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ABSTRACT

Introduction: Oocyte Culture of Germinal Vesicle (GV) and its
growth improves Assisted Reproductive Technology (ART) invitro
and infertility. Inappropriate culture medium environment, low
quality of oocytes, increase in Oxidative Stress (OS) events,
Reactive Oxygen Species (ROS) and free radicals production are
the main factors that result in unsuccessful Invitro Maturation
(IVM) and decrease in reproduction.

Aim: The present study was conducted with the aim to evaluate
the effect of B-mercaptoethanol (BME) and Cysteamine (CYS)
on IVM improvement, embryo fertilization and development of
blastocyst of mouse immature oocyte.

Materials and Methods: Oocytes were obtained from 4-6
weeks old Naval Medical Research Institute (NMRI) female mice,
48 hours after stimulation with Intraperitoneal (IP) injection of
10 IU Pregnant Mare Serum Gonadotropin (PMSG). GV oocyte
with and without cumulus cells were isolated from ovaries and
cultured in Tissue Culture Medium (TCM) 199 with availability of
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INTRODUCTION

IVM of oocytes is an effective method for the production of mature
oocyte usedin ART, which includes IVF cloning and Intra Cytoplasmic
Sperm Injection (ICSI). IVM is a cost-benefit technique with few side
effects for gonadotropin stimulation of IVF, and is a simple treatment
for certain infertile couple [1-4]. The GV-stage oocytes which are
stripped of cumulus cells have a reduced developmental capacity
when compared with cumulus enclosed GV-stage oocytes [5,6].
Cumulus cells play an important role in oocyte maturation, since
they provide and transfer several known and unknown factors that
are essential in the regulation of meiotic progression, normal nuclear
and cytoplasmic maturation of oocytes and subsequent embryonic
development after fertilization [7,8]. Studies have demonstrated
that inappropriate culture mediums increase ROS resulting in OS
events, DNA damage and low quality of oocytes. These are the
main factors that lead to failure in IVM and decrease productivity
[9,10]. OS appears to be responsible for many injuries in the embryo
and oocyte [9,11,12]. Embryo metabolism generates ROS via
several enzymatic mechanisms that penetrate the cell membrane
and pass through it to damage cellular molecules such as lipids,
proteins, and nucleic acids [13]. BME and CYS are thiol compounds
that stimulate glutathione (GSH) synthesis [14]. Despite the fact that
there is more stability of CYS than other thiol compounds, the effect
of this substance on the growth of oocytes or embryos depending
on breed, dose rate and the medium, is shown differently.

100 pM of antioxidants (BME and CYS). After 24 hours, mature
oocyte in metaphase Il (MIl) were fertilized with sperm in In vitro
Fertilization (IVF) medium (T6) and evaluated for fetal development
into blastocyst.

Results: BME and CYS could significantly (p<0.05) increase
the rate of IVM and oocyte evolution, and embryo formation in
medium culture. Furthermore, it is demonstrated that existence
of Cumulus Oocyte Complexes (COC) significantly showed
better IVM, fertilization and evolution trend as compared to
oocytes without cumulus cover or Denuded Oocytes (DO),
especially in TCM199 plus BME and CYS. So that the change
in GV stage oocytes to MIl (maturation rate), fertilization rates
or 2PN formation, and two cell embryos formation or blastocyst
development rate in the treatment group with addition of BME &
CYS and COC was statistically significant as compared to the
DO group (p-value < 0.0001).

Conclusion: Both cellular and environmental factors could be
important and involved in ART improvement.

