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Objective: To investigate the biochemical markers such as nitric ox-
ide (NO), malondialdehyde (MDA) and reduced glutathione (GSH), 
indicators of the oxidative status of the follicle, to predict the outcome 
of in vitro fertilization. 
Material and Methods: Follicular aspirates of dominant follicles 
were collected during oocyte retrieval. Biochemical analyses of NO, 
MDA and GSH were performed on all aspirates. 
Results: When the successful and unsuccessful pregnancy groups 
were compared in terms of NO, MDA and GSH, follicular fluid MDA 
was significantly higher (p=0.001) and follicular fluid NO level was 
significantly lower (p=0.039) in the pregnant group. Correlation analy-
sis between oxidative stress and IVF parameters showed that MDA 
had a positive weak correlation with the number of grade 1 embryos 
(r=0.271, p=0.033) and fertilization rate (r=0.263, p=0.039). ROC 
curve analysis found that malondialdehyde has an area under the 
curve of 0.74 and can predict pregnancy with high sensitivity.
Conclusion: As malondialdehyde was significantly different in preg-
nant and non-pregnant women and had a good sensitivity profile in 
predicting pregnancy, it may be considered a marker for predicting 
IVF success. (J Turkish-German Gynecol Assoc 2013; 14: 136-41)
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Amaç: Folikül oksidatif durumunun belirteci olan nitrik oksit (NO), 
malondialdehit (MDA) ve redükte glutatyon (GSH) gibi kimyasal belir-
teçlerin in vitro fertilizasyon başarısına etkisinin araştırılması.
Gereç ve Yöntemler: Oosit toplama sırasında dominant foliküllerin 
aspire edilen sıvıları toplandı. Tüm aspire edilen sıvılarda biyokimya-
sal analiz ile NO, MDA ve GSH seviyelerine bakıldı.
Bulgular: Gebelikle sonuçlanan ve gebe kalamayan olguların NO, 
MDA and GSH seviyeleri karşılaştırıldığında, folikül sıvısı MDA seviye-
si gebe kalanlarda anlamlı olarak yüksek bulunurken (p=0.001), NO 
seviyesi ise gebe kalanlarda anlamlı olarak düşük bulundu (p=0.039). 
Oksidatif stres ve in vitro fertilizasyon parametreleri arasında kore-
lasyon analizi yapıldığında, MDA ile grade 1 embriyo sayısı arasında 
(r=0.271, p=0.033) ve fertilizasyon oranı arasında (r=0.263, p=0.039) 
zayıf pozitif bir korrelasyon bulundu. ROC eğrisi analizinde MDA’nın 
çizgi altında kalan alanı 0.74 hesaplanarak gebe kalan olguları öngör-
mede yüksek bir duyarlılığı olduğu bulundu.
Sonuç: Malondialdehit gebe kalan olguların follikül sıvılarında gebe 
kalamayanlardan anlamlı olarak yüksek bulunmasının yanı sıra, ge-
beliği öngörmede iyi bir duyarlılığa sahipti ve IVF olgularında gebeliği 
öngörmede bir belirteç olarak kullanılabilir. 
(J Turkish-German Gynecol Assoc 2013; 14: 136-41)
Anahtar kelimeler: Folikül sıvısı, malondialdehit, nitrik oksit, glutat-
yon, in vitro fertilizasyon, gebelik
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Introduction

Infertility is defined as the inability to conceive for at least 
one year despite having regular sexual intercourse without 
using any contraception method. There are different causes 
of infertility. Nearly 40-50% of infertility problems are esti-
mated to be of female origin and approximately 30% of cases 
are of male origin. A further 20-25% of couples suffer from 
unexplained factors (1). The pathophysiology of unexplained 
infertility is still a scientific question (2). In order to find some 
answers for unexplained cases, several investigators are try-
ing to develop new, non-invasive biochemical markers that 
may affect gamete and embryo quality. Oxidative stress is 

