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ABSTRACT

Diethylstilbestrol (DES) has been associated with vaginal neoplasia
and malformations in humans. We have studied a test population of 504
female Wistar rats given diethylstilbestrol at from 0.0 to 0.5 mg/kg
maternal body weight on days 18, 19, and 20 of gestation. Animals were
euthanized in extremis, or at 2 years of age. The incidence of vaginal
epithelial tumors was dose related. The types of epithelial tumors of the
vagina were adenocarcinoma, squamous cell carcinoma, and mixed car
cinoma, containing discrete adenomatous and squamous components. The
incidence of vaginal epithelial tumors was determined to be dose related:
rats exposed to 0 mg DES/kg maternal weight had an incidence of 0.6%
(1 of 167 rats); 0.1 mg/kg, 4.1%; and 0.5 mg/kg, 4.3% (6 of 140); 25 mg/
kg, 1.6% (1 of 63); and 50 mg/kg, 11.5% (3 of 26). Tumors of other
reproductive tissues (mammary gland, ovary, oviduct, cervix, or uterus)
demonstrated no discernible DES dose-response relationship. There was
no oncogenic effect of postnatal administration of oral contraceptives (0
oral contraceptives, 31.25 Mg/kg diet ethynylestradiol, and 31.25 Mg/kg
diet norethindrone or 104 Mg/kg diet ethynylestradiol and 31.25 Mg/kg
diet norethindrone). Thus, vaginal tumors can be induced in a dose-
related manner in the rat following in utero DES exposure. Oral contra
ceptive treatment did not increase the risk of neoplasia.

INTRODUCTION

Transplacental carcinogenesis, one of the most ominous of
all tumor-inducing processes, predisposes an unborn child to
the latent development of life-threatening neoplasia. DES4 is

one agent that is associated with both vaginal adenocarcinoma
and malformations (e.g., adenosis, T-shaped uterus, cervical
hoods, and ridges) in the human female exposed in utero (l).
In mice, the long-term effects of neonatal exposure to estrogen
include hyperplastic vaginal lesions and cervicovaginal cancer.
In experiments with appropriate controls, Dunn and Green (2)
reported a vaginal tumor incidence of approximately 8% (our
calculations) for female mice give s.c. injections at birth of 2
mg/kg of DES in saline. These tumors were epithelial in origin
and were observed between 20 and 23 months, but the precise
tumor type was not identified. There were no such tumors
reported in the four controls. McLachlan et al. (3, 4) reported
the occurrence of 3 vaginal adenocarcinomas in mice following
in utero exposure to DES (1 of 29 at 0.005 mg/kg/day; 1 of 57
at 0.01 mg/kg/day; 1 of 46 at 0.1 mg/kg/day). Their subsequent
studies (5) using postnatal DES exposure in mice have dem
onstrated a very high (90%) incidence of uterine adenocarci
noma, but no additional vaginal adenocarcinomas. Walker (6)
examined mice exposed in utero to DES. Although none of the
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15 animals exposed in utero was reported to have had macro-
scopically detectable tumors, of 40 offspring, 10 had uterine
adenocarcinoma and 5 had ovarian cystadenocarcinoma.

The rat has proven to be highly susceptible to the abortifa-
cient and teratogenic effects of DES (7-9). These reproductive
effects are dependent upon when the exposure period occurs
during development. Before day 18 of gestation, a high inci
dence of pregnancy loss is observed. Between 18 and 20 days,
female hypospadias, uncoiled oviducts, and vaginal uroliths can
be produced in a dose-related manner (10). Postnatal exposure
to DES did not produce these effects, but rather an increased
incidence of adenosis. Branham et al. (Il, 12), studying the
effect of early postnatal DES on uterine cell populations in rats,
found that decreased uterine growth was a consequence of
combined hypertrophy and hypoplasia in all cell types except
longitudinal muscle.

