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The Experimental Development of the Mammary Gland 

with Special Reference to the Interaction of 

the Pituitary and Ovarian Hormones 

J.1. Trentin and C. W. Turner 

I. INTRODUCTION 

The remarkable coordination of the growth and function of the 
mammary gland with the various aspects of the reproductIve cycle has 
longbeena matter of speculation among physiologists. Theories regard­
int the mechanism of tbis correlation have never been lacking although 
with each new fact uncovered by experimentallnvestigation the accepted 
theories have given 1v.ly or undergone modification to encompass the new 
knowledge. Although great advances have been made in recent yean;, 11 
must be admitted that the complete story is not yet at hand.. 

PrIor to the present century it 'Was believed that the mammary 
gland owed its contr ol to nervous path'Ways which connected It with the 
uterus, the site of the new life which it must soon nourish. However, 
numerous reports begantoappeartothe effect that mammary gladd growth 
and lactation were sUll funct1onallycorrelated with the reproductive cy­
cle evena1terthe nervous pathways to the mammary gland had been sev­
ered, centrally (cord section) or peripherally. The most conclusive of 
these experiments involved excision of the mammary gland and trans­
plantation in its origtnallocation or in a remote area of the same animaL 
Such experiments clearly indicated the blood stream as the carrier of 
stimulation. 

The cyclic changes in the growth of the mammary gland following 
puberty were early found to be correlated with the cyclic changes of the 
ovary, uterus and vagina. The ovary was identified as the source of tbis 
sexualrhythm,andagain a series of ovarian transplantation experiments 
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established that the sU.muli inTolved were of such a nature as to undergo 
ftscular rather than neural transmission. Thus tt was that, at about the 
bun of the century. the new science of endocrinology came dimly into 
mw. 

Some of the ea.rly attempts to seCIIH a mammary stimulant from 
onrlan, placental and uterine tissue met with fallure primarUJ because 
of the use ofaqueous extraets (LaDe-ClaypoD and Starling, 1906). In 1912, 
ilowe1'er, Iscovesco demonstrated the presence in the ovary of a lipoid 
uterine stimulant. Shortly thereafter, several reports 1nd1catedmam­
mary stimulation fOllowing the administration of variOUS tissue e:l1.racta 
(Fellner, 1913; Herrmann, 1913; 1915; Frank and Rosenbloom, 1915). 
In 1917 Stockard and Papanicolaou correlated the cell type of the vagina 
with the various stages of the ovarian cycle. The utilization of changes 
in the vaginal plctuNl for "the detection and assay of the active principle 
lnTOlYed,led lothe localization, extraction and puriftcation of the follicu­
lar estrogen (Allen and Doisy, 1923; Allen et al, 1924), and the demon· 
straUon of the mammarJ duct stlmulating ablllty of the estrus producing 
bormone (Allen et aI., 1924, Laqueur et al, 1927; Turner and Frank, 
1930). TbLs factor us also found to be present in urine, placenta, and. 
other tissues. 

The considerable synergistic effect of corpus luteutti ntract with 
estrogen upon mammary growth, especially as regards alveolar growth, 
was soon demonstrated (Turner. and Frank, 1931, 1932). The acUv~ 
princtple of tbe corpus luteum was later characterized as progesterone. 
Tile mammarJ gland had long been known to consist primaJ'UJ of a duct 
system following pubertJ. and to be transformed to a compound tubulo· 
alveolar system durlng periods of prolonged corpus luteum activitJ such 
as pregnancJ or pseudopregnancy (Ancel and Bollin, 1911; O'Donoghue, 
1911; Hammond and Marshall, 1914; Loeb and Hesselberg, 1917). These 
facts led tothe development of the theory that the growth of the mammary 
duct system is under the direct control of estrogen, while the combined 
actlonof progesterone and estrogen is required for a lveolar development. 
At that time the guinea pig was the only animal which was known to re· 
spond to estrogen treatment with good alveolar development. 

In 1927 the gonad s tltnulating abilitJ of the anter ior pituitary was 
demonstrated (ZOruiek and Ascheltn; Smith and Engle), indicating a pas· 
sible indirect role of the pituitary in mammary gland growth. Such are· 
llltionship was indeed demonstrated bJ Parkes (1929) who obtained com· 
plete mammary growth in rabbits in which functional corpora lutea bad 
beenmaintalnedbyanterior pituitary extract. In the following year Cor· 
ner (1930) reportedtbat even in the castrate rabbit fuli mammary dnel· 
opmeot could be stimulated by crude sheep anterior pituitary extract. 

Shortly before Corner ' s report appeared, the lactogenic effect of 
anterior pituitary tissue had been demonstrated by Stricker and Grueter 
(1928, 1929). Because lactation was reacWy tnltiated in the castrate r ab· 
bIt by anterior pituitary treatment, the question of a sltnultaneous growth 
of the gland tissue, as compared toa mere distension of the a lready formed 
alveolar elements, was seriously questioned. In the rat, however, lacta· 
tionls notreacWyinducedby anterior pituitary administration, and it was 

, 
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possible to different:Ute readllya true mammary growth promoting effect 
of anterior pituitary tissue. This mammary growth stimulating effect of 
anterior pituitary has been reported in castrate and hypophysectomized 
animals of severa,l species using a variety of extracts (Asdell, 1931; Nel~ 
sonand Pfiffner. 1931; Bradbury, 1932; Catchpole and Lyons, 1933; Lyons, 
1936; Nelson and Tobln, 1936; M:bmer and Turner, 1943). 

At aboutthls time numerous reports were appea.ring to the effect 
that the ovarian hormones were ineffective in stimulating mammary 
growth in the absence of the hypophysis (See Section VI). 

In 1937, Gomez, Turner and Reece reported that the mammary 
glands of hypophysectomized guinea pigs were stimulated by the Implant­
attonofpitultarlesfromestrogen1njected rats but not by the implantation 
of pituitaries from non-injected male rats. It was therefore suggested 
that the route of action of estrogen upon the mammary gland was by way 
of a mammary duct-growth factor of the anterior pituitary. Since estro­
gen administration was observed to produce only mammary duct-growth 
in the majorltyof experimental animals, while combined progesterone and 
estrogen produced alveolar growth as well, It was felt that the pituitary 
must secreteasecondmammarygrowthfactor responsible for the stimu­
lation of lobule-alveolar growth (Gomez and Turner, 1937, 1936). This 
concept became knownas the mammogen theory of mammary gland growth. 
The present investigation represents an exiensionand development of this 
concept andfurther investlgation concerning the relationship of the pitui­
taryandthe gonadal hormones in the stimulation of mammary glandgrowth. 

II. NATURE OF THE PITUITARY FACTOR STIMULATING MAMMARY 
DUCT GROWTH IN THE MALE MOUSE 

1. Review. - Lewis, Turner and Gomez (1939) used the male 
mouse with rudimentary mammary glands as an assay anlmal10r mam­
mary duct stimulating activity of anterior pituitary tissue. Using this 
assay method, Lewis and Turner ( 1936) reported that the drying and de ~ 
fatting of fre sh pregnant cattle pituitary with acetone and ethel' resulted 
in a 60 per cent loss of the mammary stimulating activity present in the 
fre sh tissue. However, the extraction of fr.e sh tissue with 60 per cent 
alcohol, followed by preCipitation of lactogenic and other protein hormones 
by adjusting the pH to 5.7 and increasing the a lcohol concentration to 66 
per cent, yielded, upon vacuum distillation, an ol1y residue containing 90 
per cent of the activity of the fresh tissue. 

It was later reported that upon ether fractionation of active ex­
tracts the ether soluble fraction retained activity while the ether insolu­
ble fraction was inactive (Lewis and Turner, 1939). Extraction of fre sh 
pttuitarywithahot mixture of one part ether and three parts alcohol ap­
peared to recover 100 per cent of the potency. It was therefore concluded 
that the factor was dis tinct from other pituitary hormones in being solu­
ble in lipid SOlvents . Since vaginal estrogen assays of fresh pituitary 
and active extracts yie lded only isolated positive results, it was ,'concluded' 
that estrogen was not responsible for tl:!e mammary growth potency ob­
served. The factor was deSignated Mammogen I. 
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Long terminJectlonof this factor in tbe male mouse was report­
ed to produce only duct growth without alTeolar development, whereas 
1t bad been found that fre sh anterior pituitary tissue from pregnant cat­
Ue implanted into ovariectomized female mice caused lobule develop­
ment (Lewis and Turner, 1939). This was taken as further indication of 
the existence of two pituitary mammogenic factors, a duct-growth fac­
tor and a lobule-growth factor. 

This idea was further developed by Mixner, Lewis and. 'Turner 
(1940) using the ovarlectomlzed virgin female mouse assay (Mlxner and 
Turner, 1941) whichemploysthefir st detec:table signs of lobule deTelop­
mentasa criterion for posItive response. By this assay, fre s h anterior 
pituitary from pregnant catue gave positive results, whereas l1pld ex­
tracts believed to contain Mammogen I gave negative results . In subse­
quent work using a modified assay in which 7.S micrograms of estrone 
was giventoeachanlmallnadditton to the assay material, Mixner, Berg­
manand Turner(1942) obtained positive results with various pr otein e:z­
tracts of cattle anteTior pituitary. It was concluded, therefore, that the 
mammogenic lobule-alveolar growth factor (Mammogen n ) was not as­
sociated with the I1pld duct-growth factor . 

In 1941, Greepand Stavely reported their failure to obtain mam­
mary growth in spayed hypophysectomlzedfemale rats with the waxy Upld 
fraction obtained byextracUng female cattle pituitaries with a warm eth­
er -alcohol mixture. However, they obtained mammary growth with both 
the extracted tissue residue and the unextracted desiccated pituitary. 
These positive results were presumably due to the same factor designa­
ted Mammogen D by M~er and Turner. 

Lewis, Gomez and Turner (1942), on the other hand, reported 
that extracts of ether-fractiooated lipid Mammogen I caused growth of 
the mammaryduct system of castrated male and hypophysectomized male 
and female rats. 

Gomez (1942) extractedfreshgu1neaplg anterior pituitary glands 
with a mixture of alcohol and ether. The total amount of material 00-
~lned by extracting twenty to ruty milligrams of such tissue, when in­
Jected into hypophysectomized-castrated guinea pigs of either sex, was 
reported to resultin growth of the mammary glands equal to that of ear­
ly pr egnancy. 

At this stage the authors, in setting up experiments involving the 
use of lipid mammogen extracts, were unable In preliminary work to ob­
tain positive results with I1pJd pituitary extracts in male mice (Table 1). 
An investigation of the extraction of cattle anterior pituitary for the ac­
tive factor involved In the stimulation of mammary <fuel groW'lh in the 
male mouse was accordingly undertaken. It was decided that a number 
c1 available lipid ell1racts be reassayed, and that new suppl1es of pitui­
taries be extracted and both the lipid and protein fractions assayed. 
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2. Experimental - The technique of assay in the normal male 
mouse (Lewis, Turner and Gomez, 1939) was used, theformaUon of end­
buds on anyone or more of the mammary rudiments being taken as a 
criterion for positive response. The assay unit by this method isthe 
smallest amount of material required to produce positive response In 
50 + 10 per cent often or more animals. The mice were injected subcu­
taneouslyonsixsuccessive days and killed on the seventh. Olive oil was 
used as a solvent for the lipid extracts with the exception of lipid extract 
No. 66, which was tried in both olive all and propylene glycol (,rable 1). 
The freshpituitaryand proteinaceous extracts were suspended in water. 

