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ABSTRACT: Oxidative stress has been implicated in the patho-
genesis of male infertility. Paraoxonase-1 (PON-1) is a high-density
lipoprotein—associated antioxidant enzyme that prevents oxidative
modification of low-density lipoprotein. Our aims in the study were to
investigate 1) seminal PON-1 activity in subfertle men and 2)
whether seminal PON-1 activity had any relationship to semen
parameters. The study included 28 men with idiopathic subfertility,
32 subfertile men with abnormal semen parameters, and 30 fertile
male volunteers. Seminal PON-1 activity was measured spectro-
photometrically. Seminal total antioxidant status (TAS) and total
oxidant status (TOS) were determined by using colorimetric
methods. Oxidative stress index (OSI) was calculated as ([TOS/
TAS] X 100). TOS and OSI were significantly higher and PON-1
activity and TAS were significantly lower in subfertile men with

abnormal semen parameters than in men with idiopathic subfertility
and fertile donors. PON-1 activity was also strongly correlated with
sperm concentration (r = .68, P < .0001), motility (r = .58, P <
.0001), and morphology (r = .62, P < .0001) in the overall group.
The receiver operating characteristic curve analysis revealed a high
diagnostic value for PON-1 activity with respect to male-factor
subfertility, with an area under curve of .95 (95% confidence interval
= 0.89-1.01), sensitivity = 97%, and specificity = 88%. Men with
abnormal semen parameters have decreased levels of PON-1
activity in their seminal plasma. This may play an important role in
the pathogenesis of male-factor subfertility.
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Subfertility is a prevalent disorder occurring in
approximately 10% of all couples during reproduc-
tive life. In about 30% of these couples, no etiology can
be found (Snick et al, 1997).

All living aerobic cells are normally exposed to
reactive oxygen species (ROS), and oxidative stress
arises as a consequence of excessive production of ROS
and impaired antioxidant defense mechanisms (Sikka,
2001). It is proposed that oxidative stress precipitates
the range of pathologies that currently are thought to
afflict the reproductive function (Sikka, 2001). Increased
levels of seminal oxidative stress have been correlated
with sperm dysfunction through different mechanisms
that include lipid peroxidation of sperm plasma
membrane and impairment of sperm metabolism,
motility, and fertilizing capacity (Saleh et al, 2003). It
has been reported that asthenozoospermic, asthenoter-
atozoospermic, and oligoasthenoteratozoospermic sub-
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fertile males had significantly lower values of catalase
activity and total antioxidant capacity when compared
with a normozoospermic group (Khosrowbeygi and
Zarghami, 2007). Studies have demonstrated that 25%—
88% of nonselected subfertile patients have high levels
of seminal ROS (Lewis et al, 1995).

Paraoxonase-1 (PON-1) is a high-density lipoprotein
(HDL)-associated antioxidant enzyme with paraoxo-
nase, arylesterase, and dyazoxonase activities (Aslan et
al, 2007). PON-1 activity has been suggested to be
inversely associated with oxidative stress (Rozenberg et
al, 2003). It is responsible for the antioxidant effect of
HDL (Durrington et al, 2001). PON-1 has been shown
to prevent low-density lipoprotein (LDL) and HDL
oxidation and has also been proposed to stimulate
cholesterol efflux, the first step in reverse cholesterol
transport (Mackness et al, 1993). Reduced PON-1
activities have been reported in several groups of
patients with diabetes, hypercholesterolemia, and car-
diovascular disease who are under increased oxidative
stress (Mackness et al, 1993; Ayub et al, 1999).
Concerning the role of oxidative stress in male
subfertility, the aims of the study were to investigate 1)
seminal PON-1 activity as an antioxidant enzyme in
subfertile men with normal and abnormal semen
parameters with other markers of oxidative stress and



184

2) whether seminal PON-1 activity has any relationship
to semen parameters.

