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ABSTRACT
Sperm motility is necessary for regular fertilization because spermatozoa must travel far in the female genitaltract to defuse and fertilize
the oocyte. Low sperm motility, also known as as thenozoospermia (AZ), is a prevalent cause of infertility in men. AZ is defined as a
low percentage of forwarding (progressive motility), fewer than 30%, or a lack of sperm motility in examined total ejaculation. Reduced
sperm motility may result from an unhealthy lifestyle, obesity, environmental pollution, oxidative stress, smoking, alcohol intake, or
may be idiopathic. Oxidative may damage different sperm components like DNA, proteins, or lipids.This study aims to determine a
possible relationship between semen antioxidants, lipid peroxidation, and sperm motility parameters in asthenozoospermic men. Twenty-
three healthy fertile males and 57 AZ infertile men were included in this study. Samples were obtained after 3-4 days of abstinence from
sexual intercourse. Exclusion criteria included medication use, smoking, drinking alcohol, chronic illness(such as diabetes mellitus,
hypertension, etc.), varicocele and high viscid samples.
The results revealed a remarkable decrease in superoxide dismutase activity and a high increase in semen plasma malondialdehyde in
the asthenozoospermic group. The decrease in SOD activity leads to an increase in superoxide anionlevel (O2¢7), which induces lipid
peroxidation in the spermatozoa membrane.Lipid peroxidation frequently affects spermatozoa motility by affecting sperm membrane
and fluidity and followed by mitochondrial defect and a concomitant decrease in energy generation.
https://creativecommons.org/licenses/by-nc/4.0/
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1. Introduction There are two types of infertility: primary and secondary.
. . . Couples with primary infertility are individuals who have never
Most people have plans for their future that include having  gjyen birth before. While in secondary infertility couples had a
children, and parenthood is the one of the adulthood goals that are chance to have at least one baby and failed to reproduce!, in all
most commonly wanted, not every couple who wants t0 get  ¢ases, men are responsible for nearly 50 % of infertility cases.
pregnant will be successful. After engaging in regular,
unprotected sexual activity for 12 months or longer, couples are Numerous causes of sperm dysfunction are implicated in male
said to be infertile if they are unable to conceive a child or unable infertility. Azoospermia, asthenozoospermia, oligospermia, and
to terminate a pregnancy!®?. Globally, 10-15% of all the world teratozoospermia are different types of male infertility classified
scouples suffer from infertility, and according to the most recent by the WHO based on the quality of the sperm!. As shown in
World Health Organization (WHO) estimates, approximately 50— Scheme 1 and Table 1.
80 million people worldwide experience infertility™*, The issue
has been identified by the WHO as a global problem of public
healthl. In the past, people believed that women were the only
individuals responsible for infertility, but current research has
shown that men are equally responsiblel,
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Scheme 1: Male infertility classification based on sperm quality.
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Table 1: Cut-off values of sperm parameters publishedby the (WHO,
2020).

classification based on the

Parameter WHO 2020
cut-off value
Volume 14 Hypospermia
Sperm 15* 10° Oligozoospermia
concentration
Progressive %30 Asthenozoospermia
Motility
Morphology %4 normally Teratozoospermia

formed

Fertility is significantly influenced by the quality of the semen;
according to " pregnancy outcome™ research, men's fertilization
ability begins to deteriorate when sperm count decreases to below
15%108/mi,

Sperm motility is necessary for regular fertilization because
spermatozoa must travel far to connect with and fertilize the
eggl®l. Asthenozoospermia (AZS) which is one of the main
factors contributing to male infertility, is characterized by an
abnormal ratio of forwarding motile sperm [grade A + B sperm
velocity 50% and A 25%, according to the newest WHO
guidelines], or a lack of motile spermatozoa in freshly examined
ejaculationl. Low sperm motility could result froman unhealthy
lifestyle™], obesity!**-13], environmental pollution*1%1, oxidative
stresst*®l, smoking, alcohol or may be idiopathict”.

An imbalance between oxidants and antioxidants in favor of the
oxidants is referred to as oxidative stress(OS)€l, or pro-oxidant
and antioxidant species are not in a balanced statel*?],

Oxidants are highly reactive oxygen or nitrogen species (ROS
and RNS) atoms or molecules that can arise when oxygen reacts
with specific compounds and have one or more free electrons in
their outer orbital®. ROS could be generated due to
mitochondrial generation, enzymatic reaction, radiation, and
environmental toxins[?4.

Antioxidants are chemicals that stop the oxidation of other
molecules from affecting cells®d. They could classify as
enzymatic molecules (catalase, superoxide dismutase,
glutathione peroxidase, etc.) and non-enzymatic
molecules(minerals, vitamins, polyphenols, etc.)l.

