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ABSTRACT

Background: Evidence supports the involvement of nitric oxide (NO) in a Varity of male reproductive
processes such as spermatogenesis, spermiogenesis, sperm motion, sperm metabolism and sperm capacitation.
However, Low concentration of NO is essential in biology and physiology of spermatozoa, but high amounts
of NO is toxic and has negative effects on sperm functions. On the other hand, it is established that high
amounts of NO have detrimental effects on DNA. The integrity of sperm DNA is an important factor in
successful fertility and embryo development. It is hypothesized that supra physiological concentrations of NO
in seminal plasma cause sperm DNA damage. The aim of this study was to determine sperm DNA damage by
comet assay and its correlation with NO level in seminal plasma of fertile and infertile men. Methods: Semen
samples were collected from 45 patients and 70 healthy donors. The stable metabolites of NO (nitrite and
nitrate) in seminal plasma were measured by Griess assay and DNA damage was determined using single cell
gel electrophoresis (comet) assay method. Results: The NO concentration in the seminal plasma of infertile
males was significantly higher than fertile males (5.74 + 1.01 uM/L vs. 3.88 + 0.53 uM/L). There was a
significant positive correlation between the NO concentration and sperm DNA comet value in infertile males
(P<0.01, R = 0.598). Conclusion: These results indicate that the overproduction of NO in genital tract of
infertile males has a potential pathogenetic role in the reduction of sperm DNA integrity. Iran. Biomed. J. 11
(4): 259-264, 2007

Keywords: Nitric oxide (NO), Infertility, Sperm, DNA integrity

INTRODUCTION

itric oxide (NO) is a biological messenger
Nmolecule produced by one of the essential
amino acids, L-arginine, by the catalytic
action of the enzyme NO synthase (NOS). NO is
known to be involved in diverse physiological and
pathophysiological processes in various organ
systems, including the human male and female
reproductive tracts. The dual role of NO as a
protective or toxic molecule is due to several factors
such as the isoform of NOS involved, concentration
of NO and the type of cells where it is synthesized
[1-4].
The physiological role of NO in male reproductive
process has been previously identified and

expression of all isoforms of NOS in male genital
tract cells suggested a definite role for NO in
contractile, haemodynamic, hormonal aspects of
testicular and epididymal function as well as in
spermatogenesis and germ cell degeneration [5-7].
NO is detectable in seminal plasma and it has been
reported that NO concentration in seminal plasma of
some infertile males is significantly higher than the
healthy males [8]. However, the sources of
overproduction of NO in seminal plasma of infertile
males are unknown but some studies suggest that it
may be produced by induced genital tract cells such
as laydig cells, epididymal or vas deferan epithelial
cells or spermatozoa itself and finally in some
conditions such as subinfectious or inflammatory
disease of male genital tract, induced leukocytes are
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the source of high concentration of NO in seminal
plasma [9].

The effects of NO on sperm are dose-dependent.
At physiological concentrations, NO has positive
effects on sperm motility while at supra-
physiological concentrations, NO has negative
effects on sperm functions and decreases sperm
motility [10-16].

On the other hand, it is established that high
concentration of NO induces DNA damage [17]. NO
reacts rapidly with superoxide to form highly toxic
peroxy nitrite (ONOO"). Both NO and ONOO™ have
demonstrated ability to directly damage DNA [18].
Therefore, high amounts of NO in seminal plasma
can cause sperm DNA damages and as reported
previously, fragmentation of sperm DNA is a main
factor in male infertility [19-21]. Intact human
sperm DNA is an essential prerequisite for
successful fertilization and embryo development.
Thus, sperm DNA fragmentation decreases the
pregnancy rate in an assisted reproductive technique
[20].

Although the extent of DNA damage is closely
related to sperm function and male infertility, the
origin of such damage is still largely controversial. It
is believed that despite of improper packaging and
ligation during sperm maturation and germ cell
apoptosis, oxidative stress is an important factor in
sperm DNA damage [22]. The role of oxygen
reactive species (ROS) in sperm DNA fragmentation
and relation between concentration of ROS in
seminal plasma and sperm DNA fragmentation have
been previously reported [22-25]. To date, however,
the overproduction of NO and its negative effects on
sperm functions, such as motility, viability and
metabolism have been reported in infertile males
[11-16], but there is no report on the relation
between seminal plasma NO concentration and
sperm DNA damages.

In the present study, we have correlated NO
concentration in semen and DNA fragmentation of
sperm cells from normal and infertile men in order to
acquire a deeper insight about the role of NO in the
pathophysiology of human spermatozoa.

