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Purpose: Epigallocatechin-3-gallate (EGCG) is a major ingredient of catechin polyphenols 
and exerts protective effects because of its strong antioxidant properties. As far as we know, 
there is still a lack of systematic research on the effects of EGCG on the in vitro maturation 
(IVM) and in vitro fertilization (IVF) of porcine oocytes. The present study aimed to 
determine the effects of EGCG on the IVM and IVF of porcine oocytes.
Methods: Porcine oocytes were treated with different concentrations of EGCG (5, 10 and 20 
µM), and the cumulus cell expansion, oocyte maturation rate, reactive oxygen species (ROS), 
glutathione (GSH) and malondialdehyde (MDA) levels, total antioxidant capacity were 
determined. The mRNA expression levels of oxidative stress- and apoptosis-associated 
genes were determined by quantitative real-time PCR. The cleavage rate and blastocyst 
rate of oocytes after 10 μM EGCG treatment during IVM and IVF were also evaluated.
Results: EGCG at 5, 10 and 20 μM significantly promoted cumulus cell expansion, and 
EGCG at 10 μM increased the oocyte maturation rate. EGCG (10 μM) treatment reduced the 
ROS and MDA levels, while increased the antioxidant capacity and GSH concentrations in 
the mature oocytes. The qRT-PCR results showed that EGCG treatment up-regulated the 
mRNA expression of catalase, glutathione peroxidase and superoxide dismutase in the 
mature oocytes. In addition, EGCG treatment also decreased the mRNA expression levels 
of Bax and caspase-3 and increased the Bcl-2 mRNA expression level in the mature oocytes. 
In addition, the cleavage rate and blastocyst rate of oocytes treated with 10 μM EGCG during 
IVM and IVF were significantly higher than those of the control group.
Conclusion: Our results suggest that EGCG promotes the in vitro maturation and embryo 
development following IVF of porcine oocytes. The protective effects of EGCG on the 
oocytes may be associated with its antioxidant and anti-apoptosis properties.
Keywords: EGCG, porcine oocytes, IVM, antioxidant, anti-apoptosis, IVF

Introduction
The in vitro maturation (IVM) of the oocytes is a key step in the in vitro production 
of embryos for the livestock.1,2 Oocytes from IVM have the capacity in fertilization 
and developing into embryos, while the successful rate for embryo development 
from IVM oocytes is lower than that from in vivo-maturated oocytes.3 The matura-
tion of the oocytes requires both cytoplasmic and nuclear maturation, and incorrect 
cytoplasmic maturation has been suggested to contribute the poor developmental 
potential of IVM oocytes.3 Based on the previous studies, proper medium composi-
tion and culture conditions are essential for successful oocyte IVM.4
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Epigallocatechin-3-gallate (EGCG) is one of the major 
bioactive compounds in green tea and belongs to the catechin 
polyphenols.5 EGCG has been well-known for its role in 
chelating the transition metals and thus to decrease the oxida-
tive stress level.5 In vitro and in vivo experimental studies 
have shown that EGCG possess various biological functions 
including prevention of chromosomal damage by reactive 
oxygen species (ROS), antibacterial activities, anti-tumor 
activities and inhibition of lipogenesis.5 In the IVM oocytes, 
Huang et al showed that EGCG in the IVM medium could 
reduce ROS level and apoptosis in bovine oocytes and 
increase the cumulus cell expansion.6 Roth et al showed that 
intraperitoneal injection of the antioxidant EGCG improves 
developmental competence and the quality of the embryos that 
develop from hyperthermia-treated oocytes in mice.7 Gadani 
et al showed that supplementation of EGCG to thawed boar 
sperm improved the in vitro fertilization (IVF).8,9 However, 
a recent study by Bucci et al demonstrated that EGCG supple-
mentation to thawing medium failed to improve dog sperm 
quality or zona binding capacity.10

As far as we know, there is still a lack of systematic 
research on the effects of EGCG on the IVM and IVF of 
porcine oocytes. Whether EGCG can be used as an effective 
antioxidant for porcine oocytes cultured in vitro remains to 
be explored. The effects of EGCG on the IVM and IVF of 
porcine oocytes were systematically investigated. In addi-
tion, ROS level, antioxidant capacity, antioxidant- and 
apoptosis-associated gene mRNA expression levels in 
oocytes were determined by the in vitro assays.

