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Some Recent Advances in the Physiology
of the Anterior Pituitary *
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The history of pituitary physiology has passedwhich led to erroneous conclusions. Most of their
through various stages. The earliest period in thexperimental animals died shortly after removal
development of our knowledge on the functionf the gland and therefore they concluded
of this gland is that of the anatomists. In this ergVassale and Sacchi (4); Biedl (5) and others) that
pure morphological observation and theoreticathe hypophysis is absolutely essential for life.
speculation were the only means by which scienhmprovements of the surgical method by later
tists tried to attack these problems, and the resuliavestigators such as Cushing, Aschner, Smith
they obtained would certainly seem rather ingenuand others have now definitely established the
ous today. First Galen (1) thought the function ofact that an animal may live for very long periods
the gland to be filtration of a mucous fluid pro- after complete hypophysectomy.
duced by the brain and its secretion into the By far the most satisfactory approach is the
nasopharynx. Therefore he called the glandral, or parapharyngeal route, which allows the
“glandula pituitaria.” Piccolhomini (2), in 1636, removal of the gland without injury to the adja-
maintained that the function of the pituitary is tocent hypothalamic centres of the brain. This
close the lower aperture of the infundibulum, andnethod has been used throughout in our labora-
thus to prevent the spirits of life from escaping. tory and enabled us to study, during the past two
The next period in the history of pituitary years, the effects of hypophysectomy on mice,
physiology was that of clinical observation ofrats, guinea-pigs, cats, dogs and monKeysVe
hypophyseal diseases initiated by Pierre Marie’sound it very helpful to use ether as an anaes-
classical papers on acromegaly. These observthetic, given through a tracheal cannula, or an
tions first called attention to the role of this glandintratracheal tube. The danger of meningitis is
in the regulation of somatic growth. comparatively slight, even though an open com-
The modern era in the study of this glandmunication is left between the sella turcica and
began with the introduction of experimentalthe nasopharynx, for this communication is
methods. Just as in the study of other endocrinelosed very soon after operation by a clot.
glands, it has been of great value to observe the | should like to give you now a short descrip-
changes following the removal of the pituitarytion of the symptoms of pituitary deficiency
from the organism. This operation, which waswhich appear after surgical removal of the gland,
first performed by Sir Victor Horsley in 1886 (3), and also of the effect of replacement therapy.
has proved to be of great assistance in the solu-
tion of problems concerning pituitary physiology. GROWTH
The technical difficulties connected with it
account for the poor results of earlier workers, In accordance with observations of other
investigators, we can confirm the observation that
removal of the pituitary stops growth, but we
found that there is one rather remarkable excep-
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1 Delivered at The Mount Sinai Hospital, New York City, on
March 26 and 27, 1934. Reprinted from Vol 1:28-71. 1934. 2Doctor Hans Selye has carried out most of the hypophysectomies.
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tion to this rule. If hypophysectomy is performed l EFFECT OF GROWTH
in very young animals for instance, in rats abou HORMONE ON

three weeks of age, growth does not stop immec NORMAL  RATS

ately after operation, even though the gland i
completely removed. Thus we have seen that ra
which weighed approximately 25—-35 grams a
the time of operation proceeded to grow until the
reached a weight of approximately 60 grams (6

.._.\"‘_," 6
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Serial sections proved that no trace of pituitan g’“ a ,;;;;;‘g
tissue was left behind. The possibility of growtl - 14 P

in the absence of pituitary tissue in very immatur: 3 — 2
animals is of particular interest, because it shonw ¥ CONTROL

that in early stages of ontogenetic developmet .
the organism must have an extrahypophyse: S
source of growth-stimulating substances. Her @
again we see once more the striking parallelisr
between ontogenetic and phylogenetic develog
ment, for it has been shown that the growth ii
!ength of reptiles ar_ld_amphlbla is also Ia_rgeI) ——— o o &
independent of the pituitary and therefore will no DAYS
be completely mh'blted by hypOp_hyseCtomy' Chart 1. Growth curves of normal rats treated with growth
The most satisfactory test animal for the stanpormone (Q extract) compared with untreated controls, male
dardization of hypophyseal growth hormone haand female. Note the positive effect in the treated females
proved to be the hypophysectomized rat of about 1((see Evans).
grams in weight. If the pituitary is removed at this
period, growth will stop immediately unless growth- Hypophysectomized rats treated with the Q
hormone-containing extracts are administered. extract have been caused to increase their weight
at the rate of about 2—3 grams per day for 35
Physiological effects of the growth hormone days. This rate of growth cannot be maintained,
however, and in the course of some weeks they
Hypophysectomized rats treated with a puricease to grow and may actually lose weight in
fied growth hormone (Q extract) put on weightspite of continuous treatment with a known potent
immediately. This is in marked contrast to theextract.
effect which we obtained in our earlier work Hypophysectomized rats treated with Q
when crude alkaline extracts of anterior lobe werextract show in addition to actual increase in body
being used. We observed then that a period ofieight a very definite change in their nitrogen
about ten days elapsed before any appreciabbnd calcium metabolism. The nitrogen balance
growth took place. This we know now was duechanges from a negative to a positive one, as
to the presence of the thyreotropic principle in theshown by the studies of Mr. Peter Black, and the
extracts used at that time, since simultaneousalcium balance is influenced in the same direc-
administration of the purified growth and tion, as has been shown just recently by Dr.
thyreotropic principles does not result in growthLeonard Pugsley. Skiagrams of the skull made
until late in the second week. This apparentinder especially devised and controlled condi-
inhibitory action of the thyreotropic substancetions in our laboratory by a guest worker, Dr.
upon the growth substance is due probably to thdector Mortimer, show clearly that the Q extract
increased metabolism offsetting the growth effecproduces very marked changes. The failure of
and is not a direct antagonistic action of thegrowth of the cancellous elements in the
thyreotropic and growth principles. We agree withhypophysectomized animal is not only made
Evans that adult rats whose growth curves argood, but in certain cases these structures may
plateaued may be caused to grow with the growthven become hyperplastic by the suitable exhibi-
extract. We have been unable to affect apprecidion of Q extract.
bly the growth curve of normal male rats treated
daily with the Q extract from the 4th week of life. Chemistry of the growth hormone
Female animals so treated do show some acceler-
ation of their growth rates as compared with their =~ The alkaline extract of anterior lobes first
controls. described by Evans is very rich in the growth hor-
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Chart 2. Growth curves of hypophysectornized rats treatec
with Q extract and fed on adequate diet. Note developmel
of resistance after about 35 days of treatment.
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Chart 3. Like Chart 2, but illustrating non-effect of cortin.

mone. It contains so much of the other pituitary
principles, both active and inert, that an attemg
was made to prepare an extract from which a
much as possible of these contaminating suk
stances would be removed, at the same time lea
ing the growth hormone in an active state. Man
methods have been tried. It is possible to obtai
potent extracts of the growth principle by a variety
of procedures, such as extraction of the aceton
dehydrated fresh lobes with either aqueous alkalir
or aqueous-acid media, or acid-acetone or alcoh
of 60 per cent concentration, followed by subse
quent fractionation with salt, alcohol and acetone
and isoelectric precipitation. If one is desirous o
obtaining a relatively pure hormone extract rathe
than quantitative recovery of the total active princi
ple present in the original gland tissue, the follow
ing method may be employed (8).
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Chart 4. Growth curves of hypophysectomized rats treated
with extract and fed a low calcium diet. Note the rapid loss in
weight after resistance has developed.

the requisite amount of a saturated aqueous solu-
tion. The mixture is allowed to stand for two
hours. This preliminary treatment with dilute
alkali serves a twofold purpose: (1) destruction of
any contaminating posterior lobe principles, and
(2) facilitating solution of the tissue. Also, the
mild hydrolytic action of the dilute alkali is prob-
ably of definite value.

