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ABSTRACT

Article history Background and Aims: Smoking has an influence on different semen
Received: 1 Dec 2019 parameters. It is regarded as a risk factor for infertility. This study aims to
Accepted: 15 Aug 2020 evaluate the effect of smoking cigarettes on the expression of nuclear factor

Available online: 27 Aug 2020  erythroid 2-related factor 2 (NRF2) and glutathione S-transferase Mu 1
(GSTM1) genes and biomarkers of oxidative stress in sperm.
Keywords Materials and Methods: A case-control study was conducted on 15 men

IGSfMT_Il_ gene smoker (case) and 15 men nonsmokers (control) who had referred to infertility
,\TRf:g' gr{e clinics in Isfahan, Iran. After sampling and analysis of semen quality
Oxidat?ve stress parameters, gene expression of NRF2 and GSTM1 was determined using a Real

Urinary tract infection time-polymerase chain reaction instrument. The lipid peroxidation and total
antioxidant capacity (TAC) were evaluated by colorimetric methods.
Results: Sperm concentration and their progressive motility in smokers were
significantly lower than the nonsmoker population (p<0.001). In addition, the
lipid peroxidation level increased and TAC level (p<0.01) as well as gene
expression of NRF2 (p<0.05) and GSTM1 (p<0.01) decreased compared to
control groups.
Conclusions: Our data demonstrated that the NRF2 and GSMT1 expressions are
significantly lower in human males with low sperm motility and correlated with
specific sperm quality parameters.
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Introduction

In most countries, male reproductive health
deterioration is regarded as a significant
problem [1]. Genital infections, hypogonadism,
gjaculatory duct obstruction, varicoceles, or
exposure to environmental factors (for example,
xenobiotics, ionizing radiation), lifestyle factors
(e.g., smoking, alcohol, and obesity), systemic
diseases, genetic causes, and abnormal
ejaculation are considered as contributing
factors for infertility of male [2]. Nevertheless,
in about 30-45% of infertile males, the etiology
is not still determined and is termed idiopathic
infertility [3]. Infertility involves 10-15% of
couples in the world, and males account for
around 50% of infertility cases [4]. Human
spermatozoa may induce oxidative damage
because of the high rate of polyunsaturated fatty
acids on their plasma membranes [5].
Therefore, cigarette smoking may decrease
semen quality in humans. However, male
infertility among smokers has not yet been
tapped even with the high risk of increased
exposure to reactive oxygen species (ROS) due
to smoking. ROS, strongly linked to oxidative
stress, are oxygen-derived free radicals that
involve hydroxyl, superoxide anions, alkoxyl
radicals, peroxyl, and hydrogen peroxide.
ROS can be produced from endogenous
physical processes like seminal leukocytes
and mitochondrial respiration or different
environmental factors, including toxins,
radiation, drugs, smoking, pollution, and diet
[6]. ROS can potentially damage the plasma
membrane and DNA motility, integrity, and

overall quality of semen [7]. So, scavenging

excess ROS is essential for normal fertilization
and spermatogenesis. The nuclear factor
erythroid 2-related factor 2/antioxidant response
element (NRF2/ARE) signaling pathway and its
regulated antioxidant enzymes significantly
contribute to cellular oxidative stress defense
during fertilization and spermatogenesis [8].
Antioxidant molecules and enzymes such as
glutathione (GSH), superoxide dismutases
(SODs), and catalases (CATs) are largely
plentiful in sperm cells or in semen plasma [9].
Most of these genes, including glutathione
peroxidase (GPX), NRF2, CAT, SOD,
glutathione S-transferase (GST), and nitric
oxide synthase (NOS), have sequence variants
in humans, which in turn can bring about
male infertility in different ways [10]. The
production of these protective cellular
enzymes is induced as they are exposed to
ROS, through a regulated mechanism at the
transcription level [11].

