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TUHCTIONAL AND HORFHOLOGICAL ALTERATIONS OF THE REFRODUCTIVE SYSTEM:

OF TEE FEVALE RAT FOLLOWING PRTIUBERAL TREATIEMNT 'WITH ESTROGENS

Two vears ago investigators in this laboratory (Weichert and
Kerrigan, 1942) repvorted suppression of uterine gland, Fallopian
tube, and ovarian development accompanied by intense cornification
of the vaginal epithelium, hyperplasia of the myvometrium, and an
atypicel pseudo-stratified uterine epithelium in l4-dav-old female
rats treated with estrogens from birth. These effects were the
result of daily injections of estrone or diethylstilbestrol into
the mother rats. The present investigation is concerned vith the
after-effects either immediately folloving such premature stimumla=-
tion or in later life.

At the time the work on this problem was started, onlv a few
reports of studies of a similar nature had appeared in the liter-~
ature. Greene and Burrill (1941), in a brief account, stated that
female rats given single large doses of estradiol dipropionate at
birth, when examined 3-13 months later, had merkedly enlerged ovi-
ducts showing inflammatory changes, small ovaries lacking coriora
lutea, and uteri showing squamous metarlesia. These animals had
remeined in estrus versistentlv, In another brief statement, Turner
(1941) pointed out that newborn female rats, given 100 to 200 I.U.
of esurogen daily for the first ten dawvs of life, later showred pro-
lonzed estrous pericds, occasionally copulated ithont impregnation,
and at ten months of ame had ovaries virich contained follicles under-
roing atresia end lackiug corpora lubea. ore recentlw, Wils:m (194%)
treated woung femsle rats with estradiol diprorionate for 28-dav periods

writh total doses ranging between 0.037 mr. and 2.4 mme  The effects

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



observed later in life indicated that treatment begun at birth or
prior to the 15th day permanently altered sexual behavior. Treat-
ment started on the 15th dav or later did not have this effect.

The most severe modifications resulted from treatment begun at birth,
The following effects were noted: (1) complete lack of spontaneous
sexual behavior and inability to respond to estrus-inducing hormones
given in amounts sufficient to cause estrus in normel rats; (2) small
ovaries lacking corpora lutea and containing small atretic follicles
along with atrophic interstitial tissues; (3) small uteri which showed
several pathologic conditions and responded poorly to estrogenic stim=
ulation; and (4) ebnormally thickened memmary ducts showing irregular
and profuse branching,

The present report presents an account of the after-effects in
female rats treated with diethvlstilbestrol or with estrone in the
manner described by Veichert and Kerrigan (1942), in which estrogens
were administered to lactating mothers. In additicn, observations are
included on a large group of rats treated with diethvlstilbestrol at

early ages by other methods of administration.

MATERIALS AND IIETHCDS

A total of 158 female albino rats of an inbred colony of the
Sprague-Dawley strain was used. On the basis of methods of admin-
istration, they are grouped as follows:

(1) Ten animals from 7 litters were tresated for the first 14 davs
of life by giving the mothers daily injections of 0.1 mg. diethvlstilb-
estrol or 0.5 mg. estrone. At the end of treatment ther were placed

with foster mothers and reared to meturitv, Ten additional femsles
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from 3 other litters were treated similarly from day 7.

(2) Eighteen females from 9 different litters were given from 1
to 14 daily injections of 0.0l mg. diethyvlstilbestrol beginning on
the 7th, 14th, 21lst, or 28th days. Since the vaginas of 61 untreeted
littermates opened prematurely merely as a result of their teing with
the injected animals, they were retained for study along with 59 other
animals whose vaginas had also opened premeturely. The latter animals
had been in cages in which the nesting material had been sprayved with
a solution of diethvlstilbestrol and ether (0.1 mg. diethvlstilbestrol
in 20 cc. of ether) when the animals were either 2 or 8 days old. In
some cases the cages had been treated onlv once; others had been spraved
as many as 5 times in a period of 10 days. The capges had not been
cleaned for 21 days or longer.

