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ABSTRACT: Exposure of either gametes or embryos to conditions and/or factors that generate oxidative
stress has been associated with impaired early embryogenesis. The effects of reactive oxygen species (ROS)
on mouse preimplantation development, depending of the ROS-concentration and time of exposition, were
studied. Two-cell embryos were incubated with 5, 10, 25 and 50 μM of hydrogen peroxide (H

2
O

2
) for 30 and

60 minutes of exposition and allowed to develop for 72 h to study the quality of development. The incubation
with 50 μM H

2
O

2
 for 30 or 60 minutes, strongly inhibited the 2-cell embryo development as compared to the

control (p<0.001). Twenty-five μM H
2
O

2
 produced inhibition of blastocyst formation (p<0.001) and 10 μM

H
2
O

2
 significantly decreased the percentages of expanded and hatched blastocysts, which resulted morpho-

logically altered (p<0.05 and p<0.01, respectively). The higher H
2
O

2
 concentrations were able to elicit ne-

crotic morphology in the 2-cell arrested embryos, while 10 μM H
2
O

2
 induced moderate damage with the

arrested embryos partially fragmented. In conclusion, important causes for defective preimplantation devel-
opment and for early embryo losses may be due to oxidative stress because early mouse embryos exposed to
ROS for short times arrested at the first cellular cycle (2-cell) and/or impaired embryo differentiation and
morphogenesis, being these effects ROS-concentration-dependent.

Introduction

Oxidative stress occurs as the result of an imbal-
ance between the pro-oxidants and the ability of the
antioxidants to scavenge the excess reactive oxygen
species (ROS) production.

It is well known that ROS such as hydrogen perox-
ide (H2O2), the superoxide anion (O2

-) and the hydroxyl

radicals (.OH), are generated in several pathological
conditions. It was suggested that ROS play an essential
role in several reproductive dysfuntions. Evidence has
been presented for the detrimental effects of ROS on
male reproductive function (Aitken et al., 1993). High
seminal ROS have been related to poor semen quality,
loss of sperm function, impaired fertilization and lower
pregnancy rates after IVF (Aitken, 1994; Zorn et al.,
2003), because lipid peroxidation, even at a level that
does not affect motility, may decrease the fertilizing
potential spermatozoa (Aitken et al., 1989). These stud-
ies suggest that ROS can be produced by living sper-
matozoa after incubation in aerobic conditions (Iwasaki
and Gagnon, 1992).

On the other hand, ROS are involved in the modu-
lation of a wide spectrum of physiological female re-
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productive functions such as oocyte maturation, ova-
rian steroidogenesis, ovulation, implantation, blastocyst
formation, pregnant maintenance, corpus luteal func-
tion and even luteolysis (Guerin et al., 2001; Sharma
and Agarwald, 2004). ROS can mediate some female
fertility disorders, such as endometriosis (Sharma and
Agarwald, 2004; Bedaiwy et al., 2002) and unexplained
infertility. Lipid peroxidation has also been shown to
decrease sperm-oocyte interaction, as measured by a
decreased penetration of zona-free hamster oocytes by
human spermatozoa (Aitken et al., 1989).

Male and female reproductive disorders induced
by oxidative stress have been reported; however little
is known about the effects of ROS on zygotes and/or
early embryo development. Oxidative stress may be
responsible for the embryotoxicity in hydrosalpinx
pathology (Attaran et al., 2000). Reactive oxygen spe-
cies in culture media may affect fertilization, embryo
development and clinical pregnancy rates. In both IVF
and intracytoplasmic sperm injection (ICSI) programs,
elevated concentrations of ROS in culture media at day
1 have been shown to be associated with lower preg-
nancy rates (Bedaiwy et al., 2004). In this regard, in
human in vitro fertilization-embryo transfer program-
mers, it was suggested that low numbers of good qual-
ity embryos developed were due to high oxygen con-
centration of the in vitro culture system (Goyanes et
al., 1990; Nars-Esfahani et al., 1990; Goto et al., 1992).
Moreover, it was shown a direct relationship between
high hydrogen peroxide (H2O2) concentration and el-
evated fragmentation grade or apoptosis in mouse
embryos (Yang et al., 1998).