NRF2 is the vital gene in antioxidant defense,
as it is the nuclear transcriptional factor that
can generate antioxidant enzymes through
ARE element [12]. NRF2 binds to ARES in
response to oxidative stress, which mediates
transcriptional activation of its responsive genes
and modulates in vivo defense mechanisms in
reaction to oxidative damage [13]. NRF2 is a
transcription factor belonging to the basic
leucine zipper protein family and is encoded by
the NFE2L2 gene. NRF2 is expressed in all
tissues, but it is mostly expressed in the brain,
kidney, muscle, lungs, heart, and liver. NRF2

has six highly conserved regions called Neh's
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(NRF2-ECH homology) domains. When the
cells are exposed to oxidative stress and high
levels of ROS, the oxidation of key cysteine
residues, and the Keapl protein increase. These
constructional changes weaken the binding
ability of Keapl to NRF2 [14]. The induction of
antioxidant and cytoprotective enzymes is
mediated mostly by NRF2, including CAT,
superoxide SOD isoenzymes, and GSTs [15].
The NRF2-ARE signaling pathway is
associated with many diseases in animal and
human models, such as cerebral ischemia,
lung diseases, and eye [16]. Experiments
conducted on mice have shown that this
gene is also related to spermatogenesis. In
the knockout mouse model, NRF2 disruption
affects spermatogenesis in an age-dependent
manner [8].

Additionally, the NRF2 rs6721961 TT genotype
is induced at a higher frequency in heavy
smokers suffering from low semen quality
compared to those with high semen quality;
heavy smokers with this genotype tolerate
lower sperm counts and concentrations in
comparison to others [17]. NRF2 expression
was notably lower in infertile subjects than in
controls at the mRNA level. A considerable
correlation was detected between the NRF2
MRNA expression level and specific sperm
functional parameters, including progressive
motility, concentration, vitality, and immotility
[18]. The DJ-1 protein that stabilizes NRF2 by
targeting 20S proteasomes in cells is associated
with the infertility of males [19, 20]. The sperm
DJ-1 concentration was lower in moderate
asthenozoospermia patients compared to the

controls [19]. Thus, expression level of NRF2

and functional polymorphisms as well as its
regulators, are found to be associated with
defective spermatogenesis in humans.

Human semen has an abundant amount of
GSTs [21], belonging to phase Il superfamily of
antioxidant enzymes contributing to the cellular
detoxification of different  physiological
substances (for example, excessive ROS) or
exogenous electrophiles. The process of
detoxification is dependent on the family class
of genes. Seven GSTs' gene classes can be
considered: alpha (a), kappa (k), mu (p), sigma
(©), pi (m), theta (0), and zeta ({). They are,
respectively, coding GSTA, GSTK, GSTM,
GSTS, GSTP, GSTT, and GSTZ enzymes [22].
Generally, inhibited GST activity diminishes
semen motility through membrane damage.
Since  unmetabolized  toxic  substances,
accumulating in the testis cellular matrix,
deteriorate spermatogenesis, another probable
reason for sperm impairment in patients with
GSTM1 or GSTT1 null genotypes may be
insufficient  functioning of fibrosis and
seminiferous tubules developed in the testicular
tissue Located on 1p13.3 chromosome, GSTM1
includes three alleles at its locus: GSTM1*A,
GSTM1*B (causing the lysine 172 replacement
by aspartic acid and not altering enzyme
activity), and GSTM1 null genotype (gene
deletion) [23].

