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INTRODUCTION

The mammary gland is an anatomical
structure common to all mammals, and is the
medium for the’nourishment of the young for a
varying period following intrauterine 1life. To
synchronize the development and function of the
mamnmary gland with ﬂhe development and birth of
the young requires a highidegree of coordination
beteween ovaries, uterus, pituitaery gland and
mammary gland, which will be the subject of this
paper.

Rach mammary gland in a woman is
composed of from 15 to 25 individual lobes rad-
iating from the memmary pepilla or nipple and
separated from each other by layers of connective
tissue and adipose tissue. Tach lobe is an ind-
ependent, compound, ﬁranched alveolar gland, hav-
ing a separate opening on the surface of the
ple‘by means of its excretory or lactiferous

11
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auct.

The secreting portions of the gland,

o

the alveoll, consist of a basement membrane,
layer of myo-epithelial cells, (which serve to
assoclate the mammary gland morphogenetically

with the sweat glends) and & layer of low col-
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umnar epithelial cells. These latter elements
secrete the complex product, milk, by diffusion

of the constituents from within the cell into the
lumen of the Alveolus, and, possibly, during strong
sucking the portion of the cell which projects

into the lumen may be broken off with its contain-
ed secretions; hence the gland is of the apocrine
tyoe.

The secreting alveoll pass over into
excretory ducts lined by cuboidsal or low columnar
epithelium, which unite with other ducts to form
larger ducts in which the epithelium is taller
and cylindrical, finally uniting to form the main
excretory or lactiferous duct, which is lined by
stratified epithelium and which in turn is re-
placed by stratified squemous epithelium at some
disﬁance from its opening on the nipple. Hech
lactiferous duct is provided with a dilitation,
the sinus 1actiferous, in the area beneath the
areols or pigmented circular area of skin surr-
ounding the nipple,

The primordium of the mammary gland
appears in the human embryo of 3mm. as a paired’

thickening of the epidermis, the milk line, ex-
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tending from the upper limdb bud to the inguinal
fold., OCnly a portion of each milk line in the
costal region continues to thicken to form a
pair of lens-shaped plates, which later become
hemisphericsl or club shaped thickenings pro-
jecting into the underlying dermés. These are
called mammary buds, and in other mammals a
& number of such buds mey form, or they may
develop at different points along the milk line.
The mammary buds give rise to a number of cell
columns from their lower surfece, which project
into the underlying connective tissue, znd later
vecome lactiferous ducts. In man there are 15 to
25 of these primary sprouts. These give rise to
gecondary sprduts or cell columns which are the
primordia of the excretory ducts. By enlongation
and branchings the complex duct system of the
gland 1s formed.

At birth the mammary gland is 3.5 to 2
mm. in diameter, and the lactiferous &ucts have
formed, with a few excretory duct branches. In

L

males there 1is a regression of the gland, and only
the rudimentary nipnile remains, with its surround-

ing areblaz. In females there is a slow evolution



of the duct svstem throushout childhood to
puberty, when the whole process is sypesded up,

41

the gland incresses in size due to the deposit-
ion of fat, the nipple increazses in size, and
the duct system becomes»oompléte.

There is no development of secretory
portions until the advent of pregnancy. Then
there is & rapid multislication of the epithel-
ium at the ends of the excretory ducts, and the
secretory alveoli or lobules are formed. This
is especilally repid diring the first half of
pregnancy, and is acconmpanied by a loss of fat
from the gland to make room for the secreting
elements. During the‘last half of pregnancy
nultiplication of the epithelial cells slows
down, and & secretion is formed in the alwveoll,
which ig colostrum. In the Tirst few deys after
delivery the colostrum is replaced by milk,
which continues to be secreted for the period
of suckling of the child. {42, 2)

In other animals the development of the
nMammary glaﬁd at birth, before snd at puberty

varies somewhat from species to species. TFor
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exemple, in the ferret there is no dvect develop-
ment even after puberty, while there mey be even
full lectetion in some marsupitals and possibly

2

the dog after oesitrus. A full di

w0

scussion of
these differences is given by Turner (2) and may

wéll account for a number of discrepancies in

the findin,e of the various investigsators to

be discussed later.
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THE HORLOWAL CONTROL OF LACTATION
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In the pest half century & gre at nany
investigators have directed their efforts toward
finding the explanation for the growth, develop-

ment and functioning of the mammary gland. Much

has been accomplished, but there is still much
left to be explained. Many discrepancies have

erisen beteween the findings of the various
laboratories, all of which cannot be explained on
the basis of specie differences, and thers is
much to be desired in the way of standerdization
of methods end materials in the vesrious centers
of experimentation. Practically all the exper-
imental work has of necessity bveen done on
laboratory animals, and the field of practical
applications is still uvnlimited.

