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Introduction
Administration of gonadotrophins aimed to increase the
number of oocytes recruited in a single cycle is an important
component of the current assisted reproductive treatment.
However, there is a substantial amount of data indicating that
both preimplantation development and post-implantation
viability of mouse (Edgar et al., 1987; Elmazar et al., 1989;
Ertzeid and Storeng, 1992, 2001; Ertzeid et al., 1993; Van der
Auwera et al., 1999; Van der Auwera and D’Hooghe, 2001),
rat (Vanderhyden and Armstrong, 1988) and hamster
(McKiernan and Bavister, 1998) embryos are compromised
with exogenous administration of gonadotrophins. There is
also evidence demonstrating that ovarian stimulation causes

congenital anomalies in the offspring (Sakai and Endo, 1987).
Furthermore, clinical evidence obtained from human IVF
suggests that high serum oestradiol concentrations, as a
consequence of ovarian stimulation, are associated with
decreased pregnancy and implantation rates (Simon et al.,
1995; Pellicer et al., 1996; Ng et al., 2000).

It has been demonstrated that exogenous administration of
gonadotrophins may have a direct effect on oocyte quality
such as the ability to be fertilized (Evans and Armstrong,
1984), chromosomal anomalies (Luckett and Mukherjee,
1986; Vogel and Spielman, 1992; Ma et al., 1997) and spindle
defects (Van Blerkom and Davis, 2001). Therefore, it appears
that adverse effects of high dose gonadotrophins are exerted on
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Abstract
The aim of the present study was to examine the effect of ovarian stimulation with increasing amounts of pregnant mare’s
serum gonadotrophin (PMSG) on preimplantation development of diploid parthenogenetic embryos in vitro. Administration of
5, 10 and 20 IU PMSG significantly increased the number of oocytes obtained per mouse in a dose-dependent manner. The
amount of PMSG administered did not alter the proportion of degenerate oocytes. However, there was a significant decrease
in the proportion of 8-cell/compacted embryos after 53 h of culture with the administration of increasing amounts of PMSG.
Proportion of embryos reaching at the blastocyst stage after 79 h of culture was reduced significantly in both the 10 and 20 IU
PMSG groups. Reduced blastocyst development after 96 h of culture, however, was significant only in the 20 IU PMSG group.
Total blastocyst, trophectoderm and inner cell mass numbers were also reduced significantly with the administration of 20 IU
PMSG. It is concluded on the basis of these observations that preimplantation development of diploid parthenogenetic oocytes,
which depends virtually entirely on maternal molecules accumulated during oogenesis along with gene products derived from
the maternal genome, is compromised with the administration of increasing amounts of PMSG.
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the oocyte prior to ovulation and that the underlying cause of
compromised embryo development is reduced quality of the
oocyte. Nevertheless, it is not clear to what extent oocyte
quality contributes to impaired development of embryos
obtained from women who have undergone ovarian
stimulation. It also remains to be determined whether
deleterious effects of ovarian stimulation on oocyte/embryo
quality would occur in the absence of a paternal genome. One
way to address this question would be to assess the
development of experimentally produced parthenogenetic
embryos, which has been demonstrated to be a useful tool in
examining how maternally derived factors contribute to early
development (Latham et al., 1999). Parthenogenesis is defined
as the production of an embryo from an oocyte in the absence
of any contribution from a spermatozoon (Rougier and Werb,
2001). Although it has been reported that parthenogenetic
embryos cannot progress to term (Rougier and Werb, 2001),
successful development as live fetuses for 17.5 days gestation
can be obtained (Kono et al., 2002). Development of diploid
parthenogenetic embryos has been reported to be normal up to
the blastocyst stage (Latham et al., 2002; Liu et al., 2002).
This clearly indicates that maternal molecules accumulated
during oogenesis along with gene products derived exclusively
from the maternal genome can support preimplantation
development of the mouse embryo. However, the ability of
these maternal molecules to support development of
parthenogenetic embryos appears to be determined, at least in
part, by the genetic background of the oocyte (Latham et al.,
1999). It is proposed in the present study that exogenous
administration of supra-physiological dosages of
gonadotrophins may also alter the ability of maternally
encoded messages to support pre-implantation development of
parthenogenetic mouse embryos. With this in mind,
experiments were performed to examine the effect of ovarian
stimulation with increasing amounts of pregnant mare’s serum
gonadotrophin (PMSG) on pre-implantation development of
diploid parthenogenetic oocytes  in vitro.

