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a b s t r a c t

The effects of ZK 191703 (ZK), a pure antiestrogen, on ovulation, follicle development and peripheral
hormone levels were investigated in rats with 4-day estrus cycle and gonadotropin-primed immature
rats in comparison to tamoxifen (TAM)-treatment. In adult rats, a single s.c. injection of ZK (5 mg/kg) or
TAM (5 mg/kg) at an early stage of the estrus cycle (diestrus 9:00) inhibited ovulation, and was associated
with suppression of the surge of preovulatory LH, FSH and progesterone. In rats treated with ZK or TAM
at a late stage of the estrus cycle (proestrus 9:00), no inhibitory effects on ovulation, the gonadotropin
amoxifen
ormone levels
at
ntiovulatory effect

and progesterone surge were detected. ZK treatment at diestrus 9:00, in contrast to TAM, increased the
baseline LH level. When immature rats were treated with antiestrogens in the earlier stage of follicular
development, 6 and 30 h but not 48 h or later after injection of gonadotropin (PMSG), ovulation was
attenuated, associated with a lowered progesterone level. Unruptured preovulatory follicles were found
in most of the ovaries from anovulatory animals treated with ZK or TAM. Antiestrogens, ZK and TAM

phas
nd su
administered at an early
inhibit ovulation in rats a

. Introduction

Estrogens exert multiple effects in the process of follicular mat-
ration and ovulation [1–4], indicating the existence of estrogen
eceptors (ERs) in the ovaries of several species [5–9]. Recent stud-
es demonstrated a reproductive deficit of the consistent absence of
vulatory follicles in ER�-knockout mice [10], and a partial arrest
f follicular development with anovulatory cycles in ER�-knockout

ice [11]. Moreover, findings in early studies indicated that the

ynthetic estrogen, diethylstilbestrol alone stimulates the growth
f small preantral follicles in the absence of FSH in rats, suggesting
he participation of estrogens in the early stage of the estrus cycle in
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e of the estrus cycle delay the follicular development functionally and
ppression of the preovulatory progesterone surge.

© 2009 Elsevier Ltd. All rights reserved.

the rat [12]. On the other hand, Shirely et al. reported that estrogen-
deficiency induced by either ovariectomy or treatment with the
antiestrogen, MER-25 (partial agonist) at a certain critical stage of
estrus cycle, led to an interruption in the estrogen-dependent pro-
cesses in the reproductive organ systems and functions (changes
in genital tracts, ovulation and mating behavior). These findings
suggested the participation of estrogens in the process of follicular
maturation and ovulation in rats.

Recently, Donath and Nishino have reported that repeated
administration of the pure antiestrogen, ZM 182780 and the partial
agonist, tamoxifen (TAM) to rats results in the inhibition of ovula-
tion, relating to the suppression of the preovulatory progesterone
surge [13].

However, it was not yet clarified at what stage of follicular matu-
ration and ovulatory process antiestrogens modulate the biological
effects of estrogens. Therefore, the study using the pure antiestro-
gen ZK 191703 [23] and the partial agonist, TAM was undertaken

to investigate the physiological role of estrogens in the process
of ovulation by examining the exact timing of administration of
antiestrogens for their antiovulatory effect, hormonal changes in
peripheral blood and histological changes in the ovaries of adult rats
with regular estrus cycles and gonadotropin-primed immature rats.

http://www.sciencedirect.com/science/journal/09600760
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ig. 1. Experimental procedures for experiment 1 (a) and experiment 2 (b). *A sin
lood for RIA of GTH and steroids. “S2” indicates sampling time for counting ovulati

. Material and methods

.1. Animals

Adult female rats (9–11 weeks old) weighing about 200 g
experiment 1) and 24-day-old female rats weighing about 50 g
experiment 2) (Wistar-strain, Clea Japan, Inc., Tokyo, Japan) were
sed. All animals were kept at 23 ◦C under controlled illumination
12 h light, 12 h dark). They were fed on a standard diet (CE-2, Clea
apan, Inc., Tokyo, Japan) and water ad libitum.

