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Abstract

The effects of an antiprogesterone (RU 486) and an antjestrogen (tamoxifen) on ovulatory response and
oocyte morphology were examined in pregnant mare serum gonadotropin (PMSG)-primed immature female
rats (28 days of age): a comparison has been made on two different regimens primed with a “‘control” dose
(4 IU) and a ‘“‘superovulatory” ’dose (40 IU) of PMSG. Females for control control regimen received three
consecutive injections of 1mg RU486, 1mg tamoxifen, or vehicle at 24, 36 and 48hr, and were killed at 72hr
after PMSG. Animals for superovulatory regimen received 1mg RU486, 2.5mg tamoxifen, or vehicle following
the injection schedule comparable to control regimen, and were killed at 60 and 72hr after PMSG. Compared
to vehicle group, there was a significant reduction in ovulatory response as judged by the proportion of rats
ovulating and/ or by the mean number of oocytes per rat for each treatment of RU486 and tamoxifen in both
regimens. The activity of tamoxifen in inhibiting the ovulatory response was greater in control, but less in
superovulatory regimen than that of RU486 based on the dose employed for each antisteroid. In both regimens,
RU 486 did not have any effect on the changes in the proportion of degenerate oocytes as well as ovarian
weight, while tamoxifen treatment resulted in a marked promotion of oocyte degeneration as well as a great
reduction in ovarian weight, compared to each parameter of vehicle group. RU486 treatment in each regimen
did not alter the serum levels of any steroid hormones observed. Howerver, tamoxifen treatment was associated
with significant increases in serum 178-estradiol and decreases in progesterone in both regimens; also significant
increases in androgens in superovulatory regimen.

The results illustrate the relative inhibitory activity of RU486 and tamoxifen indicating major steroid hor-
mone involved in PMSG-induced ovulation: 178-estradiol for control and progesterone for superovulatory regi-
men. It also appears that tamoxifen-associated elevation of circulating 17g-estradiol and/ or androgens could be,
in part, a contributing factor to the promotion of oocyte degeneration presumably by producing a hostile ovi-

ductal environment after ovulation.



Introduction

Pregnant mare serum gonadotropin (PMSG) is
known to be an effective stimulus for induction and
control of ovulation in various mammalian species. The
importance of its application in superovulation proce-
dures has been well recognized in the livestock industry.
However, reproductive performance in superovulated
farm animals has been disappointing because of highly
variable ovarian response to PMSG and frequent re-
covery of retarded or abnormal embryos at the time of
transfer (for review see Betteridge, 1977). It has been
shown in sheep and cattle that superovulatory doses of
PMSG significantly alter intrafollicular steroidogenesis
leading to marked elevation of estrogen level, changes in
steroid hormone ratios and perturbation of oocyte me-
tabolism and maturation (Moor et al.,, 1985; Callesen
etal., 1986).

Results of numerous studies using immature rat
models indicate that low doses of PMSG induce a syn-
chronized process of ovulatory response to generate
“physiological” number of viable oocytes in which the
sequential changes of circulating steroid hormones
and endogenous gonadotropin surge are comparable to
those seen in cycling adult rats (Wilson et al., 1974; Par-
ker et al.,, 1976). In contrast, superovulatory doses
of PMSG produce asynchronized multiple waves of
ovulation with a high incidence of degenerate oocytes
(Walton et al., 1983; Yun et al.,, 1987) and consistent
recovery of premature of meiotically aberrant occytes
f;om oviductal flushings (Yun et al.,, 1989). Atypical
ovulations with poor quality oocytes have been ascribed
to disruption of sequential changes in follicular steroid
ratios and significant elevation of ovarian androgens
resulting from superovulation (Yun et al., 1987; Yun et
al,, 1989). A study using an antiandrogen in supero-
vulated rats provides further evidence of a significant
role of androgens in controlling oocyte quality since
administration of flutamide after superovulatory dose of
PMSG substantially reduces oocyte and early embryo
degeneration (Yun et al., 1988). In any of the above
studies however, the involvement of other steroids in

increasing doses of PMSG was not excluded.

In the present study, the effects of an antiproge-
sterone (RU486) and an antiestrogen (tamoxifen) were
examined on ovulatory response and oocyte morpho-
logy in female rats primed with two different (low

“control” and high “superovulatory”) doses of PMSG.