We hypothesized that a brief exposure of 2-cell
embryos to low levels of ROS, that can derived from
sperm suspensions or from the in vitro culture condi-
tions, induces abnormal development and embryo ar-
rest with necrotic or apoptotic features depending on
the exposure conditions. This study was conducted to
ascertain the effects of different H2O2 levels on the qual-
ity and cleavage of embryos and to know the thresholds
in concentration and exposure time needed to disrupt
the embryo development.

Materials and Methods

Materials

Pregnant mare’s serum gonadotrophin (PMSG),
human chorionic gonadotrophin (hCG), Human Tubal
Fluid (HTF) medium, bovine serum albumin (BSA),

mineral oil, hydrogen peroxide (H2O2 ) and catalase were
all obtained from Sigma Sigma Chemical Co., St Louis,
MO, USA.

Animals preparations

CF-1 mice, outbreed in the laboratory of the
Instituto de Investigaciones Materno-Infantil, were fed
ad libitum with a commercial mouse chow diet, and
were maintained under automatically controlled tem-
perature (25ºC) and 14 h light/10 h dark. Females were
prepubertal 30-days-old and males were adult 75 days
old.

Females were superovulated with PMSG 5 IU (i.p.)
at 12:00 h and hCG 5 IU 48 h apart. At the moment of
hCG injection, one female was paired overnight with a
previously isolated fertile male. In the morning of the
next day, successful mating was confirmed by presence
of the vaginal plug.

Embryo collection

Mated females were sacrificed 46 h post-hCG and
the 2-cell embryos were recovered from the oviducts by
flushing with HTF medium supplemented with 0.4 mg/
ml BSA. Immediately the embryos were pooled into
drops of HTF-BSA overlaid with mineral oil, that was
previously equilibrated in a humidified tissue culture
incubator. The fragmented or dead eggs were discarded.

Oxidative stress experiments

The 2-cells embryos were placed in groups of 10
embryos per 50 μl drop of HTF-BSA medium overlaid
with mineral oil. The induction of the oxidative stress
on embryos was performed by addition different con-
centrations of hydrogen peroxide (H

2
O

2
) and 30 and 60

minutes of incubation in 5% CO2 in air, at 37ºC. Fol-
lowing the period of incubation, the two-cell embryos
were placed in drops of the same medium additioned
by catalase 1800 U/ml for 10 min, washed and cultured
in 50 μl drops of HTF + BSA 0.4%, overlaid with min-
eral oil for 72 h.

The following groups were performed: HTF-con-
trol group: 30 and 60 min of incubation in HTF-BSA
medium and 10 min of incubation in HTF-medium;
Catalase-control group: 30-60 min of incubation in
HTF-BSA medium and 10 min of incubation in HTF-
catalase medium; H

2
O

2
-treated groups: 30-60 min of

incubation in 50, 25, 10 and 5 μM of H2O2-HTF and 10
min of incubation in HTF-catalase medium.



FIGURE 1. Preimplantation in-vitro development at 72 h of culture following H2O2
  
exposition.

1.A. Control groups. Differentiation to expanded and hatched blastocysts after 30 or 60 minutes of incubation
(X 20). 1.B. Morphologically abnormal expanded blastocyst (abnormal cavitation) after 30 or 60 minutes of

incubation (*).(X 40). 1.C. Em0bryos exposed to 5 μM H2O2. Early and expanded blastocysts after 30 or 60

minutes of incubation (X 20). 1.D. Embryos exposed to 10 μM H2O2. Embryos arrested at 2 and 4 cells stages
after 30 or 60 minutes of incubation (X 20). 1.E. Embryos exposed to 25 μM H2O2. Embryos arrested at 2 cells

stages and type I and II of embryo quality after 30 minutes of incubation (X 20). 1.F. Embryos exposed to 50 μM
H2O2. Embryos arrested at 2 cells stages and type III of embryo quality after 30 minutes of incubation (X 20).
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Evaluation of embryo development

The in-vitro development was evaluated at 72 h of
the culture under phase-contrast microscopy. The de-
veloped embryo stages were photographed using a
Nikon inverted microscope.

The intact, fragmented and/or lysed 2-cell embryos
that did not continued developing was recorded as “ar-
rested embryos”. The following types of embryo arrest
were considered: Type I: fully lysed, necrotic and/or frag-
mented embryos. Type II: embryos with partially lysed/
fragmented blastomeres. Type III: embryos with some
lysed/fragmented blastomeres and/or cytoplasmic
vesicles.