Materials and Methods
Ethics Statement
This work was approved by the Ethics Committee on 
Animal Experimentation of South China Agricultural 
University.

EGCG Treatment
The EGCG compound was purchased from Sigma-Aldrich 
(St. Louis, USA) and was prepared as 1 mM stock concentra-
tion using M-199 medium (Sigma-Aldrich). To determine the 
effect of EGCG on the cumulus expansion index and in vitro 
maturation rate of the oocytes, and the ROS production of 
oocytes, different concentrations of EGCG (0, 5, 10 and 20 
µM) were supplemented to IVM medium (M-199 medium 
supplemented with 10% fetal bovine serum, 10% porcine folli-
cular fluid, 0.57 mM cysteine, 10 ng/mL epidermal growth 
factor, 10 IU/mL pregnant mare serum gonadotrophin and 10 

IU/mL human chorionic gonadotrophin). To determine the 
effects of EGCG on the total antioxidant capacity, glutathione 
(GSH) content, malondialdehyde (MDA) level and mRNA 
expression levels, EGCG (0 and 10 µM) was supplemented to 
the IVM medium. To determine the effects of EGCG on the 
developmental potential of the oocytes, EGCG (0 and 10 µM) 
were supplemented during IVM and/or IVF, or during IVM 
and/or IVC.

Oocyte Collection and in vitro 
Maturation
Ovaries were obtained from juvenile pigs slaughtered at a local 
slaughterhouse (Guangzhou Kongwangji Slaughterhouse, 
Guangzhou, China) and transferred to the laboratory in 0.9% 
saline at 37 °C within 2 h. Follicular fluid from 3–8 mm antral 
follicles was aspirated by a syringe with an 18-gauge needle 
attached. As previously described,11 approximately 50 cumu-
lus oocyte complexes (COCs) were cultured in 500 μL of 
(IVM) medium, covered with mineral oil and cultured for 44 
h at 38.5 °C in a 5% CO2 incubator with humidified air.

Assessment of Cumulus Expansion and 
IVM of Oocytes
Cumulus expansion was recorded at 44 h of IVM. The 
assessment was blinded to eliminate bias. The degree of 
cumulus expansion for each COC was assessed according 
to a subjective scoring system on a scale of 0–4, where 0 
indicates no expansion, 1 indicates the minimal expansion 
observable, 2 indicates expansion of the outer cumulus cell 
layers, 3 indicates expansion of all cumulus cell layers except 
the corona radiata and 4 indicates complete expansion of all 
cumulus cell layers.12 The average score (0.0–4.0) for each 
group, in each replicate (4–6 replicates), was then calculated 
to obtain a value referred to as the cumulus expansion index. 
The extrusion of the first polar body in the oocytes were 
determined under a light microscope. Oocytes were classified 
as follows: immature (did not reach metaphase), mature 
(presented a metaphase II plate and the polar body), and 
abnormal (any chromosomal aberrations such as diploid, 
abnormal metaphase II, multidirectional spindle, and chro-
mosomal dispersion). The oocyte maturation rate was calcu-
lated as follows: number of matured oocytes/total oocytes 
examined x 100%.

Determination of ROS Levels
To determine the intracellular ROS content, 30 mature 
oocytes were incubated for 20 min at 38.5 °C in phosphate 
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buffered saline (PBS) containing 10 μM 2′,7′- 
dichlorofluorescein diacetate fluorescent probe (Beyotime 
Biotechnology, Shanghai, China) in the dark. The oocytes 
were then washed with PBS supplemented with 1% bovine 
serum albumin. Images were captured by a confocal 
microscopy system (IX71, Olympus, Japan) with the 
same scanning settings among groups. Fluorescence inten-
sity was calculated with ImageJ software.