Prior to 1295 phyvsliologists believed

™

eveloping

o

that the coordination beteween the
embryo and the mammery glsnds was due to direct
nervous counectin beteween the uterus and memm-

ary glands. As evidence of this was clted the
commonly observed contraction of the uterus follow-
ing stimulation of the ninples. (62, 2) In 1394

B3

Hirinoff (43) observed that following the complete

[%)]



severance of these nerves in nregnant animels the
gland would continue to develop and would secrete
milk after parturition. This was confirmed in 1896
by Goltz and Bwald (23) who completely removed .
the lumber cord from & bitch. She subseguenily
conceived, &nd gave birth to a litter of puppies
which she was able to suckle normally. Houth {57)
(1893) observed that complete paraplegia below

the level of the sixth dorsal vertebra did not
inhibit lactetion in mean.

in another way. Ribbert (53) (12972) was able to

transplent the mammary gland of e guinesz pig

pomd

into the skin of the ear. During a subseguent

pregnancy the glend enlarged &s ususgl, and

}..MJ
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ed following parturition. DPfister (52)
(1901) repested the éX@eriment on & rabbit.

On the other hand, it hed been shown
by }inaﬁer (34) and Halban (24) {1900) that
oophorectomy in young enimals would cetuse regress-
ion of the mammary glands, and they would not.attain
normal pubertal size. That this was not due to
the severance of nervous connections they demon-

strated by grafting the ovaries to the peritoneum



or intramuscularly. When this was done success-
furly the memmary glends attained their normel
pubertal growth.

2,

nerefore it has been generally accept-
£ o &

3

ed &8 true that the source of stimulation to the
mammery glend is hormonsl, due to a "chemical
messenger® (62) rathef then nervous. This is
true of the growth stimulus; as will be seen
later the lactation stimuwlus is held be some to
have & nervous factor in 1ts control. Subsequent
iﬁvestig§tions have been directed towsrd finding
. the nature and origin of the hormones responsible.
for mammery hyvertrophy and lactation.
Lane-Claypon and Starling (36) [1906)

7

ere the first to attempt by experimental means

5

to find the hormones recponsible for mammery
growth and lactation. They injected filtered aqu-
eous exbtracts of placents, fetuses, uterine tissue
end overies, as well as combinations of these into
female rabbi They did not castrate their
enimals, so the results they obtained wsre prob-
ably due to the rabbits own ovaries, and not the
weak extracts they used, especially since their

figures show only ¢ duct development, similar

e
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to that observed after reaching puberty. (18)

Frank and Unger (18) (1911) repeated the

experiments of Lane-Claypon end Sterling, also
with negetive results. Other investigetors in
this period who used aqueous extrects failed to
set conclusive results, at best only a slight
duct growth. It has since been shown that the
tissues they extracted do contain the oceztrus
producing hormone, bwut the amounts extracited iﬁ
acueous solutions are very small. Thie fact,
together with the fact that they failed to recog-
nize the necessity of removing the ovaries,
mede whet slight results they achieved value-
less, since it night easily have been a normal
oestrus growth. (2).

Following the report in 1912 by
Iscovesco (32) that lipoid extracts of the ovary,
corous luteum end placenta cause distinct.
changes in the female genitel tract and memmeary
glands, this liné of attack was taken up by
several investigators. Fellmer (21) (1913)
obteined duct system growth in nofmal an&
castrate male and female guinea pigs and rebbits.

Herrmann (29) (1913) (30) (1915) observed
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growth of the mammery glend in castrate and
normel female rabbits; Frank and Rosenbloom {19)
(1915} slight growth in castrate rabbits end radts.

It has since Dbeen shown that the success of these

o

men was due to their successful extraction of
the oestrus producing hormone. {2)
Since the effect of the ovaries on the

5

mammery glands had already been observed by

Xnauer (34) and Halben (24) it is only natursl
that these orgeans should be subjected to con=-
siderable study as to a possible relationship

st

s

to pregnancy development. The experiments ju
mentioned, with lipoid extracts of the ovaries
wes a stert, but the real impetus to this line
of research was gi?en by Allen and Moisy (1) (1923}
by the introduction o6f the rat test unit for,theb
oestrus stimulatipg hormone of the ovaries, and
the deternination of the tissues in which this
hormone is found in the greatest concentration.
This hormone has been named by various investig-
ators "oestrin® "theelin® and "menoformon®.