Due to their weak cell repair mechanisms and insufficient
antioxidant defenses due to having very little cytoplasmic
material, gametes are significantly harmed by OS, since their
sperm membrane contains a lot of polyunsaturated fatty acids
(PUFA), they are vulnerable to lipid peroxidation!?4],

PUFAs are essential regulators of sperm membrane fluidity, and
ATP outflow, which hinders flagellar motion?l. Hence the
peroxidation of sperm lipids may affect energy metabolism and
reduce sperm motility.

The aim of this study was to find a biochemical cause of low
sperm motility through the estimation of oxidative stress status in
the seminal plasma of Asthenozoospermic infertile men and find
the effect of oxidative stress on sperm membrane through the
estimation of lipid peroxidation in sperm cellular membrane. In

addition, the study aimed to find a possible relation between
antioxidant levels in human semen and different sperm motility
parameters.

2. Material and Method

A total of 80 samples were enrolled to complete this study, 23
semen samples from healthy fertile males and 57 samples from
patients with asthenozoospermia who visited thefertility clinics
to seek for treatment of infertility. Semen samples have been
obtained by masturbation performed in the laboratory after 3-
4days of abstinence from sexual intercourse. Samples were
incubated at (37° C) for 60 minutes. Exclusion criteria included
medication use, smoking, drinking alcohol, chronic illness(such
as diabetes mellitus, hypertension, etc.), varicocele, and high
viscid samples.

Semen analysis was carried out under WHO 2020 guidelines?®,
Sperm examinations involve assessing sperm concentration,
different motility parameters, and morphology, usingCASA-
based autoanalyzer. After that, seminal plasma was separated by
centrifugation of the samples for 10 minutesat 4000 rpm. The
separated seminal plasma was stored in a deep freezer ( -80 °C)
in 3 tubes for further biochemical analysis.

Malondialdehyde was estimated by mixing 200 microliter of
frozen seminal plasma with TBA(thiobarbituric acid) in a hot
weak acid mediumfor 60 minutes, the pink color read at 532 nm,
and MDA concentration was calculated and expressed as
umole/I?8L. TAC was estimated bythe addition of 100 pL of a
semen sample to 1 mL of TPTZ(2.4.6-tripyridyl-s-trazine), and
FeCls.6H20 inpH 3.6 of acetate buffer solution and incubation of
the mixture in 37°C, the blue color read at 593 nm and TAC
concentration calculated against FeSO4.7H,O calibration curve
and results expressed as Mmole/L[7]. Catalase was determined
by the goth method(50 pL ofsemen sample mixed with H,O,and
ammonium molybdate in potassium-sodium buffer 7.4 medium,
the yellow color read at 405 nm, and catalase concentration was
calculated and expressed as KU/L™®l, Dismutase enzyme was
assessed by an enzyme-linked immunosorbent assay (ELISA) kit
(Bioassay, China). The Kit principle was based on the bounding
of SOD in the sample with human SOD antibody that plate has
been pre-coated with, biotinylated antibody was added to bind
with non-bind SOD in the sample binds with streptavidin-HRP.
Excess streptavidin-HRP has washed away by washing with
buffer. The color developed by adding the substrate solution, and
the reaction was stopped by the addition of an acidic medium to
the reaction mixture. The concentration of the unknown samples
was determined by reading the absorbance at 450 nm and
comparing it with a series of standard solutions.

3. Statistical analysis

Results are presented as Mean £SEM, and an independent sample
t-test was used tofind significant differences between both
groups. Data was analyzed statistically using MedCalc statistical
program v. 18.2.1; MedCalc Software bvba. Data were examined
for normality by using Kolmogorov—-Smirnov test. Differences
between non-parametric values were analyzed by Mann-Whitney
and considered significant at p-value <0.05. The correlation
between different parameters has been calculated usin gthe
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Pearson correlation coefficient. r value > 0.25 is considered
weak, while > 0.5 is considered a medium, and > 0.75 is
considered a strong correlation.

Table 2: Mean + SEM of basic semen parameters of fertile and infertile groups.

