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Objective: Oxidative stress plays a key role in the pathogenesis of male infertility. But, the adverse effects of oxidative biomarkers on sperm 
quality remain unclear. This study aimed to investigate the levels of nitric oxide (NO), 8-hydroxydesoxyguanosine (8-OHdG), and total antioxi-
dant capacity (TAC) oxidative biomarkers in seminal plasma and their relationship with sperm parameters.
Methods: A total of 77 volunteers participated in the study, including fertile (n = 40) and infertile men (n = 37). NO, 8-OHdG, and TAC levels were 
measured using the ferric reducing ability of plasma, Griess reagent method and an enzyme-linked immunosorbent assay kit, respectively.
Results: The mean values of sperm parameters in the infertile group were significantly lower than those in the fertile group (p < 0.001). The 
mean 8-OHdG in the seminal plasma of infertile men was significantly higher (p = 0.013) than those of controls, while the mean TAC was signifi-
cantly lower (p = 0.046). There was no significant difference in NO level between the two groups. The elevated seminal 8-OHdG levels were 
negatively correlated with semen volume, total sperm counts and morphology (p < 0.001, p = 0.001 and p = 0.052, respectively). NO levels were 
negatively correlated with semen volume, total sperm counts and morphology (p = 0.014, p = 0.020 and p = 0.060, respectively). Positive corre-
lations between TAC and both sperm count and morphology (p = 0.043 and p = 0.025, respectively) were also found.
Conclusion: These results suggested that increased levels of NO and 8-OHdG in seminal plasma could have a negative effect on sperm func-
tion by inducing damage to the sperm DNA hence their fertility potentials. Therefore, these biomarkers can be useful in the diagnosis and 
treatment of male infertility.
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Introduction 

Oxidative stress (OS) is now considered as one of the important 
causes of idiopathic male infertility [1,2]. It is associated with in-
creased cellular damages caused by oxygen-derived free radicals, or 
byproducts from the metabolism of oxygen metabolites, namely re-
active oxygen species (ROS) [1,2]. Leukocytes and immature, or ab-
normal spermatozoa are the major endogenous sources of ROS in 
the seminal plasma [3,4]. Although limited levels of ROS are neces-
sary for the processes of spermatozoa maturation, capacitation, hy-
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peractivation, acrosome reaction, and sperm-oocyte fusion, in-
creased content of ROS can attack sperm DNA, lipids and proteins, 
which is subsequently associated with cell death, poor quality of 
sperm, and male infertility [4,5]. The excessive levels of ROS are com-
monly overwhelmed by the body’s antioxidant defense mechanisms; 
total antioxidant capacity (TAC) that contains both enzymatic and 
non-enzymatic antioxidant molecules such as superoxide dismutase 
(SOD), catalase, glutathione peroxidase, ascorbate, vitamin E, pyru-
vate, glutathione. However, spermatozoa are unable to restore the 
oxidative damage due to (1) the high content of polyunsaturated fat-
ty acids in their cell membrane which makes them highly susceptible 
to ROS by inducing lipid peroxidation, (2) the partial loss of antioxi-
dant protection due to the limit volume of cytoplasm, (3) their lack of 
the necessary cytoplasmic enzyme repair systems [1-5].

Nitric oxide (NO) is an oxygen free radical molecule that plays a key 
role in the regulation of numerous physiological processes such as 
sperm hyperactivation, acrosome reaction, capacitation, and sperm 
fertilization [6]. It is synthesized under the enzymatic activity of NO 
synthase (NOS) from L-arginine and L-citrulline [7]. Although NO has 
a physiological function at low concentration, it causes pathological 
damages to cells at high concentration. The cytotoxic effects of NO 
are mediated indirectly through its interaction with the superoxide 
anion (O2

–) yielding of proxy nitrite anion (ONOO–) and proxy nitrous 
acid (ONOOH). These activate molecules are strong oxidant that can 
cause molecular damages or apoptosis to a variety of tissues [8]. 
However, the effects of NO on sperm function are dose-dependent. 
At physiological conditions, low NO level plays an essential role in 
sperm function such as sperm motility [9], capacitation, acrosome re-
action [10], whereas an increased level of NO can be associated with 
a decrease in human sperm motility and viability [11]. Recently, dif-
ferent studies show that expression of NOS regulates normal sper-
matogenesis in the testis, and the NOS gene variants (G894T, T-786C, 
and 4a4b) are potentially involved in the impairment of spermato-
genesis and sperm function [12,13]. On the other hand, it has also 
been established that high NO levels have harmful effects on DNA 
[14]. The integrity of sperm DNA is an important factor in successful 
fertility and embryo development. High levels of ROS are associated 
with oxidative DNA damages as revealed by an accumulation of the 
oxidized guanine residue 8-hydroxydesoxyguanosine (8-OHdG), a 
well-known biomarker of DNA oxidation [15]. 