.2. Compounds

The antiestrogen ZK 191703 (ZK) (11-�-Fluoro-7�-(14,14,15,15-
entafluoro-6-methyl-10-thia-6-azapentadecyl)estra-1,3,5(10)-
riene-3,17�-diol) was synthesized in the laboratory of Schering
G (Berlin, Germany). Tamoxifen (trans-1-(4-�-dimethylamino-

thoxyphenyl)-1,2-diphenyl-but-1-ene) was purchased from
igma Corp. (MO, USA). Both compounds were dissolved in arachis
il containing 10% ethanol. Pregnant mare serum gonadotropin
PMSG) (Teikoku Hormone, Co. Ltd., Tokyo, Japan) and human
horionic gonadotropin (hCG) (Mochida Pharmacological Corp.,
okyo, Japan) were dissolved in saline.

able 1
he effects of ZK 191703 (ZK) and tamoxifen (TAM) on organ weights of the adult rat (exp

Injection Uterus weight (mg/100 g b.w.)

Control TAM

xperiment 1

Control 219.4 ± 18.0 (5)
Metestrus 18:00 160.6 ± 11.0 (5)a

Diestrus 9:00 150.6 ± 11.0 (5)a

Diestrus 18:00 169.5 ± 10.9 (3)a

Proestrus 9:00 236.6 ± 14.2 (5)

xperiment 2

Control 239.9 ± 25.6 (19)
6 h after PMSG 201.6 ± 21.9 (10)
30 h after PMSG 242.3 ± 29.8 (5)
48 h after PMSG 230.9 ± 46.5 (5)
54 h after PMSG 259.2 ± 10.4 (5)
60 h after PMSG 200.3 ± 17.1 (5)a

ean ± S.D. Figures in parentheses indicate the number of animals.
a P < 0.01 compared with control value.
ministration (s.c.) of TAM 5 mg/kg or ZK 5 mg/kg. “S1” indicates sampling time of
e and histological analyses.

2.3. Experimental procedure (experiment 1)

Prior to treatment animals were sorted by vaginal smear test.
In order to determine the optimum time to inhibit ovulation with
the compounds, animals were treated with compounds at varying
times during the estrus cycle. ZK (5 mg/kg) or TAM (5 mg/kg) were
subcutaneously administered to adult animals showing regular 4-
day cycles in the previous 8 days, once at 18:00 of metestrus, 9:00,
18:00 of diestrus or 9:00 of proestrus (Fig. 1a). Following estrus
manifestation, the fallopian tube and the ovary on the left side
were isolated and ova in the tube counted after flushing with saline.
The following day the animals were killed by decapitation and the
contralateral tubes examined for ova to assess possible delayed
ovulation in the drug-treated animals.

Trunk blood was collected from the decapitated animals for the
determination of hormone levels. The isolated ovaries were excised
for histological analyses.

2.4. Experimental procedure (experiment 2)
PMSG at a dose of 20 I.U. was subcutaneously injected to 24
days old immature female rats to stimulate follicular development.
Ovulation was induced 54 h later by i.p. injection of 10 I.U. hCG
(Fig. 1b).

eriment 1) and hCG/PMSG primed immature rat (experiment 2).

Ovary weight (mg/100 g b.w.)

ZK Control TAM ZK

23.2 ± 2.5 (11)
129.4 ± 3.8 (6)a 23.4 ± 2.3 (10) 23.7 ± 3.5 (10)
123.1 ± 7.1 (5)a 21.4 ± 2.1 (10) 22.3 ± 2.2 (10)
138.2 ± 6.5 (3)a 22.9 ± 2.4 (8) 24.8 ± 2.3 (8)
203.2 ± 15.9 (5) 24.2 ± 2.2 (10) 23.4 ± 1.8 (10)

50.7 ± 9.0 (19)
a 186.1 ± 16.8 (10)a 56.7 ± 8.7 (10) 51.1 ± 9.7 (10)

178.9 ± 17.3 (5)a 49.6 ± 6.8 (5) 46.4 ± 10.0 (5)
209.7 ± 11.0 (5) 53.0 ± 13.0 (5) 50.4 ± 6.4 (5)
239.5 ± 25.5 (5) 48.1 ± 5.6 (5) 47.5 ± 6.1 (5)
232.2 ± 16.6 (5) 45.8 ± 3.9 (5) 47.7 ± 4.4 (5)
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Fig. 2. Inhibitory effects of ZK 191703 (ZK) and tamoxifen (TAM) on sponta-
neous ovulation in adult rats (experiment 1). Treatment with ZK or TAM was
performed at different time during estrus cycle as indicated below x-axis; M18:
18:00 at metestrus; D9: 9:00 at diestrus; D18: 18:00 at diestrus; P9: 9:00 at
54 T. Nishino et al. / Journal of Steroid Bioche

Animals were treated with ZK (5 mg/kg) or TAM (5 mg/kg) s.c.
nce at 6, 30, 48, 54 or 60 h after PMSG injection. Animals were
illed by decapitation at 14 h after hCG injection which followed
8 h after the PMSG injection. The fallopian tubes and ovaries were
rocessed as mentioned above in experiment 1. To determine the
erum level of the hormones, the animals were killed for the col-
ection of trunk blood at 54 or 60 h after PMSG injection.

