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In vitro fertilization (IVF) has been considered as an effective infertility treatment, oocyte quality is important for the 
success of IVF, there are many factors affecting oocyte quality including oxidative stress, melatonin has a role in oocyte 
maturation and protection from oxidative stress. This study aimed to find correlations between oocyte quality and 
oxidative stress. Follicular fluids were collected from 100 women undergoing IVF or ICSI at the time of oocyte retrieval. 
Oxidative stress markers 8-OHdG, MDA and H2O2 and the antioxidant melatonin were measured in each sample. Buffalo 
oocytes were incubated in in vitro maturation media with different concentrations of melatonin in presence of H2O2. 
Follicular fluid 8-OHdG was significantly higher in the high percentage of degenerated oocytes group, while follicular fluid 
melatonin was lower significantly in the high percentage group. Correlations between oxidative stress and the antioxidant 
melatonin showed that 8-OHdG had a significant inverse correlation with melatonin (p=0.00) while MDA had a significant 
positive correlation with melatonin (p=0.00). In vitro maturation of buffalo oocytes in maturation media containing different 
concentrations of melatonin in presence of H2O2, melatonin improved oocyte maturation depending on the dose, the 
highest percentage of oocyte maturation was obtained with 10 ng/ml melatonin. The study concluded that 8-OHdG may 
be used as a marker in predicting oocyte quality. Melatonin can protect oocytes from the toxic effects of oxidative stress 
in vitro.  
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INTRODUCTION 

Infertility is considered as a medical issue and also a 
social problem both in advanced and developing countries 
(Serour et al. 2017). Although in vitro fertilization (IVF) has 
been described as an effective infertility treatment over the 
past years, but remains one among the most popular 
uncontrollable causes of IVF failure is poor oocyte quality 
(Tamura et al. 2009). Investigators found that oxidative 
stress (OS) may be a contributing cause that leads to 
female infertility (Gupta et al. 2014).   

Normally antioxidants and reactive oxygen species 
(ROS) are kept in balance in healthy tissues, but when the 
level of ROS exceeds the level of antioxidants in the cell 
this can cause oxidative stress which can disturb cellular 
function (Adwas et al. 2019). Several studies investigated 
the effect of OS on reproduction by focusing on the 
microenvironment surrounding the oocytes (Pereira et al. 
2014). The quality of oocytes, implantation, and early 
embryo development are all affected by follicular fluid, 
when there is an excess ROS in the follicular fluid it leads 
to oxidative stress which may accelerate oocyte aging and 
decrease oocyte quality (Goud et al. 2008), but this 

damaging effect can be prevented by the antioxidants 
present in the follicular fluid as glutathione (GSH) and 
ascorbic acid (Wang et al. 2002). When antioxidant 
defense mechanisms fail to neutralize OS, free radicals 
can affect cellular redox state, resulting in impaired oocyte 
fertilization due to diminished overall antioxidant capacity 
in the ovarian follicles. (Palini et al. 2014).   

Melatonin and its metabolites can act as direct free 
radical scavengers, which can protect cells from oxidative 
stress (Slominski et al. 2018). Melatonin is produced 
mainly in the pineal gland and transfers rapidly into other 
organs and body fluids because of its high lipophilicity and 
hydrophilicity. It is not only present in blood but also in 
other body fluids, human follicular fluid contains high 
levels of melatonin (Acuna et al. 2014), ovarian and 
granulosa cells also produce melatonin in the follicular 
fluid. Melatonin protects oocytes from oxidative stress by 
acting as an antioxidant in the follicular fluid (Reiter et al. 
2014). Melatonin can enhance the activity of other 
antioxidant enzymes including superoxide dismutase 
(SOD) and glutathione peroxidase (GSHPx) in an indirect 
way (Moniruzzaman et al. 2018). 

http://www.isisn.org/
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Investigators found that adding melatonin to the in 
vitro maturation media (IVM) increased the rate of polar 
body extrusion (Kang et al. 2009) and decreased the level 
of ROS (Nakano et al. 2012). It was reported that using 
melatonin as a drug for females can significantly increase 
melatonin concentration in both serum and follicular fluid 
(Espino et al. 2019). Wherefore, melatonin can be used as 
a drug for women who suffer from poor oocyte quality and 
cannot get pregnant, because of its role in improving 
oocyte quality (Takasaki et al. 2003), it can also improve 
the quality of oocytes and embryos, as well as pregnancy 
outcomes. (Hu et al. 2020). 