There is no report on the relation between NO level and oxidative 
DNA damage (8-OHdG) in seminal plasma. The aim of the present 
study is to determine the concentration of NO, 8-OHdG, and TAC in 
the seminal plasma and their correlations with semen parameters 
(volume, concentration, motility, and morphology) in the fertile and 
infertile men.

Methods

1. Subjects 
In this case-control study, a total of 77 semen samples were provid-

ed from individuals with the age ranging between 24 to 35 years old, 
who referred to the in vitro fertilization (IVF) center in Fatemeh Zahra 
Hospital, Babol, Iran, 2018. Before samples collection, a questionnaire 
on age and lifestyle also was provided. The subjects were classified 
into two groups; control group including 40 fertile and healthy men 
with a normal semen analysis (normozoospermic) and 37 infertile 
patients with a history of primary infertility for at least 1 year and an 
abnormal semen analysis. The Ethics Committee of Babol University 
of Medical Sciences approved the study protocol. The written in-
formed consent was obtained from all individual participants includ-
ed in the study. Individuals were excluded from the study with a sig-
nificant medical history or signs of defective androgenization or tes-
ticular trauma, cryptorchidism, vasectomy, endocrine disorders, leu-
kocytospermia, sexually transmitted disease, alcohol consumption, 
and smoking. 

2. Sample collection and semen analysis
The semen samples were collected into sterile container after a pe-

riod for 2–3 days of abstinence at the IVF center of an infertility clinic. 
Routine semen analysis was performed within 1 hour according to 
World Health Organization guidelines [16]. Specimens were allowed 
to liquefy at 37°C for 30 minutes, and then sperm concentrations, 
percentage of motile sperm and sperm with normal morphology 
objectively were evaluated using microscopic examination. Sperm 
morphology was evaluated according to the Kruger’s criteria, in 
which sperm morphology < 4% were considered as abnormal [17]. 
After semen analysis, samples were centrifuged at 4,000 g for 10 
minutes and stored at 20°C for measurement of the OS biomarkers.

3. 8-OHdG measurement in seminal plasma
The levels of 8-OHdG in 50 μL of seminal plasma were measured us-

ing an enzyme-linked immunosorbent assay (ELISA kit; CSB-E10140h, 
96T, Cusabio, Wuhan, China). The color reaction product was then de-
tected by ELISA reader at 450 nm, and the concentration of 8-OHdG 
was calculated from a standard curve. The final results were expressed 
as ng/mL.  

4. NO measurement in seminal plasma 
The total stable oxidation products of NO metabolism (NO2

–/ NO3
–) 

of seminal plasma were assessed using a Griess reagent consisting of 
sulfanilamide (SULF) and N-(1-Naphthyl) ethylenediamine dihydro-
chloride (NEDD) [18]. The frozen semen was allowed to thaw until it 
reached a temperature of 25°C that was followed by being deprot-
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einized by zinc sulfate solution (Sigma-Aldrich, St. Louis, MO, USA). 
The liquefied semen samples were centrifuged at 12,000 g for 10 
minutes at room temperature. Then, 300 μL of the clear supernatant 
was mixed with Griess reagents including 300 μL SULF (2% w/v) in 
5% hydrochloric acid (HCl) and 300 μl NEDD (0.1% w/v; Sigma, St. 
Louis, MO, USA) in H2O in a test tube, while for the reduction of ni-
trate to nitrite, 300 μL saturated solutions of vanadium (III) chloride 
(VCl 3, Sigma) in 1 M HCl was added and incubated for two hours at 
30°C in the dark. Then the absorbance of samples was recorded at 
540 nm with a spectrophotometer against a blank containing the 
same concentrations of ingredients but no biological sample. Linear 
regression was used to determine NO concentration from the stan-
dard curve of NaNO2. The final results were expressed as μmol/L.

