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PREFACE 

An exceedingly important problem in dairy cattle management is the 
maintenance of a high rate of milk secretion during the lactation period. It 
has been shown by previous work at this Station, however, that there is a 
regular rate of decline in milk secretion in spite of the presence of an abundant 
food supply. By good feeding and frequent milking the rate of decline in 
secretion may be reduced to a minimum, but it is only by the recurrence 
of pregnancy that the secretory cells of the udder may be brought back to 
activity when once they cease to function. 

Large economic losses frequently result due to the frequent delay in suc
cessfully breeding dairy cattle. Unless animals conceive within three or four 
months after parturition there is usually an extended period before the next 
parturition when many animals produce little or no milk. 

Many fine dairy cattle become permanently sterile for one causeJ or 
another. Frequently this occurs just at the prime of life. These animals 
are no longer of value to the dairyman with present knowledge of the situa
tion. 

Near our large cities, it has often been found not economical to raise 
dairy cattle. It is a frequent practice to purchase preg nant cattle as replace
ments in the herd and dispose of them when their milk flow reaches a low 
level. 

These losses to dairy farmers could be reduced or eliminated if it were 
possible to stimulate the cells of the udder to renewed activity. The 
experimental work now in progress at this Station, of which the present paper 
is a preliminary report, forecasts the possibility that at an early date by ap
propriate hormone treatment, it will be po~sible to rejuvC:'nate the secretory 
cells of the udder and greatly increase the rate of secretion. 

A. C. RAGSDALE, 

Professor of Dairy H usband~y 
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ABSTRACT 

Alkaline extracts of the anterior pituitary of sheep have been prepared 
which will induce lactation in mature castrated rabbits whose glands had 
been developed previously. Even in extensively involuted glands lactation 
resulted following the administration of the extracts. The active princip1e ap
pears to cause only the activation of the secreting cells. 



The Relation of the Anterior Pituitary 
Hormones to the Development and 

Secretion of the Mammary Gland 

c. \V. TuRNER AND vV. U. GARDNER* 

Studies of the hormonal control of the physiological activities 
of the mammary gland may be divided into two distinct divisions. 
The first phase of this problem involves the hormones promoting 
the growth of the glands. As mammary gland growth begins to 
take place following puberty and then continues during pregnancy 
at a still more rapid rate, it may be assumed that the ovaries and 
corpora lutea furnish the substances stimulating the gTowth of the 
female glands. 

The second phase of this problem, namely the, stimulation of 
the mammary glands to secretory activity, apparently does not 
fit into the same category as does the growth phase. Normally 
milk secretion does not start until shortly prior to, or following 
parturition. Castrated females may secrete milk. In women lac
tation commonly results follow ing castration. In milk cows cas
tration has been assumed to lengthen the period of lactation. 

Recently the anterior pituitary has been shown to he the 
source of a secretion producing profound ovarian changes. It has 
been described as the "motor of sexual functions." It has also been 
considered as the source of a hormone stimulating the mammary 
glands to secretory activity. 

The object of this investigation has been to study experimen
tally the possible activity of the hormones of the anterior pituitary 
in the stimulation of the mammary gland-particularly the stimu
lation of the gland secretory activity. 

Before proceeding with this investigation it seemed desirable 
to become somewhat acquainted with the general structure and the 
histology of the pituitary. Increased familiarity with the functions 
of the pituitary has further increased the desirability of some 
knowledge of the structure of this endocrine gland. For this reason 
a brief review on the anatomy of the pituitary is given preceding 
the review of its function. The functions in this case, however, are 
limited to those which may directly concern the development or 
secretory activity of the mammary glands. 

*The data pre'!lented in this puper forme>ll part of a thesis presented by W .U. ~ardner in partial fulfilment of the requirements for the Degree of Master of Arts m the Graduate School of . the University of l\iissouri. 1931. 
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REVIEW OF LITERATURE 

The Location and Structure of the Mammalian Pituitary 

In mammals the pituitary is located beneath the brain in a 

saddle-shaped excavation in the basisphenoid bone called the sella 

turcica. The location of the pituitary in man is shown in Figure 

1. It is seen that it is located in one of the most protected positions 

in the body. 

- -- · -- ---b r. 

--- -sp.c. 

sf:. 

Fig. 1.-Longitudinal section through the hea1 
of man showing the location of: br, brain; p, 
pituitary; pal, palate: spc, Silinal eord; st, sella 
turci<:a. (De Boer) 

Fig. 2.-Pituitnry of the c~at from the 
left sitle x 14. AI, anterior !abe; nil, 
neurointC'rmeniate lobe; pt, pars tube· 
ralis; tc, tuber cinereum. (De Beer) 

The degree of separation of the pituitary from the brain varies 

with the species. In large animals such as the cow, the mouth of 

the sella turcica is covered with a thick cartilage sheet through 

which the infundibular process passes. In smaller animals as for 

example the rat and the cat, it is separated from the brain by a 

thin membrane. 

The Gross Anatomy of the Pituitary.-Viewed intact, the pit

uitary can be seen to be divided into two more or less distinct 

parts, an anterior part and a posterior part. 
The pituitary is connected to the brain in the region of the 

tuber cinereum by a cord-like process, the infundibulum, which is 

continuous with the neuro-intermediate or posterior lobe. A col

lar-like process, the pars tuberalis, fits around the infundibulum. 

The distinctness with which this part may be. seen varies with the 

species. In the cat it is easily seen (Fig. 2, De Beer). 
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Table 1.-Weight of Bovine Pituitaries. 

No. of Weight of Age Weight Breed Stage of 
Cow Pituitary Yrs. Mon. lbs. Gestation 

546 2.27 3 5 1040 Holstein 
166 2.19 3 8 910 Jersey 
538 2.90 4 5 1275 Holstein 
520 2.90 6 9 1285 Holstein 108 days preg. 
503 3.70 8 7 1093 Holstein 
288 3.90 8 8 1425 Holstein 
328 2.60 9 10 1200 Ayrshire 
120 5.89 9 11 830 Jersey 20 days preg. 
327 2.80 10 10 960 Ayrshire 
121 2.80 11 11 860 Jersey 
110 3.85 11 11 750 Jersey 
270 2.73 11 11 940 Holstein 

Average 321 

The weights of the pituitaries of 12 cows have been obtained 
at the Missouri Station (unpublished) and are given in Table 1. 
Weights were accurately made only to the second place. As the 
numbers are small and as it is possible that the pituitaries were not 
all equally well trimmed before weighing, their significance is 
questionable. However, a great variation in size, from 2190 mgm. 
to 5890 mgm. existed. Age, body weight and breed appear to have 
no effect on the weight of the pituitary. In one instance of gesta
tion of twenty days' duration, a remarkably large pituitary was 
observed; however in another animal killed at the 108th day of 
pregnancy, a pituitary smaller than the average was observed. 

T'he entire pituitary is surrounded by a membrane or capsule 
of thin connective tissue which also extends up and around the 
infundibulum and is continuous with the meninges of the brain. 

The pituitary is one of the smallest endocrine glands. In man 
it normally weighs but little more than 0.5 grams (Rasmussen 1924, 
1928). For the pituitaries of meat producing animals Moulton 
(1929) gives the following weights: cattle, 3 grams; sheep, 0.37-
0.55 grams; and hogs 0.33-0.78 grams. Various factors may in
fluence its weight and size. 

Sex and Other Factors Affecting the Size: of the Pituitary.
Rasmussen ( 1924, 1928) noted that in man the pituitaries of females 
were larger than those of males, ranging in size from slightly larger 
in nullipara to considerably larger in pregnant females and in 
multipara. Rasmussen also states that earlier investigators 
(Comte 1898, Erdheim and Stumme 1909, and Kolde 1912) ob
served a similar increase in the size of the pituitary during preg
nancy and in multipara. 

Gentili (1920) found a progressive increase in the weight of 
the anterior pituitaries of cows from the beginning to the end of 
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pregnancy. The anterior pituitaries of nulliparous cows weighed 
but 135-140 mgm. The anterior pituitaries of cows at the end of 
the first pregnancy weighed about 350 mgm. and in multipara 
about 460 mgm. 

Hill (1931) in an extensive review of the literature on the 
subject, cites several instances of the increase in size of the pitui
tary during pregnancy and also following castration, though in the 
latter case, a decrease in the size of the pituitary has been reported 
by some investigators. 

Sexual activity also causes an increase in the size of the pit
uitary. Rasmussen (1921) noted a considerable increase in the 
size of the pituitary of woodchucks when the animals came out of 
hibernation and the rutting season began. 

The Microscopic Structure and Cytology o.£ the Pituitary.
Cobb (1921) states that the body of the pituitary consists of three 
parts, the pars glandularis, pars intermedia, and pars nervosa. These 
parts may all be readily distinguished by microscopical examina
tion. A fourth part, the pars tuberalis, is located at the upper part 
of the pituitary around the infundibular s talk. Figures 2 and 3 
diagrammatically sho'w the location of the various parts. 

p•. 
I 

IC. pn. 
I I 
I 
I 

1-'i;!:. 3. -C"a t, lonf!·itmlinal section, head enrl· to 
left. He, h~·poph;vseal caYit>•; ic, infundibulnnt 
e;.H~ity; [Ill. ~ pars :1nterior·, pi, p:lrs interme..:Tia; 
pn. [Ull'S uen·osn; pt, pars tnberali~ . (De Beer) 

The pars glandularis is separated from the pars intermedia 
by the hypophyseal cleft or cavity. Throug h this cavity the pitui
tary may be more or less readily split, thus dividing it into two 
parts. The infundibular cavity is a diverticulum from the brain. 
In the cat it extends well down into the pars nervosa while in the 
cow it terminates well up in the infundibular stalk. 
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The pars intermedia is thin and intimately connected with the 
pars nervosa, in the cat nearly surrounding it, while in cattle and 
the pig it lies largely only between the posterior and anterior lobes. 

The vascularization of the different parts of the pituitary 
varies greatly with the glandular activity of these parts, the pars 
glandularis being the most vascular and the pars nervosa the least 
vascular (Fig. 4). 

I pn. 
lei;;. 4.-The Ya~eularization of the r>ituitnr;-. 

Pt. pars tu!Jeralis; pa, pars glanuularis, pi, vars 
intermedin, pn, r>n >·s ll Prvosn . (be Beer) 

The following review on the cytology of the pituitary was 
taken largely from De Beer (1920): 

(a) Pars glandularis. The anterior lobe of the pituitary or pars 
glandularis is distinctly glandular in character, being composed 
of a network of epithelial cells and numerous wide thin walled 
blood vessels. The cell structure thus resembles somewhat that 
of other actively secreting endocrine glands as the adrenal cortex, 
t,hyroid and Isles of Langerhans in the pancreas. 