The embryo differentiation was examined by quan-
tification of non-compacted, compacted morulae, early
blastocysts (with initial blastocele), expanded blasto-
cysts, hatching blastocysts (zona-escaping blastocysts),
hatched blastocysts (extruded or zona-free embryos).

The embryo morphology was scored in the devel-
oped blastocyst. Smaller blasctocyst than the controls,
with no intact blastomeres (necrotic or lysed), abnor-
mal cavitation (two or more blastoceles) and/or vesicles
in blastomeres were considered as morphologic abnor-
mal embryo.

The embryo-growth and the cleavage rate was as-
sessed by counting the cell number per embryo accord-
ing to the air-drying technique of Tarkowski (1966).
Briefly, the embryos were swollen in drops of 0.9% so-
dium citrate for 8-10 min, transferred to cleaned slides
and fixed for 30 s by dropping methanol: acetic acid
(3:1 v/v) over the embryos. The cells were stained with
Giemsa solution (2:1, v/v, in PBS) for 10 min. The cy-
toplasm was dispersed leaving only chromatin behind.
The nuclei were examined under light microscopy.

Statistical analysis

The in vitro development was calculated as the num-
ber of embryos developed at 72 h over the total number
of 2-cell treated embryos (N). The quality of embryo
arrest was calculated as the number of 2-4 cell embryos
and/or morulae with any of the three types of detention
quality, over the total number of 2-cell treated embryos.
The morphologically abnormal embryo percentages
were calculated as the number of abnormal blastocyst
over the total number of 2-cell embryos. The differences
in these percentage comparisons were analyzed by Chi-
square test. The numbers of embryos (N) analyzed for
30 and 60 min were: HTF-control N= 111, Cat-control
N= 99 and 81, 50 μM H

2
O

2 
N = 83 and 75, 25 μM H

2
O

2

N= 102 and 86, 10 μM H2O2 N= 96 and 76, 5 μM H2O2

N= 92 and 81, respectively. The embryo differentiation
and the number of cells per embryo were calculated as
means and SEM, with n= 5-8 experimental replicates
or n = number of analyzed embryos, respectively. One-
way ANOVA and Dunnett test compared them. A p value
<0.05 was considered significant.

Results

Embryos were studied after 30-60 min treatment
with H2O2 followed by 72 h incubation in fresh medium.
For both exposition times, the quality and types of em-
bryos resulted similar. The HTF and catalase-control
groups had almost all embryos in the morphologically
normal blastocyst stage (Fig. 1A). Abnormal blastocysts
were those that presented fragmentation, lysis in the
trophoectoderm or in the inner cell mass and/or with
cavitation anomalies (Fig. 1B). Figure 1C shows nor-

FIGURE 2. Blastocyst development
Embryo development after exposition to dif-

ferent concentrations of hydrogen peroxide
(H. Perox.) for 30 and 60 min was evalu-

ated at 72 h of culture under a contrast mi-

croscope. The percentages (%) of blasto-
cysts were recorded. ***: p<0.001 versus

control groups, Chi-squared test.



mal blastocysts after incubation with 5 μM H2O2 and
almost any 2-cells embryo arrest. Exposition to moder-
ate H2O2 concentrations (10 and 25 μM) produced em-
bryo arrest type I, II and III; the 2 cells embryos ap-
peared intact or partially fragmented and/or lysed (Fig.
1D and 1E, respectively). However, 50 μM H2O2 arrested
the 2 cells embryos and all of them were fully lysed and
swollen (Fig. 1F).

The percentage of embryos developed at 72 h of
culture following exposure of 2-cell embryos for 30 and

60 min to different concentrations of H2O2  is shown in
Fig. 2. Percentages of blastocysts were significantly re-
duced after treatment with 10 μM H2O2 (p<0.001) and
there was almost any blastocyst with 25 and 50 μM H2O2,

either after 30 or 60 minutes of incubation as compared
to control groups (p<0.001). The analysis of the quality
the arrest embryos after 30 minutes of incubation (Table
1) showed that 25 and 50 μM H2O2 increased detented
2 cells embryos. While the highest concentration pro-
duced 100% of fully lysed 2 cells embryos (Type I), 25

FIGURE 3. Embryo differentiation

The grades of embryo differentiation were
analyzed at 72 h of culture following expo-

sure to different hydrogen peroxide (H.Perox.)
concentrations for 30 min. The blastocyst

types were quantified as: early (with initial

cavity), expanded (with expanded cavity) and
hatched blastocyst (extruded from the pellu-

cida zona). Values are expressed as the mean
± S.E.M, n= 5-8 replicates. *: p<0.05, **:

p<0.01, ***: p<0.001, versus control groups,

ANOVA, Dunnett test.

