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Association between nitric oxide and 8-hydroxydeoxyguanosine levels
in semen of diabetic men

Iraj Amiri1, Jamshid Karimi2
∗
, Hossein Piri2, Mohammad Taghi Goodarzi1, Heidar Tavilani2,

Iraj Khodadadi2, and Marziye Ghorbani2

1Research Center for Molecular Medicine, 2Department of Biochemistry, Medical School, Hamadan University of Medical
Sciences, Hamadan Iran

The incidence of diabetes mellitus is rapidly increasing in the
world. One of the complications of diabetes includes disturbance
of the reproductive tract, such as infertility, erectile dysfunction,
and endocrine disruption. Nitric oxide (NO) is a free radical
produced by most cells including the human male and female
reproductive tracts. NO has a dual role where low concentrations
are essential for homeostatic cellular biology and physiology,
but high levels have detrimental effects relating to cellular
damage from this reactive oxygen species (ROS). 8-hydroxy-
deoxyguanosine (8-OHdG) is an oxidized nucleoside of DNA
that is currently used as a biomarker of cellular oxidative stress,
where urinary levels can correlate with diabetic nephropathy
and retinopathy. Our aim was to investigate the relationship
between nitrate/nitrite levels and 8-OHdG levels in the semen of
diabetic and non-diabetic men. Concentrations of nitrate/nitrite
and 8-OHdG were examined in seminal plasma of 32 diabetic
and 35 non-diabetic men. The level of nitrate/nitrite was assayed
by colorimetric reaction and 8-OHdG was measured by ELISA.
Our results showed that the seminal plasma nitrate/nitrite levels
were significantly higher in the diabetic group (p < 0. 01). There
were also significantly higher 8-OHdG levels in diabetic men
compared to non-diabetic men (p < 0.05). Regression analysis
indicated that in diabetic men, nitrate/nitrite levels correlated
well with 8-OHdG levels (r = 0.64, p < 0.001). A significant trend
between nitrate/nitrite and sperm parameters was not observed.
Our data suggests that high levels of nitrate/nitrite in the semen
of diabetic men is suggestive of reactive oxygen species
induced DNA damage that is correlated with 8-OHdG levels but
not sperm parameters. These results support the further investi-
gation of NO and 8-OHdG as biomarkers for assessing male
infertility.

Keywords 8-hydroxydeoxyguanosine, diabetes mellitus, nitric
oxide, seminal plasma

Abbreviations NO: nitric oxide; NOS: nitric oxide synthesis;
8-OHdG: 8 – hydroxydeoxyguanosine; ROS: reactive oxygen
species; AGE: advanced glycation endproduct.

Introduction

Diabetes mellitus is a significant global contributor to mor-
bidity and mortality in developed as well as developing
countries. According to a report from the World Health
Organization (WHO), 220 million people worldwide were
diagnosed and affected with diabetes in 2009 [WHO
2009]. The diabetic sequel is accompanied by both macro
vascular and micro vascular complications [Yonekura
et al. 2005]. An important complication of diabetes is dis-
turbances in the male reproductive system that can affect
the majority of patients [Amaral et al. 2006]. Some
studies on the relationship between diabetes, semen par-
ameters, and male reproductive tracts have been reported,
but results are conflicting [Dinulovic and Radonjic 1990;
Handelsman et al. 1985; Niven et al. 1995; Ricci et al.
2009]. Other than the detection of severe abnormalities in
semen parameters (such as azoospermia), routine semen
analysis is currently neither sensitive nor specific for evalu-
ating fertility dysfunction in males as a consequence of
diabetes [Jequier 2005].

Reports in animal models have shown that diabetes has
harmful effects on the function of male reproduction and
can impair fertility [Cameron et al. 1990; Scarano et al.
2006]. In human, these studies are rare and the value of con-
ventional semen analysis is unclear. Agbage et al. [2007]
reported a high level of sperm nuclear DNA fragmentation
in diabetic men compared with non-diabetic men. Further-
more, pregnancy rates of samples with high levels of sperm
DNA fragmentation are significantly lower than DNA
intact sperm [Evenson and Wixon 2006]. Oxidative stress
plays a key role in male infertility where, in semen of infertile
men, high levels of reactive oxygen species (ROS) have been
detected [Cocuzza et al. 2007]. High levels of ROS and oxi-
dative stress are associated with DNA damage and can be as-
sessed by oxidative damage to DNA via the nucleoside
metabolite, 8- hydroxydeoxyguanosine (8-OHdG) [Kasai
et al. 2005]. Nitric oxide (NO) plays a key role in many
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physiological phenomena and is also a ROS that has high re-
activity, which is potentially toxic to cells and macromol-
ecules [Burney et al. 1999a]. We aimed in this study to
establish the effect of NO and 8-OHdG in the semen of dia-
betic and non-diabetic men.

