Original Article

Effect of seminal redox status on lipid peroxidation,
apoptosis and DNA fragmentation in spermatozoa of
infertile Saudi males
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Objectives: To assess the effect of seminal redox status
on lipid peroxidation (LPO), apoptosis and integrity of
sperm DNA in infertile males.

Methods: In this case-control study, the total
antioxidant status  (TAS) and reactive oxygen
species  (ROS) levels were analyzed within the
seminal  plasma of fertile  normozoospermic,
n=40 and infertile (asthenozoospermic, n=30;
oligoasthenoteratozoospermic, n=30) males.
Additionally,  the level of 4-hydroxynonenal
(4-HNE), DNA fragmentation, and caspase-3 activity
were estimated in the spermatozoa.
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Results: Significantly (p<0.001) increased seminal ROS
level with decreased TAS scores was observed in the
infertile groups compared to normozoospermics. The
infertile males showed marked elevated (p<0.001) levels
of 4-HNE, DNA fragmentation and caspase-3 activity
compared to normozoospermics, which was positively
correlated to increased seminal ROS levels and negatively
to the TAS score in the studied groups. Seminal ROS
level was significantly inverse correlated to the semen
parameters. Additionally, a strong negative correlation
between DNA fragmentation, LPO, caspase-3activity
and seminal parameters were observed.

Conclusion: Seminal oxidative stress is a potential
risk factor for LPO, DNA damage, and apoptosis in
spermatozoa, which can affect semen quality and male
fertility. Thus, in addition to conventional seminological
parameters, measurement of seminal oxidative stress
and sperm DNA integrity may also be employed to
investigate the functional integrity of spermatozoa at the
molecular level.
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lobally, approximately 15% of reproductive aged

couples have the problem of infertility."” Male
infertility has been found to be a major contributing
factor to the overall infertility cases in Saudi Arabia.**
A one year retrospective study conducted on infertile
couples reported a prevalence of approximately 19%
male infertility cases in the eastern province region
of Saudi Arabia.” According to the World Health
Organization (WHO), semen quality is a key indicator
of male reproductive health and fertility.®” Another
recent retrospective study conducted in the western
region of Saudi Arabia suggested the prevalence of
abnormal semen parameters as the most common cause
of subfertility in males.® Abnormal semen characteristics
can be caused by a variety of factors, including
low sperm production and/or poor sperm quality.’
Currently, oxidative stress (OS) has been identified as
a potential cause of idiopathic male infertility, which
has detrimental effect on semen quality and fertility.'>!"!
Oxidative stress is the disturbance in the balance
within the generation of the oxidants and the ability of
antioxidant defenses to neutralize their harmful effects.
The production of ROS is a normal cellular event in the
male germline, and physiological ROS levels are required
for sperm capacitation and hyperactivation; however,
high ROS levels can affect normal spermatogenesis, and,
consequently, sperm functions essential for successful
fertilization.'>"?

Sperm are rich in mitochondria, and most cellular
reactive oxygen metabolites are generated through
electron leakage from these organelles.'*> Because they
have a small volume of cytoplasm, sperm have reduced
amounts of enzymatic antioxidants such as catalase,
superoxide dismutase, and glutathione peroxidase, which
limits their antioxidant defense capacity and renders
them vulnerable to ROS attacks.'® As a consequence,
spermatozoa are dependent on seminal plasma
antioxidant defense mechanisms, which compensate for
the deficiency in cytoplasmic enzymes.'>'” Nevertheless,
sperm contain an abundance of substrates, such as
polyunsaturated fatty acids (PUFAs) and DNA, which
free radicals can attack.!® For instance, docosahexaenoic
acid, one of the main PUFAs, comprises approximately
50% of the total content of spermatozoa and plays an
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important function in controlling spermatogenesis,
membrane flexibility and fluidity."” Peroxidation
of PUFAs generates lipid peroxyl radicals that can
subsequently be converted into secondary aldehyde
species like 4-hydroxynonenal (4-HNE), resulting
in cellular damage.® Oxidative stress can also disrupt
sperm  DNA integrity, thereby inducing a cellular,
biochemical and morphological modifications that lead
to apoptotic cell death. Caspase-3, a final executioner
caspase, is recognized to play a pivotal role in apoptosis
in different cell types, including spermatozoa.”’ Thus,
oxidative damage to the cell components may attribute
to sperm defects and subfertility in males.