MATERIALS AND METHODS

All chemicals (Analytical grade) were obtained
from Sigma (USA), unless stated otherwise.

Collection of semen samples. Sperm samples were
obtained from 45 men attending Fatemieh Infertility

Clinic (Hamadan, Iran) who had a history of
infertility at least for a year. Controls consisted of
samples obtained from 70 donors of unproven
fertility. Semen samples were collected by
masturbation after 3-5 days of sexual abstinence and
allowed to liquefy at 37°C for at least 30 minutes.
After liquefaction, they were evaluated according to
the WHO (1999) guidelines, patients who had <20 x
10° /ml sperm concentration, <50% motility or <30%
normal forms, were considered to have abnormal
semen parameters. The liquefied semens were
centrifuged at 300 g for 10 minute and then the
supernatant was withdrawn and stored at -70°C until
Nitrite assay. Pellet was resuspended in 1 ml Hams
F10 medium and washed using a PurSperm
(Nidacon, Sweden) discontinuous gradient (40 and
80%). The washed sperms used to DNA damage
assay using single cell gel electrophoresis method.

Single cell gel electrophoresis (comet) assay. The
comet assay which was first described by Singh et
al. [26] is a sensitive technique that detects the
presence of DNA strand breaks and alkali labile
damages in the individual cells. The DNA fragments
so produced migrate towards the anode pole at the
rate inversely proportional to the size of the
fragment during electrophoresis. In this study, the
comet assay was performed using modification of
Angelis method [27] in order to detect both single
and double stranded breaks.

Pre cleaned slide (ROTH, Germany) were dipped
in a solution of 1.5% (w/v) normal malting point
agarose in PBS, a cover slip was then placed on top,
and allowed solidifying at room temperature over
night. The next day cover slip was removed and 100
microliters suspensions of spermatozoa in 1% (w/v)
low melting point agarose (LMPA), at a
concentration of 1x 10* cell/ mL, was pipetted on
the slides and covered with a cover slip. The slides
were allowed to solidify then 1% LMPA was used to
form a third layer. After solidification, the slides
were placed in cold lyses buffer (2.5 M NaCl, 100
mM EDTA, 10 mM Tris, 1% Triton X-100, 1%
Dimethylsulfoxide, and 10 mM Dithiothreitol at pH
10 at 4°C for 30 min) and protected from light. The
slides were then incubated at 37°C in 10 pg/ml of
Proteinase K in lyses buffer for 2.5 h.

Following cell lyses, all slides were placed in a
horizontal  electrophoresis  tank filled with
electrophoresis buffer (10 mM Tris containing 0.08
M boric acid and 0.5 M EDTA) and were kept for 20
min to allow the DNA to unwind. Electrophoresis
was performed for 20 min at 25V adjusted to 300
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mA. When electrophoresis was completed, the slides
were drained and flooded with neutralization buffer
(0.4 mol/l Tris; pH 7.5). After neutralization step,
the slides were stained with ethidium bromide (20
pg/ml dissolved in distilled water) and mounted with
a cover slip. Cells were visualized at 200% using a
fluorescent microscope (Nikon, Japan).

Each cell with fragmented DNA had the
appearance of a comet with a brightly fluorescent
head and a tail to one side formed by DNA, which
contained strand breaks that were drown away
during electrophoresis.

Class 0

Class 2

Measuring comet by visual scoring. Analysis of
comet cells was performed using the scoring method
of Collins [28]. In this method, the cells were
divided into 5 classes from O (no tail) to 4 (almost all
DNA in tail) according to comet appearance and
each cell was assigned a value of 0 to 4 (Fig. 1). At
least 100 cells were randomly selected from each
slide and observed under the microscope, the comet
value for each slide was calculated between 0 and
400. Because two slides were prepared for each
sample, the mean of comet value of two slides was
calculated and considered for each case.

Class 1

Class 3

Fig. 1. Sperm cells processed using single cell gel electrophoresis (Comet) assay showing 5 classes of comet from Class 0, cells
with intact and undamaged DNA, to Class 4 cells with high degree of DNA damage.
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Table 1. Characteristic of the study population, semen analysis parameters and the mean of NO concentration
and Comet Value. There were no significant differences in the mean of age of participants and morphology of
sperms in two groups but the means of sperm concentration, motility, NO concentration and Comet Value in
fertile males are significantly higher than infertile males (P<0.001).