TABLE 1

Quality embryo arrest after 30 minutes of incubation

Controls 5 μM H
2
O

2
10 μM H

2
O

2
25 μM H

2
O

2
50 μM H

2
O

2

Stages of 4-cells 2-cells 2-cells 2-cells 2-cells

arrested Morulae Morulae Morulae

embryos Blastocysts

Arrest Type I 1 (0.9 %) 1 (0.01 %) 6 (6.2 %) 31 (30.3 %) 83 (100 %)

** ***

Arrest Type II 1 (0.9 %) 3 (3.2 %) 40 (41.6 %) 48 (47 %) 0

*** ***

Arrest Type III 1 (0.9 %) 1 (0.01 %) 20 (20.8 %) 17 (16.6 %) 0

*** ***

N 111 92 96 102 83

At 72 h of culture and after 30 minutes of exposition with different H2O2 concentrations, the quality of the arrested 2 cells
embryos was evaluated and classified as Type I, II and III by observation of the relative percentage of fragmented or lysed
cells and/or presence of cytoplasm vesicles, as described in materials and methods. The percentages of different embryo
stages and the types of arrest were recorded. ***: p<0.001, **:p<0.01, Chi Squared test, N = total number of embryos
analyzed.
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μM H2O2 increased percentages of  Types I, II and III of
arrested embryos as compared to the control (p<0.01
and p<0.001, respectively). Ten (10) μM H2O2 produced
significantly increased percentages of Type II and III
arrest (p<0.001) and low percentage of Type I, while 5
μM H2O2 did not elicit almost any type of embryo ar-
rest. These results suggest a differential effect and
mechanism of embryo arrest depending on the H2O2

concentration used for a short period of exposure.
The analysis of embryo differentiation grade is

shown in Figure 3. After 30 minutes of incubation, the
percentage of expanded and hatching/hatched blasto-
cysts were very signif icantly reduced with 10 and 25
μM H2O2 as compared to the control groups (p<0.01
and p<0.001, respectively). However, similar percent-
age of early blastocyst was found with 10 μM H2O2 as
compared to controls, although 25 μM H

2
O

2
 did sig-

nificantly reduce the quantity of the type of  blastocysts

(p<0.05). Treatment with 5 μM H2O2 did no affect any
of the embryo developmental stage studied.

Embryo morphology was studied after 30 min of
incubation with H2O2, and is shown in Figure 4. Al-
though 10 μM H

2
O

2 
exposition produced some blasto-

cyst, there was a significantly increased percentage of
morphologically abnormal blastocyst (p<0.05). Em-
bryos were not affected with 5 μM H2O2 as compared
to the control groups. The number of cells per embryo,
however, was unaltered with either 5 or 10 μM H

2
O

2
 as

compared to the control groups (Fig. 5).

Discussion

Oxidative stress, defined as an elevation in the
steady-state levels of ROS that exceed the body’s anti-
oxidant defenses (Agarwald et al., 2003), has been impli-

FIGURE 4. Embryo morphology

The quality of embryos developed at 72 h of

culture after 30 minutes of incubation with hy-
drogen peroxide (H.Perox.) was recorded as

the number of abnormal blastocysts (initial,
expanded or hatched) over the total number of

2 cells embryos. *: p<0.05 vs controls, Chi-

squared test.

FIGURE 5. Cleavage rate and embryo

growth
Following 30 minutes of incubation with differ-

ent hydrogen peroxide (H.Perox.) concentra-
tion, the growth of embryos and their cleavage

was analyzed by counting the number of cells

per embryo. The results are expressed as the
average number of cells, per embryo ± S.E.M.

Results were analyzed by Dunnett test.



cated in a number of different reproductive pathologies
such as endometriosis, folliculogenesis, abnormal oocyte
maturation, hydrosalpingeal fluid, necrozoospermia and
asthenozoopermia (Goto et al., 1993; Guerin et al.,
2001). The importance of the excessive production of
ROS in the aetiopathogenesis of male and female infer-
tility has been subject of a wide and intense analysis in
the last years. The role of oxidative stress in the patho-
genesis of early pregnancy losses, however, has not been
completely documented.