Although, infertility is a public health issue in the
Saudi Arabia, showing a total conception rate drop
from 7.3 to 3.03% during the period of 1970 to 2010,*
the effect of seminal OS on the cellular damage and
the functional integrity of spermatozoa influencing
male infertility among the Saudi population has been
a neglected area. Therefore, based on previous studies,
the purpose of the our study was to assess and correlate
the effect of seminal OS on sperm lipid peroxidation
(LPO), DNA integrity, apoptosis, and semen variables
in idiopathic infertile Saudi males in relation to fertile
normozoospermic males as control.

Methods. All the reagents and chemicals used in our
study were of analytical grade and were obtained from
Sigma-Aldrich (St. Louis, Missouri, USA). The present
case-control study was carried outin Assisted Conception
Unit, King Khalid University Hospital, Riyadh, Saudi
Arabia between December 2014 and 2015 after getting
the approval from the Medical Ethics Committee, King
Khalid University Hospital, Riyadh, Saudi Arabia. The
study was conducted in accordance with the principles
governing the Declaration of Helsinki. Semen samples
were collected from 60 consenting male patients (25-50
years old). Forty fertile males with normal semen
parameters were enrolled as controls. Complete medical
history including reproductive history and evaluation of
fertility was obtained from all the participants. Inclusion
criteria includes infertile male participants in partner
relationships with regular, unprotected coitus for at
least 12 months without conception. Exclusion criteria
for infertile males includes patients with any history of
a prolonged or chronic condition such as diabetes, drug
intake, smoking, systemic disease, testicular torsion,
genitourinary anomaly, epididymal or vas deferens
alteration, varicocele, inguinal surgery, vitamin intake,
or antioxidant supplement treatment and the cases
with female factor infertility were excluded from the
study. Exclusion criteria also included azoospermia,
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leukocytospermia, incomplete semen analysis results, or
semen samples inadequate for experimental parameter
assessment. Semen collection and analysis was carried
out by collecting ejaculates in sterile, non-toxic
polypropylene  containers  (Alpha  Laboratories,
Eastleigh, UK) after an abstinence period of 2-3 days,
according to the WHO guidelines (WHO 2010).%* The
semen samples were placed in an incubator at 37°C for
30 min to approximately one hour for liquefaction.
After complete liquefaction, semen volume and
sperm parameters such as concentration, motility, and
morphology were examined using a computer-assisted
semen analysis (CASA) system (Hamilton Thorne
Biosciences, Beverly, MA, USA), as per the WHO
guidelines (WHO 2010). For each semen parameter
analyzed, a 5-pL aliquot was loaded into a counting
chamber fitted with a heated stage set to 37°C, and
4-10 fields were examined to ensure the accuracy of
the CASA results; parallel manual assessment was
also performed. Based on seminal characteristics, the
participants were categorized into the following 3
groups: 1) Normozoospermics (control, n=40): subjects
presenting with normal values for all semen parameters;
sperm concentration of 215 x10° sperm/mL, total
sperm motility 240%, normal morphology in >4% of
sperm. 2) Asthenozoospermics (AST, n=30): patients
presenting with a normal sperm concentration of 215 x
10° sperm/mL, a lower than normal level of total sperm
motility (<40%), and normal morphology in 24% of
sperm and 3) Oligoasthenoteratozoospermics (OAT,
n=30): patients presenting with a lower than normal
sperm concentration of <15 x 10° sperm/mL, a lower
than normal level for total sperm motility (<40%), and
normal morphology in <4% of sperm.

After completing the semen analysis, the samples
were divided into 2 parts. One aliquot was used
to detect sperm DNA fragmentation by terminal
deoxynucleotidyl transferase-mediated dUTP nick-end
labeling (TUNEL) assay; the other aliquot was
centrifuged for 15 min at 400 x g. The supernatant
containing the seminal plasma was collected and stored
at -80°C for assessment of ROS concentrations and
total antioxidant status (TAS). The pellet containing
the sperm cells at a concentration of 20x10° sperm/mL
were washed twice with ice cold phosphate-buffered
saline (PBS, pH 7.4), and then resuspended in 50pL of
chilled cell lysis buffer.