Fertile Infertile P value
(Mean + SD) (Mean + SD) (Mean + SD)

Age (y) 31.40 £4.60 33.20£5.50 NS
Sperm concentration (* 10°) 63.80 £ 16.70 39.70 £ 26.30 <0.001
Sperm motility (%) 53.00 +£5.00 29.80 +13.70 <0.001
Sperm Morphology(%) 25.00 + 6.00 13.48 + 5.60 NS
NO concentration(pmol/L) 3.88+£0.53 547+ 1.01 <0.001
Comet Value 12.90 +£7.59 48.77 £24.42 <0.001

Measurement of NO in seminal plasma. NO
concentration was assessed by monitoring seminal
plasma concentration of stable oxidation products of
NO metabolites (NO,/NOj3’). Nitrite was determined
using Griess reaction by adding 1% sulfanilamide
and 0.1% naphthylethlenediamine dihydrochloride
in 2% phosphoric acid and by recording absorbance
at 540 nm with a spectrophotometer after 10-minute
incubation at 37°C in the dark. Nitrate was detected
after reduction to nitrite using nitrate reductase, as
described elsewhere [29].

Statistical analysis. Data are reported as mean +
SD. The comparisons between two groups were
tested by student's t-test using SPSS11. Correlation
between two continuous outcomes was evaluated
using Pearson correlation coefficients. P<0.05 are
considered as statistically significant.

RESULTS AND DISCUSSION

The mean of participants' age, semen analysis
parameters, NO concentration and comet value in
two groups are summarized in Table 1. As shown in
the Table, there are no significant differences in the
mean of participants' age in two groups but the mean
of sperm concentration and sperm motility of fertile
males were significantly higher than that of infertile
males (P<0.001).

The mean of NO concentration in the seminal
plasma of infertile males was significantly higher
than that of fertile males (P<0.001). Also, the mean
of comet value in the sperms of infertile males was
significantly higher than that of fertile males (12.9 +
7.59 vs. 48.77 £ 24.42, P<0.001).

There was significant positive correlations
between NO concentration and comet score (R =
0.598; P<0.001) in the infertile group (Fig. 2). This
correlation was not found in the fertile group.

Our results contrary to Huang et al. [9] and in
agreement with Rewelli et al. [10] provide evidence
that NO concentration is significantly lower in the
healthy males than the infertile males. Also our data
are confirmed the results of others [19-20] about the
higher level of sperm DNA fragmentation in infertile
males compare to fertile male.

Furthermore, for the first time, our findings
suggest that high concentrations of NO play a
deleterious effect on spermatozoa DNA integrity and
significant positive linear correlations between
seminal plasma NO concentration and sperm DNA
fragmentation in the infertile males has been
identified in this study.

7

NO Concentration in Seminal Plasma

-100 (-) ll-)O 200
Comet Value

Fig. 2. Correlation analysis between NO concentration in
seminal and sperm comet value. There is positive correlation
between NO concentration and comet value (R = 0.598,
P<0.001).

As established previously, NO is a double-edged
sward, serving as a key-signal molecule in both
physiological and pathological process [1-3]. A
moderate amount of NO in seminal plasma is
essential for sperm motility and capacitation [12-16]
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but excessive amounts of NO might inhibit sperm
motility and DNA damages and thus lead to male
infertility. The harmful effects of NO are mediated
by biologically activated molecules produced by the
reaction of NO with the superoxide anion yielding
ONOO™ and peroxynitrous acid (ONOOH). The
resulting molecules are strong oxidant that can cause
molecular damage to a variety of tissues]. The acid
ONOOH reacts with the cysteine residues of proteins
or glutathione, forming S-nitrosothiols. S-
nitrosylation causes deregulation of cellular signal
transduction processes and also has harmful effects
on cellular energetic through the inhibition of
complex I in mitochondrial respiration promotion of
DNA damage and/or apoptosis [23-25]. Previously,
we demonstrated the role of NO in induction of
apoptosis in embryonic cells [30]. In this study, a
positive correlation between seminal plasma NO
concentration and sperm DNA fragmentation in the
infertile males has been identified .This correlation
may be has an important role in infertility in some
cases.

However, this study established negative effect of
NO in high concentration on sperm DNA integrity
but it is not the main factor of sperm DNA
fragmentation in all of the infertile males. It should
be considered that in the case of severely impaired
sperm DNA integrity, factors other than the NO such
as other free radicals, improper packaging and
ligation of DNA during sperm maturation and germ
cell apoptosis might result in sperm DNA damages.
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