Besides the issue of in utero exposure to diethylstilbestrol
and induction of vaginal tumors and malformations, there has
been increasing interest in postnatal confounding factors.
Among these confounding postnatal factors is the use of oral
contraceptives by women who were exposed in utero to dieth
ylstilbestrol. Therefore, this rat model was evaluated to deter
mine the incidence of prenatal DES exposure when the miiller-
ian duct is developing (18-20 days). We then used this in utero
exposed DES population to determine risk for carcinogenicity
with postnatal exposure to oral contraceptives.

MATERIALS AND METHODS

Virgin female Wistar [Crl:(WI)BR] rats (Charles River Laboratories,
Wilmington, MA) were treated with DES (Sigma Chemical Co., St.
Louis, MO) in corn oil s.c. on days 18-20 of gestation (presence of
vaginal plugs in the animal or in the cage debris, or sperm in the vaginal
smear used as the index of a positive pregnancy). The determination of
pregnancy was considered day 0 of pregnancy. The doses of DES used
in this experiment are quite analogous to those used in the human
experience (13). The daily dose of DES received by women ranged from
5 mg/day (7-8 weeks pregnant) to 150 mg/day (34-35 weeks pregnant);
thus the dose for a 50-kg woman ranged from 0.1 to 3 mg/kg. The rats
were given DES at 0.0 to 0.5 mg/kg maternal body weight on days 18,
19, and 20 of gestation and at 25 and 50 mg/kg on days 19 and 20 of
gestation (Table 1).

Beginning at 10 weeks of age, two groups of animals were investi
gated, DES and non-DES exposed. Using a computer-generated ran
dom assignment of animals, female offspring were fed OC in diet for 5
days/week at doses of control (no OC), low (31.25-Mg/kg feed of EE,
31.25-Mg/kg feed of NE) or high (104-Mg/kg feed of EE, 31.25-Mg/kg
feed of NE). The rats weighed 0.25-0.45 kg and ate between 10 and 15
g of diet/day; the p.o. oral dose was thus 1-1.2 Mg/kg/day EE, 1-1.2
Mg/kg/day NE for the low dose OC group and 3-4 Mg/kg/day EE, 1-
1.2 Mg/kg/day NE for the high dose OC group. The EE doses are
comparable to those used in women for contraception (0.03 mg EE/
day for a 50-kg individual, or 0.6 Mg/kg/day). The NE doses are low by
comparison with modern "low dose" formulation, in which women

would receive 10 Mg/kg/day (14). The oral contraceptives were dissolved
in corn oil, diluted in 95% ethanol, and mixed with the powdered diet
(Purina 5001). The ethanol was allowed to evaporate thoroughly at
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Table 1 Incidence of tumors infernale rats exposed to diethylstilhestrol in utero

Diethylstilbestrol
(mg/kg maternalwl)Litters'Total

born (male andfemale)Alive
at weaning (male andfemale)Female

progeny ontrial%
of female surviving (no.)for>

120daysTotal
days atriskDays
at risk after 120 daysfrombirthTumorsAll

vaginaltumors''CasesRate,

0'Rate,

Utf%
oflesions*Vaginal

adenocarcinomaCasesRate,

0Rate,
120%

oflesions0.0Â°37403364147100(147)88.30670.73722.32.81.400000.1Â°141271104996(47)29,82323,97426.78.34.226.78.34.2Vaginal

squamous cellcarcinomasCasesRate.