Materials and Methods

In this prospective study, semen samples were collected from
28 men with idiopathic subfertility, 32 subfertile men with
abnormal semen parameters, and 30 fertile volunteers who
attended a male infertility clinic. The study was approved by
Harran University’s Institutional Review Board and informed
consent was obtained from each participating man. A detailed
medical history was obtained from all subjects, including
reproductive history and infertility evaluation of the female
partner. An experienced urologist performed the genital
examinations. All the patients had normal female partners
aged between 18 and 35 years who had normal reproductive
history, normal ovulation (by follicular ultrasound scan, luteal
phase progesterone levels, and endometrial biopsy), and tubal
patency (by hysterosalpingogram). All couples presenting for
infertility evaluation had engaged in unprotected intercourse
for at least 1 year. Male-factor subfertility was defined by the
presence of at least one of the sperm anomalies oligozoo-
spermia, asthenozoospermia, and/or teratozoospermia. The
idiopathic subfertility group had normal standard semen
parameters on repeated analyses and normal genital exams.
The exclusion criteria were age older than 35, smoking, alcohol
drinking, coronary artery disease, unstable angina, myocardial
infarction, any operation or cardiovascular intervention within
the previous 3 months, hypertension, hyperlipidemia, rheuma-
tologic or endocrine conditions such as diabetes, acute-chronic
liver diseases, renal dysfunction, anemia, parasitic diseases,
systemic or local infection, leukocytospermia, any history of
cancer in the past 5 years, or therapeutic interventions known
to influence antioxidants such as supplemental vitamins. A
group of healthy subjects of proven fertility (initiated a
successful pregnancy within the last 12 months before partic-
ipation in the study) who volunteered without payment served
as the control group.

Hyperlipidemia was defined as follows: serum LDL
cholesterol =160 mg/dL, total cholesterol =240 mg/dL, tri-
glyceride =200 mg/dL, HDL cholesterol <40 mg/dL (Expert
Panel on Detection, Evaluation, and Treatment of High Blood
Cholesterol in Adults, 2001). A patient was considered as
diabetic with a fasting plasma glucose level =126 mg/dL.

Semen Analysis

Semen samples were collected by masturbation in a clean
specimen container after sexual abstinence for 3-5 days, were
allowed to liquefy at 37°C, and were evaluated immediately
according to World Health Organization recommendations
(ejaculate volume, pH, time to liquefaction, sperm concentra-
tion, motility, and morphology). Morphology smears were
scored using the Kruger strict criteria (Kruger et al, 1986).
Sperm concentration was expressed as sperm per milliliter of
semen, and motility and morphology were expressed as
percentages. Sperm parameters were considered normal when
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sperm concentration was =20 x 10%mL semen, motility was
=50%, and normal sperm forms were >14% by the Kruger
strict criteria (Kruger et al, 1986). Seminal leukocytes were
quantified by a myeloperoxidase staining test, and values were
considered to be normal at concentrations of =1 x 10°
peroxidase-positive leukocytes per milliliter of semen. The
remaining semen samples were centrifuged at 1500 x g for
10 minutes to obtain the seminal plasma. The separated
seminal plasma was then stored at —80°C until further
analysis of TOS, total antioxidant status (TAS), and PON-1
measurement.

Measurement of TOS in Seminal Plasma

The TOS of semen samples was determined by using a new
automated colorimetric measurement method (Erel, 2005).
The assay is based on the oxidation of ferrous ion to ferric ion
in the presence of various oxidant species in acidic medium and
the measurement of the ferric ion by xylenol orange. Within-
and between-batch precision values were lower than 3%. The
results were expressed as umol hydrogen peroxide (H202)
equivalent per liter (Verit et al, 20006).

Measurement of TAS in Seminal Plasma

TAS of semen samples was determined by using a novel
automated measurement method developed by Erel (2004). In
this method, the hydroxyl radical, the most potent radical, is
produced via Fenton reaction and consequently the colored
dianisidinyl radical cations, which are also potent radicals, are
produced in the reaction medium of the assay. Antioxidant
capacity of the added sample against these colored potent free
radical reactions measured the total antioxidant capacity. The
assay has excellent precision values; within- and between-
laboratory precision values are lower than 3%. The results
were expressed as millimoles of Trolox equivalent per liter
(Verit et al, 2006).

Measurement of PON-1 Activity in Seminal Plasma

PON-1 activity was determined by using paraoxon as a
substrate and measured by increases in the absorbance at
412 nm because of the formation of 4-nitrophenol as already
described (Verit et al, 2008). Briefly, the activity was measured
at 25°C by adding 50 pL of seminal plasma to 1 mL Tris-HCl
buffer (100 mM at pH 8.0) containing 2 mM CaCl, and
5.5 mM of paraoxon. The rate of generation of 4-nitrophenol
was determined at 412 nm. Enzymatic activity was calculated
by using the molar extinction coefficient 17 100 M~ ! em ™.

