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PREFACE 

The growth and development of the udd er of heifers preg
nant for the first time is a matter of great inter •.::s t to breeders of 
dairy cattle. Vv"ill the udder be small and ill shaped or large and 
sy!11metrically proportioned? Of eYe a greater importance than 
1.h:: e~:temal con"iormation is the exto:nt of gland tissue develop
ing in the udder. The growth of secretory tissue may be limit
ed, resulting in small future milk production; or extensive, result
ing in large production. 

It is a natural auestion to ask-what causes the udders of some 
heifers to remain small and others to grow large? One answer 
would be the difference in the inheritance received from their 
sires and dams. \Vhile th<>.t answer is correct as far as it goes 
it does not indicate the nature of the bctors which cause the va
riation in the growth of the udder and the secretion of milk. 

\Vhile much work still remains to be done, encouraging prog· 
ress has been made during the past few years in obtaining an 
answer as to the physiological questions inv<Jlved. 

A. C. RAGSDALE, 
Professor of Dairy Husbandry 

ABSTRACT 

Continuinq a study of the hormones concerned in the flC· 
velopment of the mammary gland and the initiation of milk secre
tion, there is reported a detailed anatomical study of the normal 
development of the gland of the albino rat. This is foliowecl by 
studies of the influence of the estrus-producing hormone, corpus 
luteum extracts, and an extract from the anterior pituitary. 

It was found that small doses of the estrus-producing hor
mone produced only duct growth, v.rhile larger doses caused some 
lobule proliferation. Corpus luteum extracts alone caused no 
changes in the mammary gland of the albino rat. Corpus luteum 
extracts, when injected with large doses of the estrus-producing 
hormone (5 r . u . or more) produced lobule proliferation greater 
than that produced by the estrus-producing hormone alone; but 
not equal to that characteristic of a gland of a rat in advanced 
pregnancy. 

Thus far the extracts of the anterior pituitary of sheep have 
been ineffective. 



A Study of the Causes of the 
Normal Development of the 

Mammary Glands of 
the Albino Rat 

C. W. TuRNER AND A. B. ScHULTzE* 

During recent years much study has been directed toward 
an inquiry into the nature and sources of the stimuli causing the 
characteristic developmental changes of the mammary glands. The 
most extensive and definitely controlled work on the effect of 
hormones on the mammary gland has been carried on with the rab
bit as the experimental animal. 

Possibly there exist differences in the physiological reaction 
of various species to certain hormones. That such may lie the 
case is indicated by the work of Allen (1931) in a study of the 
comparison of endometrial changes in the uterus of the rat with 
those of the rabbit. He found that the changes characteristic of 
pregnancy or pseudo-pregnancy in the rabbit were not similar to 
the endometrial changes in the rat. The possibility that there are 
differences in the relation between the hormones which stimulate 
the changes in the mammary glands of the rabbit from those act
ing on the mammary glands of other animals, makes desirable a 
comparative study of the mammary gland. Further, a study of 
variations between different experimental animals may lead to the 
discovery of fundamental facts which would remain unobserved 
were only one experimental animal used. 

For this reason a study of the hormones which have been 
shown to be effective in producing changes in the mammary glands 
of the rabbit was initiated using the albino rat as the experimental 
animal. 

REVIEW OF LITERATURE 
Studies on the Causes of Mammary Gland Growth 

Before 1900 the causes of mammary gland growth were 
thought to be due to nervous stimuli. This theory was discarded 
as a result of experiments carried out by Goltz and Ewald (1896) 
and others. 

After severing the nervous connections to the pelvic organs 
in a bitch, they found that normal pregnancy development fol
lov.:ed by parturition and lactation occurre.d as in the normal ani
mal. Ribbert (1898) and Pfister (1901) observed that normal 

*The data presented in this paper formed part of a thesis pres•ented by A. B. 
Schultze in partial fulfilment of the req·uirements for the Degree of "'f:1ster "of Arts 
in the Gru1unt.e School of the University of Missouri, 1931. 
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growth of the mammary gland occurred 'vhen the gland tissue 
was transplanted into the skin of the ear. The results of these 
experiments led to the theory that the stimulus causing mam
mary gland development is in the nature of hormones circulating 
in the blood stream. 

Lane-Claypon and Starling's (1906) experiments ·with injec
tions of aqueous extracts of placenta, ovaries, and fetuses were the 
first to attempt to determine the source of the hormones neces
sary for gland growth. Very slight results were obtained in these 
early experiments \Vhere aqueous extracts were used. In 1912 
Iscovesco discovered that more potent extracts of honnones could 
be obtained by lipoid solvents. 

The introduction of the rat unit test for the estrus-producing 
hormone by Allen and Daisy (1923) made the further study of 
specific hormones possible. More recently extracts of the corpus 
luteum have been prepared by Allen (1930) which cause the 
"progestational proliferation" of the rabbit uterus. Hisaw, Fevold 
and I\leyer (1930) have extracted a water soluble hormone that has 
similar physiologic properties. These fundamental studies on hor
mones of the ovary make possible a more accurate determination 
and relationship of these hormones to the growth of the mammary 
gland. 

EXPERIMENTS WITH THE ALBINO RAT 

Effects of Various Extracts.-Experimental studies of the 
hormones stimulating the grow th of the mammary gland in the 
albino rat are considerably less extensive than of other experi
mental animals. Results in the rat have been less defin-ite and 
clear cut than in the rabbit. Loeb (1923) states that other than 
during pregnancy no noteworthy growth of the mammary gland 
in the rat has been noted. This, he says, corresponds to the fact 
that the lutein phase of the sexual cycle is lacking in the rat. The 
fact that Yarious tissu e extracts are so much less efficient in the 
rat than in the rabbit indicates that there may exis t a greater inertia 
on the part of the mammary tissue in the rat. 

Frank and 'Cnger (1911) failed to produce any changes in the 
mammary gland in \Vhite rats by the injections of aqueous extracts 
of fetuses. However, inj ections of ovarian and hypophyseal ex
tracts caused considerable increase in g land development. They 
concluded from these experiments that the ovarian cycle bears a 
close relation to gland grmvth and that the persistent corpus lu
temn of pregnancy is probably an important factor in gland de
velopment. 
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In studies on the effects of placental and corpus luteum ex
tracts on castrated rabbits and rats, Frank and Rosenbloom (1915) 

found only slight effects on the mammary gland. Extracts of the 
corpus luteum substance of pregnant animals appeared to be more 
effective than those of non-pregnant animals. 

In work on rats and mice in determining the action of the 
ovarian follicle hormone (estrus-producing hormone) Allen, Fran
cis, Robertson, Colgate and Johnston (1924) observed that during 
artificially induced sexual cycles changes occurred in the maul
mary glands. 

Laqueur, DeJongh and Tausk (1927) report an increase in 
the size of the mammary glands of rats, both males and females, 
with subcutaneous and intraperitoneal injections of menformon 
(estrus-producing hormone). Control animals not injected or in
jected with NaCl solutions showed much less gland growth than 
the animals injected with menformon. The treated male glands 
showed thicker ramifications and more numerous small sprouts; 
but the exact nature of the growth, whether duct or alveolar forma
tion characteristic of pregnancy, is not stated. The animals were 
not castrated. The injections were continued over a period of 
three \veeks. 

Effects of Artificially Induced Pseudo-Pregnancy-Pseudo
pregnancy caused by mechanical stimulation of the cervical canal 
(Long and Evans 1922) was observed to cause changes in the 
mammary gland of the albino rat with advance of the pseudo-preg
nant condition (Freyer and Evans 1923). The gland vvas found 
to resemble the pregnant gland at about the eleventh day of 
pregnancy. There \Vas a multiplicity of small twig-like buds and 
the beginning of true alveolar clusters. 

Effects of Ovarian Transplants, on the Male Gland.-Ovaries 
grafted in 184 day old male rats resulted in increased glandular 
development (Engle 1D28). By subsequently g·iving daily trans
plants of the anterior lobe of the hypophysis ovarian grafts were 
greatly increased and large follicles and in many cases, lutein tis
sue, was formed. In controls that received pituitary transplants 
but no ovarian grafts, the mammary gland showed less extensive 
growth. 

Effect of Anterior Pituitary Hormones.-Evans and Simpson 
(1929) observed that the mammary glands of the adult virgin rat 
underwent some hyperplasia after a month of daily treatment of 
alkaline extracts of the anterior hypophysis. By more chronic 
treatment with these extracts true milk secretion could be brought 
about. In 24 day old female rats, two daily implants of anterior 
hypophysis resulted in increased complexity of the mammary tree 
when observed on the fourth clay. They state that the mammary 
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gland growth was always more marked in cases in which corpora 
lutea were coincident with hypertrophied follicular apparatus. 