GSH is one of the components of many biological processes, which
includes the construction of DNA, protein metabolism of drugs and
chemicals, and it protects the cells during OS events [15]. In addition,
GSH and its revival mode of reproduction and early development of
organism play a unique role. It can reduce the generation of free
radicals such as hydrogen peroxide and oxygen free radicals, which
are disruptive to oocytes. It has been shown that GSH plays an
important role in oocyte maturation [15]. Intracellular GSH is an
essential part in the development of the oocyte cytoplasm. Activities
of GSH-related antioxidant properties protect the oocyte at the front
of the active molecules of oxygen is toxic. With this consideration,
this study was designed to evaluate the effects of antioxidants (BME
and CYS) on improving ART invitro which is essential. Therefore, the
main purpose of this study was to ascertain whether enriching the
oocyte medium with antioxidants, BME and CYS may improve IVM
and fertilization and embryo development into blastocyst, of mouse
immature oocyte.

MATERIALS AND METHODS

This experimental study was carried out in the cellular and molecular
research center at Yasuj University of Medical Sciences in Iran.
The University ethic committee approved the design of study.
Sixteen mice were housed under standard laboratory conditions
(temperature of 20+2°C, relative humidity of 40-45% and light-dark
cycle of 12:12 hour) and had free access to standard laboratory food
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and water. Gonadotropin from pregnant mare serum, TCM 199,
Fetal Bovine Serum (FBS), BME, CYS, sodium pyruvate, Epidermal
Growth Factor (EGF), Follicle Stimulating Hormone (FSH), penicillin
G, potassium and streptomycin sulfate salts, and Bovine Serum
Albumin (BSA) were purchased from Sigma-Aldrich (Germany).

Collection of GV oocytes

The oocytes were obtained from 4-6 weeks old female NMRI
mice [16]. Briefly, 10 IU of PMSG was IP injected into animals for
ovarian stimulation. After 48 hours, the animals were immediately
sacrificed by cervical dislocation and the ovaries were removed in
TCM199 medium, supplemented with 10% FBS. GV oocytes were
obtained by puncturing antral follicles with a 28-gauge needle under
a stereomicroscope in a holding medium.

Invitro Maturation (IVM)

The GV oocytes collected were washed three times in the holding
medium containing TCM199 supplemented with 10% FBS.
GV oocytes were divided into two forms which include A: COC
[Table/Fig-1a], and B: DO [Table/Fig-1b]. Each group was placed
in 25 pl micro drops of maturation medium containing TCM199
supplemented with 10% FBS, 0.23 sodium pyruvate, 10 ng/ml EGF,
100 mlU FSH, 75 pg/ml penicillin G, potassium salt and 50 pg/ml
streptomycin sulfate salt and incubated for 24 hours in a humidified
atmosphere of 5% CO, at 37°C. GV oocytes with cumulus or COC
and without cumulus or DO cells were divided into four groups
(experimental groups): Group 1: the COC cells cultured in TCM199
medium; Group 2: the COC cells cultured in medium containing
CYS, BME and TCM199; Group 3: the DO cells cultured in TCM199
medium; Group 4: the DO cells cultured in medium containing CYS,
BME and TCM199. After 24 hours incubation, the oocytes were
observed with an inverted microscope and morphological changes
in the nucleus or the extrusion of first polar body (Mll) were used
as criteria for nuclear maturation of GV-stage oocytes. Matured
oocytes were collected for use in IVF.

Invitro fertilization (IVF)

Sperms were collected from epididymis of NMRI male mice aged
12 weeks. The sperm suspension (1x10° motile spermatozoa/ml)
was capacitated for two hours in 1 ml T6 media supplemented with
15 mg/ml BSA. The invitro matured Ml stage oocytes from each
treatment group were placed into 0.9 ml T6 and 0.1 ml capacitated
spermatozoa was added to it. After five hours incubation, the
oocytes were washed through three droplets of T6 medium. Then,
the oocytes were cultured in a droplet of T6 (25 pl) under mineral
oil. They were assessed for cleavage to the 2-cells and blastocyst
stage, respectively, after 24 and 120 hours.

STATISTICAL ANALYSIS

All the data were analysed with SPSS (version 15; USA) software
using Chi-square test. The differences in the value of maturation,
fertilization and development rates between groups were considered
significant when p-value was less than 0.05.

