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ABSTRACT 
Oxidative stress (OS) has been recognized as an effective reason for decreasing the outcome of assisted 

reproductive technology (ART). The supplementation of antioxidants in culture medium has been used widely 

to improve the in vitro fertilization (IVF) in many species. This study was conducted to evaluate the effect of 

cysteamine (CYS) or ascorbic acids (AA) (either in combination or individually) as antioxidants in all stages of 

bovine IVF,  particularly on in vitro oocytes maturation, cleavage rate and subsequent development of 

blastocysts. We found that adding of 100 µM CYS or 200 mM AA significantly (p<0.05) improved the bovine 

oocytes maturation compered to control group, while using of CYS plus AA didn’t improve the oocytes 

maturation compared  to CYS or AA groups.  The same dose of CYS or AA (either in combination or 

individually) didn’t improve the cleavage rate but CYS and CYS plus AA significantly (p<0.05) induced the early 

cleavage (≤ 24 h after IVF) and formation of 2 cells embryos compered to AA and control groups. The 

supplementation of CYS or AA (either in combination or individually) to culture medium significantly (p<0.05) 

improved the blastocyst rate after IVF and also prolonged the viability of blastocysts till day ninth from IVF in 

CYS and CYS plus AA groups compared to AA and control groups. In conclusion, the supplementation of in 

vitro culture medium with antioxidant CYS or AA improve the bovine IVF and subsequent production of 

blastocyst compared to control group but the combination between them did not improve bovine IVF 

compared to control group. 
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INTRODUCTION 

The assisted reproductive technologies (ART) are 
regarded as one of the modern technologies that 
are widely used for improvement the reproduction 
in human and animals. In addition, it has been 
used in treating many cases of infertility which 
may happen during the reproductive life [1]. 
The in-vitro embryos production is affected by 
many factors which could effectively contribute to 
the reduction the success rate of ART. Reactive 
oxygen species (ROS) is one of the harmful causes 
that could be generated during stages of in vitro 
embryo production especially during IVF [2, 3]. 
The production of ROS like hydrogen peroxide 
(H2O2)  , superoxide anion (O2

-), hydroxyl radical 
(OH-), singlet oxygen and alpha-oxygen during 
IVF has a close relationship with quality and 
viability of produced embryos [2-4]. During IVF 
process, of in-vitro produced embryos, H2O2 

could be generated at a high concentrations 
leading to degeneration followed by apoptosis of 
these embryos [2-5].    
In general, ROS can lead to harmful oxidative 
changes for the cellular structure followed by 
indirect fragmentation for DNA, lipid 
peroxidation, protein oxidation, and 
mitochondrial destruction; which may lead to 
regression in embryonic development [4, 6, 7].  