The alkaline mixture is treated next with suf-
ficient acetic acid to give a marked flocculation
(isoelectric precipitation of the proteins). The pH

280
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Desiccated acetone-dehydrated anterior lobes

of cattle are ground to a pulp and suspended i
ten volumes of distilled water. The mixture is vig-
orously stirred and then is made alkaline to th¢
extent of 0.25 per cent NaOH by the addition of

Chart 5. Growth curves of normal male rats treated with:
T.G.—thyreotropic hormone; A.l.—adrenotropic hormone;
G.S.—a mixture of anterior lobe principles. Note that pro-
longed treatment with pituitary principles definitely slows the
growth rate.
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should be about 5.5. Under these conditions fil- The best growth hormone preparations are
tration of the mixture can be carried out quitemade by treating the concentrate of the combined
rapidly. The residues are suspended in ten volumesiginal filtrates with Ca(PO,), in the presence
of distilled water; the mixture is made alkaline (0.1of 1 per cent ammonia (8). The suspension of
per cent NaOH) and again precipitated at the isczalcium phosphate in the concentrate is best pro-
electric point as in the first instance. After filtra- duced by adding separately, during vigorous agi-
tion the residues are again treated as above, and fation, CaC} and NaH,PO, in appropriate
a thorough extraction of the gland tissue this paramounts. Agitation of the mixture is maintained
of the process should be repeated five times. Thay further concentration in the vacuum still. The
combined filtrates are concentrated at low temperanixture is filtered and the filtrate is washed with
ture and pressure to 1/25 to 1/50 the original voldilute ammonia water (0.05 per cent) until the fil-
ume. The concentrate contains the growth hortrate is colorless. The G@0,), mass is sus-
mone, which tends to precipitate out as ampended in water and made alkaline with NaOH
isoelectric protein fraction during the concentration(0.5 per cent). The mixture is filtered and the
process; the thyreotropic hormone; the adrenowhole process is repeated three times. The com-
tropic hormone; a maturity factor; some prolactinpbined filtrates are neutralized with acetic pH 6
a ketogenic and a diabetogenic substance. Both ahd concentrated at low temperature and pressure
these latter may not be definite entities, as will béo a small volume. The precipitate is removed by
seen in the subsequent discussion. filtration and after solution in dilute soda again
A very satisfactory growth hormone prepara-precipitated at the isoelectric point. The solution
tion can be obtained by filtering off the floccu- of the precipitate in dilute alkali represents the
lence which appears as a result of the vacuum diéinal product. One such preparation sterilized by
tillation. This precipitate should be dissolved inBerkefeld filtration at pH 9 has shown no evi-
0.1 per cent NaOH and reprecipitated at the isadence of losing its activity over a period of one
electric point by careful addition of dilute aceticyear. This has been stored in a refrigerator at
acid. Flocculation of the isoelectric precipitate isabout 1°C.
aided by further concentration of the mixture at
low temperature and pressure. This protein-lik ;5 ]
fraction should be further purified by repeatec

isoelectric precipitation. 135 -
e
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Chart 6. Showing the effect of the growth hormone upon

growth, nitrogen balance and urinary nitrogen of completel Chart 7. Showing the favorable effect of Q extract upon cal-
hypophysectomized rats (solid line) and of normal animalcium balance in hypophysectomized rats maintained on a
(dotted line). At the first arrow the injections were started; zlow calcium diet (Dr. Leonard Pugsley).

the second, injections were stopped; and at the third, the

were started again. The growth hormone may be standardized by

noting the growth effect upon recently hypophy-
The filtrates obtained in this process are comsectomized and otherwise untreated rats. We
bined and worked up for the thyreotropic andhave taken as an arbitrary unit the amount of
adrenotropic active principles (9, 10). extract necessary, when administered twice daily
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by intraperitoneal injection, to cause a weightThus we have found, in confirmation of P. E.
increase of 1 gram per day in 100 gram rats, ove®mith and others, that gonadotropic extracts pre-
10 to 15 days (8). Extracts made by the methogdared from pituitary tissue will lead to follicle
outlined above may contain from 25 to 100 unitanaturation and corpus luteum formation in the
per cubic centimeter representing 1 gram of origihypophysectomized rat. In this respect the
nal pituitary tissue. gonadotropic hormone of the pituitary differs
from the anterior-pituitary-like hormone prepared
SEX from pregnancy urine or placenta (A.P.L.); in fact
we have never been able to stimulate follicle mat-
Another important effect of hypophysectomy uration or corpus luteum formation in the absence
is the atrophy of the genital organs. The germinadf the hypophysis with A.P.L. (7, 40). It would be
epithelium of the testis atrophies and sperm cekrroneous, however, to think that A.P.L. is quite
formation stops. In the ovary follicle maturationineffective in the hypophysectomized rat.
and corpus luteum formation is inhibited and theAlthough its administration does not produce true
animals become continuously dioestric. But thecorpora lutea, it leads to the luteinization of thecal
effect of the pituitary on the ovary is not limited cells and to the production of so-called “thecal
to the maturation of follicles; in fact we have corpora lutea.” The main difference between the
been able to show that the so-called “maturitywo types of gonadotropic hormones appears to
hormone” is as important for the immature ovarybe, therefore, that the pituitary hormone acts on
as it is for the mature one. Before puberty, there ithe granulosa and on the theca, while A.P.L.
no follicle maturation, nor oestrus, nor corpusluteinizes the theca only. In this respect our find-
luteum. formation, but the ovaries of prepubertaings are not quite in accordance with those of P.
hypophysectomized animals still show definiteE. Smith, who has obtained true corpora lutea by
signs of hypophyseal deficiency (39). the administration of pregnancy urine prepara-
tions. It is interesting to note, however, that we
repeated his experiments in our laboratory with
commercial “antuitrin S” without being able to
produce any results other than thecal luteinization
(12). We have no explanation to offer for this dis-
crepancy, except possibly that the “antuitrin S”
used by Dr. Smith—which, as he told us, was a
special preparation—was different from the com-
mercial “antuitrin S.” The difference in the mor-
phogenetic effect of the two gonadotropic hor-
mones is not the only one, for it has been possible
Eig-olhos"eagé;f h%’ﬁg?;‘gg:iggigfedcrhagv‘g Tr]\(t)c?tt:Zch;tO show that A.P.L. leads to continuous oestrus in
ci)g;lc?/ ():/ells andytheir nuclei show the typicgl wheel shape. ffhe hypOphyseCtomlzed.a.dUIt f.emale’ Whllef thls IS
not the case after administration of the pituitary
Fig. 2. Involuted corpus luteum in ovary of hypophysec- extract. In the case of the immature hypophysec-
tomized post pubertal rat 265 days after hypophysectomy. tomized female, oestrus has not been obtained
after A.P.L. administration, although the thecal
The thecal cells, which ordinarily have a spin-luteinization was very marked. These observa-
dle-shaped nucleus and a fine granular chromatitions led to more detailed study of the effects of
structure, change their appearance. The nucléiypophysectomy and hypophyseal hormones on
become circular and their chromatin aggregates itne theca cell.
large, dark lumps, peripherally arranged, leaving The theca deficiency-cells, as described
white, chromatin-free spaces in between, so thabove, can easily be brought back to normal by
the nucleus comes to present a somewhat wheehe administration of A.P.L.; in fact, we have seen
like appearance. In order to stress the origin anthat they may be stimulated to such a degree as to
significance of these cells, we called them “thecaake on the appearance of corpus luteum cells.
deficiency-cells” (11). It has been possible toThe confinement of A.P.L. action to the theca
prepare suitable extracts, which will prevent orcells is observed not only in the hypophysec-
cure the effects of hypophysectomy on the gonadpmized animal but also in the very immature rat.
and the study of replacement therapy has also ledldministration of A.P.L. to these during the first
to some interesting findings concerning the differdays of life results in thecal luteinization. It is
ence between the various gonadotropic extractgienerally known that rats under 14 days of age
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are not suitable for the Aschheim-Zondek reaceertain extract may be due not to absence of a
tion, for they will not form corpora lutea under maturity factor but to an inhibitory substance neu-
the influence of pregnancy urine. An histologicaltralizing the effect of an oestrogenic factor. We
study of ovaries of such animals, showed, howhave frequently failed to obtain any vaginal
ever, that their gonads are by no means insensbestrus reaction with certain pituitary extracts
tive to A.P.L. The only difference between thewhich have produced a definite A.P.L. ovary in
somewhat older rat and the very immature animammature rats. Methods of preparing gonad stim-
is that the former reacts with corpus luteum for-ulating extracts of the anterior pituitary have been
mation, while the latter with the formation of the- published by Van Dyke and Wallen Lawrence (18,
cal corpora (13). These observations led us to thE9, 20); Evans, Meyer and Simpson (21); Hisaw,
conclusion that the pituitary of the very immatureet al. (22, 23); and others (24, 25, 26, 90).
rat is probably not fully functional, and that this Our best maturity extracts have been made by
accounts for the fact that it reacts to A.P.L. in theextracting the anterior lobes of sheep or hog with
same way as the hypophysectomized older anima&3.0 per cent acetone containing 1 per cent
The conclusion which we drew from all theseNH,OH. The maturity factor appears to follow
experiments was that A.P.L. needs a complemerthe thyreotropic principle, and methods useful in
tary factor produced by the pituitary in order topurifying the latter are applicable to the purifica-
act on the granulosa cell, while its effect on thdion of the former. In general these consist in iso-
theca is not necessarily dependent upon the pitelectric precipitation of relatively inert protein
itary (14, 15). This conception has also been submaterials and concentration of the active principle
stantiated by other experimental series, in whiclioy ammonium sulphate precipitation of the iso-
we found that continuous administration of A.P.L.electric filtrates, solution in water of the ammo-
leads to an enlargement of the pituitary and of thaium sulphate precipitate and precipitation from
thyroid, as well as to development of the mam+his by alcohol or acetone (70 per cent) of the
mary gland to the stage corresponding to that cdctive material. Salts can be removed successfully
late pregnancy (16, 17). from the final extracts by dialysis. Extracts which
have been made in this manner can be boiled at
The preparation of extracts containing the matu- pH 5 for one hour without any appreciable change
rity principle of the anterior lobe in the potency as regards maturity principle,
whereas such treatment causes almost a complete
The preparation of even a relatively puredestruction of the thyreotropic substance. This is
maturity hormone extract of the anterior pituitarythe best evidence we have to submit that the
has not yet been accomplished. There are motayreotropic and maturity factors are different
difficulties to be overcome in relation to the substances. We do not feel, however, that it is
purification of this principle than in the case offully adequate to settle entirely this question.
any other. The great variation in the yield of
active principle seen in the glands of different Pregnancy
species is of especial interest. In our hands ox
glands have been quite unsatisfactory as a source In all probability the pituitary plays an impor-
of potent extracts, whereas glands of sheep artdnt role during pregnancy. It has been possible,
hogs have been found to be relatively very rich imowever, to show that hypophysectomy during the
maturity principles. Others have had a similarsecond half of pregnancy does not interfere with
experience in their work on pituitary the maintenance of gestation. The only effect of
gonadotropic hormones. If frozen rat pituitary hypophysectomy, when performed in the second
glands are implanted into immature females, théalf of pregnancy in rats or mice, is a marked pro-
gonadotropic effect is only a fraction of thatlongation of the gestation period (27, 28). This is
obtained when fresh glands are implanted in anost probably due to a delayed involution of the
similar manner. Since an alkaline extract of thecorpus luteum of pregnancy. We have found, how-
anterior lobes of the ox has been shown to bever, in confirmation of Pencharz and Long (29),
capable of neutralizing the oestrus effect of dhat hypophysectomy in the early stages of gesta-
potent alkaline extract of the rat’'s pituitary whention leads to resorption of the embryos in the rat.
both are administered simultaneously to theMe have been able to show that the same is true in
immature rat, one must recognize the existence dfie mouse, while the guinea-pig seems to behave
inhibitory substances of either a specific or nondifferently; for we have seen that pregnancy was
specific nature in the fresh glands and accept asrt interfered with in a guinea-pig hypophysec-
possibility that a negative gonadotropic effect of aomized during a very early stage of gestation.
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If the maintenance of the corpus luteum ofshowed that hysterectomy greatly prolongs the
pregnhancy is not interfered with by hypophyseciife-span of the corpus luteum in this species.
tomy, the question arises—what is responsible foBince hysterectomy has no clean-cut effect on the
keeping this corpus luteum in a functional condi-ovaries or the cycle in the rat, we assume that the
tion? It is very likely that the pregnant uterusmechanism at work after hysterectomy differs
itself is responsible for this, since removal of thefrom that after uterine distention.
foetuses leads to immediate involution of the cor-
pus luteum of pregnancy. In order to determine Lactation
whether the presence of the embryo as such is
essential, or whether the distention of the uterine The development of the mammary gland is
wall is the important factor, Dr. Selye (30) per-not interfered with (27, 32) in rats and mice
formed the following experiment: In a series ofhypophysectomised in the latter half of gestation.
pregnant rats, the uterus was emptied and meltédilk secretion starts normally at parturition. This,
paraffin was introduced into its cavity, so as to dishowever, lasts for but a few hours, then definitely
tend it. When these rats were killed six weekstops. The mammary gland involutes. If hypophy-
after the operation their ovaries were considerablgectomy is performed during the course of an
enlarged (fig. 3) and contained a large number ddlready established lactation, milk secretion stops
corpora lutea comparable to those of pregnancwithin a few hours (6). As you know, it has been
The mammary glands, however, had completelypossible to produce a lactation-promoting hor-
retrogressed. It seems from this experiment thanhone from the pituitary. Oscar Riddle, whose
the mere distention of the uterine wall as such hasork on this subject has been of considerable
a great effect upon the ovary. The involution of thamportance in the elucidation of the problems of
mammary glands is not necessarily an indicatiofactation and crop milk secretion, has called this
of a deficiency in corpus luteum hormone produchormone “prolactin.” It is likely that this pro-
tion, since it is well known that even the continu-lactin stimulates the secretion of the mammary
ous administration of corpus luteum hormone bygland (33, 34). Our experiments—showing that a
injection cannot maintain the mammary gland in ashort period of lactation may be observed soon
fully developed condition for more than a few after delivery, in animals from which the pituitary
weeks. These experiments are insufficient to dralmas been removed a long time before—seem to
any definite conclusion concerning the role thaindicate that the hypophysis is not absolutely
uterine distention plays during pregnancy, but thegssential for the secretion of milk. There might
certainly prove that the distention of the uterus hapossibly be an extra-hypophyseal source of the
a marked effect on the ovary. We should bdactation-promoting hormone. We have consid-
inclined to assume that this effect is also attainedred the possibility that the pregnant uterus may
through a stimulation of the pituitary, since thealso yield prolactin, and that the short lactation
hypophyses of our experimental animals—the utegperiod observed after delivery in the hypophysec-
of which had been distended—were greatlytomized animal may be the result of a release of
enlarged. These experiments remind us of thogarolactin from the pregnant uterus. We know that
performed by Loeb (31) on the guinea-pig, whichthe corpus luteum inhibits lactation, and therefore
a lactation-promoting hormone would probably
not lead to milk secretion during the life of the
corpus luteum of pregnancy; but as soon as this
corpus luteum ceases to function, lactation starts.