Materials and methods

Animals

Oocytes were obtained from 7–10 week old female F1 hybrid
(C57BL/6 × BALB/c) mice (Tubitak, GMBAE, Gebze,
Turkey). The animals were maintained on a 14 h light: 10 h
dark photoperiod (light on at 5 a.m.), with free access to food
and water. Multiple ovulations were induced by administration
of 5, 10 and 20 IU PMSG (Folligon, Intervet, Istanbul, Turkey)
in 0.9% NaCl solution. All animals received 5 IU human
chorionic gonadotrophin (Pregnyl; Organon, Istanbul, Turkey)
48 h following the administration of PMSG. The experiment
was repeated three times and all three PMSG doses were tested
simultaneously in the same experiment. Numbers of mice used
for groups of females receiving 5, 10 and 20 IU PMSG were
ten, eight and eight respectively.

Oocyte activation and production of
diploid parthenogenons

Cumulus-enclosed eggs were collected from superovulated,
but unmated, females at 22 h after human chorionic
gonadotrophin (HCG) in medium G-MOPS (Vitrolife AB,
Gothenberg, Sweden) supplemented with 5 mg/ml human

serum albumin (G-MOPS/HSA; Vitrolife). Cumulus cells
were removed by incubating the eggs in medium G-
MOPS/HSA containing hyaluronidase (0.5 mg/ml; Sigma
Chemical Co., St Louis, MO, USA) for a short period of time.
Eggs were washed well first in three large drops of 
G-MOPS/HSA and then in medium G1.3 (Vitrolife)
supplemented with 5 mg/ml HSA (Vitrolife). The number of
degenerate oocytes was determined at oocyte recovery and
only morphologically normal oocytes were processed for
parthenogenic activation. Parthenogenic activation was
performed by incubating oocytes in medium G1.3/HSA
supplemented with 10 μmol/l ionophore A23187 (Sigma) for 7
min in 6% CO2:5% O2:89% N2 at 37°C. Activated oocytes
were washed through several changes of G1.3/HSA. Diploid
parthenogenetic oocytes were produced by suppressing
formation of the second polar body as described by Barton et
al. (1987), with the exception of using medium G1.3/HSA
instead of medium M16. Briefly, eggs were incubated in
medium G1.3/HSA containing the cytoskeletal inhibitor
cytochalasin B (CCB; Sigma) at a concentration of 5 μg/ml for
3–4 h in 6% CO2:5% O2:89% N2 at 37°C. Eggs were washed
through several changes of G1.3/HSA to remove CCB.
Oocytes were classified as degenerate, non-activated, haploid
and diploid under a differential interference contrast
microscope. Oocytes showing no pronuclei following
activation and CCB treatment were defined as non-activated
oocytes; whereas oocytes with only one pronucleus and a
second polar body were defined as haploid oocytes. Only
diploid parthenogenetic oocytes  (Figure 1a), defined as
oocytes with two clearly visible pronuclei, were used in the
current study. All embryos were cultured in 20 μl droplets of
pre-equilibrated G1.3/HSA under embryo-tested mineral oil
(Sigma) in 6% CO2:5% O2:89% N2 at 37°C for 53 h to around
8-cell/compaction stage. After 53 h of culture, embryos were
washed well in medium G2.3 (Vitrolife) supplemented with 
5 mg/ml of HSA and then cultured in 20 μl droplets of pre-
equilibrated G2.3/HSA for a further 43 h to the blastocyst
stage.

Assessment of preimplantation
development

Development of diploid parthenogenetic oocytes  was assessed
after 53 h of culture to determine the number of the 
8-cell/compacted embryos (Figure 1b). Embryos were re-
examined after 79 and 96 h of culture for blastocyst
development (Figure 1c). Blastocyst cell numbers were
determined immediately following the assessment of embryo
development after 96 h of culture.