In vivo, there are intrinsic mechanisms for 
protection the oocytes and embryos against the 
ROS. This include many types of antioxidants like 
hypotaurine, taurine and AA. The effect of these 
antioxidants is vital inside follicular, oviductal, 
and uterine fluid [4].  In addition, there are other 
self-protection mechanisms in embryos  that 
involves enzymatic and non-enzymatic 
mechanisms. The enzymatic mechanisms includes 
superoxide dismutase (SOD), catalase (CAT), 
glutathione peroxidase (GPx) and gamma 
glutamylcysteine synthetase (GCS) [2-7]. Whereas 
the non-enzymatic mechanism includes vitamin 
C, vitamin E, plant polyphenol, carotenoids, and 
glutathione which control the cellular redox 
balance and provide a protection against ROS 
and maintain a normal embryonic development 
[8, 9]. 
Many researchers suggested that the 
supplementation of antioxidants in the culture 
medium could regulate the cellular redox balance 
and provide appropriate condition to improve the 
embryonic development [10-13]. Several 
enzymatic and non- enzymatic antioxidants have 
been studied to improve embryonic development. 
Addition of SOD, CAT or thioredoxin (TRX) 
(enzymatic free radical scavenger) has been 
reported to enhance  embryos development by 
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scavenging the free radicals and protecting the 
embryos from the oxidative stress and 
subsequently improve the embryonic development 
in mouse [14], pig [15] and cow [5].  
Supplementation of vitamins like β-carotene,  α-
tocopherol, vitamin C and polyphenols to culture 
medium had a positive effect for development of 
in vitro produced embryos in mouse [16], pig [17] 
and cow [18]. 
CYS is one of the thiol compounds that is 
successfully used in in- vitro oocytes maturation by 
acting as a scavenger for ROS and maintain the 
cellular redox balance for suitable conditions for 
embryo development [19, 20]. The 
supplementation of CYS in maturation medium 
provided an increase in the level of intracellular 
glutathione (GSH) in mature oocytes and 
improved embryo development rates [21]. GSH is 
a non-protein sulphydryl compound that protects 
the cells and oocytes from oxidative damage as 
well as it has an effect on amino acid 
transportation, DNA and protein synthesis and 
reduction of disulfides [22]. 
AA (vitamin C) is a water soluble vitamin which 
acts as antioxidant to scavenge the ROS and 
protects against the harmful effects of ROS and 
free radicals on cells. Many studies revealed the 
ability of ascorbic acid to protect the cellular 
membrane and other cellular structures from lipid 
peroxidation by regenerating the antioxidant form 
of vitamin E (α-tocopherol) by donating electrons 
to the α-tocopheroxyl radical. In addition, AA 
reduced coenzyme Q which interacts with α-
tocopherol to create the antioxidant ability [23, 
24). AA successfully used as antioxidant in IVF to 
improve oocytes maturation and blastocysts 
production [25, 26].   
Limited  studies were conducted to examine the 
effect of a combination of two antioxidants on IVF 
and embryo production, so we designed this 
study to investigate the effect of two well-known 
antioxidants, CYS and AA either alone or together 
on all stages of bovine IVF and their effects on 
maturation, cleavage and blastocyst rate.   
 

MATERIALS AND METHODS  

Media and reagents 

All chemicals and media were obtained from 
Sigma Chemical company (St. Louis, MO, USA) 
and Gibco (Invitrogen Corporation, Grand Island, 
NY, USA), respectively. All the experiments were 
carried out in the central laboratory, university of 
Basrah, college of veterinary medicine.   
Recovery and in vitro maturation of bovine 

oocytes 

Immature bovine cumulus  oocytes complexes 
were aspirated from 4-8 mm follicles of 
slaughterhouse ovaries by using 18 gauge needle 

connected with syringe. The recovered oocytes 
were transferred into tissue culture medium 199 
(H-TCM199) supplemented with 10% fetal bovine 
serum (FBS). Oocytes with clear cytoplasm and 
with many layers of cumulus cells were selected 
for in vitro maturation, and incubated for 20 h 
according to [27] in tissue culture medium 
supplemented with 2.5 mM sodium pyruvate, 10 
µg/ml LH, 10 µg/ml FSH, 1 µg/ml estradiol–17β, 
100 ng/ml insulin-like growth factor (IGF), 100 
ng/ml epidermal growth factor (EGF) and 10% 
FBS at 38.5 °C, 5% CO2 and maximum humidity. 
In vitro embryo production  

Frozen bovine semen straws (HO Health, USA; 
0.5ml) were thawed in room temperature. Sperm 
capacitation was induced by kept semen in 
Tyrode’s albumin lactate pyruvate medium at 
38.5 oC under 5% CO2 in maximum humidity for 
30-40 min [28]. For in-vitro fertilization (IVF), 
approximately 5x103 capacitated sperms were 
transferred for each matured oocyte into 50 µl 
drops of fertilization medium which is modified 
fert-TALP medium containing 0.2 mM 
penicillamine, 0.1 mM hypotaurine, 6 mg/ml 
bovine serum albumin (BSA) and 10µg/ml 
heparin for 18–20 h at 38.5 °C under 5% CO2 in 
humidified air overlaid with mineral oil [29]. After 
that, the cumulus cells were denuded by vortexing 
the presumptive zygotes  in TCM supplemented 
with 1mg/ml polyvinyl alcohol (PVA) and 6mg/ml 
BSA for 3 min. Thereafter, they were cultured into 
20 µl drops of culture medium comprising 
modified synthetic oviduct fluid (mSOF) 
supplemented with 8 mg/ml BSA at 38.5 oC 
under  5% CO2 overlaid with mineral oil for 7 
days [28].  
Experimental design   