Materials and Methods

1. Experimental animals

Immature female Sprague-Dawley rats were ob-
tained from Charles River Canada Inc. (St. Constant,
Quebec) at 22 days of age and maintained at a con-
stant temperature of 21°C with lights on between 0700
and 1900 h. Water and pelleted food were supplied ad
libiturn. At the age of 28 days, the rats were injected
with 4 IU (control dose ) or 40 IU (superovulatory
dose) of PMSG (Equinex, Ayerst Labs., Montreal,
Quebec) between 0830 and 0900h.

Experiment 1. Twenty on rats primed with 4 IU
PMSG were divided into three groups, and received
three consecutive injections of 1mg RU486 (Roussel
Uclaf, Romainville, France), or 1mg tamoxifen (Sigma
Chemical Co., St. Louis, MO; free base), vehicle alone
at 24, 36 a;d 48hr after PMSG.

Experiment 2. Forty one rats primed with 40 [U
PMSG were divided into four groups, and received either
no further injections (pre-treatment control), 1mg RU
486, 2.5mg tamoxifen, or vehicle alone following the
comparable injection schedule as in Experiment 1.

PMSG and antisteroids (RU486 and tamoxifen)
were administered subcutaneously in 0.4ml of 0.9%
NaCl solution and sesame oil suspension containing 5%

ethanol as vehicle, respectively.

2, Collection of date

All animals in Experiment 1 were killed by cervical
dislocation at 72hr after 4 IU PMSG (n=7/group), and
the animals in Experiment 2 were killed at 12 hr (pre-
treatment control), 60hr and 72hr after 40 IU PMSG
(n=5-7/group). Trunk blood was collected and stored at

4°C prior to separation of serum by centrifugation.



Ovulatory responses were assessed by counting oviductal
oocytes. Oviducts were separated from uterine horns at
uterotubal junctions and flushed with about 0.2ml
Dulbecco’s phosphate buffered saline (DPBS), as descri-
bed previously (Yun et al., 1988). Clumped cumulus-
oocyte masses were subsequently exposed to 0.1% hy-
aluronidase solution for about 5 min to facilitate coun-
ting and examination of oocyte morphology. The
recovered oocytes were scored under a dissecting micro-
scope (40X magnification), and their gross morphology
was assessed under a phase-contrast microscope (100X
magnification), as described previously (Yun et al..
1987). Briefly, the oocytes showing fragmentation, par-
thenogenesis, irregular shape or amorphous opaque mass
of vitelline material, and empty zona pellucida were
classified as abnormal. Ovaries were cleaned of ovarian
bursae and adjacent adipose tissue, blotted, and weighed

as a pair.

3. Determination of steroid hormones

Aliquots of sera were extracted twice with five
volumes of diethyl ether, evaporated under nitrogen,
and reconstituted with 1ml redistilled ethanol. The
levels of 17B-estradiol, progesterone and androgens in
serum were determined by specific radicimmunoassay
using antisera kindly donated by Dr. David T. Arm-
strong from the University of Western Ontario (London
Ontario). Cross-reactivity data and coefficients of varia-

tion for steroid assays were presented previously (Yun

etal., 1987; Yun et al., 1988)

4, Stastical analysis

Experi nental data were evaluated statistically by
the Student’s t-test, or when appropriate by analysis of
variance followed by Fisher’s PLSD test. Comparisons
with p <0.05 were considered to be significant.

control of ovulatory response and oocyte quality after

Results
1. Experimental 1.

Effects of RU486 and tamoxifen on ovulation,
oocyte normality and ovarian weight in rats primed with
41U PMSG are presented in Table 1. All rats in vehicie
group ovulated a range of 9-14 oocytes per rat. The ovu-
latory response to 41U PMSG was apparently inhibited
by the treatment with either RU486 or tamoxifen. In
RU486-treated group, although the proportion of rats
ovulating seemed to be slightly reduced by 14.39, the
mean number of oocytes recovered from each rat was
significantly (p <0.01) reduced by 39.3%, as compared
to vehicle group. In tamoxifen-treated group, both the
proportion of rats ovulating and the mean number of
oocytes per rat were significantly (p <0.001) reduced
by 71.4% and 94.9%, respectively, as compared to each

parameter observed from vehicle group of animals.