The cattle pituitaries were obtained from Swift and Co., Kansas 
City, Kansas. Theanterior lobe only was used. Lot No. 14 was obtaiI¥!d 
from pregnant animals while Lot No. 16 was from non-pregnant heifers. 
Lot No. 41 and lipid extracts No. 61, 66 and 67 were obtained from un­
selected cattle. The lipid extracts No. 14, 61, 66 and 67 were extracted 
by the same method, the latter two being obtained from the same ship­
ment of pituitary tiss ue (Lot No. 41 ) but extracted at different Urnes. 

The pituitaries were extracted in a manner similar to that pre­
viously reported by Bergman and Turner (1942). The wet, ground anter ­
lor pituitaries were dehydrated and defatted by mixing with three volumes 
of acetone. The acetone was immediately removed and the solids ex­
tracted three more times with acetone, followed by two washings with 
approximately two volumes of ether. The dehydrated pituItary material 
was exposed to the air in thin layers and stirred to facilitate drying, 
which was usually complete in about five to ten minutes. T he dry pow­
der was deSignated 'acetone dried' and represented approximately 19 to 
20 per cent of the wet weight of pituitary. 

The acetone and ether supernatant fluids, containing the extracted 
water and lipid material, were pooled and filtered to remove suspended 
protein material. The filtrate was chilled to a temperature of - 100 to 
-150 C. overnight. This resulted in the settling out of a water-soluble 
res idue. A preliminary a ssay of this residue from Lot No. 41 showed a 
trace of physiological activity. 

The supernatant fluid was vacuum-distilled (water pump) at a 
temperature of 300 C. to remove the acetone, ether and water. The ma­
terial remaining in the distUJationflask was extracted several times with 
ether. Roughly 1/5 to 1/4 of the material was ether-insoluble. The ether­
insoluble fraction consisted of a water-miscible reddish brown fluid and 
water-soluble solid material. The combined ether solution was again 
chilled to a temperature of -100 to _150 C. overnight and filtered in the 
cold. The filtrate "Was poured into a de siccator and the ether removed 
at low pressure. The final product was an amber colored, semi-waxy 
materIal having a pungent odor and representing from 1.5 to 1.7 per cent 
of the wet weight of the pituitary tissue. 
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- Table 1 A . - 'D, of Lipid EstfteU of Autulo PItll1Uf111s_ F m U .... l. et.d Cattle , ro 

A ..... .... ~ lofamIM. .. . E:rtrr.et Cum .. ..,.~, • -,. Mlee Posltl,.. N'ptln 

Lipid mnet a ll,.. 011 LOO " 0 " No. III .. 00 • 0 , 
Ll¢d utrset OU_ oU 0." • 0 • N . .. 0. 10 • 0 • 0.20 • 0 • 0.25 • 0 , 

0.50 • 0 • LOO • 0 • ' .00 • 0 • '.00 , 0 , 
' .00 , 0 , 

~ldn1net Prop,le ... ' .00 , 0 • No. 511 ",... ' .00 • • , 
' .00 • 0 • 

hlI le 2 .• Re-usa, of Lipid Extracts of Anterior Plhdta..,. Tl.n U8 From OUeleeted 
00." 

Ezlncl 
Am,"", No. ot 
lII,.c:ted •. ~ '4. Pos1ti,.. N.,.U,.. Carr" .. 

ou .... oU .. " 
, , 

- .M • 0 • 20.0 • • , 
OU". oiL 6.0 " • • 10.0 • 0 • 20.0 • 0 • 

The above extracUon procedure differs from that used in the orig­
inal experiments wh1Chproducedanact1v~ c;ude lipid fractlon (Lewis and 
Turner, 1938; 1939). An apprecIable amount of water s oluble, ether­
insoluble material which was orIginally included in the ' lipid' fra ction 
Is eUminated by this method of extraction. Lots No. 14(a) and 16 were 
accordingly extracted by the old ether-alcohol method. Two 1S- minute 
extractions with ether-aJcohol mixture (1: 3) at about 550 C. were em­
ployed. The two ether-a lcohol extractions were pooled and fUtered, and 
the ' Upid' fraction obtained by vacuum distillation without further frac­
tionation. By this method a larger yield of cruder material was obtained, 
representing 4.1 per cent of the wet pituitary weight. The yield of the 
protein fraction by this method was somewhat reduced. It representeCl. 
17 .6 per cent of the fre sh pituitary weight. 

It was found in the course of the work that the dried protein trac­
tions were retalningthe bulk of the activity of the fresh pituitary. Since 
it was known that some Upid material remained unextracted in such frac­
tions , e specially those prepared by cold ace[one and ether extraction, 
it became desirable to in't'estigate tbe possibWty that the activity of the 
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protein fractions might be due to some unenracted lipid. Accordlngly, 
portions of the dry protein fraction of Lots No. 14, 16 and 41 werere­
extracted with warm solvents. Lots No. 16 a nd 41 were Soxhlet-extracted 
for approximately twenty-four hours with ether-alcohol mixture (1;3). 
Lot No. 14 was given two haU-hour re-extractions with etber-alcohol at 
about 550 C. followed by two extractions wIth ether. The :re-extracted 
protein and lipid fracti ons of each of these three lots were re -assayed, 
with tbe exception of the r e-extracted lipid from lot No. 16. This lot, 
having originally been extracted with warm ether-alcohol, yielded very 
little addit1onallipid, which was not assayed. 

3. Results. - Re-assay of lipid extracts No. 61 and 66 (Table 2) 
and assay of the lipid fractions of lots No. 14, 14(a), 16 and 41 p roduced 
a few positive responses (Table s 3, 4, 5, and 6). However, there appeared 
to be no relation between these positive responses and the amount of ex­
tract Injected. Of special Im.portance Is the !act that the proportion of 
positive responses obtained with lipid extracts was not much greater tban 
the pr oportion of pos itive responses obtained In the control groups in­
jected 'with olive 011 (Table 7). The importance of having £imultaneous 
control groups receiving the oil carrter only Ls therehy empbas ized. 

Moreover, the pos itive response s obtained with lipid fractions 
generally represented very m1.n.Imal stimulation, whereas instances of 
enenslve stimulation were frequent In the groups injected witll the fre s h 
pituitary and protein fracti ons. Tile best res ponse encountered witll a 
lipId fraction, with regard to both percentage and degree of response, 
was t he 40 per cent response obtained with 100 milligrams of lipid No. 
67 (Table 6). This group haii nine controls -sImultaneously Injected with 
olive 011, allofwhichwere negative. Some degree of activity must there­
fore be attrtbuted to this lipid fraction, a.lthough on consideration of the 
dosage administered, a nd tile large equivalents 01 fre s h pituitary, the re­
sponses obtained with the lipid fractions might possibly be due to estro­
genic activity 01 the pituitary tissue. 

By comparison of the assays of tile fre s h pituitary and protein­
aceous extracts it will be seen that In the present experiments the bulk 
ofthe acUv1tyof the fre s h tissue was recovered in the protein fractions. 
Nor did re-e:tt:ract1on of the protein fractions 'with warm solvents remove 
their activity. 

In tbe fre s h pituitary or protein fractions it was found ·that ' the 
percentage response to Increas ing dosages was not a lways very unlIormly 
graded, partlcularlyas the dosage increased above that required to gin 
a 50 per cent res ponse. Moreover, It was difficult toattaIna full 100 per 
cent res ponse, at leas t with the dosages tried. This may be a reflection 
oftbe crude pituitary protein preparatl9ns used and the consequent rela~ 
tlvely large amounts of material required. Alany rate, the assay of such 
crude pituitary protein preparations Is only roughly quantitative, a nd it is 
necessarytoadminl ster a wide range of dosages and to a.ccept as the unit 
assay dose the s mallest amount of material required to give a 50 per cent 
response. 

It has. been s hown that various androgens are capable of causing 
mammary gland stimulation (Sel18, McEuen and Coll1p, 1936; McEuen, 
Selye and Coll1p, 1936; Nelson and Gallagher, 1936; Astwood,qeschlck­
ter and Rausch, 19::17; Uottomley and Folley, 1938; Folley et aI., 1939; 
Lewis , Turner and Gomez, 1939; Noble, 1939; Reece and Mlxner, 1939; 
Van Heuverswyn et al. , 1939; Forbes , 1942; MlJ:lIer and Turner, 1943). 
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Table S. - As say 01 Anterior Pituitary Tissue From Pregnant Cattle, Lot No. 14 0 

Amount 
Fresh 
Tissue No. of 

Elttract Carrier Injected Equivalent Mice 
Mi· Mg. • nu .. v .. I .... uan .... II: -• • 

Fresh tissue water 125 125 13 11 2 " ~ 150 150 26 16 10 82 -> 
Lipid fraction Olive oll 1 60 13 2 11 15 

~ 

:l-
No. 14 2 120 13 1 12 6 n 

[ 5 300 13 3 10 " 12 720 15 1 14 7 
100 6000 11 1 10 , -M 

Acetone dried water 15 75 10 , 7 '0 ~ 
protein '0 150 13 , 5 81 :l-

45 225 15 • 6 60 • • 60 300 13 • , 70 a 
00 

Warm alcohol-ether I Water 45' 14 8 6 " ". ~ 
re-elrtracted 60 11 • 2 82 g 
protein 

Warm alcohol-ether I Olive oU 10 , 1 7 12 
re-extracted lipid 

·Castrate male mice used Instead of normal males. 

, 



Table 4. - Assay of Anterior Pituitary Tissue From Pregnant Cattle, Lot No. lola 
(Trentin, Lewis , Bergman and Turner, 1943) 

Amount Fresh Mammary Response 
Extract CarrIer Injected TIssue No, of 

Mg. Equivalent Mice PosI- Nep- Per cent 
Mg. tlve ttve PosUlve 

Fres h tissue water 40 40 6 3 3 50 
50 50 26 2 24 6 
60 60 10 6 4 60 
75 75 24 11 13 46 

100 100 22 10 12 . 

" 150 150 • , 1 75 

Lipid fracUon Olive 011 5 300 10 2 • 20 
No. lola 10 600 • 1 • 11 

20 1200 10 1 • 10 

Protein fraction Water 12 60 • 0 4 0 
24 120 4 0 4 0 
40 200 6 3 , 50 
46 240 4 0 4 0 
50 250 10 7 , 70 
60 300 10 10 0 100 
75 375 25 21 4 .. 