.5. Determination of hormones in serum

The blood was allowed to clot and centrifuged to obtain
erum. Sera were frozen at −20 ◦C until assayed for steroids and
onadotropin. Serum levels of estradiol, progesterone and testos-
erone were measured by radioimmunoassay using commercially
vailable kits (for estradiol and progesterone: IMMUNOTECH, Inc.,
arseille, France; for testosterone: Diagnostics Products Corpora-

ion, CA, USA): the intraassay and interassay coefficients of variation
ere 5.6% and 8.5% for estradiol RIA, 7.5% and 10.0% for progesterone
IA, 6.5% and 8.6% for testosterone RIA respectively. Serum LH and
SH were determined by double-antibody radioimmunoassay with
eagents kindly provided by the National Hormone and Pituitary
rogram (MD, USA). The reference preparations NIDDK-rat LH-RP-
and rat FSH-RP-2 were used as the standards for assays with the
rst antiserum NIDDK-anti-rLH-S-10 and anti-rFSH-S-11. NIDDK-
LH-I-9 and rFSH-I-8 were used as the radioligands and iodinated
y a lactperoxidase method [14]. The second antiserum, HAC-RBA2-
5GTP91, was provided by the Institute for Molecular and Cellular
egulation, Gunma University, Japan. The intraassay and interassay
oefficients of variation were 3.4% and 6.0% for LH RIA, 9.4% and
4.2% for FSH RIA respectively.

.6. Histological analysis

Ovaries were fixed in 10% formalin, dehydrated and embedded
n paraffin. Three �m sections were made, and stained with hema-
oxylin and eosin for microscopic examination.

.7. Statistical analyses

Data are expressed as mean ± S.D. Statistical analysis of the
ata was performed according to one-way analysis of variance or
ruskal–Wallis test, followed by Dunnett’s multiple comparison

est. The statistical significance was accepted at P < 0.05.

. Results

.1. Experiment 1 (adult animals with estrus cycle)

.1.1. Organ weight
Animals treated with ZK at metestrus 18:00, diestrus 9:00 or

iestrus 18:00 showed a decrease in uterine weight, compared
o the control animals, while no decrease was seen in those at
roestrus 9:00 (Table 1). Likewise, TAM showed changes in the uter-

ne weight. By contrast, no significant differences were observed in
he weight of ovaries between treated animals and control.

.1.2. Ovulation
Ovulation was completely inhibited by treatment with a single

ose of either antiestrogen at 18:00 of metestrus (Fig. 2). When
ntiestrogens were given at 9:00 of diestrus, none and two animals

howed ovulation out of ten examined for TAM and ZK, respectively.
y a single injection of ZK or TAM at 18:00 of diestrus, the number
f ova released into the fallopian tubes was decreased to 34% and
5% respectively, compared to that of the control animals. However,
o significant inhibition of ovulation was observed in the animals
reated at 9:00 of proestrus.
proestrus. Expressed as mean ± S.D. (n = 10–12). Significantly different from the con-
trol, **P < 0.01.

3.1.3. Hormone concentrations in serum
In the control animals, LH in serum was low in a range of

0.3–4.2 ng/ml during a phase of metestrus 18:00 to proestrus
15:00 (Fig. 3a). A marked increase in LH was observed at 18:00
of proestrus, declining to the baseline level of 0.3 ng/ml at 9:00
of estrus. Thus, the preovulatory surge manifested at 18:00 of
proestrus. Pretreatment with TAM or ZK at diestrus 9:00 sup-
pressed the preovulatory LH surge significantly. Baseline LH levels
at proestrus 9:00 and estrus 9:00 did not alter with TAM, but
were maintained higher than those for control modestly with ZK.
When looking at animals in which the antiovulatory effect was not
clearly induced by antiestrogens, i.e. in a group treated at 9:00 of
proestrus, no significant suppression of the preovulatory LH surge
was observed. An increase in basal LH were observed at proestrus
15:00 in ZK treated rats, and at estrus 9:00 in ZK or TAM-treated
rats (Fig. 3b).