This study aims to correlate between oocyte quality 
and intra-follicular oxidative stress in the follicular fluid of 
women undergoing (IVF or ICSI). Also to study the effects 
of ROS on oocyte maturation of buffalo oocytes, and to 
test whether addition of melatonin protects oocytes from 
ROS because of its antioxidant activity. 
  
MATERIALS AND METHODS 
There are two sections to our research. 
 
1st part: Human study (follicular fluid analysis) 
This research was undertaken with patients after they 
gave their informed consent in accordance with Egyptian 
Ministry of Health guidelines and was approved by the 
Ethics Committee of the Faculty of Science Mansoura 
University. 

Subjects: 
The study involved 100 follicular fluid samples, samples 
were obtained from Tiba IVF Center, Mansoura, Egypt 
from women undergoing IVF or ICSI with age range of 20-
39. Inclusion criteria: patients were non-smokers, free 
from major medical illness. Exclusion criteria: patients with 
expected extra risk of oxidative stress including (diabetic 
patients, patients taking chemotherapy or radiation), 
patients with ovarian tumors. 

Methods:  

Collection of the follicular fluid 
Follicular fluid from each patient was collected 
immediately at ovum-pickup, follicular fluid samples were 
centrifuged at 1500 rpm for 15mins to get rid of cellular 
components and supernatants were stored at -20˚C until 
further analysis. 
Samples were divided into two main groups as follows: 

- 1st group: 50 samples from women with high 
percentage of oocyte degeneration ≥30%. 

- 2nd group: 50 samples from women with low 
percentage of oocyte degeneration <30%.  

Investigated parameters 

Estimation of oxidative stress and antioxidant 
biomarkers. 
8-Hydroxy-2′-deoxyguanosine (8-OHdG): Level of 8-
OHdG was estimated by using (Human 8-
hydroxydeoxyguanosine ELISA kit, CUSABIO, USA) with 
catalog number: CSB-E10140h. Malonaldehyde (MDA): 
Level of MDA was estimated by using (MDA competitive 
ELISA kit, abcam, USA) with catalog number: ab238537. 
Hydrogen peroxide (H2O2): Level of H2O2 was estimated 
by using (H2O2 colorimetric assay kit, CELL BIOLABS, 
USA) with catalog number: STA-844. Melatonin: Level of 
melatonin was estimated by using (Human melatonin 
ELISA kit, creative diagnostics (CD), USA) with catalog 
number: DEIA2238. 

2nd part: Experimental animals (in vitro maturation) 
The current research was done in the Central Laboratory 
for Research October University for Modern Sciences and 
Arts (MSA) University, Cairo, Egypt. This study involved 
buffalo cumulus oocyte complexes n=785 were used in 
three replicates. 

Chemicals  
Tissue culture media (TCM-199) (31150; Gibco, UK), 
Hepes-buffered medium TCM-199 (22340; Gibco, UK), 
fetal bovine serum (FBS) (F7524, Sigma, Germany), 
porcine follicle stimulating hormone (pFSH) (F2293, 
Sigma, USA), estradiol 17 β (E2) (E2758, Sigma, USA), 
Na-pyruvate (P-4562; Sigma, USA), melatonin powder 
(M5250, Sigma, USA). 

Ovaries 
Buffalo ovaries were obtained from local slaughterhouses 
within 30 minutes after slaughter and were kept in thermos 
flask containing physiological saline maintained at 37°C, 
then transported to the lab within 1-2 h from slaughter (El-
Naby et al. 2013). 