Next, the cell lysates were centrifuged at 13000 x g
for 10 min at 4°C to remove residual cell debris and the
plasma-containing supernatant obtained was collected

and stored at -80°C for subsequent detection of 4-HNE
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level and caspase-3 activity. The TAS, which provides
information on the overall status of antioxidants in a
biological sample, was measured using a colorimetric
assay kit (EMD Millipore, MA, USA) following the
instructions given by the manufacturer. The level of
ROS production in seminal plasma was determined
by OxiSelect™ (in vitro ROS/RNS Assay Kit from Cell
Biolabs Inc., San Diego, CA, USA). The fluorescence
intensity of 2',7'-dichlorodihydrofluorescein (DCEF)
generated during the reaction was estimated at 480 nm
excitation/530 nm emission wavelengths, which is
proportional to ROS levels in the sample. OxiSelect™
4-HNE-Adduct competitive ELISA Kit procured from
Cell Biolabs Inc., San Diego, CA, USA was used to
determine the concentration of 4-HNE, a biomarker
of LPO in sperm cell lysates, following the instructions
of the manufacturer. The amount of HNE adduct was
determined at absorbance 450 nm using the HNE-BSA
standard curve. Apoptotic cell number was detected by
TUNEL assay using the FragEL™ DNA Fragmentation
Detection Kit purchased from EMD Millipore, MA,
USA. This method measures the endonuclease cleavage
products obtained by enzymatically end-labeling DNA
strand breaks. The semen aliquots were gently washed
in PBS (pH 7.4) by centrifugation (1000 rpm) at 4°C
for 5 min. The pellet containing the cells were then
fixed in 80% ethanol for at least 30 min at 4°C, smeared
onto slides, and then stored at -20°C for TUNEL assay
conducted as per the manufacturer’s instructions. Sperm
cells stained blue and green were observed under a
fluorescence microscope (Zeiss, Oberkochen, Germany).
The total sperm population was determined under blue
fluorescence  4',6-diamidino-2-phenylindole (DAPI
filter, ex 330-380) revealed the nuclei of living or dead
cells. Sperm with intense green fluorescence (fluorescein
filter, ex 465-495) represent TUNEL-positive cells with
DNA strand breaks in their nuclei. Approximately 400
cells were counted on each slide, and the percentage
of spermatozoa with fragmented DNA was calculated
as the ratio of the total number of spermatozoa (green
fluorescence) to the total number of counted cells
(blue fluorescence) multdiplied by 100. Caspase 3
activity was measured using a Caspase-3 Colorimetric
Assay kit (Abcam, Cambridge, UK) according to the
manufacturer’s instructions. The activity of caspase 3
was quantified spectrophotometrically at 405nm.
Statistical analysis. The mean + SD was calculated
for each quantitative value. To assess the differences
between the study groups were performed One-Way
Analyses of Variance, followed by post hoc test,
the Tukey’s test and parametric paired t-test for the
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comparison between the 2 groups. The correlation
between seminal redox status, oxidative biomarkers,
DNA fragmentation levels, and sperm parameters
were assessed by Spearman correlation analysis. In all
cases, statistical significance was considered at p-value
of <0.05. The statistical analysis of all the data was
conducted using IBM SPSS Statistics for Windows,
Version 19.0 (IBM Corp., Armonk, N.Y., USA).

Results. Seminal parameter analysis. Seminal
parameter analysis of the study groups showed
insignificant differences in semen volume and mean
age among the AST, OAT, and the normozoospermic
control groups (Table 1). However, compared
with normozoospermic group, AST and OAT had
significantly lower (p<0.05) sperm concentration, total

motility and normal morphology. Table 1 summarizes
the results of semen parameters within the study groups.

Total antioxidant status and ROS level in seminal
plasma. Comparison of the ROS level in the seminal
plasma of different study groups is shown in Figure 1A.
The mean seminal ROS levels were significantly elevated
in the AST and OAT (p<0.001) groups compared
to the normozoospermic. Figure 1B shows the TAS
score in the semen of the infertile groups compared
to normozoospermic. The TAS was markedly lower
in the AST (p<0.001) and the OAT (p<0.001) groups
compared with the control group.

Lipid peroxidation products in the spermatozoa.
The level of 4-HNE, an electrophilic aldehyde and a
natural by product of LPO compared with the level in

Table 1 - Analysis of conventional semen parameters in fertile normozoospermic (control) and infertile groups.