Table 1. Effects of RU486 and tamoxifen on ovulation, oocyte normality and

ovarian weight in 4IU PMSG-primed rats®

Treatment Proportion of rats ovulating No. of oocytesb % degenerate oocytes® mg ovarian tissued
Vehicle 7/7 11.720.7 47%23 43.7+£39
RU486 6/7 7.1+1.3° 7.5+48 503438
Tamoxifen 2/7 0.6 £0.4f 75.0 +25.08 29.3+2.0"

aRats were treated with vehicle, Img RU486 or 1mg tamoxifen at 24, 36 and 48hr after injection of 41U PMSG.

b-dpesults obtained 24 hr after treatment are expressed as means * SE.

ép <0.01, f'gp <0.001. hp < 0.05, compared to corresponding vehicle-treated group.
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Thus, tamoxifen scemed to be more effective in the in-
hibition of ovulutory response than RU486, when ad-

ministered to 4 TU PMSG orimed rats at equipotent
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Fig. 1. Serum levels of 17§ estradiol, progeste-
rone and androgens 24hr after treta-
ment with vehicle, RU486 or tamoxi-
fen in 4 (U PMSG- primed rats. Values
are means = S.E. (n=7). The means with
no superscripts in common are signifi-
cantly different {p < 0.05).

doses (three cousecutive injections of 1mg per animal).

More than 95% of oocytes recovered from the rats
of vehicle group appeared to be normal; only one or two
degenerate oocytes were occasionally recovered from
three of the seven vehicle-treated rats. No significant di-
fferences were observed in ‘“‘gross normality” of the
oocytes recovered from the two groups of rats treated
with vehicle or RU486 after 4 IU PMSG. In contrast,
tamoxifen treatment significantly (p <{0.001) increased
the proportion of oocytes exhibiting visible signs of de-
generation, as compared to that in vehicle group of
animals.

Ovarian weight response to 4 IU PMSG was not
affected by RU486 treatment, since there were no signi-
ficant differences in the mean weights of ovarian tissue
between vehicle- and RU486- wreated group of rats. In
contrast. tamoxifen treatment significantly (p <0.005)
reduced the mean ovarian weight by 33.0% as compared
to that in vehicle group of animals.

The levels of serum 173 estradiol, progesterone
and androgens after the treatments with vehicle, RU486
and tamoxifen in 4 IU PMSG-primed rats are illustrated
in Figure 1. There were no significant differences in the
levels of all three serum steroid hormones between
vehicle- and RU486- treated group of rats. However,
compared to vehicle group, tamoxifen treatment was
associated with a 200.0% increase in 173 estradiol level
(p <0.05) and a 40.3% decrease in progesterone level
(p <0.03).

2. Experiment 2.

Effects of RU486 and tamoxifen on ovulatiom: oo-
cyte normality and ovarian weight in rats primed with
401U PMSG are shown in Table 2. Although no ovula-
tions were observed in any rats of pre-treatment control
gorup, all rats in vehicle group ovulated consistently
through 60 to 72hr after 40 iU PMSG. The mean num-
ber of oocytes recovered from the rats of vehicle group
was 24.4 * 1.4 oocytes per rat at 60 hr and further in-
creased to reach 40.1 * 2.5 oocytes per rat at 72hr. It
was evident that the superovulatory response to 401U
PMSG was inhibited by the treatment with RU486-
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Table 2. Effects of RU486 and tamoxifen on ovulation, oocyte normality and ovarian
weight in 40 IU PMSG- primed rats®
Time after PMSG (hr)®
60 72
Treatment No. oocytes . degenerate mg ovarian No. oocytes (ndegenerate mg ovarian
oocytes tissue oocytes tissue

Vehicle 244%1.4(7/1° 504%98 147.7%8.2 40.1125 (8/8)° 41.6%5.1 161.0% 3.9
RU486 7.31’2.8d(4/7) 45.1 £6.7 142.9+6.0 21.2£4.1%8/9) 375%11.8 138.1 £ 10.1
Tamoxifen 22.6 £1.2(5/5) 73.2+10.8 121.1 ir4‘7f 24.8 +4.18(5/5) 82.6 8.0 118.0 39!

3Rats were treated with vehicle, Img RU486 or 2.5mg tamoxifen at 24. 38 and 48hr after injection of 40 IU PMSG.

PResults are expressed as means + SE.