Recent Studies on the Rabbit 

·work by Turner and Frank (1930) confirmed by Parkes (1930) 
shows that with the injection of the estrus-producing hormone 
alone, the production of growth characteristic of continued estrus 
is obtained in castrate male and female rabbits. Alveolar growth 
characteristic of pregnancy could not be induced. 

By the simultaneous injection of both the estrus-producing 
hormone and a corpus luteum extract in castrate male and female 
rabbits, Turner and Fra/nk (1931) w.ere able to produce the 
growth of the mammary gland characteristic of pregnancy. The 
effect of the estrus-producing and corpus luteum hormone was 
thus shown to bear the same relation to mammary gland growth 
as the two bear in their action on the uterus to produce "progesta
tional proliferation" in the rabbit . (Hisaw and Leonard 1930). 
Administration of corpus luteum hormone alone failed to produce 
any changes in the gland (Corner 1930) Turner and Frank (1931). 
Normal Development of the Mammary Gland in the Albino Rat 

To critically study the effect of hormones on the development 
of the mammary gland in experimental animals, it is essential to 
understand the anatomic changes during normal development. In 
the animal studied here (the albino rat) the normal development 
may be divided into the following phases. 

1. Embryonic and fetal development, which includes develop
ment from the first appearance of the mammary line up to develop
ment at birth. 

2. Development from birth to puberty. During this period 
there is an extension and increase in duct growth. No alveoli have 
appeared up to first ovulation. 

3. Development during recurring estrus cycles. This phase 
is characterized by a cyclic change in the mammary gland follow
ing the ovarian cycle. 

4. Development during pregnancy. Increase in size and 
thickness of the gland with lobule formation, followed by milk 
secretion at parturition, characterizes this phase. Parturition is 
followed by lactation and later involution. 

Embryonic .and Fetal Development 

Jlianzmary streak and line.-Henneberg ( 1900) found the first in
dication of the mammary streak in an eleven-day-old embryo in 
the form of a few larger cuboidal cells at the border of the trunk 
or body tone. The streak or line extends from the shoulder region 
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Figures 1 to 6 from Henne berg; (1) Lateral aspect of rat embryo 11 days 
o·ld. (2) Anlage of milk streal< in embryo of Fig, 1. (3) Lateral aspect of em
bryo 12 days old. (4) Cross section through the !llllnge of the milk strenl< in 
12 day embryo. (5) Lateral aspect of 13 day, 1 hour embryo. The milk streak 
is indicated through darker shading. (6) Cross section througll developed 
milk streak in 13 day, 1 hour embr:ro. 

9 
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l!'ig. 7.-.{bdominal view of the urt.ificial!y stretched li> days. 20 hour em
hr~·o with six milk-points on each side. (Henueherg). Fig. 8.-Ahdominal 
~·iew of a suckling )!Ut. (Henneherg). 

caudad to the inguinal region. It gradually forms a two cell layered 
streak in the 13-day-old embryo. The final differentiation of the 
mammary streak is called the mammary line. In the 14-day-old 
embryos the inguinal anlagen reach this stage. The gland anlagen 
from the milk streak in the pectoral region. In 140 to 15-day-old 
embryos the inguinal anlagen reach this stage. The gland anlagen 
in 150-day-old embryos have moved ventrad and attained a defi
nite position. The milk streak has disappeared. 

111 ammary bud stages.-Myers ( 1917) describes the mammary 
bud stage in a 15 day, 9 hour rat embryo as a small, visible emi
nence associated with each developing gland area. The spheroidal 
mass of epithelial cells forming the gland anlage is surrounded by 
the basement membrane and the Malpighian layer. This mass 
of cells is attached to the epidermis by a short, constricted neck. 
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Figures 12 to 17 from Myers: (12) A gland of an albino rat fetus (15 .lays 
and 9 hours). e.s., mammary hillock. (13) The first inguinal gh1ncl nf a fe 
male albino rat fetus (18 days and 9 hours). m .p., mammary pit; p.d., primary 
duet nnlage. (H) The left second iuguin,ll gland of a female r:tt fetus (20 
da:rs and 6 ho·urs). n.a., nipple anlage; m.p., mammary pit. (15) The right 
first thoracic gland of an albino rat fetus (15 days and 9 hours). m.a., mam
mary gland anlage _ (16) The right abdominal gland of a female albino rat 
fetus. (18 days and 9 hours). e.b., en'l buds; p.d., primary duct; s.d., sec
on.dary ducts. (17) T'he left first inguinal gland of a f emale albino rat fetus 
(20 days a nd 6 hours). t.d ., t ertiary duct; ep. in ., epithelial hood . 

The inguinal glands at this stage are slightly behind the others m 
their development. 

Primary sprout.-The beginning of the primary sprout in an 18-
day-old female is described by Myers (1917). At the time the 
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primary sprout begins to develop, a mammary pit appears on the 

surface of the skin over each developing gland area. In cross 

section the Malpighian layer is depressed to form a shallow, fun

nel-shaped outline. The mouth of the funnel is directed toward the 

surface and the outlet extends into the corium and becomes con

tinuous with the anlage of the primary sprout. One primary 

sprout grows from the proximal end of the bud. The superficial 

portion of the gland anlage is undergoing vacuolization, cornifica

tion and desquamation; thus forming the pit superficial to the 

primary sprout. 
The primary sprout of the first thoracic gland anlage is di

rected cephalad; the second inguinal primary sprout anlage is di

rected caudad. The free end of each gland anlage is directed to 

the area which the future gland will occupy. In the male of this 

stage there is an eminence marking· the location of the gland ex

ternally instead of the mammary pit. Also, the primary duct of 

the male shows more marked expansion at its free end than that 

of the female. 

Secondary sp1-out development during fetal life.-The earliest ap

pearance of secondary sprouting was observed in one of the ab

dominal glands of an 18-day-old female, but normally secondary 

sprouting \vas observed only in Hl-clay fetuses. At this time sec

ondary ducts are present in all glands and most of the secondary 

ducts have tertiary sprouts. In the male of this age there is con

siderable variation, in some glands the primary sprouts are ter

minal, in others tertiary sprouts are terminal. 

Development of the nipple during f~tallife.-The first differentia

tion destined to give rise to the future nipple appears as an emi

nence in the hillock stage in a 15-day-old fetus. In the 18-day-old 

female fetus a sheath which encircles the future nipple area is 

present. This sheath invaginates around the nipple area; the 

cells become cornified and gradually slough off, thus forming a 

circular pit around the central nipple. area. This is called the 

epithelial hood by Myers. At 20 days the anlage of the epithelial 

hood has grown deeper into the corium and is encroaching upon 

the tela subcutanea. Cornified cells occupy the space between the 

inner and outer surfaces of the hood. 
In the 20-day-old male fetus thei·e is no indication of a n epithe

lial hood. 

Canalization of spro1tfs.-Myers ( 1917) noted that in the thoracic 

and abnominal glands of an 18-day-old female fetus there ·1;vas 

present a slight indication of a lumen in one of the ducts. There 

is a variation in the time of canalization, for some 20-day-old 

fetuses still have sprouts which show no trace of a lumen. The 
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canalization of the terminal ducts has proceded further than in the 
other ducts. At 19 days the lumina in the male glands are further 
developed than in the female glands. Canalization takes place as 
a 'result of irregular, centrally located cells being separated from 
each other, thus producing an indefinite lumen. 

Up to the time of birth (20 days) no lobules have developed; 
neither have the masses of fat which are so conspicious in postnatal 
stages. The cephalic glands are further developed than those more 
caudally located. The female gland areas are very conspicious at 
20 days, but in the male there are no external indications of the 
mammary glands. 

