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PREFACE

This paper is the first report of three years study on
the mammry glend end its shengess During the first year and
ono~half the immediste problem was not umdertaken. The ret
oolony was being developed and & complete study of the normal
amatomy from birth through prognsney and lactetion en through
to invelution was made, The experimental work presented in
this paper was done during the peet one and ome-half years,

This work would not have been possible exocept for the
very able guidence and ocowmsel of Irs Frank R, Merne, under
vhom I hove had the great plessurs of working for the past
four years. I om also indebbed to Dr, Merme for his very
learned eritioiem and corresction of this paper, te Polly laird,
the seoretury of this deparitment, for her wery kind spd careful
stenographic agsistanas, to the teohmicians of this department
for their eareful techmisel work and to Mr, Cherles Nerrie of
the photogrephy departmont for his excellent end careful photo-

nierographs.



INTRODUCT ION

The abnormal hyperplasias of the mammery gland, both
lobulur end eystie, have held the interest of Cliniciens and
Pathologiste for meny years: In the humen breast the ohenges
produced by the menstrucl oyels, pregnency, laetetiem, nermal and
ebnormel invelutien cnd progmsai‘&a oumnul: tive changes, have
resulted In such veriegated ctmormalities that mﬁy confusing
terms huve beem applied, such ag: Chronie Cystie Mastitis,

Benipgn Cystle Disease, Sonile Parenchymatous Hypertrophy
(Bloodgood ), Schimmelbuseh®s Disease, Fibroadencmabosis Cystiea
{(Semb) and Cystiphorous Desqumative Epithelial Hyperplasia
{Cheatle snd Cubler). Many of these terme indicate an
inflemmtory process, bubt we knovw thet meny leusocyles sre
normally present in the funetioning memmary gland. Therefore
many of these conditions must Le different steges in the normnl
or abmormel chenges saused by & hormome or hormomes. The
physiology of the normal development, lucbation and involubiom

of the mammary glend hes been quite well aatmbiiamé by previous
investigators, At the samo time little investigetiom hos been
carried out on the abnormul funotlon or puthologionl phyvioclogy
of the memmary gland. Very little is mowm about the owmulative
changes caused by the reourring ostrus oyelee in normel animals,
Yothing is Imown ebonut the chenges oecurring in the mammary
gland of an animal with an imbalanced or peorly functioning
endoorine system. We lmow wery little sbout the changes oceurring
in the memmary gland during and ufter the menopeuse. Why do some

glands atrovhy completely while others bepin em snorm:l type of
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hyperplasia? Why does the alveolar system respond im an abnormel
manner in the presense of o primery overien hypofunotion? Thy does
an hyperfunction of the ovarian tissve esuse & oystic condition im
the mammry gland? Are these respomses entirely dus to the oonw
cerned hormones of the pitultary glend end owary or to some other
unlmovn facvor? Do some of these bemign types of breast hypere
plasias beocome malignant as Cheatle snd Cutler (1931) sey or is

its relation to malignamey purely indicental es lewis end
Deschiokber (1924) maintain? Those constitute some of the inquiries
that as yet swait s solution. It was with some of these im mind
thet the present study wae undertaken,

The litersture sbounds with iselated studles and om-
siderations of ebnormel snmatomieal and fumetiemel changes observed
in tho study of humn breastz. Since however, most of these
consgist of obserwations besed upon the breasts removed nt surgery
or autepsy, the pethologist can mly interpret the alterstioms
that are then static while the whole process is dymamie, scourate
conclusions eennot be drewn. Beonuse of the lagk of sontrel
factors in o study of the funotionnl end pathologicel sbnormalities
in the hwman breast, the investigetor must preeeed to the study
of the breasts of enimals under proper control as %o age, diet,
general health, breeding und the estrus eyeles Accordingly the
Albino rat was selected because of the size and number of Lreasts,
shiort estrus eycle, easy control of generstions end the short life
cyele. "

In order to fully understand the basie changee in the
treast of Albine rats altered by experimental conditions it geems
edviseble te review the litersture dealin; with the normal enstomy

end physiclogy of the mammery gland,
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Netural Charscter end labitat of the Albino Rat in Breeding and Nursing.

In the Albino rat (Mus Norvegious albinus) there is consider-
able varistion in the age at which they beoome sexually mature.
Greenmen end Dukripg (1923) resord ome instance where s femule
sagt e lltter at B7 daye of age and ancther inetmance as sarly ss
6 days of eges Long and Evans (1922) cbserved thet in twe rate
the average time for the opening of the vagine is om the 72nd dey
of 1life, and the average time for the first ovulation 1z on the
T7th day of lifes To obbein en average number of pups in n
litter the mating should be delayed until both sexes are about
110 %0 120 days of agee From 110 days teo 350 daye of age the
fomale Albino ret is In her most vigorous reproductive peried,
that is, censidering twt she is not sllowed to mate wnbil 110
doys of ages After 350 days of age when she has inaﬂ birth to
5 or ¢ litters, the reproductive fumetion deolines rapidly umtil
the female 18 about 450 days of age when breeding conses.

&g the estrus syole ocours about every § days im the rab,

e successful mating usually takes plnee 3 or 4 daye after capging
the pair together. The comtinucus breeding of ome male and one
female, being the most suceessfules It is inadvisable to romove
the mule from the cage when the femmle beoumes prepnant or after
her litter ies born. He will not destroy the yoump if comditioms
are normels A& the femule ovulutes soon after parturitien, the
presence of the mele accelerates the proocess of reproduction,

The period of gestation is about 22 days, with elipht variastions.
Aoaording to the exp rience of Greemman and Duhing (1923) the
gostation period le nol nrolonged by the presenece of a suckling

litter when proper nutritional end hypienic conditions are
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meintained a4t a high leovels

It is nevcssery o remove ome litter from the cage just
before the sueceediny litter is born, as the older 1itter would
eontinue to nurse while the newbern 1itter would stend 1ittle
chanee of gellting proper nourishment, The Albine ret femsle,
1ike mny other memmels, ests the plasenta. There ie exverimental
evidenoe by Hommett (1018) that plecenta fod te & lactating
mother stimulates the prowth of nursing young.

In eontinuous breeding with one femvle end ome male im eamch
cage, o 1li%ter wy be expested about every £6 days during the
firet 4 or 6 months of Lreeding sotivity.

The number of young im a litter varies preatly. Under
favorable conditions the average may reach 7 or 8§ or even mors.
Greemman end Durhing (1923) reeord a litter of 18, Their average
number of pups in Lirst litters was 9.97 and im the Pifth 1itters

the average number was e



8.
The Nermal Development of the Memmary Gland im the Albine Rat,.

Memmery streak snd line = Henneberg (1900) found the first
indiestion of the mammery streak in an eleven-duy-old embrye in
the form of & few large cuboidel oells st the border of the trunk
or bedy somes The atx*éai: or line extends from the shoulder regiom
sauded o the inguimel reglom. It graduelly forms & twe eell
loyered streak in the thirteen~duy-old embryos The finel
differentiation of the memmary streak is eslled the mammary lines
In the fourteen-day-old embryos the inguinal enlagen reach this
stages The glend anlogen fram the milk stresk in the pestoral
rogion. In the 14} to 16~day-6ld embryos the inguinel snlagen
rouch thls stages The gland snlegen in 16i=day old embryos heve
moved vontrad and attained 2 definite positiom. A% this time the
milk streak has diesppeared,

Mameury bud stages ~ Myers (1917) described the mammary bud
stage in a 18-~day 9 howr rat embryo as & smll, visible eminence
asgocinted with each developing glend erea, The spheroidal mess
of opithelial cells forming the glend énlage is surrounded by the
basement membrane of the Malpighisn layer. This mese of sells is
attached to the epidermis by & short, eonstrieted necks The
ingulnal glands at this stage are slightly behind the others in
their development.

Primeyy sprout ~ The boglmming of the primery sprout in en
~ 18«day=old female is deseribed by Myers (1917). At the time the
primary sprout begins to develop & marmmary pit appears an the
surface of the skin over esch develeping pglend srea. In eross
seotion the Malpighlan luyer is depressed to form a shallew,

funnel~shaped outline. The mouth of the fummel is directoed towmrds
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the surface and the cullet extends inte the corium snd becomes
gonbinucus with the enlage of the primery sprout, Ome orimery
sprout grows from the proximel emd of the bude The superfieial
portion of the gland snluge is undergeing weeuolization, corni-
ficatlion and desquamationy thus forming the vit superfieial to
the vrimary sprout.

The primary sprout of the first thoracloe gland anlege is
direeted cephalad; the seeomd inguinal primery sprout is &ireoted'
enudads The free edpe of euch glund anluge is direeted Lo the
ares whieh the future gland will oooupy. In the male, at this
stage, there is an eminence marking the location of the rland
externally instead of the mammery pits A&lso, the primry duet
of the male showe more marked expansion at its frec end then that
of the female,.

Secondary sprout dovelopment during fetal 1life - The
earliegt appearance of seeondary sprouting was observed in one
of the abdominal glsnds of en 18-dayw=old femals, but normally
secondery sprouting was observed enly im 19~day-old fetuses. Ad
this time seocondary ducts ure present im ell glends and most of
the secondary ducts have tertisry sprouts. In the male of this
age there is comsiderable varlation, im some glends the orimery
sprouts are terminel, in others tertisry sprouts are terminal,

Development of the nipple during fetal 1ife « The first
differentistion destined to pive rise to the future nipple eppears
a8 an eminence im the hilleock stage in & 16-day-old fetue. In
the 18-daywold female fetus n sheath which eneireles the fubure
nipple area is pregent. This sheath inveginctes sround the
niprle area; tho ecells become cornified snd graduslly slough

off, thus forming & eiroulsr pit sround the eentral nipple arem.
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This is oallod the epithelial hoed by Myers. it 20 days the
anlage of the epithelisl hood hes grown deeper inte the eorium
and ie enorocaching upom the bBels subeubanes. Cornified oells
pooupy the spaee bebtween the immer amd ouber surfeces of the hoods
in the 20~day~old fetus there is no indisation of an epitheliel
hoeds

Canaligetion of the sprouts:= MNyers (1917) noted thet in
the thoracie and abdominal glands of en 18-dey-old female fetus
there was present & slight indiestion of » lumen in one of the
duetes There is s wriatlom in the time of camelization, for
some 20-dey-old fatuses still have sproute which chow no trece of
& lumen. The conalizatiom of the terminal duots has proveded
further than in the other duots. At 19 days the lumina in the
male glands are further developed than im the fewale pleonds.
Canelization takes place ag = vesult of irreguler, sentrally
loozted ocells being separated from emch other, thus producing
an indefinite lumen .

Up to the time of birth (20 deys) mo lebules have developed;
neither have the masees of fat which are so congpisuous in the
postnntel stages. The sephelie glands are further developed than
thoge more saudally loeated. The femule gland aress are wvery
conspioucus at 20 days, but in the male there are no external
irdicatione of the mammary glends.

General nuture and srrangement of the glands:» Normelly
there ere six pairs of pglands im the Albine rat, although
Hemneberg (1900), Frank end Unger (1911} end Donaldson {(1924)
obaerved thet the number varies in s few cases from 10 %o 14,

Myors (1015) observed omly one supernmmerary pland in en exemination
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L2 7 Drawn from n cleared preparation (internal view) of an albino rat vox
werk old (weight 8.5 grams! to show distribution end relations of ducts of b{*
abulmanl gland (4); left first inguinal gland (#); and left second inguinal glari
o () %5 A.n., stdominal nipple; .n.1. 1.x.2, 181 and 2d inguinal nipples: ;1
Z primarsy duct; «.d.. sccondary duet; t.d., tertiary duct: tr.d.. terminal duct ¢
o end-bud ¢ enllateral durt.