Three distinct types of cells may be distinguished in the anterior 
lobe of the pituitary. They are as follows: 

1. Chromophobes 
2. Chromophiles 

(a) Eosinophils 
(b) Basophils 

De Beer has observed eosinophilic cells that have ruptured and 
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are emptying their granular cell contents into the the sinusoids. 
The sinusoids are small cavities around which the secreting cells 
group in an acinous-like arrangement. 

It thus appears that the eosinophilic cells are the actively 
secreting cells of the anterior lobe. As there are no characteristic 
nuclear differences in the basophilic and eosinophylic cells it is 
thought that they are of the same type but that they are at different 
stages in the secretory cycle. In this case, however, transitional 
cells should be observed, but with the exception of the rabbit such 
stages have not been observed. 

Smith (1923) noted a region in the anterior lobe of the bovine 
pituitary containing relatively few eosinophilic cells. He also 
found that this area contained less growth promoting potency than 
the rest of the gland. 

The work of Bailey and Cushing (1928) indicates that appar
ently a physiologically different secretion is produced in these 
different types of cells. The acidophilic cells produce the growth 
promoting hormones and when hyperfunctional, cause acromegaly. 
The basophylic cells are associated with the production of the 
gonad-stimulating hormones. At present this later explanation 
of the function of the various types of cells in the anterior lobe ap
pears to be better grounded than the explanation suggested by De 
Beer. 

(b) Pars intermedia.. The pars intermedia contains only baso
philic cells. In some mamals, however, such as cattle and swine, 
there is a projection from this region called the cone of Wulzen 
which extends across the hypophyseal cavity into the pars glandu
lars. This projection contains eosinophilic cells. 

The pars intermedia is poorly supplied with blood with the ex
ception of the cone of Wulzen and for this reason is thought to 
have comparatively little secretory activity. 

(c) Pars nervosa. This part of the gland consists largely of neu
roglia fibers and ependyma cells, however, a few cellular elements 
that have moved in from the pars intermedia are usually found. 

This area is more highly vasculated than the pars intermedia 
and is also apparently richer in hormones than the latter. As 
neuroglia are not known to secrete, it is thought that the active 
extracts derived from the pars nervosa have their origin in the 
pars intermedia cells that have migrated into or lie next to the 
pars nervosa. 

(d) Pars tnberalis. The pars tuberalis contains cells arranged in 
nests surrounded by connective tissues. A distinguishing charac
teristic of this part of the gland is the presence of vesicles. These 
vesicles apparently arise from the degeneration of nests of cells and 
contain coagulated fluid and cellular elements. 
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This region is thought to be capable of secretory activity, al
though little is known concerning its specific function. 

The Gonad-Stimulating Hormones 
Gonad-stimulating hormones may seem rather removed from 

the subject of this paper; yet, as will be mentioned in more detail 
later, the gonads have a marked influence on the mammary glands, 
particularly their development, as has been found particularly in 
the case of the rabbit. The gonad-stimulating hormones are ca
pable of producing ovarian changes. The two above facts tlms 
indicate at the outset that these may have an indirect effect on the 
mammary glands. 

The gonad-stimulating hormones (there now appears to be 
two) are present in the pituitary and are generally considered to 
be produced there, though they are found in other tissues and body 
fluids under certain conditions in certain species. In these latter 
cases, investigations have not definitely proven the pituitary as the 
only source of these hormones. They appear to be biologically 
identical irrespective of their immediate source but it cannot safely 
be stated that they are identical in all respects. That the removal 
of the pituitary invariably results in genital atrophy strongly indi
cates that in the normal animal it is the source of the gonad
stimulants. 

It thus seems possible that the gonad-stimulating hormones 
obtained from the blood, urine, and perhaps, even the placenta, may 
have been produced in the pituitary.* For this reason the investi
gations with gonad-stimulating hormones from these other sources 
as well as the pituitary are considered. 

Early Investigations.-Beck (1922) in an outline of the early 
literature on the pituitary states that Frohlich (1901) was the first 
to conclude that a relationship existed between the gonads and the 
pituitary. Previous to this time gonadal disorders had been known 
to be associated with acromegaly, a disease caused by abnormal pit
uitary functioning. A pituitary tumor, without acromegaly, was 
observed by Frohlich to produce the aberration of sexual function; 
hence his conclusions. 

For twenty years but little more was learned concerning pit
uitary gonadal relationship. Evans and Long (1921 and 1922) and 
Evans (1923-24), while experimenting with the growth promoting 
hormone of the anterior pituitary noted irregularities in or com
plete absence of estrus cycles in rats into which aqueous and alka-

*Since this bnlletin went to press €vidence hns been presented by Evans, Myers, 
and Simpson (1931) (Proc. Soc. Exp. Bioi. and Med. 28, p. 845) which indicates that 
the substances in urine (Prolan) stimulate the anterior pituitary to activity rather 
than having a direct gonadal effect. Thus it appears that the prolan of urine is not 
identical with the gonad stimulating substances of the anterior pituitary. 
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line extracts of anterior pituitary were intraperitoneally adminis
tered. Examinations of these animals shov-:ed that this was due to 
the large amounts of lutein tissue contained in the ovaries. It 
was concluded that the corpora lutea inhibited ovulation and estrus 
changes in the accessory organs. 

Ovarian Changes Produced by Gonad-Stimulating Hormones. 

-For several years after the establishment of a definite pituitary 
gonad relationship but one hormone affecting the ovary was con
sidered to be produced by the anterior pituitary. As has het>n 
stated Evans and Long (1922) and Evans (1923 and 1924) noted 
the luteinizing effect on the ovary produced by anterior lobe ex
tracts and a marked delay in sexual maturity or activity. 

Later investigations, namely, those by Smith and Engle (1927) 
and Zondek and Aschheim (1927, 1927a), were difficult to ex
plain on the basis of the existence of but one pituitary hormone 
affecting the ovaries. There then \vas assumed to be t\vo different 
hormones present, one causing premature sexual activity, or fol
licle maturation and ovulation and the other lutenization as ob
served by Evans and Long. The existence of two gonad-stimulat
ing hormones \vas debated by Parks (1929), but is apparently well 
established at the present time by the fact that t\:vo different ex
tracts, some of which have been highly purified and concentrated 
(Claus 1931) (Collip 1930) and obtained from the same source 
have separately produced but one effect, that is, either follicle ma
turation or luteinization. 

Zondek (19:30) states that chemically the two hormones (Pro
lan A and B as he calls them) are very closely related. At the 
present time, they have not been chemically differentiated. They 
are precipitated by ethyl alcohol. Prolan A (sex maturing or fol
licle maturing) has been obtained separate from Prolan B (lute
inizing) only when it exists alone as in the urine of non-pregnant 
women. It is insoluble in ether and chloroform, destroyed by 
strong acids, temperatures of 70 degrees Centigrade or over and 
dialyses rapidly. With the exception that these hormones are 
thermolabile it appears to the writer that there is considerable 
disagreement as to the chemical characteristics though the varying 
sources of these hormones (urine, placenta or anterior lobe of pit
uitary) may largely account for the difference. That there is some 
difference in the chemical nature of the two gonad-stimulating 
hormones is indicated by the separation obtained by Claus (1931). 
This will be considered again in a later section. 

(a) Luteinizing hormone (Prolan B). Luteinization of a Graf
fian follicle normally results only following ovulation, whether, 
ovulation occurs spontaneously, as in most animals, or only fol-
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lowing coitus, as in the case of the rabbit. The luteinizi_ng hormone 
appears to cause luteinization without previous ovulati~n, the fol
licular granulosa being converted into lutein cells wh1cl: enclose 
the egg. These atretic corpora lutea have been observed by Fels 
(1927), Smith and Engle (192·7), Parkes (1928-29), and Johnson 
and Sayles (1929). The ovaries following continued injection are 
greatly enlarged and contain largely lutein tissues (Evans 1923 
and 1924). 

\Valker (1924), Brouha (1926 and 1930), Claus (1929), Beller
by (1929), Friedman (1929), Hewitt (1929) Zondek (1929) and 
Dickens (1930), have all noted the excessive luteinization of fol
licles in fowls, rats, mice, or rabbits, following injection of extracts 
of anterior pituitary. The earlier investigatons of Evans and Long 
have been frequently confirmed. 

(b) Ovulation producing or sex maturing hormone (Prolan A). 
Smith and Engle (1927) and Zondek and Aschheim (1927) noted 
that precocious sexual maturity was induced in infantile rats and 
mice by pituitary transplants. The follicles matured as early as 
twenty days in some of their animals. An excessive number of 
follicles matured and superovulation usually resulted (Smith and 
Engle), as many as 48 apparently normal ova being found in the 
Fallopian tubes of one 20-day-old ·rat. The observations of Smith 
(1930) in hypophysectomized rats further show the hormonal in
fluence of the pituitary on follicle maturation and the entire genital 
system. Gonadal atrophy and the accompanying atrophy of the 
accessory genitals followed hypophysectomy in all cases where 
mature animals were used. Replacement by pituitary implants 
re-established gonadal activity. 

The part played by anterior pituitary hormones as the mechan
ism inducing ovulation has been studied by Bellerby (1929-1929a) 
and Fee and Parkes (1929). Beller by observed the act of ovulation 
occurring in anesthetized rabbits, ovulation having been induced 
by the intravenous injection of an extract of the anterior pituitary. 
He found that ovulation occurred within 11 hours after the in
jection or at approximately after the same time interval that it 
normally occurs following coitus (Hammond and Marshall 1925). 

Fee and Parkes (1929) found that the removal of the pituitary 
in the rabbit within one hour following coitus prevented ovula
tion for a period of sixteen hours and probably indefinitely. When 
the pituitary was removed more than one hour after coitus ovula
tion occurred after the normal interval of under eleven hours. 

Friedman (1929-1929a) and Jares (1930) found that ovulation 
in the rabbit was indu 
men which contains 

· 'oy injection of urine from a pregnant wo
·nad-stimulating hormones. 
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Recently Hill and Parkes (1_931-1931a_) found ~hat ovu~a~ion 
was produced in hypophysectomized ra~b1ts followmg the mJec
tion of the anterior pituitary and of unne of pregnant women 
though it was somewhat delayed and in the latter case occurred 

irregularly. 
Effects on the Accessory Genital Organs.-Changes occur, not 

only in the ovaries, but also in the uterus and vagina of normal 
animals as a result of the injection of the gonad-stimulating hor
mones (Smith and Engle 1927). Implants of anterior pituitary 
tissue or the injection of extracts containing the gonad-stimulat
incr hormones into castrated mature or castrated immature female 
rats are without effect on the remaining reproductive apparatus. 
Zondek and Aschheim (1927) similarly noted the absence of any 
chano-es in the uterus and vagina of gonadectomized animals fol 
lowi;g the administration of gonad-stimulating hormones. 