Considering the vital role of free radicals in
causing damage and impaired sperm function
and the effect of smoking on these parameters,
the aim of this study was to evaluate the effect
of smoking on the expression of NRF2 and

GSTM1 genes and biomarkers of oxidative
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stress in the sperm of smokers and nonsmokers

referring to Isfahan infertility center.
Materials and Methods

Patients

A case-control study was conducted a 15 men
smokers (case) and 15 men nonsmokers
(control) aged 30-40 years, who had referred to
infertility clinics in Isfahan, Iran. People who
did not conform with the criteria were excluded.
Exclusion criteria were as follows: urinary
tract infection, diabetes, thyroid disorders,
varicocele, testicular surgery, and consumption
of alcoholic beverages. Smokers, patients with
clinically diagnosed features of reproductive
organ inflammation and symptoms of systemic
disease, and patients with body weight
disorders were excluded from the study.
Research studies on human subjects were
carried out based on the Declaration of Helsinki
guidelines. The study participants were
interviewed once the written informed consent
was obtained. The interviewers collected data
about lifestyle, medical history, and smoking
status of the participants using a structured
questionnaire. The smoking dose (packs per
day) was multiplied by the duration (years
smoked) to obtain smoking pack-years. Heavy
smokers were considered as those who were
current smokers with a smoking dose > 1 pack
per day over 10 years or a smoking dose > 2
packs per day over 5 years. Nonsmokers were
those who had never smoked.

Physical examinations were performed for all
participants, and they had at least two semen
analyses. Unhealthy men or men with a known

cause for defective spermatogenesis, including

varicocele, obstruction of the vas deferens,
infection, chromosomal abnormalities, or
microdeletions in the azoospermia factor area
on the Y chromosome, were not eligible to take
part in the study. Patients diagnosed with severe
oligozoospermia (sperm concentration <5 x 106
cells per milliliter), azoospermia, leukopenia,
hemospermia, and necrozoospermia [24] were
also excluded as there were possibly medical or
genetic reasons for the low quality of sperm.
Sample collection and preparation

After at least 48 to 72 h of sexual abstinence,
sample collection and semen samples were
obtained by masturbation. Semen volume,
sperm concentration, pH, motility, vitality, and
computer-assisted  semen  analyses  were
conducted according to the guidelines of the
World Health Organization [24]. Samples were
centrifuged for 5 min at 3000 rpm to separate
sperm from the semen. The supernatant
(containing the plasma) was transferred to a
microtube and kept at a temperature of -70°C.
Total RNA extraction

RNA samples of sperm were extracted using
the RNA-Bee kit (Tel-Test, Inc., USA) and
phenol-chloroform extraction [25]. The RNA
samples were stored at -70°C until the test time.
Real time-polymerase chain reaction (RT-
PCR)

To synthesize cDNA, Reverse Transcription,
Oligo DT and dNTP enzymes along with
extracted RNA were placed for 5 min at
65°C and then were placed at 45°C for 60
min. Finally, to deactivate the enzyme, the
temperature was brought to 85°C for 5 min,
and the cDNA obtained product was stored
at -20°C.
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Using the Gene Bank for the NRF2 and GSTM1
genes in the studied groups, the RT-PCR
technique was applied. For each group, the
synthesized cDNA was stored at -20°C until
used. The same reference gene (18 sRNA) and
target gene considered the RT-PCR detection
system (Life Technology, USA), using Applied
Biosystems SYBR® Green PCR Master Mix
(2X) (Cat. 4344463). The expression of each
target gene was calculated in accordance with
the reference gene using the formula 2 “A¢T,
Gene-specific primers for both GSTM1 and
NRF2 genes were designed using Primer
software (Table 1).

Assay of oxidative stress markers

To measure lipid peroxidation thiobarbituric
acid reactive substances (TBARS), the plasma
sample was mixed with trichloroacetic acid
(TCA) 20% and then washed with sulfuric

acid solution 0.05 M. Then, thiobarbituric acid
2% was added to sodium sulfate 2 M and
placed in a boiling water bath for 30 minutes.
The products of lipid peroxidation were
extracted with n-butanol, and absorbance was
measured at 532 nm. [26].

To evaluate the plasma total antioxidant
capacity (TAC), the ferric reducing ability of
plasma was used. Fe2+-TPTZ complex was
evaluated with an absorption maximum at 593
nm [27].