being investigated as a causative marker in this manner. 
Studies on the pathophysiology of unexplained infertility have 
indicated that oxidative stress may be involved as an underly-
ing factor (3, 4).
The maintenance of homeostasis in cells requires a complex 
interaction between prooxidants and antioxidants. Oxidative 
stress occurs as a result of a shift in this balance between pro-
oxidants and antioxidants towards excess free radical forma-
tion (5). Oxidative stress affects all important components of 
cells, including lipids, proteins, carbohydrates and DNA. One 
of the most important harmful effects of free radical attack 
is the oxidation of unsaturated fatty acids, known as lipid 
peroxidation. One of the end products of lipid peroxidation 
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is malondialdehyde (MDA). Since it is a stable end product, it 
can be used as a cumulative measure of lipid peroxidation (6). 
Nitric oxide (NO) is an inorganic, short-lived free radical gas 
that is synthesized from L-arginine via NO synthases. It has vari-
ous physiological functions such as suppression of pathogens, 
vasodilatation and neurotransmission. It is a highly diffusible 
molecule and forms stable oxidized metabolites known as 
nitrites and nitrates (7). It has been reported that nitric oxide 
locally modulates granulosa cell function (8) and is involved in 
follicular maturation and ovulation in women (9, 10). 
Evolutionarily, aerobic organisms have developed a biochemi-
cal defense system against the oxidative effects of reactive 
oxygen species. Thiol glutathione (GSH) functions as the most 
important endogenous antioxidant for the maintenance of the 
prooxidant-antioxidant balance in humans. GSH is a tripeptide 
containing a free sulfydryl group on a cysteine residue. It is 
found in high concentrations in the cytoplasm, nucleus and 
mitochondria (11). Oxidative stress is believed to affect repro-
ductive functions (12). The effect of oxidative stress on the 
reproductive potential of men has been investigated extensively 
worldwide. However, there are limited reports about the pos-
sible effects on the female reproductive system (13-15). 
Follicular fluid (FF) is the biological environment that supports 
the development of the oocyte and the subsequent embryo 
that is generated. It is a product of secretions of the granulosa 
and theca cells that surround the follicular wall. It may give 
perhaps the most important information about the effect of 
hormonal fluctuations which have an impact on oocytes. The 
composition of follicular fluid includes various substances such 
as cytokines, growth factors, antioxidants and vasoregulatory 
molecules. These mediators may a have direct effect on the 
maturation ability and the quality of oocytes (16).
The aim of this study was to investigate biochemical markers 
of oxidative stress such as NO and MDA and the antioxidant 
GSH in the follicular fluids of women undergoing ovarian 
hyperstimulation, intracytoplasmic sperm injection (ICSI) and 
embryo transfer, and to compare these parameters between 
two groups that were classified as successful pregnancy and 
unsuccessful pregnancy as an outcome of their assisted repro-
duction treatment.

Materials and Methods

Subject selection
Sixty-two infertile women aged between 25-32 years, who 
were admitted to the Kocaeli University IVF Unit and started 
to IVF treatment between September 2008 and October 2009, 
were included in this study. All of them had an etiology of 
unexplained infertility (no indication of a hormonal, ovulatory, 
tubal, uterine or sperm problem among the couples) and all 
were non-smokers. All of the subjects were free of any systemic 
disease (hypothyroidism, hyperthyroidism, diabetes, hyperpro-
lactinemia) and had their first IVF treatment cycle. All of the 
women underwent ovulation induction with the long agonist 
(N=19), short antagonist (N=37) and microdose flare-up (N=6) 
protocols based on timing, hormonal conditions and ovarian 
reserve status of the women on the discretion of the clinician, 

followed by oocyte collection, ICSI and embryo transfer. ICSI 
was the preferred method for fertilization since it is associated 
with higher fertilization rates compared to conventional in vitro 
fertilization. Informed consent was obtained from each patient 
before participating in the study. Ethical approval was given by 
the Kocaeli University Ethics Committee.
 
Sample collection and processing
FF samples were taken from the dominant follicles of the 
patients during the oocyte pick-up procedure. No flushing was 
done during ovum pick-up in order to prevent culture media 
contamination. The samples were centrifuged at 2000 rpm for 
10 minutes, then the clean supernatants (free of erythrocytes) 
were aliquoted and stored at -20°C for later use.

MDA measurement
Follicular fluid MDA measurement was done according to the 
protocol described by Ohkawa et al. (17). 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 0.2 mL of each thawed 
follicular fluid sample was mixed with this 3.2 mL TBA reagent 
and 0.8 mL distilled water. The mixture was incubated in a boil-
ing water bath for 1 h and then cooled on ice.
After cooling, the mixture was mixed with 5 mL N-butanol/
pyridine (15:1 v/v) and 1 mL distilled water and centrifuged at 
2500 rpm for 5 minutes. The absorbance of the upper butanol 
phase was read at 532 nm against a blank and the results were 
calculated as µM MDA.