~ 

I 
~ 
~ 
~ 

m 

~ 
~ 
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Table 5. - Assay Of AnterIor PituItary Tissue From Non-pregnant Heifers, Lot No. 16 
(TrenUn, Lewis , Bergman and Turner, 1943) 

Amount 
Fresh Mammary Response 

Extract Carrier Injected Tissue No. of 

Mg. 
Equivalent Mloe Posl- Nep.- Per cent 

Mg. tive Uve Pos tuve 

Fresh tissue Water 15 15.0 10 3 7 30 
20 20.0 • 3 5 38 
25 25.0 11 2 9 18 
30 30.0 • • 5 .. 
40 40.0 9 8 1 89 
50 50.0 21 • 12 43 

100 100.0 11 9 1 82 

Lipid Iractlon Ollve 011 5 125.0 28 I 25 • No. 16 10 250.0 15 0 15 0 
20 500.0 18 1 17 • 

IJ Icohol-ethel" Water 5 28.5 10 • • '0 
extracted 10 56.0 10 0 10 0 
protein 15 85.5 18 4 14 22 

20 114.0 • 2 7 22 
30 171.0 17 • 8 53 
40 228.0 9 5 • 55 

SO;l[hlet water 15 9 • 3 88 
l"e-e;l[\:l"acted 
protein 

-

::; 

~ 

i 
> 

1 
~ 

t , 

• 



Table 6. - Assay of Anterior Pituitary Tissue From Unselected Cattle, Lot No. 41 

Amount Fresh Mammary Respollse 

Extract Carrier Injected Tissue No. of 
Equivalent Mice Posl- Nega- Per cent Mg. Mg. Un U" Positive 

Fresh tissue Water l~r 50 12 : 6 50 
100 14 6 57 

Lipid fraction Olive oil , 300 14 2 12 14 
No. 67 10 600 15 2 13 13 

20 1200 15 0 15 0 
100 6000 10 , , 40 

Acetone dried w ater , 
" 13 , 6 36 

protein 15 " 13 7 6 " 30 150 27 22 , 81 
60 300 13 11 2 " 

Soxhlet re -extracted Water 30 13 7 , 61 
protein 

Soxhlet re-extracted Olive oil 10 , 0 , 0 
lipid 20 , 0 , 0 

InItial extract of Water "I' 12 6 6 50 
acetone dried 

roteln 

• Castrate male mice used instead of normal males. 

~ 

1 
! 
~ -~ 

-w 
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Table 7. - Olive 011 Injected Control Mice 

Number of Mice Pos itive Negative 

8 0 8 
10 0 10 
12 3 • I' 0 I' I' 0 12 

• 1 5 

I' , 10 , 0 • 
Since the present work was done with normal male mice, It beC2.me nec­
essary to determine whether the activity of the protein fractions might 
be due to their gonadotrophic activity. Accordingly, fourteen castrated 
male mice were subs tituted for normal males .on the 45 milligram dos ­
age level of re-extracted protein No. 14, as indicated In Table 3. It wHl 
be seen that a positive response was sUll obtained in the castrated males. 
An initial extract of acetone dried protein No. 41 was also tried in cas­
trate male mice. Ten milligrams of this preparation gave a 150 per cent 
response in twelve mice (Ta.ble 4). 

4. Dlscusslcm. - The experiments reported indicate that the mam­
mary duct-growth stimulating fa ctor designated a s Mammogen I is pre­
sent in the protein fracti on of the anterior pituitary rather than in the 
fraction extracted with lipid solVents such as acetone , ether and alcohol 
which previous work in this laboratory had indicated. In the crude sepa­
raUon of lipid and protein In the earlier work, it Is quite possible that 
some proteinaceous material was carried over into the ' Upid' fraction. 

In the present work it was observed that in the fir st acetone­
dryingprocechlreappreciable amounts of water-soluble , ether-insoluble 
material, some of which showed some activity, was extracted along with 
the true lipid. Thisether - lnsoluble material was s eparated out by chill­
ing and ether fractionation. The inclus ion of protein material In the ' lipid' 
fraction might explain results with the early extraction procedure, as 
well as pos itive resu.lts in hypophysectomized animals. 

The posslb1llty that known lipid-soluble hormones, particuiarly 
estrogen, may be present in the pituitary gland and may account for the 
previously reported efiectlveness of the lipid extracts, has a lso been 
suggested. As mentlonedabove, some estrogenic activity had previously 
been reported {Lewis and Turner, 19391 in some active llpld enracis, 
although, Itwas lelt, In insufficIent amoun s to account for the mammary 
growth-s timulating potency observed. Unlike the presence of proteIn, 
the presence of estrogen mlght explain the previous positive results with 
ether-fracUonatedUpJdenracts_ This is a posslblllty, especially where 
positive results were obtained with large amounts of the lipId fraction. 

. -
m. COMPARISON OF DUCT AND ALVEOLAR STIMULATmG 

ACTIVITIES OF VARIOUS PITUITARY PREPARATIONS 

The findlng that the mammary duct s tlmulatlng activity resIdes 
In theprotelnfractlon, rather than in the lipid fractlon of cattle anterior 
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'pituitary brings up the question of the poss ible identltyaf this factor with 
the lobule-alveolar growth factor (Mammogen n). The alveolar factor 
was known from the beginning to be pre sent in the protein fractions. It 
w1ll be recalled that the duct factor assay is dependent upon duct end-bud 
formation in the male mouse, while the alveolar factor assay is dependent 
upon alveolar formation in the ovarie ctomized female mouse. It was 
therefore decided to as say a lUIm.ber of anterior pituitary preparations 
of'Varying Qature and ma.ke a comparison of the amounts of each u:t.ract 
required to give an a ssay response by both the male and female mouse 
assay. MixnerandTurner(1943) made a s im1lar comparison of a series 
d.. pituitary preparations for alveolar s timulating potency and lactogen 
activity in order to determine whether the two were idenUcal. When the 
results were expressed in terms of lactOgen units per alveolar unit the 
ratio varied from 2.1 to 352, very effectively demonstrating a s trUdng 
lack of paraUel1s m between the alveolar s timulating and lactogenic ac­
tivity. 

1. ErperlmentaL - The present compar!s on of duct s timulating 
wlthalveolar stlmulatingacUvity involved eight preparations. These in­
cluded fre s h anterior pituitary tissue from pregnant and non-pregnant 
cattle, a s wellas fre sh and a cetone-ether dried anterior pituitary tis sue 
from unselected cattle. Also included were four more highly purUled 
extracts . 

Theduct-growthassaydata for each of the preparations are pre­
sented in Table 8. Similar a s say data haTe previously been pubUshed 
(Mixner, Bergman and Turner, 1942; Mlxner and Turner, 1943) for the 
lobule-stImulating activity of all of these preparations except non-preg­
nantcattle pituitary, Lot No. 18. Lobule-s timulating assay data for this 
preparation were obtained by personal cqrnmunicatton (1. P . M1xDer). 
Theduct-stirnuIatingas saydataon fre s h pituItary No. 16 are less exten­
sive in Table 8 than in 1'a.ble 5, since assay data contrIbuted by A. A. 
Lewis are included in Table 5, whereas only assay data obtained by the 
author are presented in Table 8. Comparison of the amowrts of each ex­
tract required for a duct-growth unit and for a lobule-growth unit are 
presentedinTable 9. FreshpituitaryNo. 41, acetone dried pituitary No. 
41 , and lnlt1a1 extract No. 41 are identical with the fresh pituitary Lot 
13, acetone-ether dried pituitary Lot 13, and Initial extract Lot 13 of Mix­
ner a nd Turner (1943). 

As previouslydlseussed, the duct assay unit Is taken as the small­
est amount of matedalrequ1red to give a response within the 50 + 10 per 
cent range. In certain cases responses both above and below tlits a.rea 
were obta1nedbut no s ingle group happened to fall within the assay Tallie. 
In such cases the a ssay unit was interpolated to a. 50 per cent response 
from the groups immediately above and below the assay range, on the 
as sumption that an approximately straight line rela.tionship exis ts be­
tween dosage and response in the area of 50 + 10 per cent response. As ­
say units so obtained are designated by an as teris k in Table 9. 

2. Results and DiscussiOn. - It will be noted tbat the raUo of the 
duct unit to the alveolar unit varies fr om a minimum of 0.5 to a m.axl.mum 
of 1.8. In evaluating this variation it s hOUld be recalled that the male 
mouse a s say method is only roughly quantitative , and that five of the unit 
assay figures were arrived at by interpolation. A variation of !rom 0.5 
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Table •. _ N a ...... . ' Duct RuponM' of Ma le "Ie. iajloeted Wltb V,.,.1oIq ""~r1o:r 
P\tu.l.t ... ,. Prepanll .... U •• Sn Ana, CoadiUONI 

AatnlOI PINl tlt, T~' N. 

N"'U •• ~ Preparation ~ .fu P.,.llh", 

F re.b .at,nor SO.O " • • " pltll1tar1, 100.0 .. • • " u .... l.ctld COI.IUe, 
Lot NO. n 

Fr .. ~ a nterio r 25.0 " , • " pltw.t& r y, .0.0 " • • .. 
IIOD-prepnt 100.0 " • , 

" eattle , LOl NO. Ie 

"'utODl <intd ..... - IS.O " , , 
" lot pitui ta . , . 30.0 " • • " pupUlt canlt, 45.0 " • • " Lot NO). 14 .0.0 " • • " 

Acetone dl'IM ., " • • " ."",.ior ptWlta.y, 15.0 " , • ~ 
...... \eete<l ClUla, 30.0 " " • " LOt No. 41 60.0 " " , .. 

Wtu.1 ~""Clol '-' " , 
" " " l1e.IO. pIMtI." , ••• " • • " unHllcttd catlle, ... • • , .. 

Lot NO. 41 15.0 " • , .. 
'0.0 .. " • " 

Cattle Iac:tocelllc-'9 ••• •• • , 
" ... " • • " ,eo " • • .. .... " • , .. 

CiS 41 -10 ... " , • .. 
15.0 " • • " 

Lac. 1a-40 10.0 " 
, • ~ ,eo " " , " 

to 1.8 as obtained cannot, therefore, be considered as representing a s ig­
nificant difference. Moreover, the comparison was made on the basis 
of a wide range of preparations, [rom fre sh pituitary ttssueto highly 
purUled extracts . H the two activities represent the action of two sepa­
rate factors i t is very likely that a mucb greater variation would have 
been encountered. 

Another important consideration is that the variation in the ratio, 
slight though it is , is equally distributed on either s ide of unity. It would 
therefore, appear like ly that the two assay meth.ods are measuring one 
and the same thing rather than differentiating between a specific duct 
stimulant a nd a specUic a lveolar s timulant . 

IV. RESPONSE OF THE MALE MOUSE MAMMARY GLAND TO 
ESTROGE N, PROGESTERONE, AND COMBrnED ESTROGEN AND 

PROGESTERONE 

The possibillty has been indicated that the mammary glands of 
t h.e male mouse and of the ovariectomized fe male mouse are merely re­
sponding tn a different mannertothe same stimulus, rather than measur ­
ing two distinct s timuli , a duct mammogen and an a lveolar mammogen. 
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n.b~ t. - COmpll.r ISOll of ~lveOlar stimulatll\i Potency of Various 

P .... po. .... Uon 
Mg. per Mg. per Alveolar Units 

Duet Alveolar '" Um' "m' Duet UnI.! 