Differential labelling of ICM and TE nuclei

The number of inner cell mass (ICM) and trophectoderm (TE)
cells of blastocysts were determined using the differential
nuclear staining method of Hardy et al. (1989).

Statistical analysis

The chi-squared test was used in analysing differences in the
number of morphologically normal and degenerate oocytes at
the time of oocyte recovery; the number of degenerate,
activated, haploid and diploid oocytes following activation and
CCB treatment as well as differences in embryo development.
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Cell numbers were analysed using analysis of variance
(ANOVA) followed by Bonferroni procedure for multiple
comparisons. A value of P < 0.05 was considered significantly
different. The statistical package SPSS (version 10.0; SPSS
Inc., Chicago, IL, USA) was used for all analyses.

Results

Effect of PMSG dosage on the number of
oocytes

Administration of PMSG significantly (P = 0.027) increased
the number of oocytes obtained per mouse in a dose-dependent
manner (Figure 2). The mean numbers of oocytes obtained
after the administration of 5, 10 and 20 IU PMSG were 
24.4 ± 0.26, 33.8 ± 0.18 and 42.4 ± 0.35 (mean ± SEM)
respectively. There was no significant difference in the number
of degenerate oocytes with increasing amounts of PMSG
(Figure 2).

Effect of PMSG dosage on the number of
degenerate and activated oocytes
following activation and treatment with
CCB

Twelve per cent of oocytes did not survive following
activation and CCB treatment (Table 1). However, the
proportion of degenerate oocytes was not affected by the
PMSG dosage used (P > 0.05). Significantly higher (P < 0.01)
proportion of oocytes obtained from females induced by 20 IU
PMSG formed haploid parthenogenetic embryos upon
activation and CCB treatment compared with those obtained
from animals receiving 5 and 10 IU PMSG (Table 1). There
was also a significant decrease (P ≤ 0.01) in the proportion of
oocytes forming diploid parthenogenetic oocytes with the
administration of 20 IU PMSG (Table 1).

Effect of PMSG dosage on embryonic
development in vitro and blastocyst cell
numbers

Development of diploid parthenogenetic oocytes  was assessed
after 53 h of culture to determine the number of the 
8-cell/compacted embryos. There was a significant (P ≤ 0.01)
decrease in the proportion of 8-cell/compacted embryos with
the administration of increasing amounts of PMSG (Figure 3).
There was a dramatic and significant (P ≤ 0.01) decrease in the
proportion of embryos reaching at the blastocyst stage after 
79 h of culture in groups of females receiving 10 and 20 IU

Figure 1. Morphological appearance of parthenogenetic
oocytes and embryos. (a) A diploid parthenogenetic oocyte
showing two pronuclei. (b) Parthenogenetic embryos at the 
8-cell/compaction stage after 53 h of culture. (c)
Parthenogenetic embryos at the blastocyst stage after 96 h of
culture. Scale bar = 100 μm.

Figure 2. Effect of PMSG dosage on the number of
morphologically normal and degenerate oocytes. Open bars
represent the number of oocytes obtained per mouse (mean ±
SE), whereas solid bars represent the number of degenerate
oocytes (mean ± SE). a,b,cBars labelled with different letters
were significantly different from each other (P < 0.05).
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Table 1. Effect of PMSG dosage on the number of degenerate and activated oocytes following activation and CCB treatment.

PMSG n No. of No. of non- No. of No. of No. of 
dosage (IU) degenerate   activated activated haploid diploid

oocytes after  oocytes  oocytes oocytes  oocytes 
CCB treatment (% ± SE)a (% ± SE)a (% ± SE)a (% ± SE)a

(% ± SE)a

5 218 29 (13.3 ± 2.3) 18 (8.3 ± 2.5)a 171 (78.4 ± 2.8) 44 (20.2 ± 2.7)a 127 (58.3 ± 3.3)a

10 253 28 (11.1± 2.0) 38 (15.0 ± 2.2)b 187 (73.4 ± 2.8) 56 (22.1 ± 2.6)a 131 (51.8 ± 3.1)a

20 316 37 (11.7 ± 1.8) 55 (17.4 ± 2.1)b 224 (70.9 ± 2.6) 109(34.5± 2.7)b 115 (36.4 ± 2.7)b

P-value >0.05 0.007 >0.05 <0.001 <0.001

aData are expressed as mean percentages (± SE). a,bWithin a column, values with different superscripts were significantly different (P < 0.05).