“Number of rats exhibiting ovulations/ total number of rats killed at each time are given in parentheses.

d’e’gp <0.01. fp <0.05,h’ip <0.001, compared to corresponding vehicle-treated group.

treated group, the proportion of rats exhibiting ovula-
tion was reduced by 42.9% at 60hr and 11.1% at 72hr,
as compared to vehicle group at each time. The mean
number of oocytes recovered from each rat of this
group was significantly (p < 0.01) reduced by 70.1% at
60hr and 47.1% at 72hr, when compared to vehicle
group at each time. On the other hand, tamoxifen was
marginally effective for inhibition of superovulatory re-
sponse, although it was administered to the 40 IU PMSG-
primed rats at even higher doses (three consecutive in-
jections of 2.5mg per animal) than RU486. When com-
pared to vehicle group, a significant difference was
noted in the mean number of oocytes only at 72hr. In
this group, all rats ovulated consistently throughout the
period examined.

Relatively high proportions of degenerate oocytes
oocytes were observed in vehicle-treated svverovulated
50.4 * 9.8% at 60hr and 41.6 * 5.1% at72hr

There were no significant differences in the percentages

rats:

of degenerate oocytes recovered from the rats in vehicle-
and RU486- treated groups throughout the period exa-
mined. In contrast, tamoxifen treatment significantly
- (p <0.001) increased the proportion of oocytes exhi-
biting signs of degeneration at 72hr, as compared to that

in vehicle group of animals.

The weight response of superovulated ovaries after
401U PMSG was not atfected by RU486 treatment but
markedly inhibited by tamoxifen treatment. Virtually
no significant differences were recorded in the mean
ovarian weight between vehicle- and RU486- treated
group of rats. In contrast. tamoxifen treatment signifi-
cantly reduced the mean ovarian weight by 18.0% at
60hr (p <0.05) and 26.67 at 72hr (p < 0.001). as com-
pared to that in vehicle group of animals.

The changes in serum levels of 173 estradiol, pro-
gesterone and androgens before or after teratments with
vehicle, RU486 and tamoxifen in rats primed with 40IU
PMSG are presented in Figure 2. At 60hr, the levels of
three serum steroid hormones in vehicle group of su-
perovulated rats were significanlty (p <{0.001) elevated
above those of pre-treatment controls obstained at 12hr.
Compared to vehicle griup. there were no significant
changes in any of the three steroid hormones through-
out the period examined after RU486 treatment.
However, tamoxifen treatment resulted in marked al-
terations in the levels of overall steroid hormones:
102.7% (p < 0.01)and 800.0% (p < 0.001) increases for
173 estradiol, 63.9% (p <0.05) and 180.6% (p K
0.001) increases for androgens at 60hr and 72hr, res-
pectively, and a 46.2% (p <0.05) decrease for proge-
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Fig. 2. Serum levels of 178 estradiol, proge-

sterone and androgens before or after
treatment with vehicle, RU486 or ta-
moxifen in 40 U PMSG- primed rats.
Values are means t S.E. (h=5-7). The
means with no superscripts in common
are significantly different (p < 0.05).

sterone at 60hr.

Discussion

Steroid hormones secreted from PMSG- stimulated

ovarian tissues in rats are thought to contorl the ovula-
tory response and oocyte morphology. Evidence for a
role of androgens in the ovulatory process has been pro-
vided by the sutdies in which a nonsteroidal antiandro-
gen (flutamide) was found to interfere with spontaneous
gonadotropin surge and ovulation in 4 {U PMSG-primed
rats (Opavsky et al., 1987) and reduce oocyte degenera-
tion resulting from superovulation with 401U PMSG in
rats (Yun et al., 1988). These studies suggest the impor-
tant roles of androgens in the control of ovarian func-
tion and oocyte quality in PMSG- treated rats; however,
they do not exclude the possibility of involvement of
other steroid hormones in the process of PMSG-induced
ovulation and maintenance of oocyte quality. In the
present study using the rats primed with either a control
dose (4 IU) or a superovulatory dose (40 1U) of PMSG,
administration of an antiprogesterone (RU486) signi-
ficantly reduced ovulatory response without affecting
oceyte gross normality, while an antiestrogen (tamoxi-
fen) treatment was associated with a significant decrease
in ovulatory response as well as increase in the propor-
tion of degenerate oocytes. The comparison between
the treatments of RU486 and tamoxifen for the ovula-
tion-inhibiting effects showed that the activity in its per-
formance is greater for tamoxifen in the rats primed
with 4 IU PMSG and for RU486 in the rats primed with
40 1U PMSG.

