action of a complex of A.P.
hormones, centring round prolactin as an essential element,
to the more commonly aceepted view (e.g. Bergman and
“Turner, 1940) that prolactin is the sole specific lactogenie
hormone. Of the other known A.P. hormones, there is reason
to believe that ACTH must also be concerned in lactogenesis,
since, for example, it has been found that punfied pro-
lactin will initiate lactation m hypophysectomized guinea-
Ppigs provided they are also given adrenal cortex extract or
cortisone (Nelson, Gaunt and Schweizer, 1943) It should be
phasized that prolactin is undoubtedly the li factor
inl is in most experi al situations, though in the
pseudo-pregnant rat, in which Reece (1939) was best able to
initiate lactation if adrenal cortex extract was administered
in addition to prolactin, the ACTH-adrenal mechanism
appears to be a rather cntical factor as well.

In view of the afore~ ioned striking d ation by
Lyons {1942) of localized lactogenic responses to mammary
intraductal injection of purified prolactin in the rabbit, which
has since been confirmed by Meites and Turner (1948), we
thought it of mnterest to see 1f prolactin, in vitro, would bririg
about some ch istic cl 1 the respi y meta-
bolism of mammary gland slices, taken from rats at the end
of pregnancy, which we have shown to accompany the initia-
tion of milk secretion. In the experiments of Lyons, prolactin
would appear to be the sole limiting factor for lactogenesis,
and despite the findings of Reece (1939), just mentioned, it
seemed worth while to begin by examining the effect of
prolactin alone.

In a study of the respiration of rat mammary gland shees
during various functional phases (Folley and Freuch, 1949)
we have found that tissue taken at the end of pregnancy,
which exhibits a rather low endogenous Qo,» does mot respond
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since later preparations made by a procedure which was
essentially his have been found by the pigeon crop test to
exhibit the maximal potency so far found for the pure hormone
(30-35 i.u./mg.), and to be homogenous as judged by solubility
and electrophoretic studies. Until fairly recently more was
known sbout the chemistry of prolactin than about that of
any other hormone of the anterior prtuitary. Asan example
of the extent of this knowledge it may be mentioned that Li
{1919) has reported a complete amino-acid analysis of the
hormone, accounting for all of the nitrogen.

Prolactin as a Lactogenic Hormone

Prolactin under approprate circumstances initiat
fion in functionslly competent mammary tissue,
experiments of Lyons (1042}, i which minute quan
the purified hormone were directly injected into the galacto-
phores of the rabbit mammary gland, thereby imtiating
Jactation in the injected sectors but not in neighbouring ones,
show that 1ts action on the mammary epithelum is direct.
However, 1t should be noted that Lyons used rabbits with
intact hypophyses, and the co-operation of endogenous AP
hormones in these “Jocal™ lactation responses was therefore
not excluded It seems probable that endogenous AR
hormones must indeed have played a part in these responses,
smee, #s far as 15 known, punfied prolactin, systemically
injected, does not imtiate lactation in hyxwphysectomxzed
animals. Whether it will do so when locally injected into the
mamme of freshly hypaphy ized rabbits | ing
suitably developed mammary glands has, so far as I know,
not yet been put to the test. Systemically snjected unfrac-
tionated A.P. extracts, on the other hand, have been regularly
found to initiate lactation in the absence of the hypophysis.

Now, if we insist on the usual eritenson for specific biologieal
responses to AP hormones, nomely that these should be

es lactar
and the
tities of

limited to resp eheited in hypophy d animals,
therc would appear to be o logical obstacle to regarding
Tt was

prolactin as a Iactogenic hormone in its own right.
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among which prolactin must he prominent and perhaps a
limiting factor. Accordingly, Miss J. H. Balmain, in our
laboratory, has investigated the effect of punified prolactin,
added in vitro, on the total gas exchange of rat mammary
gland slices metabolizing acetate+-glucose, the overall
pressure changes bheing measured in Warburg vessels, the
buffer being Krebs-bicarbonate-saline in equlibrium with
95 per cent oxygen and 5 per cent CO,. Under these conditions,
if the R.Q.=1, the pressure will slowly fall as acetate 1s

d and CO, is dingly absorbed from the gas phase
by the buffer. If, however, the slices are in a secretory state
and thus exhibit an R.Q. sensibly greater than unity, the gas
P progressively i with time due to the excess
of respiratory CO, over oxygen consumed, This technique
has proved useful for investigating the stimulatory effect of
insulin, in vitro, on fat synthesis by mammary gland slices
{Balmain, French and Folley, 1950).

So far, Miss Balmain has been unable to demonstrate by
this technique any in vitro effect of prolactin on the respiration
of mammary gland slices taken from rats on the 20th day of
pregriancy. However, in five experiments on shces from rats
at days 1-4 of lactation, addition of purified prolactin caused a
definite increase in the rate of net gas evolution mdicating
that the hormone was increasing the R Q. of the shees. A
typical result 1s illustrated in Fig. 2. However, it must be
noted that so far we have been unable to detect any increase
in the R.Q. of the slices, due to the action of prolactin in rifro.
by the method of Dickens and Simer (1931).

In these preliminary expenments, therefore, we have
evidence of lactogenic responses to prolactin in vitro in tissue
taken early i lactation, but tissue taken at the end of preg-
nancy has proved unresponsive. This may dicate, as
suggested by the results of Reece (1939), that in the rat at
the end of pregnancy, the ACTH-adrenal cortex mechanism
1s a cnitical factor, while soon after parturition the tissue 15
saturated with corticoids but does not yet have its full quota
of prolactin. Experiments which we plan to carry out on the
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to the addition of glucose and the R.Q. is <1 whether or not
glucose is present in the medium. Soon after parturition,
}'xowcver, the tissue actively utilizes glucose as shown by an
increase of Qo, n glucose above endogenous values and the

“Guy pt] OXYCER
° UPTAKE
N Y.
B Y
.
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4 /
.
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- i
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PRECHAMNCY] LALTATIO
PALTUSITION WEAMING

Fio. 1. Respuation m glucose of rat mammary gland shoes in
fate pregnaney, dunng lactation and after wéaming. Results
taken from Folley and French (1949),

R.Q. (in glucose) rises above unity, attaming a value of over
1-5 at the height of lactation. These findings arc Hustrated
in Fig. 1, which shows results taken from Folley and French
{1049). ‘The increase in Qg, {in glucose) and the rise in RAQ.
above unity which hegins soon after parturition waould appear
to e a mani ion of the lactogenic effect of A.P. hormones,
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among which prolactin must be prominent and perhaps a
hmiting factor. Accordingly, Miss J. H. Balmain, in our
laboratory, has investigated the effect of punfied prolactin,
added in vitro, on the total gas exchange of rat mammary
gland slices metabolizing ncetate+glucose, the overall
pressure changes bheing measured in Warburg vessels, the
buffer being Krebs-bicarbonate-saline in equilibrium with
95 per cent oxygen and 5 per cent CO, Under these conditions,
if the R.Q.=1, the pressure will slowly fall as acetate is
consumed and CQ, is accordingly absorbed from the gas phase
by the buffer. If, however, the slices are n a secretory state
and thus exhibit an R.Q. sensibly greater than umty, the gas
pressure progressively increases with time due to the excess
of respiratory CO, over oxygen consumed. This techmque
has proved useful for investigating the stimulatory effect of
insulin, in vitro, on fat synthesis by mammary gland sheces
(Balmain, French and Folley, 1950).

So far, Miss Balmain has been unable to demonstrate by
this technique any n vatro effect of prolactin on the respiration
of mammary gland slices taken from rats on the 20th day of
pregiancy. However, in five experiments on slices from rats
at days 14 of lactation, additton of purified prolactin caused a
definite increase in the rate of net gas evolution indicating
that the hormone was increasing the R Q. of the shices. A
typical result is illustrated in Fig. 2. However, 1t must be
fmted that so far we have been unable to detect any increase
in the R.Q, of the shces, due to the action of prolactin in vuro,
by the method of Dickens and Simer (1981).

.In these preliminary experiments, therefore, we have
evidence of lactogenic responses to prolactin 1n watro m tissue
taken early 1n lactation, but tissue taken at the end of preg-
Dancy has proved unresponsive  This may indicate, as
suggested by the results of Reece (1939}, that n the rat at
the end of pregnancy, the ACTH-adrenal cortex mechanism
Is & chitical factor, while soon after parturition the tissue 15
saturated with corticoids but does not yet have its full quota
of prolactin, Experiments which we plan to carry out on the



386 S. J. Fourey
effect of prolactin-- cortisone fn vitro on mammary shices
might throw more light on this question.

Protactin and Galactopoiesis .
As purified prolactin preparations became availab!er it was
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hoped that this hormone would prove useful for tycatgl‘i
hypogalactia in parturient women, and nls? for increasing e
itk yield of cows in the period of slow decline w hich norfnn o)t
follows the pesk of lactation, Such hopes, however, have n

been realized.
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Many years ago, Folley and Young (1938) showed that
unfractionated extracts of ox anterior pituitary were far more
active in increasing the milk yield of cattle in the declining
phase (galactopoietic effect) than could be accounted for by
their prolactin content, and, in fact, numerous experiments
carried out by us over a number of years have indicated that
purified prolactin, at any rate in single injection tests, has very
httle, 1f any, galactoporetic action in the intact cow. Table I,

Table &

GM-AL'A'hrolznc Errects oF Pune AN'rl:mon -piTutTARY Hozmoves
1w Groves ov L

The results are taken from Cotes, Crichton, Folley and Young {1849).

Mean increase sn sl yneld for two
days ofter treatmend expressed aa a
Treatment (nngle wjection} percentage of the yield over the o
Gays preceding treatment

Absolute Manus controt

Controt . 1—1-8931 52
15 mg Growth hormone 2 7844 15 6 8045 87
30 mg. Growth hormone . *6-3141-52 *8-2042 15
€0 mg Growth hormone . 84242 14 | 603x3 03
40 mg_Prolactin —~2 3432 50 | 0823353

10 ml. Unfractionated ox anterior-

pitustary extract . *6 6012 22 | *9 804311

*Sigmificant at § 0 per cent level

containing data taken from Cotes, Cnichton, Folley and Young
(1949), which gives some of the results of our most recent
experiments carried out on groups of lactating cows, shows
that 2 single injection of 40 mg. of pure prolactin prepared by
a method essentially that of Li, Simpson and Evans (1942),
and assaying approximately 80 r.u./mg., had no detectable
effect on milk yield. This same table shows that on the other
hand purified A.P. growth hormone was markedly galacto-
poietic under these conditions, and 1t would appear that most,
1f not all, of the galactopoietic activity shown by unfraction-
ated ox A.P. extracts in single injection tests, can be accounted
for by their content of growth hormone. This finding has
since been confirmed by Donker and Petersen (1951).
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Prolactin as a Mammogenic Hormone

Quite soon after the discovery of the lactogenic effect of
A.P. extracts, some,workers held that A.P. preparations
containing prolactin, not only injtiated lactation, but ako
evoked mammary growth. Unfractionated ox AP, extracts
undoubtedly exhibit mammogenic effects, as shown in o
number of laboratories mcluding our own (Cowie and Folley,
1947), but C. W. Turner and his school would undoubtedly
attribute such action mainly, if not solely, to the presence of
specific “mammogenic” harmones, which they claim are
distinet from the six well-known A.P. hormones, but the
existence of which is not yet generally aceepted.

However, Lyons has always insisted that prolactin will
evoke mammary growth and, in discussing his mtraduct
injection experiments already referred to, has stated that the
purified prolactin used in these experiments caused mammary
hyperplasia in addition to local imitiation of lactation. Addi-
tional evidence exists that prolactin may be concerned in
growth as well as secretion of the mammary gland. Thus
Gardner and White (1941) have shown that the mammary
gland of the hypophysectomized mouse, usually regarded as
unresponsive to the growth lus of steroid h can
be made to grow by the injection of prolactin together with
ovarian steroids. N

Control of Prolactin Secretion i

There is considerable evidence that the secretion of prolactin
by the anterior pituitary can be evoked by the stimulus of
suckling acting through a neural, or more probably a neuro-
hormonal, pathway. As far as I know, the essentials of this
concept were first advanced by Selye (1934) as a result of
experiments in which he showed that application of ﬂ.le
suckling stimulus to certain glands of a rat or mouse will
retard involution in other glands in the same animal _thc
suckling of which is experimentally prevented by occlusion
of the teats or from which no milk can escape bcca}xse of
ligation of the galactophores. This striking retardation of
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involution, coupled with the maintenance of a secretory
condition in the epithelium, Selye attributed to reflex release
of prolactin by the anterior pituitary in response to the
suckling stimulus, It was later shown by Hooker and Williams
(1941) that the mammary involution which so swiftly follows
weaning, can be similarly postponed by injections of prolactin.
Since the original work of Selye, a considerable body of
evidence has been accumulated, all of which supports the
concept that the secretion of prolactin is in certain circum-
starices closely related to the suckling shmulus. Though the
nervous pathways mvolved have not yet been worked out, it
would seem possible by analogy with the work of de Groot
and Harris (1950} on the control of ACTH release by the
anterior lobe, that suckling reflexly excites a centre in the
hypothalamus which in turn, by a humoral mechanism in
which the hypophyseal portal system 1s involved, evokes the
secretion of prolactin by the anterior lobe.

On the other hand, the rdle of cestrogen 1 prolactin
secretion must be taken into consideration. Meites and
Turner (1942) have carried out numerous experiments on the
prolactin content of the rodent pituitary which led them to
advance a theory to explain the itiation of lactation at
parturition and its inhibition during pregnancy. Briefly,
their theory states that high titres of crculating cestrogen
following parturition evoke the release of prolactin from the
anterior pituitary, thus initiating lactation, ths effect of
cestrogen bemng nullified during pregnancy by the action of
progesterone. An important piece of evidence cated in
support of this theory consists in the demonstration that the
total pituitary prolactin content 1s inereased by cestrogen
treatment whatever the dosage, but not if sufficient pro-
gesterone is admunistered as well. I have no time now to go
into technical points concerning the vahdity of this work and
the techniques used; these have been entically discussed else-
where (Folley and Malpress, 1948) and further work with the
object of meeting some of these criticisms has been published
{Meites and Turner, 1948).
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One important criticssm may however be pointed out now,
namely that an increased Ppituitary prolactin content may
.indicate nhibition of releage {i.e. increased storage) rather
than increased secretion, Meites and Turner {1948) howeser
eite one experiment in which it was claimed that cestrogen
caused a rise in blood prolactin levels. If this result were
confirmed beyond doubt this particular criticism would be

disposed of.
In the present connection, however, whatever view one
takes of the validity of based on changes in the

pituitary prolactin content of the laboratory rodent, note must
be taken of the undoubted fact {see review by Malpress, 1947)
that astrogen mn low levels exerts a lactogenic effect pari passy
with & mammary growth stimulating action m farm animals,
secretion beginning before any millang stimulus 15 sppled.
This has recently been strikingly demonstrated in experiments
in our laboratory which have so far only been reported in
preliminary form (Cowie, Folley, Malpress and Richardson,
1951).* In ovariectomized goats receiving 0-25 mg. hexcestrolf
day, the artificially grown udders soon showed secretion and
became so distended that they had to be milked well before the
end of the 20-weeks' treatment period.  Animals receiving
higher doses of eestrogen alone, or progesterone {40 or 100
mg./day) in addition to 0-25 myg. hexcestrol/day, showed good
udder growth but no evidence of secretion until the treatment
was stopped and milking begun. In some respects these
resalts fit 1 with the concept of Meites and Turner; in others
they are i harmony with the “double threshold” theory of
Folley and Malpress ( 1947), which postulates twa thresholds
of anterior-pituitary respanse to circulating cestrogen, a
lower one at which the secretion of lactogenic hormones is
evoked and a higher one above which milk secretion is
inhibited. 5
It may therefore be that relatively low levels of cireulating
cestrogen can excite the same centres in the hypothalamus as
h K has now o (Cowre, Folley, Malpress and
AL Rt o o, ot
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those believed to respond to the suckling stimulus and with
the same end result, namely that prolactin secrction by the
anterior pituitary is evohed, possibly by a humoral excitant
travelling along the hypophyseal portal vessels. Higher
cestrogen levels would appear to inhibit, rather than excite
the postulated centres; whether or not the antagonistic action
of progesterone is also exerted at this point it is lmposslble to
say. We thus have evidence for two alternative mechanisms
which may govern prolactin secretion, each of which may
funetion physiologi

1ly in different tan

We are mdebted to Dr R. W. Bates of Messrs E. R, Squibb & Sons
for the punified p used inthe
n this paper
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i_)lSCUSSlON
Nr1s0n: In ) our in vitro experiments on the mammary gland, where
oxygen uptake was f d, did you udd gen as well s pro~

factin?
Forrsy We haven't had time to do that yet, at the mament we a7¢
starting studies an the addstion of prolactin and corticotds,

Nrson ¥ was th g of the passibality o itting effects.
Have youinv & the effects of other protewns in the

bathing fmd? .
Foriwy We have tned inert protesns—casen, serum athumu
Rawson Vere these experiments ou the rabbit mammary gland?
Foruey. No, on the rat mammary gland  We have found sular

resperation phenomena in mee, vabints and gumen pigs. Rurnant

udder t1ssue will utdize acetate as sole substrate and non-ruminant
manmary tissue will not, The reverse 1s true of glucose as substrate.

Mammary tssue from both types of animal will utdize acctate the

presence of glucose

Crooxe: We have found that lactegenic hormene may be present
male unne in smralay concentrations te that found i female arine.

Forrey This brings vp the question of the réle of prolactin i the
moale. Ilave you anythuig to say about that, Dr. Netson?

Nrrsox As I sad eathier, our prolactin preparations apparently were

d with g To the best of my knowledge the

question you have asked remams to be answered. .
JacopsonN. YWith regard to the action of <@strogen m promoting

mulk secrction, you think that the astrogen might nct on the hypo-

thalamus?

Forrey: It 18 possible.

Jaconsouns My studies on the mammary glands of rabbils sugpest
that wstrogen caw act diwectly on the anterior pitwtary gland. IR
1049 {Acta. physiol. scand , 19, 18} I observed that ostradiol bepzoate

mplete transcetion of the hypophyseal stalk produeed
pland nppeared widety
there was httle or 20

given afier 4 con
This study was contiaued on 34
ired

Lt

Fistended with

¥ jort of the parenchy
pletely and 13 Incompletely by poy

fiar changes o the mammary glands  The
2 poadk-hk i fshoagh
rabbits and on
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About one menth un'eruhypophyscc!omy one mammary gland was
removed and the injections with @stradiol benzoate started. Mammary
glands were then examined at different intervals after the beginming
of lh? in‘jcclmns from about a w to three months 'lr: all the incom-

continuous involution, In only three out of the 14 hypophysectomized

rabbits did I find ducts shghtly distended with a colourless secretion.