Figure 3. Effect of PMSG dosage on the development of
diploid parthenogenetic oocytes cultured for 53 h. a,b,cBars
labelled with different letters were significantly different
from each other (P < 0.05).

Figure 4. Effect of PMSG dosage on blastocyst development
of diploid parthenogenetic oocytes cultured for 79 h. a,b,cBars
labelled with different letters were significantly different
from each other (P < 0.05).

Figure 5. Effect of PMSG dosage on blastocyst development
of diploid parthenogenetic oocytes cultured for 96 h. a,bBars
labelled with different letters were significantly different
from each other (P < 0.05).

Table 2. Effect of PMSG dosage on blastocyst cell number and differentiation.

PMSG TE cell number ICM cell number Total cell number
dosage (IU) (mean ± SE) (mean ± SE) (mean ± SE)

5 48.3a ± 1.29 13.3a ± 0.38 61.6a ± 1.38
10 44.4a ± 2.13 12.1ab ± 0.61 56.5a ± 2.22
20 36.8b ± 1.45 10.8b ± 0.58 47.5b ± 1.44
P-value <0.001 0.032 <0.001

Data are expressed as mean ± SE.
a,bWithin a column, values with different superscripts were significantly different (P < 0.05).
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PMSG compared with those induced by 5 IU PMSG 
(Figure 4). Blastocyst development after 96 h of culture was
also reduced significantly (P ≤ 0.01) in embryos derived from
females receiving 20 IU PMSG compared with blastocyst
development of embryos derived from females that received 5
and 10 IU PMSG (Figure 5). In addition, total blastocyst as
well as TE and ICM cell numbers were significantly (P < 0.05)
reduced with the administration of 20 IU PMSG compared
with cell numbers of blastocysts derived from females that
received 5 and 10 IU PMSG (Table 2).

Discussion
The effect of ovarian stimulation on embryo development has
been a relatively intense area of research. It has been
demonstrated that ovarian stimulation results in a significant
increase in the proportion of mouse embryos that are delayed
in their development (Ertzeid and Storeng, 1992, 2001).
Implantation rate and post-implantation development of both
mouse and hamster embryos are also reduced with exogenous
administration of gonadotrophins (McKiernan and Bavister,
1998; Van der Auwera et al., 1999; Ertzeid and Storeng, 2001;
Van der Auwera and D’Hooghe, 2001). However, it is not clear
from these studies to what extent oocyte quality is
compromised with the administration of exogenous
gonadotrophins and as such contributes to relatively poor
development of embryos obtained from stimulated females.
The extent to which oocyte competence declines as a
consequence of repeated cycles of ovarian stimulation has
been examined recently by Van Blerkom and Davis (2001). It
was demonstrated that repeated rounds of ovarian stimulation
are associated with a progressive increase in the frequency of
oocytes with spindle defects (Van Blerkom and Davis, 2001).
A different approach was taken in the present study, which
used parthenogenetic rather than fertilized embryos to
examine developmental consequences of ovarian stimulation.
The specific premise was that administration of increasing
amounts of gonadotrophin would proportionally and adversely
affect oocyte quality and thus preimplantation development of
parthenogenetic embryos. Compromised development of
diploid parthenogenetic oocytes with the administration of
increasing amounts of PMSG, as shown in the current study,
supports this hypothesis and suggests that ovarian stimulation
does indeed diminish the quality and the developmental
potency of the oocyte. These results support and corroborate
previous observations demonstrating adverse effects of PMSG
on preimplantation development of normally fertilized
embryos of various species (Vanderhyden et al., 1988; Edgar
et al., 1987; Elmazar et al., 1989; Ertzeid and Storeng, 1992,
2001; Ertzeid et al., 1993; McKiernan and Bavister, 1998; Van
der Auwera et al., 1999; Van der Auwera and D’Hooghe,
2001).