Statistical analysis

SPSS statistical software (version 23.0) was used
for statistical analysis. Normally distributed data
were determined by a Kolmogorov-Smirnov test
and analyzed using independent sample t-tests.
This Study was approved by the ethics
Committee of Borujerd Branch, Islamic Azad

University, Borujerd, Iran.

Table 1: Primer sequences applied in the PCR reaction of semen cDNA samples

Primer Name
GAPDH (F)
GAPDH (R)
NRF2 (F)
NRF2 (R)
GSTM1 (F)
GSTM1 (R)

Sequence 5" —3°

GTCTCCTCTGACTTCAACAGCG
ACCACCCTGTTGCTGTAGCCAA
TTCAGCCAGCCCAGCACATC
CGTAGCCGAAGAAACCTCATTGTC
TGATGTCCTTGACCTCCACCGT
GCTGGACTTCATGTAGGCAGAG

Table 2. The mean of the parameters studied in the seminal fluid of smokers and nonsmokers

Parameters

Number

Age (year)

Smoking duration (year)
Sperm concentration (x 108/ml)
Semen volume (ml)

pH

Progressive motility

Abnormal sperm forms (%)
Data is presented as Mean+SD

smokers Nonsmokers P-value
15 15 -
33.6+6.2 35+7.1 P> 0.05
7+32 0 P< 0.001
4596+8.03 97.7+128 P< 0.001
3.5+1.86 3.0+13 P> 0.05
7.5-8 7.5-8 -
256+4.3 55.9+6.7 P <0.001
27.2+6.2 19.3+5.7 P>0.05
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Results
Thirty people were included in the study; 15

smokers and 15 nonsmokers. The mean
concentration of sperm in smokers was
45.96+8.03 x 10%/ml and in nonsmokers,
97.7+12.8 x 105ml, thus showing a
statistically significant difference between
smokers and nonsmokers  (p<0.001).
Significant differences were observed in the
progressive sperm motility of smokers
(25.6+4.3%) and nonsmokers (55.9%6.7)
(p<0.001). Insignificant differences were
identified in sperm parameters, including
volume and abnormal sperm forms in the two
groups (p>0.05) (Table 2).

As set out in Fig. 1, the GSTM1 isoenzymes
level in the seminal fluid was lower in
smokers than in nonsmokers. Differences in
these factors were statistically significant in
smokers and nonsmokers (NRF2 at p<0.05
for, GSTM1 at p<0.01), and between the
expression of the two GSTM1 and NRF2
genes, there was a significant and positive
relationship, i.e., reducing the expression of a
gene can lower the expression of another
gene (r=0.55 and p<0.05). The results
revealed that the malondialdehyde (MDA)
level, being significantly higher as an

indicator of oxidative, damages the seminal
fluid of smokers greater than that of
nonsmokers. Plasma total antioxidant
capacity in smokers and nonsmokers turned
out to be 334.48+84.6 nmol/mol and
815.2498.2 nm/mol, respectively. The
difference between the measured values
indicates a significant variation between the
groups (p<0.01). The rate of lipid
peroxidation in the sperm of smokers was
700+42 nmol/L, and in nonsmokers
160.9£45.02 nmol/L. The difference between
the measured values indicates a significant
difference (p<0.01) between the groups (Fig.
2). The results demonstrated the relationship
between MDA level and GSTML1 genes being
substantial and negative, and with the NRF2
and GSTML1 genes expression, it proved to be
positive so that an increase in one gene
increased the other (Table 3). Further, the
results showed a significant relationship
between smoking duration and total
antioxidant capacity with fertility parameters
as well as gene expression (Table 4). The
relationship between total antioxidant and

studied parameters are shown in table 5.

