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Summary—Long-term estrogen replacement therapy in postmenopausal women can bring
relief to hot flushes and reduce loss of bone mass due to osteoporosis, however, such treatment
often can cause uterine hyperplasia and other undesirable effects. This study compared changes
in bone mineral content (BMC), uterine weight, pituitary weight and pituitary gonadotropin
content in the ovariectomized rat model following treatment with estradiol (E,) or two levels
of clomiphene citrate (CC), an estrogen agonist/antagonist.

Groups (n = 8-12) of adult ovariectomized (OVX) rats were implanted with E, pellets
(5 ng/day) or injected subcutaneously with CC at 1 mg/kg body wt (CC-1) or 5 mg/kg body
wt (CC-5) twice weekly for 12 months. Placebo implanted OVX and intact (INT) female rats
served as negative and positive controls, respectively. Following treatment, the uterus,
pituitary gland and right femur were collected from each animal.

E, treatment increased (P < 0.05) uterine weight compared to all other treatment groups,
while both CC doses increased uterine weight over the OVX group only (E,, 0.24 + 0.03; INT,
0.14 + 0.01; CC-1, 0.06 + 0.01; CC-5, 0.07 £+ 0.01; and OVX, 0.02 £ 0.01 g per 100 g body wt).
Pituitary weight was increased 15-fold (P < 0.05) by E, treatment over all other treatment
groups (E,, 65.7+13.9; INT, 4.0+0.5; CC-1, 3.3+0.03; CC-5, 2.7+0.02; and OVX,
2.9 + 0.02mg per 100 g body wt). Both E, and CC treatments reduced pituitary luteinizing
hormone and follicle stimulating hormone content (ug/pit) to INT levels and were lower
(P < 0.05) than OVX levels. Mean BMC of E,, CC-1- or CC-5-treated rats was greater
(P < 0.05) than that of either the INT or OVX groups, while INT animals had a higher BMC
compared to OVX animals (E,, 0.027 1 0.003; CC-1, 0.026 + 0.001; CC-5, 0.028 + 0.001; INT,
0.021 + 0.001; and OVX, 0.017 1 0.001 g/cm per 100 g body wt). These data indicate that CC
has the potential to reduce bone mineral loss without causing other undesirable effects,
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including uterine hyperstimulation, and thus needs to be further investigated.

INTRODUCTION

Cessation of ovarian function at menopause
or due to ovariectomy in younger women results
in the loss of ovarian steroidogenesis, particu-
larly estradiol synthesis, and often leads to
debilitating conditions known collectively as
the postmenopausal syndrome. The majority
of women (~80%) undergoing natural meno-
pause may experience some form of vasomotor
instability including flushing of the face,
neck and chest (“hot flushes™) and diaphor-
esis[1}; atrophy of the estrogen-dependent
genitourinary system [2] and perhaps the
most debilitating condition, progressive de-
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mineralization and reduction in bone mass
(osteoporosis) [3].

These symptoms can be alleviated to varying
degrees by estrogen replacement therapy.
Treatment with exogenous estrogen dramati-
cally reverses genitourinary atrophy and in-
creases vaginal secretions[2]. Estrogen is
known to have protective effects on the female
skeleton and a causal relationship between
estrogen deficiency and osteoporosis has been
clearly established [4]. Although previous at-
tempts to identify estrogen receptors in bone
tissue had failed, recent data indicates that
estrogen can act directly on osteoblasts
through a specific receptor mediated mechan-
ism. Evidence has been presented that estrogen
receptors are present in normal human
osteoblast-like cells[5] and in osteoblast-like
osteosarcoma [6].
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Despite the beneficial effects of estrogen in
relieving many of the postmenopausal symp-
toms, long-term therapy often results in un-
desirable effects including thrombic episodes,
liver disease and development of estrogen-
dependent tumors [7]. Estrogen-induced endo-
metrial hyperplasia is considered to be a
potentially premalignant condition and a signifi-
cant number of such cases (up to 25%) can
develop into endometrial adenocarcinoma
depending upon the degree of hyperplasia and
the duration of unopposed estrogen stimu-
lation [8]. The addition of cyclic progesterone
can reduce the hyperplastic condition [9],
however, such a treatment regimen can reinitiate
menstrual-like uterine bleeding which is viewed
as an unacceptable alternative by many post-
menopausal women. Because of the multifaceted
problems associated with long-term estrogen
therapy, it has been suggested that a pharmaco-
logic analog of estrogen with fewer side-effects
would be an ideal therapeutic agent [10].

