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Abstract— In this study the effects of hydrogen peroxide (H2O2) on developmental competence of oocytes were evaluated in 
ovine model. In vitro maturation was performed in presence of various concentrations (0, 10, 100, or 1000 µM) of H2O2. 
Levels of intracellular glutathione (GSH), embryonic cleavage, and blastocyst formation following in vitro fertilization (IVF) 
were determined. When oocytes treated with 10 µM H2O2, a higher GSH level was observed in comparison with the control 
group, however oocytes exposed to 1000 µM H2O2 indicated the lowest GSH level. A higher rate of blastocyst formation was 
also observed in 100 µM H2O2 group as compared with the control group. Our results show that H2O2 treatment during IVM 
had a beneficial effect on embryonic development in vitro.  
 
Index Terms— Blastocyst, GSH level, Hydrogen peroxide (H2O2), Oocyte 
 
I. INTRODUCTION 
 
Incompetent oocytes/embryos at various 
developmental stages are exposed to elevated levels of 
endogenous superoxide anion radicals and hydrogen 
peroxide (H 2O2) production, which are responsible 
for mitochondrial damage, subsequent caspase 
activation, and finally apoptosis [1]. Exogenous 
H2O2, if not inactivated, is converted into highly 
reactive ROS such as hydroxyl radical and reactive 
nitrogen species such as peroxynitrite [2]. In previous 
studies in cattle and mice model of pre-implantation 
embryonic development, H2O2 supplementation to 
zygotes, 9- to 16-cell stage embryos, or blastocysts was 
shown to be detrimental for embryo development, 
causing excessive fragmentation and apoptosis [3-4]. 
Nevertheless, data from recent studies [5-6] indicate 
that in some cases, a short term period of stress can be 
beneficial to oocytes during maturation: 30–120 min 
of hydrostatic pressure improved porcine embryo 
development after activation, after vitrification and 
after handmade cloning [7].  
Therefore, the aim of the present study was to test the 
impact of short-term exposure of mature 
cumulus–oocyte complexes (COCs) to different 
concentrations of H2O2 on further preimplantation 
embryo development in an ovine model.    
 
II. MATERIALS AND METHODS 
 
All chemicals and media used in this study were 
purchased from the Sigma–Aldrich Corporation (St. 

Louis, MO, USA) and Gibco (Grand Island, NY, 
USA), except where noted. 
Collection of ovaries 
Ovaries were collected from ewes at a local abattoir 
during the non-breeding season and transported to the 
laboratory within 2–3 h in saline solution at a 
temperature of approximately 35-37°C. 

 
Oocyte collection 
Cumulus-oocyte complexes (COCs) were isolated 
from follicles using the slicing method. Only oocytes 
completely surrounded by compact and thick cumulus 
were randomly selected and used for the experiments.  

 
In vitro maturation (IVM) 
COCs were washed three times in TCM-199 medium, 
supplemented with 20 mM HEPES and 0.4% (w/v) 
bovine serum albumin (BSA), and three times in a 
maturation medium consisting of TCM-199 
supplemented with 25 mM NaHCO3, 0.6% [w/v] fatty 
acid-free BSA, FSH (5 µg/ml), LH (5 µg/ml), 
17β-estradiol (1 µg/ml), and EGF (20 ng/ml). A group 
of 10 COCs were cultured per 50 µl drops of 
maturation medium in 30 mm petri dishes for 24 h at 
38.5°C in 5% CO2, 5% O2, and 90% N2 of 
humidified air. 

 
Measurement of intracellular GSH content 
Intracellular GSH content was measured as described 
as describing here. Immediately after IVM, a group of 
COCs were denuded and incubated in Tyrodes 
medium plus 5 mg/ml poly-vinyl alcohol containing 
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10 µM Cell Tracker blue for 30 min. The oocytes were 
subsequently washed in mPBS, placed into 10 µl 
droplets, observed under an epifluorescence 
microscope (Nikon, Tokyo, Japan) with UV filters, 
and then all fluorescent images (Figure 1) were 
recorded as graphic files.  
Image J software was used for oocyte fluorescence 
intensities analysis. 

 
Figure 1 The oocytes shown for the intracellular GSH content 

after IVM based on fluorescence intensity (pixel/oocyte). 
 