% S as figure 7. but from an albino rat two weeks old sweight 135 grame

X B
Yy N ax hgure T hat frm an albing rat threr weeks old (weight 30 grave

x5

Drawn from a cleared preparation of a two wecks' albino rat (internal
view) to show the general arrangement of the nipples and the branching of the

mammary ducts. X 4. T.n.l, Tn.g T3 1st, 2d and 3d thoracic nipples;
A.n.1, abdominal nipple; I.n.1. I.n.2. 1st and 2d inguinal nipples.

From Lyers.



of 100 rots, Sehioekele (1899) observed 11 teate in ¢.68 ner sent
of the rats observed; 12 teats in BO per sent of the animalsy and
13 teats in 15,35 per cent of the animals. Donsldson reports that
Statsenburg has noted cases where only 6 of the 12 nipnles were
prosent. He hos been nble to carry a deficlency through four
generations, The defeet is im the system rather them im a
partleular palr or group of glands. In this omse the deficiency
wag most commonly represented Dy the absence of the upper pestoral
glands. Of the six pairs of normal glands there are three pairs
of thoracic plands, one puir of abdominal glands, snd two pair

of inguinal glendse. The glands are located so the® two Veshaped
areas are formed. The three pairs of thorscie glends form a V
with the point dirested cephalad, the two most snterior pair lying
nearey each other than the last pair of this groups The abdominal
pelir and the two inmguinel peirs aleo form & ¥ with the point
directed eaudad, the most omuded of the inguinel plends lying
searer the medien line than the most anteriorly loosted abdominel
glands,

Myers showed the ponersl leocation of the plends end their
direction snd extension from the nipple (Fipure),

The duets of ull glands exeept the last pair of inguimal
glands sredireoctod on the side of the nipple away from the wedien
line.

Development from birth to pubertyi= The neried from birth
(avoraging 21.8 deys after cenception) wnbil the time of first
ovulation (averaging 77 days - Long end Evans 1922) is oharecterized
by an sxtension and jnerease im duet growth,

Developnent of the dquete:~ In the newborm the pland eres

in the female is evidenced by s lighter celored area {(Myers 1015),
£ Wi



Lettering for figures 14 to 17 as follows: ep.in., epithelial ingrowth of the hip-
ples hof. hair follicle; Ld.. luctiferous (primaryy duct; m., musele; n.a., nipple
arens x, suleus al hase of nipple. .

14 Drawn from a seetion through the nipple area of the second inguinal gland
of u newborn alhine rat. X 67.

15 Drawn from a seetion through the nipple area of the second inguinal gland
of an ulbino rat one week ald. X 07,

16 From n section through the nipple area of the second inguinal gland of an
albino rat two weeks old. % 67,

17 From a seetion through the nipple of the seeond inguinal gland of an albin:.
rat nine weeks old % 67,

From llyers.



Thore are no external indiecations of the memmsry glend in the
miles The duets lie im o single plane at this stape excopt where
there are obsbructions es in the last inguimel gland where the
duets have grown in three or four planes, each of which are
parallel to the surfsece. The secondery duets are more extensive
than the primery dusts emd bresk up inte tertiary dusts, These
tertilary duets ot birth hwve ome to three terminel branches. The
ends of most terminel bremches have s smell, bud-like emlerpement
whieh was once thought to be & true slveolus, but this was later
found %o be incorrect,

Myere observed that there was consideratle veristiom in the
sige of the glande in the seme rats, and even between glands of
the same palr. Alse thers is variation between different rate of
the same age and weight,

Ag the age advanees to 10 weeks there is sn increase inm the
nunber and length of duets, the period from the £ifth weelk o the
ninth and tenth weeks is characterized by inereased gro-th of the
glandss During the fifth week the duets ineresse rapidly in
length end meny new branches sre formed from the distel duebs.
The growth of the sbdominal and inguinal pairs overlap om each side.
However, s wide 1ﬂﬁar1n1‘sti31 exists between the first and second
thoracis gland om ench side. The memmary glands of the mele at
five weeks have failed to keep pace with the rapidly developing
glands of the femsle et this agee

From the fifth to the ninth and tenth weeks of postnatel
1ife the female glands graduslly, bub slowly, ineresse in siz-.
it olght weeks the duets of the different glands have so ovor-
lapped thaet four glend messes are spparent. The abdominel end

first end sesond pairs of inguinsl glands form & continuous mass



Internal view of o wat mods! recvastracted fron the bft e npaes
@and uf 4 pewbomn albiso rat ¥ 40,

Internal view of 2 wax model reconstructed from the left second tho-
e gland of a newborn albine rat. X 40. a4, anastomosis; ¢, collateral duct;
A epithelial ingrowth of nipple; e.b., end-bud: I.p., lateral process; p.d.. pri-
"oluet, e, secondary duet: ¢, tertinry duet: ir.d.. terminal duct.

- .'“;'m-dewd B (bt etas] [ Ve it »
" 21} “ 1} '3
o o tewturn ltare par IS Iaternul vies of n wax model reeonstraeted from the bft sceond -

sl gland of o seslorn alhino rat, & M.

From Myers.



174

on esch side in the caudal regiom, while the three thorsele glands
form » rmss om emch side im the anberior reogion.

During the ninth snd tenth wesks there is s tromendous
inerease in gland development. The first thoracio pair come to
moet and overlap im the midiine and the last imgulnal peir, both
cephalad and caudad to the vaginms, meet inm the midlime. Imanition
reterds growth and results in stunted growth even when the rats
ere brought bask to normal.

The male at this age (MWyers 1017) has muoh less extensive
growth,

Wipple development:= At birth the epithelial hood is
sontinuous around the nipple (Myers 1916). During the sesond week
after birth rapid development of the nivple tekes plece and utb
thie time resembles & true nipple. Up to the nine-week stage
studied there is = slow inerease in the sise of the nipplo.

Rein {1881) states that in o throe weeks old white ret the tead
is surrounded om all sides by an indentation of the skin. The
edges of the groove have sbout two-thirds the heisht of the teate
In the mele no nipples were observed at any age studieds However,
Sehickele (1808) fouwnd in one young male, twelve aip?la anlagen,

Canalization of the sproutsie At birth o small irreguler
glit=1like lumen is present im the primery sprout (Myers 191¢),
which disappears in the intradermel epidermal portion. The lumen
of the primery sprout is combtinuous with the lwiem of the
seoondary sprouts. The lumen opens om the surfase of the nipple
et two weels of age. There is a pradusl insresse in the size of
the lumen up to ten wee's of epe. No true alvesli were found
up to ten weelks of age by Myers.

Development during reourring estrus oyslee:~ A study by



10 Drawn from a cleared preparation (internal view) of an albino rar fou

weeks old (weight 53 grams) to show distribution and relationa of ducts of lef:

abdominal gland (A); left first inguinal gland (B), and left second inguinal gland

il X . A.n., abdominal nippie; [.n.1, {.n.8, 18t and 2d inguinal nipples
p ., primary duct; s.d., secondary duet; t.d., tertiary duct; tr.d., terminal duct
¢ ., end-bud; L, lymph-node. .

11 Same as figure 10, but from an albino rat five weeks old (weight 54 gram~
X 5.

12 Drawn from a eleared preparation anteenal view) of an albing Tat apyey
werks obd weight 75 grams to ahow distribution anid relations of ducts of het

Abdeminal ghand, first igmal gland. awed second ingmnal gland - 5 e
edemnnal mpple £ oo 007w 20 18t and 20 mgmnal wmipples, 1. Ivmph-niode
prromery ducts oof Csevambary alaet o d rerniary doet e eollateral dges s

LER R TR I I T P PR T B I |
PEoSamee s tigare 12 bt from an allano eat e weeks ofd Wrighs ja

Zrae

Free vors



1%,

Sutter (1921) shows thet there is & relation between the eppearsnce
of the mammary gland and the stage of estrus. During proestrum
the mammary troe exhibites lemg, elonder brenches which huve a few
almost nukes Cwigs projeeting from thems During estrum the small
buds, or mempary twigs, have sprouted out te varying degrecs ond
new omes have nppeared: The branshes end twige are covered with
wmerocws projeeting buds. By the time owulation has oscurred end
young eorpere luten have boen formed, further evidense of inereasing
oomplaxity of the seoondary branches ean be sesn. lour the nexb
proestrum stage regression coocurss

Doveloprment during preguency:~ Development during pre mnaney
is eharacterized by the formation of lobules and o tremendous
inorease in the amount of glendulsr tissue, The nipples have
inoressed in size and reach thelir maximum length by the thirteenth
day of pregmamey (Roberts 1921)s This inorease in lenmgth is
asggooiated with complete degemeration of the epithelial hoods
The beginning of lobule formatiom is present in the glend of o
fomnle pregnant tem daye. FEHoberts deseribes the alveoll in the
thirteenth day pregnant ret as spherleals These slveoli greduslly
inorease in sleze up %o the time of parturition, He oconcludes that
from the fact that there is an sbsmnce of gell divieion end no
inersase in number of cells about the alveoll the gland hes
resched its maximum growth so far ss the number of cells s
songerned by the thirteenth day of prognamey. Westherford (1929)
who has made & eybtelopieal study of the mummary glend of the ret,
sonfirme this and states that in the latter half of ;‘:re,;;mnsj/
eellular proliferstien is rather reres The growth of the gland
from the thirteemth day is due %o the inata&sa in the size of

sapillaries and inorease in the sisze of the alwveoli. In the latter



Portion of transverse ~eetion of the mammary gland of a rat (M 3.2
in the fifteenth day of lactation.  Neetion 5 p thick; paraffin section stained with
cresyl violet. X 720, The acini are widely distended with seeretion. Se. in
which are suspended fat-droplets. D. of various sizes. The evtoplasm, (", of the
cells contains deeply staining granules and secretory granules. The nuelei are
spherical and contain clumps of chromatin, The connective-tissue stroma. ~.
1= reduced to fine septa. Neveral mast cells, M, are shown. 'p designates
several blood corpuseles in a small eapillary. Figure 2 and 6 are of similar stages.
but from different rats. :

Portion of transverse seetion of the mammary gland of a rat (M 11.1
three days after weaning.  Paraffin seetion 5 g thick. stained with cresyl violet.
X 720. Definite signs of atrophy are evidenced hy the presence of larger fat-
droplets. Fd. and irregular and pyenotie nuclei. Py, A colostrum corpusele,
(‘0. ix shown in one of the alveoli.  The evtoplasm is more irregularly vacuolated
and stains less deeply.  Figure 3 is a low-power view of a similar stage.

Portion of transverse section of the mammary gland of a rat (M 14.1
eight days after weuning. Puraffin section 5 u thick, stained with eresyl viol
X 720. Remains of collapsed alveoli, (", 4., filled with degenerated. vacuola:
eytoplasm. Pyenotic nuclei., Py, are quite numerous. The fat-cells, F.:
have replaced the glandular parenchyma. A mast cell, ), is present. Figure 5
is the corresponding low-power view.