0Rate,
120%

oflesionsMammary

adenomasandfibroadenomas'CasesRate,

0Rate.
120%

oflesionsPituitary

chromophobeadenomas'CasesRate,

0Rate,
120%

of lesions00001719.324.011

J33.44.22.00000826.833.417.026.78.34.30.5Â°211871728052(42)25,07117.058416.023.49.54*16.023.49.51*4.05.92.4620.135.214.3323.517.67.125"211631396341(26)12,7458,17917.812.23.8000017.812.23.8539.261.119.2000050*10682611100(11)5,4264,106355.373.127.30000355.373.127.3118.424.49.10000

" Dams were treated on days 18, 19. and 20 of gestation.
* Dams were treated on days 19 and 20 of gestation.
f All litters but 0.1 mg/kg (13 of 14) and 50 mg/kg (5 of 10) had live born.
* No animals with vaginal tumors were littermates.
' N umber of lesions per 100.000 days at risk.
/ Number of lesions per 100,000 days at risk assuming animals were placed on

trial at 120 days.
* Incidence of lesions (as %) in animals which survived >120 days.
* One animal has a mixed tumor and is counted in both categories.
1No animals have vaginal tumors.

room temperature before feeding. Fresh diet was prepared biweekly,
with storage at 5Â°C.Purina 5001 in pellet form, devoid of exogenous

steroid, was fed 2 days/week to maintain the cyclic nature of exposure
and to prevent incisor overgrowth. Additional animals were subse
quently generated for the oral contraceptive study. Thus, Table 2, 0.0
DES, no OC, contains the 147 animals in Table 1, plus an additional
18 animals, and the 0.5 DES in utero, no OC is composed of the 80
reported in Table 1. plus an additional 60 generated concurrently.

In the studies involving the postnatal administration of oral contra
ceptives, the litters were separated to randomly distribute the members
of the litter across treatments via computer-generated random number
assignment. These animals were treated and monitored for 2 years.
Moribund animals were euthanized; all others were euthanized at 2
years. A complete necropsy examination included gross dissection and
histolÃ³gica! examination of the following tissues: vagina (posterior,
mid-, and anterior, including cervical canal); uterus (posterior, including
cervix, body, and anterior); oviduct; ovary; urinary bladder; urethra;
ureters; kidney; mammary gland; brain (including pituitary); heart,
lung; liver; spleen; digestive tract (stomach, duodenum, jejunum, cecum,
colon); pancreas; skeletal muscle; skin; thyroid; adrenal gland. The
vagina was fixed in 0.2-cm-thick transverse blocks, sectioned at 5 ^m,

and routinely stained with hematoxylin and eosin. The majority of the
tumors were detectable as small masses between 1and 2 cm in diameter.
Histopathological observations were reviewed by outside experts. Ra
diographie evaluation to document hypospadias (10) was performed on
all animals.

RESULTS

Table 1 reports the observations in this study of 948 offspring
born, of which 350 female progeny are studied. The highest
DES dose group (50 mg/kg) had the highest incidence of
preweaning mortality (62% as compared to 10 to 15% for the
other treatments). Mortality prior to 120 days of age was
associated with reproductive tract malformations, such as hy
pospadias, cleft phallus, vaginal calculi, vaginal hyperkeratosis,
and adenosis (15). The female progeny were entered onto the
study at weaning.

Because of the early mortality in only the DES-exposed
population, the tumor data are expressed in two forms. "Rate"

reflects the number of tumors per 100,000 days at risk. This
value includes all animals placed on trial. A second calculation
was needed to better reflect the latency period for tumor devel
opment. Since the earliest appearance of a mammary or vaginal
tumor was 6.5 months, "percentage surviving" is the percentage

of female animals that survived for more than 120 days.
Prenatal administration of DES on days 18, 19, and 20 of

gestation to rat dams resulted in the production of reproductive
tract tumors in the female progeny (Table 1). The majority of
the tumors were detectable as small masses between 1 and 2
cm in diameter. At 0.1 and 0.5 mg/kg DES, five adenocarci-
nomas (Fig. 1) and one mixed carcinoma, containing discrete
adenomatous and squamous components (Fig. 2), were ob
served. At high doses only squamous cell carcinomas (Fig. 3)
were present. Using the corn oil control groups as a standard,
the relative odds of observing a tumor at each of the doses were:
0.1 mg/kg, 3.2; 0.5 mg/kg, 5.9; 25 mg/kg, 20; and 50 mg/kg,
95. With the exception of the 0.1-mg/kg dose, these relative
odds are all significant (P < 0.05; nonsimultaneous compari
sons). It should be noted, however, that the two tumors in the
corn oil controls were nonepithelial in origin (leiomyosarcoma
and leiomyoma) and may not be directly comparable to vaginal
epithelial tumors. Rat days at risk for all vaginal tumors were
dose related, increasing from 6.7 to 55.3 tumors/100,000 days
at risk.

