
[789/27]

362

Revised manuscript accepted for publication September 26, 2011

Effects of tamoxifen and raloxifene on body and uterine
weights of rats in persistent estrus

D.M. Rodrigues-Junior, P.V. Lopes-Costa, A.R. dos Santos, B.B. da Silva
Department of Gynecology, Piaui Federal University, Teresina, Piaui (Brazil)

[1305/31]

Introduction

Selective estrogen receptor modulators (SERMs) are
drugs that have attracted the attention of many investiga-
tors studying primary chemoprevention of breast cancer
in women at high risk for the disease [1, 2]. Tamoxifen
was the first drug to be approved in the United States for
chemoprevention in women at high risk for breast cancer.
However, long-term use of tamoxifen may lead to signif-
icant side-effects, especially endometrial carcinoma [3].
For this reason, there has been great interest in identify-
ing other SERMs that may serve as an alternative to
tamoxifen [4, 5].

Raloxifene, a second-generation SERM approved in the
United States and in other countries for the prevention
and treatment of osteoporosis in postmenopausal women,
has been shown to exert an antiestrogenic action on the
breast without, however, stimulating the endometrium
[4]. This fact was confirmed in a recently published study
of tamoxifen and raloxifene (STAR) trial, which showed
raloxifene to be almost as effective as tamoxifen in reduc-
ing invasive breast carcinoma [6].

Little is known about the behavior of SERMs during
chronic anovulation in which obesity and constant estro-
genic stimulation are a common finding in these patients
[7]. Due to ethical issues in humans, studies are required
to be conducted in animal models. Female rats receiving
steroids, particularly at birth, enter a condition of persist-
ent estrus upon reaching adulthood. Furthermore, these
animals develop characteristics that mimic women with
polycystic ovary syndrome (PCOS) [8, 9]. 

Therefore, in view of the scarcity in the literature, stud-
ies which assessed SERMs behavior on body and uterine
weights in states of chronic anovulation and hyperandro-
genism are scarce. Thus, to best of our knowledge, we
have used a biological model mimicking states of chron-
ic anovulation presenting excess of body and uterine
weights to better understand tamoxifen and raloxifene
behavior in these conditions. 

Material and Methods

The study protocol was carried out in accordance with the
ethical principles of the Colégio Brasileiro para Experimentação
Animal (COBEA), also by a local Committee on Ethics and
Animal Experimentation of the Federal University of Piaui (reg-
isters numbers 35/2010 and 54/2010). Sixty female, virgin Wistar-
Hannover rats obtained from the animal laboratory of the Federal
University of Piaui were used in this study.  The animals were
kept under controlled temperature (25°C) and lighting conditions
(7:00 a.m. to 7:00 p.m.) in individual cages with free access to
water and standard laboratory rodent chow (SUPRA-LAB, São
Paulo, Brazil). Androgenization or persistent estrus was achieved
in the animals by administering a single dose of subcutaneous
injection of 1.25 mg of testosterone propionate diluted in 0.1 ml
of corn oil on the second day of life. The state of persistent estrus
was confirmed in the animals based on the presence of oblitera-
tion of the distal third of the vagina and on keratinization of the
vaginal epithelium, the principal characteristic of persistent estrus
[8, 10], on the presence of polycystic ovaries as observed during
histology performed at the end of the study. The rats were ran-
domly distributed into three groups of 20 animals each:  Group I
(persistent estrus, control) received only vehicle (propylene
glycol), whereas Group II (persistent estrus) received tamoxifen
and Group III (persistent estrus) received raloxifene. 

The animals in Group I received 0.5 ml/animal/day of propy-
lene glycol (placebo), while those in Group II received 250
µg/animal/day of tamoxifen diluted in 0.5 ml of propylene glycol
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and Group III received 750 µg/animal/day of raloxifene also
diluted in 0.5 ml of propylene glycol. At 90 days of life, the
treatment began for 30 consecutive days by gavage using spe-
cific metal tubing.

At the beginning of the treatment the animals were weighed
weekly with a digital scale and with the aid of a plastic beaker
up to the end of the treatment. On the 1st day after the treatment,
the animals were sacrificed and the uterus was removed through
a longitudinal abdominal incision and then weighed.

The ANOVA test made comparisons between groups. Post
hoc pair wise comparisons between means in groups were con-
ducted using the Tukey method with an overall significance
level at 5% [11]. 

Results

The body and uterine weights of experimental animals
treated with placebo (Group I) were significantly higher
than the body and uterine weights (g) of animals treated
with tamoxifen (Group II) and raloxifene (Group III) (p <
0.001). The mean of body weights of the control and exper-

imental groups are listed in Table 1 and uterine weights are
listed in Table 2. There was no statistical difference
between Groups II and III for body weight (p = 0.727)
(Figure 1) or for uterine weight (p = 0.646) (Figure 2). 