Oxidative Stress Index

The percentage ratio of TOS to TAS gave the oxidative stress
index (OSI), an indicator of the degree of oxidative stress
([TOS/TAS] x 100; Verit et al, 2006).

Statistical Analysis

Results were expressed as ¥ = SD for all continuous variables.
Differences between control and male infertility groups were
assessed by using ANOVA followed by a Tukey test.
Associations between TOS, TAS, OSI, and PON-1 activity
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Table 1. Demographic characteristics, semen characteristics, and seminal TOS, TAS, OSI, and PON-1 activity in men with
male-factor subfertility, men with idiopathic subfertility, and fertile donors

Male-Factor Subfertility,

Idiopathic Subfertility, Fertile Donors,

X+ 8D (n = 32) X += 8D (n = 28) X = 8D (n = 30)
Age, y 31.0 = 3.0 314 + 26 30.7 = 3.1
Duration of infertility, y 3112 3313 —
Semen parameters
Concentration, X 10%/mL 13.6 = 8.72° 58.3 = 9.0 58.5 = 9.4
Motility, % motile sperm 27.5 + 14.3%P 59.2 + 10.6 63.0 = 12.9
Morphology (Kruger criteria), % normal sperm 10.0 * 5.33° 25.8 £ 4.8 27.0 = 51
TOS, pmol H202 Eq/L 18.5 + 1.82P 14.8 + 2.0 13.9 +2.0
TAS, mmol Trolox Eq/L 11.9 + 1.33P 163 1.2 15.9 = 1.2
OSlI, AU 157.2 + 20.0%° 97.9 + 18.2 87.7 = 17.0
PON-1, U/L 1.0 + 0.8*° 28 £ 0.9 3.0 £ 0.9

Abbreviations: OSI, oxidative stress index; PON-1, paraoxonase-1; TAS, total antioxidant status; TOS, total oxidant status.

& P < .0001 vs idiopathic subfertile group.
b P < .0001 vs fertile donors.

and semen parameters were evaluated by Pearson’s correlation
test. The area under the receiver operating characteristic curve
(ROC) was used to assess the discriminative ability of PON-1
activity in male-factor subfertility and in idiopathic infertility.

Results

Demographic characteristics, semen characteristics, and
seminal TOS, TAS, and PON-1 activity in men with
male-factor subfertility, men with idiopathic subfertility,
and fertile donors are summarized in Table 1.

There was no significant difference in terms of age
among the groups. Seminal TOS was significantly higher
and seminal TAS and PON-1 activity were significantly
lower in the male-factor subfertility group as compared
with idiopathic subfertile men and fertile donors
(Table 1).

The relationship between seminal TOS, TAS, OSI, and
PON-1 activity and semen parameters in the overall group
(n = 90) is shown in Table 2. There were negative
correlations between TOS and OSI and sperm parameters
such as concentration, motility, and morphology (P <

.0001 for all; Table 2). In addition, TAS and PON-1
activity had significant positive correlations with all sperm
parameters in the study (P < .0001 for all; Table 2).

PON-1 had a positive correlation with seminal TAS (r
= .76, P < .0001) and was negatively correlated with
seminal TOS (r = —.61, P < .0001) and OSI (r = —.73,
P < .0001) in the study.

ROC analysis revealed a high diagnostic value for
PON-1 activity with respect to male-factor subfertility,
with an area under curve (AUC) of 0.95 (95%
confidence interval = 0.89-1.01), sensitivity = 97%,
and specificity = 88% with a cutoff value of 1.75 U/L
(lower than that value was related to male-factor
subfertility), shown in the Figure.

However, PON-1 activity was not effective statisti-
cally in the diagnosis of idiopathic infertility (AUC <
0.5).