In vitro fertilization 
After IVM, a number of COCs were washed two times 
in HEPES-buffered synthetic oviductal fluid (HSOF) 
and 10 COCs were placed in 44 µl drops overlaid with 
equilibrated mineral oil.  
The fertilization medium was SOF supplemented with 
4 IU/ml heparin, PHE (20 µM penicillamine, 10 µM 
hypotaurine, 1 µM epinephrine), and 2% (v/v) estrous 
sheep serum. Frozen sperm in straws 
(NAHADEHAYE DAMI JAHED, Tehran, Iran) were 
thawed and used for in vitro fertilization.  
To separate the viable sperm for in vitro fertilization, a 
swim up method was applied and high quality sperm 
was added to COCs at a concentration of 2×106 
spermatozoa/ml in fertilization drops.  
Oocytes and sperm were incubated together for 
approximately 18 h under mineral oil at 39°C, 5% 
CO2, 5% O2, and 90% N2 in air with maximum 
humidity.  

 
In vitro culture 
Following either activation or in vitro fertilization, 
presumable zygotes were after 20 h freed from excess 
sperm and cumulus cells. After three times washing in 
CR1aa medium, presumable zygotes were cultured in 
CR1aa medium supplemented with 10% FBS for 8 
days at 38.5°C in a humidified incubator with 5% O2, 
5% CO2, and 90% N2. The cleavage rate and 
blastocyst rate were recorded at days 3 and 8 of 
culture, respectively. The day of 
activation/fertilization was considered day 0. 

 
Experimental design  
Experiment 1. Effects of exogenous H2O2 in 
maturation media on oocyte GSH level 
H2O2 was added to the pyruvate-free maturation 
medium after 23 h of maturation, for 1 h. The 
concentrations of 0 (Control Negative; C-), 10 (H-10), 
100 (H-100), and 1000 (H-1000) µM H2O2 have been 
chosen for use in this experiment.  

A group of oocytes also cultured in maturation 
medium without exposure to the H2O2 in presence of  
pyruvate for 24 hours (Control Negative; C+).   
 
Experiment 2. Effects of exogenous H2O2 in 
maturation media on oocyte developmental potential 

To determine whether H2O2 has positive effects on 
subsequent embryos, matured COCs from C+, C-, 
H-10, H-100, and H-1000 groups were fertilized, and 
cultured in vitro.  

Rates of cleavage and blastocyst development were 
recorded and compared between the groups.  
 
Statistical analyses 

All statistical analyses were conducted using SAS 
software (SAS Institute Inc., Cary, NC, USA). Results 
are expressed as mean ± SEM of at least three 
independent replicates. A probability of P ≤ 0.05 was 
considered to be significant. 
 
III. RESULTS 
 
Treatment with 10 μM H2O2 resulted in highest (P ≤ 
0.05) GSH level while 1000 µM H2O2 resulted in 
lowest (P ≤ 0.05) GSH level when compared with 
control group (Figure 2).  

 

 
Figure 2 Effect of H2O2 on intracellular GSH content of ovine 

oocyte after in vitro maturation. 
 

The cleavage rate was similar (P ≥ 0.05) between 
H2O2-treated groups (except H-1000 group) 
compared to the control group. The cleavage rate in 
H-1000 group was lowest (P ≤ 0.05) as compared with 
other groups.  
In addition, our data revealed that oocytes from 100 
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μM H2O2 group produced more (P ≤ 0.05) blastocyst 
in comparison with control group (Table 1). 

 
Table 1. Effect of different H2O2 concentrations on embryonic 
developmental potential of sheep oocytes after IVF (cumulative 

results of four replicates). 

 
a,b,cDifferent superscripts within the columns indicate 
a significant difference (P < 0.05). 
 
DISCUSSION 
 
Short-term exposure of mature COCs to high 
concentrations of H2O2 induced stress tolerance 
during further development visualized by enhanced 
embryo development.  

The positive effect on embryo development could 
not be explained by higher GSH levels in mature 
oocytes [7]. Most studies investigating the effect of 
exogenous H2O2 supplementation during in vitro 
culture showed a negative effect on embryo 
development at different stages of development.  

In contrast, 9- to 16-cell bovine embryos were 
described to be refractory to H2O2 concentrations 
between 0.1 and 10 mM, and exposure of oocytes to 
superoxide radicals generated by the 
hypoxanthine–xanthine system during the first hour 
of maturation led to improved development of day 6 
morulae [5]. Short-term H2O2-incubated oocytes 
might experience a transient stress resistance 
resulting in increased embryo development and better 
protection against embryonic apoptosis.  

Similar finding were reported after hydrostatic 
pressure/osmotic stress of oocytes, which direct 
further research to the common molecular background 
of stress tolerance, with HSP and HIF being the first 
candidate molecules [7].   
 
CONCLUSION 
 
In conclusion, short-term exposure of ovine oocytes to 
H2O2 at the end of the maturation period had no 
detrimental effect on GSH level, although embryo 
development to the blastocyst stage was stimulated.  
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