In this connection we performed the follow-
ing experiments. A group of rats were injected
with A.P.L. until their mammary glands were
fully developed, and then castrated. Forty-eight
hours later a histological study of the mammary
glands showed that lactation had set in. In this
case, the removal of the considerably luteinized
ovaries initiated milk secretion in the mammary
Fig. 3.A pair _of greatly enlarged ovaries,_ taken fro_m a ra; thegland of the non-pregnant animal.
uterus of which ha_d been distended with paraffin, beside & In another series, we treated a group of rats
pair of normal ovaries. . . ! .

with A.P.L. in exactly the same manner as in the
Fig. 4. Fully lactating mamary gland in a suckling pseudo- previous experiment. We then castrated them, and
pregnant mouse. removed the hypophysis at the same time. Under
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these conditions, no milk secretion was observedhat sexual cyclicity stops during lactation, both
Our conclusion was that the removal of the ovaryin experimental animals and in humans, has been
with its corpora lutea, stimulated the secretion ofnterpreted as the result of the drain upon metabo-
prolactin from the pituitary, and thereby initiatedlism during this period. It has also been thought
milk secretion. If the pituitary was removed, milk that it is not lactation which interferes with men-
secretion could not occur. If we compare thestruation, but that the initiation of menstruation
results of these experiments with those on predias an adverse effect upon lactation. In the above
nant animals, as previously described, we see thakperiments it seems that the oestrous cycles do
the only difference between them is the presenceot appear in nursing mothers, even though the
of a pregnant uterus. It is suggestive, thereforegalactophores are cut. In this condition, there is
to assume that this pregnant uterus was responsio milk secretion and thus no drain on the metab-
ble for the initiation of milk secretion following olism. We thought, therefore, that the inhibition of
parturition (17, 35). sexual cyclicity during lactation may also be due

In order to determine whether the pregnanto the nervous stimulation of suckling.
uterus is able to produce prolactin at any time dur- Another group of experiments was done to
ing gestation, we removed the foetuses and theee whether the stimulus of suckling would also
pituitary simultaneously during the second part oinhibit sexual cyclicity in the non-lactating ani-
pregnancy, and we found that Caesarian sectiomal. In a group of adult normal female rats and
which ordinarily initiates milk secretion, is unable mice we studied the effect of the stimulus of
to do so in the absence of the pituitary. Animalsuckling upon the oestrous cycle. We found that
impregnated at the postpartum cycle immediatelyan adult rat, if given a litter of young animals,
after delivery of a litter (thus pregnant and lactatwill build a nest and try to nurse the litter in many
ing at the same time) were hypophysectomizeccases. If the mammary gland of such a rat is
Milk secretion ceased immediately. Thereupon wexamined about ten days later, growing mammary
came to the conclusion that the substance whichpithelium is seen. At the same time the ovaries
stimulates milk secretion in the hypophysec-contain large corpora lutea similar to those seen
tomized animal is probably released from the pregduring pregnancy and pseudo-pregnancy. No fol-
nant uterus only shortly before parturition (36). licle maturation occurs and vaginal smears show

It is well known that weaning stops milk continuous dioestrus. This condition is very simi-
secretion. The explanation of earlier workers wasar to the so-called pseudo-pregnancy produced
that the accumulation of the products of secretioby sterile copulation or stimulation of the vagina
within leads to pressure atrophy of its epitheliumwith a glass rod. During the later stages of this
and thereby stops secretion. In the light of thegseudo-pregnancy produced by suckling, the
“prolactin” theory, we were interested to seemammary gland is well-developed and frequently
whether the stimulus of suckling has any direchumerous large placentomata are found in the
effect on the production of prolactin in the pitu-uterus (figs. 4, 5). Still later, lactation sets in
itary. If this were so, one would have to assumégSelye and McKeown (38)).
that the mere nervous stimulus of suckling main-  This type of pseudo-pregnancy is particularly
tains milk secretion during the whole lactationinteresting because it may have a parallelism in
period, through an effect on the prolactin produchumans. While sterile copulation does not inter-
tion of the hypophysis. In order to test this, Dr.fere with the cycle in women, the stimulus of
Selye trancised all the galactophores in lactatinguckling has a definite inhibitory influence as
mice and rats while the stimulus of suckling wasshown by lactation amenorrhoea. We would be
maintained. In this experiment no milk couldinclined to interpret this condition as the result of
escape from the gland and secretion still perthe nervous stimulation of the nipple. These
sisted, as long as the litter was suckling. Thigxperiments may also give a more satisfactory
experiment indicates that the accumulation okxplanation of the fabulous accounts of various
milk in the gland is not the immediate cause ofnvestigators who claim that milk secretion may
inhibition of secretion after weaning. In the ani-be initiated in virgin girls who have attempted to
mal from which the young have been weanedjuiet an infant by offering it the breast.
milk secretion stops because the nervous stimulus
of suckling is absent (37). Testis