Methods  
Firstly, maturation dishes were prepared by adding 400 µl 
of maturation media over lied with 400 µl mineral oil in 4 
well dishes and put in incubator at 38.5ºC in 5% of CO2 in 
air with maximum humidity for at least 2 hrs before 
culturing the oocytes. By the use of 18-gauge needle 
attached to 10 ml disposable syringe primed with oocyte 
collection media, follicles (2 to 8 mm) were aspirated. 
Cumulus oocyte complexes (COCs) were recovered and 
selected by using a stereomicroscope. Only oocytes with 
a normal cytoplasm and surrounded by at least 3 layers of 
compact cumulus cells were used for IVM. 

Experimental design  
The present study was designed as two experiments; the 
first experiment involved 4 different groups, while the 
second experiment involved 5 different groups of COCs. 
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Experiment 1:  
Effect of adding different concentrations of H2O2 on oocyte 
maturation, COCs were cultured in different culture groups 
as follow: 1st (control), 2nd (200µM H2O2 ), 3rd (300µM H2O2 

) & 4th (400µM H2O2).(Tamura et al. 2008). 
Experiment 2: 
 Effect of adding different concentrations of the antioxidant 
melatonin in presence of 300µM H2O2, COCs were 
cultured in different culture groups as follow: 1st (control), 
2nd (300µM H2O2 ), 3rd (300µM H2O2 + 0.1ng/ml 
melatonin), 4th (300µM H2O2 + 1ng/ml melatonin)  & 5th 
(300µM H2O2 + 10ng/ml melatonin) (Tamura et al. 2008).  

Assessment of buffalo oocyte maturation: 
After 24hrs incubation, maturation rates were assessed by 
expansion of cumulus cells around oocytes and by first 
polar body extrusion and the number of mature oocytes 
were counted. 

Statistical analysis 
      All the experiments were repeated at least three times, 
all results were evaluated as means ±S.D. Levels of 
examined parameters were compared using the Mann–
Whitney U-test. We applied Pearson’s linear correlation 
coefficients to estimate correlations between different 
parameters. The statistical significance for some results 
was assessed using one way ANOVA test. By utilizing 
SPSS, version 15 for Microsoft windows. Values were 
significant when (P<0.01), also when (P<0.05). 
 
RESULTS  

1st part: Human study (follicular fluid analysis) 
The mean age ± S.D. of the women was 29.6 ± 6.2yr, 

with a range of 20–39 yrs, all women were undergoing IVF 
or ICSI.  
 
Table 1: Relation between patient’s age in the group 
of high percentage of degenerated oocytes (group1) 
and the group of low percentage of degenerated 
oocytes (group2) 
 

Groups 
 
parameter 

Group1 
≥30% 
n=50 

Group2 
<30% 
n=50 

P value 

Patient’s age 
( years) 

35.5±1.7 24±2.8 0.00 (<0.01) 

The present results indicated a significant difference 
(p<0.01) in the age between the two groups, the age of 
women in the group of high percentage of degenerated 
oocytes (≥30%) was higher significantly than women with 
low percentage of degenerated oocytes (<30%) 

 
 
Figure 1:  Chart illustrating the relation between 
patient’s age and the percentage of degenerated 
oocytes in group1 and group2. 
 
Table 2: Relation between percentage of degenerated 
oocytes and different oxidative stress markers 8-
OHdG, MDA, H2O2 and the antioxidant melatonin in 
the studied groups 
 

   Groups 
 
 
parameters 

Group1 
≥30% 
n=50 

Group2 
<30% 
n=50 

 

P value 

8-OHdG 99.9±13.6 78.5±3.6 0.00(<0.01) 

MDA 40.7±7.9 44.7±12.5 0.22 

H2O2 30.7±4.3 30±4.6 0.18 

Melatonin 
Antioxidant) 

18.1±1.9 21.2±1.2 0.00(<0.01) 

