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Abstract—Infertility is defined as failure to conceive a child after 1 year of unprotected regular sexual inter-
course. Approximately half of all cases of infertility are caused by factors related to the male. In nearly 50%
of infertile men it is not possible to determine the cause of infertility and this situation has been defined as
unexplained or idiopathic. Oxidative stress plays an important role in the pathophysiology of male infertility.
Oxidative stress results from an imbalance in free radicals and antioxidant defense mechanisms of the body.
Genetic variations in the antioxidant gene coding for GPx enzyme may lead to decreased or impaired regula-
tion of its enzymatic activity and alter reactive oxygen species (ROS) detoxification. We have investigated the
possible association between polymorphism GPx1 Pro198Leu and idiopathic male infertility. One hundred
patients with idiopathic male infertility and one hundred fifty healthy volunteers were enrolled. Genomic
DNA was extracted from blood samples. Genotyping for the GPx1 Pro198Leu polymorphism was done by
PCR–restriction fragment length polymorphism (RFLP) using ApaI. The genotype frequencies were 11%
(Leu/Leu), 76% (Pro/Leu) and 13% (Pro/Pro) in the patient group and 8.7% (Leu/Leu), 67.3% (Pro/Leu)
and 24% (Pro/Pro) in the control group. The genotype and allele frequencies of GPx1 Pro198Leu did not dif-
fer between the patient group and the control group (P = 0.09 and P = 0.1, respectively). In conclusion, there
is no correlation between idiopathic male infertility and the GPx1 codon Pro198Leu polymorphism. Further
studies are needed to investigate other genetic factors that influence the development of idiopathic male
infertility.
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INTRODUCTION
Infertility is a global health problem and a multi-

factorial disorder, in 50% of infertile couples, the male
factor due to deteriorated semen quality is the major
cause [1]. Many genetic and environmental factors
such as varicocele, spermatic duct obstruction and
endocrine disorders contribute to the etiology of male
infertility [2]. Thus, it is very important to identify the
factors which affect normal sperm function. However,
the origin of reduced testicular sperm function in
about half of the cases is unknown or idiopathic [3].
The causes of idiopathic male infertility (IMI) are the
result of complex interactions of multi-factorial envi-
ronmental, behavioral and genetic factors [4]. One of
the most important factors contributing to poor semen
quality has been reported to be oxidative stress [5].
Oxidative stress is a biological condition that is char-
acterized by production of excessive amounts of oxi-
dants, decreased level of antioxidants or both. Reac-
tive oxygen species (ROS) can oxidize and damage

nucleic acids, proteins and lipids hereby altering their
stability and function. Both exogenous (consumed)
and endogenous (internally synthesized) antioxidants
contribute to the antioxidant defense system (ADS)
[6]. A predominant role in counteracting ROS is
played by endogenous antioxidant enzymes, such as
manganese superoxide dismutase, catalase and gluta-
thione peroxidase [7]. Glutathione peroxidase (GPx)
belongs to a family of phylogenetically related
enzymes [8]. GPxs is a selenoenzyme that catalyzes
H2O2 and organic peroxides into H2O and O2 typically
using glutathione as a reductant [9]. At least 5 isoen-
zymes of GPxs have been identified. Several polymor-
phisms in the GPx1 gene have been described so far.
One of the known single nucleotide polymorphisms
(SNP) of the GPx1 gene is Pro198Leu (rs1050450).
This polymorphism is associated with a cytidine to
thymidine substitution in exon 2 of the gene, promot-
ing an amino acid change from proline (Pro) to Leu-
cine (Leu) at codon 198 [10]. To our knowledge, no
studies have been published regarding the association
of Pro198Leu of the GPx1 gene with idiopathic male1 The article is published in the original.
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infertility. On the basis of the function of GPx1 in the
antioxidant defense mechanism, we hypothesize that
genetic variants in the GPx1 influence the susceptibil-
ity to idiopathic male infertility.