Daily vaginal smears were prepared from the time that the vaginas
opened. At maturity many were caged with vigorous males whose fertil-
ity was afterwerd tested with normal females. A few attempts were
made to determine the reactions in the adult state to estrogens and
to a gonadotropic preparation (antuitrin-S). TUnilateral ovariectomy
wes performed in several cases in an effort to alter vaginal sequences.
Material for histological study was taken from revresentatives at ages
renging between 14 and 460 davs. Twentv-one normel animals were used

as controls.

RESULTS

Time of veaginal patency. The wvaginal resronse occurred afier 9-10

dawvs in animals receiving estrone from mothers injected from the dav

of parturition, The time was slightlv longer (10-13 days) among those
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groups given diethylstilbestrol by direct injection, injections into
lactating mothers, and injections into littermates. In females re-
ceiving diethylstilbestrol from contaminated shavings, the time var-
ied in inverse proportion to the number of sprayings; a single sprav-
ing induced the response after 19-20 days, but 5 spravings reduced
the time to 11 days. The average age for the establishment of the

vaginal introitus in 21 normal control females was 49 davs.

Bstrous cycles., As determined by daily vaginal smears, the ages at

which estrous cycles first appeared in the experimental animals were
guite similar to the ages at which puberty occurred in the control
animals. In some cases, cycles were aberrant from the very beginning;
whereas.in others, cvcles were normal during the first part of 1life
but became abnormal at advanced ages. The age at which this change
occurred varied between 4 and 10 months. Characteristically, the
experimental animals were found to exhibit persistent vaginal estrus.
Some had recurring periods of prolonged estrus, usuallv without a pro-
estrous stage, but many remained in vaginal estrus for very extended
periods. Cme outstanding case is that of en animal for which no di-
estrous smears were recorded during the entire life span of 381 davs.
Only 2 cases out of 84 were of the enestrous tvpe; but even in these
there were persistent-estrous intervals on rare occasions. Animals
treated at earlier ages were found to be more greatly affected. (table
1) Smears often contained thick masses of cornified cells and large
numbers of leucocytes. This tvpe of smear was often misinterpreted
and recorded as metestrus, However, histological studies showed that
vaginas in animals exhibiting this tvpe of smear vwere cornified and
that the presence of leucocvtes was due to inflanmations in the upper

part of the revroductive tract. Smear records for 21 conitrol erirmnls
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showed no tendencv toward persistent estrus. Smears were taken from

the time of puberty until they were aprroximately a year old.

TABLE I

TIME OF TREATMENT WITH ESTROGENS IN RELATION TC ESTROUS BEHAVIOR

AGE VHEN GIVEN TYPE OF ESTRCUS BEHAVIOR
INITIAL TREATIENT CYCLIC PERSISTENTIY ZSTROUS ANZISTRCUS
(days) (no. animals) {(no. animals) (no. animals)
1-2 a* 55 2
T=8 4 3 0
13-14 3 3 0
21=-22 7 0O 0
28 3 0 0

*Received lowest dosages vaginas opened 19-20 davs after beginning of
treatment.

Mating behavior and reproduction. The majority of the animals of the

group given treatment as early as the first or second days of life
copulated when tested at mature ages, but only one out of 36 became
pregnant and delivered woung. This animal was one of a litter treated

bv sprayving the shavings with diethvlstilbestrol; the dosage was the
lowest used, and vaginas in these animals had opened only after a lapse

of 20 days. Onlv two of her wvoung were found; both survived and were
given good care by the mother. Although cwcles vrere normal both before
and after this gestation, the snimel never became pregnant again. Only

a few cases of pseudopregnancy were noted. All animals of the group gmiven
treatment for the first time at 21 deys of age had normal cveles, copulated,
and bore litiers. Two females later failed to become pregnant, and autop-
sies showed bilateral pvosalpinx in both cases. Two aniwvels were ob-
served to exhibit masculine copulatorwv behevior, but it was observed on

only one occasion in each case.
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Reactions to hormonal preparations. Anestrous animals, when treated
for 15 davs with diethvlstilbestrol (either 0.01 mg. or 0.1 mg. per
day), exhibited fully cornified smears throughout the test period.
Other animals with & tendency tovard persistent estrus, when treated
during a diestrous period, showed the same reaction. The same effect
was elicited when estrcne was used. In contrast, normal control an-
imals of the same age exhibited estrus only during the first part of
the test period., Daily injections of 100 R.U. of PU (antuitrin-S)
into a constant-estrous animal produced diestrous smears in 2 davs.
After 10 days of treotment, histological preparations showed a ruci-
fied condition of the vaginal epithelium. Large tubo-ovarian abscesses
were found et autopsv, Although histological sections were made, no

ovarian tissue could be found.