 
The present results indicated that the intra-follicular 
concentrations of 8-OHdG was higher significantly 
(p<0.01) in the group of high percentage of degenerated 
oocytes (≥30%) than the group of low percentage of 
degenerated oocytes (<30%). Also, there was no 
significant differences in the concentrations of MDA and 
H2O2 between the two groups, while intra-follicular 
concentrations of melatonin in women with high 
percentage of degenerated oocytes (≥30%) was lower 
significantly (p<0.01) than in women with low percentage 
of degenerated oocytes (<30%). 
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Figure 2: Charts (a,b,c and d) illustrating relations between percentage of degenerated oocytes and intra-
follicular concentration of each of the following 8-OHdG, MDA, H2O2 and antioxidant melatonin 
 
Table 3: Correlation between age and different 
oxidative stress markers 8-OHdG, MDA, H2O2 and the 
antioxidant melatonin  
 

 Pearson’s correlation 

R P 

8-OHdG 0.68 0.00** 

MDA -0.12 0.21 

H2O2 0.11 0.27 

Melatonin (Antioxidant) -0.69 0.00** 

**correlation is significant at (P<0.01). 

 

The present results showed a direct significant correlation 
(P<0.01) between age and the level of 8-OHdG, there was 
no significant correlation between age and MDA, H2O2 but, 
there was a significant inverse correlation (P<0.01) 
between age and the level of the antioxidant melatonin in 
the follicular fluid. 
 
 
 
 
 
 

 

 
                                   a 

 
                                   b 

 
                                   c 

 
                                   d 
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Figure 3: Charts (a,b,c, and d) illustrating correlations between age and intra-follicular concentration of each of 
the following 8-OHdG, MDA, H2O2 and antioxidant melatonin 
 
Table (4): Correlation between the concentration of 
the antioxidant melatonin and the concentration of 
different oxidative stress markers 8-OHdG, MDA and 
H2O2 
 

 Pearson’s correlation 

R P 

8-OHdG -0.54 0.00** 

MDA 0.28 0.00** 

H2O2 -0.11 0.27 

**correlation is significant at (P<0.01). 

The present results showed a significant inverse 
correlation (P<0.01) between intra-follicular concentration 
of 8-OHdG and the antioxidant melatonin. Also, there was 
a significant positive correlation (P<0.01) between the 
intra-follicular concentration MDA and the antioxidant 
melatonin, there was no significant correlation found 
between the intra-follicular concentration of H2O2 and the 
antioxidant melatonin. 
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Figure 4: Charts (a,b and c) illustrating correlations between the intra-follicular concentration of each of the 
following 8-OHdG, MDA, H2O2 and the antioxidant melatonin 

 

2nd part: Experimental animals (in vitro maturation) 
This study involved buffalo cumulus oocyte complexes 
n=785, were used in three replicates. 
Table (5): Effect of adding different concentrations of 
H2O2 to culture media on buffalo oocyte maturation in 
vitro compared to the control group. 
 

   Maturation                 
parameters 

 
Groups 

Cumulus cells 
expansion 

N (%) 

Polar body 
extrusion 

N (%) 

Control 
n=87 

81 (93.21±3.15)a 28 (32.22±1.9)a 

200µM H2O2 
n=88 

34 (38.66±2.43)b 8 (9.11±2.1)b 

300µM H2O2 
n=88 

10 (11.35±1.75)c 2 (2.22±1.9)c 

400µM H2O2 
n=87 

0d 0d 

a-d: values with different superscript letters in the same columns are 
significantly different at least (P < 0.05).  
The present results showed a significant decrease 
(p<0.05) in cumulus cells expansion rate of buffalo 
oocytes by adding 200µM H2O2 (38.66%), 300µM H2O2 
(11.35%) and 400µM H2O2 (0%) respectively compared 

with the control group, there was also a significant 
decrease in polar body extrusion rate by adding 200µM 
H2O2 (9.11%), 300µM H2O2 (2.22%) and 400µM H2O2 
(0%) respectively compared with the control group. 
 

