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I.INTRODUCTION

Superovulation technique has gained wide-
spread use in laboratory and farm animals for
the yield of multiple cocytes and embryos for re-
search and commercial purposes and in humans
in the treatment of varying types of female
infertiliy. However, treatment with exogenous
gonadotropins for the purpose of superovulation
frequently results in impaired fertility. A num-

ber of investigators has ascribed the reduced
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fertility to abnormalities of failure in the process
of fertilization, early loss or abnormal develop-
ment of preimplatation embryos, implantation
failure, and high fetal wastage. It appears that
the detrimental effects and their associated
mechanism(s) may be multifactorial, including
genetic deficiencies in the superovulated oo-
cyte /embryo and /or hostile factors in the ma-
ternal environment, such as insufficiency of pro-
gesterone or excessive estrogenic stimulation of
progesterone or excessive estrogenic stimulation

of the reproductive tract leading to asynchrony

—379 -



between embronic and uterine development.

However, the mechanism(s) involved in the red-

uced fertility after superovulation is notfully
understood.
Early defects may occur in the process of fol-

licular development and oocyte maturation be-

fore ovulation by hyperstimulation of ovarian tis-

sues. These problems may relate to the pro-
longed action of exogenous gonadotropins res-
ulting in excessive follicular steroid production.
Pre- or periovulatory endocrine aspects, includ-
ing the secretion of follicular steroids and en-
dogenous gonadotropins, are believed to affect
final maturation, subsequent fertilization, and
developmental capability of superovulated ooc-
vtes., In this regard, a deviated course of the
preovulatory follicular development and oocyte
maturation in superovulated animals has been
implicated as an important factor influencing
the unpredictable and variable embryo viability.
It is the purpose of this paper to review our re-
cent experimental data of detrimental effects of
superovulation associated with oocyte and uter-

ine function(1~5).

I. EXPERIMENTS

Using rat and mouse models, the experiments
were carried out to understand the following

objectives:

(a) To determine the effect of IGF-1 on preim-

plantation embryonic development in vitro.

{b) To examine alterations in the uterine IGF
system following superovulation.

(c) To determine significance of the altera-
tions in the uterine IGF system.

(d) To examine the ionic composition of the
uterine lurminal fluid following superovula-

tion,

(e) To determine the role of IGF-1 in the uter-

ine sensitization process for the decidual

reactiomn,

(f) To determine whether superovulatory dos-
es of PMSG affects embryo chromosomal
complements in CD-1 mouse 8-to 16-cell
stage embryos in vivo.

(g) To define the mechanisms that cause the
chromosomal abnormalities after superov-
ulation in CD-1 mouse zygote stage.

In addition, the incidence of chromosomal ab-

normality in unfertilized human oocytes follow-

ing superovulation was estimated.

. SUMMARY AND CONCLUS-
IONS

1. The effect of IGF-1 in the preimplantation
rat embryonic development

The study demonstrates a potential role for
IGF-1 in the development of the preimplanta-
tion rate embryo, IGF-1 appears to promote mor-
phological development of rat embryos to the
blastocyst stage. The improvement in the devel-
opment stage of embryos by IGF-1 appears to
be accompanied by an improvment in viability of
embryos, as determined by an increase in the
number of live cells in the ICM, an increase in
protein synthesis, and a greater rate of implan-
tation and fetal development. The effects of
hr-IGF-1 were observed at the concentrations at
which IGF-1 has been shown to effect other cell
types through the IGF-1 receptor.

These experimental observations support the
hypothesis that IGF-1 may be involved in the
maternal-to-fetal signalling mechanisms. This in
turn may mediate synchronized development be-
tween the uterus and preimplantation embryos.
Alternately, a well-regulated uterine IGF syster-
m may be required for synchronized develop-
ment between the uterus and embryos. There-
fore, factors that disturb the regulation of uter-

ine IGF system may be detrimental to preim-
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plantation embryonic development and sub-
sequent postimplantation development in the

rat.