It was concluded by the above investigators that the ovary 
alone was affected by the anterior pituitary. The observed estrus 
changes in the vagina and proliferation of the uterus in immature 
animals were considered to be due to ovarian hormones produced 
in the activated ovaries. 

Fellner ( 1927) and Brouha and Simonnet ( 1927) reported 
changes in the uterus and vagina of castrate animals as well as 
normal animals following the injection of anterior pituitary ex
tracts. The latter investigators suggested that the substance ac
tive in castrate animals was distinct from that producing changes 
in normal animals. The substance they describe as producing the 
changes of the uterus and vagina of castrate animals appears to 
resemble the estrus-producing hormone. The above results have 
not been verified by other investigators. It, therefore, seems safr 
to conclude that the pituitary hormones produce uterine and 
vaginal changes only indirectly, the ovary being the necessary 
and active intermediary. 

It will be mentioned here that at the time this paper was 
started the ovary was thought to be a necessary intermediary be
tween the pituitary and mammary glands. That the above as
sumption, is at most, but partially true is quite obvious at the 
present time. This relationship will be discussed later. 

Variations in the Hormone Content of the Anterior Pituitary. 
It has been found that the size of the pituitary varies with the sex 
~nd the stage of sexual development and perhaps changes follow
~ng gon~d~ctomy. _Y ariations in the amount of active principal 
111 t~e pltm~a.ry dur_mg these stages have been determined by the 
relattve act1v1ty of 1mplants at these stages in immature test ani
mals, the rat or mouse. 
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Engle (1929), and Evans and Simpson (1929b) noted that 
the anterior pituitary of the normal male rat was more active than 
the anterior pituitary of the normal female rat.. A relatively small
er amount of anterior pituitary of the male was, therefore, able to 
produce similar changes in the immature animals produced only 
by larger amounts of female anterior pituitary. Evans and Simp
son state that the male pituitary was more than twice as active as 
the female pituitary. Castration, however, resulted in producing 
an increase of two and one-half times in the potency of male 
anterior pituitary and six times in the potency of the female 
anterior pituitary (Evans and Simpson, 1929c). Engle (1929) and 
Smith and Engle (1929) similarily noted an increase in the potency 
of the anterior pituitary of rats and guinea pigs, respectively, fol
lowing gonadectomy. The increase in the potency was reported 
to take place comparatively rapidly, reaching 7'0 per cent of its 
maximum in two weeks. 

Pregnancy in the rat appeared to have but little effect on the 
potency of the pituitaries (Evans and Simpson 1929d). Bacon 
(1930), however, stated that the hormone content of the anterior 
pituitary of the non-pregnant cow was greater than that of the 
pregnant cow. 

Meyer et a!. (1930) found that the injection of estrus-pro
ducing hormone caused a decrease in the gonad-stimulating 
potency of the pituitary of rats. The above observations are in 
close accord with those of Bacon when it is considered that there is 
a larger amount of estrus-producing hormone produced by preg
nancy, at least in the cow (Turner et a!. 19aO) and especially dur
ing the latter stages. Baniecki (1930) noted that the injection of 
estrus-producing hormone caused a pregnancy change in the 
hypophysis. 

Smith and Engle (1929) observed a variation in the amount of 
gonad-stimulating principal in the pituitary, as judged by implant 
potency, during the estrus cycle of guinea pigs. The implants 
obtained from animals in diestrum was most active. 

The age at which the pituitary gonad-stimulating substance 
first made its appearance in the pituitary of pigs was found to be 
in the late fetal stage (Smith and Dortzbach 1929). Bacon 
(1930) noted the presence of the gonad-stimulating substance in 
the pituitaries of bovine foetuses. 

Distribution of Gonad-Stimulating Hormones.-That gonad
stimulating hormones are found in the pituitary is obvious from 
the previous work to which reference has been made. The possi
bilities of other glands furnishing such a hormone has been in
vestigated by Smith and Engle (1927) and Zondek and Aschheim 
(1927). Thyroid, thymus, adrenal, spleen, suprarenal, pineal, testic-
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ular and posterior pituitary ti~sue all produced no ovarian changes 
in immature test animals. Anterior pituitary tissue obtained from 
mice, rats, cats, rabbits, guinea pigs, man, and cattle, however, all 
produced precocious sexual maturity in the infantile mouse. 

Smith (1930) observed extreme atrophy of the ovaries and 
entire reproductive system of the rat following hypophysec
tomy; This atrophy was prevented however, by replacement 
with pituitary implants. Hypophysectomized animals were 
also restored to· normal by pituitary implants after extensive 
atrophy of the genitals had already taken place. This adds further 
proof that the pituitary is the source of the hormone regulating 
ovarian function. 

In addition to the pituitary, the placenta, urine, blood and 
perhaps even milk contain substances biologically identical to the 
gonad-stimulating hormones of t'he anterior pituitary. The hor
mones are present in substance, other than pituitary, however, only 
in animals in certain definite physiological conditions. 

Zondek and Aschheim (1927) and Aschheim and Zondek 
(1927) noted the presence of gonad-stimulating hormones in the 
blood of women during pregnancy. Cole and Hart (1930) observed 
the presence of gonad-stimulating hormone in the blood serum of 
the pregnant mare. They state that the secretion began on about 
the thirty-seventh to forty-third day. From the eightieth to the 
hundred and eightieth day of pregnancy there was a gradual de
<:rease in the amount of hormone present in the blood 'serum. The 
delay of the appearance of the hormone following conception is 
thought to be correlated with the time of implantation of the 
embryo. Zondek (1930a) also observed the gonad-stimulating 
hormone in the blood of pregnant mares. The amount found is 
greatest during the first one-third of pregnancy at which time it 
is about equal in mouse units per liter to the blood serum of 
women. On the average, however, 2000 rat units of Prolan A and 
1000 mouse units of Prolan B are found per liter. Table 2 gives 
the comparative amounts of the two gonad-stimulating hormones 
and of the estrus-producing hormone found in the blood serum and 
urine of the pregnant woman and mare. 

Pels (1927) and Fluhman (1929 and 1930) have also noted 
the presence of the gonad-stimulating hormones in the blood of 
pregnant women. 

As the hormone had been determined in the blood it was 
thought that it might be eliminated in the urine. Aschheim and 
Zondek (1928 and 1928a) definitely determined the presence of a 
gonad-stimulating hormone in the urine of pregnant women. The 
amounts varied in concentration, being greatest during the first 
month and gradually decreasing until parturition, thereafter de-
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Table 2-The Amounts of Follicular and Gonad-Stimulating Hormones 
Found in Blood and Urine of Humans and Horses. 

(Zondek 1930a) 

Blood Urine 

Folli- Prolan Prolan Folli- Prolan Prolan 
culin A B culin A B 
M.U. R. u. M.U. M.U. R.U. M.U. 

Human 600 15,000 10,000 12,000 20,000 10,000 
Horse 800 2,000 1,000 100,000 800 

creasing rapidly. They have now put this to practical application 
in diagnosing pregnancy during its early stages. 

In their earlier work the above investigators failed to observe 
the presence of gonad-stimulating hormones in the urine of the 
rodent, elephant, cow and hog, and generally concluded that man 
and ape were the only two animals in which the hormones were 
found in the urine in amounts that could be determined. Zondek 
(1930a), however, determined the presence of the hormone in the 
urine of the pregnant mare. . 

Fels (1927), Friedman (1929a), Engle (1929a and 1929b), 
and Jares (1930), have verified the presence of gonad-stimulating 
hormones in the urine of pregnant women. Engle (1929b) states 
that a small amount of the hormone probably exists in the urine 
of males. 

Zondek (1930) observed that the gonad-stimulating hormone 
was also present in the urine of women with genital tumors after 
the menopause. Castration of the rat, mouse, horse and woman 
has aiso been observed to be followed by the presence of gonad
stimulating hormones in the urine. 

Various investigators have revealed the presence of gonad
stimulating hormones in the placenta, particularly the human 
placenta. Zondek and Aschheim (1928) observed the effect of the 
hormone by the implantation of fragments of placenta. Collip 
(1930-1930a) prepared extracts containing the gonad-stimulating 
hormones from the human placenta. Collip has obtained a highly 
potent crystalline substance by further purification of his extracts. 
Gutman (1930) states that no gonad-stimulating hormone could be 
determined in cow, sheep or sow placenta. 

Recently Heim (1931) has reported that the hormone has been 
determined in the human milk. 

Methods of Extract Preparation and Purifi.cation.-Many dif
. ferent methods of extraction for obtaining the gonad-stimulating 
hormones from the fresh pituitary, desiccated pituitary, urine, and 
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placenta have been described in the literature, however, with but 
one or two exceptions, all of the methods employed might well be 
grouped as follo\vs: aqueous or saline, aqueous alkaline, dilute acid, 
or alcohol. 

As has been previously stated, Evans and Long (1921) and 
Evans (1923-24) were using aqueous and dilute alkaline extracts 
of the pituitary when they first observed the gonad-stimulating 
effect. Teel (1926 and 1929) and Hewitt (1929) report obtaining 
active gonad-stimulating hormones from the fresh anterior pitui
tary by alkaline extraction of the fresh glands. Cushing and Teel 
(1929) noted that alkaline extracts of the anterior lobe of the fresh 
bovine pituitary contained a growth-promoting hormone, but ob
served no. marked gonadal change.s.' Acid extracts were noted to 
contain a hormone causing premature estrus. Putman (1929) also 
observed growth promotion with his alkaline extracts but it was 
associated v,rith a hormone causing luteinization. The residue 
remaining after the alkaline extraction was capable of producing 
premature estrus in infantile animals. 

Hewitt (1929) obtained only growth- promoting hormone 
from fresh pituitary after filtering an alkaline exttact through a 
Seitz filter. A similar extract, but unfiltered, produced in addition, 
an estrus-inhibiting effect. 

Collip (1930 and 1930a) prepared two gonad-stimulating hor
mones by alcoholic extraction of human placentas aml later puri
fied the original extract. A concentrated (Prolan A) crystalline sub
stance was obtained causing premature sexual maturity and follicu
lar growth. The luteinizing hormone, though concentrated, was not 
so highly purified. 

In previous work on the stimulation of lactation, Corner(1930), 
and Nelson and Pfiffner (1930) used alkaline extracts prepared by 
Parke, Davis, and Company. 

Bellerby (1929) prepared an aqueous acetic acid extract which 
he observed to produce both luteinization and maturation of 
follicles. 

Claus (1929 and 1931) obtained two active fractions from 
desiccated pituitary by acid alcohol extraction (Armour's Desiccat
ed Pituitary). One of these fractions produced premature sex 
development and the other luteinization. Washing the alcoholic 
extract with glacial acetic acid removed the soluble luteinizing 
hormone. The sex maturing hormone was thus obtained in a high
ly concentr?-ted crystalline form. 