General Nature and Arrangement of the' glands.-Normally 
there are six pairs of glands in the albino rat, although Henneberg 
(1900), Frank and Unger (1911) and Donaldson (1924) observed 
that the number varies in a few cases from ten to fourteen. Myers 
(1915) observed only one supernumerary gland in an examination 
of one hundred rats . Schickele (1899) observed eleven "leat5 in 
6.66 per cent of the rats observed; twelve teats in 80 per cent of 
the cases; and thirteen teats in 13.33 per cent of the cases. Don
aldson reports that Stotsenburg has noted cases where only six of 
the twelve nipples were present. He has been able t:o carry a 
deficiency through four generations. The defect is in the system 
rather than in a particular pair or group of glands. In this case 
the deficiency was most commonly represented by absence of the 
upper pectorals. Of the six pairs of normal glands there are three 
pairs of thoracic glands, one pair of abdominal glands, and two 
pairs of inguinal glands. The glands are located so that t\vo V
shaped areas are formed. The three pairs of thoracic glands form 
a V with the point of the V directed cephalad, the two most an
terior pair lying nearer each other than the last pair of this group . 
The abdominal pair and the two inguinal pairs also form a V with 
the point of the V directed caudad, the most caudad of the in
guinal glands lying nearer the median line than the most anteriorly 
located abdominal glands. 

Myers showed the general location of the glands and their 
direction and extension from the nipple. (Fig. 18) 

The ducts of all glands except the last pair of inguinal glands 
are directed on the side of the nipple away from the median line. 

Development from Birth to Puberty.-The period from birth 
(averaging 21.8 days after conception) until the time of first ovula
tion (averaging 77 days-Long and Evans 1922) is characterized 
by an extension and increase in duct growth. 

Development of the ducts.-In the new born the gland area in the 
female is evidenced by a lighter colored area (Myers 1916). There 
are no external indications of the mammary gland in the male. 
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T.n.l 

~n.2 . 

..... ~ T.n.3 
~ 

Fig, 18.-Drawn from a cleared preparation of a twa weeks 

old albino rat (internal view) to show the general arrangement 

of the nipples and the branching of the mammary ducts. T.n.L, 

T.n.3, first, second, and third thoracic nipples; a.n.L, abdominal 

nipple; I.n.l., I.n.2, first and second inguinal nipples. (Myers). 

Li 

The ducts lie in a single plane at this stage except where there are 

obstructions as in the last inguinal gland where the ducts have: 

grown in three or four planes, each of which are parallel to the! 
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surface. The secondary ducts are more extensive than the primary 
ducts and break up into tertiary ducts. These tertiary ducts at 
birth have one to three terminal branches. The ends of most 
terminal branches have a small, bud-like enlargement which was 
once thought to be a true alveolus, but this was later found to be 
incorrect. 

Myers observed that there was considerable variation in the 
size of the g·lands in the same rats, and even between glands of the 
pair. Also, there is variation between different rats of the same 
age and weight. 

As the age advances to ten weeks there is an increase in num
ber and length of ducts. The period from the fifth week to the 
ninth and tenth ·weeks is characterized by increased growth of the 
glands. During the fifth week the ducts increase rapidly in 
length and many new branches are formed from the distal ducts. 
The growth of the abdominal and inguinal pairs overlap on each 
side. However, a wide interval still exists between the first and 
second thoracic gland on each side. The mammary glands of the 
male at five weeks have failed to keep pace with the rapidly de
veloping glands of the female at this age. 

From the fifth w'eek to the ninth and tenth ·weeks of postnatal 
life the female glands gradually, but slowly, increase in size. At 
eight weeks the ducts of the different glands have so overlapped 
that four gland masses .are apparent. The abdominal and first and 
second pairs of inguinal glands form a continuous mass on each 
side in the caudal region, while the three thoracic glands form a 
mass on each side in the anterior region. 

During the ninth and tenth weeks there is a tremendous in
crease in gland development. The first thoracic pair come to meet 
and overlap in the mid-line and the last inguinal pair, both cephalad 
and caudad to the vagina, meet in the mid-line. Inanition retards 
growth and results in stunted growth even when the rats are 
brought back to normal. 

The male at this age (Myers 1917) has much less extensive 
growth. 

Nipple development.-At birth the epithelial hood is continuous 
around the nipple (Myers 1916). During the second week after 
birth rapid development of the nipple takes place and at this time 
resembles a true nipple. Up to the 9 week stage studied there is a 
slow increase in size of the nipple. Rein (1881) states that in a 3 
week old white rat the teat is surrounded on all sides by an in
dentation of the skin. The edges of the groove have about two
thirds the height of the teat. In the male no nipples ,,vere observed 
at any age studied. However, Schickele (1899) found in one vounO' 
male, twelve nipple anlagen. · · - "" 
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Fig. l!l.-(7) Cle:lrE'<l preparation of an a"lbino rat one week o·ld s!Jowing 
distribution and relations of left abdominal gland (A); left first inguinal 
gland (B) ; and left second inguinal gland (C) ; A.n., abdominal nipple; I.n ., 
inguinal nipple; p.d., primary duct; s.d. , secondary duct; t.d., tertiary duct; 
tr.d. , terminal duct; e.b., end bud. (8) Same a s 7 but from an albino rat 
two weeks old. (D) Same as 7 but from an a lbino rat three weeks ald. (Myers) . 

17 

Canalization of the sprattts.-At birth a small irregular slit-like 
lumen is present in the primary sprout (Myers 1916), which. dis
appears in the intra-dermal epidermal portion. The lumen of the 
primary sprout is continuous with the lumen of the secondary 
sprouts. The lumen opens on the surface of the nipple at two 
weeks of age. There is a gradual increase in the size of the lumen 
up to ten weeks "of age. No true alveoli were found up to ten 
weeks of age by Myers. 

Development during Recurring Estrus Cycles.-A study by 
Sutter (1921) shows that there is a relation between the appear
ance of the mammary gland and the stage of estrum. During 
proestrum the mammary tree exhibits long, slender branches which 
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I,'ig. ~0.-(10) Cleared prepar-ation of an aluino rat four weeks old showing dis· 
tribntion and relations of ducts of left abdominal gland (A) ; left first ing,uinal gland 
(B); and left second inguinal gland (C); L, lymph-node. (Myers). (11) Same as 
10 llut fro'lll an albino rut five weeks old. (Myers) 

l1ave a few a lmost naked twigs projecting from thet~~- During 
estrum the small buds, or the mammary twigs, have sprouted out 
to varying degrees and ne·w ones have appeared. _ The branches 
and twigs are covered \l'ith numerous projecting buds. By the 
time ovulation has occurred and young corpora lutea have been 
formed, further evidence of increasing complexity of the second
ary branches can be seen. Near the next proestrum stage reg-res
sion occurs. 

Development during pregnancy.-Development during preg
nancy is characterized by the formation of lobules and a tremen
dous increase in the amount of glandular tissue. The nipples have 
increased in size and reach their maximum length by the thirteenth 
day of pregnancy (Roberts 1921). This increase in length is as
sociated with complete degeneration of the epithelial hood. The 
beginning of lobule formation is present in the gland of a female 
pregnant ten days. Roberts describes the alveoli in the thir
teenth day pregnant rat as spherical. These alveoli gradually in
crease in size up to the time of parturition. He concludes that 
from the fact that there is an absence of cell division and no in
crease in number of cells about the alveoli, the gland has reached 
its maximum growth so far as the number of cells is concerned by 
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Fig. ~1.-(12) Cleared preparation of an albino rut seven weeks old sho"·ing 
Uistribution and relatians of clncts of left abdominal gluncl, first inguinal ami 
second inguinal glancl. (i\I:>ers). (13) Same us 12 but from an albino rat nin~ 
weeks old. (~Iycrs) 

s 

F ig-. ~2.-(left) A11·eolus from u g land of a r a t pregn:lnt t llirteen cla ys. 
Connective· tissue, C.T., is relatively loose. (illght) Alveoli from gland of n 
rut eighteen days and twelye hours pregnant. I.A.C.1.'., interalvolar connective 
tissue; S., mass of secretion; C., clistende.d capillary. (Roberts). 

the thirteenth day of pregnancy. The growth of the gland from 
the thirteenth day is due to the increase in the size of capillaries 
and increase in the size of alveoli. In the latter half of preg-nancy 
there is an increase in size of the lumen of the alveolus and increase 
in the size of the cells of the alveolus up to the time of parturition. 
At the eighteenth day of pregnancy the capillaries supplying the 
blood to the alveoli become greatly dilated and extremely so at 
twenty days. 
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Fig. 23.-Sho\vs vacuolate(} comlition of cytoplasm. (Left) Alveolus from 

the gland of a rat eighteen days and twelve hours pre·gnant. S., secretion 

mass; Se. , secretion. (Right) Alveolus from the glnad of a rat nineteen days 

prt'gnan t. F., f a t vacuoles. (Roberts) 

Fig. 24.-Transverse sectio·n. of the mammary gland of an adult virginal rat. 

