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Introduction

Since the orginal study of Greenblatt21 et al in 1961, c-
lomiphene citrate{(CC), a synthetic nonsteroidal compound, is
the most extensively used drug employed for induction of
ovulation in anovulatory and amenortheic women. The cli-
nical utility of CC has been extensively enhanced through
its recent introduction as a superovulatory agent in m uitw
fertilization programs? Despite its widespread use, the em-
ployment of CC in ovulation induction therapy results in a
consistent disparity between the rate of ovulation and the in-
cidence of pregnancy in women® This disparity has pre-
viously been aftributed to the adverse effects of CC on
luteinization of wunruptured follicles or luteal phase
deficiency,! and cytotoxic effects on developing zygotes® It
appears that CC also affects advancing cocyte maturation
and oocyte morphology® However, it is unclear whether
primary defect(s) following the CC treatment and its associ-
ated mechanism(s) occur before or after the time of fertiliza-
tion.

Clinical preparations of CC possess estrogenic agonist
and antagonist properties as a racemic mixture of approx-
imately 38% zuclomiphene and 62% enclomiphene® The
effects of this agent on reproductive system are complicate
depending upon the species, the target tissue and the length
of exposure and its mode of mnteraction with varous ex-
trogen-dependent/responsive tissues is still controversial®
CC has been reported to act as an estrogen antagonist and
stimulate the secretion of gonadotropin releasing hor-
mone(GnRH) and the release of gonadotropins(FSH and
LH) by negating the negative feedback of endogenous
estrogens at the level of hypothalamus and pituitary >
Thus the induction of ovulation by CC is thought to be
due to its effects at hypothalamic pituitary axis. On the other
hand, other altemative lines of experiments indicate that CC
exerts a direct effect at the ovarian level as an estrogen-a-
gonist by sensitizing granulosa cells to the action of pituitary
gonadotropins,'! since estrogens generally increase the sensi-
tivity of adenylate cyclase to FSH and LLH and augment
the roles of these gonadotropins in their receptor formation.!2
The effects of CC on the ovary remain poorly understo-
od. CC can exert imhibitory and stimulatory actions on
a variety of ovarian function, including alterations of st-

513 and promotion of oocyte degeneration.”

eroidogenesis
It seems most likely that developmental capacity of the

embryos following CC treatment depends upon the ster-

oid microenvironment of the ovary and oocyte quality
prior to fertilization.

The present study was designed to examine the effects of
different doses of CC on ovulatory response, ovarian ster-
oidogenesis and its associated detrimental effects on oocytes
and developing embryos in rats.

Meaterials and Methods

Experimental animals © Immature female Sprague-Dawley
rits at the 22 days of age were initially housed under
temperature and light-controlled conditions (2025, 12L :
12D) and were provided free access to standard rat chow
and water. At 28 days of age, all rats received a single dose
of 4IU PMSG sc., between 0830 and 0900h, a known
dose to induce physiological ovulatory response in terms of
niiclear maturation and nommality of ovulating cocytes and
1415 and produce normal pregnan-
cy with no significant embryonic or fetal wastage.'*!

Experiment 1. Prior to PMSG, twenty one rats recetved
daily subcutaneous injections with 0.05mg, 0.lmg or 1.0mg
CC in 04m¢ sesame oil for 3days starting at the age of
25days and were allotted to three groups(N=7). The remain-
ing seven rats of control group received sesame oil alone. a
venicle of CC, following the same schedule.

Experiment 2. Twenty rats received the 3 consecutive
davinjections of 1.0mg CC pror to PMSG, and were allot-
ted to two groups. On the 30th day of age, 48 hrs after
PMSG, one group(N=7) subsequently received 10IU hCG
in 4m¢ of 09% NaCl solution and the other group(N=13)
recaived 09% NaCl solution vehicle. Controls were eleven
rats. given the two vehicles alone, following the same sche-
dula.

