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Effects of simultaneous treatment with estrogen
and testosterone on the uterus of female adult rats
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Summary

Background.: Testosterone (T) associated with estrogen (E) has been used in hormonal replacement therapy in postmenopause
women and the effects of this hormonal association on the uterus are not known. Objective: To study the effect of long-term simul-
taneous exposure to testosterone and estrogen on the uterus of non-castrated adult female rats. Methods: Groups of ten adult non-
castrated female Wistar rats were treated with non-esterified testosterone and beta estradiol (subcutaneous implants with 50 mg of
each hormone) or with testosterone cipionate and estradiol valerate (weekly intramuscularly or by subcutaneous injection of respec-
tively, 2.85 mg/kg and 0.166 mg/kg). Control groups received no treatment (10 rats) or injections of diluents (6 rats). All animals
were killed six months after hormonal exposure. Results: All rats treated with T+E developed hyperplasia and hyperkeratosis of the
vaginal and cervical epithelium and focal metaplasia with keratinization of the endocervical and endometrial epithelium. Ascend-
ing pelvic inflammatory disease with pyometra and tuboovarian abscesses were frequent (25% mortality until the end of the exper-
iment). Conclusions: Testosterone associated with estrogen induced metaplasia of the genital epithelium but did not induce neo-
plastic lesions. The metaplasic lesions reduced the mucosal defense mechanisms enhancing ascending genital inflammatory disease.
Although metaplasia of the cervical and endometrial epithelium has been observed after estrogen exposure in rats, testosterone does

not appear to inhibit these estrogen effects.
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Introduction

In recent years testosterone has been used in associa-
tion with estrogen and progesterone in hormonal replace-
ment after menopause [1-4]. Although no relationship
between blood androgens levels and endometrial carci-
noma has been reported [5, 6], there is not any informa-
tion about the effects of androgens in association with
estrogens on the uterus. It has been reported that estro-
gens can induce endometrial carcinoma, as demonstrated
in epidemiological and experimental observations [7, 8].
In adult rats, chronic estrogen administration induced
epidermoid metaplasia of the endometrium [9], but
endometrial cancer has only been observed in some spe-
cific rat strains [10]. In adult female rats, chronic admin-
istration of testosterone induced endometrial hyperplasia
[11] and had a promoter action in DMBA-induced
endometrial cancer [12].

As there are no reports on the effects of androgens
associated with estrogens on the uterus, we studied the
effects of these hormones administered together on the
endometrium of adult non-castrated female rats.

Material and Methods

Adult females wistar rats (body weight 110 g, around 90 days
old) maintained in plastic cages with eight to ten animals per
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cage, receiving a commercial diet and tap water ad libitum,
were used in the experiments.

Testosterone was used in two forms: (a) non-esterified testos-
terone (Akzo Nobel, Holland), 50 mg/kg in silicone tubes
implanted subcutaneously and, b) testosterone cypionate
(Deposteron, Sigma Pharma Ltda, Sdo Paulo), 2,85 mg/kg,
administered weekly intramuscularly. Estrogen was used as
subcutaneous pellets of beta estradiol (Akzo Nobel, Nether-
lands), 50 mg/kg and estradiol valerate (Smart Chemishe Pro-
dukte Handels, Germany), 0,166 mg/kg in corn oil, adminis-
tered weekly by subcutaneous injection. The doses of
testosterone propionate and estradiol valerate were based on
doses used for therapeutic purposes in humans [13].

In experiment I, ten rats received one subcutaneous implant
of silicone tube with testosterone and one pellet of estrogen on
each side of the dorsal line. Ten rats without treatment formed
the control group. In experiment II, ten rats received a weekly
injection of testosterone cypionate (in the thigh muscle) and of
estradiol valerate (subcutaneously). Six control rats received
corn oil in the same volume, by the same route.

All the animals were weighed at two-week intervals and
observed daily for intercurrences.

All surviving animals were killed after pentobarbital anes-
thesia, 180 days after the beginning of the hormonal treat-
ment. After inspection of the thoracic and abdominal cavi-
ties, the ovaries, uterus and vagina were dissected in one
block and fixed in Bouin fixative, diluted 1:4 in 0.15M NaCl
solution. After fixation, fragments of the uterine corns and
vagina were paraffin embedded and the sections were stained
by hematoxylin and eosin and by the picrosyrius method for
collagen [14].
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trophils into the lumen of the gland were frequently
observed. In the endometrium compromised by the
abscess there was the typical pattern of this inflamma-
tion: a massive infiltration of neutrophils and
macrophages that destroyed the endometrium and the
muscle. Gram-stained smears of the purulent material
showed a great number of gram-positive and gram-nega-
tive microorganisms that were not isolated by culture.

In the two animals without inflammatory pelvic disease
the uterine horns presented cuboid epithelial cells and a
thin stroma with glands compressed as a consequence of
dilatation induced by fluid accumulation.

In all animals the endometrial stroma presented a great
number of eosinophils.

Discussion

The results demonstrated that the simultaneous treat-
ment of adult female rats with estrogen and testosterone,
administered by subcutaneous implants or by injection,
over six months induced in all animals: (a) hyperplasia
and epidermoid metaplasia of the vaginal epithelium and
focal areas of epidemoid metaplasia of the cervical and
endometrial epithelium, and (b) stromal eosinophilia in
the vaginal, cervical and endometrial mucosae. In addi-
tion the hormonal treatment enhanced severe inflamma-
tory pelvic disease in 90% of the animals.

These effects seem to be a consequence of estrogen
action. In fact epidermoid metaplasia has been reported
in the endometrium of castrated and non-castrated rats
chronically treated with estrogen [9] but was not
observed in castrated or non-castrated rats treated by
testosterone alone [12]. Chronic administration of testos-
terone induced adenomatoid endometrial hyperplasia
[12]. As this kind of hyperplasia was not observed in any
of the rats treated simultaneously with testosterone and
estrogen it is possible to conclude that the effect of testos-
terone was blocked by the presence of estrogen.

In contrast, testosterone did not impair the induction of
epithelial metaplasia by estrogen that occurred in all the
animals that received the simultaneous treatment with the
two hormones. Moreover, it has been reported that in
adult female rats, estrogen induced eosinophilia of the
stroma, glandular dilatation and increased the length of
epithelial cells [15], and all these changes were observed
in rats treated with the hormonal association. Thus we
can conclude that testosterone did not antagonize the
effects of estrogen.

The high frequency of inflammatory pelvic disease
observed in the two experiments is another effect of
estrogen that was not antagonized by the simultaneous
infection of testosterone. In rats treated with estrogen
inflammatory pelvic disease was observed 90 days after
hormonal treatment, but was not observed in rats treated
with testosterone alone for six or more months [16].

The inflammatory pelvic disease observed had the
pattern of an ascendant inflammatory disease and could
be a consequence of impairment of mucosal defense
mechanisms and metaplastic changes of the cervical and

endometrial epithelium that enhanced the invasion of
microorganisms through the vagina [16].

Conclusion

In conclusion, the simultaneous administration of
estrogen and testosterone (subcutaneous implants or
injection) in adult non-castrated rats over six months
induced hyperplasia with hyperkeratosis of the vaginal
epithelium, random focal areas of epidermoid metaplasia
of the cervix and endometrium and infiltration of
eosinophils in the vaginal and endometrial stroma in all
animals enhancing spontaneous inflammatory pelvic
disease in 80% of the animals. As all these effects have
been described in rats treated with estrogen alone, it is
possible to conclude that estrogen action is not blocked
by testosterone.
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