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ABSTRACT 

This bulletin presents the results of further studies on the 
endocrine control of the mammary gland. Replacement therapy 
with ovarian hormones alone and in combination with various 
purified pituitary hormones, and desiccated whole sheep pituitaries 
was ineffective in stimulating the growth of glandular parenchyma 
of the mammCl!ry gland of hypophysectomized male and female 
laboratory mammals. The implants of adult normal male rat 
pituitaries were likewise ineffective. Twenty to twenty-five daily 
implants of one adult male rat pituitary obtained from donors 
which had previously been injected with estrogen daily for 10 to 20 
days stimulated complete hyperplasia of the mammary gland 
parenchyma of normal and castrated-hypophysectomized male 
and female guinea-pigs. 

Hypophysectomy of lactating guinea-pigs and cats at any 
time during the lactation period was immediately followed by a 
rapid cessation o·f milk secretion. Unlike the crude pituitary 
extracts, the replacement therapy with galactin alone and in 
combination with thyroxine or thyrotropic hormone beginning 
immediately after hypophysectomy or after the complete cessation 
of lactation after the operation, did not prevent the rapid cessation 
or re-establish lactation. The injection of eschatin or adrenotropic 
hormone alone was ineffective in stimulating the secretion of milk. 
The simultaneous injection of galactin, eschatin or the adreno
tropic hormone and a glucose solution prevented the cessation of 
lactation after hypophysectomy in the guinea-pigs, and by continu
ed treatment lactation was maintained for periods comparable to 
that observed in normal parturient animals. The above factors are 
indispensable for the initiation and maintenance of lactation. In 
the light of the results presented, a discussion of the endocrine 
control of the mammary gland is also included. 

ACKNOWLEDGMENT 
This study has been aided in part by a grant from the Mount 

Hope Farm, Williamstown, Massachusetts. 



Hypophysectomy and Replacement 
Therapy in Relation to the Growth 

and Secretory Activity of the 
Mammary Gland 

E. T. GOMEZ* AND C. W. TURNER 

The mammary glands undergo two distinct phases of activity 
during the animal's successive sexual epochs, namely (1) that of 
growth and development and (2) secretion of milk by the mam
mary alveolar epithelium. For over (lO years these changes have 
been a·ttributed to the action of chemical substances or hormones. 
At the present time two groups are recognized; those ela,borated 
by (1) the ovaries and (2) by the pituitary gland . 

The numerous investigations following the pioneer work of 
Lane-Claypon and Starling (1906) , Grueter (1928) and Stricker 
and Grueter (1928-1 929) have indicated tha·t the growth a nd 
development of the mammary apparatus is under the governing 
influence of the anterior pituitary gland. H owever, the mechanism 
hy which the internal secretions of these glands exert their action 
upon the mamma·ry appara!tus is not definitely established beyond 
the fact that the injections of the ovarian hormones (estrogen and 
progestin) into male and castrate male or female mammals 
produce growth and proliferation of the lobule-alveola'r system, 
wh il e the administration of pituitary extract following ovarian 
hormone treatment or und er favorable conditions stimulate the 
secretion of milk. 

There is a considerable amount of evidence at the present 
time indicating that the anterior lobe of the pituitary gland 
regulates at lea·st in part, a dozen or more of the animal's phys
iological functions. Thus, the question arising as to whether 
this gland acts directly or indirectly, through its action upon other 
endocrine glands, and is at least a contributing factor in mammary 
development and lactation, cannot be disregarded and obviously 
requires investigation in hypophysectomized animals. 

The more recent and limited studies of the effect of estrogenic 
hormones on the development of the ' mammary gland of hypophy
sectomized laboratory mammals pres en ts conflicting results. 
Individual studies on rats (Ruinen, 1932; Freud and de J ongh, 
1935), rabbits (Asdel! and Seiden stein, 1935) and g uinea-pigs 

*Submitted by the senior author in partial fulfillment of the requirements for the degree 
of Doctor of Philosophy in the Graduate School of the University of Missouri, 1937. 
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(N elson, 1935) seemed to show that normal mammary develop
ment may be obtained in the absence of the animal' s pituitary. 
Other investigators report that in no case were mammary glands 
able to respond to relatively large dos~ges of estrogen even fol
lowing long continued treatment (Reece, Turner and Hill, 1936; 
Lyons a·nd Pencharz, 1936; Gomez and Turner, 1936 and Gomez 
et al. 1937). 

Though investigators are in perfect accord in their observa
tions on the effect produced by hypophysectomy on lacta·tion, 
there occurs a discrepancy in the results obtained with repla cement 
experiments. In hypophysectomized dogs (Lyons et aI., 193B; 
Evans, 1934 and Houssay, 1935), cats and ferrets (McPhail, 
1935), the induction of lactation has been reported to be stimulated 
by extracts of anterior pituita:y glands containing the lactogenic 
hormone. On the other hand, the injection of a somewhat purified 
lactogenic hormone failed to initiate or to maintain lactation in 
hypophysectomized guinea-pigs (Nelson, 1935; Gomez and Turner, 
1936). It is evident, as will be pointed out elsewhere, that this 
discrepancy lies in all probability upon the hormone content of 
the various extract prep~rations used by the different investigators. 
Further, there is an increasing amount of evidence that the secre
tion of the endocrine glands controlled by the pituitary gland 
may be involved in maintaining the functional activity of the 
mammary glands. The works of Grueter (1931), Graham (1934), 
Gaunt and Tobin (1936), Nelson and Gaunt (1936), Gomez and 
Turner (1936-1937) and Gaunt and Nelson (1937) indicate the 
importance of the thyroid and the adrenal cortex in milk secretion. 

The present study is a continuation of the investigations 
which have been under way in this laboratary for the last six 
years on the hormonal control mechanism Or factors affecting 
growth a·nd development and secretion of the mammary gland. 
In turn it is a phase of the general problem of the "physiology and 
inheritance of milk secretion." 

Although the approach in this investigation has been mainly 
physiological, it was found necessary to determine certain detailed 
structural changes in the experiment~l material. As a preliminary 
to this study, the anatomy and histology of the mammary glands 
of the common labora-tory and domestic mammals have been 
intensively investigated. (Turner, 1930-1931; Turner and Gomez, 
1933-1935) . 
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Specifically, the present study was prompted as a result of 
the need for determining (1) the influence of the pituitary and 
other internal secretions or hormones upon the growth and develop
ment and secretory activity of the mammary gland and (2) the 
interrelationships of these hormones in their action on the mam
mary appara:tus. 

MATERIALS AND TECHNIQUE 
Experimental Animals 

Though guinea:-pigs have been used most extensively in 
the work to be reported here, rats, mice, cats, rabbits and ground 
squirrels have also been used. Sexually immature males and 
females and adult males or castrate females were used in the 
study of the experimental development of the mammary gland. In 
the s,tudy of the factors affecting the secretory activity of the 
mammary gland, animals with either normal or experimentally 
stimulated mammary glands were used. Observations of either 
the intact or removed gland, however, have been reli ed upon for 
verification of the condition of the mammary glands. 

Operative Technique 

Hypophysectomy of the rat, mouse, guinea-pig and cat was 
performed by a slight modification of a parapharyngeal technique 
described by Selye et a1. (1933), Smith (1930), Thomson (1932) and 
McPhail and Parkes (1933). The rabbit and ground squirrel were 
hypophysectomized by the transbuccal technique described by 
Smith and White (1931), White (1933), and Wells and Gomez 
(198'7) . 

Ovariectomies and laparotomies were performed by either 
ventral or lateral incision under ether anaesthesia. As feed was 
kept before our animals at all times and the intestines were always 
filled, the lateral method was used. Incisions were l11ade on both 
sides for the inspection or removal of both ovaries. After the 
removal of the ovary, bleeding was stopped by either ligature or 
cautery. The muscle layer and skin were separately sutured. 
Gonadectomy in males was carried on through a mid-ventral 
inguinal incision. 

Ovarian graft and experimental cryptorchidism of male guinea
pigs was necessitated in preparing the animals for the experimental 
initiation of lactation · following h ypophysectomy. Pa:rtial gona
dectomy was performed through a mid-ventral inguinal incision. 
A piece of ovarian tissue from an immature donor is implanted into 
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the remaining testis underneath the tunica albuginea and perferably 
in direct contact with ruptured blood vessels. The tunica muscula·ris 
is sectioned to prevent the testis from being pulled by it into the 
scrotum. The testis bearing the ovarian graft is sutured to the 
abdominal muscle with 00 cat gut. The skin incision is closed with ' 
a silk ligature. 

When control glands were desired, the' operation was per
formed either under local or general anaesthesia. A cranial-caudal 
incision was cut loose from the underlying gland. With reasonable 
care in the preservation of the blood vessels to the skin and in 
leaving as much as possible of the subcutaneous connective tissue, 
necrosis seldom occurred. The glands were then cut free from the 
underlying muscle and removed. Hemostats were sufficient to 
prevent bleeding unless the large mammary arteries and veins 
were cut. The skin was closed with metal clips or sutured with 
silk thread. 

Care of Hypophysectomized Animals 
Hypophysectomized animals require great care, presumably 

because of the general physiological disturbance which follaws 
the operation. In spite of the strictest nutritive care and hygienic 
regimen, hypophysectomized animals frequently succumb to. 
hypoglycemic coma, especially during the period of low food intake 
which prevails for some time after hypaphysectomy. However, 
the high post-operative martality experienced in the earlier 
experiments was successfully cantrolled to a great extent by the 
regular parenteral administration of glucose solution in addition 
to ad libitum feed, beginning shortly after the operation and con
tinuing daily thereafter throughout the period of observation or 
experimental period. Non-lactating animals were given 20 mgs. 
of glucose solution for every 100 grams bady weight, administered 
once daily. Lactating animals were given 40 to. 50 mgs. of glucose 
for every 100 grams body ", .. eight, since in these animals the 
development of fatal hypoglycemic coma presents a constant 
potential danger. The animals were placed in open cages III a 
warm room, with jars of food and water readily available. 

Autopsy 
All experimental animals were carefully autapsied at the 

termination of each experiment. The degree af completeness of 
hypophysectomy was determined by examination of the sella 
turcica under the binocular microscope and later verified by serial 
sectians. 
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Histological Technique 
The mammary glands were prepared for histological stuuy 

either by whole mounts or sections according to the method des
cribed by Turner and Gomez (1933). The glands were pinned out 
flat on thin cork plates immedia:tely upon removal and fixed in 
Bouin's fluid for 12 to 24 hours or more depending on the thickness 
of the glands. They were then washed in running water; all 
muscles and as much connective tissue as possible removed under 
the dissecting microscope; stained 12 to 24 hours in Mayer's 
hema;lum, cleared in xylol, and mounted in balsam on slides of 
suitable size. Section of glands for histological study were not 
trimmed following fixation, but washed, dehydrated, cleared and 
embedded in paraffin. Sections were cut from 6 to 10 micra in 
thickness and stained in Delafield's hema'toxylin and eosin, Or by 
Mallo·ry's connective tissue stain. The endocrine glands, such 
as the thyroids, adrenals, and gonads were fixed in Bouin's fixative, 
sectioned and stained in Delafield's hematoxylin and eosin. 

For verification of the completeness of hypophysectomy serial 
sections were made of the sella turcica. The sellae were fixed in 
Bouin's fluid, decalcified in 67 per cent acid alcohol, dehydrated, 
embedded, serially sectioned at 8 to 10 micra in thickness and 
stained in Mallory's connective tissue stain. 

Method of Extract Injections 
All injections of the pituitary and other extracts or hormones 

except for the injection into rabbits for the determination of the 
gonad-stimulating content have been made subcutaneously. Preg
nancy urine (untreated), Antuitrin-S or extracts of desiccaoted 
whole pituitary pOlwder have been injected intravenously for the 
purpose of initiating ovulation. In all instances injections have 
been made once daily during the period indicated. The injections 
of the hormones were started in the hypophysectomized a'nimals 
(unless otherwise stated) immediately after the operation. 

Method of Extract Preparation and Source of Extracts 
The extract of the adrenal cortex (eschatin), estrogen (theelin

in-oil) and antuitrin-T (thyrotropic hormone) have been kindly 
and generously supplied by Dr. Oliver Kamm of Parke, Davis 
and Company. The sodium salt of pure thyroxine was prepared 
by the British Drug House Ltd., London. Progynon-B was kindly 
supplied by Dr. E. Schwenk of the Schering Corporation, Bloom
field, New Jersey. The corpus luteum hormone (progestin) was 
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prepared and assayed in our laboratory according to the method 
described by Turner and Frank (1932). The lactogenic and 
adrenotropic hormones were prepared in our laboratary from sheep 
pituitaries obtained directly from Swift and Company, Kansas 
City, by a modification of the methods described by Bates and 
Riddle (1935) and Perla (1936). 

Preparation of the Adrenotropic and Lactogenic Hormones 
One pound of whole pituitaries of sheep were ground fine 

through a meat grinder; the tissues dehydrated with acetone, 
dried, powdered and passed through a 100 mesh copper sieve. A 
sample extraction is as follows: 

Ten grams of whole sheep pituitary powder were extracted 
with 0.5 per cent glacial acetic acid at ice box temperatures for 
48 hours or more and then centrifuged. The insoluble precipitate 
recovered by centrifugation contaJined a high concentration of 
lactogenic hormone, and hence the active lactogenic m1aterial was 
extracted from this precipitate using the method described by 
Bates and Riddle (1935). 

The acid filtrate was titrated with 10 per cent NaOH to pH 
7.2-7.8. It was then suspended in a boiling water bath for 20 to 30 
minutes and the precipitate which formed while heating was re
m oved by filtration or centrifugation and discarded. The heated al
kaline filtrate contained high adrenotropic activity and was ready for 
use after being neutralized or slightly acidified (pH 6.6-6.8) by the 
addition of 20 per cent HCI or stored. if desired, in colored bottles 
at ice box temperature. Since the ~drenotropic activity is lost 
rapidly on standing in either acid or alkaline solution, it was 
found necessary to recover this material in solid form. This was 
accomplished by adjusting the alkaline solution after heating to 
pH 6.6 using 20 per cent HCI. The adrenotropic material was then 
precipitated by liberal treatment with (reagent) acetone. The 
active adrenotropic material which settled out of the clear acetone 
solution in the form of a fine snow-White precipitate was recovered 
by centrifugation. The yield was v ery small as only about 150 
mgs. of active adrenotropic material were obtained from 5000 mgs. 
of whole dry pituita ry of the sheep . 

. Assay of the Lactogenic and Adrenotropic Hormones 
The lactogenic hormone (galactin) obtained by the method 

indicated above contained 40 Bird Units per milligram assayed 
according to Lyons and Page's (1935) intradermal injection 
technique. Five milligrams of this material (200 B. u.) injected 
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over a period of two days were required tOo initiate lactwtion in 
guinea-pigs which had been previo!usly prepared for lactation by 
the injection of estrogen, and Hi mgs. (600 B. U.) administered 
over a period of six days in pseudo-pregnant rabbits. In amounts 
ranging from 5 to 10 mgs. the injection of galactin intO' hypophy
sectomized guinea-pigs did not prevent the atrophy of the adrenal 
cortex and the thyroid, and in long continued treatment neither 
stimulated the growth of the mammary gland nor increased body 
weight. The intravenol1s injection of 20 mgs. of galactin into 
sexua,lly mature female rabbits did not induce ovula'tion after 
18 to 48 hours. These reactions were taken to indicate that the 
galactin preparation was to a great extent free of adrenotropic, 
thyrotropic, gonadQotropic, mammary gland growth stimulating, 
a'nd body growth factors. 