Experiment 3. Sixty four rats given Olmg CC and
sesame ol alone respectively, as in Experiment 1, were sub-

the ovarian steroidogenests

sequently mated to provide the pregnant rats of two different
groups(CC, N=32;Control, N=32). On the 30th day of
age 60 hrs after PMSG, the rats had their vaginae gently
opened with salinesoaked cotton swabs and were caged
with mature fertile Sprague-Dawley males(one male and two
females per breeding cage) Females were seperated from
males and scored for the occurrence of mating on the fol-
low:ng day(Day 1 of pregnancy). A sperm-positive score was
noted by the presence of a copulatory plug in the vagina
and/or spermatozoa in vaginal smears.

Chemicals and homones : PMSG and hCG  were
purchased from Ayerst, McKenna and Hamison Incorporated-



(Vancouver, British Columbia, Canada). CC, hyaluronidase,
estradiol 17 3, testosterone and progesterone were purchased
from Sigma Chemical Company(St Louis, MO, USA). (2
4,6, 7, 16, 17°H) Estradiol-17 8(sp. act. 140Ci/mmol), (2, 6,
73H)testosterone(sp. act. 80 Ci/mmol) and (1. 2, 6. 7, 16,
173H) progesterone(sp. act. 112 Ci/mmol) were obtained
from Amersham Company(Arlington Heights, IL, USA). Sol-
vents were of analytical grade and were used without further
purification, except for ethanol, which was redistilled.

Collection of data: Rats in the Experiments 1 and 2
were killed by cervical dislocation on 3lst day of age and
mated rats in Experiment 3 were killed between 0900 and
1000 h on Days 2, 3, 4 and 5 of pregnancy. In the Expen-
ments 1 and 2, trunk blood was collected and stored at 4C
prior to separation of serum by centnifugation and subse-
quent radioimmunoassay(RIA) of estradiol-17 B, testosterone
and progesterone. Ovaries were cleaned of ovarian bursae
and adjacent adipose tissue, blotted and weighed as a pair.

The oviducts were separated from the uterine homs at the
uterotubal junction and the oocytes in the Experiments 1
and 2 or the preimplantation embryos in the Experiment 3
were collected in a few drops of Dulbecco’s phosphate-buf-
fered saline(DPBS) under a dissecting microscope. In the
Experiments 1 and 2, the distended, translucent ampulla re-
gion of the oviduct was punctured and the expelled egg
mass was exposed to 01% hyaluronidase for 5min. In the
Experiment 3, the oviduct was flushed with 02mé DPBS
by inserting a bluntended 30gauge needle through the in-
fundibulum and the uterine hom was flushed with 05mé
DPBS by inserting a blunt 21-gauge needle through the
wall of its cervical end. The recovered oocytes or emb-
ryos were counted under a dissecting microscop-
e(40 X magnification) and examined without staining un-
der a phase-contrast microscope(100 X magnification). T-
he occurrence of fragmentation and other degenerative
changes was assessed as described elsewhere.!*,'® Brie-
fly, those eggs showing an irregular cell mass with deb-
ns, an armophous opaque mass of vitelline material, em-
pty zona pellucida, a great difference in size of blastom-
eres and a hazy blastomere outline were classified as a-
bnormal. The developmental stages of preimplantation
embryos were also recorded.

Determination of sterdd hamanes : Aliquots of sera
were extracted twice with five volumes of diethyl ether,
evaporated under nitrogen at 35°C and reconstituted with
1mé redistilled absolute ethanol. Serum levels of estradiol-17