Thus, 1n rabbits with the hypophysis completely separated from the

brain there is a secretory response to cestrogen which does not occur after

hypophysectomy. This indicates that the pltulb:*\.r{‘ gland, even 1mer
of the

P from the brain a y gland.
FoLtey: Our tn vitra experiments have shown that quite soon after
weaning there are hanges in the the Qq, goesdown

Jacossonn: Probably the metabolic rate reflects changes n activity
more closely than does the microscope. As far as I could see micro-

D! , in rabbits i for several days after weamng
as well as after transection of the hypophyseal stalk during lactation
{Acta physiol, scand., 19, 10, 1949),

DescLIN, 'The mfluence of suckling on the pitwitary has been shown
hustol m m which d rats which were
suckling their young were compared with castrated ammals whose
young had been removed The pitwitanies of the first group contamned
Do castration cells, while those of the second group did contamn castra-
tion cells  In amimals 1n which the piturtary stalk has been transected
Iactation ceases, but the mammary gland does not regress as 1t does 1n
hypophysectorized ammals, even though the portal vessels are
interrupted.

JacomsomN- Similar experiments on rabbits confirm that the changes
Seeurming 1n the lactating mammary gland after stall transection are

v . 011 FARDILS MECLEd WAL Oy~
tocin after stalk transection do not seem to support this assumption
Descv:”T am puzzled about Gomez's expeniment in wiich he
treated hypophysectomized rats with prolactin and oxytocm, and found
that the young could be reared until weaning. We have tned to repeat
these experuments in afew trials which seemed to confirm Gomez’s results.
waten 27
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Forrey: These experiments have been confirmed.

Descrin: We have done tos few expenments, and they have not
been published. Y wonder if anyone has tried to duplicate this work.

Cowie: We have trned replacement therapy in hypophysectontized
ats and found ne replacement with enteniar pitwitacy extmet alone
We hape to repeat these expersments with anterior prturtary extrac
plus pitoein.

Forrev: We have done one or two expenments with neurohypa-
physectomized ammals

Cowrg; I removed the postenor pitustary from two lactating 7aty
They had to be mven injections of pitocin two or three times & day fo
allow the pups to grow normally. = Without injections of pitocin the
pups could obtam no milk ot olf from the mothers  Patoem s esseatial
for the discharge of mulk from the mammae.

Hannis: In expermments performed n coltaboration with Mr. B. A
Cross m Cambridge, we bave found that following electrical stimulation
of the piimitary stalk i lactating rabints, there 1s an ejection of mik
from a cannulated teat duct  This response has the charaeters of one
mediated humorntly, that 19, long lateney, slow nse to peak and s0 07,
and may be duplicated very closely by an intravenous mjection of
posterior prtwitary extract. Conversely, lesions of the supraoptict-
hypophyseal tract coused nterfercnce with the normal course of
factation, and replacement therapy with postenor prtuitery extract
was effective 1n these rabbits with lesions,

Kenvepy. It would be nice to know how long mterference with lac-
tation persists after stalk section, as acute damage i this region oke;
causes effects from which there is recovery with time, We have foun
that lemons placed 1n the tuberal remon of the hypothalamus dunng
factation in the rat are followed by the denth of the litter from starvation
10 about 50 per cent of cases  As the rats subsequently refuse to mate

we could not study @ further pregnancy, but we found that jn most
g o cy,d after an mterval of two ot

cases normal lactation could be re-mitiate |
three weeks by applying a suckling stimulus in the manner of Selye
and MoK s Th p y m'th Iacta-
ton was indey of diabet ip and Y doubt 1f it was &
fic effect "
P awrs: T rference with mitk

Hanrrs: In these experunents there was no intes e
secretion, but only with the discharge of nulk alrendy present in the
mammory glands There can be very httle doubt now that there is x;
direct relationship between the function of the postenor pitutary L'h':;
aund the disch of milk, or milk-ejection, from the ary gland.

Kenvepy, Was this correlated with signs of diabetes msipidus?

Hanms: Rabbits do mot appear to develop permanent dial P;
insipidus, That was our finding, and we have been unable to dl';(‘ﬂ‘tr
nny account in the bterature of such a condition sn rabbits. Howeieh,
the i seen in the jection process showed & close mr;'
tation with the site of the lesion in the supraoptico-hypaphyseal tracts

as seen hstologieally,




INTERACTION BETWEEN PROLACTIN AND
PROGESTERONE IN THE REGULATION OF
THE SECRETORY PROCESSES IN THE
MAMMARY GLAND
f

L. DESCLIN

T is now generally accepted that the lactogenic hormone
prolactin plays an important part in the development of the
mammary gland 1n normal ammals. This action is mainly
an ndirect one and results from the so-called luteotrophic
activity of prolactin. Besides these luteotrophic properties,
prolactin is still considered to have the ability to initiate the
secretory activity of the gland characteristic of lactation.

If these two properties of prolactin are involved in the
control of mammary activity under physiological conditions,
the problem of their interrelations remains very obscure. In
fact, every explanation of the initiation of lactation must
take into account the now well established fact of the luteo-
trophic activity of prolactin.

In the last few years, we have had the opportunity to make
certain observations which might be of interest for the under-
standing of this problem. Adult cyclic female rats were
injected with a commercial preparation of prolactin containing
12 i per mg. They received a daily dose of 8 mg. of this
preparation injected subcutaneously. The fifth day after
initiation of the treatment, a thread was introduced into both
uterine walls, The amimals were killed after ten injections.

Other adult female rats were spayed and injected exactly in
the same way with prolactin. 'The injections were started on
the day of operation. The uterine horns were traumatized
equally on the fifth day as in the previous group Sacrifice
after ten days.

anx
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In the first group, the uterine horns showed voluminos
deciduomatous formation in nine out of ten ammals. Thi
result shows a very definite luteotrophic activity of the
extract injected. In the second group of animals, the genita
tract was atrophie, without any deciduomatous reaction.

The comparative study of the histologieal picture of the
mammary gland m these two groups of animals was very
instructive. In the first group, we found regularly a very
mtensive lobulo-alveolar proliferation and a picture which
mught be compared with the state of development attamed
during the second third of pregnaney. As a rule, the structure
of the gland is very compact. The lumma of the alveol are
not conspicuous. The secretory activity of the epithelium
is very poor and the secretory products accumulate in the
cells and are not released into the lumina, which have a
callapsed appearance. In all these animals, the histo]ogi'cnl
study of the vagma reveals an intensive mucification which
may be compared with the vaginal mucifieation of pregnancy.

In the spayed animals injected from the day of spaymg with
the same doses of prolactin, the picture was entirely different.
The mammary glands after ten days were not so mtensively
developed as in the normal ammal sumlarly treated, but
were certamly not regressing as they do after eastration. The
most striking difference resulted from the distension of the
alveoll whose lumina were filled with secretion products,
which were also found m the distended ducts.

This difference 1n the type of reaction of the mammary
gland to the same dose of prolactin in the normal and in the
spayced animal seems to pomt to the presence in the ovary of
inhibitory factors. That the stimulated corpus huteun might
be responsible for this inhubition of the v activity of
prolactin is obvious,

We smght find o confirmation of this idea in the study Pf
normal rats myected with prolactin. Among these, o certain
percentage of animals d? not show the ]utcotmphi? f}ctl\'llt,‘:
of prolactin. Their uterine wall has not reacted to injury by
deciduomatous formation and the vaginal mucosa is not
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mucified; sometimes it 1s even keratinized and in full cestrus.
Study of the mammary glands of these animals, where the
corpora lutea have not been stimulated, is very interesting.
They are equally well developed but also actively secreting,
with numerous distended alveoli and ducts filled up with
secretory products, contrasting sharply with the intensively
proliferated, poorly secreting glands of the animals with
active corpora lutea. We may conclude that prolactin is able
to exert its secretory activity in the mammary gland only if
it does not exert its Iuteotrophic action.

An inhibitory action of the corpus luteum on lactation has
been often uggested. In fact 1t has been usually interpreted
as an inhibition of the secretory activity of the anterior lobe,
an nhibition of the release of prolactin through the pituitary.
This interpretation seems not to be entirely satisfactory to
explan our results,

The same contrast in the type of reaction in the mammary
gland may also be cbserved in experiments where instead qf
using prolactin, the amimals are treated with cestrogen. It is
well known that cestrogen administered to normal rats has
also a luteotrophic action on the ovary. A state of pseudo-
pregnancy may Tesult from this treatment.

In a series of rats, normal or castrated, implanted with
stilbcestrol tablets and sacrificed after ten days, we could find
in the mammary gland the same changes as in the prolactin
experiments: an intensive lobulo-alveolar development with-
out secretion in normal animals possessing active corpora
lutea; on the other hand, an active secretory activity with
distension of the alveoh of the spayed animals, or of those
whose ovaries did not contain active corpora lutea and were
m an cestral condition. Here again, we have another example
of the inhibtory action of the corpus luteum on the secretory
processes in the mammary gland.

A similar inhibition has been found by Selye with combined
m]ecuons of and m d rats,

dministering huge of alone (15 mg.
daily) to castrated female rats he succeeded also in obtaining
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a very intensive lobulo-alveolar development of the mammary
gland, He insists on the compact appearance of the tissue
and an absence of secretion.

In view of these results it might be that in our experiments
with prolactin, the progesterone secreted by the stimulated
corpora lutea holds in check the seeretory activity of prolactin.

An alternative explanation could be that, through a sort of
partition of the available hormone, prolactin used at the
Tevel of the corpus luteum to stimulate progesterone secretion
would not be present in sufficient amounts to induce lactation
in the mammary gland at the same time. This would suppose
a kind of competition between the receptors for the use of
prolactin.

New results obtained by us in the last months might be -
of interest in connection with these theoretical views. We
repeated our experiments with prolactin injections in normal
and spayed adult rats with the same result as previously
described. Besides these control experiments, in other castra-
ted adult female rats we injected simultaneously, from the
day of castration on, a daly dose of prolactin 80 f.u. plus
progesterone 10 mg. The animals were killed after 10 days.
Both he were administered subcut ly but

separately at different sites of mjection.

The mammary glands of these rats, after ten days of
castration, were very well developed and showed many lobules
with numerous alveoli. In fact they were much better devel-
oped than those of the spayed animals treated with the same
dose of prolactin alone for the same time. But the type of
reaction was the same as in those. Secretory processes were
very active. Alveoli and ducts were excessively distenqed
and filled up with secretory products. In fact, far from having

) restrained the secretion of the gland, the administration of
progesterone enhanced the secretory processes in thfz breast.

We have tried to repeat the same experiments in hypo-
rats, normal or spayed at the time of hypo-

These experiments are rendered very difficult
mmary gland -

physectomized

hysectomy.
il_J(r{'iew of the very rapid involution of the mai
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which follows the removal of the pituitary body even when
rather pure lactogenic hormone is injected, To avoid as far as
possible this mnconvenience, we performed hypophysectomy
and castration on the fifth day of treatment.

In normal animals mjected datly with 30 i.u. of prolactin,
hypophysectomized the fifth day after the treatment has been
started and killed on the ninth day, the alveolar development
of the mammary gland is very poor and cannot be compared
with the intense growth obtamned m normal ammals under
similar conditions of treatment. The same is true for hypo-
physectomized castrated animals. In the series of rats ’
treated with prolactin, hypophysectomized and spayed on the
fifth day and then injected with 10 mg. progesterone daily,
the development is much better. Many alveol1 are present
and secretion 1s conspicuous, Here again, it may be concluded
that progesterone has not mhibited the secretory activity of
prolactin but rather enhanced this action.

If we try to summarize the results of our investigations we
might say that prolactin administered to normal or castrated
rats induces 1n the mammary gland very different reactions.
The secretory processes are very marked in the absence of
the ovaries or 1if the corpora lutea have not been stimulated
to secrete progesterone.

This inlubition of secretion might result from the action of
progesterone directly on the mammary gland or indirectly by
way of the pituitary, The admimstration of prolactin and
progesterone together to normal or hypophysectomized
castrated rats does not reveal this inhibitory effect of pro-
gesterone on the secretion of the breast. On the contrary, the
secretory processes seem rather enhanced under the mﬂuence
of the progesterone treatment.

The alternative explanation that partition of prolactin
between mammary gland and corpus luteun might be the
reason for the difference in the reaction of the breast in normal
and castrated animals submitted to the same treatment with
lactogenic hormone, though not at all proven by our observa.
tions, remains in keeping with the facts observed,
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A‘,:,l,‘,“ owledgement
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DISGUSSION
Foriry: In the beginning of your paper you sawd that prolactin

promotes not only secretion but growth of the mammary gland?
rDj‘scwn. Yes, 1t acts via the ovares to produce a mnrvello‘us gru:\'th
r ar aeataZieme

' L
not only was secretion induc‘ed, but nlso some hyperplas of the
mammary gland,

Drscuin, My impression was that even in the castmte:i ”,‘,NT“:
P - W A e als Jand b

. . o

worn brun

FoLLEY: So you now favour the concept of the target organs competing
for the utilization of the hormone.

SuELSEr: In regard to the possibility of competition, if you give
1wo or three times ns much prolactin, do you get results in rats with
intact ovaries?

DEscrin: We haven't done that so far. Expeniments of this land are
underway. .

Nezsox If prolactin 15 not the pitwtary factor involved in the
growth of the mammary gland, then which pituitary factor is involvtd;
1t is very difficult to produce y growth in hypop
ammals with cestrogen and progesterone,

Drscun: 1 agree. In hypophysecgumncd animals we g!lﬁ L’f"’;“;’:’

prolactin, at the end of thus growin penod.
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hyp .-.., ized rabbits I cnuld not find mammary

gl:md growth nl‘ter i of and pro-
gesterone.

Fourey: Fredrikson® claimed that @strogen produced mammary
growth in completely hypoph\ sectomized rabbits.

Jacosou~* The ! by Fredrik does not seem
quite convineing, To mention one thing, Fredrikson examined sections
taken from a “medial sector” of the mammary gland and did not study
whole mount preparations, My expeniments are not quite comparable
to Freduhson's. He started injections a few days after hypophysec-
tomy, whereas I waited about a month until an strophy was established.

‘Wirriams. You mean that after hypophysectomy one must allow the,
mammary gland to regress?

Jacopsoun. Yes, 1e'rym§‘want to gct a deﬁned condumn at the stnrt

nf the avnasmante

according to whether 1t 1s atrophie or not
Jacopsons; Frednkson claims that the reaction of the mammary

begun as late as five months after operation

*Frednkson, H. (1939) Acta obstet gynee. scand , 19, Suppl 1.



HYPOPHYSEAL AND OVARIAN H(‘)RMONES‘ IN
THE REGULATION OF THE MAMMARY GLANDS

WARREN 0. NELSON

In the consideration of this subject the material to be
presented will fall into two related but distinet categories—the
factors that are involved in growth of the mammary glands
and those that are concerned with the secretion of milk.
Recent reviews of the subject written by Folley and Malpress
(1948) and Mayer and Klen (1918) provide painstaking
consideration of the abundant literature on the mammary
gland that bas appearcd since the stimulus provided by
Stricker and Greuter's (1929) demonstration of the relation-
ship of the hypophysis to lactation,

Throughout this presentation constant reference will be
made to a number of terms which should be defined at the
outset. The terms FSH and ICSH refer, respectively, to (’l\C
follicle stimulating and interstitial cell stimulating or lutein-
izing hormones. The term prolactin will be used in a generic
fashion, but frequent reference wifl be made to its three
activities related to mammary gland function. (1) Luteo-
trophic activity, i.e., its effect in promoting the secretion _of
progesterone. (2) Mamumotrophic activity, i.c., its effect i
promoting growth of the mammary glands, (8) Lactogent¢
activity, i.e., its effect on lactation. It is now apparent that
none of the many names that have been proposed for this
. PR co . -

J e

L ctof

oy L .. . . able
. A - the

Lhese

hypophysis in mammary growth and lactation. 18

various points of view were frequently the result of variations

encountered in different species and have been resolved by
102
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further observations. Yowever, a number of basically
important points have remained undecided. Among these has
‘been the relationship betw een the ovarian hormones, cestrogen
and progesterone, and the hypophysis in growth of the
mammary glands. General agreement has been reached, in
most quarters, that in the presence of the hypophysis the
ovarian hormones will promote growth of the glands. How-
ever, major differences of opimon on the mechanism by which
the hypophysis is related to the growth process have remained,
Thus Turner and his colleagues (Lewis and Turner, 1939,
Mixner and Turner, 1943) reported the existence of two sepa-
rate hormones of the hypophysis which were considered to be
responsible for the growth of the ducts and alveolt respectively.
These hormones, called “mammogens,” were regarded as
distinet from all known hypophyseal factors and were said to
be produced as a result of the stimulation of the hypophysis by
cestrogen and progesterone, This concept relegated the
ovarian hormones to the role of pituitary stimulants and did
not accord them a part in the direct stimulation of the
mammary tissues.

Although a number of weaknesses in this theory were
pointed out by various workers, the most significant objection
was provided by Lyons (1951) in a report to the International
Conference on the Physiology of Lactation at Strasbourg in
August, 1950, and additional evidence was presented at the
same conference by Nelson (1951). Both of these studies, in
which the rat was the experimental subject, emphasized the
triple activity of prolactin, and it was shown that in the
presence of adequate armounts of cestrogen and progesterone
the only hypophyseal hormone which was required to produce
defimte lobule-alveolar develop: of the y glands
in hypophysectomized rats was prolactin. Even better growth
was obtained when ACTH and somatotrophin (growth
hormone) were provided, but these hormones are not effective

_in the absence of prolactin and their activity may be regarded
as due to imp in the physiol 1 state of the
hypophysectomized animal.
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Lyons employed various types of animal preparations
including normal, ophorectomized, hypophysectomized,
odphorectomized-hypophysectomized and oophorectomized-
hypophysectomized-adrenalectomized subjects in his studies
and adapted the experimental procedures to the particular type
of preparation. Of special significance were his experiments
hypophysectomized and obphorectomized-hypophy: ized
animals. In the former case he repeated the observation that
combinations of cestrogen and progesterone would not promote
lobule-alveolar development. The same failure occurred in
animals which recesved FSH and ICSH; the ovaries of these
animals showed definite stimulation and produced cestrogenic
hormone, but not progesterone.  When prolactin was given
in addition to cestrogen lobule-alveolar growth occurred. It
should be noted that in this experiment it was unnecessary ta
provide progesterone since prolactin through 1ts luteotrophic
effect on the ovaries stimulated the secretion of endogenous
progesterone. In other hypophysectomized animals Lyons
injected FSH, ICSH and prolactin. This combination of
hormones stimulated the ovaries to produce cestrogen through
the action of FSH and ICSH and progesterone through the
luteotrophic action of prolactin. As a result of its mammo-
trophic activity the latter also provided the additional
stimulus required for lobule-alveolar growth.