Du., ducts; s., fatty connective tissue stroma . (Maeder) 

Vacuolization of the cytoplasm of the alveolar cells, which is 

indicative of secretory activity, increases from the thirteenth day of 

pregnancy and is believed by Roberts to be at its height at the 

nineteenth day of pregnancy. There is some secretion in the ducts 

and lumina of the gland during pregnancy and an abundant secre

tion is evident from the nineteenth day up to delivery. 
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Fig. 25.-Transverse section of the mammarr gland of a rat in tentil Lln>· 

of lactation. L. , lobules; S., connective tissue septa. (Maeder) 

Changes during lactation and involution.-Tbe macroscopic 

aspect of the mammary gland throughout lactation remains un

changed and is the same as at the end of pregnancy (Maeder 1922). 

Glandular parenchyma in the form of closely packed lobules is in 

great preponderance during lactation. The ducts are distended 

and the alveoli are filled with secretion. The blood vessels and 

.capillaries are greatly dilated. 

Kuramitsu and Loeb (1921) state that twelve hours after par

turition the alveoli are not usually distended nor have the epithelial 

~ells reached their full size. Secretion is not fully established 

until seven days after parturition. 

Sure (1930) observed that there is little milk flow during the 

ii.rst twenty-four hours of lactation, but that the young invariably 

gain significantly on the second day of lactation, and that occasion
ally by the end of the third day and very often by the end of the 

fourth day of lactation, the litters will as much as double their 

initial weight. 

No marked involution of the gland was observed by Maeder to 

occur until the eighth day after weaning, when the stroma once 

more exceeds the parenchyma in amount. At the ninth day the 
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Fig. ::?6.-'l.'ransyerse seetion of the mammary gland of a. rat 

eight days aftPr "·caning. Py. , pycnotic nucl ei. 1:\Iaeder). 

:F"ig. 27.-Transverse section of the manuu-.1ry gland of a rat 

twenty-eight days after weaning. (l\Iaeder) 
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appearance of the gland approaches that of the adult virgin. 
Three months after weaning the gland is apparently similar in 
structure to that of the virginal resting gland. The disappearance 
of the alveoli is accomplished by simple atrophy of the cells with 
shrinkage in the size of the cells and of the alveoli. Alveoli in 
various stages of involution may persist for several months after 
lactation, but changes due to the estrus cycle (corpora lutea) must 
be kept in mind . 

. Kuramitsu and Loeb observed the :first sign of decided retro
gression in the rat gland :five \veeks after parturition. Each lobule 
consists of a much reduced nmnber of alveoli which have a smaller 
lumen than formerly. 

That there is an accumulation of milk up to the forty-eighth 
hour stage after weaning was noted by Myers (1921) . At the end 
of :five days following weaning, the masses of glandular tissue have 
decreased to less than half of their size at the forty-eighth hour 
stage. ~t the end of two and three weeks the glands very closely 
simulate those of the adult virgin animal. 

PRESENTATION OF EXPERIMENTAL DATA 

Comparison of Developmental Stages in the Rat and Rabbit 

In a study of this kind, it is necessary to obtain a complete 
picture of the normal development at various stages of maturity, 
not only as controls for the experiment but to determine the stage 
at which the development present is best suited for certain ex
periments. As the macroscopic characteristic of total mounts 
of stages beyond ten weeks of age have not been reported. it was 
necessary to obtain a series of glands representing the progressive 
stages beyond that age. 

It was found, in agreement with Myers' studies, that the de
velopment of the mammary gland in the rat from birth to puberty 
differs from that observed in the rabbit at this period. During 
this period in the rat, duct growth predominates. However, there 
is an indication of sparse lobule growth in the adult virgin female 
much the same as in the rabbit in continuous estrum. 

As is found in the female rabbit, pregnancy in the rat is char
acterized by marked lobule growth. The greatest formation of 
lobules apparently occurs between the tenth and fifteenth day of 
pregnancy. 

The gland during lactation is characterized by a preponderance 
of distended lobule formation and is much thicker than in the rest
ing stage. During involution these lobules take on a feathery ap
pearance probably due to the shrinkage of the ducts and lobules. 
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Immature male rats, unlike immature male rabbits, undergo 
considerable development of the gland after birth. In the mature 
males examined marked lobule proliferation was found . In the 
limited number of animals examined, this lobule proliferation seems 
to be absent in males up to 70-80 days of age. In 122-day-old 
males there is evidence of proliferation. This characteristic is fur
ther developed in more mature males, although mature males are 
found that have no such extensive proliferation. Because of this 
characteristic of mature males, immature males up to about fifty 
days of age are most suitable for studies on the growth of the mam
mary gland. 

Variability of the Mammary Gland 

In using the glands from normal animals as control glands to 
compare with glands from experimental animals, some difficulty 
was encountered beca use of the variations between animals of the 
same age, weight, and even between litter mates. In females past 
the age of puberty some glands were found that had only duct 
growth, .while others had the beginning of lobule formation. 

Effect of Castration 

Because the males and females used in the experiments were 
castrated, it was essential to determine the effect of castration on 
the development of the mammary glands. 

Castrated males were compared with non-castrated males of 
approximately the same age at monthly intervals after the begin
ning of the experiment. Apparently castration neither inhibits 
nor hastens the characteristic lobule proliferation. Neither is the 
continuation of duct growth in the limited numbeF of animals 
studied retarded. 

There is a possibility that duct growth may continue or there 
may be a different type of growth develop as a result of castra
tion in the female. To investigate this question, spayed females 
\\·ere divided into hvo groups, one group was allowed to remain 
untreated; \vhile the second group was used for experiments. The 
untreated animal \Vas compared to the experimental animal at the 
end of the experiment. In the animals compared in this way, 
spaying seems to cause no apparent change in the type of growth 
during the time the experiments were continued, nor does duct 
growth continue. It is concluded from these observations that 
·spaying, for short periods of time (20 to 25 days) at least, results 
in a very slight or no increase in size or character of the mammarv 
gland. · 

Individual Controls 

It was thought that results could be more accurately deter
mined in many experiments by removing a gland before the ex-
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Fig. 28.-Gland from a female rat 33 days of age. X 2. 
-F.ig. ·29.-Gland from a female rat 65 days of age, but cas
trated at the age of 40 days of age. X2Ya. Compare with 
Fig. 30.-Gland from a female rat seventy days of 
age. :S:2;%. Fig. 31.-Gltmd from an udnlt' virgin female 
rat. X2)/z. Fig. 32.-Gland from a female rat pregnunt for 
six days. :S:2lh. 

23 
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periment was begun, and removing the opposite gland after com

pletion of the experiment. This method was used in later experi

ments. Here again control animals in which no injections were 

made were run to determine any changes due to the removal of the 

gonads. 
In removing the gland from the live animal, the entire gland 

was not removed, so that changes in the type of growth rather 

than the increase in size of the gland were determined. 

Extracts Used 

1. Estrus-producing hormone. The estrus-producing hor

mone was obtained from the urine of pregnant cows by a method 

described by Turner and Frank (1930). This extract was used 

in previous studies on the growth of the mammary gland in the 

rabbit. The potency of the hormone is measured in terms of rat 

units. The rat unit is defined as the minimum amount of the hor

mone necessary to produce a full change from the negative to the 

estrual vaginal spread in a castrate rat of approximately one hun

dred and forty grams ( + 20 grams) in weight. 
2. Corpus luteum hormones. 
(a) A lipoid extract of sow's corpora lutea prepared accord

ing to Allen's (1930) method. This extract probably contained 

some estrus-producing hormone. (One cubic centimeter equals 

50 grams of fresh tissue). 
(b) A water soluble extract of sow's corpora lutea prepared 

according to Hisaw, Fevold and Meyer's method. This extract 

was free of the estrus-producing hormone. 
3. An alkaline extract of sheep's pituitary prepared by a 

method described by Turner and Gardner (1931). 

Procedure 

The albino rat \\"as used in all the experiments conducted. In

jections were made subcutaneously. The animals were killed one 

day after they had received the last injection. The entire skin 

was removed, stretched on a cork and fixed in Bonin's fluid . The 

connective tissue layer containing the gland tissue was removed, 

stained in l\Jayer's haematoxylin, dehydrated, and mounted in 

gum damar. The glands were examined macroscopically and with 
the dissecting microscope. 

The ages of the animals as given in the following reports are 

the ages at the time the animals were castrated or before injec
tions were begun. 