Frub ante rior pituitary, 50.0 44.0*" 1. 10 
unse~cted co.ttle, 
Lot No. n 

F...,sh anterior pituitary, ... 30.0 1.70 
non-pregnant cattle , 
LOt 1'0.16 

Acetone dried a nterior 2 ~. 00 15.0 1.70 
pituitar y, p .... gnan.t 
cattle, LOt No.. 14 

.... eetone dried anterior 15.0 11.6' 0.a5 
pituitary, W>Seleeted 
cattle, LOt No.. 4' 

Inltltal e:o:tn.<:t of ... '-' 0.85 
ante rior pituitary, 
uns.eleeted canle, 
Lot NO. 41 

Cattle Lactogenlc-39 11.1' 10.0 1.80 

C1341-10 ,., 13. 5 ... 
LaC. 1l-40 '" 20.0 0.50 

• Cor retted to 50% response. 

In order to further investigate this possibility, a s tudy was made of the 
male mouse a ssay method. This as say involve s the use of male m1ce with 
very rudimentary mammary glands consisting of a few shori bare ducts 
with no end-buds or a lveoli. A positive re sponse constitutes the appear ­
ance of end-buds, s ignifying extension of the duct s ystem, on examination 
the day following the last of s ix daily subcutaneous injections. 

1. ExperimentaL - In this s tudy the nature of the male mouse 
mammary gland re sponse to various types of s timuli was inves tigated, 
not merely at· the end of six injections, but at intervals up to thirty days. 
Since combined estrogen and progester one was believed to stimulate the 
production of Mammogen II, one group of male mice was given daily in­
jecUons of one micr ogr am of es tradiol benzoate plus 0. 25 mJ.ll1grams of 
progesterone. Since estrogen alone was beUeved to stimulate the pro­
duction of Mammogen I, a second gr oup of mice was given the same lev­
el of estradiol benzoate alone . A third group was given the .same levelof 
progesterone alone. 

2. Results . - The results of the present experhn ent ar e tabulated 
in Table 10. With t he injection of estrogen alone, the fir s t response was 
detectable after three injections, at which time four of s u treated ani­
mals showed the fir st s igns of end-buds. After s ix injections all of 11 
animals sacrificed showed nume rous end·buds. After 151nJections all 
nine animals sa crUiced pre sented end-buds with two arumalsshowlng 
the fir s t s igns of alveolar development. Atter 30 injeCtions all of eight 
animals s howed alveolar development, with only half of the group show­
ing definite end-buds as well. By thls time the duct syste m had alread~ 
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'fible 10 .• Nawre and Sequence of tile Mammary Response of Male Mice to Estrogen, 
p t nd Combined Estrogen and Pro(es lerone Trntment ~s erone,.II. 

N. ~ No. MAMMARY RESPONSE 
Tnatment .'!:i' of 

NOM 
Eod- "- REMARKS 

In tied M'~ B.", 0" 
Estradiol Benzoate , 6 2 4 Almos t all end-buds 

( \ mlcr OJHm clally) small. 

• " " £nd-bu<a numerous. 

" 9 9 , Ducts elongated with 
Urst appearance of 
alftol1In ht'D animals . 

" 6 • • Good extension 01 ducts 
SOme alYeol1r develop-
ment In aUanimal$. 

Progesterone • 3 , End-buds numerous. 
(US mg. da.Uy) 

" 
, , Notlcellble enen$1on 

in one anhm.loDly. 

" 2 2 Extension In one 
ani!Il2.! only. 

" 
, , Duct e:denalon In hro 

animal" one d. "hleh 
sb~ no end-buds. 

" • , , Duct utenslon In 
tllne animals. 

" 3 1 Duct u1ens1ol1 1D 
thTee utmaLs • 

Estradiol ~Moate • , • End-bud. numerous, 
( 1 mlc rognm dally) 

plWl progesterone " 
, , • Good extenalon. All 

(0.25 1Ili. dally) glands s""' both 
end-buds IUId alveo11-

undergone considerable extension. Ftgure 1 illustrates typical mammary 
glands after thirty daUy injections of one microgram of estradiol ben­
zoate. 

With progester one alone the fir s t responses were indis tinguis h­
able from those of the previous group. After six days all of t hree ani­
mals showed end-buds only. Similarly at ten and futeen days all of the 
animals sacrllicedshowedend-buds only. FroIn twenty to thirty days the 
extension of the duct s ystem apparently progressed, whUe the Incidence 
of end-buds declined. This Is similar to the response to estrogen with 
the exception that whereas alveoli began to ~ppear at about 15 days with 
estrogen, no alveoli were ever encountered with proge ste rone alone. 
Typical mammary glands of progesterone treated mice are shown In Fig­
ures 2, 3, 4, and 5. Gardner and HI1l(1936)andChamorro(1944) have Uke ­
wise reported that proge sterone alone stimulated only duct gr owth in male 
orfemale mice . Mlxnerand Turner (1943) however have obtained alveo­
lar developmentwtthprogesterone a lone in ovariectomized virgin female 
mice. Appr ox:irnatelysixtlmesas much progesterone was required alone 
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to secure a unit alveolar response as was required when estrogen was 
given simultaneously. The reported differences are therefore undoubt­
edlya result of different dosages and duration of injection involved. In 
the present experiment suffiCiently large doses of progesterone over a 
longer period of time would probably have led eventually to alveolar de­
velopment. Selye has shown in the rat (1940a, 1940b) and Hartman and 
Speert tnthe monkey (1941) that sufficiently large doses of progesterone 
alone will evoke both duct and alveolar response in the castrate animal. 

The third group eCfectively demonstrated the synergistic action 
on mammary growth stimulation of combined estrogen and progesterone 
treatment. After fifteen days, when the group receiving progesterone 
alone showed:::>:uy end-buds, and the group receiving estrogen alone was 
just beginning to develop alveoli in a few animals, the group receiVing 
both estr ogen and progesterone showed good extension of the duct system 
and alveolar development in all animals (Figure 7). The significant ob­
servation, however, was that the first response even to combined estro­
gen and progesterone was end-bud formation and duct extension, without 
any sign of alveolar development. Thus after siX injections the mammary 
glands were indistinguishable from either the estrogen injected or pr o­
gesterone injected groups (Figure 6). In all previous assays with vari­
ous pituitary extracts, the response on the seventh day was likewise al­
ways end-bud development with no signs of alveolar development. 

3. Discussion. - From the above observations it is apparent that 
the sequence of response is identical; first end-bud formation and second 
alveolar development. The significant difference observed was rather 
one of rate of development, the estrogen and progesterone treated group 
reaching tile alveolar stage more quickly than the estrogen treated group. 

The mechanism of the alveolar response to estrogen will be dis­
cussed at length in the next section. It is sufficient here to say that mam­
mary alveolar responses to estrogen administration must be suspiciously 
regarded as representing a response not to estrogen alone, but to estro­
gen plus tile adrenal steroids and, U the ovary is intact, the corpus lu­
teum also. The ability of estrogen to stimulate the release of adrenotro­
phic hormone and to stimulate functional activity of the corpus luteum has 
been adequately demonstrated. 

The failure of estrogen and progesterone to produce alveolar de­
velopment without !irst Inducing duct growth is interesting. It might be 
postulated that combined estrogen and progesterone induces the forma­
tion first of a duct mammogen and later an alveolar mammogen. Such 
an explanation is inadequate, however, for pituitary preparations capable 
of stimulating both duct growth and alveolar growth act similar to com­
blnedestrogenand progesterone in that the first response induced in the 
male mouse Is always end-bud formation and duct extension: On the 
other hand, the formation of end-buds only as compared to both end-bud 
and alveolar formation might be explained simply on the basis of the de­
gree of development of the mammary gland at the time of treatment, and 
variations in the rate of cellular proltieration induced by various mam­
mary growth stimulants, without the need for postulating a specUic 
duct stimulant and a specUic lobule stimulant. Thus in a small gland 
such as that of a male mouse no cell is very far removed from the end 
of a duct and the increased volume of mammary tissue resulting from 
cellular pr oliferation may readily be accommodated by extension of the 
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endS of ducts, apparently the path of lea st resIstance, or the area of 
greatest sensitivity. In such a mammary gland a very intense stimulus 
to cellular proliferation would be required to cause protrusion of cells 
through the connective tissue surrounding the duct walls. Conversely, 
as duct extension occurs, the threshold for an alveolar type of response 
would become progressively lower. Thus when the ducts have reached 
their maximum extension, which appears to be limited by the connective 
tissue fatty pad in which the gland "develops, then continued cellular pro­
liferation could no longer be accommodated by duct extension and would 
be forced to break out In the characteristic alveolar development along 
the sides of the ducts, filling in the intervening spaces. 

Accordingly. if the male mouse Is given continued injections of 
the same dose of either estrogen plus progesterone or pituitary mater­
ial, the mammary response first consists of duct extension only, later 
changes to a combination of duct and alveolar development, and filially 
alveolar development predominates. The change has not been in the na­
ture or Intensity of the stimulus, for the same amount of the same ma­
terialhas been administered continuously. There bas occurred Instead, 
a change inthe responsiveness of the mammary gland to the sa me Inten­
sity of the same stimulant. Cowie and Folley (1947) have recently made 
the similar observation that the type of mammary response evoked in 
gonadectomized rats by anterior pituitary treatment is dependent upon 
the degree of glandular development existing at the time of treatment. 

V. MECHANISM OF THE MAMMARY ALVEOLAR RESPONSE 
TO ESTROGEN ADMINISTRA nON 

1. Review. - Although the estrogens were earlybel1evedcapable 
of stimulating only duct growth of the mammary gland, it became appar­
ent, with the availability of crystalline preparations and the use of larger 
dosages and longer periods of treatment, that administered estrogens 
were also capable of producing varying amounts of alveolar development. 
As we have seen in the previous section, male mice inje cted daily with 
one microgram of estradiol benzoate had' begun to develop alveoli in a 
few cases after 15 injections, while alter thirty injections all animals 
examined s howed some alveolar development. 

Certain species respond to estrogen with much fuller alveolar 
development than others, the guinea pig being one of the most responsive 
species (Laqueur, et al. 1928; Turner and Gomez, 1934; Lyon and Pen­
charz, 1936; Nelson, 1937; Lewis and Turner, 1942). Even within the 
same specie certain strains of animals respond to es trogen with alveo­
lar development more readllythan do other strains . Bonser (1936).treated 
male mice of LitUe 's Bagg albino and black agouti lines with large doses 
of estrone. The mice were killed at Intervals over an 89 week period. 
Acinar proliferation was found in 22 of 33 black agoutis but in only 4 of 
31 Ban albinos. ~. , 

A similar disparity in the alveola.rresponse of male mice of var­
Ious strains to estrogen administration has also been reported by Gard­
ner and Hill· (19 36). In general, however, it may be said that the rate 
and e7ctentof mammary development Induced by estrogen administration 
Is much inferior to that which normally occurs during pregnancy. 

Whether or not tbe dosage of administered estrogen is within the 
physiologic range is alsoan important consideration in the interpretation 
-of -alveolar mammary responses to estrogens. It has been found in this 
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laboratory that the level of dimethyl ether of diethylstilbestrol (admin~ 
istered in the feed) required to produce alveolar development in male 
miceoveraperiodof from three to nine weeks also brings about marked 
retardation of growth, or body weight loss. The dosages of estrogen gen~ 
erallyernployedinmammary gland studies are usually sufficient to pro~ 
duce a marked body weight loss. 