5. TAC measurement in seminal plasma
The TAC of seminal plasma was evaluated using the ferric reducing 

ability of plasma (FRAP) method according to the method described 
by Benzie and Strain [19]. This method measures the ability of anti-
oxidants of a sample to reduce ferric tripyridyltriazine (Fe3+ –TPTZ) to 
a ferrous form (Fe2+). In brief, the working FRAP reagent was prepared 
by mixing 300 mmol/L acetate buffer pH = (3.1 g sodium acetate ×  
3H2O [Merck, Darmstadt, Germany] and 16 mL acetic acid in 1,000 
mL buffer solution) with 10 mmol/L 2,4,6,-tripyridyl-s-triazine (TPTZ, 
Merck), 40 mmol/L HCl (Merck), and 20 mmol/L FCl3 × 6H2O (Sigma) 
in a 10:1:1 ratio, just before use. Then, 1.5 mL of the working FRAP re-
agent was aliquoted into a glass tube and warmed to 37°C for 5 min-

utes. Subsequently, 50 μL of diluted plasma (total of semen samples 
centrifuged at 12,000 g for 7 minutes, and diluted 1:10 v/v in distilled 
water), 50 μL of distilled water (reagent-free), as well as 50 μL of each 
of the standard solutions (FeSO4. 7H2O; 1,000, 500, 250, and 125 μM; 
Sigma) were added to 1.5 mL FRAP reagent and heated in 37°C for 
10 minutes. Then, the absorbance of samples was measured at 593 
nm with a spectrophotometer (UV1600). The final results were ex-
pressed as μM/L.

6. Statistical analysis
Independent t-test was used for comparisons to examine differenc-

es between the data groups, NO, 8-OHdG, and TAC levels and other 
parameters including age, volume, sperm count, total sperm counts, 
percentage of normal morphology and motility of sperm between 
the two groups; fertile, and infertile men. These data were reported 
as mean ± standard deviation. The odds ratios were presented to-
gether with their 95% confidence intervals using SPSS ver. 18.0 (SPSS 
Inc., Chicago, IL, USA). A linear regression (Spearman) model was ap-
plied to the relationship between NO, 8-OHdG, and TAC levels with 
sperm parameters. In all cases, a p-value ≤ 0.05 was considered as 
statistical significant.

Results

1. Characteristics of the study subjects and semen parameters
The mean values of sperm parameters quality in infertile men and 

Table 2. Comparison of 8-OHdG, NO, and TAC concentration in seminal plasma between fertile and infertile groups 

Variable Fertile (n = 40) Infertile (n = 37) Mean difference (95% CI) p-valuea)

8-OHdG (ng/mL)    304.15 ± 126.29  389.66 ± 165.63 –85.51 (–152.08 to –18.94) 0.013
NO (μmol/L)    6.39 ± 4.59  7.94 ± 5.91 –1.54 (–3.94 to 0.84) 0.202
TAC (μM/L) 2,015.50 ± 670.95 1,697.11 ± 708.18 318.41 (5.31 to 631.52) 0.046

Values are presented as mean ± standard deviation.           
8-OHdG, 8-hydroxydesoxyguanosine; NO, nitric oxide; TAC, total antioxidant capacity; Fertile, healthy control group with a normal semen analysis; Infertile, pa-
tients with primary infertility and abnormal semen analysis; CI, confidence interval. 
a)The p < 0.05 was considered statistically significant. Independent t-test was used for comparisons between two groups.