B, testosterone and progesterone were determined by speci-
fic RIA using the antisera kindly donated by Dr. David T.
Armstrong from the University of Western Ontario{London.
Ontario). The crossteactivity of the estradiol17 8 antiserum
was | estradiol-17 B, 100%;estrone, 29% ;estriol, 0.5%: other
major steroids known to be secreted by the follicle, less than
0.2%. The crosseactivity of the testosterone antiserum
was . testosterone, 100% ;5 @ -dihydrotestosterone, 75% ;5
17 B-diol, 13.5% ;5 & -androstane-3 3,
17 B-diol, 10.9%;19-hydroxytestosterone, 4. 7% ;other m-
ajor steroids known to be secreted by the follicle, less
than 1%. The cross-reactivity of the progesterone antis-
erum was - progesterone, 100% ;5 B -pregnane-3, 20-dione,
35.5% ;5 @ -pregnane-3, 20-dione, 15.7%; 3 @ -hydroxy 558
-pregnan-20-one, 2.0% ;20 S -hydroxy-4-pregnen-3-one, 1.
3% ; 17-hydroxyprogesterone, 1.2%;other major steroids
known to be secreted by the follicle, less than 0.2%. I-
ntra-assay and inter-assay coefficients of variation were

less than 10% and 15%, respectively. Since the testoste-
rone antiserum was relatively nonspecific, the steroids

a -androstane-3 a ,

measured using the testosterone antiserum are referred t-

o as androgens rather than as testosterone.

Statistical analysis . Experimental data were evaluated by
analysis of vanance, or where appropriate, by Student’s ttest
Differences were considered significant at p<0.05.

Results

Dose-dependent effects of CC on ovarian function includ-
ing ovulation, cocyte nommality and ovarian weight in rats
are presented in Table 1. All control rats in vehicle group,
apart from one rat showing little evidence of ovaran sti-
mulaton with 2 oocytes per rat, ovulated a range of 7-11
oocytes per rat. The ovulatory response was unaffected by
treatment with 0.05mg CC but apparently inhibited by in-
creasing the dose of CC. In Olmg CCtreated group, the
proportion of rats ovulating was slightly reduced to 71.4%
with the mean count of 57£20 oocytes per rat. In 10mg
CCrreated group, the ovulation efficiency was markedly low
with 14.3% proportion of rats ovulating and the mean count
was significantly(p<<001) reduced to 09309 oocytes per
rat, compared to control rats. The average weight of paired
ovaries, indicative of ovarian stimulation, obtained from the
rats of 10mg CCetreated group was also significantly(p<
001) reduced by 40% below the mean value of 48213
ovarian tissue from the control rats. More than 95% of
oocytes recovered from control rats appeared to be morpho-
logically nommal ;only one or two degenerate oocytes were



Table 1. Dose-dependent effects of CC on ovulation, oocyte normality and ovarian weight

Treatment Proportion of rats No. of oocytes % degenerate mg ovarian
ovulating per rat’ oocytes® tissue®
Veh(Control)? 7/7(100%) 8.3%2.1 4.7£2.3 48.243.9
0.05mg CC*® 7/7(100% ) 8.6%1.46 12.4+7.2 47.6+2.3
0.1mg cc? 5/7(71.4%) 5.7£2.0 41.1+7.4 49.0+3.0
1.0mg CC* 1/7(14.3% ) 0.9x0.98 76,0111, 2" 29.9+1.7

a : Results are expressed as the mean+ SE for 7 rats in each group.

b~e : Rats were treated with vehicle or three different doses of clomiphene citrate(CC) for three consecutive days prior to 4IU pregnant

mare serum gonadotropin(PMSG).
f~1: p<<0.01 within each parameter, compared to corresponding
fvsh:p<00l.

control group.