Table 3. Relationship between different gene expression and MDA

Parameters NRF2
P-value r P-value
NRF2 -- -- <0.05
GSTM1 <0.05 0.54
MDA > 0.05 -0.44 <0.001

GSTM1 MDA
r P-value r
0.54 >0.05 -0.44
- <0.001 -0.85
-0.85 -- --

International Journal of Medical Laboratory 2020;7(3):179-190. 184


http://dx.doi.org/10.18502/ijml.v7i3.4136 
https://ijml.ssu.ac.ir/article-1-341-en.html

[ Downloaded from ijml.ssu.ac.ir on 2026-04-11 ]

[ DOI: 10.18502/ijml.v7i3.4136 ]

NRF2 AND GSTM1 EXPRESSION IN THE SPERM OF SMOKERS

Table 4. Relationship between smoking duration with infertility parameters, MDA, total
antioxidant capacity and NRF2, and GSTM1 gene expression.

Parameters R P value
Semen volume in one ejaculation -0.16 P>0.05
Sperm concentration -0.8 P<0.001
Abnormal sperm forms 0.45 P<0.05
Progressive motility -0.92 P <0.001
MDA 0.91 P <0.001
Total antioxidant capacity -0.70 P<0.01
NRF2 -0.63 P<0.01
GSTM1 -0.94 P <0.001

MDA= malondialdehyde

Table 5. The relationship between total antioxidant and the studied parameters

Parameters R P value
Semen volume in one ejaculation 0.24 P>0.05
Abnormal sperm forms -0.39 P> 0.05
Progressive motility 0.51 P <0.05
MDA 0.56 P <0.05
NRF2 0.67 P <0.01
GSTM1 0.6 P <0.01
MDA= malondialdehyde
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Fig. 1. The comparison diagram of expression of NFR2 gene (*p<0.05) and GSTM1
(**p<0.01) in the sperm of the two groups of smokers and nonsmokers.
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Discussion

Smoking is regarded as a crucial risk factor for
reproductive health [28], but the effects of
cigarette smoking on male fertility have not yet
been well established [29]. Toxins, including
lead present in tobacco, appear to directly
impair the process of spermatogenesis itself as
well as sperm function through reproductive
axis dysfunction or testicular degeneration [30].
It is hard to detect the impact of smoking on
semen quality because of complex influences
involving a partner's smoking habits, genetic
background, and environmental factors. Thus,
exploring smoking consequences on the male
reproductive  system, concerning  genetic
background, may facilitate perception of the
interactions between smoking and genetic
variability and their potential synergetic impacts
on male fertility, particularly considering the
genes involved in antioxidant defense.

The present study discusses the effects of
cigarette smoking on sperm traits, the level of
expression level, which is effective in
antioxidant defense, and the oxidative stress
level in smokers' sperm. The results show that
smoking can induce destructive effects on
sperms. Although several studies have argued
that smoking can result in abnormal sperm
parameters [31], it is found to be more
prevalent in smokers suffering from low semen
quality in comparison to smokers with
high semen quality and nonsmokers with
low semen quality. This manifests a
potential synergistic impact of functional
polymorphisms of NRF2 and smoking on

semen quality of humans. Oxidative stress

imposed by smoking has been demonstrated
to have a scanty effect on the antioxidant
system and DNA damage [32]. Nevertheless,
the smoking effects might be amplified if
preimposed genetic variations in the
antioxidant pathway are involved, as implied
by the current results. Many research studies
have proved that interactions between
environmental factors and genes could be the
result of male infertility [33].

Other studies, however, do not endorse such
results. Merino et al. reported that smokers have
a lower density, normal form, and sperm
motility as compared with nonsmokers [27].
Zhang et al. showed that smokers' sperm has
lower progressive motility than nonsmokers
[31]. As environmental and genetic factors are
crucial to human spermatogenesis, perceiving
the synergistic influences of cigarette smoking
and genetic variation on semen quality may
pave the way for the development of new
therapeutic and preventive responses to
infertility of males.

The results of this study are consistent with the
findings of Zhang and Merino [31, 27]. Mostafa
et al. showed that although smokers do not
experience fertility decline due to cigarette
smoking, those who fail to have good sperm
quality can reach a higher fertility prognosis by
quitting smoking [34]. A significantly higher
incidence of morphological influences of
spermatozoa has been recognized among
smokers with no difference in reproductive
hormones and motility in both groups [35].