2. The effect of superovulation on the uterine
IGF system

In summary, treatment with a pharmacologi-
cal dose (401U) of PMSG creates superphysiol-
ogical levels of estradiol-178 during the periov-
ulatory period and sencondary estradiol-178
peak during the postovulatory period. Changes
in the levels of estradiol-178 result in an alter-
ation in the uterine IGF system which can be
divided into two distinct phases. The first phase
is observed in the first three days of pregnancy
which is characterized by enhanced IGF-1 ac-
tion, This may be the result of both increased
IGF-1 levels and decreased IGFBP levels. The
second phase is observed at the preimplantation
period or at the time of implantation and is char-
acterized by suppressed IGF-1 action, This may
be caused by a reduction in the levels of IGF-1
and /or an increase in IGFBP levels. These
changes may affect preimplantation embryonic

development and subsequent implantation,

3. The effect of IGF-1 on the uterine microen-
vironment for preimplantation embryonic de-
velopment

This study demonstrates a role for the uterine
IGF system in increasing early embryonic loss
following superovulatory treatment. It is likely
that pharmacological dosages of exogenous gon-
adotropins create superphysiological levels of
estradiol-174 in the circulation. Superphsiologic-
al levels of estradiol-178 enhance IGF-1 actions
in the uterus by increasing IGF-1 levels and by
decreasing IGFBP levels. Enhanced IGF-1 ac-
tions render a uterine environment hostile to

preimplantation embryonic development. The

alterations in electrolyte composition of the uter-

ine luminal fluids may reflect, at least in part,
changes in uterine microenvironment for preim-
platation embryonic development following sup-
ervulation, These findings also suggest that the
uterine IGF system is an important mediator of
estrogen action in the regulation of uterine func-
tion,

Superovulatory treatment may change a vol-
ume of uterine luminal fluid. This may also ad-
versely affect embryonic development. This det-
rimental affect of superovulation appears to not
be mediated IGF-1. Apparently, IGF-1 is one of
a number of autocrine and paracrine factors that
regulate uterine function. Studies involving
other growth factors and cytokines may provide
further understanding on the mechanisms
through which superovulatory treatment causes

in uterine enviroment observed in this study.

4. The effect of IGF-1 on decidualization

This study demonstrates that IGF-1 may reg-
ulate decidualization at different levels such as
decidual tissue formation and ALP activity. In
particular, the uterine IGF systems appears to
play an important role in the uterine sensitiza-
tion process required for the decidual response.
Enhanced and suppressed IGF-1 actions during
the sensitization period may be detrimental to
subsequent decidual tissue formation. There-
fore, changes in the uterine IGF system during
the preimplantation period following superovula-
tion appears to have a significant effect on the
decidual response. This may, at least in part, be
responsible for the failure of implantation fol-
lowing superovulation in the rat.

The present study also demonstrates that GF
and T, involved in the regulation of uterine ALP
activity during the uterine sensitization period,
in addition to the decidual tissue formation that
has been demonstrated previously. However,

IGF-1 was shown not to mediate the actions of



GH and T, on the decidual tissue formation and
ALP activity. Instead, IGF-1 appears to regu-
late the decidualization process in the GH and
Ty-dependent manner. The mechanisms by whic-
h GH and T, enable IGF-1 to regulate the dec-

idualization process remains to be determined.

5. Investigation of effects of PMSG on chrom-

osomal complement of CD-1 mouse embryos

Embryonic development, investigated exten-

sively in mice following induced ovulation, has
revealed that the occurrence of substantial mor-
tality results during cleavage, at implanation,
midpregnancy and parturition. The extent to
which chromosome imbalances are related to
embryonic mortality has not been explored.
Observations here suggest that triploidy consti-
tute an appreciable portion of preimplantation
losses in CD-1 mice. The following are the final
conclusions of this study,

(1) A positive doseresponse relationship be-
tween PMSG dose and the incidence of
polyploidy was detected in CD-1 mouse
8~16 cell stage embryos developed in
V100,

(2) Polyploidy, especially, triploidy, was de-
rived from both digyny and diandry. The
dose-response relationship between PM-
SG and the incidence of polyploidy may
be caused by either suppression of meiotic
division or alteration of the zona pellucida
during oocyte maturation, These events
may be related to asynchrony of cocyte
maturation by exogenous gonadotropins,

(3) PMSG use for stimulated of ovulation has
no effect on segregation of individual
chromosome during the meiotic and mi-
totic division that would lead to aneuploid-

y in CD-1 mouse embryos.

6. Chromosome investigation of unferilized
human oocytes after superovulation

The frequency of numerical chromosome ab-
normalities in metaphase I oocytes from 280 hu-
man unfertilized cocytes were determine. Aneup-
loidy was found to occur at a frequency of 22.
8% in meiotically mat#re cocytes obtained from
stimulated follicles during IVF procedures and
did not vary with the dose of hMG or maternal
age.