The effect of small and large amounts of the estrus-producing 

hormone on castrated animals was determined. The effect of 

the water-soluble and lipoid extract of the corpus luteum of sow's 
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ovaries was determined when administered simultaneously with 
varying amounts of the estrus-producing hormone. Also the ef
fect on the mammary gland of the albino rat of an alkaline extract 
of sheeps' pituitaries and whole pituitaries when implanted subcu
taneously was determined. 

RESULTS OF THE EXPERIMENTS 

The effect of small amounts of the estrus-producing hormone. 
-'To determine the effect of the estrus-producing hormone on im
mature female rats, five 21-day-old females of the same litter were 
used. One of these was killed and the gland removed as a control. 
The other four animals were spayed. One was injected with one 
ra t unit of the estrus-producing hormone daily for five days, one 
with one rat unit daily for ten days, one with one rat unit daily for 
fifteen days, and one with one rat unit daily for twenty days. 

The control gla1l.d showed relatively few branches and little 
extension of growth and the gland of the rat injected for five days 
showed a more extensive duct growth than the control. The gland 
of the animal injected for ten clays was not as extensive as the five
day gland, though much more so than the control. The ten-day 
gland was characterized by numerous club-shaped, deeply staining 
end buds. The glands of the females treated for fifteen days and 
twenty days showed much more extensive duct growth than any 
of the other glands, the gland aTea being approximately three 
times that of the control. The end buds of all ducts were char
acterized by thick, club-shaped growing ends which, in the gland 
of ten days, gave the whole gland a dense appearance. In the larger 
glands, the ducts making up the larger part, were relatively 
fine, giving the area a less dense appearance. All glands were com
posed entirely of ducts and were free of any alveolar formation. 

'The effect of one rat unit of estrus-producing hormone on im
mature males was determined. Five male litter mates 28 days old 
were used. The glands of one were removed as a control. As in 
the females, a male for each five-day interval up to twenty days was 
treated with one rat unit of estrus-producing hormone daily. The 
animals were all castrated. 

The control gland showed a very small extension of growth. 
The gland of the male trea ted for five days vvas approximately 
twice the diameter of the control gland. Relatively thick, deeply 
staining, club-shaped end buds were numerous, giving the gland 
a characteristic, dense appearance. The gland removed from the 
male treated for ten clays showed greater extension than the five 
day gland. The fifteen and twenty-day glands were most ex-



Fig. 33.- Enlarged section of the gland shown in Fig. 32. XlO. Fig. 34.-Gland from a female rat preg
nant far ten days. X2%. Fig. 35.-Enlarged section of the gland shown In ·Fig. 34. XlO. Fig. 36.-Gland from 
11 fenlflle rut pregnant fifteen days. X2¥2• 
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Fig. 37.- Enlargetl section of the gland shown in Fig. 36. XlO. Fig. 38.-Gland from a fem a le rut preg

nant for 20 days. X21J.,. Fig. 39.- Enlarged section of the gland shown in Fig. 38. XlO. Fig. 4~.-G1antl from a 
female rat one day following parturition (not as dense as later in lactation). X2'f.,. 
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tensive in growth. The end buds in all glands were relatively thick 
as compared to the ducts; thus the larger glands with fewer end 
ouds in relation to the size of the gland area show a less dense 
structure. In all glands duct growth only occurred. 

In view of the fact, as was previously noted, that duct growth 
apparently continues after castration in the male, much of the 
growth in the males was due probably to continued growth ir-. 
respective of the estrus-producing hormone. However, the gland 
of the male injected for 20 days shows approximately twice as ex
tensive growth as a gland from a normal male of the same age. 
In reality the extension of the duct growth in the twenty-day 
treated experimental gland is greater than that observed in any 
normal mature male. However, the type of growth is not similar 
to that of the mature male, consisting entirely of ducts. 

The effect of large amounts of estrus-producing hormone.
To determine the effect of larger amounts of the estrus-producing 
hormone, castrated rats of various ages were treated with increas
ing amounts of the hormone, as reported in the following protocols. 

A 28-day-old castrated female was injected for ten days with live 
rat units of estrus-producing hormone daily. The gland removed from 
the rat so treated showed the characteristic thick, club-shaped end buds 
of a rapidly growing gland. The gland area was considerably more ex
tensive than that of a normal 28-day-old female. No alveoli were present. 

Castrated 33-day-olcl females were injected with ten rat units daily 
for ten days. The glands removed at the end of the treatment were 
characterized by the presence of numerous large, club-shaped end buds. 
These buds were present not only at the extremities of the gland, but 
also as outgrowths from secondary and tertiary ducts. Some lobules with 
true aveoli were present. The preponderance of growth consisted of 
large numerous end buds, and gave the gland its dense appearance. \Vhen 
compared to a gland of a female pregnant for 15 days, the lobules were 
not nearly as numerous nor were the lobules composed of as many alveoli. 
The extension of the gland was not any greater than that observed in 
the gland of a rat receiving only one rat unit of estrus-producing hormone 
for ten days. 

A castrated male in which extended duct growth had been induced 
by the injection of one rat unit of estrus-producing hormone for ten 
days, was treated for an additional ten days with the estrus-producing 
hormone increased to ten rat units daily. The growth resulting was 
characterized by a much extended gland area, much greater than in any 
normal mature male. Numerous developing end buds were present 
throughout the gland area. However, the end buds were not as !Hl

merous as in the glands of the females treated with ten rat units of estrus
produciing hormone for ten days. 

Castrated females 94 to 97 days of age were treated with ten to 
fifteen rat units of the estrus-Qroducing hormone for twenty days. Their 
glands ·were compared to the control gland removed at the time of cas
tration or before the injections were begun. The extension of growth 
due to the hormone could not be determined because the entire gland 
area was not removed in the control. In these glands after treatment 
lobules with true alveoli were present. The number of lobules relative 
to the size of the gland was not great. However, they appeared more 
fully developed and more numerous than was found in any normal nulli
para females. 
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The results of these experiments indicate that large amounts 
of the estrus-producing hormone, when injected into rats cause 
extreme end bud proliferation and limited formation of lobules 
in both immature and mature females. This lobule proliferation 
is not nearly equal to that present in a gland of a normal female 
pregnant for fifteen days, but the lobules are more fully develop
ed than in a virgin female. With the larger doses of estrus-pro
ducing hormone only extensive end bud proliferation with no 
alveolar formation was induced in castrate males. 

The effects of corpus luteum extracts.-Corpus luteum ex
tracts, both the lipoid and water-soluble extracts, were injected 
into castrate male and female rats. The glands resulting from the 
effect of these extracts were compared to normal glands in some 
cases and to a control gland removed before the treatment m 
others. The experiments are described in detail below. 

Two 33-day-old castrated females were inj ected for ten days with 
0.1 c.c. of a lipoid extract of the corpus luteum. The glands from the 
treated animals were characterized by duct deYelopment. Large club
shaped end buds were numerous throughout the gland area. As stated 
previously, the estrus-producing hormone was probably present in this 
extract and may have been the cause of the growth produced. There is 
reason for believing this because the growth was identical in many re
spects to that produced by th e estrus-producing hormone alone. No 
lobules were present. 

Three 95-day-old virgin female castrates were treated with 0.1 c.c., 
0.2 c.c., and 0.3 c.c. respectively, of the water-soluble corpus luteum 
extract. The injections were continued -for a period of twenty clays. 
All glands of the animals thus treated shewed no visible changes what
ever when compared with a control gland removed before the experiment. 
The ducts were very fine and no increase in end bud formations or 
alveoli proliferation occurred. 

Two castrated males between the ages of 44 and SO clays were 
treated with 0.1 c.c. of the lipoid extract of the corpus luteum for a 
period of ten days. These castrated males had rece ind an injection of 
one rat unit per day of the estrus-producing hormone and had somewhat 
extended duct growth. The resulting glands showed no apparent 
changes except possibly a few more end buds than the normal gland. 
These end buds were not as numerous as in the glands of the females 
treated in the same manner as noted previously. 

The results of the injection of corpus luteum extracts alone 
indicate, with one possible exception, that these extracts cause no 
change in the mammary gland of the albino rat. No changes 
whatever resulted in the 95-day-old castrated females as a result of 
these injections. Some control glands removed before the treat
ments in this group of animals showed more development than 
they did after the treatment. The proliferation obtained in the 
two 33-day-olcl castrated female s treated with 0.1 c.c. of the lipoid 
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extract >vas due, no doubt, to some hormonal influence because no 
gland of any normal nullipara female having such proliferation 
has ever been observed during this study. 