The preovulatory FSH surge, which appeared at proestrus 18:00
and estrus 9:00 in control animals, was significantly suppressed by
an injection of ZK or TAM at diestrus 9:00 (Fig. 4a). When antiestro-
gens were given at 9:00 of proestrus, ZK or TAM did not suppress
the FSH surge at proestrus 18:00, whereas modest changes were
seen, i.e. an increase and a decrease in the FSH surge at 15:00 of
proestrus and 9:00 of estrus, respectively, by ZK, and an increase at
18:00 of proestrus and 9:00 of estrus by TAM (Fig. 4b).

Progesterone surges at proestrus 15:00 and 18:00 were sup-
pressed by ZK or TAM given at diestrus 9:00 (Fig. 5a). TAM at
proestrus 9:00, the treatment of which did not show an antiovu-
latory effect, reduced the progesterone surge at 15:00 and 18:00
(Fig. 5b).
Testosterone levels in serum for both the control group and
TAM-treated group during the estrus cycle were lower than the sen-
sitivity limit of the assay. ZK elevated the level of testosterone by
treatment at both diestrus 9:00 and proestrus 9:00. However, the
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Fig. 3. Serum concentration of LH measured at different times during estrus cycle
a
a
c

t
a

3

s
n
m
o
T
i

fter treatment with ZK or TAM at 9:00 of diestrus (a) or 9:00 of proestrus (b) in
dult rats (experiment 1). Expressed as mean ± S.D. (n = 9–10). *P < 0.05, **P < 0.01
ompared with the control.

reatment at diestrus 9:00 was more effective than the treatment
t proestrus 9:00 (Fig. 6a and b).

.1.4. Histological analyses
As shown in Fig. 7, rats treated with ZK or TAM at diestrus 9:00

howed healthy late tertiary follicles, indicating that ovulation did

ot take place. These histological findings are comparable to those
entioned above regarding the inhibitory effects of antiestrogens

n ovulation. By the treatment at 9:00 of proestrus with ZK or
AM, corpora lutea was newly formed in ovaries, as usually seen
n control rats.
Fig. 4. Serum concentration of FSH measured at different times during estrus cycle
after treatment with ZK or TAM at 9:00 of diestrus (a) or 9:00 of proestrus (b) in
adult rats (experiment 1). Expressed as mean ± S.D. (n = 7–10). *P < 0.05, **P < 0.01
compared with the control.

3.2. Experiment 2 (immature rats)

3.2.1. Organ weight
When ZK or TAM were given to immature rats at 6 h after

PMSG-priming, the weight of uterus was decreased (Table 1).
Later administration of antiestrogens to rats did not change the
weight, except ZK treatment at 30 h. No significant differences were
observed in the weight of ovaries between antiestrogens-treated
and control groups.
3.2.2. Ovulation
When immature rats were treated with ZK or TAM at 6 h after

PMSG-priming, ovulation was suppressed significantly (Fig. 8). The
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Fig. 5. Serum concentration of progesterone measured at different times during
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Fig. 6. Serum concentration of testosterone measured at different times during
estrus cycle after treatment with ZK or TAM at 9:00 of diestrus (a) or 9:00 of proestrus
(b) in adult rats (experiment 1). Expressed as mean ± S.D. (n = 5–10). *P < 0.05,
**P < 0.01 compared with the sensitivity limit of the assay (0.17 nmol/l: indicated
strus cycle after treatment with ZK or TAM at 9:00 of diestrus (a) or 9:00 of proestrus
b) in adult rats (experiment 1). Expressed as mean ± S.D. (n = 10). *P < 0.05, **P < 0.01
ompared with the control.

nimals treated with ZK at 30 h after PMSG also showed significant
ecrease in ovulation. TAM at 30 h after PMSG tended to suppress
vulation with no statistically significant difference since 1 animal
ut of 10 tested showed an unexpectedly high rate of superovula-
ion (62 ova per rat). No ovulatory suppression was induced by 48 h
r later treatment with antiestrogens.
.2.3. Hormone concentrations in serum
No significant difference in estradiol between TAM-treated and

ontrol animals was observed with blood sampling at 54 and 60 h,
hen TAM was injected at 30 h after PMSG (data not shown). Effects
by dotted line). Column under dotted line indicate the value <0.17 nmol/l except for
(I) and (II). (I) one animal in five rats in this group showed 0.21 nmol/l, the other
values were under 0.17 nmol/l. (II) 4 animals in 10 rats showed 0.37 ± 0.33 nmol/l
and the others showed the value under 0.17 nmol/l.

of ZK on estrogen level were not shown because of possible cross-
reaction.