Total Antioxidant Capacity Assay
The total antioxidant capacity in the oocytes were analyzed 
using Total Antioxidant Capacity Assay Kit with ABTS 
method (Beyotime, Beijing, China) according to the manufac-
turer’s protocol. The ABTS test measures the total antioxidant 
capacity of a sample and it is based on the ABTS• + radical 
discoloration. The cationic radical ABTS • + is a chromophore 
that absorbs at a wavelength of 734 nm and is generated by an 
oxidation reaction of ABTS (2,2ʹ-azino-bis- (3-ethylbenzthia-
zolin-6-ammonium sulfonate) with potassium persulfate.13

Quantification of GSH Content
GSH content was measured using the Total Glutathione 
Assay Kit (S0053, Beyotime, Beijing, China) according to 
the manufacturer’s instructions. This kit employs a kinetic 
enzymatic recycling assay, based on the oxidation of GSH 
by 5,5ʹ-dithiobis-(2-nitrobenzoic acid), [DTNB] to measure 
the total glutathione (tGSH) content of biological samples. 
Glutathione standards or treated samples are added to the 
microtiter plate wells, followed by DTNB and glutathione 
reductase. Addition of NADPH2 to the wells initiates the 
progressive reduction of DTNB by GSH, causing a color 
increase that is monitored at 405 nm. Briefly, the samples 
were seeded into 96-well plates, and then 150 μL of detec-
tion solution was added to each well. After the samples were 
equilibrated at room temperature for 5 min, 50 μL of a -
0.16 mg/mL NADPH solution was added. GSH content was 
determined by dividing the measured value of 5-thio-2-nitro-
benzoic acid by the number of oocytes in each sample.

Quantification of Malondialdehyde (MDA) 
Level
The MDA level in the oocytes were analysed using MDA 
assay kit (Beyotime) according to the manufacturer’s protocol. 
MDA reacts with thiobarbituric acid (TBA) to give a red 
compound which has a maximum absorbance at 532 nm. 
TBA reagent was prepared by mixing 0.2 mL SDS (8.1%), 
1.5 mL acetic acid (20%, pH=3.5) and 1.5 mL TBA (0.8%) 

together, then 100 µL of each homogenized oocyte samples 
was mixed with this 200 µL TBA reagent. The mixture was 
incubated in a boiling water bath for 15 min and then cooled on 
ice. After cooling, the mixture centrifuged at 4000 rpm for 10 
mins. The absorbance of supernatant was determined at 532 
nm against a blank.

In vitro Fertilization and Embryo Culture
The IVF experiment was conducted as previously reported.14 

Briefly, oocytes collected from the local slaughterhouse were 
cultured for 44 h and denuded in 1 mg/mL hyaluronidase in 
DPBS by mechanically pipetting; then, 10–15 oocytes were 
grouped and transferred to the 50 μL mTBM fertilization 
medium (113.1 mM NaCl, 3.0 mM KCl, 7.5 mM CaCl2·2H2 

O, 20.0 mM Tris, 11.0 mM glucose, 5.0 mM sodium pyr-
uvate) containing 2.5 mM caffeine and 2 mg/mL BSA (frac-
tion V) covered with mineral oil. The fresh semen (from the 
Duroc pig with ~12 months old and a history of multiple 
breeding) provided by the Guangxi Yangxiang Company Co. 
Ltd (Guangxi, China) was washed three times by centrifuga-
tion with DPBS supplemented with 0.1% BSA at 1500 rpm 
for 4 min. The spermatozoa pellets were resuspended and 
diluted to 1×106 sperm/mL with mTBM for capacitation in 
the CO2 incubator for 30 min. Then, the capacitated sperm 
were added to the drop containing oocytes with a final sperm 
concentration of 1×105 sperm/mL and co-incubated for 6 h at 
39 °C in an atmosphere of 5% CO2 in air. After fertilization, 
the oocytes were washed 3 times with PZM3 medium and 
cultured with PZM3 medium at 39 °C; 5% O2, 5% CO2, and 
90% N2; and 100% humidity. Embryonic cleavage and blas-
tocyst formation were assessed at 48 h and 6 days after 
insemination, respectively. The formulas for assessing the 
cleavage and blastocyst rates were as follow: cleavage rate 
= number of cleavage/number of matured oocytes; blastocyst 
rate = number of blastocyst/number of matured oocytes.