The present observation of marked inhibition of
ovulatory response after RU486 and tamoxifen in
PMSG- primed rats suggests potential physiological roles
of progesterone and estrogen in the process of PMSG-
induced ovulation. Earlier studies (Costoff et al., 1974;
Parker et al., 1976) demonstrated the patterns of pre-

ovulatory surges of follicle stimulating hormone (FSH)

and luteinizing hormone (LH) in PMSG-primed rats. It
appears that the rising level of preovulatory estrogens
produced by PMSG exerts its stimulatory action at the
hypothalamic level promoting the secretion of LH-re-
releasing hormone (LHRH). and at the anterior pitui-
tary to increase the responsiveness to LHRH leading to
gonadotropin secretion (Labrie et al.. 1978). Also, in-
creased levels of preovulatory progesterone may syner-

gize with estrogens to facilitate gonadotropin secretion



v ‘owering the threshold of hypothalamus to estroge-
nic stunuius (Kawakami and Sawyer. 1959) and by in-
creasing piptuitary sensitivity to LHRH (McPherson and
Mahesh, 1979). The positive feedback relationship bet-
ween the steroid hormones and gonadotropin secretion
could be further supported by the studies using anti-
bodies or antagonists to 173 estradiol or progesterone
(Ferin et al., 1969; Labhsetwar. 1970; Rao and Mahesh,
1986) and employing these exogenous steroid hormones
in ovariectomized rats (Legan et al.. 1975: McPherson et
al.. 1975). Therefore. the integral actions of estrogens
and progesterone at hypothalamo-pituitary axis seem to
be necessary for the expression of spontaneous gonado-
tropin surge ensuring consequent ovulation. However. in
the interpretation of this mechanism, it is important to
point out the differences in relative potential of each
steroid hormones for the stimulation of ovulatory res-
ponse between the two groups of rats primed with dif-
ferent doses of PMSG. The results of present study in
which tamoxifen was administered to 4 TU PMSG-primed
rats at equipotent dose and to 401U PMSG-primed rats
at even 2.5-told higher dose compared to the dose of
RU486 showed that the activity of tamoxifen in inhibi-
ting ovulatory response was greater in 4 [lU PMSG-
primed rats, but less in 401U PMSG- primed rats than
that of RU486. This finding indicates that the major
steroid hormone involved in PMSG- induced ovulation
may be different depending upon the dose of gonado-
tropin to stimulate ovaries: 173 estradiol for a control
dose- and progesterone for a superovulatory dose-
stimulation.

It is probable that, in PMSG- primed rats, RU486
exerts its antagonism of the action of progesterone on
hypothalamo-pituitary axis rather than on ovary, since
it did not affect all other parameters of oocyte quality.
tissue weight and steroid hormone secretion at ovarian
level consistently in both groups of rats primed with 4
or 401U PMSG. This concept concerning the mode of
action of RU486 is well in agreement with the study
(Rao and Mahesh, 1986) in which RU486 treatment in
8 IU PMSG- primed immature rars and cycling adult rats
significantly reduced the preovulatory surge levels of LH

and FSH, but it had no effect on gonadotropin levels in

immature rats 7 days after ovariectomy.

The mode of inhibitory action of tamoxifen on
ovulatory response appears to be similar to that of RU
486. A number of studies demonstrated that antiestro-
genic effect of tamoxifen to inhibit the secretion of pre-
ovulatory gonadotropin is mediated principally via the
hypothalamo-pituitary axis rather than via ovary (Wal-
pole, 1968; Labhsetwar, 197(; Billard and McDonald,
1973). In the above studies, direct action of tamoxifen
on the ovary was negligible. However, in the interpreta-
tion for the whole mechanism of tamoxifen to modulate
ovarian function, some caution is required. Current ob-
servation ot a great increase in the proportion of degene-
rate oocytes and reduction in ovarian weight as well as
marked changes in serum steroid hormones after treat-
ment of tamoxifen may indicate the direct action of ta-
moxifen at the ovarian level. The effects of tamoxifen
on these parameters were consistent in both groups of
rats primed with 4 or 401U PMSG. In the present study,
tamoxifen treatment was associated with a significant
increase in serum 1783 estradiol and/ or androgens. and a
significant decrease in progesterone in PMSG- primed
rats. Evidence suggests the disparate actions of antiestro-
gens including tamoxifen. clomiphene citrate and nafo-
xidine on cultured rat granulosa cells, whereby these an-
tiestrogens substantially augmented FSH- stimulated es-
trogen production and inhibited FSH- stimulated pro-
gesterone production in a dose- related manner (Welsh
et al., 1984). This observation has been ascribed to en-
hancement of aromatase activity and suppression of pre-
gnenolone biosynthesis via direct mediation through
granulosa cell binding sites specific for antiestrogens
(Sgarlata et al., 1984; Welsh et al.. 1984).