In the isolated post~pubertal virgin female rabbit maintained on 
a high nutritional level, a more or less continuous state oI estrus exists, 
uninterrupted by spontaneous ovulation. It is significant that in such an~ 
imals, under a continuous "physiological " estrogen stimulation, the·mam~ 
mary glands consist of an extensive duct system with very little alveo~ 
lar development (Turner and Frank, 1930; Turner and Gardner, 1931). 
The lack of alveolar response to endogenous estrogen under conditions 
ofnormal physiology, and the appearance of varying degrees of alveolar 
response to exogenous estrogen under experimental condition in some 
species and not others, in some dosages and not others, presents a per ~ 
plexing situation in need of clarUication. In the following paragraphs a 
possible adrenallnvolvernent will be considered. 

The considerable synergistic effect of corpus luteurn extract or 
progesterone with estrogen upon alveolar development has long been ap~ 
prectated(TurnerandFrank, 1931, 1932; Lyons and McGinty 1941; Scharf 
et aI., 1941). The rate and degree of development produced by these two 
hormones combined much more nearly approaches that of pregnancy. 
Various androgens have been found to produce effects similar to proges~ 
teroneinpromotlng mammary alveolar development (Selye, McEuen and 
Collip, 1936; McEuen, Selye and Collip, 1936b, Neison and Gallagher, 
1936; Astwood, Geschio=lder and Rausch,·l937; Bottomleyand Folley, 1938, 
Folley et al., 1939; Lewis , Turner and Gome~, 1939; Noble, 1939; Reece 
and Miltner, 1939; Van Heuverswyn et al., 1939; Forbes, 1942; MiXner 
and Turner, 1943). The same has been found true of·desoxycort1coster6~ 
(Van Heuverswyn et al., 1939; Speert, 1940; Chamorro, 194Ob; Nelson, 
Gaunt and Schweizer, 1943; Mixner and Turner, 1943). 

Nelson{1941a, 1931b) has obtained stimulation of the sex~acces~ 
sories, enlargement of the uterus and growth of the mammary glands in 
gonadectomized-hypophysectomized immature male and female rats by 
adrenocorticotrophic hormone administration. The effects did not occur, 
however inadrenalectomlzed-gonadectornizedanimals. The results were 
interpreted as representing a production of sex hormones by the adrenal. 

Estrogen administration has been shown to result in an adrenal 
enlargement with an increased cortical lipoid content (Laqueur, 1927; 
Andersen and Kennedy, 1932; Leiby, 1933; Korenchevsky and Dennison, 
1934; Andersen, 1935). The effect is mectiated by way of the pitu1~ry· 
adrenotrophic hormone, being absent in the hypophysectomized animal 
(Selye, . Collip and Thomson, 1935; Selye and Colllp, 1936; ElUson and 
Burch, 1936). 

Carbohydrate and protein metabolism studies have also indicated 
that the action of administered estrogen in increasing Uver glycogen and 
nitrogen excretion is the result .of a release of pituitary adrenotrophic 
hormonewitha consequenttncreasedproduction of adrenal cortIcal ster­
oids (Janes and Nelson, 1942; Long, 1942). 

Since progesterone (Beall, 1938; Reichstein, 1938), andr ogens 
(Relchstein, 1936, pfiffner and North, 1940) and deso}(ycortlcoste.rone 
have been isolated from the adrenal, the question arises as. to whether 
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the alveolar response to administered estrogen may be mediated by way 
oftheadrenal{Petersen, 1942). The Iollowing·experiment was undertaken 
to determine the relative effectiveness of estrogen on the mammary gland 
of castrate and castrate -adrenalectomized male rats. 

2. Experimental. - Male Wistar rats, from a colony maintained 
at the University of Missouri for many years, were used. Body weights 
varied from about 200 to 300 grams, with most of them within the range 
of 220 to 260 grams. Adrenalectomy was performed under ether anes­
thesia through a single dorsal skin incision. Adrenalectomized animals 
were maintained on 1 per cent sodium chloride drinking water. Some 
strains of rats survive adrenalectomy much beUer than others, appar­
ently as a result of accessory adrenal tissue. The suitabilltyof this 
strain for adrenalectomy experiments was determined by the time of 
survival of adrenalectomized animals following substitution of distilled 
water for the 1 per cent saline drinking water (Group 1). Castration, 
whereperformed,occurredfrom 41 to 103 days before the animals were 
used. Adrenalectomy was performed 10 days prior to sacrificing. Es­
trogen treatment consisted of 5 micrograms daily of estradiol benzoate 
inoilfor 10 days prior to sacrificing. In the castrate, adrenalectomized, 
estrogen-treated animals, estrogen treatment was instituted on the day 
adrenalectomy was performed. Upon sacrificing the adrenalectomized 
animals, loose connective tissue and any suspicious nodules were removed 
from the kidney area of aU animals. This was serially sectioned by the 
pu-affin method, stained and examined microscopically for the possible 
presence of accessory adrenal tissue. 

The skins, with attached mammary glands, wereflxed and stained. 
AU of the mamma.ry glands on each animal were examined and a typical 
gland removed. This was usually the second or third thoracic gland al­
though in some cases where the two were closely associated they were 
removed as a unit. Mammary glands were rated on the basts of structure 
only, gland area not being considered because of the greater variation 
from one animal to another, and because of the relatively short period 
of treatment. Mammary glands were mounted for comparison from four 
normal (Group 2), four castrated (Group 3), four castrated, adrenalec­
tomized (Group 4), four castrated, e s trogen-treated (G roup 5) , and twelve 
castrated, adrenalectomized, estrogen-treated (Group 6) animals. 

3. Results. - Of eleven non-castrate rats (Group 1) adrenalec­
tomizedandmaintalnedon 1 per cent saline for ten days, one died on the 
eIghth day. After substitution of distilled waterfor the saline on the tenth 
day, the average survival time of the remaining ten rats was 14.3 days. 

A representative gland from one of the normal male rats Is shown 
in Figure 9. This Is typical of the extensive alveolar proWeration found 
in male rats of this strain (Turner and Schultze, 1931). 

Glands from the castrated animals were uniformly less exten­
stvelydevelopedthanthe normal. However, the central area of the gland 
still contained an appreciable amount of alveolar tissue, with the extrem­
ities consisting of bare duct s (Figure 10). 

In the castrated rats adrenalectomized for ten days the glands 
were very atrophic, alveolar development being entirely absent and the 
ducts very thin (Figure l1 ). 

The castrated, estrogen treated animals showed extensive alveo­
lar response, even though they lost an average of 20.6 grams as a result 
of the ten days of estrogen treatment (Figure 12). 
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Figure, 9. Mamm<::rry gland of nor mru. male rat . (3 . B4X) • 

• 
"~ . 

figure 10 . Mammary ,gland of male r at castra~ .ixty- t.o 
days p reviously . (3 . B4:<) . 
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Figure 11. Mcmmtary glcmd 
t oDlized and IIKti.ntaiJl.e<i on 
(3. 84XJ • 

of c ast rated mole 
1 per cent saline 

,at 
fo, 

odrenalec­
ten days. 

Figure 12. M<mIlIIory gland of castrated male rat treated 
with five mic rogroml of estradiol ben~oate daily for t en days. 
(3. 84.X) • 



Resear eh Bulletin 41 B 

fiqtre 13. MoJnmary qland of castrated male rat adrenalec· 
tomized and treated with five micrograms of estradiol benzoate 
daily for ten day, Serial sections revealed 0 small ox:ceuory 
adrenal node in this animal . {4.B>O. 

Figure 14. Mammary gland of cas trated male rat adrenalec· 
tomized and treated with five microqr~s of estr adiol benzoate 
daily l or ten days . No accessory od r enal tiuue 'Wall found in 
this animal . (4. 8X) • 

27 
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The mammary gland response a!. the castrated, adrenalectomlzed 
animals to estrogen treatment was strikingly inferior to that of the cas­
trated,anlmalstothe same dose of estrogen. In no case were the mam­
mary glands as atrophic, however, as those of the castrated, adrenalec­
tomized animals without estrogen treatment. 

The mammary glands of the castrated, adrenalectomized, estro­
gen-treated animals (Group 6) were rated against the mammary glands 
of the castrated male rats, in which condition they began the ten day per­
lodo! adrenalectomyand estrogen treatment. This comparison was made 
both on the basis of duct stimulation and alveolar s timulation. 

Eleven of the twelve animals (Group 6) showed a s timulation of 
thepedpheryof the ducts with end-bud formation. In the tweUth animal 
the condition of the gland was unchanged as compared to the castrate 
gland. On the basis of alveolar development, however, four animals 
showed less, six animals showed essentially the same, and two animals 
showed more alveolar development than the castrate glands. One of the 
two animals showing more alveolar development than the castrated con­
trols was the only animal in which accessory adrenal tissue was found 
in the serial sections. This animal showed the best response of any of 
the castrated, adrenalectomlzedanlmals to estrogen (Figure 13). A more 
typical gland of this group is shown in Figure 14. 

4. Discussion. - The complete mortality of the adrenalectomized 
animals of Group 1 within a reasonably short time after substitution of 
distilled water for the sallne drinking water indicates the suItability of 
thisstrainofrats for adrenalectomy studies. This Is in conformlty with 
prevlousadrenalectomystudtesperformed on this strain of rats (Meites, 
Trentin and Turner, 1942). 

The presence of mammary alveolar tissue in cr..strated male rats 
is interesting. That the adult male rat mammary gland possesses con­
siderable alveolar development has long been recognized (Turner and 
Schultze , 1931; Astwood et al., 1937). However, reports as to the effect 
of castration in the male rat are somewhat confllcUng. Turner andScbultze 
(1931) compared castrate male rats (Wistar ) with non- castrate males at . 
monthly intervals and concluded that castration neither inhibits nor hast­
ens the characteristic lobule prol1!eration. Continued duct growth was 
also observed. It .was suggested that the hormone or hormones causing 
the marked lobule proliferation of the mature male rat might be produced 
by some organ other than the gonad. 

McEuen, Selye and Colllp (1936) u sing biopsies rather than whole 
mounts of the mammary glands, reported no secretion or development in 
48 and 56 day-old male rats (strain not l1lentioned) that had been castrated 
at 34 days of age . Biopsies taken 15 and 50 days after castration of six 
males at four and a half months were reported to show marked signs of 
involution. 

Astwood, Gescb1ckter and Rausch (1937) reported that growth of 
the mammary glands of the male and female rat (albinos obtained com­
mercially) during the first six weeks of We proceeds with equal rapidity 
and 1s entirely independent of the gonads. In males castrated at 3 weeks 
of age, mammary growth proceeded untU a weeks of age, after which it 
remainedunchangeduntl116 weeks of age, at which time signs of involu ­
tlon were noted. 

Sm1thcorsand Leonard(1942) castrated male rats (Sprague-Daw­
ley strain) at 24 days and after 41 days all of the mammary glands s howed 
goodeitenslonofthe duct system but no evidence of alveolar development. 
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Lewis, Gomez and Turner(1942) reported slight or no regression 
two weeks after castration with lobule development present in some of 
the castrate males (albinos, strain not mentioned, probably Wlstar). 

Cowie andFolley(1947) have observed that in male or female rats 
(hooded Norway) gonadectomized at weaning, ~lveolar tissue, although 
absent in animals killed at 28 days of age, was present in the glands of 
animals killed at greater ages. 