Quantitative Real-Time PCR (qRT-PCR)
Total RNA was extracted from the matured oocytes using 
Trizol reagent (Invitrogen, USA), and quantified by measur-
ing the absorbance at 260 nm. The RNA was reversely 
transcribed into cDNA using the HiScript®III RT SuperMix 
kit (Vazyme, Nanjing, China). The real-time PCR was per-
formed on an qTOWER3 thermal cycler (Analytik Jena, 
Germany) using ChamQ™ Universal SYBR® qPCR 
Master Mix kit (Vazyme). The mRNA expression levels of 
the detected genes were normalized by GAPDH, and were 
calculated using the 2−ΔΔCt method. The sequences of the 
primers were shown in Supplemental Table S1.
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Statistical Analysis
All the data analysis was performed using the R Statistical 
Software (Version 3.6.3). All the data were presented as 
mean ± standard deviation. Significant differences between 
different treatment groups were evaluated using Permutation 
tests. P < 0.05 was considered statistically significant.

Results
Effects of EGCG on the Cumulus 
Expansion Index
The morphology of the mature oocytes and oocytes with 
the first polar body extrusion was shown in Supplemental 
Figure S1A and S1B, respectively. Firstly, we examined 
the cumulus expansion index in the oocytes after being 
treated with different concentrations of EGCG, and as 
shown in Table 1, EGCG at 5 and 10 µM significantly 
increased the cumulus expansion index when compared to 
the control group (5 µM group versus 0 µM group: 2.989 
± 0.068 versus 2.438 ± 0.081; 10 µM group versus 0 µM 
group: 3.079 ± 0.110 versus 2.438 ± 0.081). However, 
EGCG at 20 µM had no effect on the cumulus expansion 
index when compared to the control group (20 µM group 
versus 0 µM group: 2.879 ± 0.076 versus 2.438 ± 0.081).

Effects of EGCG on IVM Rate of the 
Oocytes
The effects of EGCG on the in vitro maturation rate of the 
oocytes were further determined. As shown in Table 2, the 
oocyte maturation rate was higher in the 5 and 20 μM group 
when compared to the 0 μM EGCG control group; while the 
difference was not statistically significant (Table 2). On the 
other hand, 10 μM EGCG treatment significantly increased 
the oocyte maturation rate when compared to the 0 μM 
EGCG control group (10 μM group versus 0 μM group: 
58.63 ± 2.79% versus 46.27 ± 3.25%; P<0.05).

Effects of EGCG on Oxidative Stress of 
the Oocytes
The ROS production of the EGCG-treated oocytes was 
determined by the ROS production assay. The representa-
tive images of the ROS fluorescent signals in oocytes after 
treatment with different concentrations of EGCG were 
shown in Figure 1A. The quantification of the immuno-
fluorescent staining showed that EGCG at 5 μM failed to 
affect the ROS production in the oocytes when compared 
to 0 μM control group (Figure 1B). EGCG at 10 and 20 
μM significantly reduced ROS levels of the oocytes when 
compared to the 0 μM EGCG control group (Figure 1B).