In further experiments on oophorectomized-hypophysecto-
mized animals Lyons showed that the combination of cestrogen,
progesterone and prolactin, or even better the prolactin-ACTH-
somatotrophin complex, would induce excellent development
of the mammary glands. Estrogen with or without pro-
gesterone, prolactin, or the prolactin-ACTT I-somatotrophin
complex given separately failed to stimulate Iobule-nliveolnr
These experiments provide very strong ‘evxdcr'lce
“mammogen” theory which holds that the action
of cestrogen and progesterone in mammary gro\vtfl is an
indirect onc through the hypophysis n stimulating the
seeretion of the specific mammogenic hormones. !’ux:thﬂ"
more, they indicatethata reeognized hormone of the pituitary,

growth.
against the
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prolactin, fulfills the requirements of a mammary growth
stimulating hormone and that it is unnecessary to postulate
the existence of distinct mammogenic hormones.

Lyons was able also to show that the rat placenta contains
a substance that appears to be identical with prolactin in
pmducmg Iuteotrophic and mammotrophic effects. The

istration of rat pl te {from rats pregnant at least
12 days) would subs\:lhxte for pralactin in the various experi-
ments on mammary growth, and this finding was taken to
indicate that in normal pregnancy the placenta plays an
important rdle in the secretion of progesterone by the corpora
lutea and in the stimulation of mammary growth,

In the experiments reported at the same time by Nelson
essentmlly similar results were obtained. It was shown that

Is made pseudopregnant by the admunistration of
cestrogen possessed large, highly active corpora lutea and well
developed mammary glands after 8 to 20 days of treatment.
These changes were shown to be the result of release of
prolactin under the stimulus provided to the pituitary by
cestrogen. Through its luteotrophic action prolactin stimula-
ted the secretion of progesterone, cestrogen was of course
provided by the treatment procedure, and through its
mammotrophic activity prolactin supplied the additional
stimulus necessary for continued mammary development.
That this sequence of events and combination of factors
afforded the most reasonable explanation for lobule-alveolar
growth comparable to that seen 1n late pregnancy wa shown
by subsequent experiments.

(1) Amimals were injected with cestrogen as above, but
hypophysectomized 8§ to 14 days after the imitiation of treat-
ment. In such cases the corpora lutea were not mamtained
and the mammary glands underwent mvolution.-

(2) Tf hypophysectomy of the cestrogen treated pseudo-
pregnant rat was followed by the daily administration of a good
preparation of prolactin (75 to 150 1.u.) which also contained
smafl amounts of ACTH and somatotrophin the corpora lutea
were maintained and mammary development was continued.
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(8) In animals hypophysectomized and odphorectomized on
the 8th day after the initiation of pseudopregnaney by
cestrogen and subsequently treated with the same prolactin
preparation, the mammary glands not only failed to continue
growth but actually underwent involution. This experiment
emphasizes the necessity of cestrogen and progesterone acting
with prolactin to promote continued development of the
mammary glands.

(4) Animals were hypophysectomized on the 8th day after
initiation of pseudopregnancy and cestrogen treatment was
withdrawn at the same tune; injections of chorionic gonado-
trophin and/or pregnant mare serum were begun immediately-
Pseudopregnancy was terminated, but mammary gland involu-
tion occurred due to failure of progesterone production the
corpora lutea. However, if in addition to chorionic gon.ado'
trophin and pregnant mare serum the ammals received
prolactin, the secretion of progesterone was maintained and
mammary development progressed. T

In subsequent studies, reported here for the first time, it
has been possible to confirm several of the experiments
described by Lyons. These mclude his observations on the
type of mammary development which 1s seen in oophorecto-
mized animals injected with cestrogen and progesterone and
the failure of such treatment to induce lobule-alveolar growth
in oophorectomized-hypophysectomized animals unless pro-
lactin also is administered. Additional confirmation has
been found for Lyons’ observation that prolactin preparations
which contain ACTH and somatotrophin are better mammo-
trophic agents than those which are deficient in these
hormones. As noted earlier these hormones probably have no
mammotrophic activity per sc, but rather provide for restora-
tion of the hypophysectormized animal's physiological state
to some semblance of normal,

In summary it would appear that three factors havt:_ been
shown to be directly involved in lobule-alveolar growth in “’;
rat mammary gland. These are cestrogen, progesterone ab
the last serving a dual réle in stimulating the

prolactin,
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ecretion of progesterone by the corpus luteum and in some
nanner having a direct growth-promoting action on the
nammary ghnds Whether this latter activity is exerted by
lirect stimulation of the mammary parenchyma or through an
nfluence on metabolic activities which are of fundamental
mportance in mammary development remains to be deter-
mined. However, it should be noted that evidence in favour
of the former has been presented by Lyons (1942) who injected
prolactin intraductally in rabbits that had been previously
treated with cestrogen and progesterone. Localized hyper-
plastic changes including mitoses were observed in the sectors
of the gland associated with the injected ducts.

Probably less controversy has existed over the hormones
which initiate lactation than those concerned with growth of
the mammary glands. However, there has been considerable
difference of opinion about the interrelation of those factors
which stimulate and those which mhibit lactation and about
the factors which are involved in the maintenance of lactation.

Initiation of lactation in the intact animal would seem to
depend upon the presence of prolactin and ACTH (Nelson
and Gaunt, 1937) and according to Folley and Young (1940)
and Bergman and Turner (1946) the augmentation and
maintenance of established lactation depends upon a galaxy
of hormonal factors, These two groups of workers differ in
thewr views regarding the details of this complex problem,
but in general it may be said that two distinet mechanisms are
supposed to be mvolved in the lactation process. These are
(1) lactogenesis, which is defined as the initiation of lactation
in a well developed but non-lactating gland, and (2) galacto-
potesis, which is defined as the maintenance or augmentation
of established lactation. The distinet'on between these two
processes and the possible factors mvelved in galactopolesis
have been discussed extensively in the recent review by
Folley and Malpress (1948).

These same reviewers have discussed and criticized vanous
theories that have been p d to for the h

p

factors involved in the mxhahon of lactation. One of these
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was evolved from the enrlier theories of Halban {1993},
Frankl (1923), Pellner {1931} and Nelson (1835 193%) to
apply to lactation in the guinea pig. In brief it supposed that
lactation is held 1 abeyance so long as the levels of eestrogen
remain high, s in pregnancy, and that lactation oceurs under
the stimulus of prolactin when those levels are reduced st
parturition.  The mechanism whereby cstrogen inhibits
lactation was regarded as involving the suppression of release
of prolactin as well as a direct inhibition of the action of
prolactin on the mammary glands. More recent experiments,
some of which have been reported (Nelson, 1951), indicated
that cestrogen exerts its most potent inhibstory effect in fhb
guinea pig by directly opposing the lactation-inducing
influences of prolactin.

These experiments were done on either normal or lhypo-
physectomized femate guinea pigs which had recently delivered
litters, or on normal or hypophysectomized young adult male
and spayed female guinea pigs which had received amstradiol
for about 50 days. In erther ease hypophysectomies wese
done after parturition or after preliminary treatment with
cestradiol had been completed.

Lactation oceurs at the time of parturition, of eourse, and
is initiated within threc days following the cessation of
cstrogen treatment in either males or females, If the hypo-
physis is removed lactation fails to oceur or, if it has been
initiated prior to hypophysectomy, it ceases soon after that
operation. When prolactin and ACTH were injected in these
animals lactation was initiated or maintained.

However, when cestradiol i daily doses of 0-1 mg. was
injected in these hypophysectomized animals under prolactin-
ACTH treatment lactation either fmled to occur or wos
terminated during the period of wstradiol treatment, These
experiments and similar ones in wmtact animals indicnh:d th:x%
cestrogen exerts an important lactation-inhibiting action by
direct action on the mammary glands. This action has bee
visualized as one in which the lactation inducing effect of
prolactin may be interfered with by the maintenance of an
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active stmulus for growth by cestrogen, However, it is also
possible that the inhibitory effects may be due to an inter- ~
ference with some metabolic activity of the alveolar cells
essential to the lactation process.

If this concept of two opp han: one d
with the promot\on of growth and the other concerned
primarily with the initiation of a secretory process, is in any
measure representative of the facts 1t is reasonable to suppose
that it should be possible, by suitable adjustment of the two
mechanisms, to throw the controlling influence in either
direction. Thus it was noted that when the daily dose of
@stradiol was reduced from 0-05 mg., the amount used to
promote growth of the glands in intact animals, to 0-01 mg.
daily, a scanty lactation occurred on the fourth day in 8 of 14

ls. In the i 11 animals lactation had not
occurred on the sixth or seventh day. When injections of
prolactin (250 to 400 iu daily) were initiated, lactation did
oceur in all these animals on the second or third day of
treatment. These results were regarded as indicating that
cestrogen can be present at a level inhibitory to the spon-
taneous lactation which fullows cestrogen withdrawal, but not
inhibitory to extra q of prolactin. It may be that
such a level of cestrogen maintains minimal growth stimuli, or
minimal interference with metabolic processes important to
lactation, and so mterferes with the animal’s own prolactin.
However, that level of cestrogen 1s unable to inhibit the effect
of large amounts of added prolactin.

These experiments and others reported previously (Nelaoﬂy
1951) are regarded as demonstrating the existence of a sort of
“push-pull” mechanism in the control of lactation in the
guinea pig and to indicate that peripheral interference with
the action of prolactin by cestrogen is the principal mechanism
whereby the latter inhibits lactation.
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DISCUSSION

¥orLey In thase expenments on pseudopregnant rats wiich )ﬁg
hypophysectomtzed, you didn’t include any groups of adrenalectomize
anmals? ¥ ask that because I beheve you were using & pm]acgn:
preparation provided by Dr. Bates, and we've had what I 1m:1gulid
15 almost cestainly some of the same prolactin, which, Dr. Bates mh
us, contamed about 20 per cent ACTH It scems to me that if the
adrenal eortex has any réle in mammary growth, you might throw
light on that by takmng out the adrenals as well as the hypophysis. far

Nrusow: Our recent experunents were made with that particulal
preparction, but the bauc ones were done eight or nune years ngﬂx":
Detrott, some tme X am sure before Dr. Bates made that particy 3;
preparation. I know that in at least one or two of those prcpamh:}r‘lc
there was a very low ACTH content, as far as we conld telf by e
assay procedure we used at that trme, namely the repair of the ndrtvn'i‘.d
of the hypophysectomized rat  Your suggestion would be mo«tl\’ D"s
for tlus parbieular preparation which has been suppl}ed by Dr. :ms
recently. It does have appreciable amounts of ACTH, and ”ml:i'm\’
ymportant to the results we obimmed in the studies on lactation. A< ot
of the latter were done with that preparation, and as you l\‘now.nm
needed ACTIH to abtamn w the hypoph gur

Pmc‘ounmrn: 1 was wondenng f the refation between the chlogﬂ:;c
frarmone and strogen mught not be referred to a very simple pr‘ocfm
* According to A. Prenant we know that cells which are dividing do o
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secrete. P'erhaps the astrogen, which stimulates the growth of the
alveolar cells, may thus inhibit the induction of lactation.

Nerson: That 18 the simplest explanation, namely, th:\t while the
gland 13 under the influence of an nctive growth promotor 1t is not
Likely to be @ secretory gland  However, I suspect that probably it is
more complex than that. For example, 1t may be that cestrogen
mterferes by some competitive mechamsm within the alveolar cell with
the sction of prot: n the of That is the reason
1 am very enger to learn what Dr. Folley discovers when he adds
cestsogen together with prolactin n his studies of oxygen uptake in
the mammary gland.

Forrey. Ithink there are further difficulties with that suggestion,
Pecauw‘ 10 our expeniments on artificial udder growth in goats it 13

SrESLE May 1 ik BUOUL LiE AClion U1 asLEOgEn duniiyg pregiancy mn
the suppressmn of prolactin? I think you said tlnt dunng preg-
the

nancy th ndafterdelivery
the wstrogens fell and then prolactin was hbemted I understood
that ‘h ing preg were, d and mamve,
oA thae A mos s e e Y A 0T A e 8 e Ao

prolactin secretion

NeLso~. }'ears ago when I first did expeniments on lactation in the
pituitary may be a factor, the more important mechamism 1s probably
the inhibition of lactation at the level of the mammary gland  As far
®s winbition of the prtuitary by cestrogen 15 concerned, one cannot
generalize. In the rat it can be shown that cestrogen stimulates the
release of ACTH, and 1t v:erlamly s!lmulates the release of luteotrophm

0 thanwamatinn «f ace.

4l ploduces mtiation of secretory processes, whereas m the normal
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ammal it only induces growth. I think the situation s probably
different in the rat and in the guinea pig. We know that in the guinea
pig cestrogen alone can give d of the

gland. Perhaps your view might be corrected as far as the rat is
concerned.

Nrrson. I don’t believe this hypothesis can be apphed to the rat
without modification. Lactation 1n the rat, in my expenence, 15 & much
more complicated problem than it is in the guinea pig.

Ricnarnson: I should Jike to ask Dr. Nelson if 1t is at all feasible to
inject cestrogen into the ducts of the guinea pig’s mammary gland.
If it could be confined to a Jocahzed part of the duct system, as Lyons
did with prolactin, one might expect to see mhubition in that part of
the gland and not elsewhere. - .

~ Newson: I haven't investigated that possibility. I don't think 1t
would be as easy as in the rabbit, which has a more diffuse type of
mammary gland than the guinea pig, which has a very compact gland.

Wirrianms: How do your gumea pigs survive hypophysectomy when
ﬁgmd;}ared with rats? * In my experience they're rather difficult to

ndle.

NErson: Yes I agree with you. They are much more difficult than
the rat, but by no means as difficult as the rabbit to nurse through the
post-hypophysectomy period.
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CHAIRMAN’S OPENING REMARKS
S. ZUCKERMAN

AT the outset I have to thank the Trustees of the Ciba
Foundation, through Dr. Wolstenholme, for their very great
kindness in having organized this meeting, and to extend a
welcome from the domestic members of the conference to
those of you who have come from abroad, some of you from
as far away as the other side of the United States

The fact that I have been chosen as chairman does not
‘mean that I have any great knowledge of the subject we are
to discuss, and I must warn you in advance that I have not
made myself up-to-date i your own special fields of work.
My hope is that I shall become so as & result of our meeting.
What I can say with confidence in introduction is that this
conference represents a mark of great progress. Fifteen or
twenty years ago there was practically no reference to steroid
hormones m studies of body water; the great diversity of the
programme 1 front of us 1s an indication of the advances
that have recently been made. My personal interest m these
studies goes back before the days when the steroid molecule
was chemically defined, for T was even then interested in 2
rather peculiar phenomenon which has contmued to divert
me ever since—namely, the swelling and subsidence of the
hindquarters of the baboon n phase with the menstrual cycle
—a phenomenon which we now recognize as an effect of
stimulation by the ovanan steroid hormones, I reahzed that
it was a mamfestation of a special type of cedema, but in s0
far as it appeared to have no connection with the cedema
which physiologists were then studying, I failed to persuade
several learned friends that 1t was a problem worthy ,0“
study. And unfortunately I was too little of a physiologist
to carry its analysis very far myself,

414
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To-day we sec the problem of water metabolism as in-
volving not only the gonadal and adrenal steroids, with which
this conference is mainly concerned, but almost all the
endocrine organs, and particularly the two parts of the
pituitary. And as we all realize, water metabolism 1s also
conditioned by a number of other factors, known and
unknown.

Looking at the whole field as a non-speciabist, I feel it
may be useful not to regard the shift of water and electrolytes
as something which should be viewed in complete isolation.
It represents only an aspect of general changes that are related
to the activity and growth of tissues. While 1t is true that
in order to advance our subject we have to isolate the par-
ticular phenomenon in which we are most interested, it is
unwise, as expenence has repeatedly shown, to persist in
the assumption, if I may take a particular illustration, that
there 1s one lot of corticods 1n the adrenal concerned only
with water metabolism and electrolyte balance, and another,
the glucocorticoids, which are concerned solely with other
aspects of metabolism. Experience mdicates that sooner or
later the two fit into the same picture.

The title of our conference 15 “The effect of steroids on
local and general water distribution.” It hends a
number of problems. One may assume first, that the reference
to local water distribution implies that different tissues may
be speciahized 1n different ways with respect to the retention
of water. Thus, sexual-skin swelling 1s a specific kind of
water retention controlled by gonadal as opposed to adrenal
steroids. Local distribution may therefore imply the specific
adaptation of speeific tissues. Furthermore, the water which
is retamed 1n tissues as a result of the action of one steroid
1s not necessarily retained there by another water- ietaining
stermd so that we may suppose that very slight chianges in

10n have prof upon both
loeal and general water d\stnbuhon and electrolyte balance.
Local changes also imply general consequences in water
metabolism and wice versa. The behaviour of the kidney
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THE BIOLOGICAL EXCRETION OF SODIUM AND
ITS RELATION TO CELLULAR WATER

E. J. CONWAY

TuE active excretion of NaCl, or more specifically of Na fons,
across cell membranes has been a necessary concept for_
certamn groups of cells which, in hlgher orgamsms, regulate the
electrolyte position of the int 1 Thus, one
may cite the active excretion of chloride by the gills of fishes
as shown by Keys (1931) and by Krogh (1936), the active
reabsorption of Na 10ns across the distal tubule of the renal
nephron as shown by the Richards school (1937), or the active
uptake of Na ions by the skin of the frog, studied by Krogh
(1938) and in recent years by Ussing {1949).

But it 1s now evident that those cells not directly concerned
with the maintenance of the electrolyte composition of the
internal medium have also this power, though not exercised
in so pronounced a fashion. Thus 1t was shown by Conway
and Hingerty (1946) that the skeletal muscle of the rat into
which sodium had extensively entered during about a month’s
feeding on a K-free diet, was able to excrete the excess sodium
when the ammals were restored to a high K diet. The plasma
potassium was restored to a normal level within 24 hours and
subsequently to very ligh figures, but 1t required about three
days for the excess muscle sodium to be half excreted, and
normal levels were not reached for eleven or twelve days.

Such a slow excretion of sodium may be compared with the
relatively very rapid mixing of such muscle sodium with
labelled Na as shown by Heppel (1940) 1n Fenn’s laboratory.
Reasons may be advanced to account for such a rapid rate of
1sotope mixing combined with a very slow rate of active
excretion, but it 15 not proposed to discuss these in the present
communication, It appeared that skeletal muscle, constitut-

ing for the normal animal much the greater fraction of the
a7
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tubule may be one aspect of a change; the general retention
of water in tissues another; and retention in certain specified
tissues a third phenomenon, due to the action of 2 single
specific substance.