GSH measurement
Follicular liquid samples were supplemented with an equal vol-
ume of 5% (v/v) metaphosphoric acid, and centrifuged at 3000 
g for 10 min at 4°C. GSH concentrations in the samples were 
measured by the method described by Yakubu et al. (18). The 
GSH concentrations in the samples are expressed as µmol/L.

NO measurement
Direct measurement of NO is difficult since it is an unstable 
product. NO was measured indirectly by measuring the total 
nitrite and nitrate concentration in the sample using the Griess 
method as described by Archer et al. (19). After deproteiniza-
tion of the sample, all the nitrate in the sample was reduced to 
nitrite by incubation with cadmium. Afterwards, Griess reagent 
(1% sulfanylic acid+0.1% N-(1-naphtyl) ethylene diamine) was 
added into the sample and the absorbance was measured at 
545 nm. The NO concentrations are expressed as µmol/L.

The collection of embryology laboratory data 
All the embryological data (number of oocytes retrieved, 
embryo quality, pregnancy status) were obtained from patient 
consultations and evaluation forms during the study. The 
embryo grading assessment was done according to fragmen-
tation degree and blastomere size. Embryos with even blas-
tomeres and <10% fragmentation were categorized as grade 
A embryos, while those with even blastomeres and <26% 
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fragmentation (cell number 2 or 5 for day 2 OR 4 for day 2 and 
≥9 for day 3) and 11-25% fragmentation (cell number of 4 day 
2 OR 4 for day 2 and 7-8 for day 3) were categorized as grade 
B embryos and with those uneven blastomeres and 26-35% 
fragmentation were categorized as grade C embryos according 
to ASEBIR embryo assessment criteria (20). Grade D embryos 
were kept out of the statistical analysis. All women were trans-
ferred a single, grade A embryo on day 3. Women who had a 
blood human chorionic gonadotropin level above 10 mIU/mL 
12 days after embryo transfer were classified into the successful 
pregnancy group, while the others were considered the unsuc-
cessful pregnancy group.

Statistical Analysis
SPSS version 13.0 was used for statistical analysis. Non-
parametric Mann-Whitney U tests were used for group compar-
isons. The pregnancy status of women after IVF treatment was 
considered the primary outcome measure. Spearman correla-

tion analysis was used for correlations. p<0.05 was accepted as 
statistically significant.

Results

The mean ages of the patients in the successful pregnancy 
(Group 1) and unsuccessful pregnancy (Group 2) groups were 
32.32±4.94 and 31.42±3.53, respectively (p=0.898). IVF out-
comes of the patients in both groups are given in Table 1. When 
the groups were compared in terms of the oxidative stress 
parameters shown in Table 2, statistically significant differences 
were found in FF MDA and FF NO levels (p=0.001 and p=0.039, 
respectively); however no significant difference was found 
between groups in terms of FF GSH (p=0.076). Correlation 
analyses between oxidative stress and IVF parameters showed 
that MDA had a positive weak correlation with the number 
of grade A embryos (r=0.271, p=0.033) and fertilization rate 
(r=0.263, p=0.039) (Table 3). ROC curve analysis revealed that 

Table 1. IVF outcomes in both groups

		  Group 1 	 Group 2 
Outcome variables	 (N= 27 )	 (N= 35)	 p value 

# of oocytes	 12.15±6.91	 11.83±9.66	 0.447

# of mature oocytes	 9.30±5.71	 8.91±8.12	 0.381

Fertilization rate (%)	 81.84± 3.74	 70.77±4.86	 0.137

*Analyses were performed by the non-parametric Mann-Whitney U test.

Table 2. Comparison of follicular fluid free radical and antioxidant GSH levels between groups

		  Group 1	 Group 2	  
		  (N=27)	 (N=35)	 p value

FF MDA (µmol/L)	 1.16±0.57	 0.70±0.49	 0.001

FF NO (µmol/L)	 33.67±12.23	 41.11±15.11	 0.039

FF GSH (µmol/L)	 8.21±5.32	 5.67±3.12	 0.076

*Analyses were performed by the non-parametric Mann-Whitney U test, NO: nitric oxide; MDA: malondialdehyde; GSH: glutathione 