As EGCG at 10 μM could increase the cumulus expan-
sion index and oocyte maturation rate, and also reduce the 
ROS level in the oocytes, EGCG at 10 μM was chosen for 
the subsequent studies. As shown in Figure 1C, EGCG at 
10 μM significantly increased the antioxidant capacity of 
the oocytes when compared to the 0 μM control group 
(Figure 1C). In addition, the level of glutathione was 
increased while the level of MDA was decreased in the 
oocytes treated with 10 μM EGCG (Figure 1D and E).

Furthermore, the qRT-PCR was performed to the deter-
mine the mRNA expression levels of the oxidative stress- 
related genes including catalase (CAT), glutathione peroxidase 
(GPx) and superoxide dismutase (SOD). EGCG at 10 µM 
significantly up-regulated the mRNA expression levels of 
CAT, GPx and SOD when compared to the 0 μM control 
group (Figure 2A–C).

Effects of EGCG on the mRNA 
Expression Levels of Apoptosis-Related 
Genes in the Oocytes
The qRT-PCR was performed to the determine the mRNA 
expression levels of apoptosis-related genes including 

Table 1 Effects of EGCG on the Cumulus Expansion Index

EGCG 
(µM)

Number of 
Oocytes

Cumulus Expansion 
Index

0 221 2.438 ± 0.081b

5 220 2.989 ± 0.068a

10 231 3.079 ± 0.110a

20 226 2.879 ± 0.076a,b

Notes: The experiments were repeated for four times, and each group had ~50 
oocytes for each replicate. Different superscript letters in the same column indi-
cates statistically significant difference (P < 0.05).

Table 2 Effects of EGCG on the in vitro Maturation Rate of the 
Oocytes

EGCG 
(µM)

Number of 
Oocytes

Extrusion of the 
First Polar Body

Oocyte 
Maturation 

Rate

0 568 262 46.27 ± 3.25b

5 604 328 54.43 ± 1.85b

10 621 364 58.63 ± 2.79a

20 579 300 51.85 ± 2.64b

Notes: The experiment was repeated for 6 times, and each group had 50–150 
oocytes for each replicate. Different superscript letters in the same column indi-
cates statistically significant difference (P<0.05).
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Bax, Bcl-2 and caspase-3. EGCG at 10 µM significantly 
decreased the mRNA expression levels of Bax and cas-
pase-3, and increased the mRNA expression level of Bcl-2 
when compared to the 0 μM control group (Figure 3A–C).

Effects of EGCG Used During IVM and 
IVF on the Developmental Potential of 
the Oocytes
The representative images for the embryos and blastocysts 
were shown in Supplemental Figure S1C–S1E. EGCG 

treatment during IVF significantly increased the cleavage 
rate and blastocyst rate when compared to the control 
group (Table 3). EGCG treatment during IVM signifi-
cantly increased the blastocyst rate, but not the cleavage 
rate when compared to the control group (Table 3). 
Moreover, EGCG treatment during both IVM and IVC 
significantly increased the cleavage rate and blastocyst 
rate when compared to the other three groups (Table 3). 
These results indicated that EGCG during IVM and IVF 
could promote the developmental potential of oocytes.

Figure 1 Effects of EGCG on the oxidative stress in the matured porcine oocytes. (A) The representative images of the ROS fluorescent signals in oocytes after treatment 
with different concentrations of EGCG. (B) The effects of EGCG on the ROS production of oocytes. The effects of EGCG on the antioxidant capacity (C), glutathione 
concentration (D) and MDA concentration (E) in the matured oocytes were determined by respective in vitro assays. N = 3; significant differences were indicated as 
*P<0.05.