The present results shows that early preimplanta-
tion embryogenesis is severely affected after short time
exposition to ROS and that there were thresholds for
H2O2 concentration and time of exposition needed to
induce embryo arrest or dismorphogenesis.      Both, 30
and 60 minutes of exposition to H2O2 negatively affected
embryo development, resulting almost any blastocyst
with 25 and 50 μM H2O2 after 60 minutes of exposition
and 10 μM H2O2 incubation for 30 or 60 minutes pro-
duced very low blastocyst percentages. Embryo differ-
entiation, morphology and embryo growth (number of
cells per embryo) was, therefore, studied after H

2
O

2

exposition to 30 minutes.
While others authors reported that H2O2 concen-

trations higher than 60 μM were embryotoxic (Zhang,
2005), we found that the minimal deleterious concen-
tration of H

2
O

2
 was 10 μM after a exposition for 30

minutes because it was sufficient to block 70% of 2 cells
embryos for further development. This concentration
produced a partial developmental inhibition since some
embryos could reach the morula and expanded blasto-
cyst stage; unlikely this later stage resulted morphologi-
cally abnormal. Higher concentrations of H2O2 had
strong inhibitory effects on preimplantation develop-
ment since all 2 cells embryos were arrested and had
fully lysed blastomeres at 72 h of culture. These results
suggested a differential deleterious effect of H

2
O

2
 de-

pending on its levels. It is well known that the oxidative
stress is involved in cell damage produced by in vitro
culture. Some authors reported that the embryo deten-
tion at G2/M phase coincides with a rise in the level of
ROS and that cleavage rates in vitro of mouse embryos
can be increased by addition of ROS scavengers to the
culture medium (Nasr-Esfahani and Johnson, 1991;
Kuribayashi and Gagnon, 1996). Also, it was thought
that low concentrations of H2O2 derived from the sperm
suspension after an in vitro fertilization can reduce the
embryo development to blastocyst because ROS can be
latent up to 3 to 5 days later (Aitken et al., 1989). ROS
can be produced either from intracellular sources, such
as gametes or from extracellular ones, from environ-

mental factors. For instance, in the Assisted Reproduc-
tive Technology (ART), ROS can be generated in me-
dia during the preparation of semen, may increase within
embryos or can be produced during culture in  vitro
(Goto et al., 1993). Whether the increase of ROS from
embryos is due to intrinsic changes in embryo metabo-
lism or the result of a higher pO

2 
or other environmen-

tal factors remains to be elucidated. Indeed, zygotes
exposed to maternal heat stress had reduced embryo
development by increasing intracellular oxidative stress
(Orsi and Leese, 2001). Thus, ROS have an important
role in the pathogenesis of the embryo arrest, in abnor-
mal preimplantation embryo development and in early
pregnancy losses.

Early embryos are more sensitive to the exposition
time of an oxidative factor than somatic cells. There-
fore, while concentrations of 500 μM to 5 mM of H

2
O

2

for 15-30 minutes affect the somatic cellular morphol-
ogy producing oxidative effects such as rearrangements
of the microfilaments and membrane blebbing prior to
the cell death (Ozawa et al., 2002), very short-term ex-
position to ROS may be sufficient to induce detention
and abnormal preimplantation embryos. In the present
work, 10 μM H2O2 for 30 minutes resulted sufficient to
produce an adverse effect on embryo development.
Currently, incubation at shorter insemination times dur-
ing IVF are preferred because defective spermatozoa
can release ROS and produce subsequent oxidative dam-
age (Quinn et al., 1998). Reduction in the sperm-oo-
cyte incubation time and lower sperm concentrations is
recommended to minimize the development of oxida-
tive stress.