The fact that the nervous stimulus of suckling
has so definite an effect upon the pituitary throws We have confirmed the observations of previ-
an entirely new light upon the question of lacta-ous investigators concerning testicular atrophy
tion dioestrus and lactation amenorrhoea. The faethich follows removal of the hypophysis in
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reported in the literature, found that in all cases
the thyroid was reported as being small and
atrophic and sometimes even sclerotic. As a result
of the considerable experience which we have
had in our own laboratory with hypophysec-
tomized animals, we can confirm these findings
in regard to the atrophic changes in the thyroid of
dogs, monkeys, guinea-pigs, mice and rats from
which the hypophysis has been removed.
Hyperplasia of the thyroid gland has been
Fig. 5. Placentoma in the uterus of a pseudopregnant mouseproduced in a number of different species of ani-
mals by injections of anterior pituitary extracts.
Fig. 6. Cysts in the adrenal cortex of a pseudopregnantrhis fact completes the chain of evidence proving
mouse. that the anterior pituitary normally exercises a
controlling influence over the thyroid by means
experimental animals. We also found, in confir-of an internal secretion.
mation of Philip E. Smith, that this atrophy can be  Animals in which the thyroid stimulating
prevented by the daily administration of hypophy-action of the anterior pituitary has been conclu-
seal implants. Our results differ, however, fromsively demonstrated are the guinea-pig (Loeb and
those of Smith, insofar as the effect of A.P.L. isBassett, 1929, 45; Aron, 1930, 46, 47; Janssen
concerned. Administration of even large doses ofnd Loeser, 1931, 48; Krogh, 1932, 49; Grab,
A.P.L. has consistently failed to stimulate sperml932, 50), the cat (Schittenhelm and Eisler, 1932,
cell formation in hypophysectomized rats. The51), the dog (Houssay, 1932, 52), the rabbit
interstitial tissue hypertrophy which follows (Baumann and Marine, 1932, 53), the pigeon
A.P.L. administration in the normal animal is not(Riddle and Polhemus, 1931, 54), the duck
influenced by the removal of the gland, but—just(Schockaert, 1932, 55), and the rat (Anderson,
as in the normal—-this hormone has no effect 086, and Anderson and Collip, 1933, 9). Some of
the seminal epithelium after hypophysectomy (7).these workers reported failure to produce hyper-
In this connection it is interesting to note thatplasia in the thyroid of the rat. It is of particular
the very immature male rat seems to react in thinterest therefore to note that Dr. Evelyn
same manner to A.P.L. as does the older animalnderson, working with usyas able to produce
the only clean-cut effect being proliferation of themarked thyroid hyperplasia with hyperthy-
interstitial tissue. Unlike the ovary, the testisroidism, in the rat treated with crude pituitary
reacts in the same manner after A.P.L. administraxtract plus Staphylococcus aureus vaccine.
tion in the immature or hypophysectomized rat agunkmann and Schoeller have found that the

it does in the mature male. pituitary of the rat is relatively very rich in the
thyreotropic substance compared with the pitu-
THYROID itary of the guinea-pig, as determined by implan-

tation into test guinea-pigs, and that the rat is

That there is a very close relationshipmuch less sensitive than the guinea-pig to the
between the anterior pituitary and the thyroidthyreotropic hormone. In this connection, |
glands has been very clearly established botkhould venture to suggest thatriay follow as a
experimentally and clinically. Cushing (1912) general rule that the sensitivity or responsiveness
(40) observed in the dog that, following a tran-of an animal to injected hormone varies inversely
sient hyperplasia occurring about 24 hours aftewith the hormone content or production of the
hypophysectomy, involution of the gland ulti- animal’s own gland.
mately resulted. Allen reported that the thyroid of  Hyperplasia of the thyroid of the rat has been
tadpoles became atrophic following removal ofproduced by other means than the injection of
the pituitary, and he noted that the implantation ohighly potent thyreotropic hormone. Thus
the pituitaries of frogs caused a restoration of thé&lcCarrison has observed thyroid enlargement and
thyroid to normal (41). P. E. Smith obtained simi-hyperplasia in rats to which have been fed cultures
lar results in the case of the white rat (43). of bacteria from the faeces of goitrous persons. We

Clinical evidence pointing to the control of have seen extreme hyperplasia without hyperthy-
the thyroid by the pituitary has been abundantlyoidism in certain rats obtained from a dealer and
available. Graubner (44), in a review of 34 casekindly supplied to us by Dr. C. N. H. Long of
of hypophyseal cachexia (Simmonds’ diseaselPhiladelphia, who had noted the condition and was
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active extract is as follows: The combined fil-
trates obtained at the §&O,), adsorption stage

in the Q process for growth principle are concen-
trated and saturated with (§HSO,. The precipi-
tate is taken up in distilled water and again pre-
cipitated with (NH,),SO,. Alcohol is added to
the neutral aqueous extract of the precipitate to
make 70 per cent by volume of this reagent in the
mixture. The precipitate is collected on a filter
and extracted with distilled water. An equal vol-
ume of acetone is added and the precipitate is col-
lected on a filter and extracted with distilled
water. This solution represents the final product,
but further purification for the purpose of reduc-
ing the content of contaminating adrenotropic
principle can be accomplished by repeated precip-
itation from 50 per cent acetone.

Most excellent preparations of the thyreo-
tropic plus some adrenotropic hormone can be
Fig. 7. Control thyroid of goitrous rat. Weight 143 mg., meta- prepared by working up the Combm?d filtrates
bolic rate 86 per cent of normal. from the above process by concentration and pre-

cipitation from 90 per cent alcohol.
Fig. 8. Thyroid of goitrous rat after 9 days treatment with
thyreotropic hormones. Note large vesicle, with flattened
epithelium, filled with dense colloid. Weight 138 mg., meta-
bolic rate 230 per cent of normal.

The physiology of the thyreotropic hormone

The administration of adequate amounts of
Fig. 9. Thyroid of normal rat after 74 days treatment withthe thyreotropic hormone to normal animals
thyreotropic hormone. Note similar appearance to that seen jxgylts in the course of a few days in enlargement
untreated hypophysectomized rat. and hyperplasia of the thyroid. There is an
increase in the metabolic rate (Siebort and Smith,
so kind as to send them on to us for use in our worls7, Verzar and Wahl, 61), increased heart rate
The use of a non-specific agent such as &Schittenhelm and Eisler, 51), exophthalmos
killed culture ofStaphylococcus aureus con- (Schockaert, 55, Loeb and Friedmann, 61), a
junction with anterior pituitary extracts in order toreduction of the iodine content of the gland
produce thyroid hyperplasia and hyperthyroidism(Loeser, 58; Schockaert and Foster, 62), an
became quite unnecessary after we had succeededrease in the alcohol-insoluble iodine of the
in preparing the thyreotropic principle in concen-blood (Closs, Loeb and MacKay, 63; Grab, 64;

trated and purified form. Schittenhelm and Eisler, 51), a depletion of liver
glycogen and an increase in the acetone bodies in
Preparation of the thyreotropic hormone the blood Eitel and Loeser, 65; (Eitel, Lohr and

Loeser, 66). Verzar and others have shown that

The presence of the thyreotropic principle can baone of the signs of hyperthyroidism can be pro-
demonstrated in almost any type of simple extract auced in thyroidectomized animals by injections
anterior pituitary glands. A variety of methods areof thyreotropic hormone extracts (60).
therefore available for the preparation of extracts rich  Since the guinea-pig is exceedingly sensitive
in this hormone. Loeser (58) described a method fao the thyreotropic hormone, we made use of this
preparing an active extract in the form of a dry powanimal as a test object in our earlier work on the
der. His process consisted of aqueous ammoniagadirification of extracts.
extraction of the acetone treated glands followed by The metabolic effect of bi-daily injections of
removal of proteins with trichloracetic acid and pre-an active extract into a group of 16 prepubertal
cipitation of the active substance by acetone from thguinea-pigs consisted of an average increase of
trichloracetic filtrate. Alcohol and acetone were sub4129 per cent on the 4th day and 134 per cent by
sequently used as precipitation reagents. Junkmaitime 6th to 8th day. The animals were killed after
and Schoeller (59) have reported on the chemicalne week of injections, and the thyroid glands
properties of the thyreotropic extract. were more than doubled in size as compared with