 
 
Figure 5: Chart illustrating the effect of adding 
different concentrations of H2O2 to culture media on 
buffalo oocyte maturation in vitro compared to the 
control group 
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Table (6): Effect of adding different concentrations of melatonin in presence of 300µM H2O2 to culture media on 
buffalo oocyte maturation in vitro compared to the control group 

      Maturation   parameters 
 
Groups 

Cumulus cells expansion 
N (%) 

Polar body extrusion 
N (%) 

Control 
n=89 

81 (90.9±2.03)a 27 (30±3.4)a 

300µM H2O2 
n=87 

9 (10.2±3.2)e 2 (2.2±1.9)e 

300µM H2O2+0.1 ng/ml melatonin 
n=88 

26 (29.54±1.76)d 8 (9.04±1.9)d 

300µM H2O2+1 ng/ml melatonin 
n=83 

40 (48.19±1.78)c 13 (15.64±1.9)c 

300µM H2O2+10 ng/ml melatonin 
n=88 

47 (53.49±3.57)b 17 (19.35±2.4)b 

a-e: values with different superscript letters in the same columns are significantly different at least (P < 0.05).  
 
The present results showed a significant increase 
(p<0.05) in the maturation rate of buffalo oocytes by 
adding 0.1 ng/ml melatonin (29.54%), 1 ng/ml melatonin 
(48.19%) and 10 ng/ml melatonin (53.49%) respectively in 
presence of H2O2 compared to the (300µM H2O2) and 
(control) groups, the polar body extrusion rate also 

showed a significant increase by adding 0.1 ng/ml 
melatonin (9.04%), 1 ng/ml melatonin (15.64%) and 10 
ng/ml melatonin (19.35%) respectively in presence of 
H2O2 compared with the (300µM H2O2) and (control) 
groups. 
 

 

 
Figure 6: Chart illustrating the effect of adding melatonin in different concentrations in presence of 300µM H2O2 
to culture media on buffalo oocyte maturation in vitro compared to the (300µM H2O2) and the (control) groups 
 

 
 
 

Immature oocytes (before incubation) 
 
 
 

Mature oocytes ( with cumulus cells 
expansion Mature oocytes (polar body extrusion 
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Assesment of buffalo oocyte maturation 
 
DISCUSSION: 

 In the current study, the results showed that, a 
comparison between the studied groups regarding age 
revealed that the age of women in the group of high 
percentage of degenerated oocytes was significantly 
higher than women with low percentage of degenerated 
oocytes. This result go parallel with the findings of Lee et 
al. (2021), who found that, the number of morphologically 
abnormal oocytes increased in an age-dependent manner 
when they compared between COCs from young and 
aged mice, this is because there is a correlation between 
aging and increased spindle defects and chromosomal 
misalignments in both mouse and human oocytes. 

The present study found that the intra-follicular 
concentration of 8-OHdG was higher significantly in 
women with high percentage of degenerated oocytes than 
in women with low percentage of degenerated oocytes. 
This agrees with the study of Tamura et al. (2008) and 
also, the study of Nishihara et al. (2018) they found that 

higher levels of 8‐OHdG in patients were associated with 
low fertilization rates and low rates of good quality 
blastocysts and the differences were significant in 117 

women undergoing IVF- ET, this indicates that levels of 8‐
OHdG in the FF can be associated with DNA oxidation 
and poor embryo quality. 

In the current study there was a significant direct 
correlation between age and the level of 8-OHdG. On the 
other hand, Seino et al. (2002) measured 8-OHdG from 
granulosa cells of 96 patients undergoing IVF and ICSI, 
they found no significant correlation between 8-OHdG and 
age. 