Semen Analysis Infertile Men Fertile Men B
Variables (n=57) n(23) value
Concentration (million/ml) 26.61+3.47 58.63+7.45 <0.01
Total sperm count(million/ejaculate) 71+8.26 214.69+31.34 <0.01
Total matile sperm (million/ejaculate) 17.1+£2.49 137.76+£21.33 <0.01
% Total motile sperm 25.02+1.31 63.69+2.78 <0.01
% prog.Motility 17.46+1.11 48.47+2.91 <0.01
% prog. motility(A) 8.27+0.85 30.23+£2.92 <0.01
% prog. maotility (B) 9.51+0.58 17.62+1.26 <0.01
% non-prog.motility 6.47+0.45 14.23+1.39 <0.01
% immotile 74.73+1.31 36.3+2.78 <0.01
%Normal morphological sperm 35.94+2.24 44.39+1.17 <0.05
Progressive velocity 23.13+1.03 29+1.73 <0.01
path velocity 26.54+0.99 32.51+1.73 <0.01
Track velocity 38.05+1.25 44.45+1.97 <0.01

M fertile men Minfertile men
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Figure 1: Basic semen parameters of infertile and fertile groups.
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Seminal plasma biochemical parameters are shown in table 3 and
figure2.The groups have a significant decrease (p< 0.01) inSOD
activity of the infertile group (62.86+8.76 U/ ml) compared to the
fertile group (111.97+£18.49U/ ml), and a significant increase in
MDA concentration in infertile menp< 0.01 (17.95+1.50 nmol)
as compared to fertile group (10.68+1.57 nmol/ml).

Table 3: Semen plasma biochemical variables.

Semen Plasma Infertile .

Biochemical Men FentileiMen i

. (n=57) n(23)
variables Mean + SEM | Mean+SEM | VAlU
catalase KU/I 11.32+1.01 12.03+1.07 n.s
SOD U/ml 62.86+8.76 111.97+18.49 | <0.01
TAC uM 811.18+39.19 785.9+51.6 ns
MDA nmol/ ml 17.95+1.5 10.68+1.57 <0.01
SOD = superoxide dismutase, TAC = total antioxidant, MDA =

malondialdehyde
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Figure 2: Mean + SEM differences in seminal plasma biochemical
variables between infertile and fertile groups.

Low sperm concentration and motility have positively correlated
with semen SOD activity and negatively correlated with MDA,
as shown in Table 4.

Table 4: Pearson correlation between motility variables and
biochemical parameters.

Parameters r-Value | P Value
%total motile sperm —MDA -0.25 <0.05
totalmotile sperm count -MDA -0.26 <0.05
%progresive motility - MDA -0.35 <0.01
%progresive motility A -MDA -0.29 <0.05
sperm concentration-MDA -0.26 <0.05
total sperm count -MDA -0.26 <0.05

path velocity — MDA -0.36 <0.01
progressive velocity — MDA -0.33 <0.01
Track velocity — MDA -0.34 <0.01
%immotile sperm-MDA 0.28 <0.05
Sperm concentration — SOD 0.35 <0.05
total motile sperm count -SOD 0.31 <0.05
%immotile sperm-SOD -0.38 <0.01
Y%progressive motility-SOD 0.37 <0.05
%total motile sperm-SOD 0.33 <0.05
%pnon-progresive motile sperm-SOD 0.41 <0.01
% progressively motile sperm B-SOD 0.36 <0.01
total sperm count-SOD 0.46 <0.01

4. Discussion

Sufficient progressing motile sperm are required for healthy
ovum fertilization!®?. The transfer of the spermatozoa to the
location of fertilization within the far positions of the female
genital tract requires progressive sperm mobility*%, ASZ Infertile
men have low sperm motility, and low progressive motility
compared to fertile control (Table 2, Figure 1). Values of
different groups can be used as borderlines in the diagnosis of
male fertility based on sperm motility function.

Seminal plasma provides a suitable environment for spermatozoa
to swim and protect the spermatozoa from different harmful
attacks. Due to their weak cell repair mechanisms and insufficient
antioxidant defenses as a result of having very little cytoplasmic
material, spermatozoa depend on seminal plasma to protect
against oxidative attack®!. This is one of the characteristics that
distinguishes spermatozoa from other organisms in its
vulnerability to oxidative damagel®Yl. The distribution of the
balance between ROS progression and antioxidant defense in
semen may be linked to lower sperm fertilizing potentials, which
results in spermatozoal dysfunction®! Oxidative stress also
contributes to low sperm quality by decreasing sperm vitality,
motility, and sperm penetration ability and increase sperm DNA
and membrane damagel®2. High amounts of ROS can also lead to
morphological defects, increased sperm membrane permeability,
and decreased fertility[3],

The Low antioxidant protection shield makes sperm particularly
vulnerable to OS. Because the plasma membrane is made of a
percentage of unsaturated fatty acids, male sperm are highly
vulnerable to lipid peroxidation?* 3. The complete antioxidant
defense mechanism of the spermatozoa, which is made up of both
enzyme- and non-enzyme-based antioxidants, serves to protect it
from harm(®],


http://passer.garmian.edu.krd/

Fatah et al. Passer 5 (Issue 1) (2023) 72-77

The study result showed a significant decrease in SOD in infertile
men(Table 3, figure 2) whensuperoxide dismutase (SOD) is an
enzymatic antioxidant by converting superoxide radical anion
(O2¢) to H,0,, enzymes protect spermatozoa against oxidative
degradationt®l, It plays a significant role in balancing between
generation and degradation of ROS.

