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Hormone-induced delayed ovulation affects early
embryonic development

Ann-Kathrin Bittner, M.D.,* Bernhard Horsthemke, Ph.D.,° Elke Winterhager, Ph.D.,* and Ruth Griimmer, Ph.D."

* Institute of Molecular Biology, University Hospital Essen, University Duisburg-Essen, Essen, Germany; and ° Institute of
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Objective: To analyze the effects of delayed ovulation on embryonic development in mice, because intrafollicular
oocyte development may be delayed during assisted reproductive technology (ART) treatment in humans.
Design: Experimental mouse study.

Setting: University hospital.

Animal(s): Female C57BI/6 mice.

Intervention(s): Cetrorelix is used as a GnRH-antagonist in ART treatments. To assess the effect of delayed
ovulation on embryonic development, cetrorelix was applied concomitantly with follicle stimulation by
pregnant mare serum gonadotropin. Ovulation was induced by hCG. Controls were stimulated with pregnant
mare serum gonadotropin without delaying ovulation. Suppression of ovulation was assessed from the number
of tertiary follicles, ruptured follicles, and corpora lutea in mouse ovaries after cetrorelix treatment. Number and
weight of embryos and placentas, as well as number of resorption sites and dead embryos, was determined on
day 17.5 of pregnancy.

Main Outcome Measure(s): Inhibition of ovulation, embryonic development.

Result(s): Cetrorelix inhibited ovulation in mice, as shown by an increase in number of tertiary follicles concom-
itant with a significant inhibition of follicle rupture and corpora lutea formation. Delayed ovulation caused by
Cetrorelix treatment led to a significant increase in resorption sites and a significant decrease in embryonic weight
of offspring.

Conclusion(s): Preovulatory oocyte overripeness might have an effect on fertility and embryonic development dur-
ing ART treatment. (Fertil Steril® 2011;95:2390—4. ©2011 by American Society for Reproductive Medicine.)
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Preovulatory and postovulatory aging leading to oocyte overripe-
ness (1) can occur in fertile females of any age as a result of delayed
ovulation or delayed fertilization, respectively. Effects of postovula-
tory oocyte aging have been investigated extensively (2). However,
prolonged preovulatory aging may also have an effect on oocyte de-
velopmental competence (3). Experiments in Xenopus laevis
showed that preovulatory overripeness of oocytes leads to high
embryo mortality and malformations (4), and studies in rats revealed
chromosomal anomalies, changes in RNA and protein synthesis, and
an increase in embryonic death and developmental defects in
oocytes aged intrafollicularly (5-7). In humans, a prolonged
follicular phase has been reported to increase the risk of
congenital malformations (8). Because it is well established that
oocyte quality determines the developmental potential of the em-
bryo after fertilization (9), ART treatment leading to delayed ovula-
tion may have an effect on oocyte developmental competence.
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These concerns are substantiated in current discussions of possible
adverse health effects of assisted reproductive technologies, which
include hormonal treatments, IVF, and embryo culture. Children
conceived through these technologies are at increased risk of low
birth weight, premature birth, malformations, and genomic imprint-
ing disorders (10-15). Currently, little is known about the effects of
preovulatory aging of oocytes, and the causal relationship between
impaired oocyte quality because of intrafollicular overripeness
and developmental defects remains elusive. To further analyze
the effect of delayed ovulation on embryo development, we
established a mouse model in which the LH surge was suppressed
by cetrorelix. This GnRH antagonist binds competitively to the
same receptor as GnRH, and equimolar amounts of cetrorelix and
GnRH lead to a complete suppression of LH secretion (16). This
compound is one of the most advanced GnRH antagonists available
to date, and it is commonly used to suppress LH surges in women in
assisted reproductive technology (ART) programs (17).

MATERIALS AND METHODS
Animals

Adult mice (C57B1/6) were maintained in 12-hour light and dark cycles with
free access to food and water. Stage of ovarian cycle was determined by
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**P<0.005 compared with controls.

7
6
S s
=1
s Y
o 3
B
g 2 .
1
0l - R =
E
* %
25
£ 2
2
E 15
£ 10
<4
o 5
0
control 10 yg 50 pg
Cetrorelix

Bittner. Delayed ovulation and embryo development. Fertil Steril 2011.

FIGURE 1

Ovaries of untreated (A) and cetrorelix-treated mice (B). Control ovaries show abundant corpora lutea (CL), whereas ovaries of cetrorelix-
treated mice reveal high numbers of tertiary follicles (TFs). Scale bar = 200 um. (C) Number of corpora lutea decreased dose dependently after
cetrorelix-treatment (significant for 50 ug cetrorelix group). No ruptured follicles, as signs of ovulation, were observed in ovaries of mice
treated with 50 ug cetrorelix (D), but the number of tertiary follicles increased significantly (E). After cetrorelix treatment, ovarian weight as
percentage of body weight (BW) decreased slightly compared with controls (F). Controls, n = 9; cetrorelix-treated group, n = 4; *P<0.05 and
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vaginal smear. All animal experiments were approved by the institutional
animal care committee of the German government (LANUV G887/06).