Parameters Control AST OAT P-value Controls vs
(n=30) (n=40) (n=30) controls vs AST OAT
Age 37.50 + 4.91 36.65 + 4.27 38.74 + 5.41 0.163 0.170
NS NS
Volume (mL) 3.38 +2.17 3.31 +2.24 3.32+£2.22 0.465 0.473
NS NS
Sperm motility (%) 58.46 +7.72 30.12 + 5.46" 24,16 + 5.11** <0.001 0.001
Sperm concentration (1 x 10°/mL) 78.41 + 6.83 48.38 + 5.27° 12.33 + 3.80** <0.001 <0.001
Normal sperm forms (%) 48.34 + 4.67 33.25 + 4.13* 3.16 + 1.56** 0.03 <0.001

Values represent means + SD. NS: non-significant, AST: asthenozoospermic, OAT: oligoasthenoteratozoospermic, *p<0.05, 7p<0.01
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Figure 1 - Comparison of seminal A) reactive oxygen species (ROS) levels and B) total antioxidant status (TAS) between the fertile normozoospermic
(control) and asthenozoospermic (AST) and oligoasthenoteratozoospermic (OAT) groups. The level of ROS was significantly higher
whereas, TAS score in both infertile groups was significantly lower compared to normozoospermic group. Values represent means + SD.
*p<0.001, AST group versus the control group; **»<0.001, OAT group versus the control group.
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the fertile normozoospermic group manifested a highly
significant increase in both the OAT (p<0.001) and
AST (p=0.003) groups (Figure 2).

Apoptosis and DNA fragmentation. Caspase 3, a
final executor of apoptosis, was measured to determine
the effect of seminal ROS generation on the apoptosis
of spermatozoa (Figure 3). Compared to the values
observed in the normozoospermic group, mean
caspase-3 activity of the OAT (p<0.001) and AST
(»=0.005) groups showed significantly higher fold
increase. As illustrated in Figure 4, the percentage of
DNA fragmentation was significantly greater (»<0.001)
in the OAT group and the AST group compared to
normozoospermic subjects.

Correlation between seminal redox status and
sperm 4-HNE, DNA fragmentation, caspase-3 activity,
and conventional semen parameters. Among all the
studied groups a relationship between seminal TAS,
seminal ROS, sperm oxidative stress markers, DNA
fragmentation, and conventional semen parameters
were analyzed (Table 2). In the seminal plasma, the
increase in ROS level was negatively correlated (r=-0.51,
<0.001) with the TAS. Seminal ROS levels showed a
strong positive correlation with 4-HNE levels (r= 0.46,
<0.001), caspase 3 activity (r= 0.53, p<0.001), and
DNA fragmentation levels (r= 0.48, p<0.001). The
observed decrease in seminal TAS values in infertile
males was significantly inverse correlated with the

increased caspase-3 activity (r= -0.22, p=0.028),
4HNE (r= -0.36, »p=0.002) and DNA fragmentation
(r=-0.39, p<0.001) levels. Furthermore, seminal ROS
levels showed a significantly strong negative correlation
with total sperm concentration (r= -0.38, »p=0.003).
A similar strongly negative correlation was observed
in the total sperm motility (r= -0.56, p<0.001), and
normal sperm morphology (r= -0.61, p=0.001) among
the study population. Increased DNA fragmentation
and caspase-3 activity also showed significantly strong
negative correlation with the decreased sperm motility
(r= -0.58, p<0.001; r= -0.51, p<0.001, respectively)
and normal sperm morphology (r= -0.48, »p<0.001;
r= -0.56, p<0.001) for all the studied groups.
Moreover, decreased sperm concentration manifested
no significant correlation with DNA fragmentation
and caspase-3 activity. We also evaluated correlations
between sperm 4-HNE levels and semen parameters. A
significant negative correlation was observed between
4-HNE level, total sperm motility (r= -0.62, p<0.001)
and normal sperm morphology (r= -0.53, p<0.001).
Sperm concentration also showed inverse association
(r= -0.37, p=0.004) with 4-HNE level among the
study population. Further, sperm 4-HNE levels were
positively associated with the percentage of DNA
damage (r= 0.52, p<0.001) and caspase-3 activity
(t= 0.48, p<0.001).
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Figure 2 - Comparison  of the levels of 4-hydroxynonenal
(4-HNE) in sperm cell lysates derived from the fertile
normozoospermic (control) and asthenozoospermic (AST)
and oligoasthenoteratozoospermic (OAT) males. The mean
4-HNE level in both infertile groups was significantly higher
than that in the control group. Values represent means + SD.
*p=0.003, AST group vs the control group; **»<0.001, OAT