Strain differences undoubtedly account for the variable results. 
The complete disappearance of alveolar tissue from the glands of cas­
trate male rats within 10 days foll owing adrenalectomy (Figures 10 and 
11 ) indicates the adrenal as the Ukely source of stimulation In those 
strains in which the mammary gland grows or is maintained in the ah­
sence of the gonad. 

In certain strains of mice it has been demonstrated (Woolley et 
al., 1941; Fekete et aI. 1941; Gardner, 1941) that animals of either sex 
if castrated up to 6 months of age will develop, after 8 or 10 months, 
adrenal hyperplasia followed by mammary gland growth and signs of 
estrogenic stimulation or the uterus and vagina. 

The present experiments obviously do not bear out previOUS re­
ports that adrenalectomy in itself enhances mammary growth of 'rats 
(Butcher, 1939; Reeder et aI., 1944). Quite" the opposite effect was ob­
tained. Butcher's work involved underfed animals and is not strictly 
comparable. Reeder and Leonard obtained their effect only if the ani­
mals gaIned appreciably in weight following adrenalectomy. They point 
out that this variation might be attrIbuted to variable amounts of functional 
accessory cortical tissue which was known to be present. Cowie and Fol­
ley (1944) report no chalige in mammary gland structure but a decrease 
In gland area following: adrenalectomy in gonadectomized rats. Cramer' 
andHorn.tng(1939)reportmammarylnvolutionin adrenalectomized mice. 
Cowie and Folley (1947) observed sllght mammary gland regression aI­
tel' adrenalectomy in two expedments but not In a tb1rd. 

Comparisonofthe results of Groups 3, 5, and 6 indicates that al­
though estrogen maintains its ability to stimulate some duct growth in 
the adrenalectomized rat, its ability to stimulate alveolar development 
Is absent, oratbest very greatly diminished. Cramer and Horning (1939) 
have previously reported that the mammary glands of adrenalectomlzed­
estrlnised mice never showed such an advanced degree of development 
and secretory activity as in the estrInised intact animals. Selye and :Mas­
son (1939) on the other hand have reported that the estrogenic effect of 
estrone and diethylstilbestrol on. the vagina and uterus of the rat is not 
prevented by adrenalectomy. 

A restricted feed intake has been reported to cause a lowered 
responsivenessofthe mammary gland to estrogen (Astwood et al., 1937; 
Trentin et aI., 1941). Feed consumption data was not taken in the pre­
sent study. However, Cowie and Folley (1947) obtained similar mammo­
genic effects upon administration of anterior pUuitaryextract to castrated 
or castrated, adrenalectomized rats. They reported that wn1le tne re­
sponse may have suffered some diminution in the adrenalectomized r ats, 
the degree of such diminution was relatively slight. It is doubtful, there­
fore , that the wide divergence in the response to estrogen observed in 
the present experiment couldbe attributed entirely to a voluntary decrease 
in feed consumption by the adrenalectomlzed animals, or to a metabol1c 
upset which rendered the adrenalectomized rats inca-pable of responding 
with alveolar development. 
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It is possible that part of the "diminished mammary eUect of es­
trogen intheadrenaleetomlzedrats may be attributed to a toxic effect of 
the es trogens in alirenalectomlzedanimals. Such an effect has often been 
reported. In the present work, mortality among the estrogen treated 
adrenalectomized anhnals of Group 6 was one out of thirteen. Although 
this was not higher than 1n non-estrogen treated adrenalectomized rats , 
the 12 remaining rats lost an average of 35.2 grams as compared with 
an average of 18,7 grams lost by the non-estrogen treated adrenalecto­
mJzedanimals ofGroupS. It will be noted, however, that in the cas trated 
rats with adrenals intact estrogen produced excellent alveolar growth 
even though the animals lost an average of 20.6 grams as a result of the 
treatment. It would appear probable, therefore, that the diminished re­
sponse oi the adrenalectomized animals to estrogen is not entirely attri­
butable to a toxic effect. 

In view of the known ability of es trogen to s timulate adrenal cor­
tical actlvity,andtheknown ab1llty of the adrenal cortex to secrete ster ­
oids capable of inducing mammary alveolar d!evelopment, Uappears likely 
that the extensive alveolar development produced by estrogen adminis­
tration in the non-adrenalectomized rat may be mediated by way of the 
adrenals. 

5. Summary. - From the observations reported thus far, name­
ly the failure to confirm a lipid mammogen, the parallelism of the duct 
stimulating and alveolar stimulating potency of a number of pituitary 
pteparations, the faUure to produce alveolar development without firs t 
Inducing duct growth, and the faUure of estrogento induce alveolar devel­
opmentinadrenalectomizedaolmals, several conclusions may be drawn. 

Tbe original observations which wer e considered as proof" for 
the suspected existence of a duct mammogen as separate and distinct 
fromanalveolar mammogencanno longer be considered valid. Although 
the present experiments do not conclusively disprove the existence of a 
dud mammogen as separate from an alveolar mammogen, the compar­
ative assay of a number of available pituitary preparations indicates that 
the two are the same. This is further borne out by the failure of pitui­
tary extracts or estrogen and progesterone combined to induce alveolar 
development without first inducing duct growth. 

The.mammary alveolar response to estrogens In certain species 
andat certain dosages appears to be dependent upon the ab1llty of estro­
gens to stimulate the adrenal cortex and of the adrenal cortex to secrete 
steroids either identical with progesterone or resembl1ng progesterone 
in its ability to synergize with estrogen In the s timulation of mammary 
alveolar development. 

VI. EFFECTIVENESS OF ESTROGEN AND PROGESTERONE AS 
MAMMARY GLAND STIMULANTS IN THE 

HYPOPHYSECTOMIZED ANIMAL 

1. Review. - One of the factors In the development of the mam­
mogen theory of mammary gland growth was the ineffectiveness of the 
steroid sex hormones to grow the mammary glands of hypophysectomized 
animals. However,thequestion of the effect or non-effect of the steroid 
hormones following hypophysectomy continues to be debated. It appeared 
deSirable, therefore, to review the literature in this regard and. U neces ­
sary to perform further experiments on hypophysedomized ·animals. 
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Turner (1939), Lewis and Turner (1939) and RIddle (1940) have 
adequately reviewed this literature. The pre sent review will therefore 
be confined to publications appearing from 1939 to the presentwritlng. 
Briefly stated, however, tne relevant studies prior to 1939 wereas follows: 

Positive results with e strogen on tbe mammary glands of hypo­
physectomized animals were reported in the rat by Ruinen (1932), de Jongh 
(1933), Nelson (1935a). Freud and de 10ngh (1935); in the rabbit by Asdell 
and Seldensteln (1935); in the guinea pig hy Nelson (1935b), and in the 
dog by Houssay (1935). 

Negative results with estrogen following hypophysectomy were 
reported in the rat by Selye , ColUp and Thomson (1935), Reece, Turner 
and Hill (1936), Selye and ColUp (1936), Ne lson and Tobin (1936), Ast­
wood, Gesch1c.kter and Rausch ( 1937), Gomez and Turner (1937); in the 
guinea pig by Lyons and Pencharz (1936), Gomez and Turner (1936): in 
the mouse by Gomez, Turner, Gardner and Bill (1937), Gomez and Turner 
(1937), and in the rabbit, cat and ground squirrel by Gomez and Turner 
(1937). 

Positive res ults with combined estr ogen and progesterone treat­
ment following hypophysectomy were reported In the rabbit by Asdell 
and Seidenstein ( 1935), in the rat by Freud and de Jongh (1935} and In 
the guinea pig by Nelson (193Sb). 

Negative results with combined estrogen and progesterone treat­
ment following hypophysectomy were reported in the rat and guinea pig 
by Gomez and Turner (1937). 

Negative results with tes tos terone or testosterone propionate were 
reported in the rat by McEuen, Selye and Collip ( 1937), and Noble -( 1939). 

In 1939 several reports appeared. Fredrlkson (1939) reported 
that combined es tradiol monobenzoate and progesterone t r eatment re­
sulted in the development of the alveolar system of the immature hypo­
physectomized rabbit, the extent depending upon tile amount of proges­
terone given. He concluded tha.t the ovarian hormones act on the Jtam­
mary gland in the absence of the pituitary. He found that if hypophy­
sectomywas performed within ten hours of the institution of pseudopreg­
nancy, ins ignificant growth and branching of the ducts were observedaf ­
ter ten days_ However, if estrogen was injected luteal functi on was pro­
longed beyond that in nor mal pseudopregnancy. Under these conditions 
he reported that the various s tructures of tile mammary gland became 
completely developed, directly due to the action of the corpora lutea. 

Lacassagne and C hamorro (1939) reported that hypophysectomized 
ma le mice given crys tals of es trone subcutaneously or injected weekly 
with an oil solution of estrogen showed no stimulation of the mammary 
glands in a maximum of 152 days . Mice showed growth of the glands 
when 50 micrograms of estrone benzoate was s meared on the skin. Fol­
lOwing hypophyse ctomy, however, rapid regression occurred in s pite of 
continued application of es trone. 

Nathansonet a l. ( 1939) likewise reported that hypophyse ctomy of 
male and fe male rats resulted In atrophy of the mammary glands, while 
daUyinjections of 100 microgra ms of es tradiol benzoate was IneUecUve 
in preventing this atrophy. 

Desclin (1939) adminis tered 10 micrograms of estradiol l?enzoate 
daily to male guinea pigs. At the end of a month tbe glands were sUm­
ulated to a secretory level. Hypophyse ctomy was then performed and 
the e strogen treatment continued_ At the end of 12 days tbe mammary 
glands were found to be atrophic. 
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Chamorro (1940a) hypophysectomlzedflveaduit male mice weigh", 
tng 22 ,nms. He then injected them with one-half milligram of desolt)'­
corticosteroneacetateinoilthreetimesa week. Alter 21 days the mam­
mary glands showed no signs of development. In the hypophysectomlzed 
male rat, however, the Injection of desoxycorticosterone acetate plus es­
tradlol benzoate caused alveolar development of the mammary gland 
(C hamorro, 194Ob). Each substance adminis tered alone was inactive. 

Gardner (1940) injected hypophysectomized male mice for 12 to 
15 days s tarting from one to 89 days postoperative. Considering com­
pletely hypophys ectomized animals only, he obtained sUght growth of the 
mammary ducts in two of seven mice with desoxycorticosterone acetate 
(O.2S mUligrams daily), In one of four mice with progesterone (0.125 to 
0.25 milllgrams daily), and.1n five of ten mice with estradIol dlproplo­
nate (0.05 to 1.0 micrograms daUy). A more extensive and more rapid 
proliferation of the mammary ducts occurred when the desoxycorticos ­
terone acetate or pr ogesterone was injected with the estrogen In the same 
dosages. This occurred in 12 of 14 animals injected with de soxycorti­
costerone acetate and estrogen, and in 11 of 12 animals injected with pro­
gesterone a nd estrogen.. Testosterone pr opionate (0. 25 to 1.25 milllgrams 
daily) either alone or in combination with dosages of estr ogen which in 
themselves gave stimulation, was without eIrect in eleven and seven an­
Imals res pectively. 