The effect of the estrus-producing hormone and extracts of the 
corpus luteum.-A series of experiments were run ·wherein male 
and female rats of various ages were treated with varying pro
portions of the estrus-producing hormone and the extracts of the 
corpus luteum. The glands removed from the animals treated 
were compared with glands of normal animals of the same age, 
and with glands of animals treated sim}larly with estrus-producing 
hormone alone, or the corpus luteum extracts alone. The corpus 
luteum extracts used here have been shown (Turner and Frank 
1931) to be effective in producing changes in the mammary gland 
of the rabbit when injected simultaneously with the estrus-pro
ducing hormone. 

Two 30-day-old castrated females were treated for five and ten days 
respectively with five rat units of the estrus-producing hormone plus 0.1 
c.c. of the lipoid extract of the corpus Juteum. The glands of the ani
mals thus treated showed some extension of growth and pro liferation 
of numerous end buds. This proliferation in some places was so marked 
that apparently the beginning of lobule formation was present. The con
dition, however, was almost identical as far as could be determined, with 
the glands of the 28-day-old castrated females that were treated with five 
rat units of estrus alone. The lobule proliferation was not as far ad
vanced nor was the spacing of lobules nearly as close as in the un
treated gland of a female pregnant fifteen days. The gland of the rat 
treated for ten days was somewhat denser than the one treated five days, 
but the same type of growth was present. 

Two 44-day-old castrated males that had received one rat unit daily 
of the estrus-producing hormone for ten days and therefore had. ex
tended duct growth, were treated with five rat units of estrus-producing 
hormone plus 0.1 c.c. of the lipoid extract of the corpus. luteum simulta
neously for five and ten days, respectively. The resulting gland growth 
was very similar to that of the two 28-day-old females injected with five 
rat units of estrus-producing hormone plus 0.1 c.c. of the lipoid corpus 
Juteum extract. It was somewhat less dense in appearance and the prolif
eration of end buds and slightly developed lobules, i. e., lobules with only 
a few alveoli. did not extend to the outer margins of the glands as in the 
females . \iVhen compared to a gland of a female pregnant for fifteen 
days, the lobules were not as well developed, having fewer alveoli and 
the numb'er of lobules per unit area was much less. There was no ap
parent difference between the glands from the animals injected five days 
or ten days. 

Two castrated males 44 days of age were treated for a period of five 
days, one with one and one-fourth rat units of estrus-producing hormone 
plus 0.2 c.c. of the lipoid extract of the corpus luteum, the other with one 
and one-fourth rat units of estrus-producing hormone plus 0.15 c.c. 
of the same corpus luteum extract. Both of these animals had glands 
as a result of the treatment that had no lobules, but were characterized 
by numerous large end buds. 

Four castrated males 44 to 50 days old were treated with one and 
one-fourth rat units of estrus-producing hormone with various amounts 
of the lipoid extract of the corpus luteum. One received 0.25 c.c., another 
0.1 c.c., and another 0.2 c.c. The glands resulting from these injections 
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were characterized ~y end buds though not very numet·ous but extremely 
large at the extremtty of the terminal ducts. 

One 40-day-old castrated female was treated with one and one
fourth rat units of the estrus-producing hormone plus 0.3 c.c. of the 
water-soluble corpus luteum extract. (This extract had been shown to 
be effectiv~ in produ_cing changes in the mammary gland of the rabbit 
when admmtstered Simultaneously with the estrus-producing hormone.) 
The treatment was continued for 25 days. The gland resulting from this 
treatment showed considerable extension when compared to the control 
gland. The numerous end buds were small and very fine as compared 
to the glands described above. No lobules were apparent. 

"-\ group of castrated females between the ages of 90 and 97 
days of age were used, injecting the estrus-producing hormone 
simultaneously with the water-soluble extract. A control gland 
was removed from each individual before injections. -vvere begun. 

One such female was treated with five rat units of estrus-producing 
hormone plus 0.1 c.c. of the corpus luteum extract daily for a period of 
ten days. This individual had been treated for a twenty day period 
previously with 0.1 c.c. of the corpus hlteum extract alone. A gland 
was removed after the twenty day treatment and c·ompared to the gland 
produced as a result of the follqwing ten day period of treatment where 
estrus-producing hormone was used with the corpus luteum extract. 
The gland showed more numerous end buds and the ducts were much 
thicker than the control. Very few lobules were apparent. 

A second female which had been previously treated with 0.2 c.c. of 
the corpus luteum extract alone for twenty days was treated for a fol
lowing ten day period with five rat units of estrus-producing normone 
plus 0.2 c.c. of the corpus luteum extract. The gland was removed at the 
end of this ten day period and compared with the one removed after the 
twenty day treatment of c-orpus luteum extract alone. This gland, as a 
result of the ten day treatment, showed considerably nwre numerous 
end buds and much wider ducts. Some few lobules were present. In the 
same animal injections were continued for another ten day period, in
creasing the estrus-producing hormone to seven and one-half rat units 
vvith 0.2 c.c. of the corpus luteum extract. The gland resulting from this 
last ten day treatment was considerably denser in appearance and num
erous lobules with a greater number of alveoli per lobule 
were present than in any of the glands removed from this animal as a 
result of the former treatments. This lobule proliferation was not 
equal in appearance to a gland of a female pregnant for fifteen days. 
The lobules were not as numerous nor as htlly developed. 

A third female of this group was treated following castration with 
two and one-half rat units of estrus-produci11.g- hormone plus 0.3 c.c. of 
the water-soluble corpus luteum extract. This first treatment was con
tinued over a period of twenty days . There were little or no change as 
a result of this treatment. Numerous end buds were present, but these 
were present in the control gland removed before the treatment. Fol
lowing this twenty-day treatment, a treatment in which the esrus-produc
ing hormone was increased to five rat units daily plus the same 0.3 c.c. of 
corpus luteum extract, was given. The gland removed after this treat
ment was much denser and lobules were present. (The proliferation vvas 
not equal to that of a gland of a female pregnant for fifteen days.) In 
an additional ten-day period of injection of seven and one-half rat units 
of estrus-producing hormone plus 0.3 c.c. of the corpus luteum extract 
no apparent additional change occurred in the gland. 
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A fourth female was treated following castration with two and one
half rat units of estrus-producing hormone plus 0.1 c.c. of the corpus 
luteum extract for twenty days. No apparent change was noted that was 
not present in the control. This twenty-day period of treatment was fol
lowed by a twenty-day period of treatment during which the corpus 
luteum extract was increased to 0.5 c.c. daily, but the estrus-producing 
hormone continued at two and one-half rat units. Little or no apparent 
change resulted from the last period of treatment. Apparently the amount 
of estrus-producing hormone was too small, even with various amounts 

· of the corpus luteun1 extract, to cause any changes in the mammary 
gland. 

Apparently, the administration of the estrus-producing hor
mone in sufficient amounts with the two extracts of the corpus 
lnteum is capable of producing in immature and mature castrated 
males and females, duct growth and lobule formation. This lobule 
proliferation, even ·when injections lasted for twenty and thirty 
days, \Vas not equal to that characteristic of the gland of a fe
male pregnant for fifteen days. The estrus-producing hormone 
in amounts of two and one-half rat units or less plus the corpus 
luteum extracts in amounts up to 0.5 c.c. seem incapable of pro
ducing any visible change in the mammary gland of the rat. When 
larger amounts of the estrus-producing hormone replaced the 
smaller amounts, proliferation of the mammary gland resulted 
even when the amount of corpus luteum extract remained constant. 

The Effect of Pituitary Hormones 

Alkaline extract of sheep's pituitar:y.-The effect of the alkaline 
extract of sheeps' pituitaries on the mammary gland of the rat 
was studied using multipara females. Castrate virgin females and 
castrate and normal mature males were also treated with this 
extract. The results obtained vvith these animals were compared 
to those obtained with rabbits using the same extracts. 

Two multipara females were treated with 0.2 c.c. of the alkaline 
extract for ten days. In one of these females the treatment was begun 
at the time of weaning of the young and the gland was in full flow of 
milk. In the other female the gland was partially involuted. A control 
gland was removed from each individual before injections were begun. 
The glands removed after treatment were much more involuted than 
the control glands. They showed no significant difference from glands 
on control animals that were in ~pproximately the same degree of activ
ity at the beginning of the experiment and had undergone normal in
volution for ten days. 