Delayed Ovulation

Delayed ovulation was induced by SC injection of 10 and 50 ug cetrorelix per
mouse per day (Merck Serono, Darmstadt, Germany) for 3 days starting on
the second day of diestrus. Mice were killed by cervical dislocation 24 hours
after the last cetrorelix injection, and ovaries were removed and weighted be-
fore paraffin embedding. Controls were investigated on the corresponding
day of the ovarian cycle. Serial sections of complete ovaries of nine controls
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and four cetrorelix-treated mice were evaluated for total number of tertiary
follicles, ruptured follicles, and corpora lutea.

Fertility and Embryonic Development

Embryonic development was assessed after delay of ovulation. Ovulation
was suppressed with SC injection of 50 ug/day of cetrorelix starting on
the first day of diestrus. Follicle growth was stimulated on days 1 and 4
of cetrorelix treatment by SC injection of 5 [U PMSG. Ovulation was in-
duced on day 6 of treatment by SC injection of 7.5 IU hCG. Controls
were stimulated with PMSG on the first day of diestrus, and ovulation



TABLE 1

Number of mice with resorption sites or intrauterine deceased embryos.

No. of mice with

No. of mice with No. of mice with

Treatment No. of mice normal embryos resorption sites deceased embryos
Controls 6 6 0 4
Cetrorelix 10 10 7 &
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was induced 48 hours later by hCG. Mice were mated the same evening
after hCG injection with male C57B1/6 mice overnight. The presence of
a vaginal plug on the next morning was designated as 0.5 days post coi-
tum (dpc). For each experimental group, 18 mice were mated, of which
resulted 10 pregnancies in the cetrorelix-treated group and six pregnan-
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Delayed ovulation induced by Cetrorelix reduced the number of regularly developed embryos per mouse at 17.5 dpc (A). Whereas no
significant difference was observed in intrauterine deceased embryos (B), a significant increase in resorption sites was observed in the
cetrorelix-treated group (C). (D) Resorption site (arrow) at dissection on 17.5 dpc in mice with cetrorelix-mediated delayed ovulation. Scale bar
= 0.5 cm; Cetro = cetrorelix; controls, n = 6; cetrorelix treated group, n = 10; *P<0.05 compared with controls.

Cetrorelix

cies in the control group. Uteri were opened longitudinally on day 17.5
of pregnancy, and numbers of properly developed embryos, resorption
sites, and intrauterine dead embryos (classified by no beating heart)
were determined. Regularly developed embryos and placentas were
removed and weighed.
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FIGURE 3

Weight of regularly developed embryos (A) and placentas (B) in
cetrorelix-treated mice compared with controls at 17.5 dpc. A
significant decrease in embryonic weight is observed (A), but
placental weight was comparable to controls (B); this results in
a significant increase in placental/embryonic weight ratio in the
delayed ovulation group (C). Controls, n = 39; cetrorelix-treated
group, n = 49; *P<0.005 compared with controls.
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Statistical Analysis

Exploratory data analysis and analyses of variances (Mann—Whitney test)
were performed using the SPSS program for windows (SPSS, Inc., Chicago,
IL). Differences with P<0.05 were regarded as statistically significant.

RESULTS

Suppression of Ovulation by Cetrorelix is Dose-Dependent
The GnRH antagonist cetrorelix inhibited ovulation in normal cy-
cling mice for 3 days spanning the predicted time point of ovula-
tion. Histologic examination revealed abundant corpora lutea in
the ovaries of control mice (Fig. 1A), but hardly any corpora lutea
in the ovaries of cetrorelix-treated mice, and instead high numbers
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of tertiary follicles (Fig. 1B). Counting all corpora lutea and tertiary
follicles in serial sections of the ovaries demonstrated a dose-
dependent effect of cetrorelix treatment. Injection of 50 ug cetror-
elix significantly inhibited the formation of corpora lutea (Fig. 1C),
whereas 10 ug was insufficient to reduce the number of corpora
lutea significantly. The suppression of corpora lutea formation
was paralleled by a significant increase in the amount of tertiary
follicles (Fig. 1E) and the complete absence of ruptured follicles
as histomorphologic signs of ovulation (Fig. 1D). Ovulation was
not completely inhibited by 10 ug cetrorelix. Ovarian weight was
reduced in all cetrorelix-treated mice; however, this reduction
was not significant in any group (Fig. 1F). Based on these results,
50 ug cetrorelix was used to suppress ovulation in subsequent
experiments.