Table 2. Inhibitory effects of CC on ovulation, oocyte normality and ovarian weight and the effects of hCG on overcoming

of this inhibition

Treatment Proportion of rats No. of oocytes % degenerate mg ovarian
ovulating per rat® oocytes” tissue®
Veh(Contro])b 10/11(90.9% ) 9.6+1.2 10.2£3.4 40.2+2.0
ccCe 2/13(15.4%) 0.2+0.2° 100.0%0.0' 28.0%2. 9%
CC + hCae 7/7(100% ) 7.0x1.4° 71742811 47.6+3.3

a . Results are expressed as the mean+SE {or the number of rats : (b} 11 rats. (c) 13 rats and (d) 7 rats in each group.

b~d . Rats were treated with vehicle, 1.0mg clomiphene citrate (CC) for & consecutive days prior to 41U pregnant mare serum
gonadotropin(PMSG), or 1.0mg CC(3 doses) puls 101U hCGesingle dose) at an interval of 24hr and 48hr prior and subsequent to 411

PMSG.

e, 1, g. 1. p<0.01 within each parameter, compared to corresponding cont-ol group.

evsh:p<00l.fvsi:p>005gvs):p<00l

Table 3. Effects of CC on normality and cleavage of preimplantation embryos

Day of pregnancy®

Treatment 5 3 2 :
Veh(Control)®
No. of ova recovered 8.312.7 6.8+1.7 7.3£0.8 8.4+2.3
% degenerate ova 4.5%+1.4 3.6%0.2 8.7x2.1 6.6%1.5
% cleaved embryos 87.0+2.4 90.245. 4 83.2+5.7 85.7+2.1
(2-cell) (2o 6-cell) (8-cell) (blastocyst)
cer
No. of ova recovered 6.8t1.1 5.340, 7 1.4£1,2° -
% degenerate ova 51.146.4! 46.241. 88 72.845.1" -—
% cleaved embryos 43.2+11.6' 48.7+6, ¢ 268411, 2% —_—
(2-cell) (20 4-cell) (4-to &-cell)
a : Results are expressed as means+ SEM for 8 pregnant rats in each group.

b : Rats were treated with vehicle or 0.1mg clomiphene citrate (
dvse:p<00l,gvsh:p<005

CC) for three consecutive days prior to 41U PMSG.

e~k 1 p<0.01 within each parameter, compared tc corresponding control group.

occasionally observed. In contrast, CC treatment consider-
ably elevated the percentage of oocytes exhibiting visible
signs of degeneration(Fig 1) in a dosedependent manner.
Although the percentage of degenerate oocytes was in-
termediate in 0.05mg CCrtreated group(124+7.2%), it was

significantly(p<<001) greater with the values of 41.11:74%
in 0.1mg CC group and 76.0£11.2% in 1.0mg CC group, as
compared to that in control group of the rats.

The inhibited ovulatory response in 10mg CCrreated rats
was completely restored by an additive dose(10 IU) of



hCG(Table 2). In experiment 2, only one or two oocytes
were recovered from two of thirteen rats(15.4%) in the 10mg
CC group, indicating a considerable block of ovulation. In
contrast, all rats treated with CC plus hCG at an interval of
48 hrs ovulated with the mean count of 70114 oocytes
per rat, which was significantly(p<00l) greater above that
in the rats of CC group(02£02 oocytes per rat) and was
comparable to the value of controls96+12). The average
weight of paired ovarian tissue(47.6+33mg)from the rats of
CC plus hCG group was also significantly(p<<001) greater
above the value of 280+29mg ovarian tissue obtained from
the rats of CC group and reached to the comparable value
of controls(4021+20mg) The additive treatment of hCG
slightly reduced the percentage of degenerate oocytes reco-
vered from the rats of CC group by 283% but was found
not to be highly effective.

The changes in serum levels of estradiol17 8, androgens
and progesterone after treatment with vehicle or various
doses of CC are presented in Figure 2. By increasing doses
of CC, the circulating level of estradiol178 in 10mg
CCrreated group(0.104£0.009n g /mf) was significantly(p<
005) greater above its level of controls(0.071+0.009n g /mé)
treated with vehicle alone, but not in the other lower dose
regimens(0.05mg CC group, 0160+£0052n g /m¢;01mg CC
group, 0095+008ng/mf). On the other hand, the mean
values for androgens and progesterone were significantly(p<
005) greater in 005mg CC group(051£008ng/mé and
282+26ng/ml, respectively), as compared to control
values(0.32+£004n g /m¢ and 136+19n g /mé, respectively),
but not in the other higher dose regimens(0.lmg CC group,
037+£003ng/mé and 194%32ng/mé;10mg CC group,
0.35+004n g /mé and 195+53n g /mé, respectively).