F evold et al. (1930) have reported that a very potent water 
soluble substance capable of causing precocious sexual maturity 
has been obtained by extracting desiccated anterior pituitary with 
an aqueous pyridine solution followed by further purification. 
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Brouha (1930) states that acid and neutral extracts of the an
terior pituitary act as implants in both males and females while 
alkaline extracts act only in the female producing luteinization. 

Loeser (1930 and 1930a) prepared a saline suspension of desic
cated anterior pituitary capable of producing ovulation in guinea 
pigs and rabbits. 

Gonad-stimulating hormones have been obtained from the 
urine of pregnant women by Evans and Simpson (1929g), Zondek 
1928 and 1930) and Veshjakov and Lipschutz (1929) by alcoholic 
extraction. Zondek precipitated the hormone from the neutralized 
urine by the addition of several volumes of alcohol and further 
purified the precipitate obtained. Evans and Simpson and Vesn
jakov and Lipschutz removed the hormone by adding a small 
amount of alcohol, filtered the mixture to remove the insoluble 
material, evaporated the filtrate and purified the residue. 

There are marked differences in methods of obtaining the 
gonad-stimulating extracts as may be seen from the above, par
ticularly from varying sources. With the exception of highly 
purified extracts obtained from desiccated pituitary by Claus 
(1931), from the placenta by Collip (1930) and from the urine by 
Zondek (1930) the extracts are probably all rather crude and con
tain large amounts of impurities. Though the gonad-stimulating 
hormones show considerable physiological resemblance they ap
pear to show varying chemical properties as indicated by the above 
variations in methods of extraction. 

Methods of Administration.- The hormones of the anterior 
lobe as a group are all relatively easily destroyed. Heat, 70 degrees 
Centigrade or above, digestive enzyme,s and small concentrations 
of acid and alkali have been found to cause them to lose their 
physiological activity (Zondek 1930). It would thus be assumed 
that oral administration would be largely unsatisfactory. Such 
results were obtained by Schafer (1912), Wulzen (1914), Pearl 
(1916), Evans and L ong (1921), Sisson and Broyles (1921), Smith, 
C. S. (1923), and Smith, P. E. (1927). Marinus (1929), however, 
noted an increase in growth in young rats following pituitary feed
mg. 

It may be concluded that the gonad-stimulating hormones are 
either largely destroyed during digestion or are but slightly ab
sorbed, and, hence, oral administration is generally ineffective. 
Large doses, however, have proven effective (Dickens 1930). 

At the time of the discovery of the r elationship of the pituitary 
to the ovary by Evans and Long (1921) as was previously stated, 
alkaline and saline extracts were being injected intraperitoneally. 

Intraperitoneal and subcutaneous injection of extracts are both 
largely used at the present time and implants are made either 
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subcutaneously or intramuscularly. Evans and Simpson (1930) 
are the only investigators who have compared the results of intra
peritoneal and subcutaneous injection and they note a distinct 
difference in the responses of immature female rats, apparently 
attributable only to differences in mode of injection. Anterior 
pituitary hormones prepared from placenta b~ the sulphosa~icylic 
method of \Veisner failed to produce the openmg of the vagma of 
immature rats when intra peritoneally injected; however, both 
methods produced luteinization in the ovary. They concluded 
therefore, that the extracts injected intraperitoneally were more 
rapidly absorbed and removed from the body, thus being effective 
over a much shorter time interval. 

The Ovarian and Gonad-Stimulating Hormones and the 
Mammary Glands 

Exp~rimental Growth of the Mammary G1ands.-Natural ob
servations indicate a very close relationship between the growth of 
the mammary glands and the stage of sexual development. Pu
berty and pregnancy are two sexual stages which normally result 
in marked growth changes in the mammary glands. 

That the growth of the mammary gland is stimulated by hor
mones or chemical agents as postulated by Lane-Claypon and 
Starling (1906) has since definitely been proven. 

The ovary, fetus and placenta have all been considered as 
sources of the hormones causing the growth of the mammary 
glands. Turner and Frank (1930) extensively reviewed the early 
literature on the hormonal growth of the mammary gland and it 
will not be repeated here. 

Turner and Frank (19i30) found that the estrus-producing 
hormone obtained from the urine of pregnant cows caused in cas
trated male and in immaturely castrated female rabbits a definite 
growth of the mammary g lands. This growth involved the duct 
system and is similar to that produced in the normal estrus rabbit. 
The growth of the mammary gland of castrated male rabbits and 
rats, however, were further increased by the administration of a 
corpora lutea extract in addition to the estrus-producing hormone 
(Turner and Frank 1931). A development similar to that observed 
at the end of pregnancy was produced in the latter case. Lacta
tion did not result, ho\vever, and it was suggested that some other 
hor.m_one might be necessary in order to establish the secretory 
activity of the mammary glands. Parkes (1930) obtained similar 
results. He observed only duct growth following the injection of 
the estrus-producing hormone and concluded that an active luteal 
phase was necessary for the lobular growth. 
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Parkes (J D29a) was able to produce a development of the mam-

-mary glinds of the nonnal -mattlre -rabbiCecfuar tci -that otcumng 
at parturition by maintaining active corpora lutea in the ovaries 
for a period equal to the gestation period. The injection of an 
anterior pituitary extract was used to cause luteinization and 
hence continuous· active corpora lutea. 

Corner (1930) reported that corpora lutea extracts produced 
no growth of the mammary glands of castrated rabbits. Similar 
results vvere obtained by Turner and Frank (1931) when corpora 
lutea extracts were alone used. Growth of the mammary gland 
beyond the puberty stage, resulted only when the estrus-produc
ing hormone and corpora lutea extracts were simultaneously ad
ministered. 

A proliferation of the mammary glands of the rabbit was ob
served by Corner (1930) to take place following the injection of an 
alkaline extract of fresh sheep pituitary. If actual growth is im
plied by the term proliferation it would appear that both ovary 
and pituitary would be involved directly in mammary gland 
growth. However, as Corner's experiments were carried out on 
rabbits sexually mature before castration it is as yet scarcely 
proven that such is the case. 

Experimental Secretory Activation of the Mammary Glands.
It seems quite obvious that the factors causing the growth of the 
mammary gland and then its secretory activity are not identical, 
as a gland may be experimentally developed in castrate animals 
and yet show no evidence of secretory activity. Two distinct sets 
of stimulants, thus, appear to be required. 

Numerous early investigators have reported lactation, but in 
view of the fact that their experimental animals were not castrated 
and their extracts were very crude, the significance of their experi
ments is greatly reduced. 

Secretory Activity Induced by the Estrus-Producing Hormone. 
-Secretory activity of the mammary gland has been observed in 
castrated guinea pigs following the injection of placental extracts 
rich in the estrus-producing hormone by Steinach, Dohrn, Schoell
er, Hohlweg and Faure (1928). Laqueur, Borchardt, Dingemanse, 
and DeJ ough (1928) also obtained similar results with the guinea 
pig. The doses measured in "mouse units" in the above cases were 
very large as highly purified and concentrated extracts were used. 

Whether the estrus-producing hormone has . more effect on 
certain species than others is not definitely known, but it has been 
shown that lactation has not occurred following the administration 
of the estrus-producing hormone alone, in the rabbit (Turner and 
Frank, 1930 and Parks 1929 and 1930). 
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Secretory Activity Induced by Gonad-Stimulating Hormones. 
-Evans and Simpson (1929e) observed a hyperplasia of the mam
mary gland of adult virginal rats after a month of daily subcuta
neous injections of an alkaline extract particularly potent in growth
promoting hormone and comparatively poor in the gonad-stimulat
ing hormones. Hyperplasia took place more rapidly following 
treatment with the gonad-stimulating hormones present in ex
tracts prepared from bovine or rat pituitaries, human placentas, 
or urine. They reported lactation, however, only following the 
administration of the growth-promoting alkaline extract formerly 
mentioned. 

A similar hyperplasia was observed in the mammary glands 
of immature female rats (Evans and Simpson 1929£). A brief 
treatment with bovine and rat pituitary implants and with fol
liculin and growth-hormone free extracts of human placenta and 
urine resulted in noticeable hyperplasia in four days. Corpora lutea 
secretion, they state, could not have been responsible for the mam
mary changes produced though these changes were always more 
pronounced where corpora lutea were coincident with the hypertro
phied follicular apparatus. 

Putman, Benedict and Teel (1929) observed a considerable 
increase in the growth of the mammary glands of a dog and a 
slight secretion of milk following an extended injection of an al
kaline extract of bovine anterior pituitary. 

As previously stated, Parkes (1929a) was able to produce com
plete mammary gland development in rabbit s by the injection of 
alkaline anterior pituitary extracts. He explained this extended 
development as due to an extended period of luteal activity, similar 
to that occurring in normal pseudo-pregnancy, over a period equal 
to that of normal pregnancy. After the injections were stopped 
lactation took place. 

Corner (1930) concludes that the proliferation of the glands 
observed by Parkes was not due to the corpora lutea, but to the in
jected anterior pituitary ex tract as he \Vas unable to obtain g rowth 
of the mammary glands by luteal extracts. 

Evidence of a Lactation Stimulating Hormone in the Anterior 
Pituitary.-Stricker and Griiter (1929) were the first to report lac
tation as a result of the administration of extracts of anterior pit
uitary. An aqueous extract of bovine anterior pituitaries was in
jected into immature female, virgin a dult, spayed adult, preg nant 
and pseudo-pregnant rabbits. Rabbits inj ected with such an ex
tract for a period of four or fiv e days after a previous ten-day period 
of pseudo-pregnancy showed abundant milk secretion. Similarly, 
rabbits ovariectomized after ten days pseudo-pregnancy and then 
injected with the pituitary extract were stimulated to milk pro-
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duction. A rabbit ovarectomized after sterile coitus was not in
jected until three months later. During this time marked regres
sion of the mammary glands had taken place. Upon the injection 
of the pituitary extract the gland was again activated and milk 

was secreted. 
Immature animals (6-8 weeks old) did not produce milk fol

lowing the injection of such extracts, though marked ovarian 

changes were produced. 
Griiter and Stricker (1929) state that they consider their re

sults to indicate that the presence of corpora lutea in the ovaries 
>vas necessary previous to castration if anterior pituitary extracts 
were later to be effective in producing lactation. They were unable 
to produce lactation in immature females or male rabbits. The 
development of the mammary gland equal to that obtained near 
the end of pseudo-pregHancy was necessary if lactation was to 
result. Once the gland had developed, however, regression extend
ing over an interval of several months did not prevent the appear
ance of lactation following the injection of the pituitary extracts. 

The extract when injected into non-lactating multiparous dogs, 
hogs and cows, caused the reappearance of lactation. An in
crease in the amount of milk produced was observed when lactat
ing animals were injected. This increase was much more pro
nounced in low producing than in high producing animals. 