Effect of unilateral ovariectomy in persistent-estrous animals. Two

animels were unilaterally ovariectomized when in estrus. Diestrous
smears appeared on the following dawv. Cornified smears reappeared in
only one case but only after 30 days. Unilaterallv ovariectomized
control animals exhibited normal vaginal sequences without interrup-

tion throughout the nost-operative period.

Jorphological chanres. Out of a group of 15 animals in which treat-

ment had been started on the 14th davw of 1life or earlier, 10 showed

abnormal conditions in the periovarial bursae, ovaries, or oviducts

at the end of 14 days' treatment. Histological preparations zhowed

that the ovaries were only slightlv retarded, but that thev were com-

pressed and displaced due to certain conditions rresent in the peri-
L

ovarial space. The bursae in 3 of the anivals were distended +rith

blood. The oviducts showed no abnormalities and contained verw little
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blood. In 2 other cases conditions were similar, but the hemorrhage
had occurred earlier, and polymorphonuclear leucocvtes had invaded the
hemorrhagic area, the ovarian stroma, the epithelium of the Fallopian
tube, and were also present in scattered clumps in the lumen of the
tube.

More extreme conditions were found in the & remaining cases.

Here the bursae were abscessed, and the Fallopian tubes were distendec .
with puse. Inflarmatory conditions were especially severe in the epith-
eliunm and muscular lavers of the tubes. The abscess in the ovarian bur-
sa was vmlled off by fibrous tissue except in the region of the ostium;
the ovaries were displaced and compressed, but they were not involved

in the inflammation. Conditions in the uteri, cervices, and vaginas
indicated a high estrogenic stimulation, but there was no inflammation.

Although the five other animals of the same age were examined after
their vaginas had opened premeturely, no abnormalities were found. The
uterine, cerwvical, and vaginal tissues had been stimulated only slightly.
Similarly=-treated littermates of this latter number were found to be
normal in all respects at puberty and at later ages.

Tindings in 71 animals treated for the first time within the first
tvro wreeks of life and reared to adulthood were also extreme. The inci-
dence of pyvosalpinx and chronic salpingitis vas hich in animals examined
a2t ages ranging from 120 to 460 days. These findings are summorized in
table 2. In manv, other pathologic conditions, including prometra, endo=-
metritis, cwstic glandular hiperplasia, and squamous metaplasia of the
epithelium of both uterus and Fallopian tube, were found fregquently al-
though varying in degree.

Inflammetory conditions in the oviducts wvaried greatlve In some,
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only a moderate swelling of the cephalic part of the tube could be seen;
whereas in others, the catire tube was greztlyv enlarged. In its rmost
extreme form, adhesions developed which produced cists of varving size.
One of the largest weighed slightly more then 13 gm. and measured 48 rm.
through its longest diameter. (Plate I) Adhesions frequently connected
these cvsts to other viscera or to the bodv wall, Where the latter con-
dition occurred, it was difficult to free the cvst without removing ad-
Jacent tissue. In one animal a necrotic condition eppeared over the
site of the abscess; later this area became ulcerated. (Flaete ITI)

Wihen these extremely large cysts were first found, their character was
not understood. It was not until manyv other specimens were available
that it was vossible to see the stages representing their development.
Sections through the larger ones often failed to include ovarian tissue.
In one animal, when a large cvst became palpable, it and the uterine
horn from the same side were removed under aseptic conditions and placed
in sepzrate tubes of nutrient broth. B. pyocvaneus was obtained in pure
culture from both.