The existence of these different aspects of a smgle wide
problem is indicated quite clearly by the titles of the papers
we have before us and which we shall be hearing these next
two days. In general they seem to fall into two main groups,
the first of which, illustrated by Professor Conway's paper
on the biological excretion of sodium ions and its relation
to cell water, concerns the underlying mechanisms of water
shift, and the second the specific effects of different hormones
and endocrine organs on water balance. >

The wide range of our programme indicates the great
progress that has been made 1 this field of knowledge in
recent years, and I am quite sure that the next two days will
provide a valuable opportunity for the cross-fertilization of
ideas, all bearing upon our central problem, that of water
metabolism. - -
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While such ideas would lead to the conclusion that the active
extrusion of Na ions was likely to be a general biclogical
endowment, we were none the less surprised to find 1t in high
degree in the yeast cell (Saccharomyees cerevisice) and the pres-
ent communieation is chiefly concerned with the presentation
of the facts about such active sodium extrusion where 1t can
be studied with ease on a single and very robust cell species.
The preliminary study of such active extrusion (Conway and
Ryan, 1950) appears to advance the solution of the problem
of 1ts operation a step further.

The Preparation of Yeast Containing a High Content
of Na Ions (Referred to as NA-yeast)

In ordinary washed baker’s yeast (Saccharomyces cerevisice)
the Na content 1s very low—some few m. eqs./Kg., and may be
vanishingly small.

If such yeast be suspended in N/10 NaCl solution containing
labelled Na ions, there is no appreciable entrance of Na over
many hours. If the suspending medium 15 an equal volume of
5 per cent glucose contaming N/10 NaCl, very little Na like-
wise enters, pared with the corresponding K entrance in
exchange for H ions when the NaCl 1s replaced by KCl. If,
however, the suspending flmd be 5 per cent glucose with M/3
sodium eitrate, which corresponds to an external Na ion
concentration of 600 m, egs./ltre and the pH be buffered to
above 5 0, a considerable amount of Na jons enter in exchange
for H ions (Conway and Winder, 1950).

Such Na 10ns will be electrically balanced mside the cells
by bicarbonate 10ns, also by the increased negative charges on
the proteins, phosphate esters, etc.

In this way, by suspending 1t 1n 20 times 1ts volume of 5
per cent glucose and M/5 sodium citrate for two hours and
washing 'subsequently twice with 20 times its volume of
tap water, the yeast is found to contain about 55 m. egs. Na
per Kg.

It may be possible by proceeding 1n this way to climinate
completely, or nearly so, the entire K content of the yeast and
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soft tissue of the body, had the power to excrete sodum ions
The same would appear to be true for conducting nerve as a
consequence of the entrance of Na 1ons during excitation as
developed by Hodgkin (1947) and by Hodgkin and Huxley
(1947), and evidence for the active excretion of Na jons by
mammalian erythrocytes has been advanced by different
workers (reviews by Krogh, 1946, and by Ussing, 1919).

General Significance of the Power of the Cell to Excrete
Sodium Ions

With regard, for example, to the power of skeletal muscle

fibres to excrete sodium jons actively, it is to be noted that

with a concomutant Cl permeability, and an entrance of Na'

and Cl- however slowly, provided the rate 1s significant with _

respect to the life of the fibres, there must occur an active
excretion of Na 10ns, otherwise the fibres would necessarily
swell indefintely. It is true that this might be compensated
by active water excretion, but as more and more NaCl entered
the energy expended would be great, and a much more eflec:
tive energy-saving process would consist in the reduction as
far as practicable of the Na permeability, combined with the
power of active excretion of entering Na jons. This corres-
ponds to the actual endowment of the muscle fibres.

Similar considerations apply to all cells immersed in an
early or late marine environment, or in the mternal medium
of the higher animals.

For the cell in general, complete impermeability to Na ions
combined with a relatively easy passage of K fons is doubtless
impossible, but a remarkably near approach has been made.to
it (Conway and Hingerty, 1948). For the animal cell with
freely distensible cell membrane, the distinction between the
permeabilities of the two ions may be referred to the greater
size of the sodium ion, due to greater hydration, for there 158
general but not a close relation between jon size and permea-
bility. Whether this operates with respect to the concept 9[
molecular pores or by relative displacements at surfaces 15
smmaterial to the present issue.
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There is an almost equivalent uptake of K jons (the K uptake
usually exceeds somewhat the Na extrusion).

The process of Na extrusion here involves the expenditure
of energy, since Na is being excreted into a concentration
upwards of five times that remaining in the yeast cell. Also
the K ions pass inwards to higher concentration levels.

‘The process of extrusion is somewhat faster when only N/10
KCl is present outside. It occurs also if the Na-yeast is
suspended in tap water but only to about one-third the rate
that in Nf10 KCl or in N/10 KCl plus N/10 NaCl.

The excretion into tap water must be accompanied by
anions from the yeast cell, which are likely to be succinate ions,
but this has not been determined, and other anions may be
involved,

The Unidirectional Nature of the Na-permeability
during the Excretion

If the washed Na-yeast be suspended 1n a solution contain-
ing N/10 KCl and N/10 NaCl, the Na or K ions both being
Iabelled, it is found that during the few hours' period when
near 70 per cent of the sodium 1s excreted, almost no labelled
Na enters the cells. Expressing the degree of mixing by the
percentage ratio of the speeific counts inside to outside, this
amounts to only a few per cent. At the same time labelled K
mixes very quickly with the whole yeast potassium. This is
tllustrated in Fig. 2, showing that 1n the first two minutes
about 60 per cent ratio for the specific counts of K was found,
but after some hours there was found only a few per cent
ratio for the labelled Na

In other experiments the ratio for labelled K was even
greater after two mi approaching and even ding .
100 per cent, though such excess may be attributed to some
degree of error in the procedure.

The actual counts d for sodium th hout were
very httle above the background count. Thus the permea-
bility 1s in effect unidirectional.
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prepare a full Na yt;ast, just_as we have prepared a full

ammonia-yeast by another method (Conway and Breen,
1945). Meanwhile, for convenience, this yeast so prepared
and containing when washed about 55 m. eqs. Na/Kg., will
be referred to as a Na-yeast. :

Demonstration of the Active Extrusion of Na from the
Na-yeast :

‘When such washed Na-yeast is immersed in N/10 NaCl (20
vols. per unit vol. yeast), practically no Na is extruded over
many hours shaking at room temperature.

This may be contrasted with the effect of suspending ina
similar volume of solution containing not only N/10 NaCl but
N/10 KCI as well, under similar conditions (Fig. 1). It will be
seen that the Na is now rapidly excreted from the yeast cells.

ofin 210 FaC1}

e (1n tap vater)

1n K/10 NaCl

£ EXTRUSION OF Ya
g

- e plus N/10 KC1)
N 30 . O
\ 20 4 (1n #/10 xC1)
N 10
3 2 b H
KRS, - 3

urd at room

Fic. 1. Active extrusion of Na from Na-yeast in 20 times its
volume i .
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The results of a preliminary set of experiments are given in
Table 1,
Table 1
ErrECT OF INmBrrons oN Active Na EXTrUsioN

Na yeast washed and re-suspended tn 20 times its volume of N/10 KCI with
or without inlubitor (N/1000)

Na content of yrast (m eqs [Kg )

Zero time Aner2hrs | Bercent foll
No inbibitor . 417 193 57
Monoiodoacetic acid 441 18 0 59
Ande . 48 29 5 34
Cyamde 441 330 25

It will be seen that both the azide and cyanide strongly
mhibit the excretion, but monoiodoacetate under these
conditions does not appear to inlibit. Such results, however,
are subject to further confirmation and investigation.

The Nature of the Active Excretion of Sodium

From the evidence presented 1t appears that the excreted
sodium does not traverse the cell wall or membrane as the free
hydrated cation. It passes across the membrane therefore
either as the non-hydrated 10n or as a complex. If it passes as
the non-hydrated ion, this should umply that, at least up to
the membrane edge, 1t is likewise carried in bound form. But
even if released at the membrane boundary, the fact that the
diffusion velocity through the substance of the cell may be
presumed to be very much greater than through the mem-
brane, then for any degree of efficiency to be attamned, it
would seem necessary in turn to suppose that Na is carried
into the molecular region of the membrane at least so far that
the back diffusion into the cell is not relatively greater. The
one possility therefore merges into the other.

The Nature of the Carrier
‘When the magnitude of the sodium excretion is considered,
upwards of 50 m. egs./Kg., much of which is excreted in the
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Such unidirectional passage of Na ions might be attributable
—1f we were dealing with the Na data alone—to a high poten-
tial gradient, but from the associated K data this is clearly
untenable. It can then be attributed only to outward passage
across the membrane oceurring in some other form than the
free hydrated sodium ion, In other words the Na ions appear
to be carried in some way.

100
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Fro. 2. Unidmectional passage of Na dunmg suspenston of

Nayeast i N/I0 KCI and Nj10 NaCl, Na or K _ions beng
labelied, and percentage ratios caleulated for labetled 10ns
nsidefoutside cells,

The Effect of Some Respiratory Inhibitors on Active
Na Extrusion. (Some Preliminary Observations)
The inhibitors used in these few prelimmary observations

were cyanide, azide and monoiodoacetic acid, each in ‘\'/.1,000

strength. Part of the washed Na-yeast was suspended in 20

times the volume of N/10 KCI without inhibitor and similar

amounts of the Na-yeast in 20 times their volume of N/10 Kl

containing N/f1,000 inhibitor.



BioroaicaL ExcrerioN of Soprus 425

A dificulty of interpretation would lie in the specifieity,
or some degree of speaificity, required for the sodium ion
binding  In this connection it may, perhaps, be worth while
recalling the determination of sodium and potassim ion
concentrations by chemical procedures and the high degree of
differentiation existing between nsoluble complexes and the
free ions of Na and K. In these complexes the Na and K
components may be thought of as onized, Just as Na and C!
are iomzed 1n solid sodmm chloride.

Whatever the outcome of such interpretation may be,
reference may be made to a recent paper by Stembach (1950),
who in a well pt d series of exp ts has advanced
evidence for the existence of preferential binding of Na 1n the
centrifugates from frog muscle homogenates.

The General Nature of the Hormonal Effect on Na
Metabelism in Higher Animals

Here only the briefest treatment 15 possible It will be seen
that with such a general cellular endowment as the active
excretion of sodium, and essentially of the nature of a redox
cycle or immedately dependent thereon, such hormones as
those of the adrenal cortex can be considered as having only a
controling action by way of activating or wnhiluting the
enzymes involved, or, alternatively, by affecting the permea-
bility of the cell membranes to Na and K rons.

With respect to the kidneys if the membranes of the distal
tubule cells were rendered likewise more permeable to Na fons,
then it may be assumed that Na would be conserved more
readily with, again, the reverse effect after adrenalectomy or
1n Addison’s disease. Applying the same considerations to K
ions and the kidney, if the cells actively excreting K 10ns have
their membranes more permeable to K ions, these may be
assumed then to be more readily excreted and a low plasma K
to result, and so on. However, a direct effect on the redox
carrier systems may afford a better explanation.

WATER
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first hour of the suspension in N/10 KCJ, it may be assumed
that the carrier is not excreted out with the sodium but
operates in a cycle of carriage and release in the cell wall or
membrane. '

Pursuing the matter further from this stage, the carrier
substance may be regarded as of one of two kinds:—

(@) The sodium is carried in a completely unionized state,
sharing an electron with its carrier; the undissociated salt frac-
tion of a polyphosphate may here be considered as an example.

(b} An electro-adsorption complex with a respiratory
catalyst. -

Either of these hypotheses has 1ts advantages and disad-
vantages for the interpretation of the facts. Concerning the
first possibility, recently Van Wazer and Campanella (1950)
have brought strong evidence for the existence of phosphato-
sodium complexes in solution, as well as for the relative
binding capacity of certain polyphosphates for various metals.
For the alkali metals the binding capacity goes as

Mg >Ca>Li>NH >Na>K

Such polyphosphates have very high energy content and
if the complex 15 broken enzymatically to release the Na ionsa
very high ratio of energy change to sodium excreted would
appear 'y, ption of the phosphate would be
required and also the regeneration of the energy rich poly:
phosphate. Likewise, the high degree of inhibition praduced
by N/1,000 cyamde, presumably upon a metallic respiratory
enzyme or enzymes with high redox potentials, is not favour-
able for the interpretation through a polyphosphate cycle.

On_the other hand the formation of a complex with &
metallic respiratory enzyme has the advantage of immedl'ﬂfely
explaining the sensitivity to cyanide as well as affording 8
direct link between electrical energy and the performance of
osmotic work. Thus a redox potential of such a system may
be presumed o change in relation to the osmoatic work per-
formed in the stage of oxidation, as the potential of 2 flavine
system alters with the H ion concentration.

\
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six wecks on a potassium-free diet. As to_ the second question, we
haven't any experimental data on relative functmmng. ‘They would
be of much interest.

Givspunc: In making the sodium yeast, can you increase the rate
of sodium uptake by the yeast by using the polyphosphate complexes,
which may enter the eell more qunckl)?

Conway: We haven't tried it. It is possible but I think it wsn't
likely, owing to the very high polanty of that phosphate complex.
We did try to-get in other phesphate compounds years ago, hexose
phosphate esters and 50 on, 1 conjunction with sodium and potassium,

but they didn’t enter.

Ercurieercer: I'd like to know, Professor Conway, if you have tried
changmg the pH’s of your solutions or did you slways work at the
same

Co\?w.n" In sodium entrance we have varied the pH extensively,
but we haven’t yet varied the external pH with the active extrusion,
These are very recent experiments.

Core The thing that strkes me about these experiments with yeast
1s that one seems to be able to do a lot more with the pH of the external
medium than one can ever do with animal cells. With a pH of Iess than
2 one can still have a perfectly healthy yeast Presumably the balance
between the external and internal pH and the external and internal

of sodivm and i must show some very funda-
mental difference from the average animal cell. So although there
raust be some bastc similanty, there must also be a fundamental point
of difference there.

Conway: T think the passage of electrolytes across the yeast mem-
brane 15 very different from the passage across, say, the muscle fibre
membrane, but 1t is very hkely that the active extrusion of sodium is
a general phenomenon. If one takes a suspension of resting yeast cells
and measures the rate at which labelled potassium enters, it 1s extremely
slow. Now if you shake such a solution vigorously with oxygen, you
get a very much increased rate of potassium entrance, which can be
inhibited ‘again by respiratory intubitors The whole process of the
passage of the ions across these membranes seems to be very much
regulated by energy effects and resprratory enzymes. That s almost
necessanily so for plant cells Plants seem to have originated in the
early marine environment in regions where much ran diluted the salt
water at the extreme edge of the ocean, and lowered the osmotic
pressure and electrolyte content. The cell had to fashion a non-
distensible membrane in order to prevent these big osmotic changes
from having a destructive effect ~One might say that they gained
secunty but lost independence.

CoLe: About the active effect of corhcolds Professor Conway men-
tioned gt the and nf hag manaw  with camand $ ende

[ A o
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six weeks on a potassium-free diet. As to the second guestion, we
haven't any experimental data on relative functioning. They would
be of much interest.

Ginssure: In making the sodium yeast, can you increase the rate
of sodium uptake by the yeast by using the polyphosphate complexes,
which may enter the cell more quickly?

Covway: We haven't tried 1t. It 1s possible but I think it isn't
ikely, owing to the very high polarity of that phosphate complex.
We did try to_get in other phosphate compounds years ago, hexose
phosphate esters and so on, in conjunction with sodizm and potassium,
but they didn’t enter,

ErcurLerger: I'd hike to know, Professor Conway, if you have tried
changing the pH's of your solutions or did you always work at the
same pH? -

Conway* In sodium entrance we have varied the pH extensively,
but we haven’t yet varied the external pH with the active extrusion.
These are very recent experiments.

Lo Tha thine thas cta'lae ma ah e thaea aympsimanty wesh san-t

between the external and internal pH and the external and internal
concentration of sodium and potassium must show some very funda-
mental difference from the average anunal cell. So although there
must be some basic sumilanty, there must also be a fundamental point
of difference there. -

Coxway: I think the passage of electrolytes across the yeast mem-
brane is very different from the passage across, say, the muscle fibre
membrane, but 1t 1s very likely that the active extrusion of sodivm is
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passage of the 10ns across these membranes seems to be very much
regulated by energy effects and respiratory enzymes. That 1s almost
necessanly so for plant cells Plants seem to have ongmated in the
early marine environment in regions where much ram diluted the salt
water at the extreme edge of the ocean, and lowered the osmotic
pressure and electrolyte content The cell had to fashion a non-
distensible membrane in order to prevent these big osmotic changes
from having a destructive effect.  One mught say that they gained
secunity but lost independence.
CoLe: About the active effect of corticoids Professor Conway men-
tioned at the end of hie nanes 2o s s nebe T
*hat conre extee v . .
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DISCUSSION
Core. I was interested in the first shde that Professor Conway
howed, the one where the rats had been kept on a high sodium, Io#
otassium diet, and were then restored to high potassium, low sodium
jet; because it seemed that when the muscle potassium and plasmll;
otassium values had reached normal level, the sodium vwas st
levated. It’s rather interesting to know in what form that eleva
adium was present in the cell.  Would it be in an iome form, or "“‘i
f these unionized forms of which we’ve heard? And supposing
ras in jomzed form, to what ions is 1t Iikely to Pe nsiocialfd? B:sﬂ‘fﬁ
ha
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six weeks on g potassium-free diet. As to _the second question, we
haven't any expenimental data on relative functioning. They would
be of much interest.

GiNsBURG: In making the sodium yeast, can jou increase the rate
of sodium uptake by the yeast by using the polyphosphate complexes,
which may enter the cell more quickly?

CoNway: We haven't tried 1t. It 15 possible but I think it isn't
likely, owing to the very high polarity of that phosphate complex,
We did try to-get in other phosphate compounds years ago, hexose
phosphate esters and so on, in conjunction with sodium and potassium,
but they didn’t enter.

Ercncieercer. I'd ike to know, Professor Conway, if you have tried
changing the pIl's of your solutions or did you always work at the
same pH?