Two mature males. one castrated, the other not castrated, were 
treated with 0.2 c.c. of the pituitary extract for ten days. A control gland 
was removed from each animal before treatment. The glands removed 
after treatment when compared to the controls showed a slightly more 
dense appearance because there were a few more lobules. However, 
both the controls and the glands removed after treatment had lobules 
present and the differences did not seem to be significant." Certainly the 



RESEARCH BuLLETIN 157 35 

thick and distended condition of the lobules characteristic of active milk 
secretion was not present. 

Two 95-day-old castrated females were treated with 0.2 c.c. of the 
alkaline extract of the pituitary daily, one for ten days and the other for 
twenty days. The rat treated for ten days had previously received a 
twenty-day treatment of ten rat units of the estrus-producing hormone 
daily. The gland re~oyed after the ten-day tretament with t]1e pituitary 
extract showed no s1gmficant change. The small change that did occur 
tended toward an involution of the lobules present before treatment 
rather than an increased proliferation or distension. The gland of th~ 
female treated for twenty days with the pituitary extract showed no ap
parent change when compared to the control gland removed before injec
tion. 

A castrated male and female both thirty days of age were each treat
ed with 0.2 c.c. of the alkaline extract of the sheep's pituitary for a twenty
day period. The gland of the female after the experiment showed ~n 
extension of duct area approximately equal to that of a normal female 
SO days old, but no lobules or secretion was evident. The castrated 
male's gland showed no lobule growth nor was any secretion evident. 
The gland in the castrate male had continued to develop, and was 'ap
proximately equal to that of the normal male of the same age. 

Apparently the effects of this alkaline extract in the amounts used 
on the mammary glands in the animals tested were negligible. ~ o 
changes excepting possibly an extension of duct growth in an immature 
castrated female resulted. No lobule proliferation was induced nor was 
milk secretion initiated in the animals studied. These extracts were 
shown to be effective in initiating milk secretion in the rabbit. (Turner 
and Gardner 1931). 

hnplants of the pitttitary.-To determine the effect of the whole 
pituitary implants on the mammary gland, the pituitary from cas
trated male and female rats was used. The pituitary of castrate 
animals has been shown to be considerably more potent in stimu
lating the ovaries of immature animals than those of normal 
animals (Evans and Simpson 1929) . 

A pituitary was implanted subcutaneously each clay for vary
ing periods of time. The animal on test was killed the second day 
after the last implant was made, as the effects of the implant \vere 
thought to last for at least two days after implanting. The effects 
of these implants were determined on normal and castrated females. 

One 30-day-old normal female received one implant daily for th~ec 
days and was killed on the fifth day. The gland of the female after 
treatment was characterized hy numerous extremely large club-shaped 
end buds. No true alveoli were present, however. The extension oi the 
gland area was significantly greater than that of a normal female of the 
same age. Another normal female 30 days old and a litter mate of the 
one above received one implant daily for nine days and the gland ex
amined on the eleventh day. · The gland resulting from this treatment 
showed a dense mass of lobules w ith numerous alveoli. The gland 
showed as extensive lobule proliferation as that of a normal female 
pregnant for fifteen days. 
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Fig. 41.-l!Jnlargecl section of tile gland sllown in Fig 40. :S:lO. .Fig. 42.--Glaud 
from a female rat in process of involution . Removed ten days after weaning young. 
:S:2. 

Pig. 43.-Gland from a male rat 4± days of age :S:2. Fig. 44.-Gland from a nor
mal male rat 70 days of age. :S:2~~. Tile earliest age '' t wllicll lobule proliferaticm 
was observed. Fig. 45.-A normal mature male gland. X2V:,. E.xtreme lobule pro-
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liferation is present in tllis individual. Fig , 46.-Glancl from a east rated male. X2Yo. 
Lobule proliferation is less extreme tbnn in the gland shown in Fig. 45. 'l.'lle pro
life·rati{)n here is more or less characteristic of the mature ma'le's gland s. 

Fig. 47.- Gland removed from a ~1.-day-old female us a control on glands of 
Fig. 48, 49, nn<l 50. X2%. Fig. 48.--Giand from a femnle castra.ted at 21 days of 
age and treated with one rat unit of e·strus-producing hormone for five days. X2%. 
Fig. 49.--Gland from a female castrated at 21 days of age and treated witil one 
ra.t unit of estrus-producing llormone for ten clays. X2%. Extremely tllick and 
numerous end buds are present. No lobules are present. Fig. 50.-G!and from a 
female castrateil at 21 .clays of age and treatd with one rat unit of estrus-producing 
hormone fur :W <ln;\'S. X2'h. No lobu'les are present. 

A 33-day-old castrated female received a daily implant for six clan 
and was killed on the eighth day. The gland of the female thus treated 
showed considerable end bud formation and wide ducts. The g-land 
area was not much more extensive than that of a normal female of that 
age. 

Three females castrated when 51 days of a'!e each received an im
planted pituitary daily for seven clays, nine clays, and ten days respec
tively. The glands of these females thus treated showed an abnormal 
end bud formation, hut no lobul e formation. 

The whol e pituitary, when implanted in normal females, 
causes marked lobular proliferation of the mammary gland. Vlhen 
these implants were continued daily for nine days, growth equal 
to that of the gland of a female pregnant for fifteen days was in
duced. As no marked changes could be induced in the glands 
of castrated female rats with whole pituitary implants, the re
sults produced in the glands of normal females in all probability 
were due to hormones secreted by the ovary as a result of the 
stimulation received from the pituitary implants. The luteiniz
ing effect of the pituitary on the ovary possibly results in the 
production of a corpus luteum hormone, which together with the 
estrus-producing hormone, produces lobule proliferation of the 
mammary gland. 

DISCUSSION 

Mammary gland development of animals differs from that of 
most other anatomical structures in that it is delayed until after 
most other organs have attained considerable development. 

In all mammals there is somewhat more or less parallel de
velopmental change of the mammary gland; however, some differ
ences may exist between different domestic and laboratory animals. 
A study of these differences together with a study of the effects 
of certain hormones or extracts on . the gland development in cas
trated animals of various species should indicate some of the pos
sible causes of the development of the mammary glands and the 
characteristic developmental changes. 

Limited gland development occurs before birth in the albino 
rat. This growth, which is much the same as in the rabbit at the 



38 MrssouRI AGRICULTURAL ExPERIMENT STATION 

Fig. 51.-Gland from a normal male rat 28 days of age. Used as a control for 
glands of Fig. 52, 53, and 54. Fig. 52.-Gland from a male castrated at 28 days of 
age followed by a treatment of <me rat unit of estrus-producing hormone for fiye 
days. X2~/o. Large, numerous end buds but no lobules a.re present. Compare with 
Fig. 51. Fig. 53.-Gland from a male castrated when 28 days of age followed. by a 
tt·eatment of one rat unit of estrus-pro.ducing hormone or ten days. X2'h. Cotupn.~e 
with Fig. 51. Fig. 54.-Cland· from a male castrated when 28 days of age followed 
by a tren.tment of one rat unit of estrus-producing hormone for 20 days. X2'h. 
Unusually g reat extension of ducts is present. Compa re with Fig. 30 to compare size 
of gland area and w.ith control. Fig. 51. 

Fig. 55.-G!and from a female castrated when 33 days of age followed by a 
treatment of one rat unit of estrus-producing hormone for ten days. X2',4. Compare 
lobules are present. Fig. 56.-Gland removed from a 95 day old nullipara female 
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before treatment as a co'lltrol on gland shown in Fig. 54. No lobules are present. 
Fig. 57.-Glan.d· removed after treatment with 10 rat units of estrus-producing llor · 

mone for 20 days. X2. Same individual from which control gland shown in Fig. 

53 was removed. Limited lobule proliferation is present. Fig. 58.-Gland from a 

castrated 30 day old female treate-d with five rat units of estrus-producing hormone 
plus 0.1 c.c. of the lipoid extract of sow's corpora lute:l for 5 days. X2'/:,. Lobules 

are present. Fig. 59.-Glan.d from a cas trated 44 day old male t reated far 5 days 

with 5 rat units of estrus-producing hormone plus 0.1 c.c. of the lipoid corpus luteum 

extract. X2'/o. Duct growth had been induced previou sly by injecting one rat unit 
of estrus-producing· hormone for ten da ys. A few lobules are present. 