Cvaries from 38 animals of various ages ranging between 42 and 460
davs were studied histcologicallv. In general, thev coutained a few
developing follicles, wide areas of interstitiel tissue, and large ves-
icular follicles. Corpora lutea were not present except in thosc whose
cveles had been normal during the first part of 1life and had become aber-
rant after 4-10 months of age. The corpora lutea found in these cases
were old, regressing ornes. The large follicles were either normal in
appearance and contained ova or were merelv large cvsts filled with
liquid. The lungest diameter usuallv measured no more % an .9 mm., but

three cases stand oulb because of their extreme sices, which vere 16.5 1.,
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S5¢4 mm., and 3.7 mm.

Only 2 abnormel cases were found among 43 animals treated for the
first time at 21 days or later. Corpora lutez were present in the ov-
aries of the two abnormal anirals, and there had been no tendencv to-
viard persistent estrus. In one animal, the only abnormelity was pvo=-
salpinxs; in the other, pvosalpinx was present along with an enormous
cystic follicle. (Plate II, Fig. 5) Ome of these animels had one preg-
nancy.

It was possible to esteblish a fipure for the natural incidence
of tubal inflommations in this colony of rats since a large numver of
preserved specimens of reproductive ‘tracts from mature females were
sveilable. Only 20 cases were found in 799 ani:als, None of these

was of the nature of a tubo-ovarian cyst.

TABLE II

OCCURRENCE OF TUBAL INFLAMMATIONS AFTHR ESTROGEH ADMINISTRATION

AGE WEEH GIVEN 17BTHOD OF AWTIALS 7ITH UNAFFLCTED
INITIAL TREATHENT ADMINISTRATION INFLAVTATION ANTIMALS
(daws)
1-2 from lactating 2 9 0
from littermates 2 3
from shavings 39 12
7-8 from lactating ¢ 2 1
injected 2 0
from littermetes 3 0
from shavings 0 8
11-14 injected 1 2
from littermetes 3 14
21-22 injected 1 8
Trom littermates 1 17
28 injected 0 2
from littermates 0 14
- untreated 20 779
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DISCUSSION

The results obtained in this study indicate that early prepuberal
treatment with diethylstilbestrol or estrone for short periods and with
fairly low dosages produces the same lasting effects in the female rat
as have been reported when other estrogenic preparations were used.
(Greene and Burrill, 1941; Turner, 1941). Thereas the results in these
experiments are different in some respects from those reported bv Wilson
(1943), who used estradiol dipropionate, they aspparently differ onlvy in
degree. FPrepuberal treatment started prior to the 15th day in both sets
of experiments altered sexual behevior. In his animals, cycles vere
completely abolished, and the ovaries contained only small and atretic
follicles ard atrophic interstitisl tissue; in the present experiments,
persistent-estrus resulted, but the ovaries contained large cyvstic
follicles and the interstitial tissue was not generallv atrophic. 'ﬁil-
son concluded that prepuberal treatment with estrogen had so altered
rituitary function that luteinizing hormone was not secreted. It is
generally agreed a ong investigators who have concerned themselves with
the problem of the persistent-estrous animal (Bverett, 1939: Preiffer,
1939; Turner, 194la and b; Bradburv, 1941; Greene and Burrill, 1941,
Fels, 1941, 1942; and Pfeiffer, 1942) that this piienomenon is the re-~
sult of lovered LH secretion. It therefore seems that the effect noted
bf‘ﬁilson (1943) is a more severe but not a dif

The response shown by adult animals in the vresent studvy during
treatment with estrozens is unlike that of normal adults but is like
thot of castrated enimals. (Torrell and Hert, 1041) The reaction to
PU is in agreement with tests of CGreene and Burrill (1641) and Pfeiffer
(1942). The Pact thet unileteral ovariectony brousht on diestrus indi-

cates thot the amount cof estroren secreted in the nersistent-cstrous
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animal is relatively small.

The hish incidence of bursal and tubal inflammation in both
voung and mature animals is perhaps the most significant feature of
the results. Such conditions ore not uncommon in experimental animals

(Bverett, 1939: Fluhmenn, 1939: Shav, Gershon-Cohen, FPaschkis and Fels

-

1939; Viilson, Young and Hamilton, 1940; Wilson, Hamilton and Young, 1941;
Bradbury, 1941; Greene and Burrill, 1941; Turner, 194la and b; Fels, 1941
and 14942; Greene, Burrill and Ivy, 1942; and Lacqueur, 1244), If a spec-
vlation may be permitted, it would seem thet the treatment of infantile
rats with estrogens causes periovarial hemorrhege which, in turn, leads
to inflammatorv conditions in the bursa snd secondarily in tre oviduct.
Since estrogens induce premature vaginel patencr, it is possitle for bac-
teria to enter the reproductive tract. The inflsmmatorv lesions remain
during development and are seen in the adults as enormously enlarged
tubal abscesses.