In order to study the effect of antioxidants in all 
stages of bovine IVF, 100 µM/ml CYS according 
to [27] (group 1) or 200 µM AA according to [25] 
(group 2 ) were used with maturation medium, 
IVF medium and in vitro culture medium to 
evaluate the effect of each one on oocyte 
maturation, cleavage and blastocyst rate 
respectively. These were compared with a 
combination of  100 µM/ml CYS plus 200 µM AA 
(group 3) and control group which was not 
supplemented with antioxidants. Oocyte 
maturation was recorded through the presence of 
cumulus expansion as well as the presence of first 
polar body. The cleavage rate was assessed 
according to the number of oocytes which cleaved 
and formed 2 cells embryo. The occurrence of the 
cleavage at ≤24 h (early cleavage) or >24 h 
(late cleavage) after IVF was also assessed 
according to classifications of [30]. Blastocyst rate 
was recorded according to the number of 
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blastocyst which produced from cleaved oocytes 
after 6-7 days incubation inside culture medium. 
 

Statistical analysis 

The data of this study were analysed by one-way 
ANOVA model of SPSS version 20 (SPSS Science, 
Chicago, IL, USA). Differences were compared by 
Tukey's multiple-comparison post hoc test. All 
data were presented as means ± SEM and the 
differences were considered as significant at P < 
0.05. 
 

RESULTS 
The presence of CYS plus AA in maturation 
medium showed a significant (p<0.05) increase 
in the number of matured oocyte (81.72±1.62%)  
compared to control groups (61.03±4.77%)  

(Table 1). The presence of combination of two 
antioxidants (CYS plus AA) didn’t show any 
improvement in the maturation rate compared to 
using one antioxidant (CYS or AA) (Table 1). 
The addition CYS plus AA in the IVF medium had 
no clear effect on cleavage rate (71.05±2.87%) 
compared to control group (74.46±3.98%) 
(Table 1). There was no difference in the cleavage 
rate when antioxidants (CYS and AA) were used 
individually or together compared with control 
group (Table 1).  
Supplementation of antioxidants significantly 
(p<0.05)  improved the blastocyst rate in all 
groups (cysteamine, AA and CYS plus AA) 
(24.48±1.93, 23.91±4.65 and 24.07±2.74%) 
respectively compared to control group 
8.57±0.68% (Table 1).    

 
Table 1: Maturation, cleavage and blastocyst rates after supplementation of antioxidants (CYS and 

AA) together or individually in maturation, IVF and culture medium 

Groups 
Oocytes             

no. 
Maturation rate 

no. (%±SEM) 
Cleavage rate    

  no. (%±SEM) 
Blastocyst rate 

no. (%±SEM) 

Cysteamine 89 72 (80.89±2.17)a 49 (68.05±3.81)a 12 (24.48±1.93)a 

Ascorbic acid 86 67 (77.90±2.72)a 46 (68.65±1.21)a 11 (23.91±4.65)a 

Cysteamine + 
Ascorbic acid 

93 76 (81.72±1.62)a 54 (71.05±2.87)a 13 (24.07±2.74)a 

Control 77 47 (61.03±4.77)b 35 (74.46±3.98)a 3 (8.57±0.68)b 

Data are presented as number (percentage ± SEM). ab Different letters within each column indicate 
significant difference ( p < 0.05) 
 
The results showed that the incidence of cleavage 
at ≤ 24 h from IVF (early cleavage) was 
significantly (p<0.05) greater in CYS and CYS 
plus AA groups (63.37±2.13, 61.18±1.79%) 
respectively compared with AA and control 
groups  (45.53±3.43, 42.60±1.83%) 
respectively (Table 2, Figure 1). 