EXPERIMENTAL
Study subjects. The GPx1 genotype and allele fre-

quencies were determined in a group of 150 control
subjects and 100 patients with idiopathic male infertil-
ity. Controls and patients were selected from the same
population living in the Guilan Province of North Iran
and included unrelated subjects. Data on patients'
characteristics for each subject were collected at the
study entry from the infertility clinic of Alzahra Edu-
cational and Remedial Hospital (Rasht, Iran) between
2012 and 2013. At the same time, healthy married male
volunteers who had at least one child without assisted
reproductive technologies and normal semen parame-
ters (sperm counts ≥20 × 106/mL) were recruited as a
control group. All patients underwent at least two
semen analyses and those with a history of orchitis,
obstruction of the vas deferens, chromosomal abnor-
malities or microdeletions of the azospermia factor
region on the Y chromosome were excluded.

DNA extraction. Two ml of non-coagulated eth-
ylene diamine tetra acetic acid (EDTA) blood samples
were collected and stored at –20°C before DNA
extraction. Genomic DNA was extracted from white
blood cells using the GPP solution kit (Gen Pajoohan,
Iran). The DNA concentration was determined on a
spectrophotometer. The extracted DNA sample was
placed into a 1.5 mL micro-centrifugal tube and stored
at –80°C.

Genotyping. All subjects were genotyped for GPx1
Pro198Leu by the polymerase chain reaction and
restriction fragment length polymorphism (PCR-
RFLP) method. The polymorphic region of the GPx1

gene was amplified by polymerase chain reaction with
two primers 5'GTGTGCCCCTACGCAGGTA3' and
5'CACACAGTTCTGCTGACACC3' (primers designed
with Oligo software,Version 7.54, Molecular Biology
Insights Inc., Cascade, CO, USA). The reaction mix-
tures (20 μL) contained 1 μg DNA template, 1X Taq
premix (Pars tous CO, Iran), 0.5 pmol/μL forward
and reverse primers. The amplification protocol con-
sisted of initial denaturation at 94°C for 5 min,
35 cycles of denaturation at 94°C for 30 s, 30 seconds
at 54°C and 1 minute at 68°C with a final step at 72°C
for 5 min to allow a complete extension of the PCR
fragment. The PCR product was digested with ApaI
enzyme (Fermentas CO, USA). Cases and their
matched controls were genotyped at the same time. A
random 20% of the samples were regenotyped by
another laboratory member to improve the quality of
genotyping and its validity and no discrepancy in
genotyping was found.

Statistical analysis. Comparisons of means and
proportions between cases and controls were per-
formed using the χ2-test. The association of the genetic
polymorphism with idiopathic male infertility was exam-
ined by the odds ratio (OR) and the 95% confidence
interval (95% CI). A P < 0.05 was considered statistically
significant. Statistical analysis was carried out using
MedCalc (version 12.1, Mariakerke, Belgium).

RESULTS
In total, 100 idiopathic male infertile patients and

150 healthy controls were selected. The mean age was
not significantly different between the infertile
patients (38.5 ± 9.5) and controls (36 ± 9.1), what sug-
gests that data from infertile patients is comparable
with that of controls. PCR products were 314 bp in
size, what is shown in Fig. 1 as amplified for both
patient and control groups. We have evaluated the
genotypes data of all subjects by PCR-RFLP (Fig. 2).
The general characteristics of the patients and control
subjects are presented in Table 1. Semen parameters,
such as sperm concentration and motility, were signifi-
cantly higher in controls than infertile men (P < 0.001).
The distribution of the Pro198Leu genotypes and
allele frequencies for patients and controls are shown
in Table 2. The percentage distribution of the three
Pro198Leu genotypes L/L, L/P and P/P in infertile
men was 11, 76 and 13%, respectively, whereas, in the
controls these frequencies were 8.7, 67.3 and 24%,
respectively. No statistically significant differences
were found in Leu and Pro allele distributions between
cases and controls (P = 0.1).