Selye (194Ga) observed that large· ~oses of progester one caused 
full development of the mammary gland of intact or spayed rats. In hy­
pophysectomized rats the acUon of proges terone on the accessory sex 
organs was the same as in intact or s payed fema les, except that the mam­
mary glands became enUrely unres ponsive. He concluded tnat proges­
terone exerted its mammotrophIc eUect by way of the pituitary jus t as 
do the estrogens a nd androgens. 

Reece and Leonard (1941 ) failed to induce mammary glandstlm­
ulaUon In castrated hypophysectomi:ted rats, hypophysectomi:ted male 
rats, and s payed hypophysectomized rats with n.rlous estrogens. Endo­
genous estrogen, produced by the Injection of gonadotr ophic hormones 
in hypophysectoml:tedfemale rats, elterted no influence on the mammary 
gland even though the body weights of these animals Increased or remained 
constant during the course of treatment. 

Sa muels et al. (1941) force-fed hypophysectomized female rats 
in order to Investigate the posslbl.l1ty, sugges ted by Astwood et a1. ( 1937) 
that the refractoriness of the mammary glands of hypophysectomized an­
Imals was due to a state of chronic under-nutrItIon.. The force-fed ant­
mals, ins tead of los ing weight, gained 19 grams during a 28 day period of. 
es trogen injection (100 micrograms of es tradlol benzoate in oil every 
other day). The mammary glands, however, still faIled to show s timu­
lation.. 

Leonard and Reece (1942) reported that desoxycorticosterone , 
te stosterone, and. estrogen, either alone or In combination would not In­
duce new growth in the mamlllary glands of the hypophysectlomlzed rat. 
Testosterone seemedto slow the rate of mammary gland involution wlllch 
followed hypophysectomy. The adminJ.straUon of estrogen dIrectly on 
the sldnoverthe mammaryglandof the hypophysectomIzed rat was wIth­
oot effect, although 1n the normal or partially hypophyse ctomized rat 
new growth was stimulated. 

Reece and Leonard (1942) injected three-tenths of a mUllgnlll of 
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testosterone propionate dally into spayed hypophysectomized rats and 
observed no mammary growth. 

Leonard, who in the above mentioned reports was unable to ob­
tain positive results with estrogen in hypophysectomized animals , later 
reported that he coulddo so under certain clrcumstances (Leonard, 1943). 
He reported that estradiol dipropionate s timulated growth of the mam­
mary gland end-buds in hypophysectomized immature male and fe male 
rats 11: (a ) the normal healthy rats weighed less than 70 grams at the 
time of hypophysectomy, (b) the injections were begun Immediately after 
the operation, (c) the glands were examined after ten to twelve days of 
treatment. No stimulaUonof the mammary gland end-buds was obtained 
in hypophysectomized rats if: (al the rats were significantly heavier than 
seventy grams at the time of the operation, regardle ss of when the hor­
mone treatment was begun, (b) a period of seven days elapsed before 
treatment was begun, regardless of age or weight of the rats. 

Leonard (1943) also found that injections of testosterone propio­
nate into young hypophysectomized male rats resulted uniformly in thlck­
eningofthe ducts of the mammary tree. This effect was caused by some 
hyperplasia and by hypertrophy of the epithelial cells, and by an increase 
in the diameter of the lumen of the ducts. It was observed regar:d1ess of 
the age or weight of the animals or the time when treatment was started. 

These results were extended to include progesterone, with and 
without estrogen (Smithcors and Leonard, 1(43). Progesterone was re­
ported capable of indUCing some slight mammary growth in immature 
hypophysectomized rats ina ten day per iod provided the dosage was ade­
quate and treatment was begun immediately after the operation. Com­
bined estrogenandpr ogesterone induced greater growth than either hor­
mone a lone, provided the treatment was not postponed, in which case no 
stimulation was observed. Desoxycorticosterone acetate was Ineffective 
under any circumstances. Inasmuch as the gr owth obtained was rela­
tively minimal as compared to nor mal growth, it was emphasized that 
aJthoughthe mammary gland of the hypophysectomized rat may be stim­
uIatedbycer tainsterolds, the pituitary hormones are necessary for the 
production of a fu lly developed mammary gland. 

Lyons (1943) hypophysectomized female rats at 60 to 70 days of 
ageandtreatedthemlmmediately thereafter for ten days . Unlike Smtth­
cor s and Leonard, Lyons found a regression of the mammary gland to a 
bare duct system after treatment wtth (a) 0.5 to 1.0 micr ograms of es­
trone daily, (b) one milligram of progesterone daily, (e) one micr ogram 
of estrone plus one to two milligrams of progesterone daily, or (d) fol­
licle stimulating hormone which s timulated the ovaries to produce estrous 
uteri and vaginae . 

Selye and Clarke (1944) observed cystic mammary development 
in hypophysectomized rats with androstenedione, testosterone, and to a 
much smaller extent with estradiol. The extent of stimulation was re­
ported to be by no means comparable to that observed when the pitui­
tary was intact. T hey attributed to insuffiCient dosage the previously 
reported failure of McEuen, Selye and Collip (1937) to obtain stimulation 
with testosterone in hypophysectomized rats. Reece and Leathem (1945) 
reported thatin nine castrate-hypophysectomized r ats one microgram of 
estradiol dlpropionate every other day for ten days didnot s timulate mam­
mary· growth, aU glands showtng involuttonary changes. 

2. Experimental. - In view of the obviously conflicting and con-
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fusing results reported on the effects of the sex hormones on the mam­
mary glands of hypophysectomized animals it was thought desirable to 
determine the effects of estrogen and of combined estrogen and proges ­
terone following hypophysectomy using the male mouse, with which ani­
II'QI most of the mammary growth studies reported herein are concerned: 

The male albino mice used were obtained from Ed. Schwing, a 
breeder in Harrison, Ohio. Hypophysectomy was performed by the me­
thodofThomas(Thomas, 1938;KortewegandThomas, 1939) sl1ghtly mod­
iI1ed. This method is baseduponthe .removal of a bone flap ·ra~her tha,n. 
the use of a drill. The operation is performed under magnification and 
results In a complete exposure of the under side of the pituitar y. The 
enUre gland is thus removed under direct visual.controL As a result It 
is much more satisfactory for complete operations than the drill method. 
Tile pituitary was removed by means of a suction calUl)lla with the suc~ 
tion controlled by finger pressure over a side vent in the calUlUla. The 
operation is more easily performed in young animals. Older and preg~ 
mnt animals offer greater difficulty because of greater bleeding. An 
adequate nutritional level is important in good post ~operative survival. 
Feed and water must be constantly available in readily accessible con~ 
miners. Inaddition, a glucose drinking solution was also made available 
during the first week post-operative. 

NewtonandRiChardson(1941) have made a study of the effective­
ness of Thomas' method. They serially sectioned the heads of ten hypo­
physectomized mice and reported that the method effects complete re­
moval except for a fragment of the stalk where It fuses with the hypo­
thalamus. This fragment carried a layer of cells of the pars tuberalis. 
The anterior and intermediate lobes were completely removed except In 
one case where a trace of anterior lobe was found. amounting to approx­
imately 1 percentofthe normal total. Tllere was no damage to tile hypo­
thalamus, but accidental injury was sometimes done to tile medulla with­
out any apparent effect on tile animal. 

Kortewel1.: and Thomas (1939) report that since the pituitary Is 
extirpated under direct Visual control tile method dispenses with the ne­
cessity of serial sectioning of tile skull base. 

Nine male miceofbodyweights ranging from 16 to 21 grams were 
hypophysectomized. One animal died within two days post-operative and 
was discarded. The remaining animals lost two to four grams in body 
weight post-opera~lve. Since these were among the first animals ·to be 
hypophysectomized, and it was felt that some pituitary tissue may have 
been left behind, the animals were kept for a period of eight weeks to 
determine if further body growth would occur. Within a week two of the 
an1malshad~ceededthe orlginalbody weight and continued to gain. Up­
on autopsy these were later found to be the only two animals with Visible 
pituitary fragments. None of the other animals ever exceeded the orig­
inal bodyweight, but fluctuated within a range of a gram or two below it. 
One of these animals died at seven weeks. Its testes had regressed to 
the point of being Indistlngu1shable. 

3. Results. - After eight weeks the remaining seven mice were 
given a total of 2 micrograms of estradiol benzoate in s ix daily diVided 
doses. This representsapproximatelytwenty-five times the amount re­
quired to give a 50 per cent assay response in normal male mice. The 
estrogen was injected subcutaneously in oil solution. Upon examination 
mthe mammary glands, only one animal showed a slight mammary duct 
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stimulation. Thisanimalwas one of the two animals found to have a re­
sidual pituitary fragment. or ten normal control male mice given the 
same estrogen treatment, nine responded with ~nd-bud formation. 

In tile event that the dosage of estrogen or time of treatment was 
insufficient, it was decided to administer one microgram of estradiol 
benzoate daily for 15 days. Treatment was begun from 5 to 7 days fol­
lowing Ilypopllysectomy. The larger amount of estrogen was not well 
tolerated by eUller normal or hypophysectomized mice, particularly the 
latter. Only 5 of 15 hypophysectomized animals survived to receive olD 
fifteen dally injections. All five of these mice treated for 15 clays showed 
no mammary gland response. Of the ten animals dying before receiving 
15 injections, two showed signs of very slight mammary stimulation. 
One of these died after 12 injections and the other after 14 injections. 
Neitller of these animals showed any grossly visible pituitary fn.gments 
at autopsy. Unfortunately, the region of the sella turcica was not sec­
tioned in these animals so that it cannot be said with certainty whether 
pituitary fragments were present. The same dosage of estrogen given 
to normal male mice produced good mammary gland stimulation in all 
ofnlneanimalsldlledafterfifteeninjections. Two of these latter had be­
gun to develop lobules. Under the conditions of these experiments it is 
apparent that estrogen Is either totally ineffective or at best exceedingly 
inefficient as a mammary stimulant in the hypophysectomized mouse. 

Since combined estrogen and progesterone treatment is a very 
nruch more effective mammary stimulant than estrogen alone, another 
group of hypophysectomized mice was treated with one microgram of es­
tradiol benzoate and 0.25 milligrams <If progesterone daily. Treatment 
was begun from two to nine days following hypophysectomy. Of 13 ani­
mals receiving all 15 daUy injections, 11 showed mammary stimulation 
and two did not. The stimulation consisted of end-bud formation and 
some duct extension. Four of the eleven animals that responded showed 
only very slight stimulation. The other seven showed better mammary 
stimulation, although in no case was alveolar development observed. Fig­
ure 15 sllows glands typical of the better responses. The same dosage 
of estrogenandprogesteroneadministeredtonormal male mice produced 
very much better mammary stimulation in all of five animals killed af­
ter 15 injections. Alveolar development as well as duct e::denslon was 
produced in all of the normal mice (Table 10 and Figure 7). Mammary 
glands of control male mice for comparison are shown in Figure 8. Ser­
ial sections of the region of the selJa. turcica of those hypophysectomized 
mice that responded to estrogen and progeste:rone treatment revealed no 
pituitary tissue. 