Griiter and Stricker suggest that the active principle of their 
extracts is distinct from the gonad-stimulating hormones obtained 
from the pituitary. That it is active in the absence of the ovary 
indicates that such may be the case. 

Corner (1930) reported obtaining lactation in rabbits follow
ing the injection of alkaline extracts of the anterior pituitary. 
Virgin castrated mature females were used in his expe~iments. 

The extracts used were prepared by Parke, Davis and Company 
after a method similar to that used by Teel (1926). 

Corner states that the substance causing the secretory activity 
of the mammary gland appears to be distinct from the gonad
stimulating fraction. It is much less stable than the gonad-stimu
lating hormones and acts in absence of the gonads. 

A similar growth and lactation was observed in the mammary 
glands of virgin castrated mature guinea pigs by Nelson and 
Pfiffner (1930) following injection of extracts similar to those used 
by Corner. 

In view of the work of Stricker and Griiter and Corner pre
viously mentioned, it seems highly probable that a separate hor
mone, one producing secretory activity of the mammary gland~, 
is present in the anterior pituitary. As it has thus far alw.ays been 
found present in alkaline extracts it would seem to indicate a 
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rather close resemblance to the growth-promoting hormones. 
Whether this "lactation-producing" hormone is present in the 
blood and urine, and the relative amounts present in the pitui
taries in the different stages of sexual development is entirely 
unknown. A comparative test has as yet not been suggested by 
which it may be quantitatively tested. 

EXPERIMENTAL PROCEDURE 

Source of Extracts and Methods of Extraction.-As has been 
stated, at the time the work on this problem was started, it was 
considered that the gonad-stimulating hormones were possibly the 
active agents in stimulating secretory activity in the mammary 
gland. For this reason the possibility of obtaining these hormones 
from various sources was investigated. The pituitaries of mature 
rats and rabbits from the laboratory stock showed that they con
tained considerable quantities of the hormones as determined by 
ovarian changes produced in infantile rats, but this supply was too 
limited for extended experiments. 

Full term placentas were obtained from a horse, a cow, and 
several sheep and were extracted according to a method described 
by Collip (1930). This method consisted of removing the hormone 
by alcoholic extraction. Purification was effected by absolute alco
hol and acetone precipitation of inert materials from the residue of 
the first alcoholic extraction and repeated extractions with ether to 
remove the estrus-producing hormone. VVith the exception of the 
horse placenta extract no gonad-stimulating hormones were ob
served. As but one extraction was run in each case it is not stated 
that gonad-stimulating hormones are not present in cattle or sheep 
placentas. For our purpose the results indicated that they were 
present either in very insignificant amounts or were not removed 
by the methods employed. 

Desiccated anterior pituitary was obtained from three bio
logical supply houses (Armour and Company, Wilson and Com
pany, and Parke, Davis and Company). Aqueous suspensions of 
the desiccated material indicated the presence of a gonad-stimu
lating hormone. The injections were very toxic, however, caus
ing large subcutaneous lesions and resulting in a high death rate 
in the immature rats. 

Other extracts prepared from the desiccated anterior pituitary 
following the method of Teel (1926) or of Claus (1931) gave 
either negative results or inconsistent results. 

An extract of the anterior pituitary of sheep similar to that 
used by Corner (1930) was furnished by Parke, Davis and Com-
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pany. In the limited number of immature rats injected no ovarian 
responses were observed and sexual maturity was not induced in 
the eight days these animals were observed following the injec
tions. 

Fresh sheep pituitaries obtained from Armour and Company 
were extracted by a method similar to that used by Tee! (1926). 
The whole pituitaries were shipped on ice and arrived at the labo
ratory in good condition. The posterior and anterior lobes were 
both used in all cases. As the lactation stimulating portion of the 
extract was stated to be unstable by Corner (1930) small amounts 
of the pituitary were received at weekly intervals so that fresh 
extracts would be available over an extended period of time. 

The process of extraction consisted of the following steps : 

1. The pituitaries were ground to a pulp with sterile sand 
in a sterile mortar. 

2. To the macerated tissue an equal volume of distilled 
water was added. 

3. Ten per cent NaOH was added until acid thymol blue 
paper turned to a distinct blue after the alkali had been w ell stirred 
up with the tissue. (The macerated tissue becomes very gelati
nous at this time. When the consistency of the mass was too great, 
a small amount of water was added). 

4. The mixture was placed in an ice box at temperatures 
near freezing for a period of 24 to 36 hours. 

5. After removal from the ice box, one per cent acetic acid 
was added until the mixture became neutral to litmus. 

6. The neutralized mixture was then centrifuged. 
7. The clear slightly reddish fluid was decanted off and placed 

in small sterile bottles. The number of cubic centimeters being 
determined as it was desired to keep the relative strength of the 
different extractions as constant as possible. (1 c.c. = .5 gm. of 
fresh tissue). 

8. A few drops of tricresol were added and the extract kept 
in an ice box until used. Afer standing a few hours, a fine white 
precipitate invariably formed. This was not removed and its 
potency was not determined. The bottles were always shaken be
fore the extract was used so that in all cases the precipitate was 
injected as well as the fluid portion. 

The estrus-producing hormone and the corpus luteum ex
tract were prepared in the laboratory by Mr. A. H. Frank. The 
estrus-producing hormone was prepared from the urine of preg
nant cows (Turner and Frank 1930). The corpus luteum hormone 
was prepared from sows corpora lutea by a method obtained from 
Hisaw (by letter). 
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Method of Extract Injection.-All extracts were subcutaneous
ly administered. One injection was made each day in most cases. 
In mice and rats, however, injections occasionally have been made 
more frequently. 

\iVhen pituitaries were injected without extraction they were 
crushed in a very small amount of Ringer's solution, drawn into 
a large hypodermic needle for injection. 

Methods of Determining Developmental Changes in the Mam
mary G1ands.-In order to determine the changes induced in the 
mammary glands following the injection of the extracts, parts of the 
glands were removed to serve as controls at the tiine the rabbits were 
selected for the experiments.. For the determination of slight changes 
in the glands a microscopic examination of stained sections 
would no doubt be the only definite test. As far greater changes,
changes that could be macroscopically determined, were being 
sought, microscopic examinations were made in but few cases. 

The sections of gland removed were considered typical of the 
entire gland system. For their removal the rabbits were fastened 
to an operating board and a local anesthetic was injected around 
the gland area. A cut through the skin was made on the inside of 
the teat. The gland was cut free from the skin and then from 
the underlying muscle. A section of the gland from the teat ex
tending inward tQ the midline, or as far as the gland area extend, 
was thus obtained. 

These cuts healed rapidly and in three or four days the stitches 
were removed. The rabbits were watched closely for .several days 
as they occasionally pulled out the stitches and opened the wound 
to infection. 

The pieces of gland removed were stretched out on and fasten
ed to cork blocks and fixed in Bouin's fluid. After fixation they 
were trimmed, all muscle or tissue layers over the gland layer 
being removed. The glands were then stained in Mayor's hem
alum, destained to the proper degree in acid alcohol and cleared 
in xylol. The glands to be preserved and photographed were 
mounted in balsam between glass plates. Closing the edges of the 
plates with sealing wax greatly convenienced the handling of the 
mounts, particularly when thick glands were mounted. 

It was found that the glands thus mounted could be studied 
readily under low magnification, thus affording a comparative 
study of the degree of development and the activity of the gland. 

Where microscopic examinations were made the sections of 
gland were fixed in Bouin's or Flemming's osmic fixative. The 
latter fixative was particularly desirable \vhere active glands were 
being studied as the fat was stained and made insoluble in alcohol 
and xylol. The glands were sectioned in paraffin blocks at a thick-
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ness of five microns and stained in Mallory's triple connective 
tissue stain. 

No control rabbits ·were run on any experiment. The original 
gland mounts shown by Turner and Frank (1930), however, were 
available and the different stages of development could thus be 
readily checked with them when necessary. 

Time of Renewal of Experimental Glands.-It was assumed 
that the water soluble extracts that were used were absorbed and 
were possibly removed from the body of the rabbits at most within 
one day after injection. For this reason all experimental glands 
were removed on the day following the last injection. 

In Experiments I and II in which the estrus-producing hor
mone in oil was used (Turner and Frank 1930), the glands were 
also removed on the day injections ceased. This extract was un
doubtedly more slowly absorbed than the aqueous extracts of the 
anterior pituitary and is was possibly active after the last glands 
"\Vere removed. 

Presentation of Experimental Data 

Experiment I.-The estrus-producing hormone had been pre
viously shown by several investigators to have a marked effect 
in producing the growth of the mammary glands of immature 
ovariectomized female and male rabbits. The effects of this hor
mone, however, on the mature glands had never been determined. 
1'he object of this experiment was to determine whether or not 
the mammary glands of the rabbits that had previously been preg
nant or pseudo-pregnant would respond in any way to moderate 
and continuous injections of estrus-producing hormone obtained 
from the urine of pregnant cows. 

Three rabbits were selected from the laboratory stock for 
this purpose. Two of them had produced young and one had been 
pseudo-pregnant. Each was subcutaneously injected with 25 rat 
units of the estrus-producing hormone daily for a period of t\venty
one clays. Control glands were removed on the day injections 
started. Other sections of the gland were removed at seven clay 
-intervals. In all cases the glands were sectioned and stained for 
microscopical examination. 

No significant changes were observed in the mammary glands 
of any of the rabbits. There is an indication that the glands of 
two of the rabbits underwent a very slight regression and some 
-indication of a _slight proliferation of the glands of the third 
Tabbit. These changes were very slight, however, and therefore 
quesionable. It may therefore, be assumed that when admin
istered in small amounts the estrus-producing hormone obtained 
from the urine of pregnant cows does not produce changes that 
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can be microscopically determined in the mammary gland of ma
ture female rabbits. 

Experiment !I.-The object of this experiment was to deter
mine the effect of large amounts of estrus-producing hormone and 
the corpus luteum extract when injected simultaneously, upon the 
mammary glands of mature castrated rabbits. 

Two rabbits from the laboratory stock were selected for this 
experiment. 

R68 was a mature female rabbit. She was ovariectomized on February 
14 after 14 days of pseudo-pregnancy produced by sterile coitus. A control 
gland showed that normal pseudo-pregnant development had been produced. 
Beginning February 15, one-half c.c. of the corpus luteum extract and 400 rat 
units of estrus-producing hormone were injected daily until March 6th. On 
February 24 the glands were examined and a section removed. The lobules 
and ducts were filled with milk which flowed freely from the glan.d when sec
tions were removed. A section removed March 6 showed that little if any 
change had occurred in the gland. 

R54 was a mature female rabbit ovariectomized December 6, 1930. A 
control gland was removed February 6, 1931. The gland was involuted and 
apparently had never had much lobule development. Injections were started 
February 24, the dosage being the same as received by R68. A second gland 
was removed March 6. The ducts were filled with milk though the lobules 
did not appear to be extended. 