Portion of transverse section of the mammary gland of a rat
M 19.1 twenty-cight days after weaning. Paraffin section 5 u thick, stained
with cresyl violet. @ 720. Of the parenchyma there remains onlv ducts, I
composed chiefly of elosely packed, deeply staining cells in a syneytial mass
evtoplasm. A few atrophic celle, with pyenotic nuclei, Py, are found in the
neighhorhood of the duets.  The fat cells, F.C., of the stroma have almost entirel
replaced the parenchyma.  Figure 1 corresponds well to a low-power view

section at thie stage ‘e
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helf of prognency there is an inereese in size of the lumen of
the alveolus end inoromse im %he size of the cells of the clveolus
up bo tho time of zmr%mi‘tim. A% the eighteenth dey of prognancy
the sapilleries supplying the blood to the alveoli besomo gre-tly
dilated and oxtromely so at twenty days,

Yacuolisation of the eyteplasm of the nlveolar sells, which
1s indieative of sesraebory aetivity, insereuses from the thirtoenth
doy of pregnaney and believed by Roberts to be at 1ts height ot
the nineteenth day of pregmancy. There is some secrotion inm
the duste and lunina of the gland during pregnaney and an
abundant sesretion is evident from the nineteenth day up Yo
delivery,

In the pseudo~preognant rat the cmnéitioﬁ of tho mammary
gland et the end of the pseudo-preymant peried 1s similar to thet
of & pregnant enimal ot the corresponding peried of presmancy
(Turner 1932),

Changes during lastation snd ‘nvelution:» The mueroseople
sopoot of the mammary gland thruout lastation remsins umchenged
end is the same as abt the end of prognency (Meader 1922), Glanduler
parenchyms in the form of closely paoked lobules is in great pree
ponderanse during lectation. The duets are distended und the
alveoll are filled with seeretion. The bloed vesssls snd
eapilliaries are grently dilsteds

Kuramiteu and Loeb (1921) state that twelvs hours after
parburition the alweoli are not usually distonded nor huve the
opithellal sells reached thoir full size. Seeretion is mot fully
established until seven daye after parturitione

Sure (1030) observed that there is little milk flow during

the first 24 hours of lectatien, bub that the young imvarisbly
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Adcinus from the gland of a rat eighteen days and molve haurs preg-
ant. Cxtoplsm much more vacuolated than in Figure 197, N oseeretinn -,
NI nwuddenr () debris; Se sevretion being extruded from eell  Zenker's fix ttion,
Cren D violet staing 6 mnerons. X 760

=Aeinus fram the gland of a rat nineteen davs pregnant.  Serretion mass
with 1t vacuoles, Poseen in lamen.  This seeretion shows chareteristic arrunecment
of chromatim in nueleus, N A well defined mueleolus, Ns, is shown.  Zenher's fixation
Cresylvioler skain 6 microns. X 750,

Drnwing (low power) of a section of one of the abdominal mammary
glands of w rat cighteen days and twelve hours pregonant.  Panniculus carnosus muscle
not shown BV, blood vessel; AT, adipose tissue; D, duet; DN, duct sheath: L.,
lolmle 1A, interalveolar connevtive tissue; A, alveolus, Zenker's fixation; Mallory's
ronuertive tissue stain: 5 microns.

Seetion through duct und neighboring acini.  Rat fifteen days pregnant.
Maast eells wnd the repid thinning of the fibrous shoath of the duct are shown, as this
=heath passes around the Inbule nt 1,8, AL, basal layer of duct epithelium: L. lumen of
duet A mmast cell; M7, mast cell hefween two alveoli; IL, inner layer of duct epithelium,
Noovwamhzition shown at this stage. L4, lumen of alveolus; AC, vacuolated
thentar oy toplasm, £77¢ cellular elem: of ronnective tissue. Zenker ~ fixation:
L Pomdet <tan. b mierons
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gein eignificantly om the scoond dey of lactation, end thet
ovcomglonally by the end of the third day and wvery of'ten by the end
of the fourth day of lactatien, the litters will e much as doubls
their initial welght,

Bo marked invelution of the glund waes cbserved by Meader
(1822) to ocour wntil the eighth day efter weaning, when the
stirome once more oxccods the serenchyme im smoumt, At the ninth
day the appearance of the gland epproaches that of the adult
virgin, Three months after weuning the gland is eppurently similaer
in structure to thet of the virgiml resting gland. The disappearsnce
of the elveoll ls ecoomplished by simple atrophy of the eells with
ghrinlege in the sise of the ocelle and of the elveolis Alveeld
in various stages of invelution may persist for several monthe
eftor laotetion, but chenges due to theestrus cycle (sorpore lutes)
must be kept in mind,

Kuremitsu end Loob observed the first sign of decided retro=
grension in the rat five weeks sfter porturition. Each lobule
sonsists c»f‘ & much reduced number of slveoli which have & mmaller
Iumem then formeriyes

That there is sn scowmulation of milk up to the forty-eipght
hour siage afber weaning was noted by Myers (1921), At the end
of five days Tollowing weaning, the messes of glandular tissue
have deorensed to logs then half theiy gice at the farﬁ;,maighi:
hour stage. A%t the end of two or three weels the glends very
closely simulete those of the ndult virgin enimels |

The Inhibltion of estrus during luetation:= In the rat
ovuletion ooeuwrs shortly affber parturition. The ocorpora lubea
forming afber this ovulation have beem ealled the eorpors lutes

of lastation. These corpora have been shown to 4iffer to some



extent from the corpore of evulstiom, pseude=pregnancy, und
pregpancy (Long and Bvens 1922),

Loeb and Kuremiteu {1821) snd Long end Evens {1922) noted
the inhibition of esirus by leotation in the ret in the progence
of corpora lutes of lactatione Within o short time after the
removal of the younp ohanges appear in the eorpore, However, the
esuse of estrus cannol wgein operate as quiekly after u pericd of
leetetion, 'nd especinlly the luotation of e large litter as it
cap wnder the normal conditions chersoteriszed by the usual

gsusoesgione of ovulution,
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REVIEW OF THE LITERATURE

‘fhe Effect of Hormones on the Memmpry Glands of Animsls.

Effect of the lestrus-producing Hermone on the Mammary Gland.

The first to apply expeorimentel metheds to the study eof
hormonal effeets on the growth of the memmery glend were lane~Claypen
snd Sterlimg (1906). They injeoted mqueous extracts of plecentsme,
ovaries und fetuses as weoll es combinations of these tissues into
normal virgin female rebbite. It is probably that their extracte
hud 1ittle effeet as the figures from the glands of thege experimental
animals show the prowth of the duet system similar te that observed

after reaching puberty. Foa (1908) Biedle snd Kom

o
g

ston (1010},
Aschmer end Gregorin (1911), Frank end Unger (1911), Schisckele (1012)
and Ascher (1913) ell performed similer experimentel work, but all
neglested 4o use cestrated animales so 1% is quite poselble thet the
development of tho mesmmary gland in meny oases weg simply the normel
sotrus growth. Following this other investigators began to study the
effeot of difforomt extrasts on both castrate snd normel animels.
Iseovesco (1912) wme the first %o report that lipoid extraste
of the ewary, corpers lutes, and plucentae, when injeeted into
mature, isclated snd therefore not oyelienl rabbits, prodused mirked
hyperplasia and conpgestion of the uberus and vulwe, as well ag the
hrm%s; In 1918 Fellmer, using an ether-alcohol-csetone mothod of
extracting the corpors lutes and plecents, wes successful in produeing
growih of the duet system of oastrate and normal male and female ruines
pigs ond rebbits. However, milk seoretion was not obtained. !ermann
(1913-1918) reported prowth of themsmmary glends in both eastrate

end normrl virgin femsle rebbits with lipoid extraets. Similerly,
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Frenk and Rosenbleem (1916) observed slight growth of the glend of
sagtrate rabbite and rabts with placental lipold extracts. The chanres
noted by the ebove investigators were undoubbedly due %o the sstruse
producing hormone.

Later Allen and Dolsey (1923) introduced the rat unit test of
the estrus-producing hormone snd alse debermined the tissues in whish
this hormone wes present in greatest concentrstion. While determining
the astion of the ovarian fél1ieular'hormonﬁ, Allem ot al (1924)
observed that during srtifiecinlly induced sexuanl oycles concomitent
changes eceurred in the mammary glands. By repested injeetions of
liguor feilleuli frem cow's owaries, Vintemberger (1925) produsced an
extended growth of the duets of the mammery gland in nermsl wirgin
femnle rabblts ae wali.aa ip young cestrate meles and femules, JHe
states that Teu-Zong-Yung (1924) hed produced mammary gland growth
in three memth ¢1d rebbits (Lumeture) with eight injeetions of
liguor felllouli over s peried of 20 deyss Allen {1927) determined
the e"fect of the estrus~producing hormone of the ovary and placents
on the prowth of the memmary gland of the momkeye The left mammery
glend of & spayed monkey wes removed as & sontrol. The duets of
this pland were amall and shrumiren, exhibiting enly & few smnll
alveolls The right glond wes removed ol the end of = series of
‘injections of the estrus-produeing hormone, The whole smomt showed
merked growth end brenching of the ducts with some jnoresse in the
number of alveoli. lagueur, Dedongh, and Tousk (1927) repert an
inerease in the size of the mammery glands of rade, both males ond
Permles, with subouteneous and intreperitoneal injeebione of meno~
formon (estrus-produoing hormene). Contrel smimsls showed much less
gland growth. The injeeted enlmnls were not castrates

Subsequent teo this & number of other similer investigtions
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were made by Chempy end Keller (1927), Haterius (1928), Loeb end
Kountz (1928), lagueur, Berehurdh, Dirgemense and Dedeagh (1928)
and Steinach, Dahrn, Schaller, Hohlueg and Foure (1928) all report
extenslve growth of the mammary gland of male and femele cuinea
pirs, both normal and sastrate, following injeetions of the estrus~
producing hormene, Turner and Frenk (1930) found thet a daily
injoetion of 20 rat units of the estrus-producing hormome for 30
days into mele custrate rabbite und femnles castrated previous teo
puberty, produced a growth in the duet sysbtem of the glands egual
to that produced during continued estrus in the normal female,
Continuing thege studies in the albine ret, Turner and Schultzoe
(1931) found that smell enounts (1 rat mit) of the @é%?uawhormmﬂe,
sdministered to sastrate Lomature mele und fewale rete, resulied
in extension of the duot system sinilar to the growth ocscurring
during the period from birth to puberty. When reletively large
smounts (5 to 18 rat wnits) of the extract were administered,
limited 19b§3¢ proliferation resulted, Thie proliferetion was
greater then thet foumd in the normal edult virgin ret tut less then
thet found in =dvensed prognunecys

From the experimontal evidense reperted above it appears that
the initial growth of the mammary pland aamplax, ineluding the
teut and duet eystem, is sbimul.ted by the estrus-sroducing hormones
f@rmﬁé in the ewvery ct the approach of and during puberty. The
continued stimulotiom of the glands by these hormones eventually
osuses, In meture virgin animels, the growth of an extensive duet
system with slight lobule formation in some svecies {Turmer 1932),
The ostrus-producing hormones (theelin end theelel, Dolsey) sre
ineffective in producing growth of lobules inm the mouse, slightly

effective In the rebbit and rat end greatly effeetive in the puinen

?i{-’;:
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Whiile slew eeinar snd lobuls growth appears to be induced,
in some =nimals, by large swmommis of the esbrus-producing hormones
injected over long periods, the rapid und extensive hyperplusia of
the lobules of the memmary glind which oecurs during the first helf
of pregnaney is balieved by Turner (1927) to require an edditiomal

stimulue.

Corpus Lutes and Development of Mammery Glende.