Table 1. Comparison of sperm parameters between two groups of the fertile and infertile men 

Variable Fertile (n = 40) Infertile (n = 37) Mean difference (95% CI) p-valuea)

Age (yr) 30.05 ± 4.59 30.43 ± 3.32 –0.38 (–2.21 to 1.45) 0.67
Volume (mL)  3.76 ± 1.21  3.54 ± 1.51   0.22 (–0.40 to 0.84) 0.48
Count ( × 106/mL)  85.00 ± 20.38  26.05 ± 26.80   58.94 (48.18 to 69.70) < 0.001
Total count ( × 106)   313.12 ± 129.23    99.60 ± 115.81    213.51 (157.63 to 269.39) < 0.001
Motility (%) 60.00 ± 7.51  38.81 ± 17.71  21.18 (15.09 to 27.28) < 0.001
Morphology (%) 19.00 ± 6.28 6.05 ± 4.94  12.94 (10.36 to 15.52) < 0.001

Values are presented as mean ± standard deviation.           
Fertile, healthy control group with a normal semen analysis; Infertile, patients with primary infertility and abnormal semen analysis; CI, confidence interval.   
a)The p < 0.05 was considered statistically significant. Independent t-test was used for comparisons between two groups. 
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the control group are shown in Table 1. The initial study samples con-
sisted of 40 normozoospermic men (51.94%) and 37 infertile men 
(48.05%), of whom group, 27.03% oligoteratozoospermia, 5.40% oli-
gozoospermia, 32.43% oligoasthenoteratozoospermia, 5.40% asthe-
nozoospermia, 13.51% asthenoteratozoospermia and 16.21% were 
teratozoospermia. There was not a significant difference in mean 
age, and also volume between two groups. The mean values of 
sperm counts, total sperm counts, motility and normal morphology 
of sperm in the infertile group were significantly lower than that in 
the fertile group (p < 0.001). 

2. Mean values of OS biomarkers in seminal plasma of fertile 
and infertile groups 

The mean values of OS biomarkers in seminal plasma of infertile 
men and the control group are depicted in Table 2. The mean 8- 
OHdG levels in the seminal plasma of infertile men (389.66 ± 165.63 
ng/mL) were significantly higher than that in of the control group 
(304.15 ± 126.29 ng/mL, p = 0.013), while we didn’t find a significant 
difference in mean of NO levels in the seminal plasma between the 
two groups (p = 0.202). However, a trend for higher means NO value 
was observed in the seminal plasma of infertile patients. In addition, 
the mean TAC in the seminal plasma was significantly lower for infer-
tile men than for men in the control group (1,697.11 ± 708.18 and 
2,015.50 ± 670.95 μM/L, p = 0.046).

3. Correlations between OS biomarkers and sperm parameters 
in fresh semen

The correlation coefficients of various parameters in all subjects are 
demonstrated in Table 3 and Figure 1. A positive correlation was observed 

between semen volume, and total sperm counts (p < 0.001, r = 0.437), 
the total sperm counts and sperm motility (p < 0.001, r = 0.435), the total 
sperm count and normal sperm morphology (p < 0.001, r = 0.638), sperm 
motility, and morphology (p < 0.001, r = 0.576). A negative correlation 
was seen between elevated 8-OHdG levels in the seminal plasma with 
semen volume (p < 0.001, r = −0.432), total sperm counts (p = 0.001, 
r = −0.375) and normal sperm morphology (p = 0.052, r = −0.223). Also, 
negative correlations were also observed between NO levels and semen 
volume (p = 0.014, r = −0.279), total sperm counts (p = 0.020, r = −0.265) 
and normal sperm morphology (p = 0.060, r = −0.216). Positive correla-
tions were found between TAC and sperm count (p = 0.043, r = 0.232) and 
between TAC and normal sperm morphology (p = 0.025, r = 0.255). A 
positive correlation was observed between elevated 8-OHdG and NO lev-
els in seminal plasma while 8-OHdG levels were negatively correlated 
with TAC. But, the results not statistically significant (Table 3, Figure 1).

Table 3. Pearson correlation analysis between oxidative biomarkers in seminal plasma with sperm parameters 

Variable Semen sample 
(n = 77) 8-OHdG NO TAC Volume Count Total count Motility Morphology

8-OHdG Pearson correlation 1 0.151 –0.146  –0.432a) –0.175  –0.375a) –0.140 –0.223
Significant (2-tailed) 0.190 0.206 0.000 0.127 0.001 0.223 0.052

NO Pearson correlation 1 –0.045 –0.279b) –0.166 –0.265b) –0.143 –0.216
Significant (2-tailed) 0.695 0.014 0.149 0.020 0.214 0.060

TAC Pearson correlation 1 0.021   0.232b) 0.115 0.114   0.255b)

Significant (2-tailed) 0.855 0.043 0.318 0.325 0.025
Volume Pearson correlation 1 0.036   0.437a) –0.017 0.168