The daily injection of 0.05 mg. (equivalent to 35 mg. of dry 
pituitary powder) of adrenotropic preparation was required to 
prevent the atrophy of the adrenal co'rtex of hypophysectomized 
guinea-pigs. Four injections of 0.8 mg. daily were required to 
restore the normal weight of the adrenal gland of guinea~pigs 

which had been hypophysectomized 8 da'ys preceding the injection. 
Five milligrams of this material injected over a period of 4 days 
produced an average increase of 50 per cent in the weight of the 
adrenal gla;nds in a group of four guinea-pigs weighing an average 
of 160 gms. (150-180 gms.) over that of the controls. This pre
paration was found to be free of growth, gonadotropic, and lacto
genic factors when assayed according to the methods indicated 
above. 

PHYSIOLOGICAL AND ANATOMICAL CHANGES AFTER 
HYPOPHYSECTOMY AND REPLACEMENT THERAPY 

IN MAMMALS AND OTHER FORMS 

Mainly as the result of the earlier experiments on dQogs, the 
pituitary gland had been regarded as essential to life (Cushing, 
1912). Recent workers, however, have shown that the removal of 
the gland itself is not necessarily lethal, although an intensification 
of the resulting physiologica,l disturbances might lead to a very 
high mortality. A fair survival rate was reported in the dog 
(Houssay and Biasotti, 1931; ' Houssay, 1932), cat (Allan and 
Wiles, 1932), ferret (Hill and Parkes, 1932), guinea-pig (McPhail 
and Parkes, 1933; Gomez and Turner, 1936) and ground-squirrel 
(Wells and Gomez, 1937) after complete hypophysectomy. 
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Aside from the immediate though tra nsient poly dipsia and 
polyurea, hypophysectomy 111 laboratory mammals gives an 
invariable syndrome, the main features of which are an almost 
complete inhibition in body growth in young animals and a pro
gressive loss of body 'weight (cachexia) in the adult; an atrophy 
of the genital system (in the female and immediate cessation of 
the sexual cycle; an atrophy of the thyroid, parathyroid and the 
adrenal cortex and general impa:irment, characterized by a lower. 
resistance to 0'perative procedures, loss of appetite , weakness and 
flabbiness which readily distinguish the hypophysectomized from 
the normal animals. Other organs such as the liver, spleen and 
kidney also decreased in weight following hypophysectomy. 

The physiological and anatomical al terations of the various 
organs after hypophysectomy of laboratory animals have recently 
been revi ewed by Van Dyke (1936). However, in view of the 
importance of the influence of the various endocrine glands 
controlled by the pituitary in relation to the activity of the mam
mary gland, the anatomical and fUl1ctiona:l alterations 0'f these 
glands, particularly tho se directly or indirectly concerned w ith the 
metabolic functi ons, after hypophysectomy will be considered. 
The effects produced by hypophysectomy on the mammary gland 
will be considered in the following section S0' that they may be 
considered in the light OIf the present studies. 

Effect of Hypophysectomy and Replacement Therapy on the 
Adrenal 

Smith (1930) fir st rep0'rted that hypophysectomy in toads and 
later in rats, was foll0'wed by a rapid regression of the adrenal 
cortex. If sufficient time was a,llo,,,,ed to elapse without replacement 
treatment the cortex was reduced to a narrow mantle which practi
cally obliterate the cortical zones. The medulla was never affected. 
Houssay and Samartino (1931) reported similar observations in 
the dog. 

The atrophy of the adrenal cortex is undoubtedly accompanied 
by adrenal insufficiency, for the hypophysectomized animals 
showed after several weeks, symptoms cha'racteristic of Addison's 
disease, which Atwell (1932) has shown is relieved by the admini
stration of adrenal cortic<l!l extract.· 

Smith (1932) reported that the structure of the atrophic 
adrenals of rats could be restored to · normal or near n0'rmal by ' . 
daily homotransplants of anterior pituitary tissue. Houssay et a1. 
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(1933) reported an average of 34 per cent increase in weights of 
the adrenals of thyroidectomized, castrated, and hypophysecto
mized dogs after 7 daily injections of pituitary extracts. 

Collip, Anderson, and Thomson (1933, 1935) prepared a pitui
tary extract that was strong in adrenotropic activity. These 
authors reported that the injection of this extract into- hypophy
sectomized rats produced an increased adrenal weight of 50 to 
300 per cent over the controls removed at the time of the beginning 
of the injections. 

Lyons (1937) and Moon (1937) prepared an extract of the 
pituitary with high adrenotropic activity. Their extract produced 
hypertrophy of the adrenal cortices in normal infantile rats or 
restored to normal or near normal the adrenal cortices of hypophy
sectomized rats. 

The immediate consequence of adrenal insufficiency, either 
induced by hypophysectomy or adrenalectomy, appears to be a 
disturbance of the salt and fluid metabolism. Gaunt (193"1) is of 
the opinion that following hypophysectomy there occurred a rapid 
shifting of the salts and fluid from the tissues and intercell spaces 
into the blood stream. The resulting polyurea after hypophy
sectomy and the associated increased salt (NaCl) excretion caused 
a gradual loss of fluid and consequently a dehydration of the 
tissues. 

Effect of Hypophysectomy and Replacement Therapy on the 
Thyroid 

The changes in the thyroid and the associated alterations in 
metabolism, directly influenced by this gland, have been review
ed by Van Dyke (1936). The function of the thyroid in the regu
lation of basal metabolism is now well established. Following 
hypophysectomy, the thyroid becomes inactive and even atro-phic 
(Aschner, 1912; Houssay, 1916; Smith, 1926, 1930; McPhail, 
1'935 and others). Collip (1935) reported the thyroid of hypophy
sectomized rats decreased in weight and the microscopic picture was 
one of marked involution of the cellular elements. 

The atrophy of the thyroid may be prevented or restored to 
normal, both in structure and functional activity, by the administra
tion of pituitary tissues or extracts in rats (Smith, 1926, 1930) and 
in dogs (Houssay et al. 1932). Loeb and Basset (1929) and Anm 
(1929), quite independently of each other, produced hyperplasia 
of the thyroid of immature guinea-pigs by means of anterior 
pituitary extracts. The feeding of anterior pituitary gland, even 
in massive amounts, produced no reparative effects on the thyro·id 
of hypophysectomized rats. 
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In thyro-id deficiehcy, induced by thyroidectomy or hypophys
ectomy, the basal metabolic rate of laboratory mammary is mark
edly reduced. In the hypophysectomized rat , Foster and Smith 
(1926) rep orted a decrease in metabolic rate of 35 per cent, Collip 
(1934) and Anderson and Collip (1934) 23 per cent, and Collip 
(1935) 74 per cent. Similar observations were reported in hypo
physectomized pigeons (Riddle et al. 1933). H ypophysectomy in 
dogs (H oussay, 1934) produced a decrease in the basal metabolic 
rate by about 16 per cent. This decrease was apparently due to 
anatomical and functional hypothyroidi sm, since thyroidectomy 
further decreased the basal metabolism, from -12 per cent when 
hypophysectomized only to -22 per cent when the thyroid gland 
was removed in a second operation. Thyroidectomy alone 
decreased the metabolic rate t o - 24 per cent of normal. 

. The daily implants of anterior pituitary tissue for a period of 
appro~imately three weeks restored the normal basal metaboli·c 
rate of hypophysectomized rats (Smith, 1930). 

Studies have shown that the thyroid is under the control of 
the thyrotropic principle of the pituitary. Anderson and Collip 
(1933) reported that hypophysectomized rats were very sensitive 
to minute doses of thyrotropic hormone, since the reduced meta
bolic rate of hypophysectomized rats was brought back to normal 
with very small amounts (0.01 cc.) of the purified thyrotropic 
hormone. Collip (1935) reported that the metabolic rate of hypo
physectomized rats has frequ ently been restored to n ormal within 
a week with doses twice daily of as little as 0.005 cc. of purified 
thyrotropic extract. 

In addition, the thyrotropic hormone caused an increased 
excretion of creatin, in both normal and hypophysectomized rat~ 
(Pugsley, Anderson, and Collip (1934) and an increase in the 
excretion of calcium by the intestines (Pugsley and Anderson, 
1934). It is evident from the fact s noted above that the thyrotropic 
hormone is an entity having physiologicaol properties that ' dis
tinguish it from other pituitary hormones. 

Effect of HYp'ophysectomy and Replacement Therapy on the 
Parathyroid 

The effect of hypophysectomy on the parathyroid has been 
investigated by only a few investigators . Smith (1927) reported 
an atrophy of the parathyroid gland of rats after hy pophysectomy. 
Houssay and Samartino (1933) reported atrophic changes in the 
parathyroid in about two-thirds of a group of hypophysectomized 
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dogs. Collip (1935) reported no consistent degenerative changes 
even after several months after hypophysectomy of rats, and dogs. 

Anselmino, Hoffmann, and Herold (1933-34) reported the 
administration of pituitary extract caused hyperplasia of the chief 
cells as well as a hypertrophy of the parathyroid of male ra'cs. 
Hertz and Kranes (1934) reported enlargement and hyperemia of 
the parathyroid of rabbits after the administration of anterior lobe 
extract. These authors concluded that these effects were due to 
the parathyrotropic activity of the pituitary gland. 

The experimental data reviewed by Van Dyke (1936) indicate 
that the parathyrotropic hormone or the secretion of the parathy
roid influenced the metabolism of calcium. Teel and Watkins 
(1929) reported a fall in blood calcium of dogs after trea'tment 
with pituitary fractions containing growth hormone. An increased 
concentration of calcium in the blood of rats (Charles and Hogben, 
1932) and dogs (Hoffman and Anselmino, 1934) was reported after 
the administration of pituitary extracts. 

Geesink and Koster (1929) reported subnormal levels in the 
blood calcium of hypophysectomized dogs. Gerschman (1931) 
found a normal blood calcium level in hypophysectomized dogs. 
The contradictory results 'were probably due to the difference in 
the ages of the experimental animals employed, since the former 
authors used very young dogs in which calcium metabolism is 
always more easily disturbed. Houssay and Mazzocco (1932) 
reported a drop of 11 per cent of the serum calcium after hypo
physectomy of dogs. Perla and Sandberg (1936) found a negative 
calcium balance during the period of low food intake which prevails 
after hypophysectomy in rats. Hypophysectomized rats on a low 
calcium diet showed negative calcium balances which became 
positive on administration of growth hormone. 

After nine daily intraperitoneal injections of 1 cc. of alkaline 
pituitary extract into immature g uinea-pigs, Friedgood and 
McLean (1937) found a significantly elevated serum cakiulll level 
as compared with the untreated controls (11.1 and 12.0 mgms. 
per cent). 

Effect of Hypophysectomy and Replacement Therapy upon other 
Metabolic Functions 

In addition to the metabolic effects mentioned in the above 
discussion of the effect of hypophysectomy and replacement 
therapy on the thyroid, adrena,l cortex and the parathyroid, there 
have been studies made on some special relations of the pituitary 
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to metabolism. These deal largely with the metabolism of 
carbohydrate, fat, protein, and mineral matter. 

Carbohydrate Metabolism.-A factor which is at least res
ponsible for the greater proportion of death following hypophy
sectomy of labora,tory mammals appears to be a disturbance of the 
carbohydrate metabolism. This phenomenon was first reported 
by Houssay and Magenta (1925) who noted that hypophysectom
ized dogs developed marked sensitivity to insulin. In 1930, Biasotti 
and Houssay extended to mammals an experience with toads to the 
effect that hypophysectomy lessened the severity of pancreatic 
diabetes. In 1932, Evans and his co-workers and Houssay reported 
the production of hyperglycemia and glycosuria in normal animals 
by the injection of anterio r pituitary extracts. 

In hypophysectomized dogs, Koster and Geesink (1929), 
Kobayashi (1931), D'Amour and Keller (1933) and Lucke et al. 
(1934); in rabbits, Fujimoto (1932), Corkill et a!. (1933); bird~, 
Hill and Parkes (1934) ; and in monkeys, Smith et a!. (1936) report
ed sub-normal sugar values. Similar observations were reported 
in a single hypophysectomized human female (Elden, 1936). In 
untreated hypophysectomized animals, hypoglycemia frequently 
develops to the point of convulsions and death (White, 19;)8; 
Gomez and Turner, 1936-1937). 

The reduced blood sugar level appears to be partly due to 
the inability of hypophysectomized animals to absorb glucose. 
Phillips and Robb (1934) and Bennet (1936) reported that the 
glucose absorption in hypophysectomized rats was about 35 per 
cent below normal. 

Fischer and Pencharz (1936) reported that hypophysectomized 
rats continued to oxidize carbohydrate for a longer period of time 
during fasting and derived a larger proportion of their energy 
from carbohydrate after glucose feeding than did normal rats. 
\Vithout the compensatory glycogenic function , hypophysectom
ized animals evidently derived their carbohydrate supply, to a 
great extent, from the glycogen reserves in the liver and muscles. 

Nakamura (1931) and Corkill et al. (1932) found a rapid 
diminution of the glycogen in the liver and muscle a.fter hypophy
sectomy of the rabbit. Russell (1936) reported that during a 
fasting period of 8 to 18 hours, the amount of carbohydrate in the 
liver, muscle, and blood was reduced to a greater extent in the 
hypophysectomized rats than in the normal controls . This may 
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be due to the greater oxidation of carbohydrates by hypophy
sectomized ~nimals observed by Fischer and Pencharz. 

Houssay et a1. (1932) reported that the diminution of the 
glycogen content in the liver following hypophysectomy in 
toads could be inhibited by the administration of an alkaline 
extract of the pituitary gla'ncl. Russell and Bennet (1936) reported 
that the abnormal fall of body carbohydrate suffered by hypophy
sectomized rats during fasting could be prevented and the muscle 
glycogen v~lues could be raised to super-normal level for the 
fasted conditions by the administration of pituitary extracts. 

There is some evidence indicating that the adrenal and the islet 
tissue of the pancreas are concerned with the metabolism of 
carbohydrate. In hypophysectomized-pancreatectomized cats, 
the diabetes was strikingly ameliorated by the removal of both 
the pancreas and the adrenal glands (Long and Lukens 1935). 
The interpretation of such studies is especially difficult, however, 
because of the many species used, the varying techniques of 
operation, the many types of extracts employed, chemical analysis 
and the acknowledged interreiationship of the many factors other 
than the pituitary glanel involved in general metabolism. The only 
conclusion now warranted is that, while there is a substance in 
the anterior pituitary that a,ffects carbohydrate metabolism, the 
isolation of a separate carbohydrate metabolism hormone has not 
yet been effected. 

Fat Metabolism.-The role of the pituitary gland in fat metab
olism is generally recognized. Burn and Ling (1928-1929) noted 
an increased acetone excretion in rats maintained solely on a 
butter diet following injection of anterior pituitary preparations. 

Anselmino and Hoffmann (1931) focused attention upon a 
special fat metabolism hormone that can be extracted from the 
anterior lobe. Injected into animals, this hormone elicited an 
increase in the acetcme bodies of the blood (acetone, ace,toacetic 
acid, and beta-hydroxy-butyric-acid ) . The hormone is discharged 
into the circulation after the ingestion of a fatty meal and gives 
rise to the same significant results as are obtained by the injection 
of pituita'!"y extracts (Funk and Zeffrow, 1932; Boenheim and 
I-leiman, 1932; l\1'agistris, 1933). 