The results obtained in this experiment seem to indicate that 
lactation may be induced by the simultaneous injection of large 
amounts of estrus-producing and the corporea lutea extract. As 
but two animals were included in this experiment it is scarcely 
safe to make the statement that lactation will always result if 
such a treatment is followd. 

There is a possibility that the estrus-producing hormone may 
have contained some gonad-stimulating or lactation producing 
hormone. As neither of these, however, have as yet been deter
mined in the urine of pregnant cattle and also as it is unlikely 
that the lactation producing factor, if present in the pregnant cow's 
urine, would be present in the extract as it has been considered 
to be quite unstable, it is hardly possible that the extracts contain-
ed these hormones. · 

Meyer et al. (1930) observed changes in the anterior pituitary 
of the rat following the injection of estrus-producing hormone. 
These changes greatly resembled those occurring during pregnancy. 
If such a change is also produced in the anterior pituitary of the 
rabbit the assumption might be made that the lactation in the 
above rabbits was due to the hormones produced in the rabbit's 
own pituitary under the stimulation of the estrus-producing hor
mone. As this experiment has not as yet been repeated on con
trol hypophysectomized rabbits, the above statement is purely an 
assumption. 
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Hartman, Firor and Geiling (1930) were unable to obtain 
menstruation in the hypophysectomized female monkey following 
the injection of estrus-producing hormone. Menstruation resulted, 
however, when the pituitary was present. This further indicates 
that the estrus-producing hormone may act on the pituitary. . 

This experiment indicates that the simultaneous injection of 
the corpus luteum extract and large amounts of estrus-producing 
hormone results in milk secretion and these results may be taken to sug
gest that the pituitary is activated to the production of the lacta
tion stimulating principle in the presence of the large amounts of 
estrus-producing hormone. The extent of the proliferation of the 
glands, however, did not equal that which was produced follow
ing the injections of the anterior pituitary extract to be described 
later. 

Experiment III.-The objects of this experiment were, first, 
to attempt to stimulate the mammary glands of a series of rabbits 
to secretory activity and, second, to determine the possibility 
of growth changes in the mammary glands produced by the an
terior pituitary and to compare such changes with those produced 
during experimental pseudo-pregnancy. An alkaline extract of 
sheep's anterior pituitary kindly supplied by Parke, Davis and 
Company was used throughout the experiment. The extracts 
were kept in a refrigerator at a temperature of about 42 degrees 
Fahrenheit until they were used. 

A variety of rabbits were selected from the laboratory stock 
and a stock purchased just previous to the time the experiments 
started. Protocols of the experiment are given below. 

R3 and R31 were mature rabbits and had both previously borne young. 
These rabbits were from old laboratory stock and had previously been used 
on other experiments. Injections at the rate of 1 c.c. per day started Decem
ber 8, and continued until December 18. A control section of gland was re
moved on the day the experiment started and a second gland was removed 
when the injections were stopped. No changes were noted in the glands. 
The ovaries were not examined. 

RS was a mature female rabbit and had also previously borne young. 
She was castrated December 3. The ovaries contained large follicles. A 
control gland was removed December 7. The gland was involuted to a mark
ed degree. Two c.c. of the extract were administered daily for nine days. 
A second gland was removed December 18. It greatly resembled the con
trol in appearance, showing that no development had taken place. 

R6 was a mature normal female rabbit from the laboratory stock. She 
had been pseudo-pregnant but never pregnant. She had been previously used 
on the estrus-producing hormone experiment mentioned earlier and a gland 
removed November 10 was used as a control. Injections at the rate of two 
c.c. daily were started December 8 and continued until January 5. The glands 
were inspected and a section removed on December 18 and January 5. No 
changes were observed. 

R8 was a mature hysterectomized female. She was castrated December 
9 and a control gland removed on the same date. Injections were started De
cember 9 and continued until December 18, two c.c. of the extract being in
jected December 18. No changes had occurred. 
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R9 was a mature female rabbit r ecently added to the laboratory stock. 
A control gland was removed December 9, and injections at the rate of 2 c.c. 
daily were started and continued until January 5. The glands were inspected 
and a section was removed December 18 and January 5. No changes were 
observed. 

R81 and R82 were normal female littermate rabbits about five months 
old. Control glands removed December 8 showed but partially developed 
glands. Each rabbit was intravenously injected with 2 c.c. of the extract. 
On the following day, December 9, laparotomy showed corpora lutea form
ing in the ovaries and follicles near the point of ovulation. On December 18 
the glands were inspected and sections removed. Pseudo-pr~gnant develop
ment had taken place. A second intravenous. injection was given and a 
laparotomy performed on the following day showed that ovulation had again 
taken place. On January 6 the mammary glands were again inspected and a 
section of gland removed. No further development had taken place. A 
third intravenous injection was given January 9. but it is doubtful if ovulation 
occurred. Another gland removed January 19 showed that th e mammary 
glands had regressed. 

Fig. 5.-The control section of gland removed from 
R82. T'his gland is very similar to the glan'.l of RSl 
though it is in a slightly more advanced stage of de
velopment. (Enlarged 2Y, times.) 

In all the above cases where subcutaneous injections were 
made no changes in the mammary glands of the mature nor~al 
female or the mature castrated female rabbits were observed. Ac
cording to Corner (1930) the hormone active in producing lactation 
is very unstable and it is quite obvious that it was not present in 
these extracts. 

Injections of the gonad-stimulating hormones which produce 
ovulation or luteinization should result in changes in the mammary 
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Fig. 6.-A section of mammary gland o·f RSl ten days after 
an intravenous Injection of 2 c.c. of an aUmline extract of sheep 
pituitary. Cl.'he lobules had developed so as to nearly fill up the 
space between the clucts. As the gland was stretched !Jefore fix 
ing so as to euallle microscopic examtnation it aJ}pears consider
a!Jly less cCYmpact than norm:tl. This gland is comparable to 
gl:mds of rabbits ten 1ays pseudo-pregnant. (Euhtrged ~y; times.) 
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glands as in normal pseudo-pregnancy in the normal animals R3, 
R31, R6, and R9. In no case, however, were such changes observed 
following the subcutaneous injections. As laparotomy was not 
performed either before or following the injections the condition 
of the ovaries 'vas not known. That there were no ovarian changes 
in the experimental animals is concluded only from the lack of 
change occurring in the mammary glands. 

Intravenous injections of the extract into immature animals 
indicated the presence of some gonad-stimulating hormones as 
corpora lutea and follicles near the point of ovulation were ob
served at laparotomy approximately eighteen hours after the in
jection. Marked changes of the mammary glands were observed 
in RSl and R82, (Figures 5, 6, 7, and 8) though this ·was due no 
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Fig. 7.-Control section of gland removed from RSl on December 8. This is the normal type of gbnd found in rabbits after puberty has been reached. At the time this section was reruovetl its bearer was about five months of age. The duct system is developed too nearly as great an extent as in a mature gland. The lobules, however, are but slightly developed. (Enlarged 20 
times.) 

doubt to the ovarian stimulation. Prolonging the period of pseudo
pregnancy by repeating the intravenous injection after ten days 
produced no further changes in the glands. 

As the extract was injected directly into the blood it was fair
ly concentrated for a short period and produced ovarian changes 
where subcutaneous injections failed. As a result of this experi
ment the conclusion arrived at by Corner (1930) relative to the 
case of lactation reported by Parkes (1929a) seems to be verified. 
Lactation is not due to the presence of corpora lutea in the ovaries 
over an extended period of time and the lactation observed by 
Parkes was very likely due to the anterior pituitary extracts given. 

Further evidence that the extract contained but small amounts 
of gonad-stimulating hormone was obtained as a result of experi
ments with immature rats. One-half c.c. of the extract injected 
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I•'ig. S.-A section of t he mammary gland of R82 ten days after an 
intravenous injection of two c.c. of an alkaline extract of sheep's pitui
tary had been administered. The development of the gla nds is very 
similar to that of rt:,n. 'l'his gland also appears less cam pact than 
normal having been slightly stretched prior to fixation. (Enlarged 2V:i 
times.) 
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daily into twenty-two-day-old rats for a period of three days d,id 
not result in precocious sexual development as determined by the 
opening of the vagina during the period of eight clays that they 
were observed. 

Summing up the results obtained it 'vas readily concluded 
that the extracts contained no active fraction causing lactation or 
g rowth of the glands. The growth of the mammary glands ob
tained in the tw o rabbits R Sl and R82 might be more plausibly ex
plained as being due to ovarian hormones. As pseudo-pregnancy 
was not produced in the four non-castrated animals, as was de
termined to be the case, judging from the appearance of the mam
mary glands, it was assumed that the extracts contained little 
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gonad-stimulating hormone. 

Experiment IV.-The object of this experiment was to de
termine whether or not a hormone was present in the pituitarv 
capable of acting directly on .the mammary glands stimulating· 
them to secrete milk. The extracts used were those prepared 
from fresh sheep pituitary by a method described by Teel (192G ) . 
As but a· small amount of pituitary was received at weekly in
tervals a large number of rabbits could not be used at one time. 
As a result the rabbits did not all receive the same extracts and 
there is a possibility that the potency of the various exracts may 
have varied considerably, due te> variation in the source of the pit
uitaries and to variations in extraction although the same method 
of extraction was followed throughout the experiment. The fol
lowing are the proctocols of this experiment. 

R68 was the same rabbit previously used in Experiment 3. A small 
a;nount c,f milk was present in the glands at the time she was started on this 
experiment. On March 6 one c.c. of the fresh sheep's pituitary extract was 
given daily until March 16. At this time the rabbit was sacrificed. The 
mammary glands were greatly distended with milk. 

R54 was used on an experime·nt similar to R68. The glands, however, 
were less proliferated than those of R68. On March 6 one c.c. of the ex
tract was injected daily until March 14. At this time the rabbit was sacrificed. 
The glands were filled with mille 

R37 was a mature female rabbit ovariectomized December 6, 1930. A 
control gland was removed February 26, 1931. The glands were greatly 
im·oluted. Injections were started March 1, one c.c. of the fresh pituitary 
extract being given daily until March 21. The glands were inspected March 
11 and a section removed. The ducts and lobules were greatly filled with 
milk and the extent of the gland could readily be determined through the 
skin. On March 21 the glands showed a condition very similar to that ob
served ten days earlier. 

R77 and R78 were two mature females recently added to the laboratory 
stock. They were castrated March 3 and control glands were removed. On 
March 7 a second control gland was removed and injections at the rate of 
two c.c. daily were started. A gland removed from R77 on March 12 was 
filled with milk. Inspection of the glands on March 16 showed both rabbits 
with glands filled ·with mille Sections of the glands were removed. Milk 
flowed from the glands when the sections were cut oi.1t. 

