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Objective: To investigate the antiestrogenic effect of clomiphene citrate (CC) in male rats estrogenized with estradiol-3-benzoate (EB).
Design: Prospective experimental study.
Setting: Laboratory.
Animals: Adult male albino rats (Holtzman strain).
Intervention(s): CC was given alone or in combination with EB.
Main Outcome Measure(s): Testicular function and steroidogenic enzyme gene expression were evaluated in control versus treated
groups.
Result(s): EB after 30 days of treatment induced a rise in TUNEL-positive germ cells adversely affecting spermatogenesis with complete
absence of elongated spermatids or sperms. CC alone had only a moderate effect. In contrast, CCþEB synergistically inflicted more
adverse effects as apoptotic germ cells per tubule rose further. Significant down-regulation in expression of testicular steroidogenic
enzyme genes StAR, p450scc, 3b-HSD, and p450c17 was observed. In the EB-alone group, aromatase gene expression in the testis
was up-regulated but reversed in brain and liver tissues. CC alone had little modulatory effect on aromatase expression. On the
other hand, CCþEB countered the EB-induced rise of aromatase expression in the testis.
Conclusion(s): The above findings indicate that CC in the presence of estrogen synergistically potentiates more adverse effects in testis,
inhibiting expression of upstream steroidogenic enzyme genes and leading to disruption of ste-
roidogenesis. (Fertil Steril� 2013;99:140–8. �2013 by American Society for Reproductive
Medicine.)
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T he role of estrogen in adult testic-
ular function is very critical, be-
cause complete absence of its

synthesis, as seen in ArKO (aromatase

knockout) male, is associated with ab-
normal development of round sperma-
tids with lesions (1, 2). On the other
hand, excess of estrogen administered

in mice during fetal or neonatal period,
has been implicated in several male
reproductive disorders, such as
cryptorchidism, epididymal defects,
impaired fertility, and testicular cancer
(3). It is thus recognized that optimal
estrogen availability is essential for
maintaining normal testicular function
in adults. Germ cell development relies
on highly coordinated action of various
reproductive hormones, including
gonadotropins, which are the prime
regulators of both spermatogenesis and
steroidogenesis (4). Excess estrogen in
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adults, however, down-regulates gonadotropins and alters the
entire hormonal milieu leading to impairment of spermatogen-
esis and apoptotic induction in developing germ cells (5, 6).
Aromatase is the key converting enzyme for estrogen
synthesis, and the modulation of its expression would have
a direct bearing on the estrogen availability within the testis.

Besides the hormone per se, even the lack of functional
estrogen receptor alpha (ERa) leads to infertility in ERaKO
male mice (7–9). Similarly, when estrogen receptor in the
rat was blocked by ICI 182,780 for 100–150 days, it resulted
in testicular atrophy and infertility (10). In contrast,
clomiphene citrate (CC) has been described to possess both
estrogen agonist as well as antagonistic properties. It is
reported that in presence of 17b-E2 and mediated via ERa,
CC behaved as an agonist when estrogen was in low
concentrations and as an antagonist when estrogen was in
high concentrations. But via ERb, it primarily acted as an
estrogen antagonist regardless of the concentration of
estrogen in the surrounding (11).

CC is an analogue of nonsteroidal estrogen, a triphenyl-
ethylene derivative distantly related to diethylstilbestrol, and
has been proved very effective in the induction of ovulation
in infertile women (12). It acts as a selective estrogen receptor
(ER)modulator, similarly to tamoxifen and raloxifene. All three
drugs are competitive inhibitors of estrogen binding to estrogen
receptors and have mixed agonist and antagonist activity
depending on the target tissues (13). Estrogen receptors are ac-
tivated by a range of ligands, including these selective ERmod-
ulators. And, like other nuclear receptors, ligand-bound ERs act
as dimers to regulate transcriptional activation (14) to support
estrogen agonistic or antagonistic action. The estrogen antag-
onistic property of CC in vivo has been debated in the past, and
not much information is available on its mode of action in hu-
man males when given alone or in combination with exoge-
nous estrogens. CC is also very much in use for the treatment
of male infertility, because it exerts an effect stimulating sper-
matogenesis (15, 16). However, there are contradictory reports
that question the beneficial effects of CC in improving male
fertility (17, 18). Given the potential importance of estrogen
in male reproductive function in adults and that of CC as
a debatable spermatogenesis-stimulating agent, the present
study was designed to investigate the effects of this estrogen
modulator (CC) on testicular function, germ cell apoptosis,
and expressions of steroidogenic enzyme genes and aromatase
under excess-estrogen conditions.