Several hypotheses can be put forward to explain reduced
developmental competence of the oocyte in response to
administration of increasing amounts of PMSG. First,
administration of high doses of PMSG may perturb normal
signal transduction pathways (Williams, 2002) that function at
the earliest stages of development, whether a genomic
contribution is exclusively maternal or has a paternal element
as well. Second, administration of increasing amounts of
PMSG might alter the quantity and distribution of various
regulatory proteins within the oocyte such as STAT3, leptin,

transforming growth factor β-2 (TGFβ-2), Bcl-x, Bax,
epidermal growth factor R (EGF-R), vascular endothelial
growth factor (VEGF) and c-kit (Antczak and Van Blerkom,
1997, 1999). Third, administration of increasing
concentrations of PMSG might cause meiotic spindle
abnormalities. Spindle alterations as a consequence of
repeated PMSG use have been demonstrated previously (Van
Blerkom and Davis, 2001). While PMSG-related spindle
alterations may not prevent pronuclear formation and cleavage
after activation, embryos may not develop consistently
through the preimplantation stages. This may be seen as a
progressive reduction in the capacity of the maternally derived
spindle to continue to function appropriately with each cell
division. In this case, embryo developmental abnormalities
would have a maternal origin regardless of whether activation
was parthenogenetic or fertilization induced.

Paternal factors may affect preimplantation development of
embryos (Tesarik et al., 2002). Conceivably, the use of
parthenogenetic embryos would eliminate any paternal
contribution. In the present study, only diploid parthenogenetic
oocytes  were used, as haploid parthenogenetic embryos are
known to be developmentally compromised compared with
their diploid counterparts (Latham et al., 2002; Liu et al.,
2002). It was determined that higher number of oocytes can be
obtained by increasing the amount of PMSG administered,
which is in accordance with previous observations (Ziebe et
al., 1993; Ozgunen et al., 2001). However, the dose-dependent
increase in oocyte number was not accompanied by an
increase in the proportion of degenerate oocytes and majority
of oocytes appeared morphologically normal irrespective of
the amount of PMSG administered. However, it should be
noted that proportionally fewer parthenogenetic oocytes
reached at the 8-cell/compaction and blastocyst stages with the
administration of increasing amounts PMSG. This would
suggest that the number of developmentally less competent,
albeit morphologically normal, oocytes increases in proportion
with the administration of increasing amounts of PMSG.

The parthenogenetic activation protocol used in the current
study resulted in the activation of majority of oocytes
irrespective of the amount of PMSG administered.
Nevertheless, the proportion of oocytes forming diploid
parthenogenetic oocytes following activation and CCB
treatment differed between groups of females induced by 5, 10
and 20 IU PMSG. Administration of PMSG at a dosage of 20
IU per mouse significantly reduced the proportion oocytes
yielding diploid parthenogenetic oocytes. As the dosage of
PMSG administered was the only difference between groups
of donor females, the amount of PMSG administered appears
to have altered the response of oocytes to activation and CCB
treatment.

The most significant finding of the current study was the
negative effect of increasing dosages of PMSG on
preimplantation development of diploid parthenogenetic
oocytes. There was a significant decrease in the proportion of
eight-cell/compacted embryos with the administration of
increasing amounts of PMSG. However, administration of 10
and 20 IU PMSG had its most dramatic effect on blastocyst
development after 79 h of culture. The proportion of diploid
parthenogenetic oocytes  reaching at the blastocyst stage after
96 h of culture as well as blastocyst cell numbers were reduced
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significantly with the administration of 20 IU PMSG
compared with experimental groups receiving 5 and 10 IU
PMSG. Relatively low cell numbers and blastocyst
development reported in this study for diploid parthenogenetic
oocytes  derived from females induced by 5 IU PMSG are in
accordance with previous observations demonstrating delayed
development and reduced total and ICM cell numbers of
parthenogenetic embryos compared with fertilized embryos.
(O’Neill et al., 1991; Hardy and Handyside, 1996; Uranga and
Arechaga, 1997). It may also be important to note that
blastocyst development and cell numbers obtained using
zygotes from the same population of mice induced by 5 IU
PMSG are in fact significantly higher than those reported for
parthenogenic embryos in the present study (data not shown).
It is well established that compromised development of
parthenogenetic embryos is mainly the result of genomic
imprinting (Tilgham, 1999). Insufficient parthenogenetic
activation and suboptimal culture conditions are also indicated
as possible causes of reduced developmental potential of
parthenogenetic embryos (Liu et al., 2002). The data presented
in the current study demonstrate that the amount of PMSG
administered for ovarian stimulation is another contributing
factor that might lead to compromised development of diploid
parthenogenetic oocytes .