The current study revealed that the early cleavage 
(≤ 24 h post IVF) significantly had a tendency to 
form blastocyst in all groups ( cysteamine, 
ascorbic acid, CYS plus AA and control) 29.29± 
2.02, 33.13± 2.57,  30.45± 3.28 and 20.55± 
2.42% respectively compared to late cleavage (> 
24 h after IVF) 16.98± 1.65, 15.74± 3.91, 
14.48± 1.20 and 0.0% respectively  (Figure 2). 

 
Table 2: Early and late cleavage rates after supplementation of antioxidants (CYS and AA) together 

or individually  in in-vitro fertilization medium 

Groups 
Cleavage rate 

no. (%±SEM) 
Early cleavage 

no. (%±SEM) 
Late cleavage 

no. (%±SEM) 

Cysteamine 49 (68.05±3.81)a 31 (63.37±2.13)a 18 (36.63±2.13)a 

Ascorbic acid 46 (68.65±1.21)a 21 (45.53±3.43)b 25 (54.47±3.43)b 

Cysteamine + 
Ascorbic acid 

54 (71.05±2.87)a 33 (61.18±1.79)a 21 (38.82±1.79)a 

Control 35 (74.46±3.98)a 15 (42.60±1.83)b 20 (57.40±1.83)b 

Data are presented as number (percentage ± SEM). ab Different letters within each column indicate 
significant difference ( p < 0.05). 
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Fig.1: Early and late cleavage rates after supplementation of antioxidants (CYS and AA) together or 

individually  in IVF medium 
 

 
Fig.2: Blastocyst rate in early and late cleavage after supplementation of antioxidants (CYS and 

ascorbic acid) together or individually  in IVF medium 
 
Moreover, this study revealed the ability of CYS plus AA and CYS groups significantly (p< 0.05) to 
maintain the viability of blastocysts till the day ninth from IVF compared to AA and control groups which 
showed their ability to maintain the viability of blastocysts till day 6th- 7th  from IVF (Figure 5).  
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Fig.3: Blastocyst viability till day 9th post IVF after supplementation of antioxidants (CYS plus AA, 

CYS and AA) in  in-vitro culture medium 
  
DISCUSION    

Several studies have been done to improve the in 
vitro production of embryos in human and 
animals. Many researchers proved that the 
supplementation of antioxidant in one or more 
steps during IVF had a positive role for 
improvement of the in vitro oocyte maturation 
and consequently the embryo production [3, 5, 
10, 11, 15].  
In the current study, we showed that using of 
antioxidants )cysteamine, AA and CYS plus AA( 
during in vitro oocyte maturation  improved  
production of mature oocytes compared to control 
group. Previous studies have shown that the ROS 
produced during in vitro maturation had a 
negative effect on oocytes maturation [5,10, 11]. 
The formation of free radicals during in vitro 
oocytes maturation is induced by autoxidation of 
glucose which lead to a biochemical 
modifications for the oocytes leading to 
degeneration [31-33]. The exposure of oocytes to 
high concentration of glucose affect the 
expression of g-glutamylcysteine synthetase, 
which impairs the intracellular synthesis of 
glutathione which is important for scavenge the 
ROS (34, 35).  
CYS is successfully used as a ROS scavenger in 
the in vitro maturation medium to improve 
oocytes maturation rates [19-22], which is 
consistent with our results. The addition of CYS in 
maturation medium induced an increase in the 
level of GSH in mature oocytes [21]. GSH plays 
an important role to protect the oocytes from 
oxidative damage, transportation of amino acid, 
DNA and protein synthesis and reduction of 
disulphide bonds [22]. As well as cysteamine, AA 
is commonly used as antioxidant to protect the 