In 11 of 16 hypophysectomized dogs, Chaikoff et a1. (19 3G) 
reported that 'while the lipid content of the blood obtained was 
significantly above normal, all the lipid constituents, total fatty 
acids , phospholipids and free and esterified cholesterol , were 
present in norm~l amounts. Further, they reported that the rapid 
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accumulation of large amount of lipids in the liver after complete 
hypophysectomy was not prevented by pancreatectomy. Soskin 
et al. (1935) are of the opinion that fasting dogs are unable to 
replenish their depleted blood sugar from ingested fat whereas 
the normal fasting dog can do so. In other words, the demand for 
the fat metabolism hormone is actually less in hypophysectomized 
animals than in the normal. 

The action of the fat metabolism hormone is an indirect one by 
way of the endocrine glands. MacKay and Barnes (1936-:37) report
ed that a pituitary extract which had the property of producing 
ketosis in fasting rats also caused a deposition of fat in the liver. 
With the removal of the adrenal glands, however, the injection of 
this extract caused the disappearance of ketosis, prevented the ac
cumulation of and reduced the amount of fat in the liver during 
fasting. 

Best and Campbell (1936) and Fry (1936) independently 
reported that the ketogenic response to the injection of anterior 
pituitary extract did not occur in the absence of the adrenal 
cortical tissue. Further, the ketogenic function exhibited by 
adrenal cortical tissue was not restored by adrenal cortical extract 
therapy. The ketogenic action of phlorrhizin or the anterior 
pituitary extract was not suppressed by the removal of the thyroid 
gland. These observations appear to indicate the existence of a 
specific adrenal cortical factor for ketogenic functions. 

Protein Metabolism.-There is a considerable amount of evid
ence indicating that the anterior pituitary plays an important role 
in 'protein metabolism. In hypophysectomized dogs, the urinary 
and fecal nitrogen excretion decreases to the extent of 35 per cent 
below normal after the operation (Aschner, 1929; Braier, 1932). 
Non-fasting hypophysectomized dogs eliminated from 9 to 18 
per cent of creatin, while under fasting conditions these values 
decreased 30 to 35 per cent. In the rat, the urinary nitrogen 
excretion was increased from 21 per cent of the nitrogen intake 
during the control period to 54 per cent during the following nine 
weeks after hypophysectomy. Similar observations were reported 
in partially hypophysectomized rats, though less pronounced, from 
26 per cent of the intake tOl 36 per cent during the first three weeks 
after the operation (Perla and Sandberg, 1936). 

Analysis of the tissues and carcasses of 16 pair-fed normal 
rats showed a loss of 60 per cent of the fat content in 33 days but 
all body protein was retained, while the 16-pair-fed hypophy
sectomized litter mates lost 28 per cent of the initial fat stores 
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and 19 per cent of the organic nitrogen content. The energy 
metabolism in both groups, however, was the same but 23 per cent 
less than the ad libitum fed controls. The nitrogen partition of the 
tissue of 27 hypophysectomized rats showed a higher level of 
amino (!!cids, urea and total non-protein nitrogen in their liver than 
in 23 pair-fed controls (Lee and Ayres, 1936). 

In phlorrhizinized hypophysectomized dogs , the sugar and 
nitrogen excretion is markedly less than in thyroidectomized 
animals given phlorrhizin (Houssay et al. 1933) . The former die 
of hypoglycemic crisis whereas the latter do not. Death was 
prevented by feeding meat or sugar but not by feeding fat. These 
observations were interpreted to mean that in the absence of the 
pituitary gland there is an interference wi th the conversion of 
fat to carbohydrate. 

Reiss, Schwarz and Fleischmann (193;3) reported a marked 
lowering of the non-protein nitrogen and an increase in urea 
nitrogen in the blood, especially in dogs, within 4 tOo G hours after 
the administration of hypophyseal growth hormone. The fall in 
non-protein nitrogen varied from 10 to 40 per cent w hile the blood 
arginine fell 16 to 43 per cent. The rise in urea nitrogen ranged 
from 21 to 66 per cent. Shaeffer and Lee (1935) found a striking de
crease in body protein in hypophysectomized rats which was propor
tional to the length of time after hypophysectomy. 

Mineral Metabolism.-Earlier in the review (p. 15) the dis
turbance evoked by hypophysectomy on the metabolism of calcium 
had been indicated. Perl(!! and Sandberg (193G) reported that in 
hypophysectomized rats the excret ion of phosphorus increases 
progressively in the feces while that of the urinary excretion 
remains constant irrespective of the amount of phosphorus intake. 
The retention of phosphorus dropped from 27 per cent of the intake 
during the control period to 6 per cent after hypophysectomy; 
however, the phosphorus balance remained positive throughout. 
The retention of phosphorus returned t Oo normal three weeks a,fter 
hypophysectomy. Marenzi and Gerschman (1936) found that while 
the concentration of magnesium in the blood was only slightly 
decreased following hypophysectomy in dogs, the concentration 
of potassium was decreased 20 per cent. Further, these authors 
reported that the injection of bovine pituitary extracts increased 
the general plasma protein, calcium and magnesium and decreased 
sodium and chlorine. No changes occurred in plasma, potassium. 
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T:he metabolism of copper and iron "vas not disturbed follow
ing hypophysectomy of adult rats (Perla and Sandberg, 1936) . 

EFFECT OF HYPOPHYSECTOMY AND REPLACEMENT 
THERAPY ON THE MAMMARY GLAND 

The normal development and secretory activity of the mam
mary gland of the experimental animals used in this study, with 
the exception of the ground-squirrels, have been reported (Turner 
and Gomez, 1933-1935; Turner and de Moss, 1934). Reference to 
the more important literature concerning the normal development 
and functional activity of the mammary gland may be found in 
the review by Turner (1932) and more recently by Nelson (1936). 
In view of the importance of its bearings upon the experiments 
to be described later, a brief review of the literature concerned with 
the hormones stimulating the growth of the mammary and the 
initiation and maintenance of lactation will be made. 

Growth of the Duct System 

Effect of Estrogen.-The influence of estrogen upon the s timu
lation of mammary gland growth has been extensively investigated 
in several species of laboratory mammals, including the rabbit 
(Parkes, 1930; Turner and Frank, 1930; Turner et al. 1932), rat 
(Laquer et al. 1927; Turner and Schultze, 1931; Turner et al. 1932), 
mouse (Allen et al. 1924; Turner et al. 1932 ; Bradbury, 1932; 
Turner and Gome.z, 1934; Gardner, 1935; Gardner et al. 1935; 
Burrows, 1936, Bonser, 1936) , cat (Turner and de Moss, 1934), 
dog (Turner and Gomez, 1934) and guinea-pig (Champy and 
Keller, 1927; Haterius, 1928; Loeb and Kountz, 1928; Dingemanse 
et aI., 1930; Nelson and Smelser, 1933; Smelser, 1933, Turner and 
Gomez, 1934 and a' host of other investigators). 

Estrogen induced growth of the duct system but did not 
induce development of the alveoli , except in the guinea-pig, and 
to a limited extent in the rat and mouse. Recent studies have 
shown that the extended administrations of certain estrogen pre
parations, such as folliculin benzoate (Gardner, 1935; Gardner 
et al. 1935), estriol, estradiol, equilin (BurroW's, 1936) and estrone 
(Bonser, 1936) stimulated a varying degree of lo,bule-alveolar pro
liferation of the mammary gland parenchyma of male mice. 

Effect of Estrogen on Mammary Duct Growth in Hypophysec
tomized Animals.-There is a growing interest in the studies on the 
effect of ovarian hormones upon the growth and development of 
the mammary gland of hypophysectomized animals. The limited 
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studies which have been undertaken in the past few years present 
only limited and contradictory results. Ruinen (1932) reported 
that the injection of 50 mouse units of crystalline estrogen twice 
daily for 14 days after the operation produced mammary develop
ment compacrable to the injected animals with their pituitary 
intact. Freud and de J ongh (1935) treated a series of young 
castrate female rats the first two weeks with 100 1. U.* of 
estrogen daily. The animals were then hypophysectomized and 
during the following week were treated with estrogen and proges
tin. In these animals the authors reported an extension of 
the lobular system of the mammary gland with side branches along 
the ducts. Nelson (1935) reported mammary development in four 
hypophysectomized guinea-pigs which received 40 rat units of 
estrogen daily comparable to that obtained in no,n-hypophysectom
ized animals receiving similar treatment. In the hypophysectomiz
ed rats, the mammary response to estrogen injections was erratic 
(Nelson, 1936). 

In contrast to the above observations are the works of Lyons 
and Pencharz (1936) in the guinea-pig, Reece et al. (1936), in 
the rat and Gomez et al. (1937) in male mice. Lyons and 
Pencharz observed nipple development in four hypophysectomized 
male guinea-pigs equal to that obtained in six normal male animals 
under similar treatment after two months injection of progynon
B, yet there was only limited growth of ducts in the hypophy
sectomized animals in comparison to functional alveolar develop
ment found in the injected intact controls. These observations were 
confirmed by Gomez and Turner (1936) in male and fema·lc guinea
pigs using various estrogens, theelin (aqueous and in oil) and the 
benzoate of dihydrotheelin (progynon-B and oestroform-B) in 
amounts racnging from 25 to 100 r. U. daily for a period of 20 to 
65 days. Reece et al. obtained no evidence of mammary duct 
growth in five female and four male immature hypophysectomized 
rats which received progynon-B treatment in amounts ranging 
from 25 to 500 r. u. daily for 18 to 35 days. Nels'on and Tobin 
(1936) and more recently, Nelson (1937) reported similar observa~ 
tions in rats. 

In partially hypophysectomized animals, the presence of even 
microscopic fragments O\f the anterior pituitary gland was effective 
in causing the administered estrogen to· produce growth of the 
duct system of the mamma'ry glands (Gomez et al. 1937). 

"International Units. 
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TABLE I.-SUMMARY OF R ESULTS ON THE EFFECT OF ESTROGENS ON THE 

MAMMARY GLAND OF COM PLETELY AND PARTIALLY HYPOPHYSECTOMIZED 

LABORATORY MAMMALS. 

Estrogen 
Obs ervations 

No. days D ai ly' 
of in- dose 

Animal Sex jection Kind l.U. Nipples Mammary Gland 

Guinea-pig-Complete . 
G35-12 _____ F 40 T.A. 100 Well developed _____ No du ct growt h 
G35-L _____ F 32 P .B. 100 Well developed _____ No duct growth G35-3 ___ __ _ F 65 P.B. 150 Well developed _____ No duct growth G35-4 __ ___ _ 1\1 25 P.B. 1000 Well developed __ __ _ No duct growt h 
G36-12 _____ F 20 T.O. 50 Well developed _____ No duct growth 
G364 ____ __ _ 1\1 30 T.O. 50 Well developed _____ No duct growt h 
G3 62 _______ F 30 T .O. 50 Well developed _____ No duct growth 
G363 _______ 1\1 25 T .O. 25 Well developed _____ No duct growt h 
G365 _______ M 20 O.B. 50 Well developed _____ No duct growth 

Guinea-pig-Partial 
Complete hyperplasia G35-14 _____ 1\1 25 P.B. 100 Well developed _____ 

G35-12 _____ F 35 T.A. 100 Well developed _____ Complete hype rplasia 
G35-13 _____ 1\1 30 T.A. 100 Well developed __ ___ Complete hyperplasia 
G35-15 _____ 1\1 30 T.A. 100 Well developed ___ __ Complete hyperplasia 

30 
Mouse--Complete 

No duct growth H1\1-2 ______ 1\1 P .B. 50 - -- -- - - - - -- - -- - ---H1\1-7 ______ 1\1 20 T .O. 50 - -- -- --- - - -- - - - - -- No duct growth ' 
· H1\1-B ______ 1\1 20 T.O. 50 ---- - ---- - -------- No du ct growt h 
H1\1-13 _____ 1\1 20 O.B. 50 - - - - - - - -- -- - - - - - -- No duct growth 
H1\1-14 _____ 1\1 25 O.B. 50 No duct growth Mouse--Partiar- - - - - - - - - - - - - - --
H1\1-1* _____ 1\1 20 P .B. 50 - -- .- --- - - -- -- ---- Slight duct growth 
H1\1-5* _____ 1\1 20 P.B. 50 -.- - --- --- - ------- Slight duct growth H1\1-3 ______ 1\1 60 P.B. 50 - -- - - - - - - - -- - -- -- - Good duct growth H1\1-6 __ ____ 1\1 20 P.B. 50 - - - - - - - -- -- - - - - --- Good duct growth H1\1-9 ______ 1\1 20 T.O. 50 - - - -- - - -- - - - --- --- Extensive duct growth 
H1\1- l0 __ ___ 1\1 20 T .A. 50 - - - - - - - -- -- - - - - - -- Extensive duct growth 
H1\1-lL ____ 1\1 20 T.A. 50 -- -- -- - - - --------- Extensive diet growth 
H1\1-1L __ _ 1\1 25 O.B. 50 Extensive duct growth Rat-Complete - - - - - - - - - - - - - - - -
HR-OL ____ 1\1 30 T .A. 100 -- -- -- ------------ No duct growth 
HR-OL ___ _ CF 25 T. A. 100 ------------------ No duct growt h 
HR-OL ___ _ 1\1 45 T.O. 100 ---- --- - ---- -- - --- No duct growth 
HR-04 ____ _ 1\1 35 T.O. 100 - - - - - - --- -- --- - --- No duct gro\'nh 

· HR-OL ___ _ 1\1 25 T .O. 100 - -- -- - - - -- - - -- - - -- No duct growth 
HR-06 ___ __ 1\1 25 T .O. 100 No duct growt h Rat-Partial- - - - - - - - - - - - - - ---
HR- IO _____ 1\1 20 T .O. 100 -- - --- --- --- ------ Good d uct growth 
HR-12 _____ 1\1 25 T.O. 100 -- --- - ------ -- --- - Good duct growth 
ControL ___ 1\1 20 T .O. 100 Good d uct growth 

Rabbit-Complete - - -- - - - - - - - ---
Rb-L __ ___ _ F 60 T.O. 100 Slightly developed __ No duct growth Rb-3 _______ F 50 T.O. 100 Sligh tly developed __ No duct growth 

Rabbit-Partial Rb-L ____ __ F 50 T.O. 100 Slightly developed __ Extensive duct growth 

CH-L ____ _ M 30 T.O. 
Cat-Complete 

500 No growth ____ _____ No duct growth CH-6 ______ 1\1 40 T .O. 500 No growth __ _______ No duct growth CH-L _____ 1\1 100 T.O. 500 Slightly developed __ No duct growt h CH-L _____ F 270 T .O. 500 Slightly developed __ No duct growth 
Cat-Partial CH-L __ ___ F 90 T .O. 500 Sligh tly developed __ Good duct growth 

· SH-L __ ___ A. F. 40 
Ground Squirrel-Complete 
T.O. 50 Slightly developed __ No duct growth SH-4 _______ F 80 T.O. 50 Slightly developed __ N o duct growth SH-5 _______ F 40 T.O. 50 Slightly developed __ No duct growth SH-IO ______ F 35 T.O. 50 Slightly developed _ No duct growth SH-12 __ ____ F 25 T .O. 50 Slightly developed __ No duct growth SH-13 ______ F 30 T .O. 50 Slightly developed __ No duct growth 

SH-L ______ 25 
Ground Squirrel-Partial 

F T .O. 50 Well developed _____ Good duct growth SH-3 __ _____ F 20 T .O. 50 Well developed _____ Good duct growth ControL ___ F 25 T .O. 50 Well developed _____ Good du ct growth 

*Only microscopic fragments of pituitary tissue were left in the sella turcica. 
T .A. = Aqueous theelin. C. F. = Castrated female . 