Discussion

In the current study, female rats exhibiting persistent
estrus were used to evaluate the effects of SERMs direct-
ly on body and uterine weights. Tamoxifen, administered
at a dosage of 250 µg/animal/day, and raloxifene, admin-
istered at a dosage of 750 µg/animal/day, for 30 days, sig-
nificantly reduced body and uterine weights compared to
the group treated with placebo. 

The metabolism of rats is faster than in humans, hence
the weight-equivalent dose would constitute under-dosage
and would not therefore mimic the serum and tissue con-
centration of SERMs in humans [12]. There are reports of
experimental studies in the literature in which rats were
given daily oral doses of raloxifene that varied from 1 to 10
mg/kg, without any toxicity for the animals. Therefore, the
dosages in this study were chosen because they were suffi-
cient to reproduce tissue levels of the drugs observed in
adult women on using this medication [13, 14].

Chronic anovulation syndrome was induced and char-
acterized by keratinization of the vaginal epithelium in
this animal model [8, 10]. The adult animals develop
characteristics that mimic PCOS in women such as chron-
ic anovulation, sterility and polycystic ovaries [9, 15].
Furthermore, this model of rats in a state of persistent
estrus manifested high food intake, elevated body weight
and obesity [16, 17] associated with increased of hyperin-
sulinemia, which in turn is significantly correlated with
the risk of cardiovascular diseases [18, 19] and seems to
induce hyperandrogenemia [20]. Nevertheless, PCOS is a
multifactorial syndrome and probably no animal model
has the capacity to reproduce all aspects of this syndrome. 

Figure 1. — Change in body and uterine weights of rats in persistent estrus treated with placebo (I), tamoxifen (II) and raloxifene
(III).
Figure 2. — Boxplot of the uterine weight of rats in persistent estrus treated with placebo (I), tamoxifen (II) and raloxifene (III).

Table 1. — Mean body weight (g) of control and experimental
groups throughout treatment.

Weeks Control Tamoxifen Raloxifene

I 221.3 ± 2.26 213.3 ± 1.73 214.9 ± 2.05
II 223.5 ± 2.24 205.2 ± 1.98 205.6 ± 2.09
III 226.9 ± 2.21 196.7 ± 2.23 197.1 ± 2.16
IV 227.3 ± 2.20* 185.3 ± 2.45** 186.4 ± 2.20**

Tukey test was conducted to compare group by group; SEM: standard error of the mean.
*(p < 0.001); **(p = 0.727).

Table 2. — Mean uterine weight (g) of rats in persistent estrus
receiving placebo (I); tamoxifen (II) or raloxifene (III).

Groups Mean SEM Minimum Median Maximum

I 0.40** 0.01 0.28 0.24 0.5
II 0.25** 0.01 0.18 0.24 0.34
III 0.27** 0.01 0.17 0.27 0.35
Tukey test was conducted to compare group by group; SEM: standard error of the mean.
* I > II and III (p < 0.0001); ** II = III (p = 0.646).
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In previous reports, estrogen increased the production
of leptin in ovariectomized rats, the ob gene product,
which has an important role in regulating body weight
[21, 22]. A study performed by Hozumi et al. [23] in
ovariectomized rats mimicking postmenopausal women
treated with tamoxifen, showed a significantly reduced
weight gain, food intake, weight of adipose tissue and
leptin concentration. In addition, these animals treated
with SERMs become resistant to insulin [23]. Most of the
additional effects of tamoxifen on lipid metabolism as
changes in body weight and composition, or endometri-
um are likely to be due to estrogenic effects [24].
However, ovariectomized rats have low levels of circulat-
ing estrogen, while the influence of SERMs on adipose
tissue under higher levels of estrogen remains unknown.

Our data is the first to evaluate the effect of raloxifene
compared to tamoxifen in body mass in this animal
model. Nevertheless, these data differ from the study of
Patriarca et al. [25], which found no differences in body
weight of rats in persistent estrus treated with tamoxifen
compared to a control group, probably due to differences
in dosages used in trials, with our concentration being
more than double that used by the authors. 

Similar to this study, Patriarca et al. [25] observed, due
to an anti-uterotrophic effect, a reduction in uterine
weight in animals receiving tamoxifen. After macroscop-
ic examination of the uterus, lower uterine weights in ani-
mals treated with the antiestrogens were likely caused by
the inhibitory effect of tamoxifen and raloxifene on fluid
retention mediated by estrogen [25], resulting in decrease
of mass in this organ. 

Conclusion

In conclusion, use of 250 g of tamoxifen and 750 g of
raloxifene in rats with persistent estrus significantly
reduced body and uterine weights in this experimental
model. Even though the results are limited in extrapolat-
ing the present study to humans, these findings strength-
ens the literature and have provided a wider perspective
on further studies aimed to elucidate the tamoxifen and
raloxifene effect on body and uterine weights in the pres-
ence of high circulating levels of estrogen.
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