It is known that apoptosis is a normal feature in
preimplantation embryo development that plays an ac-
tive role in the developing embryo through the removal
of genetically or morphologically abnormal cells (Levy
et al., 2001). However, apoptosis rate may be affected
by environmental factors including culture conditions
and the composition of media (Brison, 2000).Studies
have demonstrated that developmental toxicants, in-
volved in pregnancy loss and gross structural anoma-
lies, induce excessive apoptosis shortly after treatment
(Toder et al., 2002). Increased ROS levels can affect
cell membranes, DNA, and mitochondria; these effects
appear to be mediated, at least in part, by deregulation
of the apoptotic cascade (Yang et al., 1998). Extensive
evidence suggest that high levels of H

2
O

2
 induce cell

death by apoptosis and/or necrosis in a variety of so-
matic cell systems depending on the concentration
(Forrest et al., 1994; Tada-Oikawa et al., 1999; Halliwell
and Aruoma, 1991; Wiese et al., 1995). Mouse and hu-
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man zygotes exposed to high H2O2 levels dysplayed cell
cycle arrest and cellular changes with apoptotic feature
(Yang et al., 1998; Liu et al., 2000). Although it was shown
that H2O2 -treated zygotes shrank, they did not show the
typical biochemical hallmarks of apoptosis during the first
48 h after treatment and only after 72 h of development
arrest they exhibited nuclear DNA fragmentation (Orsi
and Leese, 2001; Liu et al., 2000; Harmon et al., 1998).
We suggest that H2O2 inhibited and arrested the embryo
division and then the embryo underwent or not to frag-
mentation in a similar manner to the apoptotic process,
resulting at 72 h of culture in intact arrested 2cells em-
bryos or partially fragmented ones.

On the other hand, ROS can elicit apoptosis or
necrosis depending on their concentration. The high-
est levels studied, 50 μM H2O2 , could trigger a severe
membrane damage by intensive oxidation, leading to
immediately fully lyses, swollen and/or shrinkage blas-
tomeres. Since 2 cells embryos found at 72 h of cul-
ture were morphologically fully lysed, we suggest that
this high H2O2 concentration had a necrotic effect. If
the initial cell damage are moderate, it could be elic-
ited an apoptotic response and therefore fragmented
embryos appeared. The concentration of 25 μM H2O2

produced necrotic and some fragmented 2 cells em-
bryos. The fact that the arrested 2 cells embryos and
morulae exposed to 10 μM H

2
O

2 
were partially lysed,

fragmented and/or had cytoplasm vesicles, suggest that
this concentration produced a moderate damage at the
membrane level, and that might produce embryo ar-
rest and death by apoptosis rather than by necrosis.
Therefore, 10 μM H

2
O

2
 partially affected the 2 cells

embryos allowing some of them undergo for further
development, some embryos were arrested, and ap-
peared fragmented and some developed to morpho-
logically abnormal blastocysts. The fact that these blas-
tocysts developed at 72 h did not show a reduced cell
number, the timing of cell division appeared not to be
affected by H2O2, suggesting that an apoptotic process
could play a role in eliminating abnormal or defective
embryos early in the first cell cycle similarly to other
processes described (Jurisicova et al., 1998).

It is known that oxygen concentrations used dur-
ing in vitro culture not only can influence the embryo
development and the cell number, but also gene expres-
sion. In this regard, compacting bovine embryo cultured
under high oxygen tensions responded by altering the
gene expression (Harvey et al., 2004). Chromosome-
type aberrations were found in metaphase cells 24 h
after 10 min of 10-5-10-3 M concentration-H2O2 (Oya et
al., 1986). Also, embryos of poor quality with various

degrees of fragmentation were found to have a higher
incidence of cytogenetic abnormalities than embryos of
good morphology (Pellestor et al., 1994). We think that
a similar process could be elicited by H2O2 on the em-
bryonic nuclei and that abnormal morphology of blas-
tocysts may be associated with gene and/or chromo-
somal alterations. All these questions make the ROS
exposition an important cause of congenital abnormali-
ties, impaired gestation, early pregnancy losses and/or
reproductive disorders that are commonly associated to
unexplained infertility.

Finally, oxidative stress plays a significant role in
the outcome of Assisted Reproductive Technology
(ART). Many factors originated mainly from the exter-
nal environment where the gametes and/or embryos are
manipulated, can contribute to increase ROS during
these procedures. For these important reasons, utmost
cares should be taken to avoid inducing excessive ROS
production. Efficient technical and quality control mea-
sures should be adopted for sperm preparation, labora-
tory environment should be optimized and proper cul-
ture media be selected in relation with ROS content and
production. Additional studies are still needed to evalu-
ate the use of antioxidants in an ART setting.