'T.O. = T heelin in oil. A.F. = Adult fema le. 
P.B. = Progyno n-B. 
O.B. = Oestroform-B 
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It was probable that the lack of agreement in the findings noted 
above may be due to the variability in the animals and in the 
ovarian hormone prepamtions employed, the dosages and period 
of injections of the ovarian hormones or the degree of the com
pleteness of the removal of the anterior pituitary gland, may be 
accountable for these differences . In order to determine the factor 
or fa'ctors responsible for the conflicting observations noted above, 
studies were conductecl on the effects of various estrogens alone 
and in combination wi.th progestin upon the mammary gland of 
hypophysectomized young male and female laboratory mammals. 

Experiment 1. Studies with estrogen.*- Thirteen hypophy
sectomized ma-le and female guinea-pigs were used. The animals 
were given various estrogen preparations in amounts ranging from 
25 to 1000 I. U. beginning immediately after hypophysectomy and 
continuing daily thereafter fo·r periods of 20 to 65 clays (Table 1). 
Nine of these animals, 'which at autopsy and upon microscopic 
examination of the sectioned sellae revealecl complete hypophy
sectomy, showed no evidence of growth of the mammary gland 
tissue, although in all instances the nipples were well developed. 
The mammary g lands of the four remaining an imals showed 
development of the nipples and mammary glands compa-rable to 
that of the intact animals which received estrogen for 20 days. 
Tiny fragments were found in the sella turcica upon microscopic 
examination of the sections. 

In view of the inability of the es,trogen to stimulate mammary 
gland growth in the guinea-pig, the experiments were extended 
to other species of laboratory and small domestic mammals in order 
to determine whether the effect obtained in the guinea-pig 
represents only a species difference or they were generally appli
cable. 

H ypophysectomy which "vas ca-rri ed on by the parapharyngeal 
technique was well tolerated by the albino mouse and the post
operative recovery was similar to that of the guinea-pig or rat. 
However, regardless of the time of the beginning of the injection 
of estrogen after hypophysectomy, a great percentage of the 
experimental animals succumbed to the treatment before an 
adequate injection period was determined. In this study, only 
the animals surviving the estrogen . treatment for periods of 20 
days or more were included in the report. 

* A considerable number of animals which succumbed to the treatment too soon to allow 
for the necessary observation or produce comparable effect in normal an imals were omitted from 
this report. 
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Of some fifty hypophysectomized male mice used, 13 survived 
the treatment of 50 1. U. of estrogen daily for 20 to 60 days. Five 
of these animals were completely hypophysectomized, while the 
rest revealed fragments of varying size, ranging from macroscopic 
to microscopic fragments. The mammary glands of the completely 
hypophysectomized animals revealed only a rudimentary duct 
system comparable to the mammary glands of the adult untreat
ed controls. In partially hypophysectomized animals, the mammary 
glands showed varying degrees of duct growth. 

Five completely hypophysectomized immature male and 
castrate female rats which received 100 1. U. of estrogen (theelin
in-oil) daily for 25 to 45 days, revealed no growth of the duct 
system. Two animals with pituitary fragments left in the sella 
turcica showed an appreciable extension of the duct system with 
side branches comparable to the duct growth of intact treated 
controls. 

Six young male rats were injected with 20 rat units of theelin 
(in oil) daily for 2·0 days. After 20 days the animals were hypophy
sectomized. A gland removed at the beginning of the theelin 
injection and at the time of hypophysectomy served as controls. 
The mammary glands taken after 20 days of estrogen injections 
sho·wed an extension of the duot system with side branches and 
prominent end-buds distinctly differentiated from the compact 
glandular tissue present at the time of the initiation of injections 
(Figs. 5 and 6) . Immediately after hypophysectomy the animals 
were injected with the same amount of estrogen and continued 
daily for 20 days. One of the animals died on the second day 
after the operation, and two others six days later. The ma~mary 
glands of these animals showed mammary structures similar to 
those present in the gland at the time of hypophysectomy. The 
three remaining animals, which were able to tolerate the post
operative treatment, were sacrifi·ced after 20 days. Two of these 
animals were completely hypophysectomized. Tihe mammary 
glands of these anima'ls still showed the extension of the duct 
system but the prominent end-buds observed at the time of hypo
physectomy were no longer present and the ducts had undergone 
regression. The mammary glands of the partially hypophysectom
ized rat, on the other hand, showed further extension and arboriza
tion of the duct system. 

Three immature female rabbits were hypophysectomized. 
One week a·fter the operation, each of these animals was given 
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Fig. I.-A microphotograph of a cross section at the base of the nipple of a 
completely hypophysectomized female ground squirrel which received SO 1. U. of 
estrogen daily for 25 days beginning immediately after the operation. The growth of 
the duct system was not stimulated. Enlarged approximately 4 times. 

Fig. 2.-A microphotograph of a cross section at the base of the nipple of a 
partially hypophysectomized female ground squirrel which received SO 1. U. of 
estrogen daily for 20 days. Note the extension of the duct system in comparison with 
that shown in Fig. 1. Enlarged approximately 4 times. 

Fig. 3.-A photograph of a whole mount of the gland of a completely hypophy
sectomized female rahbit which receive,l 100 1. U. of estrogen daily for 60 days. The 
glandular parenchyma consisted only of a rudimentary duct system equal to that 
observed in immature male Or female untreated controls. Enlarged approximately 4 
times. 

Fig. 4.-A photograph of a section of the whole mount of a mammary gland of a 
partially hypophysectomized female rabbit which received 100 1. U. of estrogen daily 
for 20 days. Enlarged approximately 4 times. 

25 

100 I. U. of estrogen (theelin-in-oil) daily for 50 to 60 days. A 
gland was removed for control at the time of the beginning of the 
injections, a second after 20 days, and a third at autopsy. Two 
of these animals were completely hypophysectomized, while in a 
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third pituitary fragments to the extent of approximately 5 per cent 
(0.0015 gms.) by weight were left in the sella turcica. The mam
mary glands taken at different intervals during the treatment in 
two completely hypophysectomized animals revealed no evidence 
of duct growth, while the glands of the third anima;l taken after 
20 days showed extensive growth of the duct system (Figs. 3 and 
4). 

Three immature male and two female cats were hypophy
sectomized. Beginning immediately after hypophysectomy, each 
of the animals was given 500 1. U. of estrogen (theelin-in-oil) and 
continued daily thereafter. Two of the males succumbed after 30 
and 40 days, respectively. The nipples of these animals were 
slightly developed. The mammary glands, however, revealed only 
a; rudimentary duct system extending slightly beyond the base 
of the nipples. The third male and one of the females were sacri
fice·d, the male after 100 and the female after 270 days. Both of these 
animals showed marked development of the nipples but no growth 
of the duct system. Hypophysectomy of all of the above mentioned 
animals was complete. The remaining female was sacrificed <l!fter 
90 days. The nipples and mammary gland of this animal showed 
development equal to that 0.£ the intact control which received 
similar treatment. This animal was only partially hypophysectom
ized. 

Six female ground squirrels were hypophysectomized. One 
week after the operation the animals were injected with 50 to 100 
.f. U. of estrogen daily for periods of 25 to 60 days. The mam
mary glands of these animals revealed no mammary gland growth 
although hyperplasia; of the nipples and the vagina were observed 
during the treatment. The duct system of the mammary glands was 
limited to a few miIIimeters in extent around the base of the nipples. 
A portion of the pituitary stalk and tiny fragments but no granular 
cells were found in the sectioned sellae of these animals. 

In addition two other females, which at autopsy revealed large 
pituitary fragments in the sella turcica, showed an extended growth 
of the duct system comparable to that of the normal injected con
trols after 20 to 24 days of injection (Fig. 2). 

Summary.-The duct or lobule-alveolar complexes of the 
mammary glands of completely hypophysectomized guinea-pigs 
(9 cases), rats (6 cases), mice (5 cases), ground squirrels (6 cases), 
rabbits (2 case) and cats (4 cases) have not been observed to 
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respond to long continued administration of large dosages ef 
estrogen. It would appear that the inability of estrogen te stimu
late the growth of the mammary gland parenchyma in the absence 
of the pituitary gland is probably not a species difference but 
applies generally. 

Growth of the Lobule-Alveolar System 

Effect of Progestin.-In view of the rapid hyperplasiaJ of the 
gland which occurs during pregnancy or pseudo-pregnancy, the 
existence of a functional relationship between the active corpora 
lutea and the growth of the mammary gland has been assumed 
by early investigators, including Ancel and Bouin (1911), Ham
mond and Marshall (1914), O'Donoghue (1912), and Loeb and 
Hesse1berg (1917). In other words, it was theught that the corpus 
luteum was the source of a hormone which stimulated the grewth 
of the lobule-alveelar system. 

The injections of aqueous (Leeb and Hesselberg, 1917) er 
lipoid (Bencan and Keller, 1927) extracts of bovine corpera 
lutea produced no noticeable influence on the growth of the mam
mary gland of the guinea-pig. Corner (1930) and Turner and 
Frank (1930-1932) failed to stimulate lobule-alveolar proliferation 
with progestin in rabbits. 

Turner and Schultze (1931) obtained no 10bule-a1veolar pro
liferation in rats with progestin. Selye et al. (1936) reported that 
the daily injection of 4 mg. of synthetic progesterone were without 
effect upon the mammary gland of female rats . 

In the guinea-pig, Nelson and Pfiffner (1931) obtained 
marked hypertrophy of the glands and nipples following the 
injection of progestin believed to be free of estrogen. Turner 
and Gomez (1934) reported that the injection of progestin 
alone with or without preliminary treatment with estrogen was 
ineffective in stimulating the growth of the mammary gland beyond 
that observed with estrogen alone. Nelson (1936) stated that the 
postive results obtained by them in their ea·rlier experiments with 
progestin (Nelson and Pfiffner) in comparison with the above 
observations were probably due to the presence of estrogen in 
their extracts. 

Effect ef Estrogen and Progestin.-Because of the fact that 
estrogen has been shown tQl be secreted continuously during preg
nancy, Turner and Fra·nk (1930-1932) assumed that estrogen prob-
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ably was essential for the action of progestin. On the basis of this 
assumption, these authors injected progestin and estrogen simul
taneously into castrated male rabbits immediately fonowing the 
preliminary tre~tment with estrogen. They reported that the 
mammary glands of the animals so treated underwent develop
ment comparable to that observed during pseudo-pregnancy or 
the first-half of pregna'ncy. These observations were confirmed 
in the rat (Turner and Schultze, 1931; Freud and de Jongh, 
1935), cat (Turner and de Moss, 1934), mouse (Turner and Gomez, 
1934) and rabbit (Anselmino et al. 1935; and MacDonald, 1936). 
Selye et al. (1936) reported negative results with rats. 

Effect of Progestin and Estrogen on the Mammary Gland of 
Hypophysectomized Animals.-Asdell and Seidenstein (1935) 
ovariectomized a series 0.£ rabbits and then kept them for two 
months to exhaust their supply of ovarian hormone. The animals 
were then hypophysectomized and the injections begun two months 
later. The rabbits were injected daily with 25 rat units of progy
non-B ~nd 0.5 cc. of progestin (equal to about 4 rabbits units). 
The animals were injected daily for 15 days and then sacrificed. 
These investigators stated that the degree of development of the 
mammary glands was about the same in hypophysectomized 
anima,ls as in those in which the hypophysis was not disturbed 
or was incompletely removed. Freud and de Jongh (1935) treated 
a series of young castrated female rats the first two weeks vvith 
100 1. U. of menformon per d~y. The animals were then hypophy
sectomized and during a following week they were treated with 
menformon and progestin. These investigators reported an exten
sion of the alveolar system with branching along the ducts. These 
authors concluded that the hypophysis is not involved in the 
changes of the mammary gland produced by estrogen and pro

gestin. 
Experiment II. Studies with Estrogen and Progestin.-Two 

young male guinea-pigs were given 100 1. U. of estrogen daily. 
One of these ~nimals was hypophysectomized after 7 days and the 
other after 22 days. In both instances, 100 1. U. of estrogen and 
0.66 'Of a rabbit unit of progestin were injected simultaneously 
daily beginning immediately after the operation, and continuing 
daily thereafter for 20 and 12 da'ys, respectively. The nipples o·f 
both of these animals were developed equal to those of the intact 
animals receiving similar treatment. The mammary gland of the 
former anima:! showed no extension of the duct system beyond 
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the extent attained during the, day pre-operative estrogen treat
ment. The extensive lobule-aheolar growth produced during the 
20 day pre-operative treatment with estrogen in the latter animal 
had undergone involution during the post-opera·tive estrogen and 
progestin treatment for 12 days. 

Four immature female guinea-pigs were injected with 100 
1. U. of estrogen and 0.33 of a rabbit unit of progestin simultaneous
ly daily for 20 to 30 days beginning immediately after hypophy
sectomy. Two of these animCl!ls which were autopsied after 25 and 
30 days, showed well developed nipples but no evidence of growth 
of the duct system. HypophysectOimy was complete in these 
animals. The remaining two animals autopsied after 20 days 
showed good nipple development and extensive hyperplasia of the. 
glandula.r parenchyma. Large pituitary fragments were found 
in the sella turcicae of these animals. 

Five young male rats were given 100 1. U. of es,trogen (theelin
in-oil) daily for 20 days. They were then hypophysectomized and 
immediately injected with 100 1. U. of estrogen and 0.2 to 0.33 of 
a rabbit unit of progestin simultaneously dCl!ily for 20 days. A 
control gland was removed at the time of th e beginning of the 
estrogen injections and at hypophysectomy. The mammary glands 
obtained at the time of hypophysectomy showed a slender duct 
system wi,th side branches and prominent end-buds extending out 
of the peripheral region of the dense mesh of original glandular 
tissue (Figs. [) and 6). 

Four of these animals, which at autopsy after 20 clays' were 
found to be completely hypophysectomized, showed no- further 
extension of the duct system beyond that attained during the pre
operative estrogen treatment (Fig:I). The prominent end-buds 
observed in the duct system as a whole showed marked indications 
of involution. 

Complete lobule-alveolar prolifer<lJtion of the gland complex 
occurred in the fifth animal (Fig. 8). This animal was only partially 
hypophysectomized. 

Summary.-Like estrogen, the administration of progestin or 
progestin and estrogen with or without preliminary treMment 
with estrogen was incapable of stimulating the growth of the 
mammary gland in completely hypophysectomized male or female 
rats or guinea-pigs. 
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F ig. 5.-A photograph of a whole mount of a mammary gland of a young male rat taken 
at the time of the initiation of the injection of 100 I. U. of estrogen. Enlarged approxi
mately 2 times. 

Fig. 6.- A photograph of a mammary gland of the same animal (Fig. 5) taken at the 
time of hypophysectomy after 20 daily injections of estrogen. Note the extension of the duct 
system from the compact mass of original glandular complex. Enlarged approximately 2 times. 

Fig. 7.-A photograph of a portion "f a whole mount of the mammary gland from the sant 
animal (Figs. 5 and 6)' after 20 stimultaneous daily injections of 0.66 of a rabbit unit <I, 
progestin and 100 1. U . of estrogen. No further extension of the ducts or proliferation of the 
lobule-alveolar system occurred. Enlarged approximately 2 times. 