Harly in the investigations of the
effects of theelin it wes observed that one of

its effects is on the memmary glands. From that
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time to the present this effect hes been studied
by & great many men, only & few of whom will be
mentioned.

Hartuen, et el (28) (1926) produced
duct system growth in the oppossum by injections
of follicular and placental hormones {theelin).

4 1931

§

F...}

S
—~

Dedongh end Dingemanse |
injecting 200 units of menoformon per day into
male guinea plgs produced marked growth of the

memmary glands, and if the dose were suddsnly

reduced to 2 units a day the glands secreted

Turner, et al {66, 67, 63, 1930 & 1931)

using castrated immature male and female rabbits

and rats were able to produce only duct systen

.y

growth {pubertal development) by the injection of

e

the oestfogemic hormone, whether obtained from
the overy, placentsa, amnionic fluid or urine
of pregnancy. In 1932 they used crystalline
theelin and theelol (69) and produced signific-

ant duct growth but no lobule formetion in the

¥y glands of mele rabbits, castrated femsle

by
]
3
£
2]
e}

nd male mice, o difference was obsgerved

H
)
ot
W
o
3

beteween the effects of theelin and theelol.
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> mede similar find-

N

Bradbury (7) (123

-«

ings in the mouse. e found that the sexuelly
mature glend consisted only of galactophores
{@rimary duct system, and that injections of
theelin had no effect on this gland. A similer
duct growth could be brought about in castrate
immature meles and females, however, by the
injection of theelin.

From the above experiments it seems
clear that the initial development of the mammary
gland is under the énfluence of theelin. This
hormone, produced by the ovary, stimulates the
pubertal development of the duct system, which
may continue to_develop during each oestrus
cycle. Theelin secreted by the placenta nay
cause the initiel increase in the duct system
during pregnancy. This hormone seems to Dbe
ineffective in stimulating lobule formation in
most species, however. In the guinea pig apparent-
1y lobules may be formed by administering large
doses of theelin, for secretion'is obtained
when the dosage is reduced. {14} 1In other animals
&z 4 ight lobule may be noted et times. (2, 13)

1

But this slight lobule formetion does not begin to

12
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wmpare with the rapid hyverplassiea which occurs
dguring the first half of pregnancy, and therefore
an additional hormone has been sought which
would stimuvlate pregnency hyperplasisa.

It is only naturasl thst g0 prominent g
structure as the corpus luteum should be subjected
to some study. Starling (62,36) and Frank and
Unger (13) used aqueous extracts of this gland,
but as has been previously stated theilr extracts
were too weak to have any effect. Iscovesco (22}
end Fellner (21) were more successful with lipoid
extracts, but we have alresdy mentioned that they
extracted theelin from the gland, and not the
corpus luteum hormone.

The discoveryvin 1911 by Ancel &and
Bouin (3) of the condition of pseudopregnancy in
the rabbit gave the corpus luteum angle a fresh

impetus. The rabbit does not normelly ovulate

until copuletion occurs, hence corpors lutea are
not found except in the pregnant condition.

By mating does with vasectomized bucks they were
able to induce ovuletion and corpus luteum formst-
ion in the non-pregnant animal They found that

the corpus luteum persisted for about 15 days,-
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about half the curgtion of a normal pregnancy.
During this time the mermary glands underwent
rapid lobule hyperplasia, so they were convinced
that the cur»us luteunm is responﬁi&le for the
development of the memmary glends during the
first half of pregnancy. They ascribed the
development of the meammery glands during the
latter half of pregneney to the so-called '"myo-
metrial gland".(4) However, Yammond (26) (1917)
showed that this structure is not constant, being
found in only an occasional rabbit, and not at
all invother species. He also pointed out that
the corpus luteum persists throughout normal
pregnancy, and concluded that the development of
the mammary gland during the lstter half of

pregnancy 1s due to the same factor which causes

its development in the first half, namely the
gorpus luteum. |

In 1930 Corner (13) by using a highly
potent extract of o rpus luteum, (progestin)
was sble to carry pregnant does to full term which
had Dbeen deprived of their ovaries 182 hours
after conception, a proceedure which otherwise

results in sbortion. In these rabbits mammery

14
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growth and iactationyoccurred normally. He
reasoned that if the gorpus luteum of pregnancy
were responsible for memmery gland development, he
should be able to produce similer develépment

in épayed non-pregnant does by injections of
progestin. He made this test, but could produce
no changes in the gland.