R75 and R76 were mature females recently added to the laboratory stock. 
Both rabbits were castrated March 3 and control glands were removed. A 
second control gland was removed March 9. The glands of R75 were greatly 
involuted and R76 showed at least more than one month's involution. In
jections were started on March 9 at the rate of 2 c.c. daily. On March 12 a 
gland was removed from R75. Development of the gland had started but no 
milk was observed. On March 15, R75 died, apparently from the toxic effects 
of the extracts though no lesions or infections could be observed. A gland 
removed was greatly thickened and filled with milk. R76 was sacrificed on 
March 19. Her glands were greatly distended with milk. 

R79 and R80 w ere mature female rabbits. Both rabbits were castrated 
on March 6 and a control gland was removed. The glands of both were 
greatly involuted. A second control was removed March 16 and injections 
were started at the rate of 2' c.c. daily. Both rabbits were in the same cage 
and were found dead on the morning of March 20 and 21 respectively. The 
glands of R79 were examined. A trace of milk was observed in the ducts hut 
the gland was yet definitely involuted. R80 was not examined. 
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R81 and R82 were previously used on Experiment 3. They were 
ovariectomized on March 14 and control glands were removed. Both rab
bits showed slightly involuted pseudo-pregnant development of the mammary 
glands. Injections of the alkaline pituitary extract at the rate of 2 c.c. daily 
were started on March 14 and continued until March 24. At this time the 
glands were inspected and sections removed. The glands of R81 were great
ly thickened and filled with a thick colostrum-like milk. The glands of R82, 
though slightly thickened, showed the presence of only a little milk in the 
ducts and but a few drops flowed out when the sections of gland were cut 
out. The two rabbits were again subjected to similar injections from March 
26 to April 5. ()p April 5 inspection of the glands showed that no change 
had occurred in the glands except that the secretion in the glands of R81 at 
this time resembled normal milk and flowed freely from the gland when a 
section was being removed. 

A total of 11 mature rabbits were used in this experiment. 
In all cases where the injections were continued for more than 
four days the secretion of milk was either initiated or greatly in
creased. One rabbit, R79, after receiving the extract for 3 days, 
had milk present in the larger ducts though the entire gland had 

Fig. 9.-Contro'l seetion of glimd removed from lt7(i on l\Iarch 3. This gland 
is in a stage of development very similar to that usually observed at the f<YUrteentll 
clay of pseudo-pregnancy. This gland was removed on the same day the rabbit was 
castrated. A gland. removed six days later is ~howu in Figure 10. Though both 
glands were not suffidently dest>lined so that their structure throughout could be 
determined, there was no noticeable difference in the two control glands. No milk 
"·as pres~nt in the above gland. (Enlarged 2'~ times.) 
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Fig. 10.-Rt'cond I!Ontrol gland remoYed from H7G Oil March !1. 'l'llis gland is 
similar to the first control gland removed• Marl?h 3. No milk was present in the 
gland. By comparing the ahove photograph with Figure 11 the change folluwing 
a nine-day treatment with pitvitary e" t.ra<>t mar be s''<m. ( F;nlarged :?% times.) 

not yet become filled \vith secretion. A study of a fixed gland 
under low magnification showed that the lobules had not yet be
come fully distended. 

Another rabbit, R82, did not show as great a secretion as the 
other rabbits on the experiment. The ducts, though filled with 
milk, were not as greatly distended as were the ducts in the glands 
of the other rabbits and the lobules of the distal part of the gland 
were not filled with secretion. As this rabbit had received the 
same extracts as its littermate sister (R81) no explanation can be 
offered for the lack of a more pronounced stimulation of milk 
secretion. 

Without exception, the eight other rabbits in the experiment 
showed marked proliferation of the mammary glands. The outline of 
the glands could be seen clearly through the skin and streams of milk 
could be removed through the teats. Figures 11, 15 and 19 show the 
proliferate glands of R76, R54, and R68. The ducts were greatly 
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l•'i;;. 1L-·Th(' mammarr glands of R76 flfto:r tlw alkaline extract of sheep's pitui
tary had been injected for nine days. 'l'·he glands were greatly thickened and filled 
with milk. The arrows show the place where seotions of the glands have been re
moved to se1·ve as controls. The control glands are shown in ·Figure 9 and Figure 
10. Milk-can be seen running d•own over the skin from un accidental cut made in the 
left r('ar tl'lorucic .s.:laud " 'h<'n the skin was belng removed. 
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Fig. 12.-Control gland of R54 removed February 6. This gland 
shows the presence of but a very small amount, if any, lo•bulnr tis
sue. :\lost of the ducts appear to end in blind brnnches. The duct 
system, however, is quite "·ell develope~l. This rabbit bad been 
C<lstrnterl for two months. fEnlnrged 2l/, times). 

distended with secretion and the entire gland system was filled 
with milk as can be seen from the white outline of the glands. 

Examination of the fixed and stained sections of the glands 
at low magnification showed that in all cases where lactation oc
curred the ah·eoli were greatly distended. Even when the control 
glands were greatly involuted (Figure 20) the proliferation of the 
alveoli v .. ·as equal to that produced in glands that were but slight-
ly im·oluted (Figure 9). · 

The rate of im·olution of one rabbit had been previously de
termined by sectioning pieces of gland removed at five-day inter
vals follm,·ing parturition. After forty days the alveoli were great
ly reduced in s1ze but could be distinctly seen. By comparing the 
control glands \vith this involution series it was concluded that, 
with the exception of R68 and R54, a period of at least forty days 
or more had elapsed since the glands were last actively secreting 
milk. 
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It appears that the hormone stimulating the mammary glands 
to secretory activity acts largely, if not entirely, on the secretory cells 
of the alveoli stimulating them to activity. As mature rabbits were 
used on this experiment, it cannot be said that growth of the glands 
may not also be produced. All of the evidence that could be ob
tained from this experiment, however, indicates that no growth changes 
of the mammary glands are produced by the pituitary, at least by 
the extracts used. Though the glands of all rabbits were ap
proximately equally proliferated following the injection of the 
extract, whether or not the control glands showed the presence 
of numerous alveoli, there appeared to be a similar difference in 

Fig. 13.-Control . gluu<l of n;;± removed Murch 6. A very 
small amount of mill' was present in the rlucts of the glands 
nt the t ime this sectio·n was removed . By comparing this 
section of glancl witll Figure .14 and Figure 15 so1ne iden of 
the extent of the proliferation of the glands produced fol
lowing inJections of tL€- pituitarr extract may be obtained. 
As R54 previously received daily injections of !urge 
amounts o·f estrus-producing hormone and the corpus 
lutpum extra<:t for a period of ten r!ttys the ~bove glands 
should be comparable to those of r ttbbits ten dlll'S pseudo
pregnant. (Enlarged 2% times). 

number of alveoli in the proliferated glands compared with their 
respective controls. A great difference in the site of the alveoli 
was observed, however. When the presence of but a small num
ber of alveoli was indicated by the examination of the control 
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Fig. 14.-A section of the proliferated glands of R54 removed March 14. 'l'his 
photograph wns taken at the same magnificiation as Fig. 21. The extent of the prolif
eration of the glands following the injection of the pituitary extract may be seen by 
comparing this photograph with Fig. 13. The extremely milky appearance of the 
glands in Fig. 15 is no doubt due to the large size of the a1veoli which would greatly 
increase the amo·unt of milk present as compared with the amount of tissue. 
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gl.:tLds, the alveoli, after 
came greatly enlarged. 
tration of this. 

secretory activity had been induced, be
R54 afforded a particularly good illus-

Figure• 13 shows the control section of gland of R54. The 
proliferated gland is shown in Figure 14. In contrast Figure 20 
shows a control section of gland of R75 and Figure 21, the re
sulting proliferated gland. Examination of the fixed and stained 
glands of these two rabbits at low magnification show that the 
average size of the alyeoli of R54 are several times larger than 
those of R75. 

In the human, lactation has been reported to frequently fol
low castration. As it was desired to use some of the rabbits with
in a few days after castration, two control glands were removed 
from six of the rabbits in order to check the effect of castration. 
The first control was removed at the time of castration and the 
second was removed from two rabbits (R77 and R78) four days 
later, from R 75 and R76, six days later, and from R79 and RSO, 
ten days later. No significant difference between any pair of the 
control g lands could be observed and it wa s concluded that cas
tration of rabbits did not result in stimulating lactation. 

The results of this experiment show that the pituitary contains 
an active substance which is capable of stimulating the mammary 
glands to secretory activity. The active substance or hormone 
is equally effective in stimulating milk secretion irrespective of 
the deg ree of involution of the glands within the range covered 
in this experiment. T he lactation experimentally obtained appears 
to be equally as grea t as that observed during the first few days 
after parturition. It also appears that the hormone acts only on 
the secreting cells stimulating them to secretory activity and does 
not produce an increase in the number of alveoli. 

General Discussion of the Experiments 

T he knowledge recently obtained on the hormonal control of 
the growth and the secretory activation of the mammary glands 
has but opened the field for further inv estigations. At the present 
time only the source and the function of extracts of the ovary 
and the pituitary have been established. The interrelationships 
and the causes of their activity are largely unknown. Questions 
such as the following a rise: Why do the glands, particularly the 
ovaries in this case, become active a t a certain more or - less 
defini te time in the development of the animal? Is the substance 
in the anterior pituitary that initiates lactation secreted in the pit
uitary continuously and liberated only near the time of parturition 
or following parturition or is it secreted continuously becoming 
functio!l:J.lly active only ·when certain other conditions are favor-



42 MissouRI AGRICULTURAL ExPERIMENT STATION 

,Fig. 15.- The mammary glands of. H:i-1 nfter an alkaline extract of sheep pitui
taries had been injected for seven days. The lob-ules and d·ucts were greatly distend
·ed with milk. '.rbe scar near the right mid-thoracic teat and tbe area directly to the 
left of it are the places fram which control sections of the ghlnd·s w·ere previously re
moved. 
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Fig. 16.-.... -\. eontrol gland of H()S removed Fehruary 14. 'l'bis gland was re~ 
moved fourteen days after the rabllit had been mated "·ith a vasectomized 
buck. 1'his section is not very di~tin ct but it. can be seen that the ducts nncl a 
c·onsiderable amount of lohuhtr ti ssue are pr<!sent. 'l'here \\·as no indication of 
the presence of any milk in the glands at this time. As the section s of glands 
were somewhat stretched before fixation they appear less compact than they 
do when observed while o·n the rabbit. (Enlarged 2;/, times) . 
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able? After lactation has been initiated what part does the pitui
tary play in the persistency of lactation, What effect does the 
activity of the pituitary have in determining the milk production 
of various individuals? At the same time it may be asked, is there 
any relationship between the quantity of ovarian hormones pro
duced and the size of the mammary glands? 