Significant (2-tailed) 0.759 0.000 0.886 0.144
Sperm count Pearson correlation 1   0.825a)     0.607a)   0.722a)

Significant (2-tailed) 0.000 0.000 0.000
Total sperm count Pearson correlation 1    0.435a)   0.638a)

Significant (2-tailed) 0.000 0.000
Motility Pearson correlation 1   0.576a)

Significant (2-tailed) 0.000

8-OHdG, 8-hydroxydesoxyguanosine; NO, nitric oxide; TAC, total antioxidant capacity. 
a)Correlation is significant at the 0.01 level (two-tailed); b)Correlation is significant at the 0.05 level (two-tailed). 

Figure 1. Correlations between total antioxidant capacity (TAC) in 
seminal plasma and sperm morphology.   
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Discussion

In a healthy body, there is a balance between pro-oxidants and anti-
oxidants in the biological system. However, under pathological condi-
tions, the uncontrolled production of ROS exceeds the antioxidants 
capacity of the seminal plasma, resulting in oxidative damage [1-4]. In 
this study, we investigated the relationship between OS biomarkers 
including NO, 8-OHdG, and TAC levels of seminal plasma with low 
sperm parameters to show an increase in infertility rate in men.

In the present study, a trend for higher mean NO value was ob-
served in seminal plasma of infertile patients compared with fertile 
men. But, this difference was not statistically significant between two 
groups. In contrast, several studies provided evidence that NO con-
centration in seminal plasma of infertile men is significantly higher 
than those in normozoospermic fertile group [7,20]. In another study, 
NO concentrations were significantly higher in oligo and astheno-
zoospermic patients with and without varicocele than in healthy 
control men [21]. 

Several studies have shown bilateral effects of NO on sperm param-
eters [11,20,22]. In our study, there were negative correlations be-
tween NO level of seminal plasma with semen volume, total sperm 
counts, and sperm morphology. In agreement with some reports 
[22,23], in the present study there was no significant difference in NO 
concentration between the fertile, and infertile subjects and also 
there was no correlation between NO level and sperm motility. On 
the other hand, a significant negative correlation was reported be-
tween the high NO level in seminal plasma with morphology, sperm 
count [11] viability [20] and sperm motility [7,9] in infertile men, 
whereas lower NO levels under physiological conditions have been 
shown to increase sperm motility [24]. On the contrary, it has been 
reported that the concentration of NO in seminal plasma does not 
correlate with sperm motility and sperm concentration [22,23]. 
Huang et al. [22] observed a significant positive correlation between 
seminal plasma NO levels and sperm morphology. They suggested 
that decreased NO levels are associated with defects in sperm mor-
phology. Moreover, in another study by Revelli et al. [23], they dem-
onstrated no correlation between NO concentration and semen pa-
rameters. Overall, these findings suggest that NO has a bilateral role 
under in pathological and physiological conditions process, being 
both a cytotoxic and necessary molecule for normal sperm function 
and particularly sperm motility depends on the alternative redox 
state and relative NO level [25]. The primary mechanism of high NO 
level that leads to the reduction of sperm motility is likely to be inhi-
bition of mitochondrial respiration and DNA synthesis by Nitrosyl-
ation and resulting in a depletion of adenosine triphosphate in the 
cell [25]. As a result, the dual effects of NO depend on its concentra-
tion and reactions with ROS such as O2

–, and H2O2 [25]. NO may react 

rapidly with O2
– to form highly toxic, proxy nitrite (ONOO–) that is a 

powerful radical [26], so ONOO– can adversely interact with most 
biomolecules and leading to oxidation of lipid, protein, and DNA, ac-
tivation of matrix metalloproteinases and inactivation of several en-
zymes, particularly mitochondrial enzymes, and also can induce cell 
death by apoptosis or necrosis [8]. Moreover, NO and NOO2

– can di-
rectly induce DNA damage. Sheikh et al. [27] reported a significant 
positive correlation between NO levels in seminal plasma and sperm 
DNA fragmentation.