However, these rabtbits were deprived
of oestrin, since they were spayed, and it had
been pointed out by Hissau (31} (1929) that the
corpus luteum does not exhibit its effects on
the symphysis pubis and endometrium without
the immediately previous action of oestrin. So
Corner used the method of Jares (37)(1930) to
subject the rabbit to the continued action of
both oestrin and progestin, namely, inducing
ovulation and new crops of corpora lutes at

of a few days by intravenous injections of 10

c.ec, 0of filtered unine of pregnent women. He
found that continued action of progestin ewen
when preceeded by the action of oestrin does not
induce proliferation or lactation in the mammary
gland.

Turner and Frank {67) (1931) found that

15



A

injections of progestin in immature male and
female aastrate rebbits produce no changes in the
memmary glands, even when nredeeded by inject-
ions of theelin. Realizing that duriﬁg pregnancy
a large amount of theelin is being secreted by the
placenta, they attempted to duplicate this by
injecting large doses of theelin in their rabbiis
simultaneously with their progestin injec}ions.

By this method they obtained a full develépment
equal to that during pregnancy.

Bradbury (7) (1932) made similar find-
ings in the mouse, He found that lutinization
of the ovaries by means of injections of pregnant
women's urine causes mammary hyperplasia, but
not ;f the ovaries are absent.

Selye, et al (58) (1937%) confirmed the
above findinges in the rat. They founc that
intense luteinization of the ovaries produced
by injections of pregnancy urine causes mammary
gland growth.

Nelson and Pfiffner, {45, 46) {1930,
1931) found marked hyperplasia in the glands of
immature male and female guines pigs and young

male rabbits which were injected with only a
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corpus luteum extract. Turner (2) has pointed
out, however, that their extracts probably contain-
gd oestrin as well as progestin.,

At this point it would secem that memmary

gland growth in most animals is caused by the

action of two hormones, oestrin initiating duct

Ty

system growth, and oestrin plus nrogestin causing
lobule formation. As we shall see later the
corpus luteum problem is not nesrly so easily
settled as that. |

50 far we have purposely avoilded the
problem of secretory activity , for it is in
connection with this function that the most im-
portant discoveries with regerd to the hormonal
control of lactation were made., Teane-Claypon and
Starling (36) concluded that the substance
which gives the growth stimulus to the mammary
glands inhibits thelr secretory activity by
direct action upon the secreting cells, for the
rezson that s cell cannot be both growing and
secreting at the same time. This view was held
by meny of the subsequ

Bvidence supporting this idesa, sside

from the clinicsl evidence that these early
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investigators based their ideas up
forth by DeJongh and Dingemanse (14) in their work
with guinea pigs previously mentioned. Tactation
was noted when the amount of oestirin injected

was suddenly reduced, just as occurs at partur-
ition fbllowing expulsion of the »nlacenta. |
Also, Selye et al (58) noted lactation in rats
following the removel of the ovaries which had
undergone intense luteinization under the influence
of pregnancy urine, and had been accompanied by
mannary gland growth. Hq Wevér, lactation did

not occur if the pituitary gland were shbsent,

and that could mean only one thing, that the
pituitary has some role in the hormonal control

of lactation.

In 1924 Avens (15) had shown that inject-
ions of an alkasline extract of the anterior lobe
of the bypo;hysis would cause persistence of pra=-
existing corpora lutea as well as causing inteﬁse
luteinization of CGraefian follicles without
ovulation. Using the method of Evans, Parkes
(51) in 1929 injected such an extract in pseudo-
Dregnant rabbits and was able to continue the

luteal phase beyond the usual 15 day period.
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In these animals he obtained a growth of the mamm-
ary glands egual to full term pregnancy, and
therefore decided that the corpus luteum was
responsible. 3But Corner(l3) using the method of

Jares

H
\

(22, that is, pregnency urine injections, -
couvld note no change in the mammary glands alth-
ough luteinigation of the ovaries was produce
equally as well as by fhe anterior hypophysis
extracts. e assumed that some other factor must

be present in the anterior hypophysis extracts

(0]
&)

¥

which was respomsible for the mammary gland
growth obtained by Parkes. He then injected spay-
ed virgin rabbits with alkaline extracts of the
anterior pituitary gland, and obtained beth hyper-
plasia and secretion in the memmary glends. His
rabbits were mature, but virginal, the mammary
glands having reached the pubertal state before
the injections.