The method which we use to prepare anhe controls; and the histological picture was that
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of extreme hyperplasia. Our Q extract and A.P.LThe metabolic rate has frequently been restored to
tested in a similar manner gave negative results. normal within a week with bi-daily doses of as
From a study of the changes in metabolisniittle as 0.005 cc. of a purified thyreotropic
from day to day in guinea-pigs and rats injectecxtract. The normal rat has required at least 0.08
with the thyreotropic hormone, it is evident thatcc. bi-daily to give a similar response. We have
there is a preliminary rise sometime within thechosen as an arbitrary unit of the thyreotropic
first four days. This is followed by a secondaryhormone the minimum amount, administered
rise in about a week. This latter rise is not maindaily in two injections, which will cause a rise of
tained, and a decline to normal or even subnorm&0 per cent in the metabolism of the hypophysec-
levels gradually takes place. Since it has beetomized rat by the fourth day. We believe that this
shown by a number of workers that, following theunit compares fairly well with the Junkmann-
injection of the thyreotropic hormone, thereSchoeller unit as determined by the use of the
occurs an outpouring of thyroid secretion, onenormal guinea-pig, but it has this advantage that
might suggest that the first rise in metabolism ighe metabolism of the hypophysectomized ani-
due to the sudden discharge of existing stores ahal, both before and during treatment, is far less
thyroid hormone into the blood stream, while thevariable than the histological picture of the
second rise follows after the hyperplasia of theguinea-pig’s thyroid. The normal guinea-pig thy-
gland, induced by the hormone, has advanced suieid is extremely sensitive to the thyreotropic hor-
ficiently to give an increased production of themone stimulus, but unfortunately control animals
thyroid hormone. The subsequent decline in metaall too frequently, in our experience, have shown
bolic rate has been made a subject of specianhild thyroid hyperplasia.
study in our laboratory, but | shall defer until a lit- We have no evidence of our purified thyreo-
tle later a full discussion of our results. tropic extract causing growth in hypophysec-
The average increase in metabolic rate whiclhiomized animals that have been treated for some
we have seen in normal rats of our colony, treatedleeks. Thus, 40 hypophysectomized rats had an
with the thyreotropic hormone, has been +35 peaverage weight of 121 gm before injections of the
cent. The administration of even massive doses ahyreotropic extract were commenced, and an
the hormone does not result in higher values. Waverage weight of 110 gm after 3—4 weeks.
obtained quite different results, however, with a
small series of goitrous rats to which reference Effects of the thyreotropic hormone
has already been made. A control animal in this on metabolism
group had a thyroid gland weighing 142 mg as
compared with a normal rat's gland of 20 mg. The
gland proved, on microscopic examination, to be
extremely hyperplastic. The control metabolic
rates of these animals was slightly subnormal
Immediately following treatment with thyreo-
tropic hormone the metabolic rate rose rapidly. sooy weiont
One animal showed a 95 per cent increase withi [T T
24 hours. The highest rate observed in the grou ™[
was 262 per cent above normal. This was on th +eesf -
ninth day of injections. All of the rats showed A /\/\/\/\
definite symptoms of hyperthyroidism, irritability, - S aaw~,

3

METABOLIC RATE

PERCENT INCREASE

~

weakness, exophthalmos and excessive sweatin 3 /\/\/\/
and there was a 20 per cent loss of weight in th ErTECT of TarRoTROmC oo on M
course of nine days. - f
Hypophysectomized rats show a decline in o fee ToR oMY
the metabolic rate to an average of 74 per cent ¢ o o 20 3 wo

DAYS

normal as determined on a series of 118 of ou.
experimental animals. The thyroid gland chart 8. Effect of the thyreotropic principle upon nitrogen
decreases in weight and the microscopic picture ibalance in hypophysectomized animals (Mr. Peter Black).
one of marked involution of the cellular elements.

We have found that these animals are much more

sensitive to injections of the thyreotropic hor- It is well known that thyroid feeding causes a
mone than are normal animals. They comparereatinuria (Cramer and Krause, 1913). Dr. David
very favorably in this respect with the guinea-pig.Barr observed an increased creatine excretion in a
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Chart 9. Effect of the thyreoropic extract upon calcium
excretion (Dr.Leonard Pugsley).

Chart 10. Effect of the thyreotropic hormone upon the cal-
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cium balance of normal rats (Dr. Leonard Pugsley).

creatine excretion which reached a peak on the
10th day. The creatine excretion then gradually
decreased, while the metabolic rate was still ris-
ing. The thyreotropic hormone caused a tempo-
rary increase in creatine excretion, both in normal
and hypophysectomized rats. As in the case of the
metabolic rate response, the former were less sen-
sitive than the latter. Six units caused a definite
increase in excretion in the normal rats, and one
unit acted similarly in the hypophysectomized
animals. An increased creatine excretion was like-
wise noted in the dog treated with the thyreotopic
extract. Purified extracts of the growth and
adrenotropic hormones had no effect on the crea-
tine excretion of normal rats.

We see here two definite examples of the
principle which | enunciated above; namehat
the responsiveness of an animal to an adminis-
tered glandular extract may vary inversely with
the hormone content or production of the animal’s
own gland. The principle may be illustrated by a
specific example. The pituitary of the rat is rela-
tively rich in the thyreotropic substance; the thy-
roid gland of the normal rat is relatively very
active and the metabolic rate is accordingly rela-
tively high. The normal rat is relatively insensi-
tive to thyreotropic hormone. The hypophysec-
tomized animal cannot produce thyreotropic
hormone; the thyroid gland of the animal is rela-
tively inactive and the metabolic rate is
depressedhut the sensitivity to injected thyreo-
tropic hormone is at least ten times greater than
in the case of the normal rat.

Mr. Peter Black has extended the study of the
effects of thyreotropic hormone extracts to fish.
Here the effects are in general as they are in the
mammal. The interesting observation was made,
however, that untreated fresh fish placed in the
water in which injected fish had previously been
kept likewise showed an increase in the metabolic
rate. The addition of the hormone to the water in
which untreated fish were kept had no effect. It
appears, therefore, that, in the case of the fish
(cat-fish) the injection of thyreotropic hormone
causes the liberation into the water of a substance
which can be taken up by another fish with a
resultant increase in metabolism of the latter ani-
mal. Further investigation along these lines will

patient given our T.G. extract. It is of interest,pe carried out to determine if possible whether it
therefore, to compare the effects of thyroid feedis the true secretion of the thyroid which is passed
ing and of thyreotropic hormone injections uponinto the water from the thyroid gland of the
the creatine excretion in relation to the changefjected fish.

produced by each in me_tabolic level. This partof = One of the effects of thyroid feeding is an
the work has been carried out by Dr. L. Pugsleyncrease in the calcium excretion by the bowel
and Dr. Evelyn Anderson. The feedlng of deSlC'(gl). Doctor Pugs|ey has been able to demon-
cated thyroid to normal rats caused a rise in thetrate a similar, though not so marked, effect in
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normal animals injected with the thyreotropic
hormone which occurred only during a period of
elevated metabolic rate.

A remarkable demonstration of the fact that
the thyreotropic hormone has a direct action upo
the thyroid cells has been given by Eitel, Krebs Fi= m
and Loeser, who produced hyperplasia in slice:
thyroid tissue treated in vitro with an active
thyreotropic extract. Houssay, Biasotti and
Magdalena, and Marine and Rosen (92) have like
wise obtained a reaction in transplanted thyroids.

ADRENAL

While the earlier workers, like Aschner, found
no adrenal cortical atrophy in hypophysectomizec
dogs, more recent observations (Smith and ott
ers) have shown that definite atrophy of the
adrenal cortex follows the removal of the hypoph- = 1
ysis in rats. We were able to confirm these obsel
vations on the rat, and furthermore found tha
similar atrophy of the adrenal cortex may be pro
duced in mice, guinea-pigs and monkeys. It is
remarkable that the cortical atrophy which is sc
obvious after removal of the hypophysis in ratsgig. 10.Cortical atrophy in rat 265 days after hypophysec-
mice and cats is not very marked in the hypophytomy.
sectomized dogs so far examined by us. In th ) o _
case of a dog hypophysectomized one montFig. 11. Cortical repair with adrenotrop_lc hormor_1e 139 days
before autopsy, the width of the adrenal corte:2fter hypophysectomy. Left-control biopsy weight 3.5 mg.
Right —6 days after treatment weight 7 mg.
was not markedly less than that of the norme
control litter mate. extracted with dilute aqueous alkali (0.05 NaOH).
Histologically this cortical atrophy is charac- This extract is neutralized to pH 6 with dilute
terized first by an intense hyperaemia of the coracetic and allowed to stand at 1°C for some days.
tico-medullary junction; then the zona fasciculatarhe precipitate which has formed is removed and
and zona reticularis of the cortex show definiteyissolved in either dilute acid pH 3 or dilute alkali
signs of atrophy (fig. 10). The cells degenerate,y 9 Thjs isoelectric fraction which is obtained

and the cortex becomes progressively narrowe : .