In Figure 3, the elevated level of estradiol17 8(0.127%
0011ng/mé) by 10mg CC treatment was significantly(p<
001) reduced to the level(0075+0003n g /mé) comparable
to that of controls(0.0760008n g /mé) by an additive treat-
ment of 10IU hCG. The other significant effect by the hCG
treatment was observed for the progesterone with its level of
662+57n g /mé, which was considerably(p<001) higher
than that in CC group(d0.1+40ng/mé), but not for the
androgens.

Data for the capacity of developing preimplantation
embryos after 0.lmg CC treatment are presented in Table 3.
The number of ova recovered from the oviducts and/or uteri
of CCrreated group of rats diminished rapidly after Day 3
and reached O on Day 5 of pregnancy : Day 2, 68%11

ova per rat;Day 3, 53107 ova per rat;Day 4, 14+12
ova per rat;Day 5, 0 ova per rat. In contrast, the recovery
from control rats treated with vehicle was consistent through
all the periods of preimplantation stage(Days 2 to 5 of pre-
gnancy) with a mean range of 68—84 ova per rat Gross
morphology of the ova obtained from the control rats was
slightly deteriorated with a mean range of the percentage of
degenerate ova from 4.5% on Day 2 to 66% on Day 5 of
pregnancy. However, as compared to control regimen, CC
treatment  significantly(p<<001) increased the percentage of
degenerate ova consistently from Day 2 to Day 4 with the
mean values : Day 2, 51.1+64%;Day 3, 462+18%;Day
4, 728%51%. The percentage of degeneration in CC group
was significantly(p<0.05) elevated after Day 3. CC treat-
ment also significantly(p<<001) decreased the percentage of
cleaved embryos below that in the control group of the rats
with a consistency through all the periods examined. Control
rats showed a mean range of percentage of cleaved embryos
from 87.0% on Day 2 to 85.7% on Day 5 of pregnancy, but
CCrreated rats displayed it from 432% on Day 2 to 26.8%
on Day 4 of pregnancy. On the other hand, the stage of
preimplantation embryos recovered from each Day of pre-
gnancy was unaffected by CC treatment.

Di .

The results of the present study show both a dosedepen-
dent inhibitory effect of CC and an overcoming effect of hCG
on ovaran function in response to a “physiologic” dose of
PMSG in immature rats. In addition, a marked alteration of
ovarian steroidogenesis prior to fertilization in conjunction
with a promotion of degenerate oocytes in CCrreated rats has
been associated with the subsequent observation of progres-
sive perturbation of embryo development in preimplantation
stage.

Administration of various doses of CC resulted in a
dose-dependent inhibition of the ovulatory response with an
asscciated decrease in ovanan weight;a dose of 10mg CC
completely blocked the PMSG-induced ovulation. It is gener-
ally accepted that CC stimulates the secretion of endogenous
gonadotropins via the hypothalamic-pituitary axis®'® and con-
sequent induction of ovulation in the human female? Howev-
er, in the present study, CC did not stimulate but rather sub-
stantially inhibited the ovulatory response in rats. This finding
reflects the discrepancy of CC effects on ovulation between
the species. Furthermore, an intriguing observation of the
overcoming effect of hCG on the inhibited ovulation in



CCrreated rats strongly suggests a different action mechanism
of CC in the rat model. It seems most likely that CC could
inhibit a positive cooperativeness triggered by binding of en-
dogenous estrogens to their receptors at the hypothalamic-pi-
tuitary level and may consequently attenuate or block the
secretion of endogenous gonadotropins. This concept may
also be accounted for by a significant elevation of serum
estradiol following the CC treatment.