MATERIALS AND METHODS
Animals, Treatment, and Sample Preparation

Adult male albino rats (Holtzman strain), weighing 200–250
g, were maintained under controlled temperature (25 � 2�C)
and constant photoperiodic (12 h light–12 h dark) conditions
with food and water ad libitum. Animal experiments were
carried out under strict compliance with the Guidelines of
the Committee for the Purpose of Control and Supervision
of Experiments on Animals, India, and institutional guide-
lines for animal care. Requisite approval from the Institu-
tional Animal Ethical Committee was obtained for the
study. The animals (n ¼ 24) were divided into four groups.

E2-3-benzoate (EB; Sigma Chemical Co.) and CC (Sigma
Chemical Co.) were dissolved in isopropanol and later sus-
pended in olive oil to make a homogeneous suspension. The
suspensions were kept overnight at 37�C to allow the alco-
holic portion to evaporate, following which they were admin-
istered intramuscularly. The details of drug administration as
carried out are described below.

Group 1: Olive oil (100 mL, vehicle control) every 5th day

Group 2: EB (75 mg in 100 mL) every 5th day

Group 3: CC (5 mg in 100 mL) every 5th day

Group 4: CC (5 mg) þ EB (75 mg) in 100 mL every 5th day

Starting from day 0 when the drug was administered,
subsequent interventions were carried out every 5th day until
15 or 30 days. Thus, on the whole, there were two sets of an-
imals in different groups (n ¼ 6 per group) as detailed above
which were maintained separately, coinciding with the dura-
tion of drug treatments. The dose of EB was selected on the
basis of reported findings (19) and subsequent studies (unpub-
lished observations) carried out in our laboratory. A single
dose of EB was considered to be sufficient because the aim
of the present study are to maintain estrogen excess condi-
tions in the testis and subsequently investigate its modulation
on the expressions of steroidogenic enzyme genes. CC dose
and duration of intervention was finalized based on observa-
tions in animal studies reported earlier (20). The half-life of CC
has been reported to be 5–7 days (11). Therefore, it was ad-
ministered every 5th day along with EB. At the end of 15
and 30 days’ treatment, the animals were anesthetized under
ether. After blood collection from the tail vein, the animals
were killed with an overdose of the same anesthesia and the
testes dissected, weighed, and divided into two equal groups.
One group was immediately fixed in buffered formalin for
histologic analysis and the other frozen in liquid nitrogen
and stored at�80�C until used for real-time polymerase chain
reaction (PCR), Western blotting, and estimations of intrates-
ticular T or E2. Besides testes, brain and liver were also col-
lected for analysis of aromatase gene expression. Serum
was separated by centrifugation at 5,000g for 15 minutes
and stored at �20�C until assayed for LH, T, and E2.

Testes Histology and Quantification of
Spermatogenesis

After 4 hours in buffered formalin, the two poles of the testis
were cut with a fine blade and left for 24 hours at 4�C. Tissue
was washed off the fixative, dehydrated in upgraded series of
ethanol, cleared in xylene, andfinally embedded in paraffin at
60�C. Sections (4mm)were cutwith the use of a semiautomatic
microtome (Leica Microsystems) from paraffin-embedded
blocks precooled in ice and layered on poly-L-lysine coated
glass slides. The tissue sections were deparaffinized, cleared
with xylene, and rehydrated before being stained with hema-
toxylin and eosin and mounted in DPX (distrene, plasticiser,
xylene). Testis sections were examined under microscope (Ni-
kon Eclipse E600) and photographedwith the help of an image
analyzer. Quantification of the spermatogenesis in the testes
of control and treated rats (n¼ 6)was carried out as previously
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