RESULTS

Maturation, fertilization and rate of development with
availability of BME and CYS

The main results of the descriptive data and study on the effect of
adding BME and CYS on the maturity, fertilization and development
rates of mouse oocytes are indicated in [Table/Fig-2]. A total number
of 217 and 221 of GV stage oocytes for COC and DO, respectively,
before addition of BME and CYS; and totally number of 173 and 180
of GV stage oocytes for COC and DO, respectively, after addition of
BME and CYS, were included in this study. [Table/Fig-2] shows the
evolution trend of the COC and DO from maturation to blastocyst
stage in the control medium of TCM199 and the tested medium
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including TCM199+BME+CYS factors. So that total number of
maturation (MIl) was increased in TCM199 and COC as compared
to the DO group (p-value=0.09). Furthermore, total number of
maturation MIl was statistically significant in TCM199 enriching
with BME and CYS as compared to the DO group (p-value=0.03).
It is demonstrated that COC significantly showed better trend as
compared to oocytes without cumulus cover (DO), especially in the
TCM199+BME+CYS medium.

Formation of Mll oocytes in the presence of BME and
CYS

The change in GV stage oocytes to MIl (maturation rate) in the
treatment group with addition of BME and CYS (COC group) was
statistically significant as compared to the DO group (p-value <
0.0001). Furthermore, the change in GV stage oocytes to MIl in
the treatment group without the presence of BME and CYS (COC
group) was statistically significant as compared to the DO group
(p-value=0.0013). [Table/Fig-3] shows the highest rate of maturation
of oocytes cultured with cumulus in TCM199+BME+CYS medium
and the lowest one in TCM199 medium without cumulus cells
cultured without the addition of BME+CYS. It is also demonstrated
that the maturation of the oocytes with cumulus cells was higher
in all the groups during IVM in TCM199+BME+CYS medium when
compared with the oocytes without cumulus cells in the TCM199
environment.

Formation of 2PN (fertilization) in the presence or
absence of BME and CYS

Fertilization rates or 2PN formation in the treatment group with the
addition of BME and CYS and COC with cumulus was statistically
significant as compared to the DO group without cumulus (p-value
< 0.0001). In addition, the GV stage oocytes change to 2PN in the

[Table/Fig-1]: Mouse oocytes with x300 magnification by light-microscope. a:
Cumulus oocyte complexes (COC); b: Denuded oocytes (DO).
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[Table/Fig-2]: Maturation, fertilization, cleavage rates and blastocyst development
percentage differences of mouse GV oocytes in presence or absence of BME and
CYS. COC: Cumulus Oocyte Complex; DO: Denuded Oocytes, M II: Maturation
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treatment group without the presence of BME and CYS (COC group)
was statistically significant as compared to the DO group (p-value
< 0.0001). As shown in [Table/Fig-4], maximum fertilization rates
of oocytes with cumulus was observed in the TCM199+BME+CYS
medium and the lowest one was in the group without cumulus
with TCM199 medium in the absence of BME+CYS. Furthermore,
fertilization of the oocytes with cumulus cells was higher in all the
groups during IVF in TCM199+BME+CYS medium when compared
with oocytes without cumulus cells cultured in TCM199 medium.

Two-cell embryos and blastocyst formation in the
presence of BME and CYS

Two-cell embryos formation or blastocyst development rate in
the treatment group with addition of BME and CYS (COC group)
was statistically significant as compared to the DO group (p-value
< 0.0001). Furthermore, GV stage oocytes changes to two-cell
embryos or blastocyst in the treatment group in the absence of
BME and CYS (COC group) was statistically significant as compared
to the DO group (p-value=0.0015; p-value= 0.0014, respectively).
As indicated in [Table/Fig-4], the highest rate of 2 cell embryos
or blastocyst was observed in the cumulus oocytes cultured in
TCM199+BME+CYS medium and the lowest one was observed in
the TCM199 medium without cumulus cover and cultured without
the addition of BME+CYS. It is also indicated that 2-cell embryos
or blastocyst formation in oocytes with cumulus cells was more
than that in oocytes without cumulus cover. Furthermore, 2-cell