Effect of Delayed Ovulation on Fertility and Development of
Embryos and Placentas

Ovulation was suppressed by cetrorelix in mice during hormonal
follicle stimulation for 5 days, and delayed ovulation was induced
by hCG on day 6 of treatment. After successful mating, uteri were
removed at 17.5 dpc and analyzed for numbers of normally devel-
oped embryos, deceased embryos and resorption sites. Mothers of
both groups revealed no differences in pregnancy rate and showed
normally developed embryos (Table 1). Dams with intrauterine
deceased embryos, defined by smaller size and missing heartbeat,
occurred in similar numbers in both experimental groups, whereas
resorption sites occurred only in cetrorelix-treated mice (Table 1).
The cetrorelix-mediated delayed ovulation led to a decrease in the
mean number of normal embryos on 17.5 dpc (Fig. 2A), concomi-
tant with a slight, but not significant, decrease in the number of
deceased embryos (Fig. 2B). However, a significant increase in re-
sorption sites was observed in mice that conceived after delayed
ovulation (Fig. 2C). Intrauterine resorption sites were visible as balls
of degenerating tissue (Fig. 2E), pointing to death in utero at approx-
imately mid-gestation. Determination of the weight of healthy em-
bryos and placentas at 17.5 dpc revealed a significant reduction of
mean embryonic weight of the delayed ovulation group compared
to controls (mean = SEM, 0.92 £ 0.05 versus 0.77 + 0.02 g;
Fig. 3A), without any change in the placental weight (0.091 +
0.0023 versus 0.095 £ 0.0026 g; Fig. 3B). As a consequence, the
placental/embryonic weight ratio was significantly higher in the
delayed ovulation group (Fig. 3C). Our data show that delayed ovu-
lation induced by cetrorelix treatment resulted in an increase in
resorption sites and a decrease in the weight of regularly developed
embryos.

DISCUSSION

In this study, we analyzed the effects of preovulatory oocyte
overripeness on embryonic and placental development after GnRH
antagonist-induced delayed ovulation. In contrast to GnRH agonists,
which suppress premature LH surges via pituitary desensitization,
GnRH antagonists have the advantage of providing immediate and
more complete suppression of gonadotropins by competitive occu-
pancy of the GnRH receptor (18). The cetrorelix GnRH antagonist
used in the present study is commonly used on women in ART pro-
grams (17). Besides reliably inhibiting premature LH peaks in
women, cetrorelix also downregulates pituitary LHRH-receptors
in female rats (19). Torres et al. (20) have compared the effects of
treatment with GnRH agonists or antagonists in rats during normal
cycle length. They found that cetrorelix more effectively suppressed
ovulation and resulted in fewer implantation sites and developing
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embryos compared to treatment with a GnRH agonist. In our mouse
model, suppression of ovulation by cetrorelix was dose-dependent
and led to an accumulation of tertiary follicles. These results show
that the mouse responds similarly to cetrorelix and can be used as
model for human response to treatment during ART.

Delayed ovulation resulted in fewer developed embryos, predomi-
nantly because of an increase in resorption sites. We observed a signif-
icant decrease in embryonic weight in the delayed ovulation group,
whereas placental weight remained comparable to the control group.
It has been shown previously that superovulation in mice results in
smaller embryos by weight (21), and children resulting from ART
are at increased risk for low birth weight (10). The ratio of placental
weight to birth weight is known as a marker of fetal growth, and a sig-
nificant increase in this ratio among IVF infants was described, which
resulted from children being too small for their gestational age (22).
This finding corroborates our findings that the increase in placental/
embryonic weight ratio in the delayed ovulation group was due to a de-
crease in embryonic weight rather than an increase in placental
weight. These results indicate that delaying ovulation hormonally in
ART patients may have an effect on embryo development.

Previous studies demonstrated that hormonal hyperstimulation
may have an effect on the sensitive developmental processes in
mice and humans. Implantation rate and pregnancy outcome were
reduced (21, 23), possibly caused in part by imprinting defects

(24). Since oocytes undergo considerable molecular changes during
intrafollicular growth and maturation, it is likely that delayed ovula-
tion leading to oocyte overripeness has an additional impact on
oocyte developmental competence. Delaying ovulation with pento-
barbital sodium for 1-2 days increased the incidence of embryonic
death and abnormal embryos in rats (5). In addition, Sommergruber
et al. (25) obtained evidence for a reduced pregnancy rate after pro-
longed administration of cetrorelix in humans. The factors leading
to impaired oocyte developmental competence remain ill defined,
but are likely to include metabolic factors, cytoplasmic mRNA
and protein stores, structural components, and epigenetic modifica-
tions of the maternal genome (26, 27) and a precise regulation of
RNA polyadenylation (28, 29). These defects can impair the
embryo proper and lead to placental dysmorphogenesis or
dysfunction (30). It is imperative to evaluate whether the results re-
ported here stem from impaired placental function or growth defects
of the embryo proper. Because ART treatment has been shown to in-
fluence embryo development, including decreased embryonic
weight (21) and increased congenital malformations (8), the possi-
bility that delayed ovulation induced by Cetrorelix, or other
GnRH antagonists, in patients undergoing ART could affect oocyte
quality and subsequent embryo development must be addressed.
Further evaluation of the mechanisms of these effects is necessary
to minimize the risks of hormonal intervention in ART cycles.
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