The theory of the fumctional relatlom between the sorpora
lubea of pregnancy snd the growth of the memmery plund during the
first half of pregneney or pseude~pregnancy in rabbite was advanced
by Anvel and Bowen (1911), und Hommond and Marshall (1914); in the
mersuplel Dasywrus by O'Donoghue (1912), snd in the guinea pig by
Loob and Hesselberg (1917). During pregnaney or pseudo-pregmency
with the presence of active corpora lutea ir the owery, rapid
lobule hyperplesis always followed. Loeb und Hesselberg (1917)
prepared an agueous exbtract of dry bevine lutein, in order to
determine the possible prosence of a hormene causing the prolifer-
ation of the wammary plund of & gulnes pig. It was found that the
extracht prodused no chunges in the wemmery pland im snimele in
which the sorpors lutea had beem romoved. Bercan, Champy and
Keller (1927) injeoted 1ipoid exirects of the eorpus luteum which
were belleved to have phyesiologiesl cetlions differing from theelin.
However, 1ittle or ne sffect was observed in the glunds of puinea
plgs following the sdministration of euch extroots,

Extrects of the corpus lubeum have been prevered by Corner
and Allon {1929) (ealled "progestin"); Hisaw, Fevold snd Mevers
{1930) (ealled “"corporin”); and ethers, which were found to

produce chonges in the uberus similar te those during eerly pregnancys
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Corner (1930) in o series of experiments im whieh "progestin” was
injected into spaysd é&bbiﬁs coneluded thut the corpus lutewm

seting vlone in the absence of preneney does nobt induce oroliferation
or lactatiom of the mammery glands. Turmer end Pronk (1931) and Tuwrner
and Schults (1931) sonfirmed the above findings of Corner., In centrest
to these results Nelson and PPiffuer (1930-31) reported the produetion
of mariced hypertrophy of the glunds and nipples of immature male and
female castrate guines pige with deily injeetions of & 1ipodd exﬁf&sﬁ
of sowts caryéra luten (Beiiavaa to be practionlly free of theelin).
Turner end Prank (1981) by giving simultenecus injestions of the
estrus=producing hormone and "progestin” foumd thet the mmmry

glonde of mele ensbrate rabbits (both duots smd lobules) developed

in & manmer similsr %o the normsl development during the first

half of presmaney. However, even with injeetions fer 30 days,
laotetion was not produced. IDxtending the experimente to slbino

rat, Turner and Schultze (19351) determined the effeet of the
eimultaneous injection of the estruseproducing hormeme snd lutein
extracts, using lmature sastrate msles end fem:les in which only

the duocts were present. They observed that the edministration of
theelin In sufficient amownts with either "progestin® or "cornorin®
weg capable of producing further duet growth snd lobule formatioms

The estrus-producing hormome in smounte of 2.5 reu. or less, plus
"eorporin™ in amounts up to 0,6 se. scemed inecepable of producing

vay vieible change in the gland. Bubt when lerger amounis of the
estrus~producing hormone (6 rsu.) repleced the smaller emounts,
proliferation of the lobules resulied even whern the smoumt of
"eorporin® remnined constent. The differences in the response of

the corpora lutos extracts reported by Corner end Turner and

zssonintes, In oomparisem with those reported by Helson and
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Plifiner, are difficuld %o hermonize unlese it is assumed that the

lutein extraoct used by the latber conbained theelin,

Relatiom of Anterior Pitultery to Lactstion and Hermery Development.

The initisl demonstratiom of the exisbenoce of o ronad-stimulating
hormone or hormones in the asnberior lebe of the hypophysis by Zemdek
and Ascheim (1927) end Smith and Engle (1927) led to the assumption
of en indireet pltuitary mammary wlf:néi relutionship. Thut is, the
mommary glunds might be affected by the ovaries, which ere stimuleted
by the gonadestimuleting prineiples of the pituiterys. Parkes (1929)
observed complete marmary growth end e slight lsotation in a rabbit
injeeted with an anterior pituitery extraoct for the purpoese of
meinteining funetional corpors lutea in the owvarles for o peried
egual to normel pregneney. Stricker and Crfiter (1928 =nd 1929)
first reported the direet lactatlem sbimulating effm%: of anterior
pitultary extrects. Pemale rebbite were ovarectomized on the tenth
duy of pseude-pregnency snd lactabion was initisted fellowine the
edninistration of the pituitary extrects. A similer thourh sonowhatd
delayed response waeg obtained in rabbits whose memmery glunde hed
undergone comaiderable invelution. lagtubtiorn was not induced in
immuture femsle rebbite, Grfiter (1928) mentioned thet meried
ovarian stimulation wes observed in twe normal, 6 to O weels old
rabbite, fellowling four or five deily injections of anberior
pltuitary extract, During the time of injectiem no changes were
ohserved to ooour in the mammery glands. OGrfiter therefore sonclinded
that the memmary plands must be &t least partlally developed undor
the influence of the corpors lubes before the luotetiem stimuliting

effect of the pituitery could bo observed, Cormer (1830) however
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obteined laotution in mabure oweriecctomized wirgin femule rabbits
following pituitary extrect trestment, Two of the rebbits which he
used hed been isnclated at 4 monbthe of ape und he concluded were
undoubtedly virgine. Contrel mammary pglands removed «t the bepirning
of the pericd of Injestion showed but slight develomment, while
glands remeved af'Ser an aﬁ%emusé,yerind of pltultery extragt troatment
showed o development comperable %o the conditien observed during late
pregranoys It was thus concluded that mammmry hyperplesie zs well

as seoretory nativity was initinted by the pitultary extraets, These
extroots were found to combein no appresicble smounts of theelin or
progestin.

Similar extreots Lo those used by Corner, were used also by
Asdell (1931) who used speyed virgin femsle rabbite which were
brought into full memmary development with laetation. He slso found
that the extracts would noet produsce memmary development in the
Immature male or female rabbit. It was therefors coneluded thetd
gome ﬁsmsitizﬁmg substense, presumably other than corpus luteum
wes roquired before the extract was active in stimul:ting memmary
development and loobabions

aber Turner end Gardner (1931) using meture, non~leotating
ovaricotomized femele rabblits were able Lo bring them into full
mermary aetivity by deily injections of pitultary extraots for
periode up to ten days. They were successful even in rabbite hevimg
glonds considerably Inveluted, Qﬁservatia&a mede on whole mownte
of such oontrol snd experimentel plonds led them te conclude thet
growth of the gland wes not produced by the extract injestioms
but that they stimulated into activity the ulresdy existing
sesrebory epitheliume

Nelson vnd PPiffer (19351) observed milk sesretion in rebbits



following the adminilstretion of pitulbary extreets when the
injeotions were made Tollowing & previocus trentment with the corpus
juteum extracts. Normal fomale rabbits responded similarly.
Exemination of the ovaries of these trested unim:ls showed large
mesees of lubein tissues Young normel snd castrete mele rabbite,
whoee glends had been developed by owerien hormone tres‘ments,
were aotiveted so that mllk ocould be expressed from the teats,
Hormal and ocastreted males whose glande hed nobt been previously
developed did mot respond teo the pituitary extraot. They concluded
that ovarisn hormones were eccential for the initiel develomment

of the marmary glends bubt thut the profound rrowth of the glend
during pregnancy was due to enberior lobe hormones or & substence
physiologlenlly similers This conclusiom wag further supported

by the nom-effect of nitultary extroets om the glends of immature
rabbite as reported by Turner, Cerdner and Sehultze (1932),

In view of the galastopnoetic mature of the setive material
of the pitultery extracts the term “"galaetin®” has been npplied to
it (Tzzmér and Gerdner 1932). Calaetin appears %o oxist in the
extraots of the pitulbery independently of the growth and gonsd-
stimuloting hormones. Further obserwiion on the reletien of
pliuitary hormone %o breast mtgﬁ.ﬂy wore made by Riddle, Pates
and Dyleshorn (1932 and 1932a) who cbserved that o sheep pituitary
pxtract capable of initisting erop-glund setivity in doves mnd
pigeons was oapable of initlating leotutiom in the rebbit, These
extracbs were lneffestive in producing memmary hypernlasia.

Thelr lectation~stimulating metorial hes been ealled prolactin.

Lagt:tion has alee been initleted in yoump virgin mb’mte
by Catehpole and Lyems (1953). They stebe that these virgin

femule rabbits possess wmeture mammery glends but no milk,



Gordner end Turner (1953) do not sgres em this point and stete
thet completely grown glands showing both duct and lobule prow=
liferstion have never been observed inm virgin female rabbite.
Catchpole wnd Lyens {1953) likewise report obtaining laot-tiom
in male robbite with pltultery extbraet fellewing o "sencitisation®

of the mammery glends with corporin.

Anterior Pituitery Sex Hormene and Relation to Mammmry Glend.

Memmary glend hyperplesis was observed in edult virgin
rate by Bvans and Simpson (1929) after e month of daily sub-
suteneous Injections of anm slkeline extraet of the pituitary,
rich in growthestimuleting hermine and eemparetively posr in
goncd=gtimuleting hormones More repid memmery hyperplesis took
ploce following the sdministration of goned-stimuleting hormone
from bovine or rat pituitary implents or Prom plegente or
pregnancy urine extrects, The mammery plends of dmemeture snimale
responded rapidly bte pomsd~stinulating implonte or exbructs (Pvens
ond Simpsen 1929),

Brene and Simpsen (1931) reported further observations om
the rat, They state thet growth of the manmery tree was caused
by rat and bovine pitultary implants, aguoous aold extracts of
placenta, and by aleohol rresipitate of the urine of pregnancy.
The letber two produete were practicslly free from felliculin
and growth hormone. Males snd cpayed femmles falled to respond
Yo injeetions of ellmline pitultary extracte and pituitery
implanta. To determine the e&éiy influence of the corpus luboum

of pregnency, groups of rets were bred and them gpayed from 18



hours to three and one-hal! deys efter copulation. BRat hypophysos
were then implanted om slternate days followed by autopsy st 10
days. Memmmry duots clone were present, showing further the
necessity of the cwary. Turner and Sehulbse (18351) likewise
cbserved the absence of uny effect of rituitery luplonts or
extrasts on memmery glends of mele sand of castrate fomsle rets.
Bubt the mammary glends of normal immature femsles developed
rapidly when pituitary fmplunts were administersd. However,
leotetion resulted when the implents were conbinued over e longer
period or when simultaneous imjectiens of sorporin, theclin end
gelaotin were pivon (Schults and Turner 1935). This wme nob
concurred in by Nelsen und PPiffner (1081) whe found thet implante
of pituiteries were followed by no changes im tho memmery londs
of castrate snimals though nmormsl animls respended repidly. = Bub
they found that testrate rats given simulteneous bresbment with
corpus luteum end pibultery extract developed fully m ture and
funpbional glands. They comcluded that "in the rat some overian
Paotor must aet sgymerpistically with the anterior lobe hormone

in order teo induce extensive mammary plund growth",

Selye, Cellip and Themson (1973) found that complete mormery
growth could be produced by the trestment of normal rets with an
extract of pregmeney urine. "hile lectation, howewver, resulted
only following the removal of the owuries. In a second paper the
seme writers report thet hypophysectomy of precnant rats did not
prevent the omset of lastation following purturitiem, bub
lactation was foumd to persist for enly & very short time in these
animsls. Hypophysestomy performed during lsetation resulted in
imrediate cessution of seoreting aectivity.

The development of the mammary plands of mice was observed
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following the injeotion of gomad-stimuleting hormones (Bradbury
1952}« The injection of the gomadwetimulating substanse of
pragrancy urine was not followed by se rapid o develomment of the
glends o8 was ohserved fellewing pituitary sdministration though
the overies contalined abundent luteln tlssues Pitullary extracte
ware observed to induse the formation of alvecli snd lactetiem
following ovarieetomy providing the glende were sufficiently
develeped at the time of cperatiem. In the mouse hysterectomy as

early us the eleventh duy of pregnancy was followed by lucbation.
Pgeudo-pregnaney and ite Relation te the Memmary Gland.

Severzl lnvestizators have found that o conditien of peeudo=
pregnancy may be provoked in the sponbanecusly ovulating rat or
mouse aﬁ:er sopuleting with o vaseetomized male (Long =nd Tyons
1922, Wong, 1923; Slemsker, 1989; Paries, 1929). The stimulus of
copulation causes s prolongatiem of the 1ife of the sorpora lutea
in the ovuries, the next cestrus period being deferrod eleven beo
fifteen dsyce The phonomens resembling %:ﬁose of sarly pregneney
that manifest themselves dwring pseudo-pregnency are, s vrolonged
levecoytiec vaginel emear, muleifieation of the wapinal epithelium,
redustlion in spontaneoue activity, and some mammery gland development.