group versus the control group.
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Figure 3 - Comparison of the caspase-3 activity in sperm cell lysates
derived from the fertile normozoospermic (control) and
asthenozoospermic (AST) and oligoasthenoteratozoospermic
(OAT) groups. The mean caspase-3 activity in both infertile
groups was significantly higher than that in the control group.
Values represent means + SD. *p<0.005, AST group versus
the control group; **»<0.001, OAT group versus the control

group.
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Figure 4 - DNA fragmentation in human sperm as determined by TUNEL assay. A) Fluorescence microscopy images of sperm derived from men in (a)
the fertile normozoospermic group (control), (b) asthenozoospermic (AST) group, and (c) oligoasthenoteratozoospermic (OAT) group. White
arrows indicate TUNEL-positive nuclei (bright green), while DAPI (blue) staining indicates the total number of nuclei (scale bar: 50 pm).
B) Quantitative determination (percentage of apoptotic cells versus the total number of cells) of DNA fragmentation in sperm of males in the
control, AST, and OAT groups. A greater number of TUNEL-positive nuclei were observed in the OAT and AST groups than in the control
group. Data are expressed as means + SD. *p<0.001 control versus AST; **»<0.001 control versus OAT.

Table 2 - Correlation between seminal redox status, the caspase-3 activity, levels of sperm hydroxynonenal, DNA fragmentation, and conventional semen

parameters.
Parameters ROS TAS 4-HNE Caspase-3 % DNA Total Sperm Normal sperm
activity fragmentation motility concentration morphology
ROS - r=-0.51** r=0.53** r= 0.46** r=0.48** r=-0.56** r=-0.38* r=-0.61**
$=0.001 £<0.001 £<0.001 $<0.001 £<0.001 £=0.006 $<0.001
- - r=-0.36* r=-0.22* r=-0.39** r=0.33* r=0.18* r= 0.46**
TAS £=0.002 £=0.028 £=0.001 £=0.005 $=0.034 £<0.001
- - - r=0.48** r=0.52** r=-0.62** r=-0.37* r=-0.44**
4-HNE £<0.001 £<0.001 £<0.001 £=0.004 £<0.001
Caspase-3 - - - - r=0.58"* r=-0.51** r=-0.046 r=-0.56**
activity £<0.001 £<0.001 =032 £<0.001
NS
DNA - - - - - r=-0.58"* r=0.057 r= -0.54**
fragmentation <0.001 »=0.51 <0.001
NS
Total - - - - - - r=0.058* r= 0.49**
motility £=0.007 £<0.001
Sperm - - - - - - - r=0.58**
concentration £<0.001

NS: non-significant, ROS: reactive oxygen species, TAS: total antioxidant status, 4-HNE: 4-hydroxynonenal, *»<0.05, **»<0.01
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Discussion. Overproduction of ROS and limited
antioxidant defenses offered by spermatozoa render
human sperm extremely susceptible to OS.” In the
present study, we found impaired oxidant scavenging
capacity and high ROS levels in the seminal plasma of
infertile Saudi males. These results agree with those of
several studies that have implicated increased OS
in seminal plasma as a major pathology associated
with infertility in approximately 30-80% of the infertile
men.'”* High ROS levels can be an important risk
factor for oxidant-induced damage to the components
of the cell including proteins, DNA, and PUFAs.”
The unconjugated double bonds present adjoining a
methylene group in PUFAs weakens methyl carbon-
hydrogen interactions; this makes hydrogen atoms
more susceptible to abstraction and renders PUFAs
vulnerable to oxidative damage.*® Spermatozoa depend
on seminal antioxidant defense mechanisms owing to
their limited antioxidant capacity.'” We found that the
concentration of 4-HNE, a cytotoxic LPO byproduct,
was higher in cell lysates of sperm from both infertile
groups than in those of the fertile group. As observed
in previous studies, our investigation showed a strong
correlation between seminal ROS and 4-HNE levels
in spermatozoa.” 4-hydroxynonenal is one of the most
physiologically active lipids, with the capacity to modify
any cellular protein.”®* Lipid peroxidation, which can
lead to almost 60% loss of the fatty acid content of
the sperm plasma membrane, can impair membrane
fluidity and increase membrane ionic permeability.
Electrophilic lipid aldehydes can form an adduct with
the proteins that control sperm movement.*® Further,
LPO affects the axonemal protein phosphorylation and
inactivates membrane-bound receptors and enzymes,
resulting in sperm immobilization that consequently
alters sperm motility, morphology, and concentration.”!
Also, in agreement with previous studies, we observed
a strongly negative correlation of 4-HNE with sperm
motility and normal morphology (Table 2).