Coxway* In sodium entrance we have vaned the pH extensively,
but we haven't yet varied the external pII with the active extrusion.
These are very recent experiments,

Cour: The thing that stnkes me about these experiments with yeast
is that one seems to be able to do a lot more with the pII of the external
medium than one can ever do with animal cells. With a p of less than
2 one can stil] have a perfectly healthy yeast. Presumably the balance
between the e\rt'ernal and internal pH and the external and internal

CoNway: 1 think the passage of electrolytes across the yeast mem-
brane 1s very different from the passage across, say, the muscle fibre
membrane, but 1t is very likely that the active extrusion of sodium 1s
a general phenomenon. If one takes a suspension of resting yeast cells
and measures the rate at which labelled potassium enters, it is extremely
slow, Now if you shake such a solutron vigorously with oxygen, you
get a very much ncreased rate of potasstum entrance, which can be
mhibited ‘again by respiratory mhibitors. The whole process of the
passage of the ions across these membranes seems to be very much
regulated by energy effects and respatory enzymes. That 15 almost
necessanily so for plant cells Plants scem to have originated 1n the
early manne environment in regions where much ram diluted the salt
water at the extreme edge of the ocean, and lowered the osmotic
pressure and electrolyte content. The cell had to fashion a non-
distensible membrane in order to prevent these big osmotic chan,
from having a destructive effect. One might say that they gamed
security but lost independence.

CoLE- About the active effect of corticoids Professor Conway men-
toned at the end of his paper—with regard to sodwmin particular
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expeniments* in particular, and also from some experiments I have
done myself, seems to indicate the contrary, that there is a loss of
sodium from tissues, muscle tissue particularly, that 1s no! balanced
by a loss of chloride. If the effect were simply due to a fall of chloride
and sodm in the plasma, the chlonide and sodwm in the muscle
should fall to a similar extent: but in fact the sodium seems to falt much
more th‘an the chloride does, which would indicate an activf, eﬁgct

adrenal tends to balance up any changes that occur 1n the body, or
whether there 15 some other factor involved, I don't know. "
o\ b . B PR AP

the other hand, if the permeability 1s damped down and the mechanism
still pumping away, you will have the reverse effect, That’s not to s3y

1 wondered whether the content of water ivas normal throughout.

Conway: Offhind, I cannot give you the exact data for that, but the
changes were not impressive, .

ScrrLp. There was one point I wasn’t quite clear about. You had to
have potassium outside mn order to get your sodiem wactivated. DW;
that mean that the potassium actually went 1n in exchange for sodxunl\
In that case lt‘:vould not necessanly require fre.c energ t was only

e anrld he

1
necessanly proves an active extrusion process, because cyand

the cell membrane constitutton.

e alters
. + m mealye

to produce any serious effects on the rane per se. Now
ghep condition of sodium 1 the cell, you raised the question that it may
be localized 1 the cell?

- —— r Aerrame ® 0 aemg, R, and Mavoow, G H-

snar, W, (1042). J. ol Chem »
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Scmin: Yes, Iam thinking in terms of an ion exchange.

Cowway: All I can say is that if there are 50 milliequivalents of
sodium 1n the yeast cell it is reasonable to suppose that they exist free
just as in animal tissue cells.  If they were bound 1t would indeed be a
difficult matter to consider just how they were bound. It would require
an ion exchange process with a very lgh degree of specificity for
sodum. There’s a lot of potassium nside the cell



REGULATION OF INTRACELLULAR POTASSIUM
AND RELATIONSHIP OF THIS REGULATION TO
RENAL EXCRETION OF SODIUM AND POTASSIUM

J. 4. LUETSCHER, Jr.

Tas introduttion of the subject of cellular potassium will
be somewhat oversimplified, since the chnical observer deals
with only the most obvious factors in a complicated situation,
using rather crude but laborious methods to obtain a mimmum '
of basic information necessary for the treatment of the patient.
The balance of intake against output and the analysis of
tissues are so tedious that they provide only retrospective
help. For the care of the patient, we must use rough estimates
of mtake and output, the level of potassium and of other °
electrolytes m the serum, and the manifestations of extreme
variations in the ratio of extracellular to intracellular potas-
sium trations on lar function as observed
in voluntary muscle and in the heart.

In the normal man, a generous supply of potassium en
the body every day with the ordinary diet of natural food-
stuffs. When this mtake is reduced by refusal of food, by sn
artificial diet, or by serous disease of the gastro-intestinal

tract, a gradual depletion of cellular potassium ensues. In
most cases, deficiency of potassium 1s rapidly corrected when
food intake returns to normal. Less commonly, excessive
loss from the gastro-intestinal tract or from the kidneys is
responstble for potassium depletion.

The potassium absorbed from the dietary intake enters the

blood stream and becomes available to the extracellular fluid

from which it may be taken up by the cells. The concentra-
C e ) - ALs eoces oMo flyids §s maintained at 8

ters

. - ot \ active renzl excretory
. . ' cope with the ordinary
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vanations in potassium excretion and which can adapt to
secrete very large excesses under unusual conditions. It is
rare to see potassium intoxication except when renal excretory
function is impaired by (hsczme or by severe functional
derang Less ly, defi of potasstum may
oceur by excessive renal excretion, usually in response to some
stimulus which forces the kidneys to excrete potassium, rarely
due to disease of the renal tubules with chromc acidosis. A
rough estimate of the role of the kidneys 1n a given situation
may be made by & companson of the serum level with the rate
of urinary excretion of potassitum. If the kidneys are carrying
out their normal homeostatic function, very large variations
of urinary potassium may occur in response to the need for
conservation or ehmination of potassium, with shight variations
in the level of potassium 1n the serum. On the othér hand, if
the kidneys are responsible for the disturbance, the urinary
excretion may be changed in an inappropnate direction, so
that, far from compensating for the disturbance of serum
potassium, they may be aggravating the trouble.

Most of the potassium in the body s held within the cells
by forces which Professor Conway and other members of this
group will discuss. It appears that the serum potassium
concentration is not the only decisive factor determimng the
movements of potassium into and out of the cells. From
the available potassium passing through the body each day,
the cells withdraw the quantities necessary to carry on therr
functions of growth, storage, or metabolism. Any excess 15
released. The volume and composition of the extracellular
fluids are too small and too constant to affect the external
balance of potassium more than slightly or briefly. Much of
our information on cellular potassium comes from a considera-
tion of total daily balances. When a supply of potassium is
presented to the cells, some estimate of therr state of depletion
arrepletion may be made from the amount which they take up;
but this 1s not an nfallible index, since they may slmply not
be able to accept the added quantity at the time. It is con-
ventional in such balances to take mto account the balance of
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nitrogen and any major changes in the stores of earbohydrate,
50 as to try to separate those exchanges of potassium which
are obligatory for other metabolic functions from exchanges
due to simple shifts of fluid and electrolytes.

In studying patients in a general hospital, it soon becomes
evident that some degrce of potassium depletion is almost
universal. In part, this s due to the loss of appetite and to
the poor fluid mtake which is so common in seriously ill
patients. Dehydration simulates the exeretion of potassium,
while a poor intake of food reduces the supply. The acidosis
of starvation, as well as other forms of acidosss, increases the
loss of potassium in the urine. The intravenous adminstra-
tion of saline and glucose solutions usually leads to the excre-
tion of still more potassinm,

In acute injury to tissues, there 1s a characteristic release of
potassium from cells into the extracellular fluid, and thence
into the urine. This may in some cases be due to a simple Joss
of potassium from the site of injury, when large masses of
muscle are involved, as in a crushing injury. In other cases,
the losses of potassium are out of all proportion to the local
damage, but seem to reflect a gencral intoxication. Such 2
release of cellular potassium occurs after a surgical operation,
often preceding the characteristic release of nitrogen fror.n
inereased catabolism of protein. It seems probable that this
release of potassium from the cells 1s mdependent of renal
function and of the extracellular potassmum concentration,
since if renal function 1s impaired, the serum potassium con-
centration may rise to very hugh levels at this time without
any external source of potassium. When renal excretory
- function is normal, very large quantities of potassium may be

necessary to keep the patient in balance, since muc13 of the
injected potassium is lost in the urine. A practiculldxmculty
arises if treatment is attempted at this time, since such large
quantities of potassium may be dangerous if there x's.cvcﬂ a
momentary reduction of renal function. One gets the impres
sion of fighting the natural eurrents of cellular release and of
oo ced renal excretion, and quite possibly doing more harm
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than good by interfering at this stage. After a few days, when
the whole acute proecess is over, the tide turns and large
quantities of potassium are retained by the cells. If adequate
supplies are not available, the concentration in the extra-
cellular fluids may fall sharply, sometimes low enough to be
dangerous, and may remain subnormal until the patient starts
to eat again or until enough potassium is given by vein. Here,
again, the cellular activity dominates the picture, with the
removal of potassium from extracellular fluids of low concen-
tration and often with a minimum of co-operation from the
kidneys, which may continue to excrete potassium because of
other obligatory functions.

The magnitude of the exeretion of potassium after trauma or
operation 1s roughly proportional to the severnily of the injury.
It is almost certamnly a part of the general, non-specific
reaction to stress in which the adrenal plays such an important
part. It 1s interesting to note that the effect of m]ury on
potassium balance 1s quite comparable to the ab %
which 1s seen 1n patients with Cushing’s syndrome and in other
patients recewving crystalline adrenal cortical steroids or the
adrenocorticotrophic hormone of the pituitary.

A sharp increase 1n potassium excretion follows the admimi-
stration of deoxycorticosterone acetate. A similar effect
occurs when ACTH 1s in]ected while a somewhat less regular
and less impressive increase in potassium excrehon follows the
injection of cortisone acetate. The prol ration
of large doses of these substances frequently results in a
reduction of the serum potassium level, which may be
associated with climeal signs of potassrum deficiency. Just as
after mjury, the data can be best explamned by postulating
both that the cells generally release potassium nto the extra-
cellular fluid and that the kidneys exerete potassium more
actively. If the renal capacity for the excretion of potassium
is impaired, as in the terminal stage or in some forms of the
degenerative stage of nephritis, large doses of cortrsone may
lead to a mise in serum potassium concentration, which falls
again when the hormone 1s withheld. On the other hand,
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when renal function is normal, a large intake of potassium is
necessary to maintain equilibrium in patients receiving large
doses of active adrenal steroids or mn patients with Cushing’s
syndrome. Even with a high potassium intake, the temporary
balance does not necessarily mean that intracellular potassium
has been restored to normal, for after withdrawal of the
hormone, a further retention of potassium may be seen. If
withdrawal is abrupt, surprising changes may occur. Follow-
g the removal of a tumour of the adrenal cortex in a patient
with Cushmg’s syndrome, one might anticipate acute adrenal
msufficiency with the usual inecrease in serum potassum.
Occasionally, however, a dangerous fall in serum potassium
may occur within the first few hours, reminiscent of the rapid
depletion of the extracellular lmd durmg recovery from
diabetic acidosis.

It is possible to oppose the effects of the adrenal cortical
steroids to some extent by the administration of androgenic
hormones which stimulate anabolic processes. Testosterone
reduces the cellular losses of potassium and nitrogen swhich
follow the stimulation of the adrenal cortex by ACTH. Some
caution is necessary, however, especially in the use of corm-
bined deoxycorticosterone and testosterone treatmentin
adrenal insufficiency, since the stimulation both of ‘rcnal
excretion of potasstum and of uptake of potassium by the
cells may result in a serious depletion of the extracellular
{luid potassium,

These Interpretations are largely based on inferences,
because the defects m our methods of study make dircet
measurements of cellular composition difficult. Analyses of
tissues during potassium depletion show a reduced content
of potassium, but the results are somewhat complicated by
the increased volume of extracellular fluid associated with tl{c
coincident re‘tcntion of sodium. The retention of sodium I

PR N

usu v --ver, and it may
be . fum from the
H . . + ycorticosteron€

diel
.acetate in arthritis, we had the opportunity to observe 2

e, .~
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patient receiving as much as 100 mg. of DCA per day. Since
this patient was taking a diet which contained virtually no
sodium, there was no clinical evidence of an increased volume
of the extracellular fluid, although the serum sodium con-
centratjon rose about 10 m. eq.jl.; but evidences of potassium
depletion appeared even though the potassium ntake was
maintained at a very high level.

The interaction of sodium and potasstum salts remains a
matter of great interest. The admimstration of sodium salts
dilutes the extracellular potassium, increases the renal
excretion of potassium, and results in a loss of cellular

with some repl by intracellular sodium.
The details of this } and of the app pharmaco-
logical antagonism of sodium and potassium are not entirely
clear. Nevertheless, these actions make sodium salts useful
in the treatment of potassium intoxication, but potentially
dangerous when potassium stores are depleted. We have
recently observed an interesting counterpart 1n the develop-
ment of potassium intoxication in some patients suffering
from severe depletion of sodium.

Several other ions affect the distribution of potassium.
Darrow has demonstrated the association of potassium
depletion with chloride depletion and alkalosis, The most
striking clinical manifestation of this relation -appears in
pyloric stenosis, where the great loss of gastric secretion leads
to chloride depletion and alkalosis, and then to potassium
deficiency which must be dealt with before the alkalusis can
be corrected.

‘Whether these relationships are due to conditions lmposed
by the kidneys or by cells generally, and what part the adrenal
plays 1n mediation, are questions which remain to be
answered. The therapeutic implications are clear, however.
We must consider alkalosis and potassium deficiency
~together whenever either is evident. - Sodium bicarbonate
or lactate should not be used in the treatment of diabetic
acidosis without consideration of 1ts effects on potassium
equihbrium,
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In summary, it scems possible to separate to some extent
the effects of the adrenal cortical steroids on the extracellular-
intracellular exchange of potassium from the effects on renal
excretion, by comparing their actions 1n patients with normal
and impaired renal function. If such & separation of actions
is accepted, a number of other chnical observations can be
rationalized.

DISCUSSION

Ercnersercer: I would hike to ask Dr. Luetscher if 1n any of these
patients he could possibly have taken any muscle biopstes? I thmk
with a bropsy you could have shown what your cellular potassium was,
and also what the extracellular flmds were at the time,

Luetscuck: Analysis of muscle should give the most direct mnfor-
mation on intracellular electrolytes. We have seldom done such
analyses because of some difficulties and uncertainties. Few patients
are enthusiastic about biopsy for chemical analysis The methods are
tedious and therefore useful only n retrospect. Finally, there 1s the
problem of interpretation. There seems to be much varmation n the
basis for expresston of the analytical data. My feehing about biopsy
analyses is that they must be very valuable, but that I often dom't
know what to make of the figures after I get them. Dr. Eichelberger
has had a great deal of experience with tissue analysis. If we had her
help in performing and mterpreting the analyses, I am sure that we
should use them often.

E; GER: As I und, d it, in this type of work we have to
work with patterns and methods of portrayal of thesc patterns. These

it . . .
Femoval of a cortical tumour, and I should hike to know if you were
able to do potassium clearances before and after interventron in this

case.
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Luetscien: 1 don't know of any muscle analyses 1n familtal pertodic
paralysis,

Gross: You mentioned loss in plasma potassium under cortisone
treatment. Contrary to this, we observed n cortisone-treated adrenal-
ectomized dogs an increase in plasma potassium, and also signs of
adrenal insufficiency. Only under simultancous treatment with deoxy-
corticosterone was normal plasma potassium obtamed.

Luetscuer: Did that go on for a period of time?

Gross Yes. After about one week of treatment with 10 mg.-25 mg.
a day in dogs of about 12 kg

Luerscier  There are many that deoxy
and cortisone may be diffcrent i the relative strength of thewr actions

' . - ' *  bably reflect differences

o ‘ Were they doing well?

Unuos Sus.

Gaunt What happens if you just keep them on cortisone?

Gross. They develop insufficiency within a week.

Conwav We found quite the opposite effect m_adrenalectomized
rats with cortisone There was a very substantial decrease m plasma
potassium.

ForLey Plasma potassium would be high in untreated adrenalecto-
wrvrnd Anmn wraadAnds 188 D 18 An arnee poer Shont +F Shonss mn 5 ¥ A ambenann

can reach nearly the same levels as n untreated amimals
Conway. Was 1t with cortisone or cortisone acetate?
Gross: Cortisone acetate, 10-25 mg per day.

Trromeanmn | 4hanl- 6 1q alanm #lnt 1o nedam 6n —ab clan

sau LLElL BIVED, 1 UAVE LU UOUBL LdL Lue seruin pulassium would have
fallen

Conway I agree with Dr, Luetscher on that point, because n rats
until we gave these large doses we did not get any effect at all. When
we gave 2 mg. of cortisone acetate, which 13 a high dosage, then we
got a fall in potassium

Verzir Expeniments by Dr Wirz m our laboratory on adrenalec-
tormized rats and cats showed that without treatment plasma sodium
d Da‘lly it of 1 or 2 mg.

AF Ao anct
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In summary, it scems possible to separate to some extent
the effects of the adrenal cortical steroids on the extracellular-
intracellular exchange of potassium from the effects on renal
excretion, by comparing their actions in patients with normal
and impaired renal funetion. If such a separation of actions
is accepted, a number of other clinical observations can be
rationalized.

DISCUSSION -

EscunLotroin 1 would like to ask Dr. Luetscher if in any of these
patients he could possibly have taken any muscle biopstest T thik
with a biopsy you could have shown what your cellular potassium »as,
and also what the extracellular flutds nere at the time,

LuEetscier: Analysis of muscle should give the most direct infor-
mation on intracellular electrolytcs. We have seldom done such
analyses because of some difficulties and uncertainties. Few patients
are enthusiastic about biopsy for chemical analysis  The methods are
tedious and therefore useful only in retrospect. Finally, there 1s the
problem of interpretation. There seems to be much vanation 1n the
basis for expression of the analytical data. My feehing about biopsy
analyses is that they must be very valuable, but that I often don't
know what to make of the figures after I get them. Dr. Bichelberger
has bad a great denl of expenence with tissue analysis. 1€ we had het
help in performing and interpreting the analyses, I am sure that we
should use them often.

ExcneLorrcen: As I understand it, in this type of work we have to
work with patterns and methods of portrayal of these patterns. Thes

“ Lastorre: I was ve in the potassi tion after
femoval of a cortical tumour, and I should fike to know |g you “;"C
able to do potassium clearances before and after intervention in this

case. B T TP SN

certain psychological diucuites, 10U 10 alleinpL suen dliaiy o

be most interesting,
» "I‘,l:-eﬂy You don't know 1f any such studtes have been made, do you?



THE CONNECTION OF CARBOHYDRATE AND
POTASSIUM METABOLISM, IN RELATION TO
- THE ADRENAL CORTEX

F VERZAR

CuaNGES in potassium and in carbohydrate metabolism are
characteristic of adrenal cortical msufficiency, and corticods
restore both of them. I wish to collect in the followmg lines
some points which prove this connection and allow certain
conclusions to be drawn on the nature of the activity of the
corticoids.

The following observations were made on normal animals.

(a) In muscular contraction, when glycogen 1s broken down,
Ppotassium is set free and can be shown in large quantities 1n
the venous blood of the muscle (Verzar and Somogyi, 1941).