Progesterone levels, which increased at 54 h following PMSG-
priming, were markedly suppressed by ZK or TAM, when given at
30 h (Fig. 9). This decreased levels of progesterone were restored at
60 h after PMSG.
3.2.4. Histological analyses
Histological comparison of ovaries was made between animals

treated with ZK or TAM at 30 h after PMSG injection (ovulation
was suppressed) and those at 48 h after PMSG (ovulation was
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ig. 7. Histological changes of ovaries from adult rats (experiment 1) treated with Z
nimal was also showed (E). Ovaries were isolated from respective animals at 9:00

ot inhibited). Late tertiary follicles were clearly found in ovaries
solated from animals treated at 30 h after PMSG injection (Fig. 10).
y contrast, there was a sizeable area of newly formed corpora

utea found in ovaries from animals treated with ZK or TAM at 48 h
fter PMSG, and also in ovaries from control animals.

. Discussion

In the present study, the pure antiestrogen ZK and the par-
ial agonist TAM in a single dose administered at the early phase
f the estrus cycle (metestrus or diestrus) in rats caused a sig-
ificant decrease in the preovulatory surge of gonadotropins and

nhibited ovulation. Neither the preovulatory LH/FSH surge nor
vulation was, however, inhibited by antiestrogens administered
t a late phase of the estrus cycle (proestrus). Therefore, antie-
trogens may disturb sequential processes of hormonal change
nd effect the trigger of ovulatory processes when administered
t an early stage. The development of ovulatory follicles is depen-
ent on the delicately balanced interactions of FSH, LH and ovarian
teroids [15]. Any changes in the levels of the gonadotropins or
f steroids, caused by administration of antiestrogens, at critical
tages of follicular development may lead to failure of ovula-
ion.
The present findings indicate a significantly high level of basal
H/FSH and testosterone following treatment with a single dose of
K at the early phase of estrus cycle. The elevation of basal LH and
nhibition of preovulatory LH/FSH surge implies that both negative
nd positive feedback processes may be modulated by ZK. A recent
AM at 9:00 of diestrus (A or B) or at 9:00 of proestrus (C or D). Ovary from control
us. F: late tertiary follicle; L: newly formed corpora lutea; bar = 500 �m.

study in rats showed that the pure antiestrogen, ZM 182780, admin-
istered repeatedly throughout the estrus cycle, causes an increase
in the basal level of LH which stimulates the androgen production in
theca cells, suggesting that an excess of these aromatizable andro-
gens may suppress the preovulatory surge of LH/FSH and induce
atresia [13]. The ovaries obtained from this study [13] have been
histologically investigated by Rumpel et al. [24] who showed also
a stimulation of the theca cells and a high incidence of atretic folli-
cles to coincidence with an increase in the basal LH level after the
repeated treatment of female rats with ZM 182780. In the present
study, however we found neither any remarkable stimulation of the
theca layer or an increase in atretic cells after the single injection of
ZK in rats. These different observations in above mentioned three
studies may be due to different frequency of the treatment with
pure antiestrogens.

In contrast, TAM, like estrogens, has been known to exert a neg-
ative feedback effect on pituitary-ovarian axis, when administered
repeatedly [13]. In the present study, a single dose of TAM also
caused a decrease in the basal and preovulatory level of LH/FSH.
TAM may act as an agonist on the pituitary ER� which regulates
negative feedback [16]. These findings suggest that ZK and TAM
differ in affecting hormonal milieu in rats: whereas TAM totally
blocks pituitary-ovarian axis, ZK increases in the basal LH level.

However, these antiestrogens exerted a similar inhibitory effect
against ovulation when administered at the early stage of the estrus
cycle. Therefore, changes in hormonal milieu caused by these antie-
strogens may not be directly related to the antiovulatory effect of
antiestrogens.
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Fig. 8. Inhibitory effects of ZK 191703 (ZK) and tamoxifen (TAM) on PMSG/hCG
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experiment 2). The immature rats received PMSG at time 0 and hCG 54 h later.
K or TAM was administered once at 6–60 h after PMSG as indicated below x-
xis. Expressed as mean ± S.D. (n = 10–19). Significantly difference from the control,
*P < 0.01.