In the current study there was a negative significant 
correlation between intra-follicular concentrations of 8-
OHdG and the antioxidant melatonin, this is in parallel with 
the study of Tamura et al. (2008) and also in the study of 
Espino et al. (2019) which involved 40 women seeking 
assisted reproductive techniques (ART), they found that 
there was an inverse significant correlation between intra-
follicular concentrations of 8-OHdG and intra-follicular 
concentrations of melatonin, this result suggests that 
melatonin concentration maybe correlated with oxidative 
state disturbance in patients’ follicular fluid.  There was 
also a significant direct correlation between the intra-
follicular concentration of MDA and the antioxidant 
melatonin. The obtained result was in agreement with 
findings of Espino et al. (2019) who found that taking 
melatonin increased concentrations of LPO products in 
the FF of women with unexplained infertility (UI) to levels 
found in fertile women, also, intra-follicular products of 
LPO were directly correlated with intra-follicular 
concentrations of melatonin.  

Importantly, the current study showed that there was a 
significant relationship between intra-follicular 
concentration of melatonin and oocyte quality, the 
concentration of melatonin in women with high percentage 

of degenerated oocytes was lower significantly than in 
women with low percentage of degenerated oocytes. This 
agrees with the study of Tong et al. (2017) they found that 
melatonin levels were significantly and positively 
correlated with the parameters of IVF outcome, women 
with higher melatonin levels retrieved more oocytes, and 
the number of fertilized oocytes increased significantly as 
melatonin levels increased.  

In the current study, the results showed a significant 
negative correlation between age and the level of the 
antioxidant melatonin in the follicular fluid. These results 
are in parallel with the study of Tong et al. (2017) who 
indicated an inverse correlation between melatonin levels 
and other ovarian reserve parameters, such as age.  

The present results found that exposing oocytes to 
oxidative stress resulted in significant decrease in the 
parameters of oocyte maturation (cumulus cells expansion 
and polar body extrusion rate) in a dose dependent 
manner. This result was in agreement with the 
conclusions of Tamura et al. (2008) who found that the 
percentage of mature oocytes (with first polar body MII 
stage oocytes) was decreased significantly by adding 
H2O2 in a dose dependent manner (> 200 μM). Also, in the 
study of Shaeib, (2016) he investigated the direct effect of 
ROS on the quality of metaphase II mouse oocytes, he 
incubated oocytes in different concentrations of H2O2 (10, 
17, 25, 50 and 100 μM) with and without cumulus cells, 
He studied microtubule morphology (MT), chromosomal 
alignment can be affected by any change in the 
microenvironment of the oocyte such as increased ROS to 
assess oocyte quality, he indicated that increasing H2O2 
concentrations were correleted with significant increase in 
poor scores of MT, increasing the concentration of ROS 
has deleterious effects on oocyte quality. 

In the current study, melatonin supplementation to 
oocyte maturation media in presence of H2O2, the 
inhibitory effect of H2O2 on oocyte maturation was reduced 
and resulted in increasing the rate of oocyte maturation 
depending on the dose. These results were in the same 
line with the results obtained from Tamura et al. (2008) 
who found that when adding melatonin to mice oocyte 
maturation media containing H2O2 resulted in decreasing 
the damaging effect of H2O2 on oocyte maturation and the 
significant effect was obtained at the concentration of 10 
ng/ml of melatonin. Also the recent study of Fathy, (2018) 
studied the effect of melatonin on buffalo oocyte 
maturation in vitro, they incubated buffalo COCs in 
incubation media in presence of different concentrations of 
melatonin for 24 hrs, they found a significant difference in 
the percentage of cumulus cells expansion between the 
groups and the control group and the highest percentage 
of cumulus cells expansion was from the group treated 
with 10 ng/ml when compared to the control group. They 
also found that the highest percentage of polar body 
extrusion rate was obtained with 10 ng/ml melatonin and 
there was a significant difference between this group and 
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the control group.  
 
CONCLUSION 
Melatonin level naturally decreases with increasing 
women ages. 8-OHdG was may be used as a marker in 
predicting oocyte quality, it has also a significant inverse 
correlation with melatonin predicting that melatonin acts 
as a free radical scavenger in the ovarian follicle. 
Melatonin improved the maturation rate of buffalo oocytes 
in presence of H2O2, it has a protective role against the 
toxic effects of oxidative stress in vitro. 
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