It seems significant that these effects mav he induced in animals
unintentionally administered small amounts of diethvlstilhestrol at
early ages, In fact, the results among such cases were often rore

extreme than in animals treated directly.

CONCLUSIOHNS

Diethvlstilbestrol and estrone administered to femnale rats at
ages prior to the 15th dav produced a rersisient-estrous state a.iter
the animels reached meturity. Such animals were capable of covulating
but failed o reproduce. Corpora lutea did not apveer in the ovaries,

but moture follicles, often large and cystic, were found. ZExtremely

severe inflammatory conditions and certain atimical uterine conditions
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appeared frequently. Results with these estrogenic preparations do

not appear to be different from those induced with other preparations.,

SUMMARY

The administration of diethvlstilbestrol or estrone to female
rats beginning either at birth or as late as +the 14th dav and for
so short a time as 14 days vnroduced permanent functional and morph=-
ological chanres in the reproductive svstei. Tvpically, these an-
imals tended to remain in veginal estrus. Some hed recurring per-
iods of prolonged estrus, and menv remained in vaginal estrus for
such extended periods as 381 days. Cycles were usually aberrant from
the time of puberty, but in a few cases, persistent estrus did not
appear for 4 to 10 months. Persistent-estrous animals copulated fre-
quently, but none became pregnsnt; whereas animals treated Tor the
first time at 21 days had normal cycles, copulated, and bore litters.
Vaginael estrus was induced readilv and could be maintained without
interruption when aninals in diestrus were given diethylstilbestrol
or estrone over a two weeks' period. Diestrous smears were induced
in constant estrous animals by the administration of PU and by uni-
laterel ovariectomy. Ovaries of adult animals given prenuberal treat-
ment were generelly small and contained a few developing follicles,
numerous large vesiculer follicles, and & considerable amount of
interstitial tissue. A high incidence of bursal inflommati-n, pro=-
metra, cvstic glendular hyperplasia, end squamous metaplasia in the
uterus and Fallopian tube vas noted. Fvosalpinx or c:ronic salpin=-
gitis occurred in 61 per cent of the cascs initiallv trecated on or

before the 14th dav of life. Large tubo~ovarian cvsts vere found
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frequently. One of these, and a portion of the uterus, removed

aseptically, showed B. pyvocvaneus in vure culture.
It is significant that these conditions appeared in many animels
treated accidentally by being in contact with animals injected vrith

diethylstilbestrol or in cages contaminated vrith this oreparation.
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PLATE 1

Fig. 1 Reproductive tract of mature animal showing tubo=ovarian

cysts resulting from the administration of diethvlstilbestrol

to mother during the first 14 davs following perturition,.

Figp. 2 Specimen from animal unintentionally treated from dav 7
to day 21. Injected littermates received 0.01 mg. dieth=-

vlstilbestrol dailwy,
Fig. 3 Specimen from animal unintentionallwv treated from davy 2 +to
day 28. Shavings in cage were contaminated with 0.5 mg.

diethvlstilbestrol.

. 4 Specimen from animal unintentionallw treated from dav 2 to

79

day 2Z. Shavings in capge were conteminated vrith 0.3 mg.

diethvlstilbestrol.
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PLATE II

Fig. 5 Specimen from animal unintentionally treated on day 22.
Littermate received a single injection (0.0l mg. diethvl-
stilbestrol). Right ovarv conteined a follicle mea.suriing
16.8 mm. throuéh its longest diameter. Note convolutions
of enlarged oviduct on surface of cvst; adhesions were

not present.

Fig. 6 Animal showing ulcerated area over site of tubal abscess.
Remainder of revproductive tract is shown to the side.
Animal was unintentiinally treated from dav 2 to day 27.
Shavings in cage were coxntaminated with 0.3 mg. diethvl-

stillestrol.
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