Group Total No. of Total No. of Total No. of
GV oocyte GVBD (%) Maturation Ml (%)
examination

TCM199

coc 217 158 (72.81) 149 (68.66)

DO 221 128 (57.91) 110 (49.77)
TCM199+BME+CYS

coc 173 172 (99.42) 153 (88.43)

DO 180 137 (76.11) 123 (68.33)

[Table/Fig-3]: Frequency evolution of the oocytes with (COC) or without (DO) cumulus

cover in TCM199 medium in availability of BME and CYS.* indicated significance
differences in performing Chi-square test with p-value less than 0.05.

www.jcdr.net

embryos or blastocyst formation of the oocytes with cumulus cells
(COC) was higher in all the groups in TCM199+BME+CYS medium
(p-value=0.07), when compared with oocytes without cumulus
cover (DO) cultured in TCM199 medium (p-value=0.36).

Groups Fertilization (%) |2Cell (%) |[4Cell (%) |8Cell (%) |Blastocyst
(%)

Treatment 1

A (COC) 113 (562.07) 103 (47.46) |89 (41.01) |78 (35.94) |64 (29.49)
B (COC) 125 (56.56) 117 (52.94) |105 (47.51) |93 (42.08) |90 (40.72)
Treatment 2

A (DO) 71 (41.04) 63 (36.41) |55 (31.79) |49 (28.32) |38 (21.96)
B (DO) 75 (41.66) 66 (36.66) |56 (31.11) |51 (28.33) |44 (24.44)

[Table/Fig-4]: Comparing the evolution of the frequency distribution of cocytes with

(COC) or without (DO) cumulus covering in presence of BME and CYS. A: before;
and B: after treatment.

DISCUSSION

The results of this study have shown that presence of cumulus
cells enhances the oocyte maturation, fertilization rate and embryo
development, but a lower percentage of oocytes without cumulus
has reached these stages.

This result confirmed that cumulus cells induce meiosis and increase
cytoplasmic maturation, while oocytes without cumulus cells have
survived less due to the lack of coordination between the nuclear
and cytoplasmic maturation [17-20]. It was suggested that cumulus
cells may increase sperm fertilizing capacity, flexibility and induce
changes in oocyte cytoplasm and zona pellucida, which can raise
the possibility of normal fertility [21]. It appears that the cumulus cells
increase 2-cells formation and blastocyst development rate [Table/
Fig-5]. It is suggested that hormones and factors in follicular fluid
exert their effects through the cumulus cells. Cumulus cells could
enhance appropriate cytoplasmic maturation of oocytes which
increase the ability of the embryo to develop after fertilization.

The amount of blood flow and oxygen supply to the COC is
dependent on the survival rate of embryos [22-26]. The results of
this study showed that BME and CYS as antioxidants increased

AT

()

[Table/Fig-5]: Evolution trend of the Cumulus Oocyte Complex (COC) and Denuded Oocytes (DO) maturation inTCM199 medium. A: Metaphase Il (Mll); B: Second polar body
(after fertilization); C: Fertilization (2PN); D: Two-cell embryos; E: Four-cell embryos; F: Eight-cell embryos; G: Blastocyst.
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the development rate of bubble generator oocytes to GVBD and
MIIL. These results demonstrated that the application of 100 pM
of BME and CYS in TCM199 culture medium showed the highest
level of development on COC [27]. It indicated that adding O, 10
and 100 uM of BME and CYS to the culture medium, increased the
formation of embryo; and BME increased the number of cells in the
produced cow embryos in the laboratory and free protein culture
medium, which is consistent with the present findings [27].