Early or sustained elevation of circulating preovu-
latory 173 estradiol has been found to be embryotoxic
presumaby through a direct action on the preovulatory
rat oocytes; the effect could be partially restored by an-
tisera to 173 estradiol (Butcher and Pope, 1979). Fur-
thermore, the oviducts under the influence of high levels
of ovarian and circulating 173 estradiol have been
shown to secrete a low molecular weight substance to
inhibit embryo development in mice (Cline et al., 1977)

and rabbit (Stone and Hamner, 1977; Stone et al.,



1977). On the other hand, it has been suggested that
clomiphens citrate. related to tamoxifen in its chemical
structure. may exert a direct estrogen- antagonistic
eftect on the intrafollicular oocyte to promote its dege-
neration and further to increase preimplantation embryo
degeneration rates associated with reduction of develop-
mental potential in mice (Laufer et al., 1983) and rab-
bits (Yoshimura et al.. 1985). Similarly. an exposure of
clomiphene citrate to cultured preovulatory follicles ex-
hibited dose- dependent atretic-like changes in rats (Lau-
fer et al., 1982). It seems, therefore, likely that the
promotion of oocyte degeneration by tamoxifen treat-
ment may be mediated by its direct antiestrogenic ac-
tion in the preovulatory follicles dnd/ or by its elevation
of circulating estrogens to produce hostile environment
in the oviducts. However, in the present sutdy. the pri-
mary factor(s) leading to tamoxifen-associated oocyte
degeneration between the two groups of rats primed
with different doses of PMSG could be different depen-
ding upon the timing of ovulation. Time-course of ovu-
latory response to increasing doses of PMSG has pre-
viously been well described (Walton et al., 1983; Yun
et al., 1987). Thus, in 4 JU PMSG-primed rats, the pre-
sent observation of an increased propoition of degene-
rate oocytes after tamoxifen reflects postovulatory
event at 72hr after PMSG, and suggests the impact of ta-
moxifen in the other hand,in 401U PMSG- primed rats,
since ovulations were persistent between 60 and 72hr
after PMSG. the tamoxifen- associated oocyte degene-
ration may be ascribed to both factors including the
direct antiestrogenic action of tamoxifen in preovula-
tory follicles and its secondary impact in the oviduct.
Additionally. the elevated level of circulating androgens
by tamoxifen may be another contributing factor to the
production of hostile oviductal environment hence pro-
moting oocyte degeneration. It has previously been
shown that a great reduction of oocyte degeneration by
an antiandrogen (flutamide) in superovulated rats with
PMSG has been associted with significant decrease in
circulating androgens as well as 173 estradiol (Yun et
al,, 1988).

In summary, both antiprogesterone (RU486) and

antiestrogen (tamoxifen) exhibited inhibitory actions on

ovulation in PMSG- primed rats indicating the potential
physiological roles of progesterone and estrogen for ac-
tive participation in PMSG- induced ovulation. The re-
lative ovulation-inhibiting activity of the two antistero-
ids between two different doses of PMSG-primed rats in-
dicates the major steroid hormone involved in PMSG-
induced ovulation: 173 estradiol for a control dose- and
progesterone for a superovulatory dose-stimulation, Ad-
ditionary, the deterimental effects of tamoxitfen on oo-
cyte normality has been demonstrated in PMSG- primed
rats. It appears that tamoxifen- associated oocyte de-
generation may be mediated by its known antiestrogenic
action in preovulatory follicies and/ or its elevation of
circulating 176- estradiol and/ or androgens to produce

hostile oviductal environment.
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