() After intravenous injection of glucose a hyperpatasst-
#mia runs parallel with the hyperglycemia (Somogyr and
Verzér, 1940).

{c) After an intravenous adrenaline injection, together with
the rise in blood sugar, K also mereases in the blood (Verzar
and Sombgyi, 1942),

All three reactions are lacking in the adrenalectomized
animal. 1f the connection in the case of (a) could be criticized
on the basis of asthenia, this is hardly possible for (b} and ().

We have then shown (Verzar and Pulver, 1910, 1941) that
when yeast produces glycogen from glucose, potassium is
absorbed. When the glucose was fermented, the K became
free again. In the same year, we showed this also for (horse)
leucocytes, a fact which has remained, 1t seems, unknown and
mught therefore be reproduced here (Fig. 1), Lately we have
shown the same also for the 1solated muscle (diaphragm of rat

and ;ﬂaduminal muscle of the mouse) (Verzir and Leupin,
1950).
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and potassium in the plasma with cortisone as well as with deoxyeorti-
costerone. Cortisone acts quickly and disappears quichly, while DCA
acts slowly.

WINTER: In coronary patients the so-called side effects of cortisone
are often those which are seen in deficiency, an: fh
patients require additronal potassium while they are under treatment
with cortisone. -

Lurrscurn: Potassium deficrency occurs with prolonged use of very
Iazge dosage. The resp to chronic admi ion of these steroids
varies a great deal from patient to patient, and one eannot predict
that such a change will occur; but it occurs 1n a certain proportion of
the patients who are mven moderate doses for a long pertod of time.

Winter: The psychotic phenomena which have been oecasionally
observed under treatment with ACTH or with cortisone have been,
at least 1n some cases, successfully combated by giving rather larger
doses of p i Also di changes
indicate low potassium.

ZuckrrvaN: Are these psychotie side effects of cortisone more or
less universal?

WiNTLR: Oh no, they occur only mn an occasional patient.
Zuckervan: But sufficiently frequently for you to ntlmch sigmﬁ.cnnt:

Pt it . A O A

at the same time as the potassium depletion, and that one could see
whnmmap wm tha alastmmanssmhalacenos suhink sware alea anmirring at

psychotic manifestations which follow cortisone or ACTH are related
to potassium deficiency, because we have seen them occur very rapidly
in patients who were on s high intake of potassium, and without any
changes in the serum potassium level. It seems that menntn} dis-
turbances may be a possible i ion of p

but I doubt very much that ths is the regular or ordinary cause of the
psychological disturbances .
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Verzr and Pulver (1910) had found that jodoacetic acid
inhibits the K uptake of cells. This was confirmed by
Rothstein and Enns {1946) and by Orskov (1948) who found
that NaF and urethanc did not inhibit this reaction. Many
other substances which this cell metabolizes, such as acetic
acid, acetaldehyde and cthylene, produce K uptake also,
but only after o longer latency. Cowie, Roberts and Roberts
(1949) in two papers, have treated the problem extensive ely
with B. coli comm. They used radioisotope 4K and confi
all our former findings. K can be replaced by Rubidium.
Their main result is that K is needed during glucose glycogen
metabolism to prod fructose-1-6-di ' P
the ion b glucose-6-pk _L e and phosp! lym-
vate. They contradict Conway’ s view thatan H -10n exchange
explains the phenomenon. Muntz (1947) had supposed from
his experiments that K* is needed to activate an enzyme to
produce fructose-1-6-phosphate. But since 2 K* are taken up
per one mol glurose, Cowie and Roberts believe that K forms
the diphosphate in this reaction.

Thus the phenomenon, seen by us 1n lencocytes, yeast and
muscle, is of general biological importance. Potassium 15
taken up with production of energy in cell metabohsm. I
myself -have emphasized (1943) that the meamng of this
reaction might be the production of “bound” potassium n
muscle. In the myofibrils, glycogen and potassium form a
complex with the protens of the myosin group, and the
production of this comp]ex might be the point of this reaction.
In other cells potassium is related mainly to the factors of
the excitation process. If this 1s so, the disturbance of this
basic process of carbohydrate metabolism, Imked with K
metabolism, must lead in adrenal cortical insufficiency to

“disturbances of muscular activity (adynamia, asthenia).

We have called attention (Verzar, 1950) to the connection
of these findings with the curious fact that corticosteroids,
mam]y cortlsone, whiclr increase glucose and glycogen

oid arthritis, a disease of local
muscular origin, in such a favourable way, as is now generally
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.

This coupling of glycogen production with potassium
uptake which Verzdr and Pulver (1940) found with isolated
cells, was confirmed by Leibowitz and Kupermintz (1942)
with I3, coli, by Dixon (1919) in brain tissue, and by Danowsk:
(1941) and Harris (1941) n erythrocytes. i

Conway and Breen (1945) replaced K by NH, in yeast. It
is certainly a speemlity of the yeast cell that in spite of thisit
continues its normal carbohydrate metabolism. Conway and
Malley (1946) gave an explanation of this reaction on the
basis of an exchange of H* with K*, and = lively discussion _
started about this mechanism.

Leutacytes (500 000fper ma?)
my% ——
ko aPotassim

© 810 20 30 40 50 §0 — 120 Min

Fie 1. Uptake and release of glucose and potasstum by leuco-
cytes m vitro.

Between 0 and 10 min. glyeogen 15 produced from glucose 10 ,
the leucocytes (after Willstatter and Rohdewald) which is then
fermented to lactic acid

(After Verzar, J , and Pulver, R., 1940 )

Muntz (1947) working with a yeast autolysate found that if
neither K+ nor NHg* was present, glucose was only fermerffved'
to the hexose-monophosphate stage. Lasmtezki and Szoren}:
(1935) had already found an inerease of fermentation with K

and Farmer and Jones (1942) found the same for NH;*.
T e * v e YT+ g necessary

.] : 1 and Ziegler
' ** ntz therefore

the rble of K in this reaction.

(rvre) n
rejected
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DISCUSSION

Conway I can go a certan distance with Prof Verzér, and then we
part company. hen one considers the entrance of potassium ions
into muscle, they must be balanced by anions
mside (or else of course the potassium must be largely bound 1n some
unknown way, but that 1t is not so bound I tiunk 1s obvious from the
effects of osmotic pressure and many other considerations). Therefore,
1f there 15 an increase or a decrease in these non-diffusible anions, we
must necessanly get an increase and a decrease 1n the potassium One
might perhaps divide the question it two, and take on the one hand
potassium permeability, and on the other hand the potassum net
increase or decrease The latter 1s our immedrate concern  Now 1t 15
clear that if there are any marked metabolic changes inside the fibre,
as oceur when glucose 15 being ramdly used or stored, you get a change
R the non-diffusible anions ~You get a change in the hexose esters,




H2 F. Verzin

flcccptcd. The extraordinarily quick reaction after cortisone
is o proof that the immobilization of joints was by a reflex
motor-inhibition. While rheumatoid arthritis 15 certainly
not of adrenal ongin, we have called attention to muscular
pain which occurs in adrenal cortical nsufficiency also
(Hedinger, 1950; Thorn, 1949). Free potassium in muscle
15 extremely pamnful (Baumer, 1924; Habler and Hummel,
1928; Moore and Singleton, 1934; Harpuder and Stein, 1943;
Fleckensten, 1950). We have therefore put forward thé
working hypothesis that a local disturbance of the enzyme
reaction which fixes potassium in the muscle exists in rheuma-
toid arthritis. This causes pain and reflex inhibition and this
can be restored to normal with adrenal corticosteroids, leading
to quick changes of activity. I mention this as a sidelne
which shows where an understanding of the connection of
these enzyme reactions with cortical hormones might lead
in the future.
Summary

The fact which I wish to emphasize is that the uptake of
potassium 1s coupled with the energy production of cells.
Glycogen production leads to potassium uptake and fixation
in the cell. The mechanism is still unsolved. It might be
simply an ionic exchange; or a process of formation of a
dipotassium-fructose-1,6-phosphate; or even a transfer of
potassum to enter mto complexes with speeal cellular
protems. This process seems to be disturbed in adrenal
cortical msufficiency, and 1s stimulated by corticosteroids.
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1o show that potassium ions can move in and out passively in relation
to the accumulation or decrease of non-diffusible anions. I am in
agreement so far, but I do think that although Professor Verzér may
not have explicitly stated it, he seems to 1mply that potassium jons
do have some, shall we say i on earbohyd
metabolism.

Verzir- No!

Coxway* But I am firm on that point of the exchange of potassium
and hydrogen 1ons in yeast during short period fermentation. I do
think that process is quite a difcrent one from the accumulation of
potassium 1ons in muscle.

Verzin: I would Iike to say that I never looked upon experiments
on the yeast cell as anything but a model, and I certainly would not say
that what 1s true 1n the yeast cell 1s true 10 muscle. That the yeast
cell 15 totally different, Professor Conway has shown by the exchange
of potassium with ammoma n the yeast cell No warm-blooded animal
cellcan do that  But alse with muscle and 1n leucocytes, we come to the
result K P with glycogen while
potassium hib from the cellsi dwithglycogen

I think one should 2lways remember that there aré two parallel
things going on in the cells, diffusion and metabolie processes. In the
experiments on sugar 8bsorption from the intestine, we could never
get free from the smple osmotic diffusion processes, which depend
every moment on the osmotic pressure 1nside and outside the cells.
But besides these, there are the synthetic processes inside the cell which
might modify osmosis,

CoLe With regard to the general proposition that 1s being discussed,
1t seems to me that if you consider this question of the relstion of
electrolyte balance between the cells and their environment to any
metaboltc changes which may occur within the cells; if you take the
imterrelationship between them, 1t seems to me that ultimately the an-
swer must always be yes. Because if you change, to start with, the
free energy of the electrolyte aspect of the system, that change, either
uptake or expenditure, must come from somewhere. It obviously
can’t come from the electrolyte shifts, it must presumably come from
some phase of orgamec metabolism  Secondly, 1t seems that if we have
some active process going on in the tissues (for example, as Frof. Conway
proposes, continual sodium_extrusion mn the cells) then that agamn

ol Some of thocs harmnnoss crnmasns she nae
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and you may concervably

1

l.’ror. Verzdr pave a number of instances which he endeavoured to
unify and to sunphfy, but to my mind it is an over-simplfication to
consider the rapid entrance of potassium into the yeast cells dunng
short period f jon as being equival to its entrance into
muscle. He also referred to diffcrent explanations of this potassium
shift and sard that I had put fornard a theory that it 15 due to inter-
change of potassium jons and hydrogen ions. Tt is not a theory;itisa
fact, for the conditions sturlied.  Jf onc has outside the yeast 5 per cent
glucose and N/10 potnssium chloride with equal volumes of yeast cells
and suspending flwd, then if the composition of the outside fluid [
determined after 40 mnutes fermentation, one may find an mncrease
of approximately 20 m.eq. of free hydrogen ions, and a sponding
disappearance of 20 m.eq of potassium fons. I don't see how there
ean be any other explanation in such simple conditions where iohs
must balance each other, than that the hydrogen ions have exchanged
for potassium, While potassium rons exchange for hydrogen 1ons there
is an indircet and equivalent alkalinization inside the cells. N/500
azide is sufficient to cut out all this process but docs not influence the
overall carbohydrate metabolism, except to increase it. ‘Furt!ler.
when potassium enters the yeast cell 1n such a manner it is mainly
balanced inside the cell by ‘bicark jons. The ci of
rapid entry of potassium into the yeast cell are obviously very different
from the phenomena in muscle. To lLink the two together is scarcely
Justsfied  In conclusion, therefore, I am glad to say that we are in
agreement concerning a general relation of carbohydrate metabolism
to potassium exchanges but disagree on some related matters.

Zuckerman: Professor Conway, 1n this dividing of the ways, do you
reject some of the evidence which Professor Verzar has brought forward
or do you reject part of his main proposition? -

Conway: I reject the proposition of the unification of this problem
as a single process. B

ZUCKERMAN: Can you agree with any part of the proposition? IfI
understood Professor Verzér correctly, he was demonstrating that
changes in potasstum can be indirectly related to other metabolie
changes. In the same way he provided us with same evidence to Fh‘;W
that changes in cellwater occur 1n parallel to these other metabole
changes. Some of lus evidence I understand you accept; some Y‘“:
reject. You reject that on the yeast Do you in consequence rej¢C
his main _proposition Lth‘:xt t&e sl’ufg in potassium is an indirect conse-

'
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generally insoluble in water, we have used them in the form of
a hydrosol easily obtained by addition of a suflicient quantity
of Tween 80 (between 10 and 20 per cent by weight of the
volume of preparation, according to cases).

We will set forth later the results obtained on groups of six
rabbits. Sometimes an increase (rare), sometimes a fall of
alkaline reserve has been noted; this fall, moreover, 1s only
transitory and is followed directly by an increase. As we will
show later, the rapid increase of alkaline reserve can be related
to an alkalotic state and 1ts initial fall to an acidotic state.

On account of its being hydrophilie, the rdle played by
cholesterol 1n tissue hydration had been one of the first
observed, the lipocytic ratio (cholesterol/fatty acids) control-
ling the quantity of water absorbed by a tissue. Simce, so
far as we know, 1ts possible influence on mmeral metabohsm
had never been demonstrated, we considered that it would
be interesting to begin our researches by study of this sub-
stance.

As can be seen 1n Table I, our eflorts were immediately
rewarded, since intravenous injection of 2-5 cg. of cholesterol

Table T
INTRAVENOUS INJECTION OF 2 5 €G. OF CHOLESTEROL

Alkalwne reserve
Bejore snyechion | 6 to B hours after | 23 hours ofter
Rabbit No, 1 . 43 8 443 458
Rabbit No 2 309 26 6 ‘849
Rabbit No, 8 414 46 2 50 0
Rabbit No 4 42 8 52 6 519
Rabhit No 5 328 az 8 828
Rabbit No. 8 350 a8 5 40 4
Averages 88 2 418 425

was soon followed by an mcrease in the alkaline reserve, an
mcrease which was maintamed on the average over 24 hours.

These results seemed to pomt to an alkalinic action of the
cholesterol. e had previously shown (Lecoq, 1943) that, on

i
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Warer metabolism depends on ids, This is today &
well established 1den and abundant proof has been given of
this intervention by workers 1 many countries, But the
displacement of water usually observed in endocrine dys-
function which entails insufficient or excessive production of
certain steroids, cannot be imagined without a disturbance
in the metabolism of salts jnted with water in its mobili-
zation. Therefore it appears to us difficult to discuss the
action of steroids on water metabolism without speaking at
the same time about the jointly oceurring modifications of
salt metabolism.

We have already shown in a study of the metabolism of
lipids (Lecoq et al., 1950, 1851) that hormones leading to
clinical mamfestations of the same type (steatosis) produce
them in very different ways, for example through an alkalotic
or acidotte medium.

One could suppose that it would perhaps be the same with
the hydrating action exerersed by the prineypal steroids, and

ider of salts panying water in its mobilization are not
dependent upon acid-base disturbances. This is what we will
investigate in this work. We will study the effects on the
tkaline reserve of chol 1, calciferol, dihydrofolliculine,
_testosterone, progesterone, deoxycorticosterone and natural
11-corticasteroids of the adrenal cortex.

The technigue employed 1s very simple. We have injected
into the marginal vetn of the ear of a rabbit an aqueons prepa-
substance to be studied, and we have determmed,
by the van Slyke method, the alkaline reserve of the blood
obtained by cardiac puncture before the injection, and 6108
hours and 24 hours after the injection, Steroids being

416

ration of the

O
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generally insoluble in water, we have used them in the form of

a hydrosol easily obtained by addition of a suflicient quantity
of Tween 80 (between 10 and 20 per cent by weight of the -
volume of preparation, according to cases),

We will set forth later the results obtained on groups of six
rabbits. Sometimes an increase (rare), sometimes a fall of
alkaline reserve has been noted; this fall, moreover, is only
transitory and is followed directly by an increase. As we will
show later, the rapid increase of alkaline reserve can be related
to an alkalotic state and its nitial fall to an acidotic state.

On account of 1ts being hydrophilie, the role played by
cholesterol in tissue hydration had been one of the first
observed, the lipocytic ratio {cholesterol/fatty acids) control-
ling the quantity of water absorbed by a tissue, Since, so
far as we know, its posstble influence on mmeral metabohsm
had never been demonstrated, we considered that it would
be interesting to begin our researches by study of this sub-
stance.

As can be seen 1n Table I, our efforts were immediately
rewarded, since intravenous mjection of 2-5 cg. of cholesterol

Table 1
INTRAVENOUS INJECTION OF 2 5 €G. OF CROLESTEROL

Alkaline reserce

Before smyection | 6 a8 hours after | 24 hours ajter
Rabbit No. 1 . 43 3 443 453
Rabbit No 2 30 9 a6 6 ‘

Rabbit No, 3 414 46 2 50 0
Rabbit No 4 428 526 519
Rabbit No 5 . 328 a2 8 a2 g
Rabbit No 6 350 38 § 40 4
Averages 38 2 a8 42.5

was soon followed by an imcrease in the alkaline reserve, an

increase which was maintained on the average over 24 hours.
These results seemed to point to an alkalinic action of the

cholesterol. We had previously shown (Lecoq, 1943) that, on -



448 Raout Lecoq -

the contrary, calciferol (antirachitic vitamin D, acting as 2
regulator of phospho-calcium metabolism) seems acidotic
since it prevents or cures bony lesions of classical experimental
rickets developed in darkness, the character of which 1
undeniably alkalotic. However, we could not, by intravenous
injections in moderate doses of caleiferol diluted in alcohl,
provoke a marked disturbance of blood alkaline reserve
(Lecoq, 1946). We therefore carried out new trials, injecting
in the form of hydrosol a dose of calciferol equal 1n weight
to that of cholesterol. The modifications observed, which
are recorded in Table II, were very marked, the fall of
alkaline reserve still increasing after 6 to 8 hours in almost all
the experiments, It must be said, however, that the metabol-
1sm of our animals was so much disturbed that in consequence
more than half of them died (Lecoq, 1950).