Figure 2 The effects of EGCG on the oxidative stress-related genes. (A) CAT, (B) GPx and (C) SOD mRNA expression levels of the matured oocytes after EGCG 
treatment were determined by qRT-PCR. N = 3; significant differences were indicated as *P<0.05.
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Effects of EGCG Used During IVM and 
IVC on the Developmental Potential of 
the Oocytes
EGCG treatment during IVC significantly reduced the 
cleaved rate and blastocyst rate of the oocytes when com-
pared to the group without EGCG treatment (Table 4). On 
the other hand, EGCG treatment during IVM significantly 
increased the cleavage rate and blastocyst rate of the 
oocytes when compared to the group without EGCG treat-
ment (Table 4). EGCG treatment during IVM and IVC 
significantly decreased the cleavage rate and blastocyst 
rate of the oocytes when compared to the group without 
EGCG treatment and group with EGCG treatment during 
IVM (Table 4). Collectively, these results indicated that 
EGCG treatment during IVM increased the oocyte devel-
opmental potential while EGCG treatment during IVC 
attenuated the oocyte developmental potential.

Discussion
The IVM technique for the COC has been developed and 
applied to produce offspring in mammals including pigs, 
however, the rate of blastocytes formation following IVF 
is still low using IVM oocytes compared with that of 
in vivo-matured oocytes such as pigs.15 In pigs, the 
COCs are usually collected from medium size antral folli-
cles (>3 mm diameter) where the oocyte has the ability to 
induce oocyte maturation, whereas follicular somatic cells 
do not acquire the ability to respond to ovulation stimuli. 
In addition, in vitro environments usually increase cell 
production of ROS, which has been implicated as a main 
cause of cell damage.16 Therefore, optimizing the culture 
conditions to mimic the in vivo environments is essential 
for the normal growth and maturation of oocytes. In the 
present study, different concentrations of EGCG were 
added to the culture medium of IVM, IVF and IVC to 

Figure 3 The effects of EGCG on the apoptosis-related genes. (A) Bax, (B) Bcl-2 and (C) caspase-3 mRNA expression levels of the matured oocytes after EGCG treatment 
were determined by qRT-PCR. N = 3; significant differences were indicated as *P<0.05.

Table 3 Effects of EGCG Used During IVM and IVF on the Developmental Potential of the Oocytes

EGCG (µM) 
During IVM

EGCG (µM) 
During IVF

Number of Mature 
Oocytes

Number of 
Cleaved Oocytes

Cleavage 
Rate (%)

Number of 
Blastocysts

Blastocyst 
Rate (%)

0 0 214 90 42.34 ± 1.76c 48 22.01 ± 2.66c

0 10 241 108 56.58 ± 4.19b 61 30.91 ± 1.24b

10 0 122 55 45.37 ± 3.40c 33 26.81 ± 2.28b

10 10 144 86 59.76 ± 3.96a 51 35.29 ± 1.72a

Note: Different superscript letters in the same column indicates statistically significant difference (P < 0.05).

Table 4 Effects of EGCG Used During IVM and IVC on the Developmental Potential of the Oocytes

EGCG (µM) 
During IVM

EGCG (µM) 
During IVC

Number of Mature 
Oocytes

Number of 
Cleaved Oocytes

Cleavage 
Rate (%)

Number of 
Blastocysts

Blastocyst 
Rate (%)

0 0 199 84 40.98 ± 2.71b 52 25.37 ± 3.58b

0 10 223 72 31.46 ± 5.72c 44 19.63 ± 2.23c

10 0 165 82 48.28 ± 2.13a 52 30.23 ± 3.05a

10 10 172 52 28.02 ± 4.60c 33 17.96 ± 2.46c

Note: Different superscript letters in the same column indicates statistically significant difference (P < 0.05).
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observe the maturation quality of oocytes. EGCG at 10 
µM significantly improve the IVM of porcine oocytes. In 
this study, the supplementation of EGCG during IVF and 
IVC produces two different effects. Supplementation of 10 
µM EGCG during IVF can promote the cleavage rate of 
oocytes, which was consistent with findings from Spinaci 
et al, showing that supplementation of 10 μM EGCG 
during IVF but not IVM significantly increased the fertili-
zation rate.17 The effect of the addition of EGCG during 
IVF could be due to its action on the sperm not on the 
oocyte.