In addition, the effect of 100 uM CYS on the evolution rate of mouse
GV was investigated [28]. It was showed that CYS increased the
level of oocyte development according to the result of a study;
however, it was shown that CYS played no effective role in the
number of embryos, which is contrary to the results of the present
study. In this study, only one dose was used and the hybrid mouse
was chosen, while in the present study, NMRI mice were used,
which could be the reason for changes in the results of the two
described study. In another study, the effect of 0, 100, 200 and
500 pM CYS on the development of embryo and its relation with
the cumulus cell, the level of intracellular GSH and the development
capacity of goat oocyte without cumulus complex was evaluated
[29]. It was demonstrated that the presence of CYS and cumulus
cells improved the GSH level and capacity development of goat
IVM. This study showed that bare oocytes without cumulus cover
(DO) cannot use CYS for GSH synthesis; otherwise, exogenous
CYS can be added to the cumulus cells as a supplement [29].

The presence of 12.5 to 25 pM BME could increase GSH
concentration in oocyte maturation and blastocyst development
after fertilization in the laboratory; however, increase in the dosage of
BME to more than 25-50 uM decreased the blastocyst development
[30]. The results showed that certain concentrations of BME have
advantageous effects on future embryo development and direct
relationship with the level of intracellular GSH of porcine oocytes. The
results are not the same with that of the present study. Difference
in the results is due to types of animal examined, compounds in
the culture medium and the presence of CYS in this study. These
results indicated that high concentrations of BME considered for the
types of animal could be toxic. Furthermore, embryo development
after fertilization, matured pig oocytes in the presence of thiol
compounds and various concentrations of CYS were studied. This
study has shown the effect of different concentrations (0, 0.1, 0.2
and 0.4 mg/ml) of CYS in the presence of thiol compounds such as
BME (25 pM) on maturation of oocytes of porcine and developed
cumulus, nuclear maturity, level of internal GSH and subsequent
embryo development after IVF [31,32]. It has been indicated that the
presence of thiol compounds and adding CYS to IVM can increase
GSH level and improve competitive environment of oocytes in
fertilization process, which is in accordance with the present study,
because both CYS and thiol compounds are used at the same
time. In addition, it was demonstrated that supplementation of the
medium with 0.6 mg/ml CYS during IVM and IVC could improve
cow fetal development contrary to extracellular antioxidants such as
catalase (CAT) and super oxide dismutase (SOD) [33].

Effect of 100 uM BME and/or 100 uM CYS on pig embryo formation
rate was evaluated. The result indicated that the formed pronucleus
levels in the various groups were not different [34]. But, cleavage
rate was higher in CYS group used as compared to the BME group.
This study has also shown that the rate of blastocyst formation was
highest in the CYS group. These results are in accordance with the
results of the present study; however, there are differences in the
types of animals used [34]. Dose dependent influence of CYS on
IVM and IVF and blastocyst development rates has been reported
[35]. CYS could improve the organization of microtubules, the rate
of GVBD and MIl, which is in accordance with the present study
results [35]. The results suggested that availability of BME and CYS
in medium culture might have synergistic protective effect and could
markedly improve IVM rate and evolution of COC to blastocyst.
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CONCLUSION

In conclusion, selecting suitable environment for use in GV oocyte
culture and revolution as progression method of ART invitro is
important. Application of 100 uM BME and CYS is more effective
in comparison with application of extracellular antioxidants such
as CAT and SOD in protecting the GV oocytes from OS events,
ROS and free radicals production which are the main factors
resulting in unsuccessful IVM, and reducing reproduction or fertility.
Oocyte with cumulus cells showed better response in comparison
with non-cumulus cells in all the stages of this study treatment.
Therefore, both environmental and cellular factors are important in
ART. Because this protective effect is dose dependent, a suitable
BME and CYS concentration should be chosen, and further human
study needs to be designed. Furthermore, some clinical trials are
suggested for this purpose.
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