Fig. 8.-A photograph of a whole mount of a mammary gland of a partially hypophysec
tomized male rat which received 0.33 of a rabbit uni t of progestin and 100 1. U. of estrogen 
daily for 20 days beginning immediately after the operation. Further arborization of ducts and 
proliferation of the lobule-al veolar system occurred. The animal r eceived 20 daily injections 
of estrogen preceding the operation. Enlarged approximately 2 times. 

Fig_ 9.-A photograph of a whole mount of a mammary gland of a completely hypophysec
tomized-castrate male guinea-pig which received 10 daily implants of rat pituitaries. The 
donor rats were previously treated with estrogen daily for 10 days. Enlarged approximately 
4 times. 

Fig. 10.-A photograph of a portion of the mammary gland of a completely hypophysec
tomized male guinea-pig after 20 daily implants of rat pituitaries obtained from donors which 
had previously been injected with estrogen daily for 10 to 20 days. Enlarged approximately 
4 times. 

Fig. ll.-A photograph of the mammary gland ~f a completely hypophysectomized male 
guinea-pig which received 30 daily implants of normal adult male rat pituitaries. Note the 
condition of the duct system of this gland as compared to that shown in Fig. 9. Enlarged ap· 
proximately 4 times. 
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Influence of the Other Endocrine Gland in Mammary Development 

In view of the consistent failure of the mammary glands of 
hypophysectomized animals tOI respond to ovarian hormone injec
tions (p. 12), a working hypothesis was developed which took into 
account a possible reciprocal relationship between the ovaries and 
the p~tuitary in the control of mammaTY gland growth and develop
ment. In short, it was suggested that during sexual or reproductive 
activity, i. e., during recurring estrum and pregnancy, either the 
ovarian secretions, estrogen or progestin required the supplement
ing action of the pituitary hormone(s) or the secretion of some 
of the endocrine glands controlled by it, particularly the thyroid 
and the adrenals, in stimulating the growth of the ducts and lobule
alveolar system or (2) that estro'gen and progestin stimulated 
the elaboration of a specific hormone(s) by the pituitary gland 
which in turn exerted a direct action upon the mammary gland. 

In order to test the merit of the first hypothesis, hypophys
ectomized male and female laboratory mammaLs were injected 
with thyroxine, eschatin, the pituitary thyrotropic (antuitrin-T) 
and adrenotropic hormones and desiccated whole pituitaries of 
sheep, alone and in combination with estrogen to determine their 
effect upon the mammary gland. 

Influence of the Thyroid in Mammary Development 

Little is known at the present time of the influence of the 
thyroid gland in mammary development. Dragstedt et al. (1924) 
and Dragstedt (1927) reported that the complete absence of the 
thyroid and parathyroid glands in dogs did not prevent the 
hypertrophy of the mammary gland during pregnancy. If the 
development of tetany is prevented during gestation, normal litters 
ma'y be delivered and reared solely on the mother's milk. Chand
ler (1927-1932) reported that thyroidectomized rats passed through 
estrum and became pregnant with about the same regularity as the 
controls. 

While the above observation seemed to indicate that the 
thyroid glands are not essential in mammary development, other 
studies in rats have shown that the growth of the mamma'ry gland 
was precociously developed in hyperthyroid animals, induced by 
desiccated thyroid feeding. Weichert and Boyd (1933) reported 
growth of the mammary gland of pseudo-pregnant rats induced 
by desiccated thyroid feeding. However, the typical lobule-alveolar 
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proliferation observed in pseudo-pregnant animals induced by 
sterile copulation was not observed in experimentally induced 
hyperthyroid rats. In their later studies, Weichert and Boyd (1934) 
observed precocious development of the mammary gland complex 
of thyroid fed pregnant rats beginning on the 5th day of preg
nancy as compared to the mammary glands of the norma,l pregnant 
controls .. Cohen (1934) reported changes in the mammary gland 
of male rats fed with desiccated thyroid gland. 

Experiment III. Studies with Thyroxine.-In order to deter
mine whether the thyroid glands exert a direot influence or only 
supplement the effect of ova'rian hormones in stimulating mam
mary gland growth, the sodium salt of pure thyroxine was tried 
alone and in combination with estrogen, in hypophysectomized 
rats and guinea-pigs. 

Three young male rats were injected with 0.05 to' 0.1 mg. of 
thyroxine daily for 20 to 25 days beginning immediately after 
hypophysectomy. The mammary glands of these animals showed 
only a: rudimentary duct system equal to that observed in the 
hypophysectomized control after 25 days. Tiny fragments and 
portion of the pituitary stalk but no granular cells were found 
in the sellae of these animals. 

The mammary glands of a completely hypophysectomized 
young male and female guinea-pig which received 0.05 and 0.01 
mg. of thyroxine daily showed no development of the nipples and 
mammary gland parenchyma after 20 days. One incompletely 
hypophysectomized male guinea-pig which received 0.1 mg. of 
thyroxine daily for 20 days showed very slight development of 
the mammary gland after 20 days injection. 

Experiment IV. Studies with Thyroxine and Estrogen.-The 
mammary glands of three completely hypophysectomized young 
male guinea-pigs which received ·0.05 to 0.1 mg. of thyroxine and 
50 1. U. of estrogen each daily, showed only a rudimentary duct 
system equal to that observed in hypophysectomized controls after 
20 days. 

One completely hypophysectomized-castrated female guinea
pig which received O.OS mg. of thyroxine and 50 r. U. of estrogen 
daily showed marked development of the nipples after 20 days. 
The extent of the mammary gland parenchyma, however, was 
limited to a short or rudimentary duct system equal to that 
observed in hypophysectomized or untreated normal controls. 
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Summary.-The administration of the sodium salt of pure 
thyroxine alone or in combination with estrogen was ineffective 
in stimulating duct growth of completely hypophysectomized 
young male or female guinea-pigs and rats at the dosage level and 
length of inj ection indicated. 

Influence of the Adrenal Cortex in Mammary Development 

The influence of the adrenal cortex in mammary development 
is indicated by the fa:ct that in adrenal insufficiency, the reproduc
tive function of the animal is held in abeyance (Wyman, 1928-
1929; Loeb and Stahl, 1935). GroHman (1936) stated that when 
rats are maintained in a state of chronic adrenal insufficiency and 
when nO' growth has occurred for several months, spontaneous 
estrus may still occur at intervals of several months, as compared 
to 4 to 7 days for normal ra'ts. The animals conceive and may 
rear a normal litter. About half of the animals die during either 
pregnancy or lactation. The surviving anim~ls showed no evidence 
of failure of mammary function and the young are normally nour
ished. 

Britton and Kline (1935-1936) reported that adrenalectomized 
female rats seldom become pregnant, and cases in which pregnancy 
occurs are apparently possible beca'use of enlarged accessory 
corti co-adrenal tissue. Even the removal of one adrenal in female 
rats frequently upsets the normal course of pregnancy and often 
results in sterility. Further, they report tha,t pregnant animals 
which have been adrenalectomized fail to go through the normal 
process of parturition; abortion is commonly observed; and lacta
tion does not follow. Male or female in chronic adrenal insuffici
ency show impotence with atrophy of the reproductive system 
similar to that observed in hypophysectDmized animals. Repair 
of the reproductive system and a return of sexua1 activity occurs 
in these animals after the administration of adrenal cortical 
hormone. Adrenal cortical extract therapy gives adequClJte protec
tion to adrenalectomized pregnant rats and allows normal repro
duction, parturition and lactation to take place. 

In addition, the clinical observations on the association of 
gynecomastia and lactation with adrenal-cortical tumor in male 
patients (Bittorf, 1919; Zum Busch, 1929; Holl, 1930 and more 
recently Lisser, 1936) further support the concept of a rela:tionship 
between the adrenal and reproductive organs. The gonads of these 
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patients were atrophied and the interstitial tissue completely 
degeneraJted. These observations, however, seemed to indicate a 
direct stimulation of the mammary gland by the <l!drenal cortical 
secretion. 

In order to determine the relation of the adrenal cortex and 
the mammary gland, studies were made on the effect of the injec
tions of the adrenal cortical extract (eschatin) a,lone and in com
bination with estrogen on the mammary gland of hypophysec
tomized immature male and female guinea-pigs. 

Exp!eriment V. Studies with Eschatin.-Four completely 
hypophysectomized young male and fema,le guinea-pigs which 
received 0.2 to 1.0 dog units of eschatin each daily beginning imme
diately after the operation showed no nipple or duct develoipment 
after 40 to 50 days of injection. One completely hypophysectomiz
ed male guinea-pig which received 2.0 dog units of eschatin daily 
succumbed after 10 days. The nipples and mammary gland par
enchyma showed no evidence of stimulation. 

One partially hypophysectomized and one intact young male 
guinea-pig showed no nipple and duct development after 25 days 
of daily injections with 0.2 and 1.5 dog units of eschatin respec
tively. 

Experiment VI. Studies with Eschatin and Estrogen.-Two 
completely hypophysectomized young male guinea~pigs which re
ceived 0.2 dog units of eschatin and 100 1. U. of estrogen simultan
eously each daily showed marked development of the nipples but 
no duct growth after 20 days. The duct systems of these animals 
were similar to those observed in the untreated normal or hypophy
sectomized controls. 

One partially hypophysectomized guinea-pig showed extensive 
lobule-alveolar proliferation after 20 daily injections of 0.2 dog 
units of eschatin and 100 1. U. o·f estrogen. The effect was attrib
uted to the estrogen. 

Summary.-The administration of eschatin alone and in com
bination with estrogen at the dosage level and length of injection 
indicated was incapable of stimulating mammary gland growth 
of completely hypophysectomized male Or female guinea-pigs. 

Influence of the Pituitary Gland in Mammary Development 

Effect of Pituitary Extracts.-The numerous studies on the 
effect of pituitary extracts or implants in mammary development 
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have yielded contradictory results. Parkes (1929) reported that 
the injection of pituitary extracts daily for a period equal to that 
of norm<l!l pregnancy in rabbits produced mammary gland growth 
and slight milk secretion. After an extended period of pituitary 
extract injections, Corner (1930) stated that the gland of mature 
ovariectomized rabbits underwent development comparable to the 
condition observed during pregnancy. Using similar extracts, 
Asdell (1931) reported mamma'ry development in mature ovariec
tomized rabbits. but not in immature males or females. Lyons anel 
Catchpole (1933) reported mammary gland growth with anterior 
pituitary extracts containing lactogenic hormone. Lyons (1936) 
reported that alveolar proliferation occurred within a day following 
the injection of lactogenic hormone, so that large alveoli and small 
formed lobules such as those seen in normal lactation are formed 
after one week of injections. 

In contrast are the observations of Turner and Schultze (19in), 
Turner and Gardner (1931), Riddle et al. (1932) Gardner and 
Turner (1933), Nelson (1934) and Sardi (1935). These authors 
reported that mammary response comparable to that induced 
by estrogen or estrogen and progestin did not occur following 
the injections of pituitary extracts rich in lactogenic hormone. 

Effect of Pituitary Implants.-Turner and Schultze (19;31) 
reported tha·t implants of whole pituitaries of castrate rats for 
short periods of time at least seemed to be incapable of producing
significant changes in the mammary g-lands of castrated female 
rats. Weichert, Boyd, and Cohen (1934) obtained no mammary 
gland growth in rats which received implants of rat pituitaries 
for an extended period of timc. 

Effect of Pituitary Extracts and Estrogen on the Mammary 
Gland of Hypophysectomized Animals.-Selye and eoUip (1936) 
reported no mammary development in hypophysectomized rats 
which received injections of a pituitary extract and estrogen. 
Nelson and Tobin (1936) reported that the injection of purified 
lactogenic hormone and estrogen into hypophysectomized rats 
was no more effective in stimulating mammary gland growth 
than estrone alone. However, when crude pituitary extract was 
used in place of the lactogenic ho·rmone, a well developed mam
mary gland was obtained. 

Although quite contradictory, the foregoing observations on 
tpe influence of pituitary extracts on the mammary gland of 
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normal and hypophysectomized animals suggest that the pituitary 
gland in some way plays a role in mammary development. In 
this series of experiments the object was to determine the relation 
of the various known pituitary principles alone and in conjunction 
with estrogen in stimulating the growth and development of the 
mammary gland of hypophysectomized male and female guinea
pigs. 

Experiment VII. Studies with Thyrotropic Hormone (Antuit
rin-T) and Estrogen.-The nipples and mammary gland paren
chyma of one hypophysectomized male guinea-pig which received 
1.0 guinea-pig unit of antuitrin-T daily, beginning immediately 
after the operation, sho·wed no development after 30 daily injec
tions. One other completely hypophysectomized young female 
guinea-pig which received 1.0 guinea-pig unit of antuitrin-T and 
100 I. U. of estrogen daily, showed marked development of the 
nipples after 20 daily injections. However, the duct system of 
the gland of these animals was very rudimentary, indicating that 
it was not stimulated by the treatment. 

Experiment VIII. Studies with Adrenotrop~c Hormone and 
Estrogen.-The mammary ducts and nipples of two completely 
hypophysectomized male and one female guinea-pig were not 
developed after 30 days of daily injections with 0.05 mg. each 
of the adrenotropic hormone. 

Three completely hypophysectomized young male guinea-pigs 
which received 0.1 mg. of adrenotropic hormone and 100 I. U. of 
estrogen simultaneously each day, showed marked growth of the 
nipples but not of the duct system after 25 days of injection. The 
duct system of these animals was similar in extent to that observed 
in untreated intact or hypophysectomized controls. 

Two pa'rtially hypophysectomized young males which received 
100 I. U. of estrogen and 0.1 mg. of adrenotropic hO'rmone each 
simultaneously daily, showed well developed nipples and extensive 
lobule-alveolar proliferation of the glandular parenchyma after 
20 daily injections. 

Experiment IX. Studies with Galactin and Estrogen.-Two 
completely hypophysectomized female and one male guinea-pig 
which received 100 I. U. of estrogen (theelin-in-oil) and 10, 30, and 
40 mgs. of galactin daily all showed marked development of the 
nipples after 25 days. The mammary glands of these animals at 
autopsy revealed only duct systems equal to the uninjected hypo-
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physectomized control. One partially hypophysectomized guinea
pig receiving similar treatment showed marked development of 
the nipples and extensive proliferation of the lobule-alveolar 
complex in the mammary gland after 25 days of injection. 

It would appear from the above described experiments that 
the purified thyrotropic, adrenotropic and lactogenic hormones do 
not represent the factors which in conjunction with estrogen 
stimulCl!te mammary gland growth. In view of the fact that the 
other known pituitary principles are not available in pure or 
isolated form, an experiment was conducted in order to determine 
grossly whether the whole pituitaries of sheep contained the factor 
or factors which supplement the estrogen in its action on the 
mammary gland. 

Experiment X. Studies with Desiccated Pituitary Powder.
The mammary gland parenchyma and nipples of two completely 
hypophysectomized immature female guinea-pigs which received 
5 mgs. of desiccated whole pituitary powder of sheep daily 
revealed no evidence of stimulation of duct growth after 25 da'ily 
injections. One other completely hypophysectomized guinea-pig 
which received 10 mgs. of desiccated whole pituitary powder daily 
succumbed after 10 days. The nipples and mammary gland 
parenchyma of these anima'ls showed no evidence of growth 
stimulation at autop!y. 