Numerous pigment cells appear in the zona reticl;? the above mdanner 'Sb almgst free of Lhyre_otLoplc
ularis, which contain yellowish green granules. ormone and can be shown to be rich in
Such cells may also appear in this zone in thgdrenotroplc principle by the following method of

normal rat during old age, but they are neve@ssay devised by Dr. Evelyn Anderson.

found in young animals, and even in the senile rat The left adrenal is removed from hypophy-
they are never as frequent as they are aftesectomized rats ten days to two weeks following

hypophysectomy. the operation. This gland is weighed and sec-
tioned for microscopic examination. The animal
Preparation of the adrenotropic hormone is injected twice daily for six days with the

extract to be tested. The animal is killed and the
The alcohol and acetone filtrates which areright adrenal is weighed and sectioned, as is also
obtained in the preparation of the thyreotropiahe thyroid gland. Control experiments have
principle are combined and concentrated at lovghown that there is no compensatory hypertrophy
temperature and pressure. The aqueous concesf-the remaining gland after unilateral adrenalec-
trate is saturated with ammonium sulphate an¢omy in the hypophysectomized animal. Increase
the precipitate is removed. It is extracted with lin weight of the remaining adrenal over that of
per cent aqueous ammonia and the extract is dighe one taken at biopsy, together with microscopic
lyzed, to remove the (NPLSO,. After dialysis evidence of cortical repair is taken as positive evi-
the extract is treated with ten volumes of absolutgence of adrenotropic activity in the extract. The
alcohol and the precipitate is removed ancpresence or absence of thyreotropic hormone can
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be determined in the same test animals by notir i
whether there is any increase in metabolism du # "%
ing the period of injections and if there is any evi
dence of increased cellular activity in the thyroid
taken at the post-mortem examination. It has bee
only in isoelectric fractions that we have obtainel
negative tests for thyreotropic hormone.

The purified adrenotropic hormone extract ha:
been shown to withstand prolonged boiling at pH 5.

.

Physiological effects of the adrenotropic hormone

Fig. 12.Action of parathyroid hormone on bone of normal as
compared with hypophysectomized rat. N-Normal. H-
Hypophysectomized. N.P.-Normal treated. H.P.-
Hypophysectomized treated.

As yet we have very little detailed informa-
tion on the physiological effects of the
adrenotropic hormone. No appreciable improve

tmhgn[: h%s r? eseenctz?r?irz]ég :gte tf:;t[;%c&?tﬁ ?ﬂg'gggv‘éhse a large focus of necrosis at the centre of one
ypophy arathyroid, while the other showed definite signs

extract, even though a substantial degree of rep AT atrophy (fig. 13). We have seen definite

of the atrophic cortex has taken place (fig. 11), nlargement of the parathyroids of the cat within

Normal animals injected with the extract have no wo weeks of hypophysectomy. It is possible that

shown any marked changes in the size or hiStc{'here may be an early stage of parathyroid

logical appearance of the adrenals. Dr. PngSIeFnlargement and over-activity which is later fol-

has obtained, in a preliminary study of the eﬁecdowed by atrophic change. Blood serum calcium

of the adrenotropic extract upon the calcium an Lf the hypophysectomized rat is normal or

potassium balance of normal rats, very SqueStiv&ightly increased. The calcium balance tends to

evidence that, during the first four days of thebe negative, but it has been restored to a definite

administration of the hormone, the potassium ba:g')ositive value by treatment with the growth hor-
ance tends to become less positive, whereas

. Mone (Pugsley) (67).
effect was noted on the calcium balance. Hypophysectomized rats treated with the

parathyroid hormone respond to it in the same
manner as normal animals (Pugsley) (68) insofar

as the early hypercalcuria is concerned (chart 11).
Hypophysectomy has produced no detectable The effect of parathyroid hormone on the

changes in the parathyroid glands of the rats 'Bone is quite different when applied in very large

ogrratshe rrlc()aiz's \:)\?ethceaﬂ anﬂrrsnegg;iszi%y dtehe:nglgqoses in acute experiments and in chronic experi-
pa y ypophy ba ments. While this hormone leads to bone resorp-
atized dog become atrophic. We have seen in one

PARATHYROID GLANDS

2
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THE EFFECT OF PARATHYROID HORMONE
UPON HYPOPHYSECTOMIZED RATS

Chart 11. Showing that parathyroid hormone produces &
hypercalcuria in the hypophysectomized rat (Dr. Leonar(Fig. 13. Necrosis in the parathyroid of a pancreatectomized
Pugsley). hypophysectomized dog, 10 weeks after hypophysectomy.
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tion and formation of many osteoclasts in thegestive evidence that certain of the blood-forming
acute experiment, the same substance leads to thegans may be influenced by anterior pituitary
formation of osteoblasts and to bone appositioprinciples. Miss Margaret Hill is studying this
when administered daily over long periods. Wephase of the problem.

found that the same dose of parathyroid hormone

which would lead to bone apposition and The diabetogenic and ketogenic effects
osteoblast formation in the normal animal leads to of anterior pituitary extracts

bone resorption in the hypophysectomized one. It

seems, therefore, that the formation of new bone Burn and Ling (1930) (74) demonstrated that
tissue is interfered with in the absence of theats on a salt butter diet, injected with an alkaline

hypophysis (fig. 12). extract of anterior lobes, excreted large amounts
of acetone bodies in the urine. Hoffmann and
THYMUS Anselmino (1931) found that certain anterior lobe

extracts caused an increase in the acetone bodies

The literature on the effect of hypophysec-of the blood and also lowered the basal metabo-
tomy on the thymus is somewhat contradictory. Hism (75, 76). Funk (1932, 77) confirmed
E. Smith (1930, 69) saw no specific changes irHoffmann and Anselmino and stated that the fat
the thymus of the hypophysectomized rat. Richtehormone could be obtained from both normal and
and Wislocki (1930, 70) noted enlargement of th@gregnancy urine. Magistris (1932, 78, 79) found
thymus and lymph glands of the rat. Kosteran increase in the acetone bodies of the blood of
(1930) (71) found the thymus enlarged in therabbits treated with an agueous extract of acetone
hypophysectomized dog. Sakamoto and Saitdried powder pituitary preparation. He reported
(1932, 72) described a condition of fatty degeneralso a lowering of the metabolic rate. He was of
ation in the thymus of hypophysectomised rabthe opinion that the fat metabolism hormone was
bits. Kapran (1932, 73) observed involution ofnot identical with the thyreotropic, growth or
the thymus of the dog after hypophysectomy. Oumaturity factors.
observations on the thymus of the hypophysec- Rietti (1932, 80) noted a decreased acetone
tomized rat are in agreement with P. E. Smith’sexcretion following either pancreatectomy or
We have frequently seen enlargement of the thyphloridzin administration to hypophysectomized
mus in rats treated with certain extracts of anteas compared with normal dogs.
rior lobe for some weeks. The new tissue which Evans (1933) reported that he had produced
could be separated from the old on account of thglycosuria in a female dog and obesity in a male
slightly lighter color of the new lobes proved onanimal by injections with his preparation of the
examination to be lymphatic in type. This effectgrowth hormone.
has been noted in chronic experiments in which Houssay, et al. (1933, 82) reported that ante-
extracts rich in the adrenotropic hormone have —
been used. The significance of this is not ye
understood, but it may be stated that there is sui

e -'e-q_-.