Thet nechenieal simulation of the servical ¢ansls of rets
will provoke the pseudo-pregnant conditiom wes chowm by Long end
Ewans {1922), while Sheleenyak (1581a) demomstrated that oven a
higher pereontage of positive pseudo-pregmencios resulted from
elsetrieal stimulation of the cervieal cumals. Myers, Leonerd
and Hisaw (1929) showed that a nervous meshanism is In some way

invelved, for mechanlosl stimuletion of the corvieal cansls of
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rats under genersl or local ansesthesin was usually not followed
by pseudo-pregnaney. Friedmen {1929) working with rabbits found
thet any nervous mechanism invelved did mot act direetly on the
overies for he obbained ovulation and sul mequent corpus luteum
formation in prafts after colbtuss Just what mechanism is here
involved hee not ag vet bren demmmstrated bubt Lhe interpretation
of most Investigators hee beoem thet the anterior lobe of the
pltuitery is in some woy nervously stimulated to ineressed

aotiom with e resultin. elaborationm of the hormone or hormones
which bring about the fellicular stimulating and luteimising
astien of the ovary (Fee end Parks, 1929; Desnesly, Fee ond Parks,
1930; Smith and Whive, 1931)s Since Loeb (1207) first deseribed
the decidunl reactiom whereby ﬁr&umatizatiﬁ@ of the uterine mucosa
at certain perieds resulted in growth of deelduszl cells mowm ns
vlasentomata, the dependense of the presence of fumctionzl GOrPOre
luten hes been clearly demonstrated by numerous investigetors
(Prenk, 1911; Corner and Warrem, 1919; Leng and Tvans, 1922;

Tell, 1926; Brouls, 1928; Welohert, 1928; Goldstein and Tatelbaum,
1929; Parkes, 1929; Courrier, 1930; Nelsom snd Pfiffner, 1930;
Shelesnynk, 1931, e,b; 1933 2,b). In the rat, pleocentomata eannot
be produced during normelly resurring ocstrus eyecles (Lome and

Bvans 1922; Welcher, 1928).
Psendo-pregnancy snd Hyperthyroidism in Relatiom to Mammary Gland,

Weichert and Boyd (1933) were able to produsce typieal
pseudo~pregnancy with funebtienslly notive corpore lutes in femle
rats fod with desicated thyroid. The pseude-prernancies cceurring

in eveory case in which experimental hyperthyroidism wes induced
b d ¥
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were sponteneous and nol ctused by mechunical stimulation of the
servical ocanmals when taling the deily wsgirel smears. The fact
that some of the experimentel snimals hud one or sometimes two
normal ayclas intervene belwsen two pseude-pregnant periods
indieates that some hormomal action ruther then a mechanieal
stimulus was responsible for this pseudo-pregnant condition.

| It hes been sugrested (Welehert, 1930) that the hyperthyroid
condition stimuletes the anberior lobe of the pituitery body te
elaberste its hormones. The gamiamgmd gcostation neriod of
pregoent hyverthyroid rate (Welchert, 1930) end their iﬁabllity
in mogt eases to deliver, is guile comparable to the conditiom
reported by Teil (192¢) and BAmeur and Dtimour (1083) 4n
pregnant rats glven injectioms of anterior lobe extraets.

Evans and Simpson (1930) and VanHorn (1931) found thet in
rets fod thyroid, the pitulitery eontent of poned stimulating
hormone was inerewsed. The hypophysie of thyroidectemized femnle
rats gave less of o gonad stimuletion when clven as fmplonbs
than did pibtuitaries of normel littermate sisters (Fyvuns and
Simpsem, 1930). However, Smith and Engle (1930) and VenMorn (1931)
raport no deoresse in po-‘mncybi‘ the pltultary afber myr’gideetmy
in reta,

It is elso possible 50 explain this hyperthyrelid phonomens
by excluding the snterior lobe of the plbuitery plends It has
boen shown by Reiss and Pereny (1928) and confirmed by Van Horn
(1951, 1933) that thyroid feeding raises the thresheld responee
of cuglrate rabs to injested ocestrin. Furthermors Van Horn has
surgested that in the hyperthyroid snimal the failure of the

minimal effective dose of cesbtrim te set om the vegine and also the
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inorease in potency of the anterior leobe of the hyperthyroid
enimal esn be exvlsined by o physiolopieal eastratiem that ocsours,
due to the eliminstion of ocestrim under the iﬂefeased motabolisn
resulting from thyroid feeding. Leonard, Hisaw and Fevold (1932)
have demenstrated that the effeot of either the gorpug iuteum
hormone or oestrus hormone in & castreted animel depends om thelir
relative soncentrations in the blood stresm. Weichert (1933
suggests thet the heightened metabolism ineident to thyroid
feeding mway lower the vestrin concemtration to sueh o degree that
the Tunction of the ceorpore luten may be expresseds

The work of Smith and Enmgle (1927) and Zondek and Aschein

{1927, 1928) which demenstrate most lueidly the sammoity of fre

b
anterior pitultary transplents to evoke precooious meturity in
immature rets ond mice showed that the hyporhysis has the power
to stimulete the ovaries to elaborate thelir hormones. Tngle
(1929) ond Evens and Simpeon (1929a) found thet remeval of the
gonads feaulﬁs in a greater sex-stimulating ocapseity of the
hypophysis which ineresses in weight after eastratiem. This wae
2loo confirmed Ly Peohers (1906) and Batal (1913).

Heyer, Leonsrd, Hisaw and Martin (1930) injeeted normel
female rats with oestrin for 30 te 70 daye and found that their
hypephyses had to 2 considerable degree lost their power te
stimulate the gonads of lmmaturs female rate as compared te
normel controls, The same investigetors (1832) obteined similer
results when injestions of cestrin were piven te eastrated feomales.
Smith snd Bngle (1929) reported thet the enberior pltuitery glends
of the gulnea pigs during the cestrus peried were wesker in gonade

stimulating power than in the diocestrus period, Moore and Price
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(1952) in & series of experimente inm which both male and femsle

rats were injeoted with oestrin and testiculer hormones, alone and

in combiretien, as well e in oombination with gonudatrepie hypophysesl
hormemes, have demonstrated s gonad-hypophysis interrelatiomship.

Tthey maintein thet gonads function emly when they are foreibly
stimulated by ecertein seoretions thet ere normslly provided by
hypophyseal setivity. 7The eetividy of the hypophysis, on the other
hand, is to some extent conitrolled by gomadel seer-tioms, for

when these gonsd hormones are present in effective amounts,

hypophyseal aetivity iz lowered.

The work of Weichert end Boyd (19:3) im produeing typleal
peeundewpregneney in hyperthyroeid rats may ales be int
the light of these researches: The rapid eliminetion of cestrin
under eonditioms of experimentel h‘ypeﬂhymmim, if thie indeed
be the ease, should result in the removel of the inhibiting
a¢tion om the hypephysiss This would result in the eluberstion
of the hypophyseel hormones 4o an inereased extent and csuse the’
formation of the lerge corpors lutes which suppress ovulatiom and
vestrus up Yo & eeritein point and whiech are of such importance in
eveking the deoidual response in the uterus treumetiged during
psende~pregnancy. Thus hyperthyroidism probebly results in &
stimuletion of the pituitery gland bubt its effeet is indirect,
working through eestrin eliminstiom rather than direotly om the
hypophysls as has been previously suggesteds

That the growih hormome of the hypephyels is likewige
suppressed by the injestion of cestrin hes been shown by Speneer,
Gustavson and D¥imowr (1951) who noted & sigmificant retardatien

of the growth eurve of yomp mele and femsle rats injested with



40,

cestrin. Wade snd Doisey (1981) noted = redustion im the growth
imorement in young mele rats given erystalline theelin and theelole
If' the gonadotropic and growth hormomes of the hypophysis are
suppressed by sn over-abundence of ocestrin, it is nod inoconceiwable
that "galectin®, the so-salled lsetatiem-inducing hormone of the
pitultery glend, might slso be suppressed ns has been sur-ested

by Nelsem (1932).

Riddle, Bntes and Dykshorn (1993) have shown that thyroid
hypertrophy fellowing pitultary edministratiem is a speeifie
response to the goned-stimuleting hormone or to another pituitery
subgsbance having similer solubilities. The work of Greep (1938)

indieates that thyroid hyperplesis 4
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luteinlzing principle of the hypophysis or by another substance
elosely aseociated with it in proparabion.

Welchert and Boyd (1934) fesding 0.6 gme of dessionted
thyrold dailly %o pregmant rete found thet some stimuletion wes
cbserved on the fifth day of pregnency and an extraordinery
inorense of mammry tlssue oseurs bebween the seventh and ninth
dayse They found that the fat cells had been almost enbirely
obliterated, in the nine-doy sbage, und that a great mmber of
lobules had foumd slso that wacuolizetion of the alveolli had
already begun and in some the lumine of the slveoll have ineressed
in slges Vo indleation of seerebion was fommd im this sbage.

By the sleventh day their thyrold fed snimals showed elveoli with
seoretion already formed, und « high degree of vacuolisatien, with
very few fat ocells present while im the normal centrol eleven~day
progaant ret fat eells were very numercus. They (Welchert emd
Boyd) suggest that under conditioms of heightened metaboliem

resulting fram thyreid feeding, the normel cestrin level may be
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lowered thus removing the inhibltory effect of the eestrin on
the hypovhysls, at least Lo a depree, sllowing it to elaborate

3,

its hormones to a greater extent than normal,

MATERIALS WD TECHNIQUE.

Experimental Animele:~ The Albino ret wms seloeted for the
work reported here, becsuse of the ease with whioh & large muber
of them could be essred for, und their rather short estrus ~yole
nnd gestation peried. The colomy was started sbout twe years
ago from three pairs of pure bred Albino rate. The anirule were
bred one palr to a ocage, the youn; wesned three weeks following
delivery snd isolated us to sex ut the age of four weels. Loocurate
recorde of the age 'nd parentege of all experimentsl anirals heve
been kepi: Fomales were not bred until six months of ares.

The gteges in the estrus period were followed Ly the wep'mal
srear methoed of Ewvans,. The dlet for the @xperiﬁmt&l animals
eonsisted of a dry mixed food Lo whish water wes added, fresh
whole milk daily, cod liver oil, lettuce, ecarrots aund fresh orange
julce, ulso freeh meat onee a week, The dry food eonsisted of
the folleowing ingredients: oracked corn, ormoked wheat, alfalfe

meal, linsesd oll meel, lrowers yeamst, ocasein, dry whele epgg
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powdar, sodiuwm chloride, cnlclum eurbonete snd wapgnesimm sulphate
in proportions recommonded by Dr. I. Manville of the physielogy
department

The enimels were killed by ether, the heir removed with a
barium culphid depilatory and the ocamplete skin with subsutancous
fat removed Immediately.

Oporative technigue:= Owariectomies were performed by
dorenl inelsion under intraperitonsal HNembutel ansesthesias A
stook solution was made by dilubing 140 ece. of the sbandard
Hembutel solutioh with G0 0os of normul salt solution, using
04086 coe of this solution por 10.0 grams of body welpht., After
removnl of the ovaries bleeding was stopped by ligeture, the
musele and peritonewm subured end the skin incision closed with
Wichelfs skin olips.

In attempbing %o produce an ertificieal stesis of the
mammary glend, the nipple was tightly ligeted with fine silk
threads e foumd that this effeotively stopped milk leaving the
glanﬁ,‘bu% in meny cases the nipple atrophied and dropped off,
With no nipple the suekling stimull was removed. In order to
isave the nipple intaet we decided to ocut the galecstophores
suboulanecusly. This was done under local snsesthesis, through
a small inolsion 1.5 ome medisl %o the nipple, By subeutencous
blunt diseeotion to the aren under the nipple the milk ducts were
effectively out, This small inolsion wme cloced with & single
subures The efficiency of this operatiom was checked by placing
e newborn ret (one that hed newer nursed) upon this breast,

In no case did its stomach vigibly £111 with milk ve 4t wounld
hove on & normal breast.