Smoking considerably decreased concentration
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of sperm and sperm count, showing that it
negatively affected testicular spermatogenesis
in humans. According to Nakamura et al., the
decline in sperm counts regarding NRF2 gene
deficits was more than that of sperm motility
in mice. Also, sperm counts decreased
significantly when the mice were 4-month old,
but that motility did not decline significantly
until 6 months of age, confirming the
independent impacts of the NRF2 gene on the
epididymis and testis [8]. Sperm generation in
the testis and sperm maturation in the
epididymis are two phases in spermatogenesis.
In this regard, the findings of Nakamura and
those of the current study show that the NRF2
gene influences both phases. The spermatozoa
generation in the testis generates high amounts
of ROS. Epididymis sperm cells are sensitive to
ROS, causing loss of motility and,
subsequently, cell death. Deficiencies in
antioxidant  capability and increase in
exogenous ROS may, therefore, induce lesions
both in the epididymis and testis. Further
studies, however, are required to illuminate the
synergistic impacts of smoking and functional
polymorphisms in antioxidant genes on various
spermatogenesis stages.

Nadeem et al. reported that cigarette smoking
reduces sperm motility, and these complications
are directly related to smoking [33]. Smoking
may contribute to oxidative stress, generated
because of ROS excessive levels coupled with
antioxidants deficiency. Although low ROS
levels are needed for sperm capacitation,
acrosome  reaction, hyperactivation, and
spermatozoa—oocyte  fusion, their excess

deluges the neutralizing potential  of

antioxidants, inducing OS and damaging DNA
in the mitochondria and nucleus [37].

In this study, the level of seminal GSTM1
isoenzymes in smokers was significantly lower
than in nonsmokers. Hou-Qun Ying ans et al. in
2013 identified a significant relationship
between GSTML1 gene expression and infertility
[38], which is consistent with the results of
ours. The results of this study reveal the
malondialdehyde level as an indicator of
oxidative damages, being significantly
higher in the seminal fluid of smokers.

Total antioxidant capacity and antioxidant
gene expression of NRF2 also decreased
significantly. Besides, the results proved that
infertility indicators such as sperm motility and
sperm concentration exert a significant decrease
in smokers as compared to nonsmokers.
Nakamura et al. found the reduction of this
gene is more effective in reducing sperm
count than sperm motility [8].

While in the present study, reducing this gene
decreased sperm motility more than sperm
count, the results of this study revealed a
significant and positive relationship between
the expression of two GSTM1 and NRF2 genes,
i.e., decreasing the expression of a gene reduces
the expression of another gene. The results
of this study demonstrated a significant
relationship between total antioxidant capacity
and sperm motility. Moreover, there was a
significant relationship between MDA level and
total antioxidant capacity, so that by increasing
MDA, total antioxidant capacity decreased.

The relationship between MDA and GSTM1
gene expression was also significant and

negative. This suggests that increased oxidative
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stress can reduce the antioxidant gene
expression; the reason for this could be the
molecular damage to these genes from free
radicals. Furthermore, the relationship between
total antioxidant capacity and gene expression
was significant and positive. The relationship
between GSTM1 gene expression and the
total antioxidant capacity at p<0.05 and the
relationship between NRF2 gene expression
and antioxidant capacity was also shown. This
positive relationship indicates that the
antioxidant gene expression has a great effect
on increasing total antioxidant capacity in the
body. In this study, the relationship between
smoking duration and the studied factors
demonstrated that by increasing smoking
duration, the concentration in seminal plasma
decreased, and the sperm abnormality
significantly rose; besides, by increasing
smoking duration (year of smoking), sperm
motility decreased significantly.

Faraji et al. compared oxidative stress in
smokers and nonsmokers and showed that
people with a history of over 5 years of the

smoking bear a significant reduction in total
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