Results

The mean age of diabetic and non-diabetic subjects was
35.84 ± 8.89 and 32.58 ± 5.68 years, respectively. Character-
istics of semen quality are summarized in Table 1. Serum
volume, concentration, morphology, and motility showed
no significant difference between the two groups. Fasting
blood glucose and HbA1c were significantly higher (p <
0.001, Table 1) in diabetic compared non-diabetic men.
No significant difference was found in the lipid profiles of
diabetic and non-diabetic men (Table 1).

The NO metabolites values were 6.16 ± 1.93 and 4.2 ± 1.4
µM in diabetic and non-diabetic subjects, respectively
(Fig. 1). Nitrate/nitrite levels were significantly elevated in the
seminal plasma of diabeticmen in comparison to non-diabetic
subjects (p < 0.01). The levels of 8-OHdGwere 4.86 ± 0.67 and
3.75 ± 0.54 (pg/mL) in diabetic and non-diabetic groups,
respectively (Fig. 2). 8-OHdG levels were elevated significantly
in seminal plasma of diabetic men in comparison to non-
diabetic men (p < 0.05). A significant positive correlation
between nitrate/nitrite and 8-OHdG levels was observed in
the seminal plasma (r = 0.64, p < 0.001, Fig. 3) of diabetic
men. No significant correlation was observed between
seminal plasma nitrate/nitrite and the concentration (r =
0.18, p = 0.31), motility (r = 0.00, p = 0.94), and morphology
(r = 0.1, p = 0.15) of spermatozoa in diabetic men.

Discussion

In this study, we assessed semen characteristics from diabetic
and non-diabetic men. We did not find a significant differ-
ence in sperm characteristics between these two groups

however a significant increase in markers of ROS, including
NO metabolites, and DNA damage (8-OHdG) was observed
in the semen of diabetic men. These findings are in line with
other studies indicating difficulty in determining fertility

Table 1. Semen characteristics and biochemical data of diabetic and non-diabetic men.

Parameters
Diabetic
(n = 32)

Non-diabetic
(n = 35) p value

Semen parameters:
Volume (ml) 3.22 ± 1.47 3.64 ± 1.30 0.226
Sperm concentration
(106/ml)

98.28 ± 54.76 87 ± 37.59 0. 326

Total sperm number (106) 326.44 ± 233.71 311.31 ± 134.27 0.744
aMotility grade a + b + c (%) 63.84 ± 8.37 67.51 ± 5.73 0.137
Normal morphology (%) 33.84 ± 3.21 35.25 ± 3.82 0.108
Biochemical parameters:
Fasting blood glucose (mg/dl) 199.30 ± 50.60 83.60 ± 6.20 0.001
HbA1c (%) 7.60 ± 1.17 4.1 ± 0.42 0.001
Triglycerides (mg/dl) 116.44 ± 65.21 92.42 ± 28.12 0.061
Total cholesterol (mg/dl) 171.21 ± 27.80 161.43 ± 18.26 0.090
HDL-cholesterol (mg/dl) 38.03 ± 5.61 41.25 ± 10.97 0.081
LDL-cholesterol (mg/dl) 106.41 ± 25.68 100.89 ± 19.87 0.320

Results are presented as mean values ± standard deviation (SD).
aGrade of sperm movement according to WHO [1999] criteria: a = rapid progressive, b = slow
progressive, c = non-progressive.

Figure 1. Seminal plasma levels of nitrite in diabetic and non-dia-
betic men. Nitrate/nitrite was quantified by colorimetric assay. The
optical density was measured at 540 nm and the concentration was de-
termined by standard curve. The ∗ indicates significance at p < 0.01.

Figure 2. Seminal plasma concentration of 8-OHdG in diabetic and
non-diabetic men. 8-hydroxy-2-deoxyguanosine (8-OHdG) levels
were measured in seminal plasma using a competitive ELISA. The
∗ indicates significance at p < 0.05.
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status for diabetic patients by routine semen analysis [Agbaje
et al. 2007]. NO is produced during NO synthesis (NOS) in
various tissues of the human male reproductive system in-
cluding testes, epididymis, vas deferens, blood vessels, and
spermatozoa [Revelli et al. 2001]. Our study showed the
existence of nitrate/nitrite in seminal plasma that confirms
previous studies [Revelli et al. 2001; Rosselli et al. 1995].
As observed in the present study, nitrate/nitrite in seminal
plasma of diabetic men with normal standard sperm par-
ameters was significantly higher than those of the non-
diabetic group with normal standard sperm characteristics.
This finding can have important diagnostic and prognostic
value in the management of male infertility in diabetic
patients. Elevated cell damage may lead to low fertility in
diabetic men who have normal semen analysis.