Histolorioal ¢techmigques= The whele skine were pleced pub
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flat om blotbing paper lmmedistely upon romovel and nluced in
Formo-Zienker?'s solutiom for twemty »~ four hours. The skin wes
“hen washed ian ruming wabter for twenty-four hours snd ms much
musele and commective bLlssue e possible removed. Sections for
higtolopy were them oul, dehydrated, clesred and ombedded in
paraffin. Seotions were oub 8ix to ten mue snd stained in
hematoxylin and eosin. Owaries, vegine end uterus wore likewise
fized and seetioned upon romovals.

Hethods of edministretion of endosrine compounds:- The
estrus produeing hormone of the ovarien follicle, the snterier
pitultary-like sex hormone and the lipoidal extrmet of corpus
luteum wers all injected subouteneously. Injections were made
daily unless obherwise stated:. The dessicated thyrolid was
emulgified in e ewnll smount of water and pluced direetly in the
vnimal?s mouth by dropper.

Source of endoorine compounds:= Antultrin "S", Antultrin,
Theelin snd Lipo~lutein were purchased with the exseptiom of
€40 ote of the Lipo-lubein whioh was denated by Parke, Devis
and Compeny. The Antultrin "5" wes regtandsrdized om immsture
rate, as 1t was found Ho loose in strength with time. The

dessicated thyroid (Armour and Compeny) was purchased.
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™ Hommary Glands of Mature Virgin Pemale Rats at Veriocus
Stages of the Estrus Cyoles~ Female rats six monthe of age were
used in this study. They were followed closely by the waginel smear
method, %o be sure that ocsch enimel had a normal and reguler estrus
eyoles Two animals being ssorificed during esmech of the four stages
of the estrus cysle as followssw

Stege 0 {(Bvane)} or the Prowestrus (Heeps)t= The vaginal
smears were free of leusveybes; being ocomposed of o lafgge numbey
of nueleated epithelial cells. Seebtioms of the wepinel nmucoss
wore high (9 to 12 cells) with beginning cornification of the
sbyretum eornoumn. The owries showed develoning follicles and
atrophy of the corpors lutea. The seobtimms of the memmery gland
revealed mny small branching duets (Plate 7, Fig. 7 and 8),

Stage I or Bstrusi= The waginal smears were free of
leucooyles and contained & lerge mumber of large cornified,
Uransparent, unon-pucleated, soale~like oells. Histologlesl stundies
of the vapginel micosa revealed murked sornificction with a super-
ficiel etrebum corneum. The owsrisn follicles at this stapge had
resched thelr maximum sise. Sections of the mammery glend
during this stege disclosed more small ducts and epithelial buds
then were foumd in the seebions from the animel in Stage 0 (Flate
7, Pige 2 and 3)4

Stage II end III or Mebeestrust~ The wuginal smours
consisted of large masses of cornified epithelial ecells with
meny leveosybese Seotions of the vaginal mucoss mm:z‘led'% to

be lov (4 « 8 cells) with complete loss of the strotum cornewss
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it is during this stepe thet owmlation cccurs., Seetions of the
manmery glunds in this stage revealed a soeming deeremse both in
number and size of the duots (Plate 7, Fige 4 and 6).

Stage IV or Digestrusi~ The vaginel smears sonsisted
almost exelusively of leucesytes, with some nueleated epithelisl
gellss BSeations of the wpinel muoosa revealed it %o be thin
(¢ to 9 eolls) with only o slight squamous trensformetiom of its
upper eellss Sectioms of the ovary showed growing follicles end
well developed corpore luteas Sections of the mammury gland
revenled about the same number of ducte as were found in the
previcus stepe but with & lower type of epitheliwm (Plate 8,

Pige 2 and 3)e

Comparing the manmeyy glend seotions taken from the animals
during estrus and dicestrus, o marked differense is noted. During
ostrus there are many more small branahingt duets, meny of whleh
have small epitheliel buds projecting from their walls, AU the
time of estrues the spithelial eells lining the duete are approxi~
mately twice the size of those found during dioestrus,
2a Hemmary Glande of Mature Owarieotemizod Ratsi=» Three
female rats, six monthe of uge were spayed when in estrus, (In
order thet all pglands may be nt the seme stage of development st
the time of the operatiom) and seorificed on the 14th, 21st and
28th days after operation. Heotlons of mermary glands from these
enimale revealed no Purther develomment other than foumd in the
normal snimele during estrus. The predominant ploture belng similar
to that found during the dicestrus verlod in normml females. (Plate
9, Fige. 2)s These findings mre in accord with those of Turner and
Schults (1951) with the exoeprtiom that their studies were en whole

nounts of the glands while these are on microsconic seotions,
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Be Mammary Glands of Mature Virgin Rate Given Theelin Injectionsi=
Two, eix month old, virgin femnle rets were injeeted subcuteneously
with s daily dose of § rat units, ome mmimsls for 14 days and the
other for 28 days, Sections from the memmery gland of these
enimals rovealed oonsiderable growbth of the duct system, with
nors marked brenmching and budding. The development wae more
advanoed than that found during the normal estrus eyele. These
findings are also in eccord with those of Tumer and Schulte
(1931) (Pilate 8, Figs 4)s

4y Mammary Glands of Maturo Overiectemized Rata Given Theelin
Injeationsi= Two adult virgin femele rats were ovarlectomived
during setrus and 7 daye after the operation deily injections of
B rat wnits of Theelin were begun. The glands were removed and
sedtioned at the end of 14 days in one rat and 28 days in the
other rats The duet eystem was foumd to be about oqual to that
found in the mormal animal in estrus. There was & slight degree
of epithelial hyperplssis, but this did mot equel that found in
the intect enimels given Theelin. The duets were nmuch more
prominent in these animals then In the uwntreated osstrates

(Plate B, Pig. 4)e

Ba Moammary Glands of Matwre Virgin Rats Given Antulberin b
Injectionss~ Two animals six monthes of ag- were each given 5 rat
upits of Anbultrin "S% daily, e for 10 days and ome for 20
dayss Injections were begun while the animeles were in estrus.

In 10 daye there waes ovident marked proliferation of the duet
system with well defined lobules showing a slight smowmt of
voouolisation (Plate 8, Fige §)s This was even more merked inm

the breast eof the sniml injeoted for 20 deys. Although the
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develoment was not as fer advenced us that foumd for a
correspanding period of pregnepsy. Thess findings agree with
those of Evens and Simpson (1931) end Selys, Collip end Thomsom
(1933)s

Ge Hopmary Glands of lMature Owvarlestomized Rats Glven
tantultrin "E%i= Two feample rats wore overiectomized during
estrus, and 7 deys after the operatiom, daily imjections of §
ret mits of Antultrin "8" wers begum. One snimm] was csori-
floed at the md of T days and the other 8¢ the end of 14 deys,
The duoct branching wae not found to Lo developed beyond that
found in the normal virgin animals, The ducts were more prominemt
than those of & sontrol snimel overiestomized for 28 deys. (Plate
9, Fibe 6)s These findings are in eccord with those of Bvans end
Simpson (1931).

Ts Mapmery Glands of Mature Owariecotomiszed Rets Given Lipo-
Lutini= Two femnles were overilectomiszed during estrus and 7 days
after the operatiom, deily imjections of 0.5 ec. of Lipo-lutin
were begun {3 lipoid extraet of the corpora lutea eontaining
Progestin). One was injected for 7 deys and the obther for 14
dayss Seotions studled rovealed no chanpes differing from the
normal virginel snimels (Plate 8, Pigs T)e This is in sccord
with Turner and Frank (1981) and Tumer and Sehults (1981),

8a Hammary Glends of Mature Ovarioctomiszed Rats Givem
Injectione of Theelinm and Lipo-Lutin:« ZTwo animeles were
overieetomized end 7 deys after the operstiem deily Imjections

of & rat unite of Theelin and OB oo. of Lipo-latin were begum,
These were umﬁi‘nuéd for 7 deye in cne and 14 days in the other,

Sections of the enimel injeoeted for 7 days revealed early lsbule
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formation while the development of the 14 day gland resembled thet
of e corrasponding stage of pregnanvy. 4 lobule formetiom was
m:rhed end slight weeuolization was present (Plate B, Pige 6).

B Hemmyry Glands of Mature Virgin Rete in a Poried of Pseudow
Pregnanoy Caused by Feeding Thyroidie Ten femnle rats were fed
046 pns dessionted thyrold glund daily. They were sach examined
by daily veginel mwars for the onset of pseudo-pregnencys Glends
being seobiored at é.ii‘i‘erém periods in the pseudo-pregnancy pericd,
Beotions removed et 2 day interwvals in the pseudo-pregnancy revealed
a definite and gredusl inerease in the branching of the ducts with
diffuse epithelial bud proliferetion. In mo ocase did the process
go on to the formetion of definite lobules, although waouolisvatiom
ocourred in the oells forming the ¢pithelial budse end smeller ducts
(Plate 8, Fig, 8, gland from animsl ¢ days peeude-pregnant).

10¢ Hemmury Glends of Mature Rate Given Imjeetions of Antuitrin
*8" during the Pseudo-Pregment Periecd Indused by Thyroid Feedingie
Flve mature rats were fed 0.6 gne dessicated thyroid dally. The
feodings being started when the ehimals wers in estrus. On the
Lifth day of the resulting pseudo-pregnent period injeetions of
Antultrin "S5" were begun with daily doses of 5 rat wnits each,
Animale were ssorificed et two day periods following the stert

of injeetions, or a% 7 days, 9 days, 11 days, 13 days and 15 deye
of the pseuvdo-pregnent pericds. Seetions of the 7 and 9 day
snimals showed changes similar in degree %o those of snbunls not
recelving Antuitrin "S" in Part 8. (Plate 9, Pige 1 & 8).

Seotions from snlmls that recelived more injeetions chowed e more
mirked proliferative change in the epithelimm of the dusts end

bude then did the wninjeoted pseudo-pregnant snimals. In the
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15 day enimel afber o total of BO ret wmits of Aptuitrin "S"
there were well developed lobules with seeretion im the lumen and
definite wouglization (Plete 10, Pigs 8)4

1le HNammry Glends of Mature Omricotomised Rets Fed Thyroid
Glands~ Three cveriectomised fomale rats were fed 0.8 gm.
dessioated thyroid gland duily. The feedlngs being sbarted

slx deys after the operaticme Scobions were Yaken from glands
8t 7, 14 and 28 day interwals afté? onset of thyroid feeding. |
The sectlione did mot differ significently from these of ¢ normal
cagtrate animal, except for the faet that the fat sells were
greatly redused insise and number (Plete 9, Pig. 3).