Many other questions arise in this connection for which no 
definite answer can, as yet, be offered. At the same time there 
are many technical problems to overcome. What is to be the test 
for quantitatively comparing the amounts of the lactation-produc-



44 MissouRI AGRICULTURAL ExPERIMENT STATION 

Fig. 17.-Sectlon of gland removed from Rf>g on l''ebruary ::!4. At this time the 
ducts were distended with mill• and some of the lobules appeared to be filled with 
milk. l!'our hundred rat units of estrus-producing hormones a nd 5 c.c. of the corpus 
luteum extract had been administered daily fo·r n period of ten days. At low 
magnification the alveoli <·an be tlistindly seen. (Enlarged 2)1;! times). 

ing hormone in various extracts? How can the variations in the 
amount of the hormone produced in the same animal during dif
ferent stages of development, reproduction, and lactation be de
termined? 

In Figure 24 the various factors that have been proven to have 
an effect on the mammary glands, though in most cases only in 
experimental animals, are diagrammatically presented in the cow. 
The functions of the various hormones or extracts have not all 
been demonstrated on the covv. In the following discussion it is 
necessary, therefore, that certain assumptions be made. The first 
assumption is that there are no species differences in the function 
of the different endocrine gland extracts to be discussed. At the 
present time this is in accord with all observations. 
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1Fig. lS.·-A. section of mammary gland removed from RGS on i\Iarch 6 after 
the estrus-producing hormone and the corpora lutea extr;lct had· been administered 
for n second ten-day period in the attempt to bring the glands into full secretion. 
See Fig. 17. 'l'lwugh milk was still present in the ducts and the alveoli were still 
enlarged there is evidenc~ of n slight regression in the gl:mds during this second 
period. l•'ig. 1n shows the glands of the same rabbit after the pituitary extract had 
been subcutaneously ad'lllinistered for a period of nine days. (E!!larged 2Y, t imes) . 

On the basis of the truth of the above assumption, what are 
the relationships between the pituitary, the gonads, and the mam
mary glands, with special emphasis placed on the latter? The fol
lowing theory is advanced in the light of the present facts. 

If the pituitary is the "motor of sexual function" as stated by 
Zondek and Aschheim (19.27a) the changes in the ovaries at pu
berty must be initiated by the pituitary. It may then be assumed 
that at puberty the production of the growth-stimulating hormone 
of the pituitary declines to some extent and the pituitary then be-
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·Fig. 19.-The exposed mamm,1ry glands of R68 after an a lkaline extract of sheep 
pituitary had been subcutaneously injected for nine days. 'I'he ducts are greatly dis
tended with milk and the •'ntire glands greatly thicl<ened. In this rabbit a small 
amount of milk was present at the time the injeet.ion started. Scars marking the area 
fro·m which these sections of gland have been removed can be seen. 
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l<'ig. 20.-'rhe control gland of R75 r~moved ~larch 9. Thi8 gland shows a marked 
degree of involution, in fact it was so greatly involuted that it is difficult to 11stin
guish it from the g'lands of virgin rabbits. Examination of the section under magnifi
cation, however, shaws that the gland was completely developed though the lobules 
were greatly shrunken. A highly magnified section of a gland of the same rabbit 
after the pituitary extract had been subcutaneously injected for five days is shown in 
Figure 2.1. (Enlarged' 2Y, times). 

gins to secrete a gonad-stimulating hormone in increased amounts. 

The ovarian activity produced by the gonad-stimulating hor
mone results in marked growth changes in the mammary glands. 
That this growth of the mammary glands is due to an estrus-pro
ducing hormone thought to be of ovarian origin, has been indica ted 
by the work of Turner and Frank (1930) and Parkes (1930), who 
produced a similar growth of the glands in male and immature
ly castrated female rabbits by injections of the estrus-producing 
hormone. This development during puberty is characterized by 
extensive growth of the duct system. 

Further development of the glands apparently requires sup
plementary stimulation. During pregnancy this further develop
ment normally takes place. There. are, it appears, two possible 
sources of hormones stimulating this second active growth period 
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Fig. 21.-A greatly enlarged section of the m ammary glands of R75 removed 
on March 15. Though the gland wa~ qnite thick the a lveoli can be quite clearly seen. 
The control gland removed on l\Iar~h 9 is shown in •Fig. 20. By comparing the two 
photographR some idea of the extent and the rapidity of the changes produced may be 
obtained. The clearer streaks extending across the photograph are ducts. At the 
time the gland was removed· these ducts were distended with milk. 
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Fig. 22.-6-\. control gland retlw ve<l fro1u H79 on l\l:lrch 6. This gland shows 
a mnrl,erl irwolution. '!'hough R7() died after three days of injections of t he 
pituitary ext ract, the glimds showed indications of rejuvenation and a thin, 
milk-like fluid wn s present in smnll amounts in the •Jucts. 
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of the glands. Corpora lutea are established in the ovaries and are 
persistent throughout the gestation period. During pregnancy 
the pituitary has been found to increase in size (Rasmussen 192-±-
1928 and Gentili 1920), and in some species, man, ape, and horse, 
an overproduction and excretion of the gonad-stimulating hor
mone has been observed during pregnancy. At the present time 
it seems more probable that the corpus luteum produces the secre
tion which, in conjunction with the estrus-producing hormone, 
causes this second rapid growth stage of the mammary glands 
(Turner and Frank 1931) and the assumption is made that the 
gonad-stimulating hormone is functional in causing the corpora 
lutea to persist. 

It is, thus, concluded that the ovary supplies the stimulants 
producing the development of the mammary glands. The pituitary 
is active in the growth phase only indirectly in that it regulates 
ovarian function. 

Lactation, however, is apparently under the direct control of 
the pituitary. The ovary has no direct function in the initiation 
of milk secretion. This might be concluded merely from the fact 
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Fig, 23.-Control gland removed from RSl on March 14. This gland 
is very similar to the glands resulting during normal pseudo-pregnancy. 
After the extracts bad been used for ten days the above gland was great
ly distended with a t'Olostrum-like milk. ·rbe section was so thick that 

·it could not be photographed. (Enlarged 2;/, times). 

that lactation frequently follows castration in women. However, 
it has been definitely proven that the pituitary directly initiates 
mammary activity as a result of experiments conducted on cas
trated female rabbits by Stricker and Gruter (1929), Corner (1930) 
and Experiment IV reported in this paper. 

In the normal animal there must be some factor or factors 
which cause the sudden release or production of the lactation 
producing stimulus. It might be assumed that the removal of the 
fetus would cause the secretion of milk particularly in the human, 
where milk secretion begins only following parturition. In other 
animals, as for example, the cow, lactation begins before partu
rition and the above assumption would be deficient. 

As a result of Experiment II reported in this paper and the 
work reported by other investigators, the following theory for 
the initiation of lactation in the normal animal is suggested. Dur
ing pregnancy there is a gradual increase in the production. of the 
estrus-producing hormone which reaches its maximum about the 
time of parturition. In the cow the excretion of the estrus-pro
ducing hormone in the urine has been found to be nearly 2800 
rat units per day at the time of parturition (Turner et al. 1930). 
Meyer et al. (1930) has reported pregnancy-like changes in pitui
tary activity following the administration of the estrus-produc
mg hormone and Hartman, Firor and Geiling (1930) have ob-
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Fig. 24.-Relntion of the endO'crine gland·s to the gro"·th anrl the secretory activity 
of the mammary gland. 

served that the estrus-producing hormone acts on the pituitary of 
the monkey which in turn produces menstruation. It is also pos
sible that the concet1tration of the estrus-producing hormone, 
when sufficiently great, may cause either the production or the 
liberation of the lactation producing hormone. Such an explana
tion has been suggested for the two cases of lactation observed 
in Experiment II, where lactation resulted following the injection 
of large amounts of estrus-producing hormone. The lactation re
ported in guinea pigs by Laquer, Borchardt, Dingmanse and De 
Jough (1928) and Steinach, Dohrn, Schoeller, Hohlweg and Faure 
(1928) may be explained on the same basis. There are experi
ments reported where lactation has not resulted following the injec
tion of estrus-producing hormone even in quite large amounts 
(Turner and Frank 1930, and Parkes 1930), however, immature
ly castrated female or male rabbits were used by Turner and 
Frank. Parkes reports that the administration of the estrus-pro
ducing hormone alone in doses up to 1200 mouse units per day 
resulted lcJ.rgely in the extension of the duct system of mature 
castrated female rabbits. 

The above experiments, however, do not oppose the theory 
advanced. The corpus luteum extracts appear to be essential in 
the development of the mammary glands in castrated animals. 

It has not yet been proven that lactation will result in imma
ture rabbits even following the injection of the pituitary extracts. 
Experiments in progress at the present time indicate that there 
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is no stimulation to lactation in such cases. Thus it would scarce
ly be expected that lactation would be produced in the immature 
gland by the indirect stimulation of the estrus-producing hormone. 
The above theory advanced for the appearance of lactation in the 
normal animal is briefly as follows. When the estrus-producing 
hormone increases, a concentration is reached at about the time of 
parturition, which activates the pituitary to secrete a lactation stim
ulating hormone in amounts sufficient to cause the initiation of 
milk secretion. 

SUMMARY AND CONCLUSIONS 

1. Moderate doses of estrus-producing hormone obtained from 
the urine of pregnant cattle when administered daily over a 
period of tvventy-one days produced no significant changes 
on the mammary glands of mature rabbits. 

2. Large amounts ( 400 rat units) of estrus-producing hormone 
obtained from the urine of pregnant cows and the corpus 
luteum extract produced a slight secretion of milk when simul
taneously administered. The assumption has been made that 
this lactation was due largely to the estrus-producing hormone 
which in large amounts may activate the pituitary. 

::l. Pseudo-pregnancy may be produced in the rabbit by intrave
nous injections of extracts containing too small an amount of 
gonad-stin).ulating hormone to be effective when subcutaneous
ly administered. Pseudo-pregnancy thus induces the charac
teristic development of the mammary glands. 

4. The mammary glands of mature castrateq female rabbits have 
been stimulated to secretory activity by an alkaline extract ob
tained from sheep's anterior pituitary. The lactation was equal 
to that occurring following parturition . 

. [i. 'The degree of involution of the mammary glands of the mature 
castrated female rabbits did not in any '":ay alter the effect 
i)roduced by the alkaline extract. 

{i. A great variation in the size of the alveoli of the glands of the 
experimental animals \vas observed. The larger alveoli were 
found in the proliferated glands of rabbits whose control glands 
had shown the existence of but a small amount of lobular tissue. 

7. From the results of the experiment it appears that the stimu
lating substance is effective only in the activation of the secre
tory cells of the alveoli. 

:8. It appears that the initiation of milk secretion is due to a 
definite "lactation-producing" hormone secreted in the pitui
tary as has been suggested by Stricker and Griiter (1929) and 
Corner (1930). 
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