Of 165 animals given only corn oil in utero, there was one
animal with a vaginal epithelial neoplasm. Histologically (Fig.
4), this was an adenocarcinoma. The animal was euthanized in
extremis at 419 days of age. Grossly, the uterus and vagina were
incarcerated in an irregular 2.5- x 2.0- x 1.9-cm firm tan mass.

Table 2 Vaginal tumor type and incidence by treatment
0.0DES"in

uteroNo.

of females intrialVag.
SCCVag.
AdenoCAVag.

sarcomaNoOC165012HiOC220010.1

DESin
uteroNoOC49020HiOC151000.5

DES inuteroNoOC140423LoOC8000HiOC80312

"0.0 DES. 0.0 mg/kg maternal body weight days 18, 19, and 20 of gestation;

0.1 DES, 0.1 mg/kg maternal body weight days 18, 19, and 20 of gestation; 0.5
DES, 0.5 mg/kg maternal body weight days 18, 19. and 20 of gestation; No OC,
no oral contraceptive; Lo OC. 31.25 wg/kg diet ethynylestradiol and 31.25 Mg/kg
diet norethindrone; Hi OC. 104 Mg/kg diet ethynylestradiol and 31.25 Mg/kg diet
norethindrone; Vag., vaginal: SCC, squamous cell carcinoma; AdenoCA, adeno
carcinoma.
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Fig. 1. Adenocarcinoma in vaginal wall
from rat treated with DKS in utero. I ', vaginal

lumen; A, ncoplaslic epithelial cells with ade
nomatous differentiation. Bar, 50 ^m.

Fig. 2. Mixed carcinoma in vaginal wall
from rat treated with DES in ulero. I, vaginal
lumen; A, neoplastic epithelial cells with ade-
nomatous differentiation; S, neoplastic epithe
lial cells with squamous differentiation. Bar,
50 urn.

The severely invasive characteristics of the tumor obscured the
precise tissue of origin, with local extension to uterine serosa
and peritoneum and metastasis to lung. Including this animal,
the incidence of vaginal epithelial tumors was determined to be
dose related: rats exposed to 0 mg DES/kg maternal weight
had an incidence of 0.6% (1 of 167 rats); 0.1 mg/kg, 4.1 %: and
0.5 mg/kg, 4.3% (6 of 140), 25 mg/kg, 1.6% (1 of 63), and 50
mg/kg, 11.5% (3 of 26).

When the data for all vaginal tumors were analyzed by the
method of Laird and Oliver (16), a significant dose response
was observed (x2\ = 19.31, P = 0.001). The function increased

from 0 to 0.5 mg/kg. dropped at 25 mg/kg, and then rose
sharply. In view of the different tumor types observed, this may

suggest different induction processes at each dose level.
The sarcomas, unlike vaginal epithelial tumors, did not show

an obvious relationship to treatment. There was no litter effect
in the tumor incidence. Tumors of other reproductive tissues
(mammary gland, ovary, oviduct, or uterus) demonstrated no
discernible dose-response relationship for DES (Table 1). The
female offspring treated in utero with 0, 0.1, or 0.5 mg DES/
kg were fed oral contraceptives at doses up to 104 Mg/kg feed
of ethynylestradiol: 31.25 Mg/kg of norethindrone for 5 days
per week and demonstrated no significant effects of the oral
contraceptive steroids on the incidence of vaginal tumors (Table
2), or in any other reproductive tissue following 2 years of
exposure.
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Fig. 3. Squamouscell carcinoma in vaginalwall from ral treated with DES in utero. I',

vaginal lumen; S. ncoplastic epithelial cells
with squamous differentiation. Bar. 50 Â¡an.