A group of synthetic compounds exists which
interacts with the estrogen receptor and pos-
sesses both estrogenic and antiestrogenic proper-
ties. Typically called “antiestrogens”, these
include clomiphene citrate (CC), tamoxifen,
nafoxidine and chlorotrianisene. In general,
these compounds are weak estrogen agonists and
are estrogenic in the absence and antiestrogenic
in the presence of circulating estrogens [11]. Both
CC and tamoxifen have been shown to suppress
the postmenopausal rise in gonadotropins
and induce vaginal estrogenization in post-
menopausal women without causing prolifera-
tive changes in the endometrium {12-14]. A
recent study in intact and ovariectomized rats
reported that tamoxifen had protective effects
similar to estrogen on trabecular bone, but
unlike estrogen was not uterotropic [15].

Although such compounds have potential
therapeutic usefulness, results from prolonged
treatment with estrogens and/or antiestrogens in
an appropriate animal model are lacking. The
present investigation was designed to document
changes in uterine weight, pituitary weight,
pituitary gonadotropin content and bone
mineral content (BMC) of ovariectomized
(OVX) adult rats following long-term treatment
with estradiol (E,) or CC.

EXPERIMENTAL

Adult female Sprague-Dawley rats (60
days old) were either left intact (INT) or were
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bilaterally ovariectomized (OVX). Following a
recovery period of 7 days, OVX animals
(n =8-12) were assigned at random to four
treatment groups. Animals were provided free
access to pelleted rat feed and water. One group
of OVX rats was subcutaneously implanted with
slow release E, pellets (Innovative Research of
America, Toledo, OH, U.S.A.) designed to
deliver 5 ug E,/day. Each of two groups of OVX
rats were injected subcutaneously twice weekly
with CC in doses of either 1 mg/kg body wt
(CC-1) or 5 mg/kg body wt (CC-5). One group
of OVX rats implanted with placebo pellets
served as a negative control group while a
group of untreated INT rats served as positive
controls. Pellets were replaced at 60-day inter-
vals and animals were sacrificed at the end of
12 months of continuous treatment.

At sacrifice the uterus, pituitary gland and
right femur from each animal were removed and
weights recorded. Pituitaries were stored frozen
at —80°C prior to hormone analysis. Each femur
was cleaned of all extraneous soft tissue and then
stored in a desiccator prior to BMC determi-
nation. The BMC at mid-shaft was determined
by single energy photon absorptiometry (Model
SP2 Rectilinear Scanner, Lunar Radiation
Corp.) in air using a 1.0 mm collimator at a scan
speed of 0.25 mmy/s, with bones positioned on a
custom made plexiglass platform. This method
has been shown to be highly reproducible and
precise (£2% c.v.) according to a previously
described report [16].

Pituitary luteinizing hormone (LH) and
follicle stimulating hormone (FSH) contents
were determined using specific radioimmuno-
assays kits (NIADDK, National Institutes of
Health, U.S.A.) as previously described [17].

Because of differing weight gains between
treatment groups, uterine weight, pituitary
weight and BMC were adjusted per 100 g body
wt prior to statistical analysis. All data were
analyzed by least square analysis of variance and
group means were compared using Student-
Newman—Keul’s procedure for significant differ-
ences among means between groups for each
parameter examined.

RESULTS

Effects on uterine weight

Treatment of ovariectomized rats with E,
over a 12 month period increased (P < 0.05)
mean uterine weight (0.24 +0.03 g/100 g body
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Fig. 1. Mean (+SEM) uterine weight of different groups

following 12 months of treatment. Different superscripts
denote differences (P < 0.05).

wt) approx. two-fold over INT animals, four-
fold over either group of CC-treated animals
and 12-fold over the OVX rats (Fig. 1). Treat-
ment with either dose of CC resulted in a
significant increase (P < 0.05) in mean uterine
weight over the placebo-treated OVX control
animals but was lower (P < 0.05) compared to
that of the INT or E,-treated animals.

Effects on pituitary

Mean pituitary weight of the E,-treated group
(65.7 £ 13.9mg/100 g body wt) was greater
(P <0.05) than that of all other groups
(Fig. 2). Mean pituitary weights of all other
groups were similar (P > 0.05) and ranged
between 2.7 +0.2mg/100g body wt (CC-5)
to 4.0 +0.5/100 g body wt for the INT group.

Treatment with E, significantly reduced pitu-
itary LH content (0.61 + 0.21 ug/pit) compared
to that of all other groups (Fig. 3). While the
higher clomiphene dose (CC-5) reduced post-
ovariectomy pituitary LH content to levels
lower than that of INT animals (4.64 + 1.96 vs
7.61 + 2.21 ug/pit, respectively), the lower dose
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Fig. 2. Mean (£ SEM) pituitary weight of different groups

following 12 months of treatment. Please note that the right

hand ordinate is for the E, group only. Different super-
scripts denote differences (P < 0.05).
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Fig. 3. Mean (+SEM) pituitary LH content of different
groups following 12 months of treatment. Different super-
scripts denote differences (P < 0.05).