Fig. 15.Two hypophysectomized monkeys 10 weeks after
operation

rior lobe extracts inhibited the hypoglycaemia of
Fig. 14.A typical Houssay dog 11 weeks after second operahypophysectomized animals and increased the
tion glycosuria, diuresis, and acetone body excretion
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of hypophysectomized depancreatized animalgnany patients, that a state of lowered reactivity,
Barnes has reported somewhat similar results. of increased resistance or of actual non-respon-
It is impossible to know from the earlier work siveness may gradually become manifested in
whether the so-called diabetogenic principle andhose that have been treated for a long period with
the so-called ketogenic principle are one and theome glandular extract. Likewise, it has been
same. It is possible that in each case we are dealbserved that certain previously untreated animals
ing with a special physiological effect of one ofor patients may be non-responsive to injections of
the known pituitary hormones. The lowering ofa known potent glandular extract. We have only
metabolism that has been observed by Hoffmanto think of the failure of the parathyroid hormone
and Anselmino and by Magistris may have beero affect appreciably the blood serum calcium of
due to the secondary effect of the thyreotropiche rabbit or of the patient who is resistant to
principle. Using the Burn—Ling test object as aenormous doses of thyroid extract.
method of assay, Mr. Peter Black has been study- It was therefore a matter of more than usual
ing the ketogenic action of the various extracts ointerest to us when we found in chronic experi-
anterior lobe with which we have been working.ments on animals in which the thyreotropic hor-
This work has not yet advanced to the stagenone was injected twice daily over a long period
where final conclusions can be drawn, but thehat the animals not only failed absolutely to give
results so far obtained would tend to support tha positive metabolic response, but actually
view of Magistris that the ketogenic substance ishowed a lowering of the metabolism to the level
distinct from the thyreotropic substance. of that of hypophysectomized animals (83). The
The diabetogenic substance can be studied tbyroid glands of the chronically injected animals
best advantage in the Houssay dog, i.e., in thkecame atrophic and the thyreotropic hormone
depancreatized and hypophysectomized animalas absent from their own pituitary glands (fig.
Dr. Barnes very kindly tested some of our extractd6). In my Washington lecture to the Congress of
on his Houssay animal last year. Diabetogeni®hysicians and Surgeons published last
activity was found by him in both the growth andSeptember, | asked the following questions anent
the thyreotropic fractions. We are at present in outhis remarkable fact:
own laboratory attempting to build up a colony of
Houssay dogs together with a number of'Does the thyroid gland develop an immunity to
hypophysectomized animals of different speciesthe injected hormone?
We have been able to confirm Houssay, Barnels some inhibitory mechanism brought into action
and others in regard to the effect of hypophyseddy the continued stimulation with the thyreotropic
tomy upon the diabetic condition of totally depan-hormone?
creatized animals. Does the purified extract used contain as well a
We have lost some of our completely hypo-true inhibitory principle which has a definite latent
physectomized monkeys from hypoglycaemia angeriod before its effects become manifested?”
one Houssay dog died presumably from hypogly-
caemia. This particular animal was an exception
to the general rule as regards the blood sugar.
Fasting values of 50 mg had been observed previ- ,
ous to death. The treatment with extracts t
which this animal had been subjected no doul  +3]
contributed in part to the unusual blood sugar va THE EFFECT OF CHRONIC INJECTIONS
ues which had been observed over a period «  **] OF THYROTROPIC MORMONE ON THE
many days. These points will be discussed i
detail later. 1 would like to mention here that we
have lost four of our hypophysectomized cat:
approximately ten days after hypophysectomy a
of which showed histological signs of liver
degeneration.

40,

METABOLISM OF NORMAL RATS

METABOLIC RATE
o

- 10

- 20

ANTI-HORMONES - 30 ————

5 10 s 20 25 30 35 40 45
DAYS

It has been a matter of great interest to thosC'?hart 12. The average metabolic rate curve of a group of

working in endocrin_0|09y to note ir? the case Ofnormal rats injected daily with the thyreotropic hormone.
many laboratory animals and also in the case (Note the fall to subnormal levels after 30 days treatment.
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220,

THE EFFECT OF ANTITHYROTROPIC SERUM ON
+50. THE METABOLISM OF THE MYPOPNYSECTOMIZ ED RAT
TREATED WITH THYROTROPIC HORMONE,

THE EFFECT OF THYROTROPIC HORMONE ON
THE METABOLISM OF GOITROUS RATS.

200.

180.

THYROT ROPIC ONLY

160 GOITROUS RATS

THYROTROPIC + NORMAL SERUM

120

METABOLIC RATE
+
N
o

NORMAL RATS

THYROTROPIC+ ANTITHYROTROPIC SERUM

PERCENT OF NORMAL METABOLISM

100.
. [/ R — A e e e
80 . . \//
I 2 3 a 5 6 7 8 9 -_lo. r . v - — . v
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Chart 13. A comparison of the metabolic response in normal DArs
and goitrous rats treated with the thyreotropic hormone. Chart 15. The metabolic effect in hypophysectomized rats

treated (1) with thyreotropic hormone; (2) thyreotropic hor-

In the light of our recent experiments, ourmone + normal serum; (3) thyreotropic hormone + anti-
second question would appear to be the most pethyreotropic serum.
tinent. Dr. Evelyn Anderson and | have been abl-
to demonstrate most positively that the blooc orrortARY mapLANT 8 FROM NORMAL RAT
serum of the thyreotropic hormone resistant rat  +3o]  Frow mavmotRone-
contains a substance, which we propose to ce
the antithyreotropic hormone, which when
injected into normal rats confers upon them, for
time, resistance to the elevating effect of the
thyreotropic hormone on the metabolic rate
Furthermore, we have extended our studies t
other species, and we have produced th
antithyreotropic hormone substance in the bloo
of the rabbit, goat, dog and horse, by daily injec 7
tions of adequate amounts of the thyreotropic hoi
mone extract. Dr. Carl Bachman has obtaine Chart 16. Showing absence of thyreotropic principle in the
negative results with the active serum using thpituitary of the normal rat treated for some weeks with the

complement fixation and precipitin tests. Thisthyreotropic extract. Upper curve (control) shows the effect
of implantation of two normal pituitary glands and lower

encouraged us t_O prepare_ Serum'prc_)tem'frecurve shows the non-effect of implantation of five pituitaries

extracts of the antithyreotropic blood. This provetsrom chronic thyreotropic hormone treated rats. Later the
to be entirely feasible and now concentrated animplantation of two normal glands caused a sharp rise in the
highly active antithyreotropic hormone extractsmetabolie rate as shown on the lower curve.

are a fact (83).

RATE

METABOLIC

4
W
»
o
o
-
®4
of

DAYS

We have adopted as a working hypothesis the
view that antihormones are present in the normal

attractive, since it may be used to explain such things
as the great difference in the responsiveness of differ-
ent species to hormones, as well as minor variations
in responsiveness within a species. The extreme case
is illustrated by the hypophysectomized animal,
12 3 4,5 & 7 & 9 which shows not only a lack of thyreotropic hor-
mone, since the seat of its production has been
flestroyed, but a decrease in the antithyreotropic sub-
stance, which is shown indirectly by the increased

Mt e wevasotrim o varrc EXTRACT OX subject. If this is true then the production of some of
W + 30 TREATED WITH THYROTROPC HORMONE, those antihormone substances which we have
N reported can be looked upon as an increasing of the
v 20 level of a substance or substances which are nor-
§ + ol o mally present. This broad principle is particularly
N
¥

O e

THYROTROPIC + ANTITHYROTROPIC

= 104

- 20

Chart 14. The demonstration of the anti-thyreotropic effect
of the purified extract of horse serum from an animal injecte
with the thyreotropic hormone.
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EFFECT OF KETOGENIC EXTRACT ON
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Chart 17. Showing the ketogenic effect of thyreotropic chart 18, Showing that the ketogenic effect can be obtained

extract T.G. in normal rats and the non-effect of similar treal;, an otherwise untreated hypophysectomized-thyroidec-

ment in normal animals treated for some weeks with thqmizeq animal by the administration of an anterior pituitary
thyreotropic extract (Mr. Peter Black). extract, T.G. (Mr. Peter Black).

sensitivity to the thyreotropic extract. It is possible, inine and ergotamine on the rabbit uterus (88) and
view of this, that many apparent hypoglandular stateslsewhere. Theatio will obviously be more dis-
may bedue to an increase in antihormone level. turbed by a given amount of hormone when the
The detection of an antihormone in the bloodquantities of hormone and antihormone present
is already possible in the case of the antithyreacare initially small.
tropic substance. The facts which have been proven with
One of the most important implications of thisregard to the thyreotropic hormone suggest that
theory of “inverse response” is that the level of ahe principle ofinverse responsivenessy apply
hormone is related directly to the level of the corvery generally. If it can be shown that somewhat
responding antihormone. The demonstration of gimilar conditions hold in the case of other hor-
hyperhormone state, associated with lowerednones, then a general law—that“ofiverse
responsiveness to injected hormone, implies theesponse“—may exist. There is already existent
co-existence of a hyper-antihormone state. Oneonsiderable support for this as a general basic
might here draw an analogy between the highlywiew.
buffered solution which is sluggish in regard to  We have found that the growth hormone has
pH change on addition of small amounts of acid ono effect upon the rate of growth of young male
alkali, and the hormone resistant animal which isfats and only a slight positive effect in the case of
as it were, well buffered by a high level of hor-females (chart 1). Hypophysectomized animals,
mone and antihormone substances in its system. male or female, are exceedingly sensitive to the
That the effect of a small dose of a hormoneggrowth hormone. Immature female rodents are
will be greater when the existing concentrations oéxtremely sensitive to the various forms of
hormone and antihormone circulating are smalbestrin. Thyroidectomized animals show an
than when they are already large, will not bencreased sensitivity to thyroid extract (93).
regarded as surprising. In many cases of physiddypophysectomized animals are much more reac-
logical antagonism between drugs, it is known thative to the diabetogenic substance than are nor-
the ratio between the concentrations of the twanals. Other examples of apparent non-reactivity
antagonists determines the physiological effectto hormones resulting from chronic treatment are
whatever the actual amounts; this has been showa be found in the literature. Akimoto found that
for the interaction of atropine and pilocarpine orrabbits showed little or no increase in blood sugar
salivary secretion (86), of atropine and acetyl-after adrenalin administration provided they had
choline on the frog ventricle (84, 87), of adrena-been previously treated with adrenalin for 10-20
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50 extended these observations to the point where
the nature of the mechanism underlying such
reactions has become manifested.