Taken together, compromised development of diploid
parthenogenetic oocytes  with the administration of increasing
amounts of PMSG as shown in the current study provides
further support for oocyte cytoplasmic influences related to
ovarian stimulation whose adverse consequences are not
expressed until the embryonic stages.

References

Antczak M, Van Blerkom J 1997 Oocyte influences on early
development: the regulatory proteins leptin and STAT3 are
polarized in mouse and human oocytes and differentially
distributed within the cells of the preimplantation embryo.
Molecular Human Reproduction 3, 1067–1086.

Antczak M, Van Blerkom J 1999 Temporal and spatial aspects of
fragmentation in early human embryos: possible effects on
developmental competence and association with the differential
elimination of regulatory proteins from polarized domains.
Human Reproduction 14, 429–447.

Barton SC, Norris ML, Surani MA 1987 Nuclear transplantation in
fertilised and parthenogenetically activated eggs. In: Monk M
(eds) Mammalian Development: A Practical Approach. IRL
Press, Oxford, UK, pp. 235–253.

Edgar DH, Whalley KM, Mills JA 1987 Effects of high-dose and
multiple-dose gonadotropin stimulation on mouse oocyte quality
as assessed by preimplantation development following in vitro
fertilization. Journal of In Vitro Fertilization and Embryo
Transfer 4, 273–276.

Elmazar MM, Vogel R, Spielmann H 1989 Maternal factors
influencing development of embryos from mice superovulated
with gonadotropins. Reproductive Toxicology 3, 135–138.

Ertzeid G, Storeng R 1992 Adverse effects of gonadotrophin
treatment on pre- and postimplantation development in mice.
Journal of Reproduction and Fertility 96, 649–655.

Ertzeid G, Storeng R 2001 The impact of ovarian stimulation on
implantation and fetal development in mice. Human
Reproduction 16, 221–225.

Ertzeid G, Storeng R, Lyberg T 1993 Treatment with gonadotrophins
impaired implantation and fetal development in mice. Journal of
Assisted Reproduction and Genetics 10, 286–291.

Evans G, Armstrong DT 1984 Reduction in fertilization rate in vitro
of oocytes from immature rats induced to superovulate. Journal

of Reproduction and Fertility 70, 131–135.
Hardy K, Handyside AH 1996 Metabolism and cell allocation during

parthenogenetic preimplantation mouse development. Molecular
Reproduction and Development 43, 313–322.

Hardy K, Handyside AH, Winston RM 1989 The human blastocyst:
cell number, death and allocation during late preimplantation
development in vitro. Development 107, 597–604.

Kono T, Sotomaru Y, Katsuzawa Y, Dandolo L 2002 Mouse
parthenogenetic embryos with monoallelic H19 expression can
develop to day 17.5 of gestation. Developmental Biology 243,
294–300.

Latham KE, Kutyna K, Wang Q 1999 Genetic variation in
trophectoderm function in parthenogenetic mouse embryos.
Developmental Genetics 24, 329–335.

Latham KE, Akutsu H, Patel B, Yanagimachi R 2002 Comparison of
gene expression during preimplantation development between
diploid and haploid mouse embryos. Biology of Reproduction 67,
386–392.

Liu L, Trimarchi JR, Keefe DL 2002 Haploidy but not
parthenogenetic activation leads to increased incidence of
apoptosis in mouse embryos. Biology of Reproduction 66,
204–210.