4. Discussion. - It has been suggested by Astwood, Geschtckter 
and Rausch (1937) that the failure of estrogen to eUcit mammary growth 
inthe hypophysectomized animal may be the result of a lowered respon­
siveness of the mammary gland resulting from a reduced nutritional lev­
elfollowing hypophysectomy. These authors placed21-da.y-old rats on a 
restricted diet and administered 5 micrograms of estrone daily for 14 
days. Nomammarygrowth was induced, although llttermate controls on 
normal diet responded well by extension of the duct system. 

The reduced sensitivity of the mammary gland to estrogen as a 
result of undernutrition has been confirmed (Trentin and Turner, 1941). 
However, the effect is relative rather than absolute, and mammary stim­
ulation with estrogen can be induced in underfed animals by the admin-
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figure 15. Mauunclry gl ands from three hypophysectomized 
male mice injected 1I'i th one microgr am of estra:l.iol benzoo:te and 
0.25mi11iqram$ of progesterone daily for fifteen days . (aX). 
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istration of increased amounts of estrogen. Thus in mice restricted to 
less than half of the normal feed intake, an assay unit of mammary re­
sponse was induced by approximately 14 times the amount of estrogen 
required in mice fed ad libitum (Figure 16). Th.is represented a total 
dose of slightly over one microgram in s ix diVided daily doses. In the 
present experiment it will be seen that estrogen In doses up to one micro­
gram per day for 15 days was ineffective as a mammary stimulant in 
hypophysectomized mice, although indUCing good growth ineontrolmtce. 
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Figure 16. Mr::Ollmary respcI1se of merle mice to vorioUi levels of 

estrogen on decreasing feed int ake levels. The nor mal feed intake 
is slightly over three grams dailypermouse, The nuraber neaT each 
point represents number of animals . Not e the eonsistent increase 
in estrogen requireJllel'lt as the feed level decreases . (Fr om Trent­
in and Turner. 1941) . 
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The lnefiectlveness or estrogen tn the hypophysectomized animal cannot 
therefore be attributed enUrely to a reduced feed intake. 

Thls is further borne out by the work of Samuels et al. (1941) who 
force fed hypophysectomized rats. Such animals failed to respond to es­
trogen even though gaining in weight. 

Althoughthe majority of reports have indicated that following hy­
pophysectomy estr ogen is ineffective as a mammary growth s timulant, 
ltwouldappearthata s light amount of grawth may be induced by combined 
estrogen and progesterone treatment. Positive results with combined 
estr ogen and progesterone following hypophysectomy have been reported 
by Asdell and Seldenstein (1935), Freud and de longh (1935), Nelson 
(l935b), Fredrikson (1939), Gar dner (1940), and Sm1thcors a nd Leonard 
(1943). Negative results have beenreportedbyGomez and Turner (1937) 
and Lyons (1943). 

The significance of such responses in hypophysectomized animals 
15 as yet uncertain. The degree of response Is considerably sub-optimal, 
and even a minimal response bas not been a chieved by all investigators. 
n has come to be generally recognized that the anterior pituitary con­
tains proteinaceous factors capable in themselves of stimulating mam­
mary gland growth. The question of the exact nature and mode of action 
of such factor s has been much debated. Although early investigations 
indicated the pituitary as an intermediary of the action of the sex hor­
mones on the mammary gland, it Is poss ible that the pituitary factor s 
mayactin a syner gistic fas hion. More probable is the exis tence of both 
synergis tic and intermediary factor s. 

Withregardtothe identity of the pituitary factor s involved, there 
appears to be no doubt that the gonadotrophic factors. by virtue of thel.r 
ability to stimulate the s ecretion of steroid sex hormones, are capable 
d. inducing mammary growth in the intact animal. The induction of mam­
mary growth in castrate animals by anterior pituitary fractions, however, 
indicates the existence in the pituitary of something other than gonado­
trophic hormone capable of inducing mammary growth. 

There is uttle reason to doubt that the adrenotropb.tc hormone is 
capable of inducing mammary gland growth by virtue of its abU1ty to stim­
ulate the secretion by the adrenals of steroid s ex hormones or adrenal 
sterOids re sembllng the sex hormones in their action on the mammary 
gland. To this extent the adrenotrophic hormone, whether involved in 
the normal development of the mammary gland or not, may be regarded 
as an intermediary of the action of administered es trogen on the mam­
mary gland (see Section V). CowieandFolley (1947) attempted to deter­
mine the extent to which the adrenotrophic hormone might a ccount for 
the mammary stimulating ablllty of anterior pituitary. They administered 
anterior pituitary extracts to castrate and castrate-adrenalectomized 
rats. They reported s lm.1lar mammogeniC effects in both groups, with 
only s Ught diminution in the adrenalectomized animals. The effective­
ness of anterior pituitary material as a mammary stimulant in the cas­
trate-adrenalectomized animal indicates some active factor or factors 
over and above the gonadotrophic and adrenotrophic hormones. 

Mammary gr owth has been reported by numerous workers fol­
lowing the administration of lactogenic extracts of the anterior pituitary, 
parUcularlyiD combination with estrogen, tointact, castrate and castrate ­
hypophysectomized animals (Gardner and Wblte , 1941; Lyons, Simpson 
and Evans, 1941; 1942; Lyons, 1942, 1943; Wblte, 1943; M1Xnerand Turn­
er, 1943; Reece and Leathem, 194~) . As a result some workers have 
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suggested that the lactogenic hormone itself is capable of sUmulatIng 
mammary gland proUferaUon, either directly, or indirectly by a luteo­
trophic action. 

Lyons (1942) has injected lactogenic extracts directly Into the 
mammary ducts of rabbits and reported a locally increased mitotic ac­
tivity and aninereased number of epithelial cells, In addition to localized 
lactation. 

U the lactogenic hormone itself is capable of directly stimulating 
the growthorthe mammary gland, then there seems little reason to doubt 
that the lactogenic hormone is an intermediary in the action of estrogen 
upon the mammary gland. The ability of estrogens to stimulate an in­
creased lactogen content of the pituitary, similar to that occurring im­
mediately post-partum, has been established (Reece and Turner, 1936; 
Meite sand Turner, 1942a). This increased pituitary lactogenic hormone 
content induced by estrogen has been associated with an increased con­
tent of lactogen in the blood (Meites and Turner, 1942b), and withthe 
initiation of mammary secretion (Lewis and Turner, 1941). 

However, there exists strong evidence that the mammary stIm­
ulating abillty of anterior pituitary cannot be entirely accounted for on 
the basis of its lactogenic hormone content. Mixner, Bergman and Turn­
er (1942) have correlated the mammary stimulating and lactogenic ac­
Uvity of 14 anterior pituitary preparations ranging from fresh pituitary 
to highly purified lactogenic extracts. When the results weN expressed 
as International Units of lactogen per mammogenic unit, the ratio varied 
from2.1 to 352. A similar lack of correlation between mammary stim­
ulating potency and thyrotrophic or gonadotrophic activity was likewise 
found No comparison was made with adrenotrophic activity. 

Lyons (1943) obtained complete lobule-alveolar mammary growth 
in hypophysectomized rats given 1 microgram of estrone with 50 Inter­
national Units of lactogenic hormone in the form of a crude anterior pit­
uitaryextract. However a considerably higher unitage of lactogenic hor­
mone given in the form of a purified extract with estrone was quite inca­
pable of stimulating this degree of mammary development. The crude 
extract was known to contain adrenotrophic and growth hormones. 

Astwood (1941) has shown that luteotrophic activUy, which has 
been associated by many workers with the lactogenlc hormone, does not 
parallel the mammary stimulating ability of pituitary extracts. 

Finally, inthenormal animal the mammary glands undergo their 
most rapId development during pr egnancy, while the lactogenic activity 
rises sharply to a peak following parturition. 

In addition to the gonadotrophic, adrenotrophic and lactogenic 
hormones, the growth hormone has been suggested as being responsible 
for the pituitary mammary effect. 

Whether the observed mammary stimulating activity of anterior 
pituitary can he accounted for entirely on the basis of a combination of 
the above mentioned factor s,. or whether there exists In addition a sepa­
rate and distinct direct acting mammogenic factor cannot at the moment 
be answered conclusively. A definitive answer to this question must a­
walt further pituitary extraction and assay. With the development of a 
rellahle and simple adrenotrophic assay by adrenal ascorbic acid deter­
mination, if would he of particular interest i}t the moment to correlate 
mammary stimulating, adrenotrophic and lactogenic activities of a wide 
series of pituitary preparations. 



40 Missouri Agricultural Experiment Station 

vn. SUMMARY 

1. The nature of the pituitary factor responsible for mammary 
duct growth in the male moose was investigated by the enraction and 
assay of cattle anterior pituitary tissue. The active factor was found to 
beassociatedwiththe protein fraction rather than the lipid soluble frac~ 
tio~ 

2. The possible identity of the mammary duct stimulating and 
mammary alveolar stimulating factors was investigated by comparison 
of the duct stimulating and alveOlar stimulating activity of a ser ies of 
anterior pituitary preparations and extracts. The ratio of the mammary 
duct unit to the mammary alveolar unit varied from 0.5 to 1.8 for a series 
r1 eight preparations ranging from fresh anterior pituitary tissue of preg~ 
nant and non~pregnant cows to highly purified extracts. Under the con· 
ditlon of these experiments the relative ly small variation in this ratio 
is taken as indicating no slgnUicant separation of duct stimulating and 
alveolar stimulating activity of anterior pituitary. UntU such time as 
the two activities are separated it would appear logical to regard them 
as the result of the same pituitary factor or combination of factors. 

3. The response of the male mouse mammary gland to estrogen 
(1 microgramdaUy), progesterone (0.25 mill1grams dally), and combined 
estrogen and progesterone (same doses as above) was investigated to de­
termine If it would be possible to stimulate alveolar growth to the ex­
clusion of duct growth. 

Estrogen alone produced first end-bud formation which was ob­
served after three daily infections. After six injections end-buds were 
present in all animals examined. After 15 injections alveoli were ob­
servedinafewanimalsinaddition to end.-buds and duct extensIon. After 
30 injections all animals showed some alveolar development with only 
half of the group showing definite end-buds as well. 

Progesterone alone at the dosage used produced only end-buds 
and duct- eXtension following: from 6 to 30 daily injections. Failure of 
formation of alveoli was apparently the result of insufficient dosage and 
time of treatment, since other investigators have reported alveolar 
growth with progesterone alone in mice, rats, and monkeys. 

Combined estrogen and progesterone proved to be a very much 
more effective stimulant of mammary growth than either one alone at the 
same dosage. However. even though alveoli began to develop earlier, the 
first response was still end-bud formation and duct extension. 

4. The mechanism of the mammary alveolar responsetoadmin­
tstered estrogen was investigated. Adrenalectomy was found to result 
in a rapid regression of the alveolar tissue which persists in the mam­
maryglandsof castrate male rats. Estr ogen, although producing exten­
sive alveolar development in castrate male rats was ineffective in stim­
ulating alveolar development in castrate-adrenalectomized male rats 
maintained on salt solution. A possIble mediatory role of the adrenal 
cortex is lndlcated. 

5. In the hypophysectomized male mouse estrogen was found to 
produce insIgnifIcant or no mammary stimulation while combined estro­
gen and progesterone caused a slight amount of duct growth. 
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