2. JVeommry Glends of Meture Overicolomized Bete Glven Theelin
Injeetions and Fed Thyroid Oland ot the Same Timet« Two femsle
rete wore fed Do pme doeslonted thyreid glend end given sn
injestion of 5§ rat units of theelin deily. One animml was givem
thie for 2 weeks and the obther for ¢ weeks. Sectione of those
glands did not differ greatly from the seotioms of a castrate
getting theelin slene. (Plate 10, Fige 1 and 2)e

18s Mammry Glands of Meture Rats Injeeted with Theelin during
the Pseudo~Pregnant Porled Induced by Th;wai& Peeding:~ Three
femnle rute were fed 0.5 gme dessicated thyroid wntil pseudow
pregnency was induced. Then et the Tth, 9th end 1lth days of
peoude~pregnancy, twise deily imjeetions of 2.5 rat wnits of
theelin weres injeoted. After 48 hours {total 10 rat units) twe
animels were sacrificed. AU this time the waginel smear ef both
animels showed the ohanges eharscteristie of estrus. The ULrsnching
of the duets end epltheliel bud proliferation in all thres was

muoh more asdvapnced than thet geen in an intact sulesl that had



B0

recelved theelin injeetions. Compared with uninjected pseuvde-
pregrant anlmals of the same peried howewer, one could see the
marked regression that hmd teken plase. No lobules were observed.
In some areas desguamition of spithelial colls almost obliterate
the lumen (Plate 9, Fige 5)s The third animl was ssorificed in
72 hours {24 hours afber the last injection). Purbther regression
was fownd in this section (Plate 95, Figa 7)s

14, lemmery Glends of Mature Rats During lactetion:- Fowle
rets pregoant for the Plrst time wers allowed to deliver thelr
young and mures them. The lactating females being sacrifices at

1 doy, 7 days, 14 days and 21 daye afbtor partupitiom, end 2 duye,

T days and 14 daye after weaning (Plate 10, Pigs 3,4,8, Plate 11,
Pige 1)« The ssotione rovesled almost no chenge during the period
of lastatione The opithelimm of the ducts and slveoli was found
%o be of e single layer throughout luetatim. The amowmt of
seeretion in the ulveoll veried in different parte of the some
gland, Mitosls wns rorely observed inm the glendulsr epitheliwm
during normal leectation, The memmary gland showsd very little
change during the 48 hours efber weaning, Seven days efter

wesning no seeretory sstivity is apparent, there 1z & marked atrophy
of the duet sysbem and slveoli with an ineresse in the siroma.
Many alvesoll eollapse as their epithelisl ecells degenerate. Two
weeks after wesning the glend appears similar $o thet of the
regbing zland of the adult virgin. Thers 1s oonsidernble waristion
in the invelutional prooess in different enimels end even in
different purts of the same glonde

15« Mammary Glands of Mature lsotating Rate Injested with Theelinse

Six pregnant femsles were allowed to deliver their young. On the
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first doy postepartum deily injections of 2.5 rat units of theelin
were sterted. DBy the end of the first week the youmy had ceased
to gain welpht as they normally should. By the end of the seeond
week all yoump were under weight. Ap soom as their eycs opened
they began to drink cow's millk from e dish. By the 1lith dey post-
partum the youny ceased te gain in weipght unless fed cow's milk,
although they still mursed the dry breasts of the mothers. Twe
enimals wore saerificed at the end of the first week of theelin
injestionss The glandular tissue was found to be pgreatly d@eﬁeaasd
in amount, with few alveoll end e deerease in the mumber of
branchin: duots, A slight smount of seoretiom was present in the
alveoli. The fat sells were lerge end abundant in the stromm
(Flate 11, Pige 6)s The lumem of the larger ducts conteined many
dosquamated epithelial cells. 7The living epithelium being 2 and

8 layers thiok in places with frequent mitotie fipures (Plate 10,
Fige 6)s Seetions from the animale injested for 2 woeks showed

& further atrophy of the alveolar and duwet system, with emly e

vory few duects oontaining seeretion (Plate 11, Pige 7)¢ The

larger duets chowed & more adwanced degree of depeneration, with

2 apd 3 o0ll layers in ﬁﬁﬁ walls end an ineremse in fat and fibrous
conneotive tissue (Plate 10, Pige 7)e

16y Hemery Glands of Mature lactating Rats Injeoted with
Antuitrin "S" i~ lectating female rats were started with daily
injeetions of 6 ret wmits of Antuitrin "S", em the day of dolivery.
Seotlons of the glands from animels injeeted for one weck revealed
no significant changes from the normal lastuting glamd. After

twe weelks injeotion there was still ne chenge in the glandular

structure (Plate 11, Pig, § and 8),



17 lMemmery Glends of Meture Laotating Reds in which the Main
Galuetophores Hove Been Cubse 8ix normel pregnunt femeles were
opersted on 2 days befors delivery, emnd the palactophores to the
right third thorseie gland cut, These animals were seorificed

ot the end of the lst, 2nd, 3rd, 4th and Gth weeks, sfter delivery.
At the end of the first week seotions revenl greatly dilated dusts
and noind with strophy of the seeretory epithelium (Plate 12,

Figs 2} At the end of two weeks part of the glend was eimilar to
the pleture at one weelk, while in other parts the coini had
apperently ruptured nllowing their contained sesretion out into
the inter=lebular spaces (Plate 12, Pig. 4)« By the end of the
third weelr the asini were nesrly ell empty end of small size, with
many degenerating epithelisl cells forming their walls (Plate 12,
Fige 8)s At the end of the fourth week whem normally imvolutiom
is almost complete muny seini still sontained seeretion and
leucosybes are present in large numbers both inber- and intra-
seinar (Plate 11, Figs 2)s Five weeks after parturition some of
the large ducts s5till contained seeretiom with mumerocus leuwcoeybes
soatbered through its The bulk of the glasnduler tissus had
involuted, with a marked inorease in {ibrous commeetive Lissue,

A few leuvcosytes are still present (Plate 11, Figs 3).

18 lMammery Glands of Hature lLactabting Rate in Which the Main
Galactophores Heve Been Cut and Theelin Injeeted:- The galacto-
phores were out before birth of Yhe young eond deily injeetions of
5 rat unite of theelin starbed at the birth of the young. Sseblions
of glunde removed ot one week reweal more of s regressiom in size
of the alveell conpared with uninjected tissue. The epithelimm

lining the ducte and nlveoll however, is 2 to 4 cells in height



A

with numercus mitetic figures. Compere this (Plate 11, Fig. 4
and Plate 12, Fig. 3) with the unoperated glonds in (Plate 11,
Fige G)s The sections afber two wesks of injection show mere
regression of the seeretory portion but with many duets completely
£illed end dilated by domse growbhe of eells with dark nuclei and
meny mitotie figures (Plate 12, Fig. 7, eompare with Plate 11,
Figs 7)« By the end of the third week of imjeetion much more
regreseion has ocourred. Few alvooli ere present und the ducts
seldom heve o patent lumen, being so0lid cords of cells for the
most pert (Plete 12, Fig. €).

For the sauke of wmiformity in all osses the third left
thorecie mammary glands were studied. The gland en whieh the
galuctophores were eubt was the third right thoracie gland in

all cmses.
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DISCUSEION .

Sutter (1921) working om whole mownts of memmery glunds found
distinet differences in the mammary structure during different
periods of the estyus eycle. Other investigators have not mentioned
differences discernible mieroscopleslly. I found that during the
stage of estrus there ls s merked inereage im the number of emall
branching duvete, many of which have smull buds formed of epithelisl
celle projeeting frem their welle. The epithelial ocells at this
Gime are aboul twlee the size of those found during the dioestrus
interval, With the onseb of divestrus these small epithelisl
bude regress wntil no longer visible. This ocontinuwl vrocess of
epithelial hyperplesis during estrus, with regressiomn during
dicestrus, taking place every five days in the ret, can so emsily
be upset by an imbalence between the hormomes of the ovary on
ore hend and those of the pitultery gland om the other. In the
rat, at least, the develorment of the memmary glund ocannot
progress beyond the duet stage unless the owariles are inteot, or
pooperly proporticned doses of the ovarian hormones sunplled the
operated snimels. That the owarian felliocular hormene (the emtruse
produeing hormene, theelinm) is not the only ovarien eclement of
lmpeortance is shown by the faet that when this hormone slone is
administeored to the overlestomized anlral sewwmery develovment
beyomd the branching duct stage does not cscur, Injeetion of
theelin alone into mature 'nimsls cavses an irereased prowth
of the duet sysbem with no lobule or alveolsr formetiom. This
demongtrates that theelin stimuletes develorment of the duct

syetom slone. Then meture rets were given anterior pituitery-
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1ike sex hormome (Antuibrin "S") injections & well defined lobule
formation wag found with slight vacuelisation. Then Injeeted inke
ovariegtonised enimals no development of The duet or lobule sysbem
wae found beyond that of an wnbreated owmriecotoemized animal. This
provess that Lthe enterior pituitary-like sex hormone has no direct
stimulative power om the mummery gland but works by way of the
ovary sad through sunother substance thap the follioular hormone,
beosuse lobule formation wee present, Injeetions of the lipoid
extrast of the corpus luteunm (Progestin, the lutes) hormome of the
ovary) slome inte ovariectomized enimemle produced no change in the
munmery gland but injectiom of the overian follieular hormome
(theelin) concomitently with the luteel hormeme of the ovary
{lipo=lutin) produced a growth of both the dust spnd of the lcbule
system of the glend similar to that foumd in o eorresponding

stape of pregnaney in the normel enimel, This shows that the

duet system of the mammary gland must first be stimuleted to
growth by the overian follicular hormeme (theelin) before the
gorpora luboal hormone (progestin) een etimulate lobule and
alveolur formetion. These findings prove thaet the mammery glond
iz soted upon by a® least twe different hormones before it even
reaches the seeretory stuge, where =z third hormone begins Yo anot.
The anterior pituitery-like hormone (Antuitrin “&")whieh suprosedly
containe Prolan & and Prolan B (Zondek) nets emly indireetly on
the mammary glende The Prolun & supposedly stimulating the
devslopment of the ovarian felilele with formmtiem of the
follieular hormeme (theelin) which stimulates proliferstiom of

the duet system alome. After ovulation the Prolan B frectiom

1s suprosed Lo stimulate corpore lutes development with resulting



formetion ef the corpus 1 teum hormone Progestin snd some Theelin,
whish causes lotule and alveclar development im the mermery glend.
Thus in the normal rat the breast is constantly pregressing and
then regressing in regular cveles.

The feeding of dessloated thyroid will produee - pseude-
pregnant peried, during whioh the duet system of the memmry
gland will proliferste %o & marted degree with vecuolirabtion of

the duct epithelinl ocells snd some seeretiom, but ne tysieal
lebule er alveoluyr formatimm as 15 seon inm & normul pregnancys
Thie is en ebyplosl vroocess as normelly weouclizetion and
seoretion does nol oceur when the glaand is only in the duct
stages The hyperthyroid conditiom muy csuse an early ineressed
oxoretion of the owrien follieular hormeme (theelin) before
that hormone hes hed time to cnuse the development of e walure dust
system. This allows the sex hormome of the anberior pituitery
gland te funetion unaprosed, osusing early snd merked functiom of
the sorporu: lutea with excess production of the progestatiomal
hormone. This hormone in turn eausing wveeuolisation of the dust
epithelium ond seeretiom bub met lobule and alveolsr Pformution as
the overian follisulsr hormene (theslin) hes hed lnsufficlent Lime
or is in %oo low s oomcentration to stimulate development of the
duet system to that point where the epithelium ssn undertake
lobule formation,

In the memmury pglend of hyperthyrold pgoudo-tregmeant unimals
given 50 ret unmite of the anterior pitultury-like sex hormone
(4mbultrin "S") definite lobule asnd alveolsr formation is sresent
with abundent seeretion. Ihis does not £it in well with the

ahove piven theory unless one nssumes thot the excess amount of
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Arbultrin "S" caused murived corpors lutes formatiom which in
turn formed more of the folliewlar hormone {theelin) then usual
along with 1ts luiteal hormone (progestin). The anownt of theelin
formed would thus meture the duct system se thet the epitholium
sould then go on and Form slvecli. The feeding of thyroid glind
alone to ovarieetomized rats, ceuses no chenge in the manmry
gland other thun reduction in smount of fat presents This
sroves that e hyperthyroid condition elone in the abeence of
ovarian functiom will nol cause mermary hyverplasis. When the
ovarien folliculsr hormone (theelin) was riven to the hyper-
thyrold overieotonized rats ne hyperplasia was mﬂtaé. But when
both the fellieular hormone (theelin) and the corpus luteal
hormene (lipe-lutin) were given to the hyperthyroid enimals
definite hyperplasis of the duet system and lobule and alveolor
forrmtion wes revealed, slthough no wvecuslisation of the duot
epilheliun was noleds Possibly the proportlons wers not the
same a8 those vecurring im the intaet hyperthyreid enimel,
Further work is being done on this point. Injeotion of the
ovarian follioular hormeme (theelin) into hyperthyroeid pseude-
preguant snimale caused an immediste estrus with resulting
regression of the mammery glund structure. 4roving that un
excoss amount of the follieular hormene is nol compatible with
a psendo=pregnant oondition. Injeetion of the owriesn follicular
hornone (theelin) into normel leacbuting rets caused o rapid |
regression in funotion of the memery gland with etrophy of the
alveclar atrueture leaving lurge ducts huving markedly hyper-
plastic eplthellium which revesled freoquent mitotie figures.