Cosentino et al. [1997] reported that prolonged exposure
to high glucose concentrations increases eNOS gene
expression, protein expression, NO2

− release, and production
of O2

− in endothelial cells. NO can react with O2
− and oxygen

to form peroxynitrite (ONOO-) that is a powerful radical
and can induce DNA damage [Burney et al. 1999b]. To
determine oxidative DNA damage, we measured the levels
of 8-OHdG (as DNA oxidative marker) in the seminal
plasma of two groups. Our findings showed a significant in-
crease of 8-OHdG in seminal plasma of diabetic men com-
pared with non-diabetic men. As observed in this study,

nitrate/nitrite levels are positively associated with 8-OHdG
levels in seminal plasma of diabetic men indicating the
occurrence of high oxidative stress in the semen of diabetic
men due to the production of NO and its metabolites.
Inoue and Kawanishi [1995] reported increased levels of
8-OHdG induced by NO in calf thymus DNA. NO and its
derivatives can be due to DNA damage directly or indirectly.
Direct damage includes DNA base deamination, peroxyni-
trite-induced adduct formation, and single strand breaks in
the DNA [Felley-Bosco 1998]. Indirect damage is due to the
interaction ofNO reactive species with othermacromolecules.

Our findings do not show a significant correlation between
seminal plasma nitrate/nitrite concentration and semen par-
ameters such as motility, morphology, and concentration of
spermatozoa in the diabetic and non-diabetic group. It must
be noted however, all our datawerewithinWHO reference in-
tervals [WHO1999]. In another study, Revelli et al. [2001] de-
monstrated no correlation between nitrite concentration and
semen parameters, but others showed detrimental effects of
higher NO on sperm parameters [Nobunaga et al. 1996; Ros-
selli et al. 1995; Wu et al. 2004]. In conclusion, this study de-
monstrates that high levels of NO metabolites are correlated
with 8-OHdG concentrations in the seminal plasma of dia-
betic men. In a recent study, we showed a high level of ad-
vanced glycation end-products (AGEs) in seminal plasma
of diabetic men [Karimi et al. 2011]. The molecular mechan-
ism of increased nitrate/nitrite formation in diabetic con-
ditions needs further investigation.

Materials and Methods

Subjects
Diabetic males (Type 1, n = 17; Type 2, n = 15) aged 22–46 y
attending theDiabetes ResearchCenter (HamadanUniversity
of Medical Sciences, Hamadan, Iran), and who were
diagnosed with diabetes 5 y prior to the study, were recruited
to participate in this study. Subjects with Type 2 diabetes were
married and had children and Type 1 diabetic males were
single. The participants were on standard medication regi-
mens based on the requirements of their diabetic condition.
Non-diabetic subjects (n = 35) were recruited who were age
matched, healthy, normospermic, had normal blood sugar
and were married and had children. Exclusion criteria in-
cluded leukocyte concentration >106/mL in ejaculate,
history of smoking, varicocoele, occupational exposure to
chemicals or excessive heat, and specimens with hyper-vis-
cosity. Written informed consent for participation was ob-
tained and the project was approved by the Research Ethics
Committee of Hamadan University of Medical Sciences.

Semen samples were collected by masturbation after 3 d
of abstinence according to WHO [1999] recommendations
and conventional semen analysis was performed. Seminal
plasma was separated by centrifugation (Hermle, Z 230A,
Wehingen, Germany) of the samples at 600 x g for 10 min
and stored at −80oC. The pellet containing sperm was
stored in aliquots of 20 × 106 sperm at -80oC.

Peripheral blood samples were taken after 12–14 h of
overnight fasting. Serum glucose was performed using a

Figure 3. Correlation between nitrite concentration and the concen-
tration of 8-OHdG in the seminal plasma. A) diabetic and B) non-
diabetic men. Association between variables was tested using linear
regression analysis and Pearson’s correlation coefficient.
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glucose assay kit (Pars Azmun, Tehran) and lipid profiles
were determined using Ziest Chem (Tehran, Iran) kits
according to the manufacturer’s instructions. HbA1c was
quantified using BioSystems kit (736CA, Barcelona Spain)
based on the manufacturer’s protocol.

Measurement of total NO products in seminal plasma
Nitrate/nitrite was quantified using a colorimetric assay kit
(Cayman Chemical, Cat# 780001, Ann Arbor, MI, USA) as in-
dicated in the manufacturer’s instructions. Briefly, 80 µL of
samples and controls were added in to each well of a 96-well
plate. 10 µL of the Enzyme Cofactor mixture and 10 µL of
Nitrate Reductase were added to each well followed by incu-
bation at room temperature for two h. After incubation, 50 µL
of Griess Reagent R1 and immediately 50 µL of Griess
Reagent R2 were added to each well and incubated for 10 min.
The optical density was measured using a Tecan Sunrise micro-
plate reader (Tecan,Grödig, Austria) at 540 nmand the concen-
tration was determined using the appropriate standard curve.

8-OHdG assay
8-hydroxy-2-deoxyguanosine (8-OHdG) levels were
measured in seminal plasma using a competitive ELISA kit
(Cayman chemical, Cat# 589320, Ann Arbor, MI, USA)
according to the manufacturer’s instructions.

Statistical Analysis
Statistical analysis was performed using SPSS 11 software
and an independent sample t-test was used to compare the
mean difference between test and control samples. Associ-
ation between variables was tested using linear regression
analysis and Pearson’s correlation coefficient. Data were rep-
resented as mean ± standard deviation (SD) and a p < 0.05
was considered statistically significant.
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