DISCUSSION
Many gene polymorphisms have been reported to

be associated with male infertility, including CAT,
MnSOD, GPx. Regarding the importance and major
role of the reactive oxygen species (ROS) in male

Fig. 1. Detection of GPx1 gene by polymerase chain reac-
tion (PCR). Lanes: M—50 bp DNA marker; 1–5—ampli-
fication fragment 314 bp for both patients and controls.
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infertility, in this research we tried to examine the
association between the GPx1 Pro198Leu polymor-
phism and idiopathic male infertility. Several studies
have shown an association between oxidative stress
and sperm DNA damage. Oxidative stress is a result of
an imbalance between ROS and antioxidants in the
body. It is a mechanism that can lead to sperm dam-
age, deformity, and eventually male infertility [11].
GPx1 is polymorphic at codon 198 (rs1050450), which
results in either a proline or a leucine at this position,
and the frequency of the Leu allele is strongly associ-
ated with an increased risk of various kinds of cancer

[12]. Genetic polymorphisms in GPx1 have been
implicated in some disorders, such as cardiovascular
disease [13], malignant melanoma [14], lung cancer
[12], breast cancer [15], prostate cancer [16] and dia-
betes [17]. On the basis of the role of GPx1 in the anti-
oxidant defense system, it seems that subjects with the
T allele have a lower GPx1 activity and thus have a
weaker antioxidant defense system than subjects with
the C allele [18].

In this study, the association between a functional
polymorphism of the GPx1 Pro198Leu and idiopathic
male infertility in northern Iran has been evaluated.
We did not find an association between the GPx1
Pro198Leu polymorphism and idiopathic male infer-
tility indicating that the GPx1 gene might not be a
major risk factor of idiopathic male infertility in the
studied population. Our data is in agreement with a
study of Gurbuzler et al., who found no correlation
between Pro198Leu in GPx1 and recurrent tonsillitis
or tonsillar hypertrophy [19]. Choi and coworkers
reported that GPx1 polymorphism was not involved in
the etiology of prostate cancer [16]. Raaschou-Nielsen
et al., suggested a stronger association between alcohol
and smoking consumption and risk of lung cancer,
mostly among GPx1TT carriers than among GPx1CC

and GPx1CT carriers [20]. In a study by Aynali et al., it
was shown that there were no significant differences
between the cancer and control groups regarding the
GPx1 Pro198Leu polymorphism [21]. In another work
by Zhang et al., GPx-1 gene Pro198Leu and
Pro197Leu polymorphisms considerably increased
the risk of CVD in the East Asian population [22]. The
conflicting results of these reports can be due to the

Table 2. Allelic and genotypic parameters of GPx1 Pro198Leu polymorphism in studied subjects

Gene Genotypes Cases
n (%)

Controls 
n (%) P χ2

GPx1 L/L 11 (11%) 13 (8.7%) 0.09 4.68
L/P 76 (76%) 101 (67.3%)
P/P 13 (13%) 36 (24%)

Alleles
Leu 11 (0.49) 13 (0.42) 0.1 1.91
Pro 13 (0.51) 36 (0.58)

Table 1. The general characteristics of subjects

Characteristics Cases Controls P

Age (year)
Mean ± SD 38.5 ± 9.5 36 ± 9.1 >0.05
Semen parameters (mean + SEM)

Concentration (×106/mL) 80.7 ± 4.21 100 ± 2.4 <0.001

Motility (%) 35.7 ± 0.63 63.5 ± 1.21 <0.001
Volume (mL) 2.85 ± 0.06 2.9 ± 0.05 <0.001

Fig. 2. GPx1 genotyping restriction fragment length poly-
morphism result. Lane M—DNA marker; lanes 1 and 2—
Leu/Leu (TT) homozygous genotype showing only one
fragment 314 bp; lanes 3 and 4—Pro/Pro (CC) homozy-
gous genotype showing two fragments 77 and 237 bp; lanes
5 and 6—Pro/Leu (CT) heterozygous genotype showing
three fragments 77, 237 and 314 bp.
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differences in the gene pool, size of the population and
techniques used.

In conclusion, our work suggests that the
Pro198Leu polymorphism in GPx1 appeared to be
unrelated to the risk of idiopathic male infertility in
our population. However, further studies of the GPx1
polymorphism and its biological functions are needed
to understand the role of this gene in the development
of male infertility to achieve a definitive conclusion.
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