We have been able to demonstrate that rats
become non-responsive to the gonadotropic effect
of the anterior pituitary-like hormone of the pla-
centa and also to the maturity factor present in
fresh rat pituitary by repeated daily treatment
with these substances. It is of special significance
that in the non-responsive state, the gonad may
become smaller than in the normal and show defi-
nite signs of atrophy. Ovaries that have reached
this state as a result of chronic A.P.L. treatment
still respond to the gonadotropic substance in
fresh pituitary implants. Similarly ovaries that
have become resistant to the gonadotropic hor-

= NORMAL RAT SERUM
= TG TREATED «

]

"7 TG~ HORSE "

MGS

w
o

TOTAL URINE ACETONE BODIES
N
(<]

3

el mone of implants still respond to the placental

1 6
° s s s hormone. Furthermore, the blood serum of rats
© o) injected for many weeks with A.P.L. has been

Chart 19. Showing anti-ketogenic effect of serum of the ratShown to inhibit the ovary-stimulating effect of
and horse treated with thyreotropic extract for some weeks #.P.L. in the immature animal. Also the blood
compared with the non-inhibitory effect of normal serum. serum of an A.P.L. chronically injected rabbit has
been shown to inhibit A.P.L. in the immature rat.

days. Zondek reported that mice treated with Hypophysectomized rats which have been
prolan first showed great increase in ovarianreated for some weeks with our purified growth
weight but that after a certain time the weight ofextract have ceased to grow and indeed have actu
the ovary was normal in spite of continued injecally shown a decline in the growth curve even
tions of prolan. Aron confirmed these observathough the injections of known potent extract
tions in the guinea-pig, and further showed thahave been continued (chart 2). A group of such
the same loss of sensitivity developed aftegrowth hormone resistant animals were sacrificed
chronic treatment of the guinea-pig with pituitaryand the blood serum of these was pooled. A sug-
gonadotropic extracts. Our own results on ratgestive result was obtained when this serum was
treated with A.P.L. or pituitary implants confirm used in conjunction with a standard growth
these findings; and we were able to show also tha&txtract. The test object, a recently hypophysec-
the ovaries of such chronically treated animaléomized rat, did not show as great a growth
not only return to normal weight but often to sub-response as did the control treated with growth
normal size and show definite histological evi-extract plus normal serum. Since, for complete
dence of severe atrophy. inhibition of the growth hormone action, a very

de Fremery, Luchs and Tausk (85) made thédefinite amount of antihormone must be required
observation that by continuous administration ofin relation to the growth hormone used, a new
corpus lutein hormone one is unable to maintairmethod of testing for the antigrowth principle was
the uterine mucosa of the rabbit in a progestionatlevised. This consists in the continuous injection
stage for more than approximately 17 days. Aftetwice daily of a standard dose of Q extract.
this the mucosa atrophies whether the hormonAntiserum is given in addition as soon as a defi-
administration is continued or not. Hartman anchite growth effect is manifested. A positive effect
Winter have observed recently that adrenaleceonsists in a slowing or the complete inhibition of
tomized animals treated with cortin over a longthe growth effect of the Q extract. In the course
period may become non-responsive and showf a few days, when this has become established,
definite signs of cortical deficiency, although theynormal serum is substituted for the antigrowth
are treated with large amounts of a potent corticaderum. Growth is then resumed as in the first
extract. Loeb and Friedman (1931) observed thgieriod. Antiserum is again introduced until
guinea-pigs treated with thyreotropic anterior lobegrowth ceases or is greatly slowed and again the
extract lost their sensitivity after a period ofpositive effect is restored by normal serum used
15-17 days. Aron (1932) obtained a similarin place of the antigrowth serum being tested.
result. In our own extensive experiments with the  Our antigrowth serum has been prepared by
purified hormone on rats we have confirmed andnjecting a horse daily with the Q extract.
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] Chart 21. Dotted line—evening blood sugars. Solid
130f line—morning blood sugars of a Houssay dog. Adrenotropic
extract A.l., growth extract Q and anti-Q (horse serum) were
il 1 't i Il 1 L . . . . « .
Hco s o 15 20 25 30 35 40 admln_lstered. Shows suggestive evidence of a negtrallzmg of
DAYS the diabetogenic effect of Q extract by the anti-Q horse
THE EFFECT OF ANTI-Q SERUM ON GROWTH OF serum.

WALKER RAT TUMOUR
Chart 20. Growth curves of rats bearing the Walker tumour
and treated with the anti-Q horse serum. Note that the aveg&nterior pituitary extracts is due to a specific prin-
age weight of the tumours in the case of the treated animagdple or whether it is a side effect of one of the
(br_oken _Iine) was considerably less than in the controls (xnown pituitary hormones. Since our Q extract
animals in each group) (Dr. C. S. McEuen). has been found to be diabetogenic, it was of inter-
est to see if any anti-diabetogenic effect could be

Dr. C. S. McEuen has been studying the effectdemonstrated in the serum of the horse chroni-
of various hormones on the Walker-rat tumourcally injected with Q extract. Due to the fact that
Since the most positive type of inhibitory influencenormal animals are useless in this type of testing,
upon the growth of this tumour was shown to bave have confined our efforts to the Houssay dog.
manifested after hypophysectomy (McEuen andHere again there is great difficulty because the
Thomson, 89) and since therefore there is evidencg/erage Houssay animal has a blood sugar of 250
that the rapid growth of this tumour is related to ang. and excretes large amounts of sugar. One
normal if not to a hyper- functioning anterior pitu- animal which had been treated for some weeks
itary of the host, Dr. C. S. McEuen has carried ouvith oestrogenic extracts of placenta and preg-
some preliminary experiments in which horsenancy urine prior to the Houssay operation of
serum from the animal treated with Q extract hapancreatectomy and hypophysectomy did have a
been injected into tumour bearing animals. Theasting blood sugar of less than 100 mg. This ani-
results of this preliminary test are highly suggesmal was treated with the Q extract and the anti-
tive (chart 20) and justify the further work along growth serum taken from hypophysectomized rats
these lines which is being undertaken. The chieds indicated in the chart. The results are very
difficulty in the way of a practical application of suggestive of a neutralization of the diabetogenic
the antigrowth principle is suggested by the failureaction of the Q extract by the anti-Q serum. They
of an antigrowth serum, which has been shown tare not conclusive, however, but they have
be potent by the method outlined above, to affeaéncouraged us to extend the research along these
appreciably the rate of growth of normal rats. Thissame lines.
is due very probably to the great functional reserve
which the normal pituitary must possess. Much ANTI-KETOGENIC PRINCIPLE
more valuable information will be at hand when
we have had an opportunity to complete a series of Using what is no doubt altogether too artifi-
experiments in which the effects of continuouscial a test object, normal rats on a butter diet
injections, for long periods, of antihormone princi-(Burn and Ling)—Mr. Peter Black has found that

ples of various types have been ascertained. animals which have become non-responsive to
the thyreotropic hormone do not give a positive
ANTI-DIABETOGENIC PRINCIPLE result by the Burn-Ling test for acetone body

excretion. Also he has decreased the ketogenic
As stated before, there is no positive evidenceffect of the thyreotropic extract on normal ani-
as yet as to whether the diabetogenic effect ahals by injecting them with antithyreotropic
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400 The part of the work of which | have spoken that
Y 50 - has been carried out in the Biochemistry
§ -/ \. y Department of McGill University has been due to
g Joo,/-r/ . “\ g3 the splendid cooperation of a relatively large
‘é" 250 \.—,_. §§ group of workers to whom all credit must be
T [s o g9 given for such positive findings as have been
g ¢ 3 . s% made.
3 ™ 3d The members of this team are Drs. E. M.
s | A \4 Anderson, C. Bachman, R. L. Kutz, C. S.
§ ol o \V\ McEuen, 11. Mortimer, L. I. Pugsley, H. Selye and

M. T | D. L. Thomson; Miss Margaret Hill; and Messrs.

2 4 Bays® 2 4 s 2 P. T. Black, O. Denstedt and T. McKeown.

Chart 22. Houssay dog—morning blood sugars. Q extract,
diabetogenic and anti-Q serum administered as shown on
chart. Like no. 21, shows suggestive evidence of a neutraliz-1. Quoted by Aschner B. Physiologic der Hypophyse, in Hirsch’s
ing of the diabetogenic effect of Q extract by the anti-Q Handbuch der Inneren Sekretion, Vol. 2, Part 1, p. 277.
serum. 2. Quoted by Aschner, B.: Physiologie der Hypophyse, in Hirsch’'s
Handbuch der Inneren Sekretion, Vol. 2, Part 1, p. 277.

serum. These results, while not free of criticism, 3- Horsley, V. Lancet 1896; 1.5.

nevertheless suggest the interesting pOSSib”it . Vassale and Sacchil. Riv Sperim di Freniatr 1894; 20:83. 1892;
18:525.

that the (_jlabetogenlc effect (hyperglycaemla andS. Biedl, A Wiener Klin. Wschr,, 1897:195.

glycosuria) and the ketogenic effect (increasedg cip, 38, selye H, Thomson DL. Nature 1933; 131:56.
excretion of ac_etone_ bodies; may t_)e med'atedY. Collip JB, Selye H, Thomson DL. Virchows Arch 19383;
through two entirely different mechanisms (charts 290:23.
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