Table 11
INTRAVENOUS INJECTION OF 2 5 €G. OF CALCIFEROL

Alkaline seserce

[ Before inpection | 6108 hours ofter | 28 houra afier
Rabbit No 1 576 481 38 5
Rabbit No 2 481 40 4 135
Rabbit No 8 57 50 0 3
Rabbit No 4 428 8.5 a3
Rablat No 5 500 a6 2 416
Rabtat No 6 22 403 38 5.
Averages 487 43 9

It was then logical to ask oneself if cholesterol (with its
probable alkalotic action) would also be different from the
other steroids. Up to the present, we have only found the
action of dihydrofolliculine or cestradiol (sec Table I'H.),
comparable with the action of cholesterol. However, lt. Is
known that the hydrating power of this substance, beloyg‘mg
to the cestrane group, is one of the highest and its clinical
action one of the clearest (Cachera, 1947).:
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Table III
INTRAVENOUS INJECTION OF 1 MG, o¢ DilVDROFOLLICULINE

N Alkaliae reserce

Befere injection | 6108 hours after | 28 hours after
RabbuNe 1 , . . 40 4 453 433
Rabbi No 2 . 370 48 1 42 4
Rabbit No. 3 . . 50 0 50 0 51:9
Rabhit No. 4 . 443 42 4 40 2
Rablnt No.5 . 30 5 340 327
Rabbit No 6 36 G 38 5 453
Averages . 39 8 12 438

This fact being established (Lecoq, 1949), we have, with
P. Chauchard and H. Mazoué (1950}, verified that here 1t is a
true alkalotic action, because the injection of this substance
in the rat inhuibits nervous disturbances usually following an
acidogemic salt injection, ke ammonum chloride. ~Stnce
then, with the same authors, we have found an identical
action after cholesterol injection.

Onthe otherhand, we have studied steroids belonging to the

d e group: t one, and especially the pregnane
group steroids progesterone, deoxyeorticosterone and adreno-
cortical steroids (11-corticosteriods)

The hydrating power of test ne and one 15
markedly inferior to that of dlhydrofolhculme. Since the
action of these two substances on the blood alkaline reserve
1s mmverse to the action of chol 1 and dihydr
(cestradiol), one can suppose that this is related to differences
in the mechanism of action. Perhaps it could be suggested,
considering our experiences with calciferol, that mineral
metabolism 1s more 1mportant than water metabohsm.

However that may be, there will be found in Table IV the
blood alkaline reserve disturbances observed after intravenous
injection of testosterone.

The decrease of alkaline reserve, very marked 6 to § hours

after injection, is followed by a return to the normal, obvmus
,after 24 hours,




450 Raour Lecoq

‘Table IV
Inm oF 1 mo. Ti NE
Alkatine reserve
Refore injecthon | 8 108 hours after | 24 hours afier
Rabbit No 1 . 36 6 271
Rabnt No.2 . . 40 2 36 6
Rablnt No. 8 39 2 30 5
Rabbit No. 4 35 4 26 6
Rabbit No. 5 . 44-3 ar2
Rabit No.8 . . 481 32-5
Averages . 41 0 31 8

The injection of a 1 mg. dose of progesterone having
provoked a still more rapid return to the normal and over-
shooting the initial level, we have injected higher doses of
this substance. The results shown in Table V show that the
equilibritm is then less disturbed and, in all cases, the alkaline
reserve level found at the end of the experiment is near to the
imtial level.

Table V
InTrAVENOUS INJECTION OT 2-5 MG OF PROGESTERONE

Alkaline veserve

Before yechon | 6 to 8 hours after | 24 hours afler
Rabbit No. 1 . 53 8 385
Rabbit No 2 41 4 29 ¢
Rabbit No.8 . . 41 3 39 5
Rabbit No. 4 . 43 5 349
RabbitNo 5 . . . 3% 0 86 6
Rabbit No 6 . . 40 4 a7 6
Averages . . . 437 361

. It will not be surprising that deoxycorticosterone and
adreno-cortical extract possess an action comparable to that
of the preceding substances (rapid fall of alkaline reserve); but
high doses of synthetic substances show (see Table V1) a more
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prolonged action {spread over 24 hours). Natural cortico-
steroids (in doses ten times less), eause, as is seen in Table VII,
in the same period, a fall and afterw ards an increase of alkaline
reserve level compared with the initial level. An analogous
observation had previously been made with progesterone, of
which we know the explanation, durable results necessitating
the use of rather high doses. But that was with pure pro-
gesterone and it is not proved that it is the same with an
adreno-cortical extraet in wlich 11-corticosteroids are accom-
panied by numerous other substances.

Table VI
INTRAVENOUS INJECTION OF 2 5 MG. OF DEOXYCORTICOSTERONE

Alkaline reserve.
Before angection 6 {0 8 hours after 24 hours after

Rablbit No 1 . 46 2 38 5 38 5
Rabt No 2 . . 352 326 38 6
Rabbit No.3 . . 40 4 40 4 36 6
Rabbit No.4-. . 42 4 36 6 0 0
Rabbit No . 318 a2 8 50 4
Rablnt No 6 . 36 0 80 9 33-9
Averages . . e 353 36 5

Table VII .

Inre, NG 0-25

oF A EXTRA
6, oF Torat 11-CORTICOSTEROIDS

Alkahine reserve

Before wmyection | €108 houra after | 23 hours ofter

Rabbit No 1 - 38 5 29 0 48.2
Rabbit No 2 . 33 8 36 6 36-6
Rabbit No. 3 an e 30 5 50-0
Rabbit No 4 - 28 8 38 8 30-9
RablitNo 5 . | . 116 30 4 42 3
Rabbit No 6 . 385 31-9 48-1

Averages .
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T have only performed such measurements on animals receiving ricketo-
genice diets, and the changes of the tissue pH were closely connected
with the modifieations of the slkaline reserve of the blood.

Corr. Iam w ondcrling 1f it would be possible to get even more specific

increases the alkali reserve, and testosterone depresses 1t.  But can we
correlate that with anything that we know of the netion of testosterone
on“r;nnl excretion, or migration of rons from the tissue flurds into the
eells’

Hriirr I should like to ask Dr. Lecoq whether he relates the changes
in the renal excretion of electrolytes under the influence of steroids
to the tissue changes which he has found?

Lrcoq There 15 a dissociation between the tissue changes and the
renal changes and therefore I have not included the renal effects in
my considerations.

Conway: The matters Dr. Lecoq has raised ave obviousfly of great
interest, and their further elucidation cannot fal to have value. As
Dr. Cole pointed out, 1t 15 a question of changes of bicarbonate 1n
blood and very many things might change that bicarbonate.,, It would
appear that one outstanding possibility 1s the coming out of acidie -
products into the blood, and if so, an analysis of the blood for fatty
acids and such bol, would be di N




" THE INTERRELATIONSHIP BETWEEN THE
ADRENAL CORTEX, POSTERIOR PITUITARY
AND ANTERIOR PITUITARY IN WATER

METABOLISM*

ROBERT GAUNT

SEVERAL months ago when I was asked for a topic on which
1 might lead a discussion, I proposed a rather broad one. Now
that T am faced with the job of saying something about it in
25 minutes I am going to find 1t difficult to deal with it
adequately.

Since my colleague, Dr. Birnie, is here to pick up the loose
ends, however, I shall present briefly a somewhat hypothetical,
but I hope not entirely fanciful scheme of suggested relation-
ships between the adrenal cortex, the posterior pituitary
and the anterior pituitary as they relate to the regulation
of water metabolism. The work which I shall discuss from our
PR e . Sl
o - [ . .

1949) have covered the literature on this subject and no
ive bibli phy will be included here.

For brevity I shall deal only with those phases of the subject
which directly or indirectly relate to the kidney and thus
affect water excretion. In doing so 1t should be kept in mind,
however, that we are overlooking extra-renal actions of these
hormones of great importance.

‘The Adrenal Cortex
The hormones of the adrenal cortex may, depending upon
physiological circumstances, cause either a water retention or

*This work was aided by grants from the National Heart Institute, U.S.
Pubhe Health Service and Ciba Pharmaceutical Products, Inc,
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an acceleration of water excretion (Gaunt et al.,, 1949).
Similarly they may either retard or enhance sodium excretion.
It would simplily matters if it could be said that their effect
on water excrction was dependent on and proportional to
their cffect on sodium exerction, But while that sometimes
scems to be true it is not always the case (e.g. Green ef al,
1930). No complete correlation of these facts is possible at
the present time and none will be attempted here, When
water retention 1s seen, however, as an action of cortical
hormones it seems to be a consequence of sodium retention.
whereas the diuretic action of cortical hormones, on the other
hand, may involve other hanisms, and not be dependent
on sodium diuresis.

We will concentrate here on the nature of the diuretic
influences of adrenal cortical hormones, There are two well-
established facts, the possible causes of which provide the
basis for this d ion. (a) Adrenal ized animals or
Addisonian patients cannot excrete a water load rapidly and
the former show a high susceptibility to water intoxication.
The latter is partly due to the deficient diuresis and partly to
other causes. (&) Cortical hormones given to water-loaded
normal ammals increase the rate of diuresis and protect
against water intoxication.

Renal Factors

Removal of the adrenals generally leads to a decreased
glomerular filtration rate. When existent this factor presum-
‘ably contributes to the sluggish diuretic response to water.
Decreased filtration 1s not an essential component of the
deficiency n handling water, however, as seen by the fact that
replacement therapies which mamntain the filtration rate do
not necessanily permit the occurrence of normal water
diuresis (Lotspeich, 1949; Reemmelt et ql., 1949). The more
important factor seems to be an enhanced tubular reabsot?'
tion of water. This has been seen by many workers and in
our experience has been an invariable accompaniment of

adrenal insufficiency. )
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The augmented rate of urine flow that follows the admnis-
tration of cortical hormones to normal animalsis not associated
with any essential change in the glomerular filtration rate.
Various workers have found this rate to be either shghtly
increased, decrcased or unaffected. This means that the
diuretic action of the corticoids is achieved by a depression of
the tubular reabsorption of water—a finding which might be
antieipated from those mentioned above in adrenal in-
sufficiency.

From the large amount of data mn the literature on these
points, I have selected as representative excerpts from the
tables of Boss ¢t al. (1950)—Table T,

Table T
GFR AND Unmvz FLOW IN SWATER-LOADED RaTs
(Mean values on groups of 8 to 20 anmals)

—
‘7 Areatment GFR l Urine Finw
{md /100 gm fmun )
None-—normal 100 0 06

Adrenalectomized Ammals

Adx —7 days . . 0¢ o 00s*
Adx —T days. 0 5 mg DCA/day 81 0 02¢
Adx.—5 days. 5 0 mg DCA/day 84* 0 06

- Intact Ansmals
DCA—5mg 0 %0 0 o75%
ACE—iml . 0 99 0 076%

*Sigmficantly dufferent from normal

Factors that may Cause an Increase in the Tubular
Reabsorption of Water in Adrenal Insufficiency

In adrenal it y the h tatic 1 which
normally provide a sensmve regulation of the rate of water

excretion obviously break down. The renal tubules avidly
watER

81
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reabsorb water even if to do so results in water intoxication,
There are various possible causes of this phenomenon.

(@) Several Iaboratories (Martin e¢f al., 1939; Birnie et al,
1950; Lloyd and Lobotsky, 1950) have now found that there is
an increased amount of some antidiuretic substance in the
blood and urine after adrenalectomy, a substance which has
actions similar to the antidiuretic hormone of the posterior
pituitary.

(b) Shorr and co-workers (1950) have recently reported that
the antidiurctie substance, ferritin, increases in the blood after
adrenalectomy. Its possible relation to the agents mentioned
above have not been investigated. P

() There is evidence of n hypersensitivity to posterior
pituitary hormones after adrenalectomy (Birnie ez al., 1950},
due presumably to the absence of antagonizing cortical
hormones, which may be a factor of great importance. Dr.
Lockett’s paper in this symposium provides lusive
additional evidence of a hypersensitivity to posterior lobe
principles after adrenal ablation. .

In any case, it is probable that this behaviour of the renal
tubules in the absence of cortical hormones is induced by 8
humoral agent.

Factors Causing Accumulation of Antidiuretic Agents
in Body Fluids after Adrenalectomy

In trying to explain the accumulation of antidiuretic agents
in body fluids after adrenalectomy, one thinks first of possible
hypersecretion of the posterior pituitary antidiuretic hox:mone.
There is no direct physiological evidence on whether this does
or does not occur; cytological evidence indicates that 1t does
not (Gersh and Grollman, 1939). On theoretical grounds
hypersecretion might not be expected, particularly after
water-loading, because of the reduction of plasma SOd'llﬂ;\
salts induced by water administration in adrenal ton
animals. If the osmotic pressure of plasma 1s similarly
reduced, ADH secretion should be suppressed rather than
mulated. The possibility exists, nevertheless, that some

st
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stimulant (such as ferritin?) appears in the blood after adrenn]-
ectomy and causes the release of ADH.

On & more positive note, one demonstrated fact is that the
livers of adrenalectomized rats are unable to inactivate vaso-
pressin as effectively in vitro as are those of normal animals.
Thus, there could be an lation of ADH b of
decreased destruction rather than over-production. This
places focus on the possible important réle of the liver in this
whole problem, a subject that will be discussed subsequently
in this conference by Dr. Birnie.

Is the Induction of Water Diuresis Normally Associated
with Hypersecretion of Cortical Hormone?

Satisfactory evidence has been provided by Verney (1947)
and others that excess water is excreted rapidly due to
suppression of ADH secretion. The work discussed above,
however, shows that excess water cannot be excreted rapidly
1n the absence of adrenal cortical hormones. That raises the
question, is water diuresis normally associated with increased
adrenal cortical activity as well as decreased ADH secretion?
Dr. Nagureda (1951) in our laboratory has investigated thls

by imposing various fluid loads on rats and

changes in adrena] ascorbic acid as an index of adrensl
stimulation. She found in brief that a water load approxi-
mating to 5 ml per 100 gm. body weight (actually 3 ml. per
100 sq. cm. of body surface), when given by stomach tube,
produced significant adrenal ascorbic acid depletion beyond
that due to any of the manipulative procedures. Larger doses
of water had greater eflects. A smaller dose (1+5 ml. per 100
sq. em. of body surface) produced no detectable adrenal
stimulation by this method, Itisan open question whether or
not a more sensitive method would have revealed any effect
with the light water loads. The work of Lloyd and co-workers
(1950) in man and of the Danfords (1950) in rabbits indicates
that water diuresis is associated with a hugh rate of excretion
of corticoid metabolites. This 1s generally interpreted to
mean a high rate of corticoid secretion. From all this it is safe
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to conclude that at least a high rate of water diuresis is associa-
ted with both a suppression of ADH release and a stimulation
of the adrenal cortex.

Normal saline, unlike distilled water, did not evoke adrenal
ascorbic acid depletion even when given in huge dosage. This
shows that the adrenal was not bemng stimulated by fluid
loads as such. It might be that after the adminstration of
distilled water the adrenal was responding, in a converse
manner, to the same stimulus which acts on the posterior
prtuitary, namely, changes in the osmotic pressure of plasma.
Definite evidence on that point is being sought.

The Anterior Pituitary

An extensive hterature on the endocrine regulation of water
metabolism assigns some diuretic réle to the anterior lobe of
the pituitary (Gaunt et al., 1949; Pickford and Watt, 1950).
A strong argument can be made out that that influence is
mediated m part through the adrenal cortex by ACTH. On
the other hand, considerable work indicates that certam gross
abnormalities in renal function of hypophysectomized animals
cannot be due to loss of the ACTH—adrenal cortical system
{White et al., 1949; de Bodo ¢t al., 1950).

One clear fact 1s that the diuretic response to water is
equally or more retarded after hypophysectomy than after
adrenalectomy (Chen and Geiling, 1943; Joseph et al., 1944
Pickford and Watt, 1950). This deficiency, unlike other renal
deficiencies, can be at least partially repaired by adrenal
cortical extract (Joseph et al., 1944), It 1s difficult if not
impossible, however, to restore a normal ability to handle a
water load in hypophysectomized animals by administering
adrenal cortical hormones. Drs. Boss and Osborn (1950) m
our Jaboratory are attempting to analyse further the nature
of the possible deficiency in the hypophysectomized rat and
the replacement value of adrenal cortical hormones. Table ¥I
gives some of their representative data. Coqtrol animals in
their experiments received normal saline because the adrenal
cortical extract used was made up in isotonic sodium chloride.



speak, see behind the sometimes hackneyed words and the
jargon which editorial activity imposes on people, their
personality coming through. We shall be able to do that
now. We shall read Dr. Samuel’s paper and hear his slow
voice and very acute ideas coming through. e shall think
of Dr. Dorfman surrounded by masses of steroid formule,
darting rapidly here and there, and we shall think of him
replacing those parallel lines by arrows as data accumulate.

I do not know to what extent the infra-red will penetrate
the editorial blue pencil, but when we read in his papers of
removal of the side chain we shall know what Dr. Dobriner
is saying to himself!

Finally, it is my extremely pleasant duty to record our
gratitude to the Ciba Foundation and personally to Dr.
VWolstenholme for the lent arrang ts he has made for
our comfort and instruction. He has kept us in good spirits

throughout these on;
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show an antidiuretic response, suggesting that even though
the concentration of unstable ADS in jugular blood may be
quite high, the arterial blood when reaching the kidney
contains too little antidiuretic activity to be demonstrated
with our method of assay.
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DISCUSSION
. 'Z;:cr‘n‘i\n‘n'nN.“I)r: }Ic'llcr, _would you explam what happens to the

and arterial plasma, and in both of these types of blood we could not
find any antidiuretic activity. ‘That doesn’t say that there isn't any;
1t only means that our methods of assay cannot detect very small
amounts, It seems to me quite logical that there is in venous outflow
from the head a relatively lugh concentration of postenor pitwtary
antidiuretic hormone, but that then it is diluted by the rest of the
blood in the body. Inactivation of part of the secreted hormone and
renal excretion have also to be considered.

GAUNT. We are delighted to see these results. Vartous pecple have
found confusing things about these crculating antidiuretic materials,
and I believe this work gives more order and understanding than we
have had before,

0O’Connor: I would like to ask Professor Heller or Dr Gaunt about
the amount of the substance that 15 circulating. From the httle I
know of the assay method using the rat, the amounts of antidturetic
hormone appearmg 1n the venous blood must be quite enormous
relative to the amounts that have ever been involved in the expeniments
of Professor Verney ar myself on dogs in Cambndge The amounts
that we found were all, m fact, extremely small and would be quite
unassayable, as far as I can see, by the rat method of assay

HrLirr. Any amounts that we find 1n jugular blood, Dr. O’Connor,
are also fractions of milli-umts There are various reasons why one
would expect the concentration of antidiuretic hormone to be high
in the jugular blood of our rats. First, these rats were not particularly
hydrated  Secondly, the blood was bemng collected from animals
under ether anwsthesia, and we don’t know what effect that has.

Ll AVer B e monte o AR

them with our methods of assay. Though I don’t know what sort of
blood you refer to in dogs (and you have seen from this how mpor-
tant it 15 to distingwish between Jugular blood and vena cava blood,
artenal blood, and so on), one would expect that the blood coming
from the pituttary would contain more than the peripheral blood,
enough perhaps to be analysable by the rat method.