Although natural or in-vivo gamete damage induced
by ROS is difficult to demonstrate (Agarwald et al.,
2003) because ROS levels are not normally measured
(Goto et al., 1993), experimental procedures as the
present contribute to demonstrate an association between
early ROS exposition, oxidative stress and impaired
embryo development. Our results show that exposure
of early embryos to low levels of H

2
O

2
 for very short

times produced deleterious effects on further embryo
differentiation and that H2O2 induced cell cycle arrest
with morphological characteristics similar to apoptosis
or necrosis. High levels of H2O2 may induce necrosis
while mild exposition may induce apoptosis. In absence
of a severe effect, ROS exposition produced abnormal
embryo morphogenesis at later preimplantation devel-
opmental stages. Future studies will allow elucidate the
exact molecular mechanisms by which ROS induce oxi-
dative stress, cellular damage and embryo arrest during
early preimplantation development, and help to ascer-
tain antioxidative therapies for treatment of infertility
and /or early pregnancy losses.

Aknowledgements

The authors would like to thank to PLACIRH for
supporting the Fellow Research to Elisa Cebral. This
work was supported by Grant FONDECYT 1990780.



References

Agarwald A, Saleh RA, Bedaiwy MA (2003). Role of reactive oxy-
gen species in the pathophysiology of human reproduction.
Fertil Steril. 79: 829-843.

Aitken J (1994). A free radical theory of male infertility. Reprod
Fertil Dev. 6: 19-24.

Aitken RJ, Clarkson JS, Fishel S (1989). Generation of reactive
oxygen species, lipid peroxidation and human sperm func-
tion. Biol Reprod. 41: 183-194.

Aitken RJ, Harkiss D, Buckingham DW (1993). Analysis of lipid
peroxidation mechanisms in human spermatozoa. Mol Reprod
Dev. 35: 302-315.

Attaran M, Pasqualotto E, Falcone T, Goldberg JM, Miller KF,
Agarwal A, Sharma RK (2000). The effect of follicular fluid
reactive oxygen species on the outcome of in vitro fertiliza-
tion. Int J Fertil Womens Med. 45(5): 314-320.

Bedaiwy MA, Falcone T, Sharma RK, et al. (2002). Prediction of
endometriosis with serum and peritoneal fluid markers: a pro-
spective controlled trial. Human Reprod. 17: 426-431.

Bedaiwy MA, Falcone T, Mohamed S, et al. (2004). Differential
growth of human embryos in vitro: role of reactive oxygen
species. Fertil Steril. 82: 593-600.

Brison DR (2000). Apoptosis in mammalian preimplantation em-
bryos: regulation by survival factors. Human Fertil (Camb),
3(1): 36-47.

Forrest VJ, Kang YH, McClain DE, Robinson DH, Ramakrishnan
N (1994). Oxidative stress-induced apoptosis prevented by
trolox. Free Radical Biol Med. 16: 675-684.

Goto Y, Noda Y, Mori T, et al. (1993). Increased generation of reac-
tive oxygen species in embryos cultured in vitro. Free Radic
Biol Med. 15: 69-75.

Goto Y, Noda Y, Narimoto K, et al. (1992). Oxidative stress on
mouse embryo development in vitro. Free Radic Biol Med.
13(1): 47-53.

Goyanes VJ, Ron-Crozo A, Costas E, et al. (1990). Morphometric
categorization of the human oocyte and early conceptus. Hu-
man Reprod. 5: 69-75.

Guerin P, El Mouatassim S, Menezo Y (2001). Oxidative stress and
protection against reactive oxygen species in the preimplan-
tation embryo and its sorroundings. Human Reprod Update
7: 175-189.

Halliwell B, Aruoma OI (1991). DNA damage by oxygen-derived
species. Its mechanism and measurement in mammalian sys-
tem. FEBS Lett. 281: 9-19.

Harmon BV, Winterford CM, O’Brien BA, Allan DJ (1998). Mor-
phological criteria for identifying apoptosis. In: Cell Biology:
A laboratory Handbook (second edition). Vol. I. Celis JE (ed).
San Diego: Academic Press, pp. 327-339.

Harvey AJ, Kind KL, Pantaleon M, Armstrong DT, Thompson JG
(2004). Oxygen-regulated gene expression in bovine blasto-
cysts. Biol Reprod. 71(4): 1108-1119.