Additionally, the inhibition of the preovulatory surge of
onadotropins may not be essential in the antiovulatory effect
f antiestrogens, since superovulation induced by exogenous

onadotropins (PMSG/hCG) in immature rats was also inhibited by
oth antiestrogens. The progesterone surge is thought to be more

mportant than the gonadotropin surge in rats, as has been men-
ioned in our previous papers (Donath and Nishino): the correlation
etween a suppression of the preovulatory progesterone surge and

ig. 9. Serum concentration of progesterone at different times in immature rats
reated with PMSG/hCG (experiment 2). The animals received PMSG at time 0 and
CG 54 h later. Blood sampling was made just before administration of hCG. ZK
r TAM was administered at 30 h after PMSG. Expressed as mean ± S.D. (n = 9–10).
ignificantly difference from the control, **P < 0.01.
& Molecular Biology 114 (2009) 152–160

inhibition of ovulation by daily administration of antiestrogens [13]
is shown. The present observation in PMSG/hCG-primed imma-
ture rats clearly indicates that treatment with both antiestrogens
leads to an inhibition of the preovulatory progesterone surge. This
antiovulatory effect was more pronounced, when antiestrogens
were administered at an earlier time prior to the induction of ovula-
tion by hCG. In adult rats, the inhibitory effect of both antiestrogens
on the preovulatory progesterone surge and spontaneous ovulation
was also more pronounced in animals treated at an earlier stage
of the estrus cycle (metestrus or diestrus) than at the late stage
(proestrus). Thus, it is conceivable that the anovulation of animals
induced by ZK and TAM may be due to a decrease in the preovu-
latory progesterone surge, which may be regarded as a result of a
disturbance to estrogen-dependent functions at an early phase of
the estrus cycle.

Interestingly the effects of antiestrogens on ovulation and hor-
monal milieu are very similar to those of antiprogestins in rats
with estrus cycle and in immature rats treated with PMSG/hCG
[17,25,26].

Progesterone and the progesterone receptors (PRs) are known
to be a necessary component in the induction of the gonadotropin
surge [18] and may be considered more important for the induction
of ovulation than for the gonadotropin surge: Schubert et al. showed
that the antiovulatory activity of a progesterone antagonist could be
better correlated to the inhibition of the preovulatory progesterone
production than to the suppression of the LH surge [17]. Donath
et al. reported that the inhibition of ovulation induced by the
antiprogestin, onapristone, could be related to decreased intraovar-
ian progesterone production and down-regulation of progesterone
receptor in the ovary [19]. Supportive for the importance of proges-
terone and PR is the fact that the preovulatory gonadotropin surge
is lacking in PR-knockout mice.

Moreover, Lydon et al. have reported that PR-knockout mice
primed with PMSG/hCG are anovulatory, and the ovaries from
these animals have unruptured preovulatory follicles [20]. Interest-
ingly, the histology of ovaries from superovulated ER�-knockout
mice also indicates the presence of numerous preovulatory but
unruptured follicles [11]. These histological findings in PR- and ER�-
knockout mice are very similar to the present observation that the
histological pictures of ovaries revealed an increased number of
unruptured preovulatory follicles in rats treated with ZK or TAM.
Since preovulatory PR expression in ovaries is not regulated by ER
[21], the disturbance of early follicular development mediated by
ER� may indirectly result in a down-regulation of intraovarian PR
and finally in an inhibition of ovulation.

According to Couse and Korach, ovaries of ER�-knockout mice
possess primary and secondary follicles, suggesting that ER� is
essential to the early stage of folliculogenesis [22]. In rat ovaries,
ER� is also expressed preferentially in granulosa cells of small
and growing follicles, but is down-regulated in those in preovu-
latory follicles [5]. It therefore appears that both ZK and TAM
as pure estrogen antagonists similarly inhibit ovulation in rats
by interfering with the follicular maturation at an early stage
in the ER�-mediated process and causing a delay in follicular
development. Consequently, there is a possibility that functional
disturbance of follicular development, which cannot be shown
in the present morphological analyses, is involved in the mecha-
nism of the antiovulatory effect of these antiestrogens. The present
finding that the partial agonist, TAM exhibits the same effect on
follicular development as does the pure antagonist may be not sur-
prising so far as it is known that TAM behaves as a pure antagonist

of ER�-function [8].

In summary, these results suggest that antiestrogens, ZK and
TAM administered at an early phase of the estrus cycle delay the fol-
licular development functionally in rats, probably via inhibition of
ER�-mediated functions in the ovary, associated with an imbalance
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f hormonal milieu, suppressed surge of preovulatory progesterone
nd gonadotropins, and finally anovulation. Thus estrogen plays an
mportant role during early follicular development in sequential
rocesses.

Long-term effects of ZK on reproduction and carcinogenicity
hould be examined in future studies.
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