Luckett DC, Mukherjee AB 1986 Embryonic characteristics in
superovulated mouse strains. Comparative analyses of the
incidence of chromosomal aberrations, morphological
malformations and mortality of embryos from two strains of
superovulated mice. Journal of Heredity 77, 39–42.

Ma S, Kalousek DK, Yuen BH, Moon YS 1997 Investigation of
effects of pregnant mare serum gonadotropin (PMSG) on the
chromosomal complement of CD-1 mouse embryos. Journal of
Assisted Reproduction and Genetics 14, 162–169.

McKiernan SH, Bavister BD 1998. Gonadotrophin stimulation of
donor females decreases post-implantation viability of cultured
one-cell hamster embryos. Human Reproduction 13, 724–729.

Ng EHY, Yeung WSB, Lau EYL et al. 2000 High serum oestradiol
concentrations in fresh IVF cycles do not impair implantation and
pregnancy rates in subsequent frozen–thawed embryo transfer
cycles. Human Reproduction 15, 250–255.

O’Neill GT, Rolfe LR, Kaufman MH 1991 Developmental potential
and chromosome constitution of strontium-induced mouse
parthenogenetic oocytes . Molecular Reproduction and
Development 30, 214–219.

Ozgunen KT, Erdogan S, Mazmanoglu N et al. 2001 Effect of
gonadotrophin dose on oocyte retrieval in superovulated BALB/c
mice. Theriogenology 56, 435–445.

Pellicer A, Valbuena D, Cano F et al. 1996 Lower implantation rates
in high responders: evidence for an altered endocrine milieu
during the preimplantation period. Fertility and Sterility 65,
1190–1195.

Rougier N, Werb Z 2001 Minireview: parthenogenesis in mammals.
Molecular Reproduction and Development 59, 468–474.

Sakai N, Endo A 1987 Potential teratogenicity of gonadotropin
treatment for ovulation induction in the mouse offspring.
Teratology 36, 229–233.

Simon C, Cano F, Valbuena D et al. 1995 Clinical evidence for
detrimental effect on uterine receptivity of high serum oestradiol
concentrations in high and normal responder patients. Human
Reproduction 10, 2432–2437.

Tesarik J, Mendoza C, Greco E 2002 Paternal effects acting during
the first cell cycle of human preimplantation development after
ICSI. Human Reproduction 17, 184–189.

Tilghman SM 1999 The sins of the fathers and mothers: Genomic
imprinting in mammalian development. Cell 96, 185–193.

Uranga JA, Arechaga J 1997 Cell proliferation is reduced in
parthenogenetic mouse embryos at the blastocyst stage: a
quantitative study. Anatomical Record 247, 243–247.

Van Blerkom J, Davis P 2001 Differential effects of repeated ovarian
stimulation on cytoplasmic and spindle organization in metaphase
II mouse oocytes matured in vivo and in vitro. Human
Reproduction 16, 757–764.

Van der Auwera I, D’Hooghe T 2001 Superovulation of female mice



634

Article - Effect of increasing gonadotrophin on mouse embryo development - L Karagenc et al.

delays embryonic and fetal development. Human Reproduction
16, 1237–1243.

Van der Auwera I, Pijnenborg R, Koninckx PR 1999 The influence of
in-vitro culture versus stimulated and untreated oviductal
environment on mouse embryo development and implantation.
Human Reproduction 14, 2570–2574.

Vanderhyden BC, Armstrong DT 1988 Decreased embryonic survival
of in-vitro fertilized oocytes in rats is due to retardation of
preimplantation development. Journal of Reproduction and
Fertility 83, 851–857.

Vogel R, Spielmann H 1992 Genotoxic and embryotoxic effects of
gonadotropin-hyperstimulated ovulation of murine oocytes,
preimplantation embryos, and term fetuses Reproductive
Toxicology 6, 329–333.

Williams CJ 2002 Signalling mechanisms of mammalian oocyte
activation. Human Reproduction Update 8, 313–321.

Ziebe S, Guoliang X, Byskov AG 1993 Impact of gonadotrophin
dose on pre-embryo recovery and development in superovulated
mice. Human Reproduction 8, 385–388.

Received 8 December 2003; refereed 17 December 2003;
accepted 27 February 2004.