It appears that an early phase of follicular development en-
suring the gonadotropininduced ovulation is estrogen-depen-
dent and that the administration of CC has detrimental effects
on this process. Estrogens have been shown to stimulate ova-
rian function directly and to promote follicular growth!?° and
to prevent follicular atresia®® The antiovulatory and ovarian
weightlimiting actions of CC observed in the present study
may, therefore, be viewed as estrogen-antagonistic. Indeed,
while CC has been recorded as a mixed estrogen agonist/
antagonist on a vanety of ovarian function,”® most of its
documented actions are of an estrogen-antagonistic nature.'! It
is believed that CC binds to estrogen receptors and translo-
cates these receptors to the nucleus. CCeestrogen receptor
complexes appear to remain in the nucleus for a prolonged
period of time with a resultant longterm depletion of the
cytoplasmic estrogen receptor pool?? Consequently, it is
postulated that estrogen-agonistic effects of CC are observed
within the first day of its administration, while estrogen-anta-
gonistic effects are apparent only later. The results of the pre-
sent study, in which CC was administered over 3 days and
its effects were observed even later, seem representative for
the proposed delayed antiestrogenic action.

Current observation of the increased serum estradiol and
the decreased progesterone in 1.0mg CCrtreated rats is thought
to be due to its disparate actions on the ovarian cells. Pre-
vious studies with the cultured rat granulosa cells have shown
that increasing concentrations of antiestrogens including CC
augmented the stimulatory effect of FSH on estrogen produc-
tion in a dose related manner and inhibited the stmulatory
effect of FSH on progesterone biosynthesis® Although the
precise mode of actions of CC is unknown, it has been indi-
cated that CC enhances FSH-stimulated aromatase activity
and disparately suppresses the biosynthesis of pregnenolone, a
precursor metabolite of progestins. A decrease in serum
androgens observed by increasing the doses of CC in the pre-
sent study is probably a secondary effect resulted from the in-
sufficient production of progesterone and may, in part, com-
prise the non-aromatizable androgens, since serum levels of

estradiol remained high On the other hand, the elevated
serum progesterone by a single dose of hCG in CC-reated
rats is thought to result from the action of this exogenous
gonadotropin on the ovarian theca cells and to be a secon-
dary effect of the overcome ovulation and thus increased
number/mass of corpus luteum tissue.

At the gamete level, high doses of CC have been reported
to exert a direct toxic effect on the developing embryos when
administered in the preimplantation stage of the pregnant
rats”® and rabbits® This embryo toxicity was not recovered
by estradiol treatment. It has been, therefore, suggested that
the direct cytotoxicity following CC treatment may be re-
sponsible for the differences between ovulation and concep-
tion rates and for the increased spontaneous abortion rates re-
ported in some women treated with CC. However, an expo-
sure of rabbit blastocysts to low doses of CC & vitw’ and the
administration of CC to the rats on Day 1 of pregnancy™ had
no adverse effects after subsequent transplantation of blasto-
cysts into the pseudopregnant animals. Although the present
study did not examine a direct effect of CC on the develop-
ing embryos, the increasing abnormalities in embryonic mor-
phology and development as well as early embryomc loss
observed in the CCrtreated rats may result most likely from
the disturbed ovarian steroid milieu rather than the direct
cytotoxicity of this compound. It has been shown that a sus-
tained elevation of circulating preovulatory estradiol is de-
trimental to embryo development presumably through a direct
action on the preovulatory oocytes ; the effect could be partial-
ly restored by an antisera to estradiol” Our recent study also
indicates that administration of tamoxifen citrate, related to
CC n its chemical structure, in PMSG-primed rats promotes
the cegeneration of ovulating oocytes presumably by an ele-
vating the circulating estradiol® In the present study. it is
evidenced that a promotion of degenerate oocytes after the
CC ftreatment has heen followed by a significant increase in
serum estradiol. Similarly, an exposure of CC to the cultured
preovulatory  follicles exhibited dosedependent  atretic-like
changes in the rats? On the other hand, the oviducts under
the influence of high levels of ovarian and circulating estra-
diol have been shown to secrete a low molecular weight sub-
stanca to inhibit embryo development in mice™® and rabhits®!
Thus, it may be possible that an elevated or sustained
preovulatory estradiol following the CC treatment contributes
to the abnormalities of preimplantation embryo development
by producing a hostile oviductal environment. Such a secon-
dary impact on the oviduct, in association with increased cir-