(CC-1) did not reduce pituitary LH content
(19.90 + 1.90 ug/pit) and was similar to that of
the OVX group (22.97 + 4.83 ug/pit).

Effects of various treatments on pituitary
FSH content were similar to those described for
LH content (Fig. 4). E, treatment resulted in
pituitary FSH content similar (P > 0.05) to
that of INT animals (4.13 +£1.29 vs 2.78 +
1.31 ug/pit). Treatment with either the low
(CC-1, 16.59 + 3.54 ug/pit) or high dose (CC-5,
15.86 +2.72 ug/pit) of CC reduced (P < 0.05)
FSH content compared to that of the OVX
group (43.42 +3.72 ug/pit), but CC at either
dose was not as effective as E, in decreasing
pituitary FSH.

Bone mineral content

Mean BMC of the right femur in CC-1-
(0.026 + 0.001 g/cm per 100 g body wt), CC-5-
(0.028 + 0.001 g/cm per 100 mg body wt) and
E,-(0.027 +0.003 g/cm per 100g body wt)
treated groups were similar (P > 0.05) and were
maintained at a significantly (P < 0.05) higher
level compared to that of the INT (0.021 +
0.001 g/cm per 100g body wt) or the OVX
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Fig. 4. Mean (% SEM) pituitary FSH content of different
groups following 12 months of treatment. Different super-
scripts denote differences (P < 0.05).
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Fig. 5. Mean (+SEM) femur bone mineral content of
different groups following 12 months of treatment. Different
superscripts denote differences (P < 0.05).

(0.017 + 0.001 g/cm per 100 g body wt) groups
(Fig. 5). The mean BMC of the INT group,
although lower than that of the E,- or CC-
treated groups, was higher (P < 0.05) than that
of the OVX group.

DISCUSSION

Data obtained from this study clearly estab-
lishes that long-term estrogen therapy of OVX
rats causes uterine hyperstimulation beyond
that normally observed in INT animals. Ovari-
ectomy of rats without estrogen supplemen-
tation caused uterine atrophy. However, when
animals were treated with either dose of CC the
uterine weight increased two-fold over that of
OVX animals, indicative of estrogenic stimu-
lation, but did not become hypertrophied.
Clomiphene citrate and some other anti-
estrogens primarily stimulates the endometrial
epithelium, whereas E, causes hypertrophy and
hyperplasia of both endometrial and myo-
metrial components [11, 18]. The present data
confirms CC to be a partial estrogen agonist,
capable of at least partially maintaining normal
uterine weight.

Long-term treatment of OVX rats with E,
resulted in a marked increase in pituitary weight
while suppressing the post-ovariectomy increase
in pituitary LH and FSH. Prolonged treatment
of rats with estrogen is known to induce pitu-
itary hyperplasia or tumors accompanied by
increased serum prolactin concentrations [19].
Although not as effective in primates [20], the
high concentration of circulating estrogen
during human pregnancy can result in a signifi-
cant proliferation of pituitary lactotrophs and
elevated levels of circulating prolactin [21]. The
significant increase in pituitary weight observed
in this study was associated with a concomitant

P. K.CHAKRABORTY et al.

increase in serum prolactin concentration (data
not shown), and was probably the result of
E,-induced pituitary lactotroph hyperplasia.
Although not as effective as E,, the higher dose
of clomiphene (CC-5) reduced pituitary LH
content to less than INT levels and significantly
reduced pituitary FSH content from that ob-
served in the untreated OVX control animals.

The present study provides evidence that
long-term treatment with CC was at least as
effective as E, in preventing bone loss by main-
taining BMC. Ovariectomy and loss of ovarian
estrogen, or the normal aging process are
known to cause cortical and trabecular bone
loss. A normal age-related loss in BMC was also
observed in the INT group of animals. Treat-
ment with estrogen or tamoxifen have been
shown to maintain bone mass in OVX rats [15].
In a previous study prevention of osteoporosis
and maintenance of cortical bone thickness and
total body calcium by chronic CC treatment
has also been reported [22]. The present data
support these earlier findings.

Taken together, the data obtained in this
study indicate that long-term E, treatment of
OVX rats prevented osteoporosis due to loss of
BMC but caused uterine hyperstimulation and
pituitary hyperplasia. Use of CC as an alterna-
tive treatment for the same duration prevented
bone loss without any adverse uterine or pitu-
itary consequences. These results suggest that
CC warrants further evaluation as an alterna-
tive to long-term estrogen therapy in post-
menopausal women.
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