oocytes from the effect of ROS [23-26], which is 
consistent with our results. AA showed an ability 
to protect the oocyte structures from lipid 
peroxidation by regenerating the antioxidant form 
of α-tocopherol through donating electrons to the 
α-tocopheroxyl radical, and its ability to reduced 
coenzyme Q which interacts with α-tocopherol to 
create the antioxidant ability [23, 24].   
In vitro bovine oocytes maturation with 
combination of CYS plus AA failed to improve the 
maturation rate compared with using them 
individually. The presence of either CYS or AA 
was enough to scavenge the free radicals and 
protect the oocytes from the harmful effect of 
oxidative stress that is produced during in vitro 
maturation. These findings  are  inconsistent with  
[36, 37] that showed a positive relationship 
between the combination of antioxidants and the 
maturation rates. These differences in results may 
be related to the type of antioxidants as well as 
the synergistic effect among these antioxidants.        
The results of this study revealed that the 
supplementation of CYS and AA individually or as 
a combination of in IVF medium didn’t improve 
the cleavage rate and the formation of  2 cells 
embryos. These results conflicted with [5, 10]. This 
result may be related to the interference between 
the antioxidant and sperm capacitation. One of 
the main process for fertilization is sperm 
capacitation. This process involves morphological 
and biochemical changes in the plasma 
membrane of sperm, which are associated with 
the removal of cholesterol, thus leading to an 
increase in membrane fluidity, calcium influx and 
cAMP levels [38, 39]. Another report 
demonstrated that ROS play a role in the 
fertilizing capacity in spermatozoa [40], and 
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demonstrated that O-
2 is required for the 

capacitation process and that a low concentration 
of H2O2 participates in enzymatic and membrane 
modifications, leading to the induction of the 
acrosome reaction in cryopreserved bovine 
spermatozoa [41]. 
At the same time this study demonstrated a 
significant increasing in the incidence of early 
cleavage (≤ 24 h) from IVF in CYS and CYS plus 
ascorbic acid groups compared to ascorbic acid 
and control group . Previous studies on in vitro 
produced embryos indicated a clear relationship 
between time of cleavage and embryo 
development [42, 43]. Accordingly, early cleaved 
oocytes (≤ 24 h from IVF) had higher 
developmental competence compared with 
intermediate (24-36 h post IVF) and late cleaved 
(36-44 h post  IVF) groups. These findings are in 
consistence with our results which showed highly 
blastocyst rates from early cleaved oocytes. A 
report showed 3 important genes [isocitrate 
dehydrogenase (IDH), YY1- E4TF1/hGABP-
associated factor-1 (YEAF1) and histone 2A 
(H2A)] which had significantly higher expression 
in early cleaved than late cleaved oocytes [30]. 
The antioxidant especially CYS in our study may 
be triggering these genes and seducing the 
incidence of early cleavage. 
The results of the present study demonstrated that 
enrichment of in vitro culture medium with 
antioxidants CYS or AA,  individually or as a 
combination, improved the embryo output by 
increased blastocyst yields in compared with 
control group. These results came in agreement 
with the previous studies which demonstrated that 
supplementation of in vitro culture medium with 
antioxidants ( CYS or AA) improves embryo 
production [21-26]. At the same time the results 
of this study revealed the uselessness of using a 
combination between CYS and AA as antioxidants 
to improve blastocyst rate compared of using 
them individually. Free radical scavenger has 
been proven to be beneficial for embryo culturing 
by scavenging ROS and serving embryos 
development through inducing  normal division 
after cleavage. Previous studies revealed the role 
of ROS scavenger to reduce the incidence of 
apoptotic cells within preimplantation embryos, 
which could be the case in this study, by 
prolonging the viability of blastocysts until the day 
ninth after IVF compared to the blastocyst of 
control group, which stayed  viable  till day sixth 
to seventh from IVF. The production of ROS 
during IVF has a close relationship with quality 
and viability of produced embryos [2-4]. The 
presence of H2O2 during IVF was found to be in 
high concentration in in-vitro produced embryos 
and subsequently promotes apoptosis followed by 

degeneration in these embryos [2-5].  This 
prolongation in the viability of blastocysts may be 
related to the effect of antioxidants on the 
expression of genes which are responsible for 
embryonic development and decreases the 
incidence of apoptosis and degeneration [44].  
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