Some areas of the duct epitheliuwm heve nlmost the appearasnce of
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a malignant process, Ihie abnermel hyperplasia of the duot
epitheliwn with cessation of funection snd atrophy of the wlveoli
may be due %o diminutiom of the seeretion of the anbterior pitultary
sax hormone onused by the large umount of overlan feollicular
hormone, vhich is entugonistic to the function of the anterior
pitultery gland, The cessetlomn of anterior pitultary actimm
would result im atrophy of Yhe corpors lntes leaving e large
unapposed amount of the overian follisular hormone (theelin)
which would in turn eause o marked stimulutiom of the duet system
with hyperplasia of the epithelium. When the anlerior pituitary-
1ike sex hormone (Antultrin "S%) was injeoted inte lueteting
animels no significent memmery changes were noted. This is
eompatible with the theory thet the unterior pituilbary«lilke

sex hormone (Ambuitrin "S") stimuletes the formatiom of corpors
lotea wllowing o persistent corpors lutesl hormome (pragastin)_
ghimuletion of the breast. 4n snimel was maintained in combinunl
lasetution nursing young for eight weeks when gilven emnll doses

of the enterior pltultery~like sex hormome (Anbtuitrin "s%)
possibly beeause the corpors lutes were maintuined et & funebloning
level. Then the galaotophores weres out produsing an ertifieial
gtagls the operated glaund was found Ho coptinue mill seeretion

ng long as the other morm:l glunds were nursed. However, when
81l nipples were romoved, thus preventing nursing, millk

seorstion storped in a few days, This ghows that there musb

also be & nervous stimulee from the niprle sausing or meinteining
leetution, Selye (1951) believes that there is e definite nervous
stimuli Yo the anterior pituitery gland, from the nipple, eausing

it te continue the formation of both the sex hormone, which
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keopg the corpors lvtes bedy et & funocbiining level, end of the
lastation hormone. Injections of the owariesn folliculur hormome
(theelin) into enimls having the galactophores out produced the
gsame pieture as thet found im the normel lasbating gland with
folliculer hormance (theelin) sdministrations Thie doss not
sompletely agree with the work of Adeir end Bege (1925) who
believe thet chromic breast stusis will eventwslly sauce »
mlignent epithelial hyperplasia. However I have not earried
these studles over a sufficient period of time to note the
cumulotive effeots, Further studies are leing carried on st
present, with the animals being trested both comtinuslly and
intermittantliy.

Adair (1934) pointe out the faot that, women who have hsd
one or mor: children and have not nursed them properly show a
groater ineidence fo both benign and melignent breast tumors,
than do women whe have nursed their childrem mormslly. JHe
believes thet the sebnormal hyperplasie is due te some substarce
or substances formed in the sbaugnate breast secrebions. I
beliév& that this feet osn be expleined se due to un endoerine
imbelance rother than seme irritative substence formed in the
stagnate bresst seoretions. When o woman falles %o nurse the
normal nerveus stimuli from the nipple Yo the snterior nitultary
gland is not initiated. Iseking this stimuli the @itaiﬁary
gland fails te form an adeguate umount of the sex hormone
(Prolan B) to keep the corpus lutesl body in & fumetioning
stages Tith cessution of the setion of the corpus lubtes the
overien follicles begin Yo develeope with resulting formstion

of the follicular hormone (theelin)., Since the corpus l:teal
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hormone {(progestin) normally epposes the formetion of the follieular
hormone, this belance ic upset end the folliocular hormone (theelinm)
iz allowed %o set wmepposed for a time. Therefore without the
luteal hormome (progestin) the lebulsr and alveolar pertien of the
btresst will wndergo n suddon sbnorml regression and the duet
portion will be prestly stimulated by the excess follisulsr hormene.
This process in the already hyperplsstico lactating breast could

so eusily become & lawless progressive growth of epithelium.

The oxcoss formatiom of the folliculer hormome (theelin) would
continue for & time wntil it in turn etimulate the pituitery

gland to the produection of the snterior pituitery sex hormene,

whiek would slowly balance the follieulsr hormome by oausing normal
lutenl development, allowing the normel estrus oyel: to be
reggtarted, lxperimemtal work investipganting this theory further

is in progress at the present time snd will be reported in other

papers in the future.
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PLATE VII

Hipple from ret in estrus. Note desquamation and
gornifiention of dust epithellum.

Vaginel mucose of ret in estrus. Note marked
aornifiention with superficial stratum corneum
und desquemated cornified epithelium.

dammary glond from rat in estrus. Note numerous
emall duots with eplthelial budse

Vaginel mucosa from anima) in metoestrus. Note
low epithelium with complete loss of stratum
aornewn.

Mammary gland from rat in metoestrus. Hole
degreanss in number and size of duots with absensve
of epitheliiel buds. OCoupare with Fig. 3 above.

Wipple from ret in pro-estrus stege. Note the
piling up of epithelium and slight squamous
charastor.

Faginel mucose from ret in pro-estrus. Note
high epithelium with bepinning ecormification
of the stratum corpoum,.

Yemmary glund from rat in pro-estrus. HNote
inerease in branching of duocts snd thickness
of epitheliuwm. More than in Plg. 5 and less
than Fige 3
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PLATE VIII

Hipple from rat in dicestrus. Nobe thin layer
of duot epithelium and numerous leucooytes.

Vagina from rat in diocestrus. Note thin layer
of epithelium with slisht squamous trensforuntion.

Harmary glond from rat in dicestrus. Wote
decrease in number of dusts and size of epithelium.

Barmery gland of virgin female given Theelin.
Note prominence of epithelial buds,

Harmary glend of virgin femsle given Antultrin "S",
Hote duet prolifer-tiom and lobule formatiem with
vaouolization, :

Hammary gland of owvarisotomiged virgin femele rat
given Theelim spd Lipo-Lutine. Note lobule
formation with waeuolization.,

Mammry gland of oweriectomized virgin femele rat
given Lipo~Lutin, Note absence of lobule and
alveolar formation. Compare with Fig. 6.

Kammary glend of hyperthyroid female rat, pseudo-
pregmant for ¢ days. Note inerease in duot
branching and budding but no definite alvenld,

At & later stage wecuolization wes present.
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Figs 1 lemmary gland of hyperthyroid femsle rat, pseudo-
prognant for 7 days and receiving Antuitrin "s%,
Compare with Plate VIII, Pige 0 and nete minilarity,

Pige. 2 Hommary glend from ovarieotomised female rat, 28
days after operation., Similar to normal animal
in dloestrus, ‘

Plpe 3 lMammary gland from overieoctomized femnle rat fed
thyrold for 21 days. Nobe diminution In fat.
Gland structure similar to normel overigetomined
enimly

Figs 4 |Memmary pland from owrieetomized female rat given
Theelin. Duct system equsl te that of normal
glend in estrus. See Plate VII,

Pigs 8 Hommary glend from hyperthyroid pseudo-pregnant
fomale rat glven Theelin, Note regression and
sompare with Plate VIII, Fig. 8¢

FMge ¢ Mammry gland from ovariestomiszed virgin femele
rat glven Antuitrin "S%, No dovelopment beyond
pormal animal in dicestrus, but they are more
prominent then an umbreated spayed snimal,

Fige 7 Mommary pland fram hyperthyroid pseudo-pregnant
female rat given Theelin. HNote more marked
regreseion than in Fige 5.

Flgs 8 HMammary glend of hyperthyroid peeudo-pregmant
female rat receiving Antultrin "8%, Wote inorease
in fibrous tissue sbout duot,
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PLATE X

Hemmary glund from ovariectomized female rat
given Theelin snd fed thyrold at same time (14
days)es OChanges similar to spayed eni-al given
theelin sleonee.

Seme es above only given Theelin and thyroid
for 28 days. WNote pimilerity to spayed snimal
piven Theelin slomes

Mammary glend from normsl lactating female rat
24 hours post partum, Note alveoli filled with
seeretiom and eingle leyer of epithelium,

Mammary glend from normsl last:ting female rat
2 weeks pest partum. Gland still funotioning,

Same o8 sbove only 1 week post partum. Note
alveoli filled with milk.

Harmery gland from normel lagteting femsle ret
glven Theelin. Note epithelial hyperplasia with
desquamation of oolls. One week post partum,

Same as above only 2 weeks post pertum. Wuoch more
regression of mammyy function with proliferation of
éduet epithelium, Theelin for 2 woeks,

Hemmery gland from hyperthyroid, 15-day pseudo~
prognant, femmle rat given Antuitrin "8% (total
of B0 rat units). Note marked alveolar and
lobule formation with seeretiom,
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Mormmayry glend from normal lactsting femmle reatb
48 hours after weaning. Seoretion etill present
in funotioning gland, Veeuolization of meterial
in alveoll is marked.

Hammery pland with out galactophores from e lectabting
femnle rat, 4 weeks post partum. Shrinlmge in size
of alveoll with abrovhy of seeretory epithelium.

Bame a8 sbove mly § weoks peost partum. Harked
regression of glendular tissue with inerease in
fibrous tissues 5till some dileted ducts.

Hormary glend with out gulacbophores from e lacteting
fermle rat piven Theelin 1 week. Nohe repression in
sige of slveoll compered with wminjested ~nimal.

4Llse thieimess end hyperplastic cheraster aof epithelium.

Harmary gland from leotating female ret given Antuitrin
5%, Ono week post partum. No change from normal
inctating enimal,

Nemmery gland from leotsting femsle rat pivem Theelin
1 woek, Note deoremse in amount of glandular tissue
snd dense ocellular styusture.

Bame as sbove but afber 2 weeks of Theelin. Wote
mirked regression. FPow dusts still econtain secretion.

Mammary glend of leotuting femele rat given Antuitrin
*8" for 2 weeks. No apparent chenge differing frem
en uninjeoted enimal 2 weers post partum.
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PLATE XII

Memmary glond from lecteding femsle rat 1 week post
partum, Normal oontrol for PFig. 2.

Bammary glond with cut galastophores from a lucteting
femnle rat 1 weeok post partums Note dilatetion of
anlveoll and duets with strophic ohanges in epithellum.

Hammery glemd with cut geleotophores from s lactabing
femnle ret afber 1 weok of Theelin and 1 week post
partum. Wote regression in size of alveoli with
increase in number of epithelial eells. Hyperplastle
type of growth, '

Sane a8 Fige 2 only 2 weeks poel purtum.

Ligation of the mipple cavsed obliteratiom of the
duots with hyperplasia of the epithelium. Iactabing
rat.

Mammary gland with out galsctophores from lasteting
female rat afber 3 weeks of Theelin. Note absence
of a1l seerotory epitholium with dense cord-like
duets.

Seme a8 sbove only efber 2 weelks of Theelin. Note
absense of alveoll with hyperplastioc growth of ducd
epitheliun.

Mammary gland with out galactophores from e lastating
female rat, three woels post partum. Most of elveoli
are empby with atrophic waells,
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