The observation of 16.8% of diploid oocytes
suggests that blockage of the meiotic process at
melosis I level after superovulation may occur in
the humans as it dose in the mouse,

Human triploid embryos account for up to
about 15% of all first trimester spontaneous
abortions. One percent of all fertilized ococytes
are estimated to be polyploid in wive (6) and
10% triploid after IVF is unknown. In the pres-
ent study, the observation of diploid oocytes
may provide evidence that some triploidies in
IVF may be derived from fertilization of a dip-
loid oocyte as the mouse study indicated. The
high percentage of diploid may relate to the in-
duction regiment used. Considering the asyn-
chronous maturity of oocytes resulting from sup-
erovulation, it appeares that oocytes matured
longer in vivo are less prone to show G1-PPC.

In conclusion, human unfertilized oocytes had
an incidence of numerical chromosome abnor-
malities of 39.6% including 22.8% aneuploidy
and 16.8% diploidy. This high frequency of
chromosome abnormalities in unfertilized ooc-
ytes may explain the low pregnancy rate in IVF
programs suggesting that natural selection
against chromosome abnormalities may occur

even prior to fertilization
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V. SUMMARY

Superovulation with exogenous gonadotropins
creates a spectrum of pre or periovulatory hor-
monal changes with subsequent detrimental ef-
fects on oocyte quality, fertilization, embryo de-
velopment, implantation and maintenance of
pregnancy. QOur recent study determined poten-
tial roles for insulin-like growth factor-1 (IGF-1)
in uterine environment regulation and preimplan-
tation in the rat. The evidence indicates that
IGF-1 may play an important role in the main-
tenance of a receptive uterine environment for
embryonic development and the regulation of
decidualization. Embryonic loss and failure of
implantations following superovulation may be
partially attributed to disturbances in uterine
IGF-1 action as observed in this study. We
investigated the effects of superovulatory doses
of gonadotropins on frequency of chromosomal
abnormalities of mouse embryos. Chromosome
analysis of mouse zygotes and 8- to 16-cell stage
embryos from spontaneously ovulated, 5, 10, and
15 1U pregnant mare serum gonadotropin
(PMSG) superovulated mice was carried out,
Aneuploidy, polyploidy and structural chrom-
osomal abnormalities were detected among the
four groups. However, only polyploidy was cor-
related with superovulation. In 10 and 15 IU
PMSG treated groups, the rate of polypoidy
was 2.9% and 10.5%, respectively. Furthermore,
there was a dose reponse relationship between
the PMSG dose and the incidence of embryonic
polyploidy (P <0.0001). Superovulation with gon-
adotropins showed positive correlations and a
dose response relationship between chromosom-
al polyploidy and the degree of superovulation.
The development potential of superovulated coc-
ytes appears to be associated with intrinsic fac-

tors such as genetic condition and overall matu-

ration of the ova, as well as maternal endocrine
environment, upon with the ova depend for

their survival,

V. REFERENCE

1. Moon, Y. S., Y. W. Yun and W. A. King.
1990. Detrimental effects of superovulation.
Seminars in Reproductive Endocrinology
8:232 ed. by Leon Speroff, Thieme Inc.,
New York, Stuttgard.

2. Katagiri, S., Y. S. Moon and B. Ho Yuen.
1996. The role for the uterine insulin-like
growth factor I in early embryonic loss after
superovulation in the rat. Fertil. Steril.
65:426.

3. Katagiri, S., S. Ma, B. Ho Yuen and Y. S.
Moon. 1997. Role for insulin-like growth fac-
tor 1 in the regulation of electrolyte compo-
sition of uterine luminal fluid. J. Reprod. Fer-
til. (In Press)

4. Ma, S., D. K. Kalonsek, S. Katagiri, B. Ho
Yuen, V. Gomel and Y. S. Moon. 1994.
Chromosome investigation in in vitro fertil-
ization failure. J., Assist Reprod. Genet.
11:445,

5. Ma, S., B. Ho Yuen and Y. S. Moon. 1997.
Investigation of effects of pregnant mare ser-
um gonadotropin (PMSG) on chromosomal
complement in CD-1 mice. J. Assist Repord.
Genet. (In press)

6. Jacobs, P, A,, A. E. Szulman, J. Funkhous-
er, J. S. Matsura and C. C. Mwilson. 1982.
Human triploidy: relationship between par-
ental origin of the additional haploid comp-
lement and development of partial hydatrip-
iform mole. Ann, Hum. Genet, 46:223

7. Pieters, MHEC, J. C. M. Dumoulin, R. C.
M. Ignoul-Vanvuchelen, M. Bras, J. L. H,
Evers and J. P. M. Geraedts. 1992. Triploidy

after in vitro fertilization: Cytogenetic analy-

_383_



sis of human zygotes and embryos. J. As-
sist. Reprod. Genet, 9:68.



