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Spontaneous Inflammatory Pelvic Disease in
Adult Non-Castrated Female Rats Treated With Estrogen
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The adaptive immune response of the genital tract is under the control of sexual steroids;
however, the influence of sex hormones on innate immune mechanisms of the genital mucosa are
only beginning to be understood. We found that long-term estrogen treatment increases the risk
for inflammatory pelvic diseases in adult non-castrated female rats. Female rats (110 g to 130 g)
received estrogen (10 rats; 17-βββββ estradiol, 50 mg pellet; 10 rats: subcutaneous weekly injection
of estradiol valerate 0.166 mg/kg). Ten rats received a pellet of 17-βββββ estradiol and were treated
with amoxicillin, 50 mg/kg after the 90th day of exposure to estrogen. Three control groups of ten
rats were also used. The estrogen-treated rats developed an inflammatory pelvic disease, with
abscess formation after the third month of hormonal treatment. All the surviving animals were
killed after six months of hormonal exposure. Among 15 survivors of the two groups that received
estrogen 13 animals presented tuboovarian abscesses. Among eight survivors of the group treated
with amoxicillin, six had tuboovarian abscesses. None of the 30 control rats presented macro or
microscopic signs of inflammatory disease in the uterus, tubes or ovaries. We conclude that
estrogen impairs the defense mechanisms of the genital tract of non-castrated female rats,
enhancing bacterial growth in the vagina and ascending infection to the uterus, tubes and ovaries.
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The mucosal immune system in the female genital
tract is the first defense against pathogenic
microorganisms [1,2]. While it is known that adaptive
immune responses in the genital mucosa are under
hormonal regulation, with separate and distinct
mechanisms in the vagina and uterus [3, 4], the hormonal
control of innate immune mechanisms in the genital tract
is only beginning to be explored [1]. Estrogens
decrease antigen presentation and secretion of
immunoglobulin in the vaginal mucosa of female rats
[5-7] and increase the vaginal growth of Candida
albicans [8,9]. In contrast, estrogens increase the
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immune response in the endometrium, and they increase
resistance against Chlamydia inoculated in the vagina
[4,10]. On the other hand, estrogens increased the
susceptibility to Chlamydia infection in female guinea
pigs [11,12].

As the effect of long-term estrogen exposition in
non castrated female rats on the resistance of the genital
mucosa to infection had not been investigated, we
developed a study to examine this system.

Young female adult Wistar rats weighing 110 g to
130 g, maintained in plastic cages with 6 to 10 animals,
receiving a commercial diet and tap water “ad libitum”,
were used in three experiments. In experiment 1, 10
rats received estrogen by subcutaneous implant of a
50 mg pellet of 17-beta-estradiol (Akzo-Nobel,
Netherlands) subcutaneously in the midline dorsum,
and 10 rats were maintained as controls. In experiment
2, 10 rats received estrogen by weekly subcutaneous
injection of estradiol valerate (0.166 mg/kg; Smart
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Chemische Produkte Handels, Germany) in corn oil,
and 10 control rats received weekly injections of corn
oil. In experiment 3, 10 rats received a pellet of 17-
beta-estradiol and were treated with amoxicillin (50
mg/kg), daily, after 90 days of hormonal treatment, and
10 rats were used as controls, without estrogen or
amoxicillin treatment. All the surviving animals were
killed with pentobarbital anesthesia, six months after
beginning hormonal treatment.

All the rats treated with estrogen presented weight
loss, which was significant after 90 days of hormonal
exposure. Three and four rats, from experiments 1 and
2, respectively, died spontaneously between 90 and
120 days. Autopsies were performed on three animals
and all presented inflammatory pelvic disease with
abscess formation in the ovary, tubes and uterus. The
surviving rats were killed during the next 30 days, and
six and four rats, respectively, from experiments 1 and
2, presented tuboovarian abscess and pyometra

(Figure 1:A, B and C.). The three animals without
inflammatory pelvic disease had a dilated uterus with a
cloudy fluid in the lumen. In experiment 3, in which the
animals received amoxillin, two animals died after
between 120 and 180 days of hormone exposure.
Among the eight survivors, six had tuboovarian
abscesses and pyometra as observed in experiments 1
and 2, and two had a dilated uterus, without signs of
inflammatory disease (Figure 1D).

The microscopic study of the vagina of the rats with
and without evident abscesses showed hyperplasia of
the epithelium, with hyperkeratinization and large
numbers of eosinophils in the stroma. There was
hyperplasia and keratinization of the epithelium near
the vagina in the uterine cervix (corresponding to the
ectocervix). Focal areas of epidermoid metaplasia and
eosinophils were found in the stroma of the
endometrium. There were leukocytes in the stroma and
in the lumen of the endometrial glands of some animals
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Figure 1. Uteri of female rats after six months treatment with estrogen. A: Bilateral tubo-ovarian abscess. B:
Pyometra in the two horns of uterus. C: Opened uterine abscess: there is some purulent material in the cavity. D:
Uterus without inflammatory disease, showing dilatation of the uterine horns. E: Animal without abscess: endometritis
with leukocytes in the stroma (arrow head) and in the lumen of endometrial glands (arrow); H&E, 400x. F: Uterus
with pyometra: purulent exudate (pe) in the lumen and inflammatory exudate in the uterine wall (UW); H&E,100X).
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(Figure 1E). In abscessed uteri, the histological picture
was that of pyogenic inflammation: the abscess wall
presented massive exudation of neutrophils and
macrophages, with destruction of normal structures and
extensive peripheral fibrosis (Figure 1F). The Gram-
stained smears of pyogenic material showed gram
positive and Gram-negative bacteria. We did not
culture this material.

In the control groups (n=30), none of the animals
showed macro or microscopic evidence of
inflammation in the reproductive tract and ovaries.

We conclude that long-term estrogen administration
in non-castrated female rats increases the risk for
inflammatory pelvic disease. Several mechanisms could
be involved in this increased risk for ascending infection
induced by estrogen: (a) a reduction in immune adaptive
mechanisms in the vaginal mucosa has been reported
after short-term estrogen exposure in castrated rats [3-
6]; (b) impaired production of soluble microbiocidal
factors by epithelial cells of the genital mucosa
(secretory leukocyte protease inhibitor, defensins,
lysozime, lactoferrin) has been demonstrated in the
genital tract [13-15]; (c) keratinization of the vaginal
and cervical epithelium could facilitate the adhesion of
pathogens and impair other innate defense mechanisms,
enhancing the ascending invasion of microorganisms.
Studies are in progress in our laboratory to establish
the etiology of this inflammatory pelvic disease. In
addition, we are developing an experimental model of
ascending inflammatory pelvic disease in rats treated
with estrogen and inoculated in the vagina with fecal
bacteria.
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