Iwasaki A, Gagnon C (1992). Formation of reactive oxygen spe-
cies in spermatozoa of infertile patients. Fertil Steril. 57:
409-416.

Jurisicova A, Rogers I, Fasciani A, Casper RF, Varmuza S (1998).
Effect of maternal age and conditions of fertilization on pro-
grammed cell death during murine preimplantation embryo
development. Mol Human Reprod. 4: 139-145.

Kuribayashi Y, Gagnon C (1996). Effect of catalase and thioredoxin
addition to sperm incubation medium before in vitro fertili-
zation on sperm capacity to support embryo development.
Fertil Steril. 66(6): 1012-1017.

Levy RR, Cordonier H, Czyba JC, Guerin JF (2001). Apoptosis in
preimplantation embryo and genetics. Ital J Anat Embryol.
106 (2 suppl 2): 101-108.

Liu L, Trimarchi JR, Keefe DL (2000). Involvement of mitochon-
dria in oxidative stress-induced cell death in mouse zygotes.
Biol Reprod. 62: 1745-1753.

Nasr-Esfahani MH, Johnson MH (1991). The origin of the reactive
oxygen species in  mouse culture in vitro. Development. 113:
551-560.

Nasr-Esfahani MH, Aitken JR, Johnson MH (1990). Hydrogen perox-
ide levels in mouse oocytes and early cleavage stage embryos
developed in vitro or in vivo. Development. 109: 501-507.

Orsi MN, Leese HJ (2001). Protection against reactive oxygen spe-
cies during mouse preimplantation embryo development: role
of EDTA, oxygen tension, catalase, superoxide dismutase and
pyruvate. Mol Reprod Dev. 59(1): 44-53.

Oya Y, Yamamoto K, Tonomura A (1986). The biological activity
of hydrogen peroxide. I. Induction of chromosome-type aberra-
tions susceptible to inhibition by scavengers of hydroxyl radicals
in human embryonic fibroblasts. Mutat Res. 172(3): 245-253.

Ozawa M, Hirabayashi M, Kanai Y (2002). Developmental compe-
tence and oxidative state of mouse zygotes heat-stressed ma-
ternally or in vitro. Reproduction 124(5): 683-689.

Pellestor F, Girardet A, Andreo B, Arnal F, Humeau C (1994). Re-
lationship between morphology and chromosomal constitu-
tion in human preimplantation embryos. Mol Reprod Dev. 39:
141-146.

Quinn P, Lydic ML, Ho M, Bastuba M, Hendee F, Brody SA (1998).
Confirmation of the beneficial effects of brief coincubation
of gametes in human in vitro fertilization. Fertil Steril. 69:
399-402.

Sharma RK, Agarwald A (2004). Role of reactive oxygen species
in gynecologic diseases. Reprod Med Biol. 3: 177-199.

Tada-Oikawa S, Oikawa S, Kawanishi M, Yamada M, Kawanishi S
(1999). Generation of hydrogen peroxide precedes loss of
mitochondrial membrane potential during DNA alkylation-
induced apoptosis. FEBS Lett. 442: 65-69.

Tarkowski AK (1966). An air drying method for chromosome prepa-
rations from mouse eggs. Cytogenetics (Basel). 5: 394-400.

Toder V, Carp H, Fein A, Torchinsky A (2002). The role of pro- and
anti-apoptotic molecular interactions in embryonic maldevel-
opment.  Am J Reprod Immunol. 48(4): 235-244.

Wiese AG, Pacifici RE, Davies KJA (1995). Transient adaptation
to oxidative stress in mammalian cells. Arch Biochem Biophys.
318: 231-240.

Yang HW, Hwang KJ, Kwon HC, Kim HS, Choi KW, Oh KS (1998).
Detection of reactive oxygen species (ROS) and apoptosis in
human fragmented embryos. Human Reprod. 13(4): 998-1002.

Zhang X, Sharma RK, Agarwal A, Falcone T (2005). Effect
of pentoxifylline in reducing oxidative stress-induced
embryotoxicity. J Assist Reprod Genetics. 22(11/12): 415-417.

Zorn B, Vidma G, Meden-Vrtovec H (2003). Seminal reactive oxy-
gen species as predictors of fertilization, embryo quality and
pregnancy rates after conventional in vitro fertilization and in-
tracytoplasmic sperm injection. Int J Androl. 26(5): 279-285.





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.284 858.898]
>> setpagedevice