Stricker and Grueter (64, 65) (1928 &
1929) had also been able to produce memmsry
hyperplasia and lactation in rabbits by the
injeétion of an agueous extract of the anterior
hypophysis. They obtained their results first

by injections in the latter part of pseudonreg-

19
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nancy. Later they removed the ovaries on the

3 3

tenth day of pseudopregnancy and were still
successful, indicating that the ovaries were
not responsible for thelr results. Still later

they learned that it was not even necessary that

th

[47]

animal be pseundopregnant, but it was only
necessary that the mammary glend be developed by
previous pseudopregnancy or pregnancy. They were
successful under these circumstsnces in producing
lactation in r=bbits, dogs, hogs, and cettle by
their anterior pltuitary extrescts. They could
not induce lactation in virgin rabbits. |

Shortly after Corner (13) had published
his work, Riddle (54) (2931) and his associates
who were studying the physiology of reproduction
in birds, found that some of the extracts of the
anterior pituitary which they were injecting to
determine their effect on the reproductive system
of pigeons, also caused an enlargement of the
crop glands. These are two dorso-lateral areas
in the crop of pigeons and doves of both sexes

1,

which normally caennot be differentiated from the

rest of the crop mucosa, but which undergo remark-

able hyperirophy at the end of the brooding period,

20
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and produce by secretion and desquamation of the
mucosa cells a substance called crop milk.

This 1s mixed with pertially digested food in
the crop and regurgiteted to feed the young.

This process is analogous to lactation in that

it represents a phase of reproduction conseguent

to ovuletion, occuring at = considerable time

afterward, =znd at the time of a2 new phase of

alimentation in the young.
Riddle (54) determined that this

growth occurred after orevious section of th
nerve supply, so0 it could not be conditioned by
nervous control. e was able to produce crop
glend growth by injections of anterior pituitary
ztracts, but not by pregnant urine. He was un-
able to determine whether it was eéﬁher of the two

known hormones of the anterior pituitary {growth,

sex maturity) which was responsible, or a third,

unknown hormone. e suggests that the crop gland

nse

H
]
[9]
Fo
[»]

o

night form a convenient means of standard-
Lt

he hormone responsible.

A veesr lster Riddle (55) was able to
3 (55

state that the hormone responsible for the crop

x

gland response is & sepsrate hormone, which would

a7 L

w



still produce this response when freed of the
growth and sex maturity frsctions. e gives the
method of making such a separation, and proooses

the neme"proleactin® for the hormone.

that male and female mature guinea pigs and meature

|

femzle rabbits would & respond to this hormone

[»]

.
S

by lactation; the meales

o)

fter previous treatment

with thselin and progestin. Tactation began 2 to 3

.

deys efter beginning the treztment in rabbits,

3 to 5 days in guinea pigs. The term snd quantity
of secretion were highly varisble. In all cases
(pigeons, guinea vigs, rabbits) the gonad-siinmulat-
ing principle and growth principle, when freed of

orolactin, failed to give any lectation or crop

1

cland response.

¢

In a subsequent publication (56) { 1933)

0]

Riddle gives very complete and extensive experiment-

gl data which shows that prolactin is a separate

&

hormone; that it is cepable of producing the crop

gland response in doves and pigeons and the lact-

ation response in guinea pigs, rabbits, rats,
t

4

onpossum and monkeys; thet the growth or gonad-
stimulating hormones are incapable of doing this;

that prolactin is effective in castrate and hypo-

22



LR

23

physectomized animals. He also gives detailed
directions for the preparation of prolactin and
its assay, using the crop gland response. In a

recent article (6) {1934) he has shown thest the

=

hormone prolactin is a protein substance, digest-
ed by trypsin.

All the investigators who have used
prolactin or similar preparations of the anterior
pituitery are agreed thet it does stimulate
lactation under the proper conditions. THere
the agreement stops. Some men have held that it
not only stimulates lactation, but it also promotes
gland growth (lobule formation). There is also

difference of opinion as to whether oestrin anly

W

is sufficient to prepare the gland for the action
of »nrolactin, or whether progestin also is need-
ad. Ee-will first consider the problem of:
prolactin and gland growth.

Thig difference of opinion came up in
the esrliest envestigations. It will be remember-
ed that Corner (13) found both hyperplasia and
secretion to result from prolsctin injections in

his rabbits, while Stricker and Grueter (64, 65)

were unsble to produce lactation in vifgln animels,



but only if the memmery glands had been previously
developed Dby pregnancy or pseudopregnancy.