The above observations were taken to indicate that the whole 
pituitaries of sheep did not contain the principle(s) concerned in 
mammary development. It seemed desirable, therefore, to turn to 
the second part of the working hypothesis, namely, that the ovarian 
hormones estrogen and progestin, stimulate the production of an 
as yet unrecognized hormone(s) of the pituitary which in turn 
causes the growth of the mammary gland. According to this hypo
thesis the pituitaries of animals during estrum, pregnancy, or those 
which have been receiving estrogen treatment might be expected 
to contain a high concentration of this hormone(s), and the 
administration of such pituitaries to castrated or hypophysectom
ized animals would stimulate the growth and development of the 
mammary gland complex. Experiments were therefore conducted 
having as their objective the test of this hypothesis. 

Experiment XI. Studies with Pituitary Implants.-Three 
completely hypophysectomized young male and one female guinea
pig were each given an implant daily of one rat pituitary. The 
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donor rats had previously received 10 to 20 daily injections of 
100 1. U. of estrogen. The mammary glands of these animals 
showed extensive proliferation of the lobule-alveolar system equal 
to that observed in intact animaLs which received estrogen 
injections for 20 days (Fig. 10) 

Two completely hypophysectomized-castrated young male 
guinea-pigs were each given aJ daily implant of one rat pituitary 
which had received 100 international units of estrogen daily for 
10 days. One of the animals succumbed after 10 days. The 
mammary gland parenchyma of this anima,l showed extensive 
growth and arborization of the duct system equal to that observed 
in an intact animal which received 10 daily injections of estrogen 
(Fig. 9). The nipples, however, showed no evidence of growth 
stimulation. 

The mammCl!ry glands of two castrated young male guinea
pigs which received 20 daily implants of one-half of a rat pituitary 
daily showed extensive hyperplasia of the gland parenchyma. The 
donor rats received daily injection of 100 1. U. of estrogen for 10 
days. 

One completely hypophysectomized and one intact castrated 
immature male control, which received daily implants of a normal 
adult rat pituitary beginning immediately after the operation, 
showed no evidence of duct growtth after 30 days (Fig. 11). 
Likewise, the duct system and the nipples of one normal male 
guinea-pig which received one rat pituitary daily showed no 
evidence of stimulation after 20 days of injection. 

Summary.-The administration of desiccated whole sheep 
pituitaries or the purified extracts of the thyrotropic, adrenotropic, 
or lactogenic hormones, either individually or in combination 
with estrogen, were incapable of stimulating the growth of the 
mammary gland of completely hypophysectomized animals. With
out estrogen, the above mentioned pituitary principles were 
ineffective in stimulating mammary gland growth of partially 
hypophysectomized or norma,l intact guinea-pigs. 

The daily implants of the pituitary glands of rats which 
received injections of estrogen daily for 10 to 20 days produced 
extensive hyperplasia of the mammary gland of completely hypo
physectomized or completely hypophysectomized-castrated imma
ture male and fema·le guinea-pigs. The pituitaries of adult normal 
rats were ineffective in stimulating mammary gland growth of 
either hypophysectomized or normal male or female guinea-pigs. 
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These observations were taken to indicate that estrogen stimulates 
the production of a "mammary gland growth stimulating hormone" 
by the pituitary gland of rats. 

LACTATION 

It is generally recognized that during the latter part of preg
nancy, the cells of the lobules gradually assume functional activity. 
At the approach of parturition the secretion present in the gland 
ta·kes on the characteristics of colostrum. Following parturition 
there is a burst of secretory activity. The studies of Grueter (1928), 
Stricker and Grueter (1928-1929) and Corner (1930) may be 
considered to be the first to have shown that the secretory activity 
observed was due to a lactogenic hormone produced by the 
pituitary gland. The numerous investigations which have followed 
their announcements ha've confirmed and extended the work to 
several species of mammals. 

Under favorable conditions the crude pituitary extracts or 
the somewhat purlfied lactogenic hormone have been shown to 
stimulate lactation in the rabbit (Turner and Gardner, 1931; 
Gardner and Turner, 1933; Lyons and Catchpole, 1933; Donahue, 
1934 and Gardner et a!., 1935), the guinea-pig (Nelson and Pfiffner, 
1931; Gardner and Turner, 1933; Lyons and Catchpole, 1933; 
Nelson and Smelser, 1933 and Turner and Gomez, 1934), the cat 
(Turner and deMoss, 1934), the dog (Lyons et a!., 1933; Gardner 
and Turner, 1933; Evans, 1934; Asimoff, et al. 1934; Anselmino 
and Hoffmann, 1934 and Houssay, 1935), the goat (Asdell, (1931-
1932), the cow (Stricker and Grueter, 1929) and the monkey 
(Riddle et aI., '1933 and Allen et a1. 1935). Schultze and Turner 
(1933), Gardner and Turner (1933), and Riddle et a!. (1933) 
reported either slight or negative results in rats and mice. 

The physiological state or condition of the gland parenchyma 
at which time they are responsive to the stimulating action of 
the lactogenic hormone had some particular significance in the light 
of the experiments to be described later, since it was necessary 
to secure or prepare the mammary gland of the animals for 
lactation before hypophysectomy was performed and hormone 
replacement therapy initiated. There has been considerable dis
agreement concerning the developmental condition of the mam
mary glands when they are responsible to the lactogenic hormone. 
Catchpole and Lyons (1933) were of the opinion that young 
virgin female rabbits possessed mature mammary glands and there-
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fore were responsive to the lactogenic hormone. Gardner and 
Turner (1933) disagreed with them on this point, since completely 
grown glands showing both ducts and lobule-alveolar proliferation 
had never been orbserved in virgin female rabbits. These authors 
further reported that pseudo-pregnant rabbits with complete 
hyperplasia of the gland parenchyma were most responsive to' the 
extracts of the pituita·ry glands. The susceptibility of the mam
mary gland of the pseudo-pregnant rabbit to pituitary extracts 
has been used by the laotter authors in the assay of lactogenic 
hormone. 

The mammary glands of laboratory mammals which have been 
receiving estrogen treatment daily for some time will respond 
readily to the lactogenic hormone. Gardner, Gomez, and Turner 
(1935) have shown tha<t the mammary gland ducts of ovariectom
ized immature male or female rabbits developed under the influence 
of estrogen will lactate provided the lactogenic hormone is 
injected within 72 hours after the last injection of estrogen. 
Likewise, the mammary duct system persisting aHer previous 
ovariectomy of multiparous females, will lactate when injected 
with lactogenic hormone beginning immediately after the cessation 
I)f estrogen treatment. 

In similar manner, the male or female guinea-pigs which 
received estrogen injections daily for some time (20 days or more) 
willlacta'te within 36 to 72 hours following the cessation of estrogen: 
and the initiation of lactogenic hormone. 

In partially castrated and experimentally cryptorchid males 
carrying functional ovarian grafts for 6 to 8 weeks, the injection 
of lactogenic hormone was invariably followed by the initiation of 
lactation in 2 to 3 days (Nelson, 1933; Turner and Gomez,. 1934). 

During the declining phase of lactation the administration 
of pituitary extract rich in lactogenic hormone was usually followed 
by a transient rise in milk yield. In the cow, Evans (1934), 
AsimOiff et al. (1934) and Asimoff (1935) and in the sheep and goat,. 
Kabak and Kisilstein (1934) and Kabak and Margulis (1935) 
reported an increased milk yield ra·nging from 25 to 30 per cent 
over the pre-injection level following the administration of pituitary 
extracts. Asimoff et al. (1934) reported that a single injection of 
10 to 15 cc. of pituitary extract had no effect on the milk yield of 
cows. Margulis et al. (1935) observed no change in the milk 
yield of cows which received daily injections of 20 too 40 cc. of an 
alkaline extract of the pituitary glands. 
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The foregoing observations add to the evidence that the 
pituitary gland is functiona,l in the initiation and maintenance 
of the secretory activity of the mammary gland. It is not clear, 
however, whether the lactation process, once initiated, can be 
carried on without further media'tion or stimulation of galactin 
to maintain lactation and whether the persistency of secretion 
during the declining phase of lactation curve is regulated by this 
hormone. In order to answer these important questions and 
further establish the function of the lactogenic hormone in relation 
to the initiation and maintenance of lactation , it became necessary 
to remove the pituitary, observe the deficiency which follows, and 
attempt to repair that deficiency by the administration of extracts 
of the pituitary gland. 

Effect of Hypophysectomy on the Initiation and Maintenance of 
Lactation 

Allan and Wiles (1932) first reported that cats hypophys
ectomized late in pregnancy delivered normally but never suckled 
their young. Pencharz and Lyons (1934) reported that hypophys
ectomy of guinea-pigs on the 40th or 41st day of pregnancy did 
not prevent the delivery of viable young at term. However, the 
animals secreted only a small amount of milk which persisted 
for only 12 to 18 hours post-partum. 

Selye et al. (1933) reported that hypophysectomy of lactating 
rats and mice at any stage during the lactation period promptly 
led tOo a rapid cessation of milk secretion. Similar observations 
were reported in ferrets and cats (McPhail, 1935), rats (Reece, 
Turner and Hill, personal communication), goats (Hill et al., 1935 
and Gomez and Turner, 1936) and guinea-pigs (GOomez and Turner, 
1936 and Macchiaurulo, 1936) after hypOophysectomy. 

It would appear from the above observations that the pituitary 
is necessary fOor both the initiation and maintenance of milk 
secretion. Lyons et al. (1933), Evans (1934) and Houssay (1935) 
reported success in initiating lactation in hypophysectomized dogs 
with alkaline extracts of the pituitary glands. McPhail (1935) 
reported similar results in hypophysectomized cats and ferrets. 
Gomez and Turner (1936) and Nelson and Gaunt (1936) were able 
to initiate lactation in hypophysectomized guinea-pigs with mam
mary glands previously prepared for lactation by the injection 
of estrogen or by ovarian grafts, with crude extracts of the 
pituitaries of sheep. 
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Using a somewhat purified lactogenic hormone, galactin, 
Gomez and Turner (1936) failed to initiate, reinitia·te or prevent 
the rapid cessation of lactation in hypophysectomized goats, cats 
and guinea-pigs. Nelson and Gaunt (1936) reported similar 
observations in hypophysectOomized guinea-pigs after the injection 
of the purified lactogenic hormone. These results were interpreted 
as due to a loss of some of the essential hormOones during the 
process of purification, which in conjunction with g-alactin stimul
latedthe secretion of milk. Assuming that fhe pituitary supplied 
the necessary stimuli, the question as to which of the pituitary 
hormones were concerned and the mechanism regulating these 
stimuli arose. There is an increasing amount of evidence that 
these hormones can act indirectly through the other endocrine 
glands, particularly the thyroid and the adrenals. The influence 
of these glands in lactation will be considered in a later section 
soo that they may be considered individually in the light of the 
present studies. 

Recent studies indicated that the pituitary secretes a hormone 
which influences carbohydrate metabolism. The physiological 
influence of this hormone on the organism as a whole has been 
indicated by the effect of hypophysectomy upon the level of 
glucose in the blood . This hormone requires first cOonsideration 
in studies which involve the use of hypophysectomized experi
mental .animals, since much is dependent upon the level of glucose 
in the blood fOol' the ma·intenance of their well being. Nelson 
(1936) and Gomez and Turner (1936) reported that the develop
ment of spontaneous fatal hypoglycemic coma which frequently 
occurs among hypophysectomized animals was successfully con
trolled to a great extent by the daily parenteral administratiOon of 
glucose solution. Gomez and Turner (1936) are of the opinion 
that carbohydrate metabolism plays an important indirect role 
in milk secretion, since it regulates the level of glucose in the 
bloo d which is one of the important percursors of milk. 

In the experiments to be described, it should be recognized, 
therefore, tha:t the regular administration of glucose after hypo
physectomy of experimental mammals prevented the development 
of hypoglycemic coma and further maintained the level of blood 
glucose. The first of the series of experiments was undertaken 
to determine whether glucose would supplement the action of 
galactin upon the lobule-alveolar epithelium and ultimately initiate 
milk secretion. 
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Experiment XII. Studies with Galactin.-Five completely 
hypophysectomized, experimentally induced cryptorchid males 
carrying functional ovarian-testicular grafts for 6 weeks, which 
received 10 mgs. of ga,lactin daily, showed no. evidence of lactation 
after 10 days. In two completely hypophysectomized guinea-pigs 
as above, lactation which vviould have been established within 3 
days after the removal of the testis grafts, fa'iled to appear within 
10 days following hypophysectomy and removal of the Oovarian
testicular grafts. 

Two partially hypophysectomized guinea'-pigs which received 
10 mgs. of galactin each daily were in lactation after 2 and 3 days, 
respect ively. Two control guinea-pigs which received 5 mgs. of 
gala'ctin daily and one with the ovarian testicular graft removed 
were in heavy lactation after three days. 

These observations indicate that galactin alone will not 
initiate la'ctation in hypophysectomized guinea-pigs. 

Effect of postponed galactin treatment on lactation.-Seven 
lactating guinea-pigs were hypophysectomized during the first 
week after delivery. Lactation at this time waos well established 
and would normally continue for 2 to 3 weeks. All of these animals 
showed a rapid decline in milk secretion the first day after the 
operation , being completely dry 2 to 3 days later. Five of these 
animals, which received from 20 to 50 mgs. of glucose each daily, 
beginning immediately after complete cessa tion of lactation. and 
the remaining two. with 200 mgs. of glucose alone, aoll showed no 
evidence of milk secretion after 10 days. The mammary glands 
at autopsy and later verified by microscopic examination, revealed 
in all instances marked involution of the glandular parenchyma. 

Six pa:rtially hypophysectomized lactating guinea-pigs showed 
a decline in milk secretion cluring the first few days (2 to 3 days) 
following the operation, but soon returned to a level which was 
sufficient to raise their young without other feed. The mammary 
glands at autopsy after 15 claoys showed abundant milk secretion. 

Effect of immediate galactin treatment.-Three completely 
hypophysectomized lactating guinea-pigs which received 30 to 40 
mgs. of galactin and 200 mgs. of glucose each daily, beginning 

. immediately after hypophysectomy, ceased lactating completely 
after 2 to 4 days. One partially hypophysectOomized lactating 
guinea-pig which received 20 mgs. of galactin and glucose solution 
daily was in heavy lactation after 10 days. 
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One completely hypophysectomized cat (with 4 young), which 
received 100 mgs. Qof galactin and 5 cc. of satura:ted aqueous glucose 
solution daily, was completely dry after 7 days. All of her young 
died after 7 days, evidently due to, a la-ck of nourishment. Histolo
gical examination of the mammary gland obtained at autopsy 
revealed collapsed alveoli indicating the occurrence Qof an involu
tionary prQocess of the glandular complex following the cessation 
of lactation. One partially hypophysectomized cat (with 5 young) 
which received similar treatment as above, was in lactation after 
10 days, and continued in lacta'tion without galactin for 40 days. 

One completely hypophysectomized rabbit which received 
20 mgs. of galactin and glucose solution, beginning immediately 
after the operation, failed to lactate during Cl'n injection period of 
6 days. 

The fa,ilure of galactin and glucose to stimulate Qor support 
lactation in hypophysectomized guinea-pigs (15 cases), rabbits 
(1 case) and cats (1 case) was not taken to indicate the ina'dequacy 
of these therapies in stimulating the secretory activity of the 
lobule-alveolar epithelium, but was due rather to a general physio
logical disturbance in hypophysectomized animals which invariably 
reduced to a low level the available precursors of milk in the blood. 
Since the regulation of the precursors of milk is under direct 
control of the endocrine glands maintained directly or indirectly 
by th·e pituitary, the need for the study of the influence of these 
glands or their secretions on lactation was indicated. 