Reactive oxygen species by oxidative modifications
of the nitrogenous bases can directly cause damage
to the sperm DNA. Moreover, deficient sperm
protamination, observed in most infertile men, makes
their sperm DNA more vulnerable to attack by ROS.#
Spermatozoa have limited DNA repair mechanism for
ROS-induced damage. Extensive DNA damage induces
DNA fragmentation, a biochemical hallmark of
apoptosis, through activation of caspases. In this study,
we detected higher levels of caspase 3, a final executor of
apoptosis, in spermatozoa of infertile patients compared

244 Saudi Med ] 2020; Vol. 41 (3)
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with those of fertile subjects (Figure 4). Although, some
degree of apoptosis is always required for efficient
delivery of healthy sperm, dysregulated apoptosis in
mature spermatozoa is suggested to be involved in the
induction of a subfertility state and is associated with
increased DNA fragmentation.?>** The percentage
of DNA fragmentation was greater in the OAT and
AST groups than in the fertile group (Figure 5). The
increased seminal OS and sperm DNA fragmentation
in the OAT group compared to AST group indicates,
that the morphologically abnormal spermatozoa, with
a greater volume of residual cytoplasm and reduced
antioxidant defense, may be more vulnerable to DNA
strand breaks.”

Regarding the association between seminal OS,
apoptosis, and sperm parameters, we observed a
significant positive correlation between caspase-3 activity
and reduced sperm concentration, sperm motility, and
the number of sperms showing normal morphology.
This relationship is similar to that reported in other
studies, which showed that increased apoptotic rates
decrease sperm concentration and motility.** The inverse
correlated of Sperm DNA fragmentation with the total
motility and normal morphology of spermatozoa, could
be the reason of subfertility in the patient groups.’*
Significantly positive correlation recorded between
seminal OS, LPO and DNA fragmentation in our study
suggests that the observed LPO and DNA damage may
have been due to increased ROS production. The high
susceptibility of spermatozoa to OS-induced DNA
damage can result not only in poor fertilization rates
but also lead to poor embryo quality which can cause
birth defects and even childhood diseases.”*** Abnormal
sperm morphology associated with the retention of
residual cytoplasm in OAT is known to promote the
generation of pathogenic levels of endogenous ROS in
spermatozoa.”’ Consequently, the patients presenting
with OAT showed higher levels of ROS, apoptosis,
and sperm DNA fragmentation compared with those
presenting with AST. One of the causes of the idiopathic
male infertility among the Saudi population can be the
hot climate of Saudi Arabia throughout most of the year,
which may raise the intra-scrotal temperature and may
lead to OS induced damage to sperm macromolecules,
affecting sperm quality.®*!

In conclusion, we observed that a firm association
exists between an imbalance in seminal redox status
with increased sperm LPO, apoptosis, DNA damage,
and abnormal conventional seminal parameters among

infertile Saudi males. The higher the seminal ROS levels,
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the greater the LPO, apoptosis, and DNA damage
observed in spermatozoa. This indicates, that imbalance
in seminal redox status can cause oxidative modification
of sperm macromolecules, which affects the sperm
quality and function. The association of subcellular
factors in infertility cannot be explained clearly with
conventional semen analysis. Thus, data from the
present study suggests that during the investigation
of male infertility, along with the standardized assays,
assessment of oxidative status and sperm DNA
fragmentation is recommended. Although, our study
has tried to analyzed the underlying cause of abnormal
semen parameters in infertile Saudi males, the limitation
to the study is the small sample size and also we did not
analyzed the enzymatic and nonenzymatic antioxidants
in seminal plasma of infertile male. Therefore, in future
research, a large scale study must be conducted to
explore the seminal concentration of enzymatic and
nonenzymatic antioxidants and their repercussions on
genetic predisposition and sperm quality among the
infertile Saudi males.
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