Table 3. Correlation between oxidative stress and IVF parameters

		  # of grade A	 # of grade B	 # of grade C	 Fertilization	 # of mature 
		   embryos	  embryos	  embryos	 rate	  embryos

FF MDA  

	 r	 0.271	 -0.102	 -0.053	 0.263	 -0.098

	 p	 0.033	 0.430	 0.680	 0.039	 0.450

FF NO

	 r	 -0.217	 0.018	 0.126	 -0.114	 -0.089

	 p	 0.091	 0.892	 0.328	 0.378	 0.492

FF GSH

	 r	 0.086	 -0.050	 -0.018	 -0.102	 -0.004

	 p	 0.505	 0.701	 0.888	 0.430	 0.976

NO: nitric oxide; MDA: malondialdehyde; GSH: glutathione; r: Correlation coefficient; p: Significance
*Correlation analyses were performed by the Spearman correlation test
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area under the curve for malondialdehyde was 0.74 for predict-
ing pregnancy followed by glutathione (AUC=0.63) and nitric 
oxide (AUC=0.34) (Figure 1). These data show that the level 
of nitric oxide is better at predicting unsuccessful pregnancy 
outcome.
 
Discussion

Follicular fluid is a very important microenvironment that plays 
a crucial role in the development of oocytes. The oocyte is 
maintained with the components of the follicular fluid while 
maturing. Therefore, it is highly possible that some biochemical 
characteristics of the follicular fluid play a critical role on oocyte 
quality and the subsequent potential to achieve fertilization and 
embryo development. The biochemical composition of fol-
licular fluid includes proteins, sugars, reactive oxygen species, 
antioxidants and hormones. Moreover, the oxidant-antioxidant 
state of follicular fluid and its effects on oocyte and IVF out-
comes has been of great interest in recent years (16).
Nitric oxide is an inorganic, free radical gas that has many physi-
ological roles in folliculogenesis, ovulation and luteal function 
as well as in the cardiovascular, neurological and immune 
systems. Recent studies have demonstrated that nitric oxide is 
expressed by human granulosa cells and therefore present in 
significant amounts in human follicular fluid, and has also been 
detected in the follicular fluid after gonadotrophin stimulation. 
This suggests that this factor may be involved in the regulation 
of ovarian blood flow or in the maturation of human ovarian 
follicles (21). The observation that NO synthesis increases with 
follicle development showed that NO may have a role in regu-
lating ovarian function. Rosselli et al. (22) found that increases 
in NO concentrations showed a correlation with increases in 
estrogen hormone levels. Moreover, Shukovski and Tsafriri (23) 

demonstrated that ovulation in rat was inhibited by the admin-
istration of NOS inhibitors, thus showing that NO participates 
in the ovulatory processes. Although these findings provide 
evidence about the role of NO in regulating ovarian function, 
it is still unclear if these effects are related to NO generated in 
the vasculature or generated by various cells in the ovary (24).
The data on the impact of NO on IVF outcome are conflicting. 
Lee et al. (25) reported that nitrite/nitrate concentrations were 
significantly lower in the follicular fluid of mature oocytes, 
and higher fragmentation and lower implantation rates were 
observed in embryos exposed to high follicular fluid nitrite/
nitrate concentrations. In parallel, Barrionuevo et al. (26) 
showed that follicular NO3¯/NO2¯ levels have a strong inverse 
relationship with the fertilization potential of mature oocytes. 
In the light of these observations, at higher follicular fluid con-
centrations, NO is thought to be a good predictor of oocyte and 
embryo outcomes. Conversely, Manau et al. (27) suggested that 
NO assessments might be tricky since intrafollicular levels are 
not correlated with IVF outcomes.
Although the controlled generation of NO may have a physi-
ological function as a signaling molecule, uncontrolled NO 
production may result in embryo toxicity (2, 5). The results of 
our study show that intrafollicular NO levels were significantly 
higher in the non-pregnant group compared to the pregnant 
group. However, when the relationship between NO and IVF 
parameters such as the number of mature oocytes, fertilization 
rate and embryo grading was assessed, no significant correla-
tions were observed. Thus, we may conclude that high levels 
of NO may exert effects on pregnancy status through complex 
mechanisms of endometrial receptivity (implantation) or may 
have negative (toxic) effects on embryos that commits them to 
apoptosis before implantation. 
When the deleterious effects of free radicals on cell integrity are 
considered, it is expected that there has to be a negative corre-
lation between peroxidation levels and IVF outcomes; however, 
many studies have shown conflicting results in this respect. 
In a study by Appasamy et al. (28), it was found that follicular 
fluid ROS levels had a positive correlation with the pregnancy 
rate in IVF patients. This observation made researchers think 
that a limited amount of oxidative stress may be essential for 
embryonic development since it is an indicator of metabolic 
activity. The results of a study by Pasqualotto et al. (14) showed 
parallel results, as pregnant women after IVF treatment had 
higher lipid peroxidation (LPO) products compared to non-
pregnant women. However, Oral et al. (12) found no significant 
relationship between follicular fluid malondialdehyde levels 
and fertilization rates. Accordingly, Jozwick et al. (29) reported 
no significant correlation between IVF outcome and different 
oxidative stress marker concentrations. On the contrary, in a 
study by Das et al. (30), it was observed that there was a nega-
tive correlation between ROS levels and embryo quality.
According to our results, we have found that there was a 
statistically significant difference in follicular fluid MDA levels 
between pregnant and non-pregnant women. The follicular 
fluid MDA levels in pregnant women were significantly higher 
than those in non-pregnant women. This might be explained by 
the weak positive correlation of MDA with the number of grade 