Fig. GO.-Gland fmm a 33 day old castrated female receiving a rat pi t 
uitary implant clnily for six days. X2'/:,. Compare with Fig. 28. Fig. 61.
Gland from a. thirty day old normal female receiving nine rat pituitary im
plants. Dense lobule proliferation. .Fig. 62.-Gland· from a partially involuted 
female. Control on gland shown in Fig. 63. Fig. 63.-Gland from the same 
indivicl ual whose control gland is sbO"'vn in Fig. 6:l after receiving a ten day 

trentment of 0.2 c.c. of the alkaline extract of sheep's pituitarr. Involution 
has continned. 

time of birth, may possibly be accounted for as due to hormonal 
stimuli received from the maternal organism. From birth to 
puberty in the rat there is a continuous increase in duct develop
ment. During the fourth and fifth weeks of postnatal life and 
again during the tenth week the gland undergoes rapid growth. 
Myers offers an explanation of the cause of the increased growth 
at ten \veeks of age as due to the hormones associated with the 
attainment of puberty. However, no such explanation can be 
offered for the continuous duct growth from birth to puberty or the 
increased duct growth during the fourth and fifth weeks. 
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Small amounts of the estrus-producing hormone in castrated 
immature rats produced duct gro·wth in all respects similar to that 
produced in the normal rat from birth to puberty. If this hormone 
is the only cause of this characteristic duct development, then the 
estrus-producing hormone must be present in the immature normal 
rat in sufficient quantities to produce this duct growth. The 
fact that this duct growth occurs in immature males indicates 
that the ovary is not necessary for the elaboration of the hormone 
necessary for this growth. 

The growth characteristic of the gland of the virgin female 
may be due to hormones secreted by the ovaries during· recurring 
estrus cycles. The estrus-producing hormone and the hormone 
of the corpus luteum possibly cause the increased duct growth and 
limited lobule proliferation. HovYever, the effect of the corpus 
luteum of this period in the rat may be negligible because of the 
shortness of the estrus period, as is indica ted by a lack of inhibi
tory effect on ovarian function. This growth may be due entirely 
to the estrus-producing hormone as more marked lobule pro
liferation than that pt:esent in a virgin female has been produced 
experimentally by the administration of large doses of estrus
producing hormone. 

During normal pregnancy the beginning of the proliferation 
of lobules was observed in the gland of a female pregnant for ten 
days. By fifteen days marked proliferation is present and is then, 
as far as can be ascertained macroscopically, approximately as 
fully developed as the gland of a female at the time of parturition. 
In the rabbit, this gro\vth characteristic of pregnancy similar to 
that produced during pregnancy in the rat has been produced 
(Turner and Frank 1931) experimentally by the administration of 
the estrus-producing hormone with extracts of sows' corpora lutea. 
These extracts of sows' corpora lutea administered simultaneously 
\vith the estrus-producing hormone in the rat produced lobule pro· 
liferation, but not as great as that characteristic of advanced 
pregnancy. The corpus luteum extracts and the estrus-produc
ing hormone used in these experiments were the same as to source 
and methods of extraction as those used on the rabbit. However, 
new extractions of the corpora lutea were made at frequent in
tervals from a supply of corpora lutea in alcohol; and as some of 
the experiments with rats were run after the extract had been 
shown to be effective in producing complete pregnancy develop
ment in the rabbit, there is a possibility that the later extractions 
did not have as great a potency as the first extractions. How
ever, a castrate female treated with a small amount of the estrus
producing hormone (one and one-fourth rat units) plus the first 
extraction of the corpora lutea ·which \:vas effective in the rabbit, 
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produced no lobule proliferation in this individual. This result 
may have been due to the small amount of the estrus-producing 
hormone used, because in no experiment ·was significant lobule 
proliferation produced when less than two and one-half rat units 
of the estrus-producing hormone were used in conjunction with 
corpus luteum extracts. 

Apparently, fairly large amounts of the estrus-producing hor
mone are necessary in conjunction with the corpus luteum ex
tracts to produce marked lobule proliferation in the albino rat 
gland. That the reverse of this is true is indicated by recent \vork 
on the rabbit (unpublished). However, even when large doses 
of the estrus-producing hormone and the corpus lutemn extract 
were .administered, the lobule proliferation produced was not equal 
to that present in the gland of a rat in advanced pregnancy. The 
lobule proliferation produced by estrus-producing hormone plus 
the corpus luteum extract was greater than that produced by the 
administration of large amounts of the estrus-producing hormone 
alone. 

The administration of the corpus luteum extracts alone pro
duced no significant changes in the mammary glands of the rat. 

Evidently the potency of the corpus luteum extracts was 
insufficient to produce lobule proliferation characteristic of ad
vanced pregnancy, or the amounts of the estrus-producing hor
mone and the hormones of the corpus luteum extracts were not 
given in the proper proportions, or the corpus luteum extracts 
together with the estrus-producing hormone is not all that is re
quired to cause development of the mammary gland equal to that 
characteristic of advanced pregnancy in the albino rat. 

Probably shortly before parturition milk secretion is initiated 
in the mammary gland of the rat. In the experiments in which 
the estrus-producing hormone or corpus luteum extracts or a com
bination of these two, no evidence of milk secretion could be 
noticed in the glands. Evidently these hormones are not capable 
of initiating milk secretion. Also the administration of an alkaline 
extract of sheep's pituitary which has been shown to initiate milk 
secretion in the rabbit (Turner and Gardner 1931) did not produce 
this phenomenon when amounts of 0.2 c.c. daily for twenty days 
were used in the rats treated thus far. 

The marked lobule proliferation present in the mammary 
glands of mature male rats indicates that the hormone or hor
mones causing this growth may be produced by some organ 
other than the ovary in the female. The production of these hor
mones by some other organ in the rat might be an explanation 
of the lobule proliferation induced in the glands of castrated rats 
with large doses of the estrus-producing hormone; this is different 
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from the less proliferation obtained by administration of the es
trus-producing hormone in the rabbit. 

Pituitaries of castrate rats implanted daily £01· ten days did 
not show evidence of being capable of inducing this lobule pro
liferation in castrated animals. This gland development in the 
male undoubtedly requires a relatively long period of time as com
pared to the time required to produce full lobule development in 
the female during pregnancy. This lobule hormone in the male 
must, therefore, be slow in its action or liberated in very small 
amounts; ·while in the female during pregnancy, this hormone 
must be present in relatively large amounts or of great potency. 

Althoug-h the results of this study throw some light on the 
causes of the changes occurring in the mammary glands of the 
normal albino rat, many points remain to be investigated and the 
exact nature and source of the stimuli producing certain changes 
have yet to be determined. 

SUMMARY AND CONCLUSIONS 

1. .-\ study and rev iew of the developmental changes in the 
n ormal albino rat is presented. A lso a study of the effects of 
hormones and extracts which have been shown by other ·workers 
to be effective in producing certain changes in the mammary gland 
of the rabbit has been made to determine the nature of th e hor
mones causing the growth of the mammary gland in the albino rat. 

2. Small amounts of the estrus-producing hormone, when 
administered to castrate immature male and female rats, results 
in extension of the duct system similar to the growth occurring 
during the period from birth to puberty. 

3. \Vhen relatively large amounts of the estrus-producing 
hormone were administered, limited lobule proliferation r csulte<i.. 
This proliferation was somewhat greater than that characteristic 
of the mammary gland of v irgin adult female rats, but not nearly 
as great as that characteristic of the gland in advanced pregnancy. 

4. The administration of a lipoid extract or a water-soluble 
extract of sows' corpora lutea alone did not produce significant 
changes in the mammary gland of the albino rat. 

5. The simultaneous injection of estrus-producin o· hormone 
• b 

(five rat umts or m ore) and the lipoid or water-soluble extract of 
sows' corpora lutea produced lobule proliferation greater than that 
produced by the estrus-producing hormone alone; but in no case 
\Vas it as great as that present in the g land of a female in advanced 
pregnancy. 
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G. The study indicates that pr01_)er proportions of the estrus
producing hormone and the corpus luteum extract seem to be neces
sary for the production of extensive lobule proliferation.. Amounts 
of the estrus-producing hormone of tw·o and one-half units or less 
with corpus luteum extracts seem incapable of inducing lobule 
proliferation even when large amounts of the corpus luteum ex
tract are used. 

7. Implants of whole pituitaries of castrate rats for short 
periods of time at least seem to be incapable of producing sig
nificant changes in the mammary gland of castrated female rats. 

S. Thus far in the animals studied, the administration of an 
alkaline extract of sheep's pituitary, which was shown to be 
eJiective in initiating milk secretion in the rabbit, has produced no 
such result in the albino rat. 

!J. The presence of marked lobule proliferation in the mam
mary gland of the adult male rat may indicate that some organ 
other than the ovary is able to elaborate the lobule proliferation 
hormone. 
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