<s

' I

V

Fig. 4. Adenocarcinoma in rat treated with
corn oil vehicle only. V, vaginal lumen; A,
ncoplastic epithelial cells with adenomatous
differentiation. Bar, 50 um.

â€¢

DISCUSSION

Many similarities among species are reported concerning
perinatal exposure to diethylstilbestrol (17, 18). Takasugi and
Bern (19) demonstrate that persistent estrus in rodents is an
alteration in the hypothalamo-hypophysial system. Although
there are dramatic alterations in the morphology of the vaginal
and uterine epithelium, extrapolations are not successful be
cause of the low incidence of vaginal tumors. Both the terato-

genic and carcinogenic aspects of DES indicate the importance
of the epithelial/stromal components of the reproductive tract
(20). Different cell types assumed to be exposed in these studies
undergo growth and differentiation at different gestational ages.
Thus it is important to correlate the development of the repro

ductive tract, in particular the vagina, with the particular ex
perimental model used.

A variety of regimens have been used to induce vaginal
epithelial changes in mice. The highest incidence of adenosis
occurred following postnatal exposure, whereas the only de
scriptions of vaginal adenocarcinomas associated with DES
have occurred following prenatal exposure. Following prenatal
exposure to DES on days 9-16, three vaginal tumors had been
induced in mice; however, no dose-response relationship had as

yet been demonstrated (4). Besides these vaginal tumors, a high
incidence of ovarian lesions was noted. No such ovarian lesions
were noted in the present rat study. These differences may not
be species dependent but rather may be due to the timing of the
exposure. The current rat study specifically emphasized the
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period of vaginal and uterine tract development, while in the
mouse studies, earlier treatment was utilized.

The immune system may be affected by DES. Kailand and
Holmdahl (21) reviewed the complex literature of murine
models and concluded that neonatally DES-exposed mice do
have impaired natural killer lymphocyte function. In that study,
transplantation of target tissue from DES-treated to untreated
thymectomized mice did not increase the frequency of neoplasia
(22); T-cell function is apparently irrelevant.

It is important to note that the development of the rodent
(rat and mouse) reproductive tract is truly perinatal. Thus, to
document teratogenesis/carcinogenesis of the reproductive
tract, exposure only until day 14 of gestation in the rodent is
not appropriate. Vorherr et al. (23) reported, in ten Sprague-
Dawley rats exposed to five different pre- and postnatal regi
mens of DES, four reproductive tract tumors and associated
malformations, but no vaginal adenocarcinomas. Unfortu
nately, no controls were reported. Boylan (24) observed abnor
mal nipple development, ovarian cysts, and reproductive tract
malformations in the rat, following prenatal exposure to DES.
No tumors were reported, however. It should be noted that the
current study indicates that the lack of tumors in the Boylan
study may have been due to the short postnatal observation
period. We observed similar precocious development of the
nipples in the current rat study; however, this precocious neo
natal mammary response did not result in an increase in mam
mary tumors (Table 1). The Wistar rat studies identified a
definite "window" during gestation when DES induced vaginal

epithelial changes, including adenocarcinomas. Administration
prior to day 15 produced abortion; administration after day 20
induced lactation suppression in the dam.

The presence of epithelial tumors of the vagina in the Wistar
rat and their appearance in a dose-related manner add further
support to the general association in the human between DES
and vaginal tumors ( 1) as well as with the dose-related incidence
of reproductive tract malformations in the rat.

In conclusion, vaginal tumors of epithelial origin (adenocar
cinomas and squamous cell carcinomas) can be induced in
Wistar rat offspring in a dose-related manner by DES admin
istration between days 18 and 20 of gestation. Later adminis
tration of oral contraceptive steroids to those offspring did not
enhance the risk of neoplasia due to DES in this model.
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