Several studies have shown that high level of 8-OHdG, one of the 
best marker of DNA oxidation, in sperm is closely associated with se-
men quality parameters and male infertility [15,28]. The results of 
this study showed that 8-OHdG levels in seminal plasma were signifi-
cantly correlated with semen volume, total sperm counts, and nor-
mal sperm morphology. In agreement with our results, the mean 
values of 8-OHdG level were also significantly higher in infertile sub-
jects than healthy fertile men [28,29]. In another study, infertile men 
with varicocele exhibited higher 8-OHdG levels in seminal plasma 
and spermatozoa than the subjects without varicocele. Moreover, 
there were negative correlations between seminal plasma 8-OHdG 
content with sperm concentration, vitality, progressive motility, and 
normal morphology in the varicocele group [30]. Some evidence in-
dicated that the level of 8-OHdG in spermatozoa is negatively corre-
lated with progressive sperm motility, normal morphology, sperm 
counts [15,29] and sperm concentration [29]. In agreement with the 
present study, Hosen et al. [28] found an inverse correlation between 
8-OHdG levels in the seminal plasma with normal morphology, 
sperm counts. They also found inverse correlation with sperm motili-
ty, but a lack of such association was shown in our study. The mecha-
nisms of DNA damage in sperm that induced by the high level of 
8-oxodG is undoubtedly complex [28]. The most likely reasons for the 
high level of 8-oxodG in spermatozoa are OS and decreased activity 
of enzymes involved in DNA repair and cell death [31,32].

In our study, seminal TAC levels were significantly lower in infertile 
men compared to healthy fertile men (Table 2). Several investigators 
also have reported reductions of total antioxidant status (TAS) in 
seminal plasma of infertile men compared to that of fertile men [11,18, 
28,33,34]. The data also showed a positive correlation between 
sperm count, and normal morphology with TAC levels in fertile and 
idiopathic infertile men (p = 0.043 and p = 0.025, respectively). Addi-
tionally, there was a positive and statistically insignificant correlation 
between the TAC and motility. In agreement with our result, some 
studies have shown a positive and significant correlation between 
sperm morphology [33] and sperm count [28] with seminal TAC lev-
els in men with idiopathic infertility. In contrast, other studies have 
shown a significant association between semen TAC or TAS and 
sperm motility [28,33]. Also, in the study of Hosen et al. [28], there 
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was no correlation between sperm count and TAC levels in either id-
iopathic infertile, or fertile men. 

On the other hand, we found a positive association between 
8-OHdG level and NO in seminal plasma while 8-OHdG was nega-
tively correlated with TAC, but they were not statistically significant. 
Some studies have found a negative correlation of 8-OHdG with TAS 
and SOD in seminal plasma [28]. Amiri et al. [35] also reported NO 
levels are positively associated with 8-OHdG levels in seminal plasma 
of diabetic men. 

Overall, these studies clearly indicated the effect of OS on the 
sperm oxidative DNA damage and sperm quality, hence their fertility 
potentials. It seems that the contradictory results achieved in the 
studies may be due to different types of patient populations and eti-
ology of infertility in the subjects. However, to date, only few studies 
have reported correlation of NO and 8-OHdG levels in seminal plas-
ma with male infertility. Indeed, contradictory results have been re-
ported on the seminal plasma TAC levels between infertile and fertile 
males. However, several antioxidants are utilized for improvements 
of sperm quality, and the management of male infertility [36]. 

In conclusion, the present study showed higher NO and 8-OHdG 
levels and lower TAC levels in the seminal plasma of idiopathic infer-
tile men than in that of healthy fertile men. Moreover, our findings 
demonstrate that elevated NO and 8-OHdG levels were negatively 
correlated with volume, total sperm counts and morphology, while 
TAC was positively correlated with sperm counts and morphology. 
Thus, it was concluded that the sperm quality is affected by the oxi-
dative balance in semen. Increased level of NO, and 8-OHdG in semi-
nal plasma can be considered as one of the risk factors for poor 
sperm quality. These results suggested that OS could have a negative 
effects on sperm function by inducing damage to the sperm DNA 
and decreases sperm fertilization potential. Therefore, evaluation of 
oxidative biomarkers may be a useful tool for male infertility diagno-
sis and treatment of patients with antioxidants. In addition, this study 
set the scene for further investigations on the possible molecular 
mechanisms of increased nitrate/nitrite formation, and DNA oxida-
tive damage in seminal plasma of infertile men. 
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