Nelson (46) (1931) suggests that the
ovarian factors (oestrin and progestin) ere respon-
sible for the early growth of the mammary glands,
and that the profovnd growth during the latter
partoof pregnamcy is controlled by the anterior
pituitary.

Asdell (5) (1932) found that potent
lactogenic extracts are without effect in immature
rabbits. He produced full mammary development
in ovariectomized rabbits which were just mature.

Cetchpole et al (38) (1937) found that
the mammary glands of rabbits respond to the
lactation hormone by both duct and alveolar
growth, snd lectation.

Weichert (70) (1934) found that the
overiectomized rat does not respond to the lactogen~
ic hormone, but when the ovaries are present,
respond by both growth and lactation.

On the other hand, Riddle (56) {(1933)
states that "we have become fully convinced that
prolactin has not in the leazst favored the

growth and development of mammary tissue in the



individuals with which we have worked". (Guinea
pigs and rabbits.) |

The latter view is held by Turner and his
associates. Garner and Turner (22) (1933) could
produce no growth of the marmmary glends by pro-
lactin injections in young ovariectomized rabbits.
Turner (2) cites unpublished data by Garnef, in
which they not only failed to get duct growth in
immature glands, but also they failed to get
lobule formation where ducts only were present.
His explanation of the apparently positive results
of others is & logical one. He thinks that in
all cases where lactation is produced by inject-
ions of prolactin, lobules were already present,
and the apparent hyperplasie is only & distention
of the lobules by secretion. It has been shown

that in some mature animals a few lobules may be

)

resent. This would explain the onset of lact-
ation in such animels. In immature animals and
males lobules would not be found, and in these no
one has been able to produce lactation without
previous treetment with ovarian hormones. Iyons,

et 21 {37, 9,39y Nelson et al (45,46,47,48,249,50)

Bradbury (%) Asdell (5) Evens (17) .
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Some such explanation as given by
Turner is necesseary, for certainly in the normal
pregnant animal secretion and growth do not
occur simultaneously, but rether in seqguence.
Welson (50) has suggested that perhaps the anter-
ior lobe hormone acting together with the ovarian
hormones promotes growth, but lowering the
oestrin 1ével {removal of the placénta ) allows
the anterior lobe hormone to stimulats secretion.
This would apparently be refuted by the normal
development(but fazilure to lactate) of mammary
glands in hypyphysectomized pregnant animals.

Selye et al (59, 71)

In considering
before the mammary gland
lactate by the action of
considergble centroveréy

he corpus luteunm..

the preparation needed
can be stimulated to
prolactin, we find a

over the role played by

Corner (13) thought that the corpus

luteun is unnecessary, since he used spayed virgin

rabbits in which he thinks it highly unlikely that

corpora lutea ever existed. Stricker and Grueter

(64, 65)

i

sy 65} thought previous sensitization by the

corpus luteum 1s necessary, since they could not
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produce lactation in virginal rabbits. De Jongh

and Dingemanse (14) produced lactation by injections

4

of oestrin in male guinea pigs, so evidently

progestin is unnecessary in that animal. Nelson
(49) did the same, except that he followed the
oestrin injections with »rolactin in~order to
obtain lactation, instead of reducing the dosage
of oestrin. It would therefore seem that the
corpus luteum is not necessary in the guinea pig.
Catchpole and Iyons (8) found that no previous
éorpora lutea are necessary in rabbits, but

that lutein sensitization mekes them mores

eactive to prolactin. They s@ggest thatl the

ovaries which €o not show evidences of corpus
luteum formation do contain theca lutein cells
which normally go to make up the corvus luteum,

%

and think that these cells may be & fazetor in

o

prepvaring the gland. Asdell (5) found that the

-

e

corpus luteum is not necesssry for the lactation
response in the rabbit and state that a goat which
had never been in heat was made to lactate by
orolactin injections,

On the other hand, 3radbury (7) findé that
in the mouse the lactation hormone is not effective

h}

nas

4

heen produced by

S

unless alveoli formstion
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luteinizetion of the ovaries by means of pregnancy
urine. Also, ZEvans znd Simpson {(16) find that in
spayed mature virgin rats it is impossible to
produce mammary gland growth and secretion by means
of prolactin injections, even if progestin also is
given. Weichert et al (70) confirmed these find-
ings, but were zble to nroduce gland growth in
the absence of the ovaries by properly propor-
tioned injections of ovarian hormones (ocestrin
and orogestin) . They point out that this is =2
distinct species difference. That there is a
distinct species difference in the necessity
for the previous sensitization by »progestin is
also pointed out by Nelson [50) and Selye et al (71)
It would seem therefore, that prolactin
is the hormone secreted by the anterior hypophysis
which initistes lactation. It probébly does not
promote lobule formation. It is capaeble of zct-

land hzs had lobules

i

ing on a gland only if the
npreviously formed. There is aspecies difference
in the matter of lobule formation. Some znimals

may form lobules under the influence of theelin

4]

alone, others require the action of progestin zlso.