20, +2H" ——» H,0,+0,

Also, data in table 4 showed a positive correlation between SOD
and sperm concentration(r 0.35, p< 0.05), total sperm
count(r=0.46, p< 0.05), total motile sperm count(r=0.30, p<
0.05), %total active motile sperm(r=0.33, p< 0.05), % progressive
motility(r=0.37, p< 0.05), % non-progressive active
sperm(r=0.41, p< 0.01), % progressively active sperm B(r=0.35,
p< 0.01), and showed negative correlation with %immotile
sperm(r=-0.37, p< 0.01), these data emphasize the protective role
of SOD in preventing sperm lipid peroxidation and improving
sperm motility by protecting sperm cell from attacked free
radicals.

Decreasing SOD activity leads to the accumulation of superoxide
radical anion, which is the primary inducer of lipid
peroxidation[®], Data showed a significant increase of MDA level
in the semen of infertile men (17.95+1.5 nmol/ml) compared to
standard fertile men's control (10.68+1.57) (Table 3, Figure 2).

By catabolizing phospholipids and releasing PUFAs, the
peroxidation of spermatozoa membrane lipids decreases the
fluidity and permeability of the sperm membrane, which can have
subsequent impacts such as inactivating membrane enzymes and
receptorst7l,

Loss of sperm membrane integrity is directly correlated with
reduced sperm motility®®8, The peroxidation of unsaturated fatty
acidsoccurs in  membranes surrounding the spermatozoa
mitochondria in addition to the plasma membrane, secondary
lipid peroxidation (LPO) can begin in mitochondrial membranes
as a result of increased mitochondrial production of ROS
generation and the subsequent spread of the peroxidation of the
sperm plasma membrane. Parallel to the sperm plasma
membrane, the fluidity of the mitochondrial membranes is altered
by LPO inside these structures, which upregulates the leakage of
the charged particles through the mitochondrial inner
membranel®, Such a circumstance results in the decrease of the
membrane potential of the mitochondria impairs the effectiveness
of mitochondrial ATP synthesis and triggers electron diffusion
through themitochondrial membrane and eventually production
of more mitochondrial ROSE® 4%, Sperm cells depend on
mitochondria to function properly to provide the energy required
for adequate motility®?, Loss of mitochondrial function and a
concurrent defect in energy production necessary to enable
normal mobility, have been classified as common etiology for
sperm dysfunction andreduced sperm motility[*2,

Also, data showed that MDA negatively impacts sperm activity
and different motility parameters,% total motile sperm, which
indicates deterioration in sperm movement parameters (r=-0.25,
p< 0.05), total motile sperm count (r =-0.26, p< 0.05), %

progressive motility (r = -0.350, p< 0.01), % progresive motility
A (r= -0.28, p< 0.05) and sperm velocity(path velocity r=-0.36,
p< 0.01), ( progressive velocity r=-0.33, p<0.01), (track velocity
r=-0.34, p< 0.01).

These parameters are related to sperm progressive motility, which
is an essential parameter in the determination of sperm egg-
fertilization ability, a decrease of these parameters as a response
to the increase of MDA will lead to loss of sperm fertilization
capability.

A potential limitation of the present study was the sample size, a
higher sample size will give more reliable results that can be
statistically analyzed.

Further directions: the power of this research was to explain the
role of oxidative stress in infertile men in the Kurdistan region,
which has scarce research in this field. The value of this research
is giving clinicians new examination tools on male infertility to
understand the natural causes behind male infertility. The use of
MDA as a tool along with the SFA test may help in the diagnosis
of the causes of low sperm motility.

However, to investigate the role of lipid peroxidation on male
fertility, further experiments are recommended to explain the role
of lipid peroxidation on sperm morphology and sperm DNA
integrity which both are essential factors in male infertility.Also,
a study of the protective role of different antioxidants in
contracting free radicals and oxidative stress situationsis
recommended in further clinical studies.

Conclusion

It is concluded that low seminal plasma antioxidant activity
directly impacts sperm basic parameters,especially sperm
motility. The resulting OS stated that low antioxidant levels has
a and may be considered a significant cause of loss of sperm
function and vitality. Finally, semen antioxidants assayis a
helpful tool for the diagnosis of male infertility due to sperm
dysfunction.
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