In the process of in vitro culture, oocytes and embryos 
are inevitably exposed to light and higher oxygen concen-
tration than in vivo, which may lead to enhanced produc-
tion of ROS (superoxide anion, hydrogen peroxide and 
highly reactive hydroxyl). A large number of studies 
have shown that the supplementation of antioxidants to 
the IVM medium can improve the developmental ability of 
the embryo. EGCG acts as antioxidant has been found to 
moderate the deleterious effects of maternal hyperthermia 
on follicle-enclosed oocytes in mice.7 Barberino et al 
demonstrated that EGCG attenuated apoptosis of preantral 
follicles through the phosphatidylinositol-3-kinase/protein 
kinase B signaling pathway after in vitro culture of sheep 
ovarian tissue.18 Huang et al suggested that 50 μM EGCG 
can improve the bovine oocyte maturation, and the protec-
tive role of EGCG may be correlated with its antioxidative 
property.6 In combination with previous studies, our 
results indicated that the effects of EGCG on the IVM of 
porcine oocytes may be related to the antioxidant and anti- 
apoptosis effect, which was further explored in the present 
study.

Excessive accumulation of ROS can lead to oxidative 
stress, and our results showed that EGCG can increase the 
total antioxidant capacity and reduce the level of ROS and 
MDA in the porcine oocytes. This may be due to that EGCG 
can directly eliminate ROS and/or EGCG can act synergis-
tically with the antioxidant system.5 Non-enzymatic systems 
rely on molecules to directly quench ROS, while enzymatic 
systems are composed of specific enzymes that detoxify 
ROS. In the latter, the SOD family is important in the 
regulation of oxidative stress. SOD is the only known 
enzyme that directly scavenges free radicals by catalyzing 
the dismutation of superoxide anion to hydrogen peroxide. 
SOD enzyme regulates the levels of superoxide and hydro-
gen peroxide produced by cells, and then regulates cell 
signal transduction.19 Catalase is an important antioxidant 

and a marker enzyme of peroxisomes. It accounts for 40% of 
the total peroxisome enzymes. It is an antioxidant oligomer-
ase with four identical subunits arranged in tetrahedrons, and 
is an important enzyme that protects cells from ROS oxida-
tive damage.20 Glutathione is a tripeptide composed of glu-
tamic acid, cysteine and glycine containing γ-amide bonds 
and sulfhydryl groups. It can maintain the normal immune 
system function and has an antioxidant effect. Glutathione 
peroxidase (GPXs) combines GSH oxidation with H2O2 

detoxification.21 Studies demonstrated that heat stress 
could produce oxidative stress in bubaline oocytes, which 
triggers the elimination of ROS by the antioxidant enzyme 
defense system.22 Our studies consistently showed that 
EGCG reduced the ROS level and MDA content of the 
oocytes, while increased the intracellular GSH content and 
total antioxidant capacity.

The apoptosis process can affect the quality and sur-
vival rate of the oocytes and thus to influence the 
embryonic development.23 Bcl-2 family proteins play 
a key role in regulating cell death through the balanced 
interaction between pro-apoptotic and anti-apoptotic pro-
tein members.24 The pro-apoptotic protein Bax is the 
core of mammalian mitochondrial-dependent apoptosis. 
Caspase-3 also plays an irreplaceable role in cell apop-
tosis. Caspase-3 is the most important terminal splicing 
enzyme in the process of cell apoptosis, and activated 
caspase-3 is the key executor of cell apoptosis. Our 
results showing that EGCG up-regulated the Bcl-2 
mRNA expression level, but decreased Bax and cas-
pase-3 mRNA expression levels. Collectively, these 
results implied that the antioxidant and anti-apoptotic 
effects of EGCG in porcine oocytes are largely related 
to the regulation of SOD1, CAT and GPX as well as the 
apoptosis-related genes.

In summary, our results suggest that EGCG promotes 
the in vitro maturation and embryo development following 
IVF of porcine oocytes. The protective effects of EGCG 
on the oocytes may be associated with its antioxidant and 
anti-apoptosis properties.
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