Probebly both hormones nlay e part in normsel

iy

pPregnancy.
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We have not a5 vet considered why
lactation occurs only at the termination of
pregnency, It seems to be quite generslly
zccepted that it is the antagonism of theelin
that prevents lactation. Nelson (5U) as well
s Smith and sSmith (81) were able to inhibit

L3

lactation by injections of theelin. ¢ Helson{50)
has shown also that it is the theelin secreted

by the placents which inhibits lectation. He

did this by castrating pregnsnt guines nigs znd
hgving them go to full term, only lactating after
parturition., Since mammsery gland growth occurred
normally there must have been a source of theelin.
Removal of the pregnant uterus did not cause
lactation, it the ovaries were left, but removal

of both resulted in lactetion. Removel of the
oregnant horn of the uterus and the ovaries leaving
the sterile horn resulted in lactation, therefore
some fzctor aside from the uterus was responsible.
Rémoval of thg foetuses and ovaries, lesving the
nlacenta did not result in leactation as 1qng a8

the placenta wes retained., Therefore the placents

must elaborate the theelin which inhibits lactation.

That retention of the placents will in-
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hibit lactation has been observed a number of

times. Halben (24) Smith and Smith (61) Stimson (63)

5

3l 3

ransplanted placentsl tissue will do the same,
es long as the grafts are active. TFrankl (20)

So then, lactation occurs st the termin-
ation of pregnancy because the oestfin or theelin
content of the bloocd falls, due to the.loss of
a source of this hormone, the placenta. 3But how
does the presence of oestrin inhibit mammery
activity? Nelson (50) believes it is by an action
on the enterior pituvitary, preventing the release
of érolactinq TWhen thes inhibitory factor is
removed, the anterior pituitery sgcretes prolactin.
This is shown by the fact that simultsneous inject-
ions of oestrin and prolactin result in lactation
in a properly prepared animal. On the other hand,
he thinks that large amounts of oestrin may act

directly on the memmary gland itself, for if

eith a corresponding dose of proleactin, no lact-

-

could he clarified considerably, as well as the
nroblem of the role of prolactin. on mammnary

development during »regnancy., by some mesne of




p,

Ao,

srolactin in the blood

Iy

determining the smount o

of & pregmant animal. The fact thaet mammery:

development may conitinue in an hypophysectomized

3
L
®

o

nant animal does not nscessarily preclude

nitultary being responsible

da

the possibility of the
in part, for there are fetzl nyponhyses which
might secrete prolactin,
Another puzzling finding is that of

Selyve et al {12, 71) who state that preguant,
hypoohysectonized rats and mice secrete milX for

few hours after porturition. Ve would be inclin-
ed to attrébute this to fetal hypophyseal hormones

circuleting in the Dblood of the mother,but they

elso find {(71) thet distention of the uterus

with parafiin prevents th secretion. They
postulate a nervous influencse on the hypophysis by

the nregnent {or distended; uterus, inhibiting the
release of prolactin. They ascribe the secretion
of milk for a few hours after parturition in their
hypoohysectomized animals to & functionsl stimulus
to the memmary gland by the uterus.

Another controversigl master is that of

sible nervous influence on the pituitary by

[4)]

= ]

4.

the act of suckling., It would ssem that the exper-




e

iments of Mirinoff (43), Ewald [23), Routh (57)

Ribbert a53} and Pfister {(52) previously mentioned

&

should be enough to disprove anv possibility

Ey

of a nervousg control.

Although Hammond (27) found that when the

teats of certain meammary glends of & rabbit
were occluded to prevent the young from suckling

the corresponding glands would undergo invelution,
aven when adjoining glands were in an active

-

tate of lactation; and Nelson (50) found exactly

O]

the same to be true, Selye et al (60, 71) found
exactly the opposit. They tied the galactophores

emained filled under the

Q
W
1]
l,...i
i3
2
jt
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ﬁ

stimulus of suckling. IHxcising the nipnle of
one gland and allowing the opposit gland to be
sucklid, they found that the gland which was not

suckled due to the shsence of a nipvle remsined

-

in active lactation. They take this to mesan
that the zct of suckling by means of a nervous
stimulus to the hypophysis causes the release of

nrolactin, which continues %to stimulate lactation

in the mammary gland that is not being suckled.