culating estradiol, has recently been suggested by a study us-
ing another antiestrogen, tamosxifen citrate in the rats?

Summary

The effects of CC the ovulatory response, oocyte normal-
ity, ovanan steroidogenesis and subsequent embryo develop-
mental potential were examined in PMSGreated rats. On
Days of 25~ 27 of age, immature female Sprague Dawley
rats were treated with three different doses(0.05, 0.1 or 1.0mg
/day) of clomiphene citrate or vehicle. The females subse-
quently received 41U PMSG on Day 28 and/or 10IU hCG
on Day 30, and were killed on Day 31. Some females given
0.Img CC or vehicle with 4IU PMSG were then mated and
killed on Days 2, 3, 4 and 5 of pregnancy. Compared to
vehicle{control) group, by increasing the doses of CC, there
were a significant decrease in the ovulatory response as
judged by both the proportion of rats ovulating and the mean
number of cocytes per rat and a marked reduction of ovarian
weight. The increasing doses of CC substantially promoted
the degeneration(%) of oocytes ovulating in a dosedependent
manner. The CCmediated inhibitions of the ovulatory re-
sponse and ovarian weight were completely overcome by a
subsequent treatment of hCG. Increasing doses of CC re-

sulted in a siginificant elevation of serum estradiol with the
decreased levels of progesterone and androgens. The additive
treatment with hCG was effective to reduce the elevation of
estradiol and to increase the reduction of progesterone pro-
duced by high dose{10mg ) of CC. The preimplantation
embryos recovered from 0.lmg CC-treated pregnant rats de-
monstrated a progressive early loss from Day 3 of pregnancy
with a significant increase in the percentage of degeneration
during all periods examined, compared to controls. The rate
of progressive embryo cleavage in the CC-reated rats were
slower than that in controls from Day 3 of pregnancy. Addi-
tionally, the percentage of the cleaved embryos recovered
from the CC+reated rats remained significantly lower consis-
tently from Day 2 of pregnancy, compared to control regimen.

These results demonstrate a possible mechanism of
CC-mediated inhibition of owvulatory response in the rats
which may include the attenuation or blockade of the endoge-
nous secretion of gonadotropins and also suggest that its de-
trimental effects observed on cocyte normality and embryonic
development may be caused by abnormal follicular ster-
oidogenesis(especially elevated estradiol) preceding fertiliza-

tion.

Legends for figures

Fig 1. Morphology of normal and abnormal oocytes recovered from cviducts after treatment with vehicle ( a ) or clomiphene
citrate ( bf ), X 400. a) Normal appearing oocyte with the first polar body;bd ) Abnormal ococytes with different
sizes of ooplasmic fragments;e ) Abnormal oocyte with contracted ooplasm. A part of coplasm is pulled away from
the fractured zona pellucida;f) Abnormal oocyte with “empty zona” structure.

Fig 2. Serum levels of estradiol-17 8, androgens and progesterone after treatment with Veh or different doses(0.05mg, 0.1mg,
1.0mg) of CC in 4TU PMSGrreated immature rats. Values are given as the mean+SEn=7). * p<005 compared to

control.

Fig 3. Serum levels of estradiol-17 8, androgens and progesterone after treatment with Veh, CC or CC+hCG in PMSGrre-
ated immature rats. Values are given as the mean+SE@n=7-13). * p<001 compared to control(Veh).
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