Figure 1. ROC curve analysis of follicular fluid malondialdehyde, 
glutathione and nitric oxide in predicting pregnancy outcome
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A embryos and fertilization rate, which are major predictors of 
successful IVF outcome. Our findings are in concordance with 
the results of Pasqualotto et al. (14), who found that pregnant 
women had higher lipid peroxidation levels. Agarwal et al. (2) 
also showed a positive correlation between pregnancy rates 
and lipid peroxidation.
In order to keep ROS levels in balance in the follicular fluid, it 
has been shown that the follicular fluid contains free radical 
scavengers to protect oocytes and embryos (14, 29). According 
to the results of some animal studies, oocyte GSH was shown to 
be important in decreasing disulfide bonds during sperm DNA 
decondensation and pronucleus formation, zygotic centrosome 
formation and pronucleus localization (31). In addition, GSH 
and GSH-forming blocks in oocyte and embryo culture media 
used in in vitro fertilization procedures have improved fertiliza-
tion rates and embryo development (11).
Most of the studies relating the effect of GSH on oocyte and 
embryo quality in the literature have studied GSH content inside 
the cells (31, 32). There are few reports on the GSH content 
outside the cells, i.e. in follicular fluid, and its relationship with 
IVF outcome. In one of the studies about GSH content in fol-
licular fluid, Liu et al. (33) found high GSH concentrations in the 
follicular fluids of small, medium and large sized follicles; how-
ever, there was no significant difference between different sizes 
in terms of GSH levels. They concluded that GSH in the follicular 
fluid may act as an anti-oxidant to protect oocytes from oxida-
tion during oocyte growth and maturation. Ozkaya et al. (34) 
also studied the effect of multivitamin and mineral supplemen-
tation on GSH levels in the follicular fluid and serum of women 
with unexplained infertility in a recent study. However, in none 
of these studies were GSH levels in the follicular fluid correlated 
with IVF parameters and associated with IVF outcome. 
In the present study, no significant correlation was found 
between follicular fluid GSH levels and fertilization rate and 
embryo quality. Also, there was no significant difference 
between pregnant and non-pregnant women in terms of follicu-
lar fluid GSH levels. This conclusion may reveal the inadequate 
efficiency of relatively low GSH levels in follicular fluid as an 
antioxidant compared to intracellular levels.
ROC curve analysis indicated that the follicular fluid malondial-
dehyde concentration is a good marker for pregnancy with an 
AUC of 0.746; glutathione and nitric oxide showed less sensitiv-
ity in estimating pregnancy status. This finding might be sup-
ported by the positive correlation of MDA with fertilization rate 
and the number of grade A embryos. 
In order to eliminate any possible confounding effect related to 
age and the number of transferred embryos, the age range of 
women included in this study was kept very narrow (there was 
no statistically significant difference in age between the groups) 
and all were transferred a single, grade A, day 3 embryo. 
However, our study has some limitations. In our study, the fol-
licular fluids taken from dominant follicles were evaluated as 
reflecting the entire ovary microenvironment. The oocytes from 
those follicles were not assessed independently. In this manner, 
further studies with a larger sample size are needed to perform 
individual and parametric analyses.
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