Lrwis: I would hike to ask Dr. O’Connor whether he, has :'gncltllf
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to get enough hormone to handle chemmically. When I was asking Dr.
Heller my question I was thinking not of any direct assay of hormone
n blood, put the amount. (:leduted from comparnisons of the antidiuretic

1f there is any method of assay by which we can hope to detect them
in the jugular blood. So that the demonstration of antidiuretie sub-
stance m blood, so far as I can see, can only be aclueved under conditions
which have, mn fact, nothing to do with the ordinary function of the
pitwitary gland.

GAUNT Your estimates m the dog agree, if I remember correctly,
with those amved at by Shannon.

O’Connor* Yes,



HORMONAL INFLUENCES ON THE WATER
METABOLISM OF NEW-BORN AND YOUNG
ANIMALS '

. HELLER

Tuc study of the waterand mineral metabolism of new-born
infants and animals has attracted more and more attention
during the past ten years. Many aspects of the problems
involved have been successfully investigated and numerous
differences between nesw-born and adults have beendiscovered.
However, comparatively little work has been done on the
new-born to elucidate the réle of those endocrine glands which
like the posterior pituitary and the adrenal cortex are known
to have a profound influence on the water metabolism of the
adult. Investigations concerned with these questions have
been proceeding for some time in my laboratory and some
information has been gathered. I should like to make 2
brief survey of the results so far obtained.

When working with new-born rats, one is impressed w1>th
their apparent inability to concentrate their urine or its
individual constituents to the same degree as the M_lult-
Apparently quite highly concentrated urines are sometimes
obtained but the mean concentrations or osmotie pressures are
undoubtedly much below those of adult rats. This contrast
becomes even clearer when adults and new-born are made to
undergo a comparable degree of dehydration (Heller, 1949).
Why dothenew-born rats excrete less concentrated urines than
do adults® This may be partly due to a low rate of glomerular
fltration leading to increased reabsorption of urinary crystal-
loids (Pitts and Duggan, 1950; Bradley, Mudge and Blake,
1950; Blake, Wegria, Ward and Frank, 1950) and may perhaps
also be due to a lack of tubular secretion of potassium {Heller,
1951), but important as these consideration§ may be, they
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hardly supply the full answer. When new-born rats are
deprived of fluid for 24 hours one finds (Heller, 1049) that in
contrast to adults, the losses of body water lead to consider-
able hezmoconcentration and to decreases of tissue water, or
in other words to a significant contraction of the extracellular
fluid phase. Now one mechanism by which the adult animal,
made to undergo a comparable degree of fluid loss, counter-
acts such a state, is the elaboration of a concentrated urine.
It is generally agreed that it does so by reabsorbing more
water under the influence of the posterior pitwitary anti-
diuretic hormone. Does this mechamsm also apply to the
new-born animal or to what degree does it apply? Conditions
for the action of the antidiuretic hormone on the tubular
urine of the new-born are, 1f anything, more favourable than
in the adult, as less water has to be reabsorbed per unit time
at lower than at higher rates of tubular urine flow to achieve
the same concentration. The question therefore arises to
what degree the posterior pituitary renal mechanisin operates
m the new-born. Figs. 1 and 2 show the results of injections of
vasopressin on the urine volume and the inulin U/P ratio
of new-born rats to which 4-5 per cent of their body weight of
water had been @mven by stomach tube. The demonstration
of an antidiuretic effect in new-born rats is a priori not easy,
mainly because rats of that age do not empty their bladder

ly al procedure was therefore
devised whlch though differing from the usual technique
of measuning antidwretic effects, permits one to decide
whether the new-born rat responds in a similar manmer as
the adult. A comparatively large dose of vasopressin—
10 mU/{100 g. rat—was injected into adult controls and
1t was found that with this dose the mhibition of diuresis
lasted for approximately 145 minutes. The same relative
doses of vasopressin and of water were given to the new-borns.
The animals were killed 145 minutes later, the urine was
removed by bladder puncture and then weighed on an analyti-
cal balance. It was known from other experiments (Heller,
1947a) that 145 minutes are sufficient to permit the absorption
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of the water administered to new-born rats. It will be seen
from Fig. 1 thatthe response of the new-born is different from
that of the adult controls. Similar experiments on rats aged
1, 2, 3 and 4 weeks showed that significant decreases in urine
volume were only obtainable in rats older than three weeks,
Estimations of inulin U/P ratios showed much the same, It
seems quite possible that a response to the antidiuretic
hormone will be demonstrable in somewhat younger rats if
more refined methods are used, but there is little doubt
from the results presented that the full antidiuretic effect is
only established some considerable time after birth. There
are additional reasons why one would expect this to be so.
Determinations of antidiuretic hormone in the neurchypo-
physis (Fig. 3)showed that the gland of new-born ratscontains
very much less of this active principle than that of adults
{Heller, 1947b). There is therefore the suspicion that in the
new-born rat there is not only an incomplete renal response to
the antidiuretic hormone but also that there is not enough
hormone available to act.

I am not sure whether this latter consideration is applicable
to new-born infants, Per mg. gland the posterior pituitary of
new-born infants contains only about one-fifth of the hormone
content of adults (Fig. 3) but the total amounts present are
quite respectable. There is, h , no doubt (Fig. 4) that
new-born infants even when deprived of fluid do not achieve
the same urinary concentrations as adults. There may then be
sufficient antidiuretic hormone 1n the gland but are adequate
amounts released? And if so, does the kidney respond as in
the adult? We have, as yet, no information on the rate of
release in the new-born but the response to injected posterior
Ppituitary extract has been tested. It will be seen from Fig. 5
that infants react to large doses of injected posterior pituitary
extract—an increase of osmolar concentration by over 100 per
cent can be seen in one of the experiments—but the rise was
neither as marked nor was the duration of the effect as lengthy
as in the adult controls which had received an equivalent

dose of the antidiuretic hormone. Similar experiments ‘on
waren -

82
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new-born infants have been briefly reported by Barnett, Hare,
McNamara and Hare (1948) and they agree with my findings
to the extent that some effect of large intravenous doses of
vasopressin on the inulin U/P ratio could be demonstrated in
premature infants. Unfortunately, however, Barnett and his
co-workers do not seem to have done any control experiments
on adults. Itis, therefore not possible to use their results for
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F1c. 5 The effect of equivalent doses of Posterior Pituitary
Extract (BDH ) on the urinary osmobic pressure of wnfants

a quantitative assessment of the differences between the
responses of the neonatal and the adult kidney .

‘While a fair amount of work has thus been done, I feel that
I should emphasize here that our work on the response of
new-borns to the antidiuretic hormone is by no means com-
pleted. Some controls are still mussing, such as for instance
an enquiry into the rate of mactivation of the antidiuretic
principle in the body of new-born animals. There also i
another feature which I find puzzlmg, namely the relationship
between the development of the diuretic response to water and
the antidiuretic response to the hormone.
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Because of its clinical implications, it would scem to be
well worth while to establish with clarity the function of
the neurohypophysio-renal mechanisms in the  new-born.
Dehydration is undoubtedly a serious problem in early
infancy; it remains a contributary cause of the continued
high fatality in cases of infantile diarrhcea and vomiting. It
appears quite likely that the new-born have some defence
against the renal loss of water, a decrease of GFR for instance
would lead to increased retention of body water though only
at the price of retaming metabolic end products and electro-
Iytes. Clearly, however, as long as the infant does not concen-
trate its urine to the same degree as adults there is the risk
that water will be lost in the urine at times when utmost -
economy in the handling of this body constituent would be
indicated.

1t should perhaps be added that the results of this enquiry
into the function of the posterior pituitary-renal mechum’fm
at birth may have some bearing on a pathological condition
in older children and adults which has been termed ‘“nephro-
genic” or “pituitrin-resistant” diabetes insipidus, Recently
published cases (Forssman, 1945; Williams and Henry, 1947
Dancis, Birminghams and Leslie, 1948) show this in some
instances to be a congemital and hereditary defect. It seems
quite possible that here we are dealing with & condition in
whichi the development of the kidney is in some respe_cts
arrested at the level of that of a new-born infant, or judging
from the report of complete ab. of resp to large doses
of vasopressin, perhaps even at an antenatal level. The actual
site or nature of renal abnormality remams for the present
'an open question. Itseems preferable, however, to restrict
the term diabetes insipidus to cases where insufficient secretion
of the antidiuretic hormone has been demonstrated and. to
regard the condition just described as a separate pathological
entity. , * .

The question of the dwretic response of the pew-born
mammal to administered water has already been mentioned.
It 'has been shown by McCance and Wilkinson (1947) and by




Water MerapoLisM IN THE New-BorN 477

myself (Heller, 1947a) that the urine flow is little increased
when a dose of water is given to new-born rats, In faet, it
seems from McCance’s and our finding that in this species the
adult rate of diuresis is only reached during the third or fourth
week of postnatal life. Water diuresis in the new-born of
mammahan species which are more mature at birth than the
rat is somewhat better developed but it is noticeable that
even new-born guinea-pigs, which are more developed at
birth than the rat, the dog or the infant, and whose kidney
function has been shown to be in many respects similar to
that of the adult, appear to be unable to excrete administered
water at the adult rate (Dicker and Heller, 1951). Water
diuresis in the new-born infant has as yet not been fully
investigated but there are indications that it resembles that
of new-born animals.

It seems hkely that there are quite a number of factors
concerned in this inability of new-born and young animals to
handle administered water in the same manner as adults but
only one factor will here be discussed. Gaunt and his co-
workers have shown that the response to administered water
is defici in adrenal ized animals. They have also
d ated that the injection of adrenal cortical extracts
markedly enhances water diwresis. It seemed of interest
therefore to find out whether a similar rise 1n the renal output
of administered water could be induced by giving adrenal
cortical extracts to new-born and young rats. Doctor Birnie
and I have started to investigate this matter and several
series of experiments on rats aged 1, 2, 3and 7 weeks have been
completed. Fig. 6 shows that a dose of 2 ml./100 g. of Upjohn
cortical extract does not accelerate or increase the output of
urine 1n rats aged 1 or 2 weeks. A significant effect was,
however, obtained in animals aged 8 weeks and over. Further
experiments with deoxycorticosterone and with cortisone are
under way. Ultimately it is hoped to use ACTH but we shall
only be able to do so when purer preparations will be available.
Control experiments on adult rats with the purest preparation
at our disposal—for which we have to thank Dr, Max Reiss of

N T e
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Bristol—showed antidiuretic nctivity of an intensity which
excludes its use in expeniments concerned with renal water and
clectrolyte exeretion.

It should be ndded that some preliminary findings on the
cficet of adrenal cortieal cxtracts on the new-born have
recently been published by Osborne and LoCascio (1950). The
authors claim that adrenal cortical extracts enhance urine
excretion in rats aged only 23 to 48 Jiours.  Our experiments
do not support this claim, in fact it seems to us very doubtful

o} Mhcornca exruct 11/0006.

Dswme conrrows
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F16 6. Effects of admunstration of Adsenal Cortical Extract
(Upjohn} on the urine volume of infant rats. The plocks
TepTesent the mean of results obtamed 1n at least ten animals.

whether results of any rehabihity can be obtained with a
method using body weight loss as an index of urine excretion.
Such factors as the high extrarenal water loss (Heller, 1947a)
and the presence of residual urine have elearly to be considered.
We do not wish to imply by saying this that we doubt the
possibility of hormonal effects on'some bodily functions in rats
younger than three weeks, Indeed Table I shows experi-
mental evidence to that effect. We regard it as likely, however,
and this assumption is supported by the morphol?g:cal
investigations of Yofley and Baxter {1949), that th:c kiduney
of very young rats is too immature to respond to either the
adrenal or the posterior pituitary hormones.
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‘Table I .
MaTURATION OF RATS 13v Teryis oF RESPoNsES To VARIGUS STSOLL
A B c DE FGH 1JK L

[ 7 14 21 28
Days after Birth

A= Adrenal enlargement by chrome ACTII admimistration (Moon, 1940)

B~ Adrenal scorbic acid depletion m response to adrenabne (Jailer, 1949)

C=Ovanes first stimulated by sex hormonea (Corey, 1928)

D=First protective actum against cold stress by cortical hormone {Iloltkamp ef f , 1049)
E= Adrenal ascotbic acid depletion in response to cold stress (Jailer, 1950)
F=Attamment of ability to regulate body temperature (Hll, 1947)

G= Adult-he response of the testia to gonadotrophins (Smuth and Engle, 1927)

M= Diuretic response to corticat extract {Burnie and Hefler, unpublished)

I = Antidrelic response 1o vasopressim (Ifelles, unpublished)

3 = Loss of resistance 0 cold (Adotph, 1648}

K = Loss of resistance to anoxla {Antoschiana, 1839)

L = Adult Like type of diuzesis 1n responsc to adminstered water (leller, unpublished)
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THE INFLUENCE OF SODIUM CHLORIDE OoN
WATER DIURESIS AND ITS RELATION TO
THE ADRENAL

H, W. HAYS

Introduction

It is well gnized that adrenalectomized animals and the
Addisonian fail to conserve sodium chloride and are unable to
excrete ingested water at a normal rate. Although it has been
generally agreed that failure to conserve sodium 1s due to lack
of hormonal regulation, there is little agreement as to the
nature of this defect.

There are conflicting opinions regarding the role of sodium
chloride in cardiac failure and hypertension, but as shown by
Merrill (1949), Kempner (1949), Grollman et al. (1945), and
Schroeder (1849), there 1s hittle doubt that dietsJow 1n sodium
may be beneficial, on the other hand, Schroeder has observed
tenal failure on such diets and this 1s referred to as s low salt
syndrome,

Shortly after the introduction of mercurial diuretics, it
became evident that there were certain potential dangers to
the use of these drugs, particularly salt depletion and de-
hydration,

In 1944, Thorn, Koepf and Clinton desenibed a condition of
salt-losing nephritis which simulated adrenal cortical in-

ficiency, many of the symp could be attributed to the
low sodium levels.

Most chinical work has attempted to point out the value of
diets low in sodium for treatment of congestive failure and in
hypertension, but at the same time Soloff and Zatuchni (1949)
have pointed out the danger of affecting renal funetion. Little
experimental data is available on this mechamsm. Before

481 -
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discussing this problem I would like to mention several
notable observations which perhaps focused our attention
more directly on clectrolytes and water diuresis: (1) As shown
by Swingle et el. (1937), Hays and Mathieson (1945), and
Gount et al. (1949), water alone does not restore diuresis in
adrenalectomized animals. (2) Deoxycorticosterone acetate
causes a retention of sodium in normal as well as adrenalec-
tomized animals, and as reported by Swimngle et al. (1941)
and Hays et al. (1945), may occur in the latter with a rapid
increase in plasma volume. (8) It has been demonstrated by
many (Swingle and Remington Review, 1944) that sodmum
chloride will maintain the life of adrenalectomized animals for
a considerable period of time, and mereasing the amount of
sodium chloride in the diet of Addisomans decreases the
amount of deoxycorticosterone acetate required. (4) The
clinical syndrome of heat eramps simulates the condition
seen 1n adrenalectomized animals given forced water.

Methods
(A) Salt Depletion Studies -

(1) Dogs. A five per cent glucose solution was administered
intraperitoneally under pressure by the method of Darrow and
Yannet (1935) and 1n an amount equal to 100 cc./kg. of body
weight. After five hours the fluid was removed by para-
centesis under pentothal anmsthesia. The dogs were then
maintained on a low salt diet.*

(2) Rats. A five per cent glucose solution was given intra-
peritoneally with a syringe and in a volume equivalent to
ten per cent of the body weight. After three hours the flnd
was tremoved by paracentesis and the animals placed on Tow
salt diet. Rats weighing 200-300 gm. were used in all

experiments
wamad an the

n
e
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(B) Hydration

(1) Dogs. Water was administered by moutl in the amount
of 25 ec./kg. of body weight at hourly intervals. Urine
volumes were determined prior to cach intubation of water.
The pereentage exercted was caleulated on the basis of the
total water administered.

(2) Rats. Water or sodium chloride was intubated at four
hourly intervals in an amount equal to six per cent of the body
weight. Urine volumes were determined at hourly intervals
for a period of seven hours and the percentage excreted
calculated on the basis of the total water admmistered.

(C) Chemical Determination

Blood was withdrawn from dogs before and after hydration;
in rats, only at the end of seven hours. Serum sodium
concentrations were determined by the Perhin-Elmer flare

photometer; serum chioride by Risenman’s modification of the
Volhard-Sendroy method.

Results

(A) }E(ffect of Water in Normal and Adrenalectomized
ats

Normal rats excreted 75-80 per cent of the water adminis-
tered, while rats ndrenalectomized for sixteen hours exereted
only 46 per cent. This latter value is somewhat higher than
previously reported, but may be cxplained part by differ-
ences in strains and methods of handling. The normal
animals remained free of sy while adrenal d
controls showed marked symptoms of water intoveation
and many died from such treatment (Table I).

(B) ]%ﬂect of Varylng Salt Concentration

It wx'll be observed in Tables I and I1, and Fug. 1 that when
Increasing concentrations of salt solutions are mven to normal
animals there is a progressive d in di This
difference in response to the various salt solutions is cvident
at the fifth and seventh hours,
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discussing this problem I would like to mention several
notable observations which perhaps focused our attention
more dlnrectly on electrolytes and water diuresis: (1) As shown
by Swingle ¢t al. (1987), Hays and Mathieson (1915), and
Gaunt et al. (1919), water alone does not restere diuresis in
adrenalectomized animals. (2) Deoxycorticosterone acetate
causes a retention of soditm in normal as well as adrenalec-
tomized animals, and as reported by Swingle et al. (1941)
and Hays ¢l al. (1015), may occur in the latter with a rapd
increase in plasma volume. (8) It has been demonstrated by
many (Swingle and Remington Review, 1944) that sodium
chloride will maintain the life of adrenalectomized animals for
a considerable period of time, and increasing the amount of
sodium chloride in the diet of Addisonians decreases the
amount of deoxycorticosterone acetate required. (4) The
clinical syndrome of heat cramps simulates the condition
seen in adrenalectomized animals given forced water,

Methods

(A) Salt Depletion Studies

(1) Dogs. A five per cent glucose solution was a
intraperitoneally under pressure by the method of Darrow and
Yannet (1935) and 1 an amount equal to 100 cc./kg. of body

After five hours the fluid was removed by para-
The dogs were then

dministered

weight.
centesis under pentothal anzsthesia.
maintained on a low salt diet.*

(2) Rats. A five per cent glucose solution was given intra-
peritoneally with a syringe and in a volume equivalent to
ten per cent of the body weight. After three hours the fluid
was removed by paracentesis and the animals placed on Tow
salt diet. Rats weighing 200-300 gm. were used in all

experiments.
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