Influence of the Thyroid Gland in Lactation 
It was well established that the thyroid glands became inactive 

and atrophic following hypophysectomy (p. 13). This atrophy is 
prevented and the normal structures and functions restored by 
pituitary implants or by the administration of extracts containing 
the thyrotropic hormone. The relation of the thyroid to milk 
secretion is not definitely established beyond the fact that thy
roidectomy caused a- decline in milk yield while thyroid feeding 
or the parenteral administration of thyroxine during the declining 
phase of lactation increases milk production. It is thus apparent 
that the thyroid glands are in some way concerned in the mechan
ism of milk secretion. 

Dragstedt et al. (1924) reported that thyroid-parathyroidec
tomized dogs conceive and pass through normal pregnancy and 
lactation after parturition, provided that the teta:ny which fre
quently developed during pregnancy was controlled. Nelson and 
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Tobin (1936) reported that rats thyroid-parathyroidectomized on 
the 13th to 15th days of pregnancy bore no-rmal litters a'nd in all 
instances raised their young. 

Graham (1934) reported that the feeding of desiccated thyroid 
gland during the declining phase of milk production after thy
roidectomy or in normal lactating cows ca:used a rapid increase 
of milk and fat production after which the gradual decline 
continued. Excessive thyroid feeding of thyroidectomized cows 
caused a rapid decline of milk production. Further, he stated 
that thyroid feeding during the 4th to 6th weeks after parturition, 
the time at which milk production normally increases had no effect 
on milk production. 

Ja:ck and Bechdel (1935) stated that the injection of thyroxine, 
so as to increase the basal metabolic rate of cows by 10 per cent, 
produced an increase in milk production of about 11.2 per cent, 
while thyroxine injections in dosages which raised the basa:l 
metabolic rate 30 per cent, increased milk production by only 
6.5 per cent. The injection of thyroxine was effective only during 
the declining phase of lactation. 

Folley and White (1936) reported an average increase of 
28 per cent in the milk production of 4 Shorthorn dairy cows by 
the injection of 10 mgs.of thyroxine daily for 15 da'ys. During 
the four days following the cessation of thyroxine injection, milk 
production declined to approximately 12 per cent below the' base 
line. They noted the decline in milk yield occurred in the morning 
milking. 

In order tOo determine the role of the thyroid in milk secretion, 
studies were undertaken concerning the effect of thyroxine on 
lactation in hypophysectomized guinea-pigs. The experimental 
animals were given glucose injections along with the hormones, 
except during the period when the animals were receiving crude 
pituitary extract injections. 

Experiment XIII. Studies with Thyroxine and Galactin.-In 
the study on the effect Oof thyroxine in relation to the initiation 
and maintenance of lactation in the guinea-pig, the experimental 
animals were injected with 10 mgs. of desiccated whole sheep 
pituitaries daily for 2 days in order to prevent the cessation of 
lactation attributable to the shock of the operation. 

TWiO completely hypophysectomized lactating gufinea-pigs 
which received 0.05 and 0.1 mg. of thyroxine daily, beginning 
immediately after the operation, were dry after 2 days. 
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The rapid cessation of lactation which followed complete 
hypophysectomy wa's not prevented in two normal lactating 
females and one experimentally induced lactating male by the 
injection of 5 and 10 mgs. of galactin and 0.025 and 0.05 mg. of 
thyroxine daily beginning on the third day alter complete removal 
of the pituitary gland, the animals being completely dry in 2 
to 3 days. Three completely hypophysectomized normal lactating 
guinea-pigs showed no evidence of lactation after three daily 
injections of 10 mgs. of galactin and 0.05 mgs. of thyroxine. 
Lactation was re-initiated in these animals following three daily 
injections of 10 mgs. of ga1actin, 0.2 to 0.4 dog units. of eschatin and 
200 mgs. ()If glucose each beginning immediately after complete 
cessation of lactation during the thyro·xine and galactin injections. 

Three operated guinea-pigs in ladation after 6 daily injections 
of thyroxine and galactin were found only partially hypophy
sectomized at autopsy. 

The inability of thyro.xine (2 cases) or thyroxine and galactin 
(5 cases) to stimulate lactation in hypophysectomized guinea-pigs 
was taken t o indicate that thyroxine is not a limiting factor in 
the rapid cessation of lactation which normally followed the com
plete removal of the pituitary gland. It was not interpreted as 
indicating the lack of importance of the thyroid in lactation. 

Influence of the Adrenal Co·rtex in Lactation 
The observations which have been reported on the relationship 

of the adrenal glands to lactation appear in many cases very limited 
a.'l1d indefinite. As indicated elsewhere, the reproductive function 
of animals in adrenal insufficiency was held in a,beyance. Adrenalec
tomy of lactating rats was immediately followed by a rapid cessation 
of lactation. Carr (1931) reported that the Swingle-Pfiffner's 
extract does no·t sustain lactation after the removal of the adrenals. 
Britton and Silvette (1931) reported similar results with adrenal 
cortical extracts, in adrenalectomized r<l1ts. Hartman et al. (1933) 
reported that their adrenal cortical extract "cortin" was not able 
to ma,intain lactation in adrenalectomized rats. Another prepara
tion from the adrenal cortex "cortilactin", however, was said to be 
effective. 

Gaunt al1d Tobin (1936) reported that the life sustaining 
dosage of. the adrenal cortical hormone was insufficient to maintain 
lactation in adrenalectomized rats. However, the administration 
of twice the life sustaining dosage supported lactation and no·rmal 
litters were raised by the mother. The oral administration of salt 
solution in the drinki'ng water reduced the requirement of the 
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hormone. GroHman (1936) stated that spontaneous .estrum and 
reproduction may stiH o'ccur in rats maintained in a state of 
chronic adrenal insufficiency. In such animals there was no evidence 
of failure of mammary function and the young were normally 
nourished. Britton and Kline (1935) reported that female rats 
adrenalectomized during pregnancy failed to go through the normal 
process of parturition; abortion was commonly observed; and 
lacta-tion did not foHow. 

They further reported that extracts of the adrenal cortex gave 
adequate protection to the adrenalectomized rats and allowed nor
mal reproduction and lac,tation. Levenstein (1936) reported a 
deficiency of the secretory activity of the mammary gland of 
adrenalectomized rats as indica-ted by their inability to nourish 
their young. 

In adrenalectomized dogs maintained in a state of normal 
health by the injection of cortin, Swingle and Pfiffner (1982) 
reported that pregnancy and lactation were not impaired. Gaunt 
and Parkins (1933) reported that adrenalectomized dogs kept 
alive by the injection of highly purified Swingle-Pfiffner's extract 
reproduced normally. They did not report, however. on the 
condition of the mammary gland. 

Hypophysectomy of lactating animals elicit effects similar to 
those observed in adrenalectomy. Unlike the adrenalectomized 
animals, however, the administration of the adrenal cortical extract, 
eschatin, into hypophysectomized guinea-pigs, failed to initiate or 
prevent the rapid cessation of ladation after the operation (Gomez 
and Turner, 1936). Nelson and Gaunt (1936) reported that the 
administration, of purified lactogenic hormone and Swingle-Pfiff
ner's adrenal cortical extract initiated lactation in 12 hypophys
ectomized guinea-pigs with mammary glands previ'ously pre
pared for lactation by the injection of estrogen. In a preliminary 
report, Gomez and Turner (1936) confirmed these observations. 
These authors further. reported that galactin, eschatin and glucose 
prevented the rapid cessation of lactation in hypophysectomized 
lactating guinea-pigs and by continued treatment, lactation was 
maintained for periods corresponding to the normal duration of 
lactCl!tion in these animals. Since the observations were very 
limited, additional experiments were conducted in order to- secure 
additional evidence on the role of the adrenal cortex in lactation 
and also to determine whether the above therapies would be 
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effective in stimulating or maintaining lactation in other species 
of laboratory m.ammals, such as the rabbit and cat. 

Experiment XIV. Studies with Galactin and Eschatin.
Initiation of Lactation-Six completely hypophysectomized guinea
pigs, consisting of three males and three females which were 
previOiusly prepared for lactation by the injection of estrogen 
(theelin) daily for 20 days, were in lactation after three days 
following the daily injection of 0.2 to 0.4 dog units of eschatin, 
5 mgs. of gala.ctin and 200 mgs. 0.£ glucose beginning immediately 
after hypophysectomy. In two other animals which received 
similar treatment but found to be only partially hypophysectomized 
a't autopsy, lactation was established after three injections of 
galactin and eschatin. One completely hypophysectomized guinea
pig which received 5 mgs. of galactin and another 0.2 dog units 
of eschatin daily beginning immediately after hypophysectomy as 
controls, failed to lactate after 7 days. One completely hypophys
ectomized rabbit which received simultaneous injections of 25 
mgs. of galactin and 2 dog units of eschatin in conjunction with 
glucose, showed a lactwtion response of plus three (3+) after 
4 days. 

Maintenance of lactation.-A total of ten lactating guinea-pigs 
completely hypophysectomized 2 to 3 days after parturition were 
maintained in lactation for periods ranging from 5 to 20 days by 
the simultaneous injection of 0.2 to 0.4 dog units of eschatin. 
3 to 5 mgs. of galCl!ctin and 200 mgs. of glucose. The presence of 
milk secretio'n in these instances was determined by manual mani
pulation of the teats of the animals before the young, which had 
been kept away for several hours, were allowed to nurse. A 
gradual decline of milk secretion between the 10th and 20th days. 
was observed as indicated by the size attained by the glands, 
between milkings at 4 to 6 hour intervals. Histological examina
tion olf the mammary gland obtained at autopsy 10 to 20 days after 
hypophysectomy and treatment showed a varying degree of 
involution of the glandula:r complex (Fig. 13 and 14). 

Two completely hypophysectomized lactating guinea-pigs 
which received 10 mgs. of galactin and 200 mgs. of glucose 
immediately after hypophysectomy, ceased lactating after three 
days. Lactation was re-initiated in these animals within 3 days 
by the injection of 5 mgs. of galactin and 0.2 dog units of eschatin, 
beginning immediately after the complete cessation of lactation. 
and by continued treatment lactation was maintained for 10 days. 
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Fig. 12.-Microphotograph 
of a section ed mammary 
gland of a completely hypo· 
physectomized guinea - pig 
which received 20 daily im
plants of rat pituitaries. The 
donor rats received estrogen 
inj ections for 20 days. En
larged approximately 52 
times. 

Fig. 13.-Microphotograph 
of a sectioned mammary 
gland of a completely hypo
physectomized guinea-pig tak
en 10 days after the operation 
and simultaneous treatment 
with 10 mgs. of galacti"n, 0.5 
ce. of adrenotropic hormone 
and a glucose solution. En4 
larged approximately 52 
times. 

Fig. 14.-Microphotograph 
of a sectioned mammary 
gland of a completely hypo

. physectomized lactating guin
ea'pig taken 20 days after the 
operation and treatment with 
galactin, adrenotropic hor
mone and a glucose solution. 
The gland parenchyma show
ed evidence of involution al
though the secretion of milk 
was maintained. Enlarged ap
proximately 52 times. 
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Three completely hypophysectomized lactating guinea- pigs 
were kept in lactation thfOlughout an observation period of 10 
days by the simultaneous injection of 10 mgs. of galactin and 5 to 10 
mgs. of desiccated guinea-pigs adrenal gland and glucose begin
ning immediately after the operation. 

One completely hypophysectomized cat (with 3 young) was 
kept in lactation for 30 days by the simultaneous daily injection 
of 25 mgs. af ga-Iactin and 5 dog units of eschatin. The animal 
developed coma three times during the period of observations, 
but was successfully resuscitated on the first two occasions 
by a gradual intra-cardial administration of 5 cc. of saturated 
glucose solution. Sufficient milk was produced as indicated 
by the maintenance of the health of the young, throughout the 
period of observations. The simultaneous injection of galactin, 
eschatin or the desiccated guinea-pig· adrenal gland and a glucose 
solution was capable of initiating or maintaining lactation in 
completely hypophysectomized guinea-pigs (22 cases), rabbits 
(1 case) a nd cats (1 case) .. 

On the basis of the above observations it was a-ssumed that 
the reason for the failure of galactin and glucose in initiating or 
preventing the rapid cessation of lactation after hypophysectomy 
of laboratory mammals was obviQ,11sly due to the insufficient 
secretion of the adrenal cortical hormone caused by the withdrawal 
of the adrenotropic hormone coincident with the complete removal 
of the pituitary gland. If the above assumption is correct, the 
injection of galactin wnd glucose should stimulate or support the 
continuance of lactation provided the normal function of the 
adrenal c0'rtex is maintained by the inj ection of the adrenotropic 

. ho'rmone beginning immediately after hypophysectomy. Studies 
were therefore undertaken in which the objective was to deter
mine the effect of the adrenotropic hormone on the initiation and 
ma-intenance of ladation. 

Experiment XV. Studies with Galactin and the Adrenotropic 
Hormone. Initiation of Lactation.-Lactation was initiated in two 
completely hypophysectomized male guinea-pigs carrying func
tionwl ovarian grafts for 6 to 8 weeks by the simultaneous daily 
injection of 20 mgs. of galactin and 0.1 cc. and 0.2 cc. 0'f adreno
tropi,c hormone for three days beginning· immediately after the 
operation. 

Five completely hypophysectomized, involuted, multiparous 
guinea-pigs previously prepared f0'r lactClltion by the injection of 
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estrogen daily for 20 days, were in lactation 3 to 5 days after the 
initiation of simultaneous daily injections of 0.1 to 0.2 cc. of 
adrenotropic hormone, 10 to 20 mgs. of galactin and 200 mgs. 
of glucose, beginning immediately after hypophysectomy. 

One completely hypophysectomized control receiving 10 mgs. 
of galactin and 200 mgs. of glucose daily and another receiving 0.2 
cc. of adrenotropic hormone and glucose daily failed to lacta.-te after 
6 days. One non-hypophysectomized control which received 10 mgs. 
of galactin was in lactation after two days while another which 
received 0.2 cc. of adrenotropic hormone failed to lactate after 
6 days. Two partially hypophysectomized guinea-pigs were in 
heavy lactation after three days following the initia'tion of the 
simultaneous daily injections of 0.1 cc. of adrenotropic hormone 
and 10 mgs. of galactin. 

Of a total of 4 completely hypophysectomized rabbits which 
received simultaneous injections of 10 to 20 mgs. of galactin and 
0.5 to 1.0 cc. of adrenotropic hormone each daily, two showed a 
lactation response of plus 2 and 3 after 4 days; and a third plus 
2 after 6 days. The fourth animal, which succumbed on the third 
day showed no lactation response. One intact control which 
received 15 mgs. of galactin daily beginning at the end of pseudo
pregnancy showed a lacation response of plus 4, while a second 
a.-nimal which received 1.5 cc. of adrenotropic hormone showed 
no lactation response after 6 days. 

Maintenance of lactation.-A total of eight guinea-pigs, com
pletely hypophysectomized 2 to 7 days after partiuition, were 
maintained in lactation for periods ranging from 8 to 15 days 
by the simultaneous injections of 10 to 20 mgs. of galactin and 
0.1 to 0.2 coco of adrenotropic hormone and glucose, beginning 
immediately a,fter hypophysectomy. 