Evidently more work needs to be done to ctarify

this point Tt seems that it would be easy to
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settle this guestion by seeing how long a glsnd
could be kept secreting uvnder the influence of
nrolactin injections- but without being drained,
for the whole matter hinges about the question as
to whether mere distention of the glsnd by re-
tained secretions will result in its involution,
or whether the absence of prolactiin is necessary.
But that experiment cgnnot be satis-
factorglly carried out because of another puzzl-
ing finding, nemely that continued injections
of prolactin are ineffective in continuing
lactation, even when increasingly large smounts
are injected., Riddle (56) states "it seems,
though it is not proved, that initial light dosege
with prolactin develons in castrate female guines

pigs a mammery state in which the lactation

[10]

response is unusually difficult to obtain later
eith increased and adequate amounts of prolactin.”
Nelson (50) "We have never been able to maintain
lactation induced by pituitaﬁy extracts indefin-
ately even when increasing amounts were administer-
ed." Asdell {5) was able to prevent the normel
decline in milk production in goats for only a

short time by means of prolactin injections.
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Gvans {(17) made similar observations with gosats,
but found that after a lapse of 40 days was again
able to ihcrease the vield.

Bvidently prolactin injections induce
in the mammery gland a refractory state, which is
extremely difficult to explain, inasmuch as the
hypophysis has been shown to be necessary not
only for the initiation of lasctation but also
for its continuation. Collip et al (12) ©Selye
et al (59, 71)

A phase of the lactation problem which
has hardly been touched upon is the relationship
of the pancresas ﬁo the mammary glands. Markowitz
et al (40, 41) report three cases in which depan-
creatized bitches failed to show mammery growth
in pregnancy or lactation following partﬁrition;
and one case in which a depancreatized bitch
suckled two pups for a month following parturition.
Chaikoff et al (10, 11) report that five out of
six depancreatized bitches kept slive by special
diet and insulin failed to lactate when given

olactin in much larger asmounts than necessary to
produce lactation in normal animals. Also one

case in which a depancreatized bitch showed neither




growth nor secretory activity in the mammary glands
when she became pnregnant 3 months after pancreatect-
émy. These experiments seem to point to the
necessity of the pancreas for lactation. but

no further work has been done to »prove or disprove
this finding.

So far, only a few practical applications
have been made with the lactation stimulating
hormone. Catchpole et al (9) has produced lact-
ation in virgin heifers, Evans (17) has done the
same with virgin goats. Asdell (5) was able to
prevent the normal decline of milk production
in goats for a short time.

The only work that has been done on

3
/

.

human subjects was by Xurzook et al (35

\

series of 37 maternity cases, most of which

ot

showed an insdequate milk supply on the Bth,

or 6th. day after pesrturition, and in the clinical
opinion of the obstetrical staff would not im-
prove in their supply, were given 50 to 200 units
of prolactin made as described by Riddle {(56) in
si ngle or repeated doses. Most of the cases
showed a gain of from 50 to 400 gm. of milk per

dey. The failures were easily accounted for on the
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besis of insufficient breast tissue; injections
given too soon following delivery; or subjects
which were already producing the maximum smount.
The provisional dosszge a8 shown by their findings
is 150 units followed by 100 units in from 12 to

24 hours.




CONCIUSIONS
The mammery glend develops its duct
system under the influence of the female sex
hormone, theelin or oestrin. A part of this

development may be accomplished before or during

“puberty. In some animals slight lobule formation

may occur also as the result of oestrin stimulation
at or following puberty. The com@letion of the
duct system, and the lobule formation during preg-
nancy is due to increzsed amounts of oestrin
secreted by the placenta, and also in some animals
supplemented by the secretion of progestin

from the corpus luteum. Prolactin, the hormone
secreted by the anterior pituitary which is
necessary for the initiation and continuation of
lactation, 1is prevented from forming or prevented
from acting by the oestrin, but on removing the
vlacenta the oestrin level of the blood falls, and
lactation occurs, to continue for a vaeriable
length of time 1f the breast is emptied, but stops
if'it is not, either because the distention

gcauses involutioa or because the lack of stim-
ulation of the nippnles fails to stimulate reflexly

the release of prolactin.
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Injectioﬁs of prolactin cause a re-
fractory state to be created in the gland against
the action of prolactin.

| The pancreas may be necessary for the

development and functioning of the mammary gland.
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