Two completely hypophysectomized lactat;ing guinea-pigs 
which received 10 mgs. of galactin and 0.5 cc. and 0.25 cc. of 
adrenotropic horrrione succumbed after 3 and 5 days. These ani-

-mals were still in heavy lactation at the time of death. One 
completely hypophysectomized lactating guinea-pig which receiv
ed 0.5 cc. of adrenotropic hormone and another which received 10 
mgs. of galactin as controls ceased lactating after three days. Milk 
secretion was re-initiated in these animals by the simultaneous in
jection of 0.2 cc. of adrenotropic hormone, 10 mgs. of galactin and 
200 mgs. of glucose beginning immediately after the cessation of 
milk secretion. 
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The simultaneous da'ily injection of galactin, adrenotropic 
hormone and gliIcose solution was capable of initiating lactation 
in hypophysectomized guinea-pigs (7 cases) and rabbits (4 cases). 
Lactation was also ma'intained in hypophysectomized guinea-pigs 
(10 cases) by the above treatment. 

Summary.-The injection of the somewhat purified lactogenic 
hormone, galactin and gluc()'se solution immediately after hypo
physectomy or after the complete cess~tion of lactation in hypo
physectomized lactating laboratory mammals was incapable of 
preventing the rapid cessation or of re-initiating la,ctation. The 
injection of galactin, however, in conjunction with eschatin or 
the adrenotropic hormone and glucose s'olution under favorable 
conditions initiated lactation in hypophysectomized animals. In 
hypophysectomized lactating animals, these therapies were capable 
of sustaining lactation comparable to that which occurred in 
normal animals. The inj ection of thyroxine after hypophysectomy 
in la,boratory mammals alone or in conjunction with galactin and 
glucose did not initiate or prevent the cessation of lactation, 

ENDOCRINE CONTROL OF THE MAMMARY GLAND 
Marked progress in our knovvledge of the endocrine control 

of the mammary g land has been made since hypophysectomized 
animals have been employed in experimental work. Before 1936, 
it was believed that the growth of the duct system of the mammary 
gland was directly stimulated by the estrogenic hormone. Further. 
the extensive arborization of ducts and the subsequent pwliferation 
of the lobule-alveolar system which occurs during the first-half 
of pregnancy or during pseudo-pregnancy were stimulaoted directly 
by the estrogenic hormone and the secretion of the corpus luteum, 
progestin. Recent studies have show11, however, that though the 
normal growth and development of the mammary gland proceeds 
only in the presence of a functional ovary, the action of the ovarian 
hormone is believed to be indirect by way of the pituitary gland. 

It is now well established that at the approach of sexual 
maturity, in the fema.Je, the pituitary produces a hormone, the 
follicle stimulat'ing hormone, which causes the growth of the 
ovaries and the development and maturation of the Graafian 
follicles. The follicles in turn elaborate a hormone, estrogen, 
which in most species stimulates only the growth of the duct 
system. In addition the estrogens exert an influence on the pitui
tary, suppressing the production of the follicle stimulating hormone 
and permitting the production of the luteinizing hormone which. 
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induces ovulation and the formation and maintenance, during preg
nancy or pseudo-pregnancy, of functional corpora lutea. The 

_estrogen and prO'gestin secretions of the ovary were assumed to 
exert a direct influence on t he mammary gland parenchyma and 
to' stimulate the development of the lobule-alveolar system. 

From the evidence presented in the studies on the experimental 
development of the mammary gland of normal or castrate male 
a'nd female laboratory mammals by the injectiO'n of estrogen and 
progestin , the direct ovary-mammary gland relationship discussed 
above appeared attractive. However, this interpretation of the 
mode of action of the ovarian hormones upon the grov.rth of the 
mammary gland parenchyma was clearly inadequate when hypo
physectomized animals were employed. The adminstrat ion of 
the estrogen or estrogen and progestin was ineffective in stimu
lating the growth of the duct system of completely hypophy
sectomized animals. Likewise, the administration of the purified 
pituitary hormones or desiccated sheep pituitaries alone or in 
combination with the ovarian hormones was ineffective . From 
these observations it appeared that estrogen might act upon the 
pituitary, stimulating the secretion of a principle either not present 
or present only in small amounts in the pituitaries of animals 
unstimulated by estrogen. The daily implants OIf pituitaries, from 
donors which had previously been treated with estrogen, into 
hypophysectomize.d-castrate animals were found effective in stimu
lating the growth and development of the mammary gland complex. 

The a,bove O'bservations were taken to indicate that estrogen 
(Fig. 15) and probably also estrogen and progestin (Fig. 16) 
elaborated by the ovaries stimulated the production of specific 
hormones by the pituitary gland which in turn exerted a direct 
action upon the mammary gland thus stimulating the growth of 
ducts and proliferation of the lobule-alveolar system. · 

During the second half of pregnancy or in animals with 
pseudo-pregnancy extending for periods cO'rresponding to the 
duration of normal gestation, the mammary gland gradually 
hypertrophied as a result of the initiation of secretory activity and 
the o-radual accumulation of secretion. The initiation of secre
tory ~ctivity has been attributed to th~ influence O'f the lact?genic 
hormone of the pituitary, although untIl recently the mechal11sm of 
its function in the initiation and the part it plays in the maintenance 
of lactation has been only vaguely understood. 
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Schematic Diagram Showing the Pituitary-Ovary-M ammary Gland 
Interrelationship in Mammary Development 

Fi~. IS.-The estrogenic hormone .ecretion of the ovary stimulated the production 
of a specific hormone by tbe pituitary gland which exerted a direct action upon the 
mammary gland and stimulated the growth of the duct system. 

Fig. I6.-The ovarian hormones, estrogen and progestin, probably stimulated the 
production of a specific hormone by the pituitary which caused further arborization of 
ducts and subsequent proliferation of the lobule·alveolar system. 

55 
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17 
MIlMMIlRY GLIII'4j7 

INITII\TION .f\NJ) MRINTE"NANC E' OF LACTf\'TION" 

Fg. 17.-Schematic diagram showing the endocrine interrelatonship in the control of 
normal lactation. The bold lines indicate the pituitary principles indispensable for the initia· 
tion and maintenance of lactation. The other principles, indicated by light lines are probably 
concerned in the metabolism of the precursors of milk and undoubtedly play a role in the 
secretion of milk. 

The present study has established, that in addition to the influ
ence of the lactogenic hormone which is constantly needed during 
the period of ~ctive la·ctation, the simultaneous though indirect 
influence of the carbohydrate metabolism and adrenotropic hor
mones is indispensable for the initiation and ma-intenance of 
lactation. Thus a deficiency or withdawal of anyone of these 
hormones or the organs stimulated by them invariably impair 
the secretory activity of the lobule epithelium and consequently 
the secretion of milk. The endocrine control mechanism is shown 
111 Fig. 17. 

The lactogenic hormone exerts a direct influence upon the 

lobule epithelium thereby initiating the secretory function, and 

by continued stimulation maintains the activity of the secretory 

cells provided the precursors of milk are ample. It is evident 
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that the lactogenic hormone is concerned primarily in the process 
of the secretion of milk. 

Preliminary work has already shown that it is frequently 
possible to increase the secretion of milk by the injection of the 
lactogenic hormone, thus supplementing the action of the normal 
secretion by the pituitary. These observations were taken to 
indicate that the amount of secretion of this hormone by dairy 
cows was one of the important reasons for the variation of milk 
production. 

Since the pioneer work ot Kaufman and Ma'gne (1906) the 
importance of blood glucose in the secretion of milk has been 
appreciated. Recent studies have shown that the level of glucose 
in the blood was influenced by the carbohydrate metabolism hor
mone of the pituitary. In cases of the deficiency, such as that pro
duced by hypophysectomy, the animal's ability to absorb glucose or 
convert glucose from protein is markedly reduced. The decreased 
ability of lactating animals to regulate the blood sugar after 
hypophysectomy and the continued utilization of blood glucose by 
the mammary gland for milk synthesis caused a rapid depletion of 
glucose in the glood and ultimately resulted in the development of 
a fatal hypoglycemic coma. The blood glucose is not only the 
precursor of the lactose of the milk but undoubtedly is the source 
of the energy for the metabolism of the gland. 

In the. absence of a purified carbohydrate metabolism hormone 
which would regulate the blood sugar of our experimental animals, 
it was found po·ssible by the frequent pa'renteral administration 
of a glucose solution to control this condition. It should be 
emphasized, however, that the regulation of carbohydrate 
metabolism by the pituitary was believed to play an important 
role in permitting the secretion of large quantities of milk by some 
dairy cows. 

The importance of the adrenal cortex in lactation was first 
indicated by the fact that adrenalectomy of lactating laboratory 
mammals was immediately followed by a complete cessation of 
lactation. The la·ctation of such animals was restored by the 
adequate administration of adrenal cortical extracts. In adrenal 
insufficiency induced either by a,drenalectomy or hypo·physectomy, 
there occurred a disturbance of the sale and fluid metabolism. The 
withdrawal of the adrenotropic hormone caused a rapid shifting 
of the salts and fluids from the tissue and intercell spaces into the 
blood stream. The resulting polyurea after hypophysectomy and 



58 MISSo.URI AGRICULTURAL EXPERIMENT STATION 

the assDciated increased excretiDn Df salt, i. e. sDdium chlo.ride, 
caused a gradual withdrawal o.f fluid and co.nsequently a dehydra
tio.n o.f the tissue. As a result the passage o.f the precursDrs of 
milk frDm the blo.o.d stream was prevented, thereby depressing the 
secreto.ry functiDn o.f the IDbule cells. 

The bct that the amo.unt Df adrenal co.rtical ho.rmDne required 
fo.r lactation was fDund to. be much greater than the amDunt 
required to. sustain life in adrenalecto.mized animals indicates that 
the secretio.n Df the adrenal co.rtex might influence the rate Df 
secretio.n. 

Other pituitary hDrmo.neS dire,ctly Dr indirectly cDncerned 
with meta,bDlic functiDns while apparently nDt indispensable fDr 
lactation, nevertheless, are impD,rtant fDr the m~intenance o.f the 
maximum activity o.f the secretDry cells and the secretiDn Df milk. 
The functiDn Df the thyrDid gland in milk secretiDn is particularly 
interesting, since the yield o.f milk is diminished by thyrDidecto.my 
and is increased by desiccated thyrDid feeding Dr the administra
tiDn o.f thyroxine. Further, the basal metabo.lic rate and the pulse 
rate Df the animals is markedly reduced in thyroid insufficiency. 
Since the blDDd is the medium Df the transpDrt of the precurSDrs 
OIf milk to' the mammary gland, the reduced rate Df blo.o.d flo.W 
thrDugh the mammary gland may acco.unt fo.r the reduced milk 
secretiDn in thyroid deficiency. The increased milk prDductio.n 
in hyperthyrDid animals may be due to' the stimulatio.n o.f the 
secretDry cells by thyro.xine and the increased amDunt Df blDDd 
flo.wing thrDugh the mammary gla'nd. 

It is prDbable that the exceptio.nally high milk producing 
capacity Df SDme dairy Co.WS may be due, at least in part, to' the 
hyperactivity Df the thyrDid gland during the periDd o.f active 
lactatiDn. 

The impDrtance Df calcium in the synthesis Df milk is well 
knDwn. Recent studies have shDwn that the pituitary stimulates 
the parathyro.id to. the secretiDn Df the parathyrDid hDrmDne, para
tho.rmo.ne, which in turn regulates calcium metabo.lism. 

The significance Df the pituitary fat metabDlism ho.rmone in 
relation to. lactatiDn has nDt yet been investigated. As large 
quantities o.f fat are required in milk secretiDn, it is prDbable that 
it has an impo.rtant place in maintaining maximum milk produc
tiDn. 

Recent studies have shDwn that assDciated with the so-called 
grDwth hDrmDne, the pituitary secretes a principle which has been 
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shown to affect protein metabolism. It would appea<r that this 
principle may play a role in the mobilization of protein for the 
synthesis of protein in the milk. 

In general it may be stated, that although the lactogenic, the 
carbohydrate metabolism a<nd the adrenotropic hormones are 
indispensable for the initiation and maintenance of lactation, the 
direct or indirect supplementing effect of the other pituitary hor
mones or the secretions of the endocrine glands controlled by 
them are believed to have great significance in normal lactation 
(Fig. 17.) 

It will be appreciated that a great deal of work is yet to be 
done before the endocrine interrelationships in the control of the 
mammary gland w·ill be thoroughly elucidated . Though onr 
present knowledge of the mechanism of the endocrine control is 
gravely incomplete, the present study has established for the first 
titne SOme of the obscure points in the endocrine physiology of 
the mammary gland . 

SUMMARY AND CONCLUSIONS 
1. The administration o·f the ovarian hormones, estrogen 

and progestin, which produces complete hyperplasia of the mam
mary gland complex of normal or castrated laboratory mammals , 
was ineffective in stimulating the growth O'f the mammary gland 
of completely hypophysectomized guinea-pigs, rats, mice, rabbits, 
cats and ground squirrels. 

2. The admi nistration of purified thyrotropic, adrenotropic 
and lactogenic hormones and desiccated whole sheep pituitaries, 
alone and in combination with estrogen or estrogen and progestin 
failed to stimulate the growth of the duct system of the mammary 
gland of completely hypophysectomized rats and guinea-pig·s. 
These observations were interpreted as indicating that the growth 
of the mammary gland parenchyma is not due to the synergistic 
action of pituitary and ovarian hormones. 

3. The daily implants fOT 20 to 25 days of rat pituitaries 
obtained from donors which had previously been injected with 
estrogen daily for 10 to 20 days, stimulated the growth of the ducts 
and the subsequent proliferation of the lobule-alveolar system of 
the mammary gland of normal or castrated hypophysectomized 
male and female guinea-pigs comparable to that observed in normal 
animals which received estrogen treatment. These observations 
were interpreted as indicating that the growth of the mammary 
gland parenchyma of the guinea-pig is under the direct influence 
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of a specific hormone(s) of the pituitary gland. The production 
of this hormone(s) by the pituitary occurs only after its stimula
tion by the ovarian hormones. 

4. Hypophysectomy of lactating guinea-pigs and cats at allY 
time during the lactation period was immediately followed by a 
rapid cessation of milk secretion, the animals being dry in two 
to three days. 

5. Repl~cement therapy with crude pituitary extracts begin
ning immediately after hypophysectomy of lactating guinea-pigs 
prevented the rapid -cessation of lactation or re-established it when 
administered immediately after complete cessation of lact~tion. 

6. Replacement therapy with purified lactogenic hormone, 
galactin, and glucose solution, beginning immediately after the 
complete cessation of lactation after hypophysectomy, failed to 
re-establish lactation. Likewise, this therapy was ineffective 
in preventing the rapid cessation of lactation in guinea-pigs even 
when the injection was begun immediately after the operation. 

7. The simulta'neous injection of thyroxine or the thyrotropic 
hormone, galactin and a glucose solution failed to initiate or 
support the continuance of lactation after the hypophysectomy of 
guinea-pigs. 

8. The simultaneous injection of galactin , glucose solution 
and the adrenotropic hormone or the extract of the adrenal cortex 
was capable of initiating lactation in hypophysectomized guinea
pigs and rabbits . The above mentioned therapy was likewise 
effective in supporting the continuance of lactation in hypophys
ectomized lactating guinea-pigs. The lack of anyone of the 
above factors in replacement therapy invariably held the secretory 
activity of the lobule-alveolar epithelium in abeyance. The above 
mentioned factors responsible for the initiation of lactation were 
also responsible for the maintenance of milk secretion during norma-l 
lactation. 
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