Discussion

In this study, we found that TOS and OSI were
increased and TAS and PON-1 activity were decreased

Table 2. Correlations (r) between sperm parameters and seminal TAS, TOS, OSI, and PON-1 activities in the overall group (n

= 90)
Sperm Parameters TOS, pumol H202 Eq/L TAS, mmol Trolox Eq/L Osl, AU PON-1, U/L
Concentration, sperm X
10° mL) —-.672 732 -.79% .682
Motility, % motile sperm —.58% .58 —.65% .58
Morphology (Kruger criteria), %
normal sperm —.57% .642 —.68% .62%

Abbreviations: OSI, oxidative stress index; PON-1, paraoxonase-1; TAS, total antioxidant status; TOS, total oxidant status.

& P < .0001.
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Figure. Receiver operating characteristic curve (ROC; gray line) of
paraoxonase-1 (PON-1) activity in male-factor subfertility.

in male subfertile men with abnormal semen parameters
as compared with an idiopathic subfertile group and
fertile donors. There was a close relationship between
PON-1 activity and abnormal semen parameters in the
study. Moreover, ROC curve analysis revealed a good
predictive power to discriminate subfertile patients from
other populations.

ROS have been found to have a dual effect on human
spermatozoa. Sperm plasma membrane has a high
concentration of polyunsaturated fatty acids, which
can undergo lipid peroxidation initiated by ROS (Saleh
et al, 2003). Such peroxidative damage to the sperm
plasma membrane leads to a loss of membrane fluidity
and integrity, as a result of which the spermatozoa lose
their competence to participate in the membrane fusion
events associated with fertilization (Aitken and Fischer,
1994; Alvarez and Storey, 1995; Storey, 1997). In
addition, ROS are also known to attack DNA, inducing
strand breaks and oxidative base damage in human
spermatozoa (Hughes et al, 1996; Kodoma et al, 1997).

It has been indicated that levels of ROS are negatively
correlated with the quality of sperm in the original
semen (Gomez et al, 1998). High levels of ROS
production in human ejaculates may originate from
morphologically abnormal spermatozoa and/or seminal
leukocytes (Aitken and West, 1990). Many studies have
reported that spermatozoa from oligozoospermic or
asthenozoospermic men showed a greater production of
oxidative stress (Aitken et al, 1992; Sharma and
Agarwal, 1996; Griveau and de Lannou, 1997; Pasqua-

Journal of Andrology - March/April 2009
lotto et al, 2000). We also found that serum TOS was
significantly higher in subfertile men with abnormal
semen parameters in this study. Moreover, TOS was
negatively correlated with semen parameters such as
concentration, motility, and morphology in the study.
Previous reports have described that patients with
idiopathic male infertility have elevated levels of ROS
(Pasqualotto et al, 2000; Saleh et al, 2003). It has been
also suggested that lipid peroxidation of sperm mem-
brane may be one of the key mechanisms involved in the
pathophysiology of idiopathic male infertility (Alkan et
al, 1997). However, the correlation between oxidative
stress and male idiopathic infertility is not clear, and
there were some limitations in these studies. Saleh et al
(2003) found significant correlations between abnormal
sperm parameters including leukocytospermia and
oxidative stress, but did not state the level of leukocy-
tospermia in each group in the study population.
Moreover, subfertile men with normal semen parame-
ters had increased oxidative stress compared with
normozoospermic fertile donors in this study, and it is
a matter of debate how oxidative stress was increased in
that group with normal semen parameters. In another
study that was reported by Pasqualotto et al (2000), the
study size was small, and the study was poorly designed
because the normospermic group was not homogenous
but also included varicocele patients. Many studies have
demonstrated that oxidative stress is increased in
varicocele even in the presence of normal semen
parameters (Agarwal et al, 2006; Smith et al, 2006;
Pasqualotto et al, 2008). In this study, we found that
there was no difference in seminal oxidative stress
between men with idiopathic subfertility and fertile
donors, which supports our previous work (Verit et al,
2006). Moreover, Ochsendorf et al (1998) found that
spermatozoa of oligozoospermic patients contained
much lower concentrations of the endogenous antioxi-
dant thiol glutathione than did those of normozoosper-
mic men. Another study also demonstrated that
oxidative stress was increased in asthenozoospermic
patients compared with normozoospermic men (Tavi-
lani et al, 2005). We suggest that oxidative stress is
dependent on sperm parameters but is not directly
related to the diagnosis of male-factor infertility.
Antioxidants are important in maintaining the
oxidant-antioxidant balance in tissues. Among the
well-known biological antioxidants, superoxide dismu-
tase, catalase, and the glutathione peroxidase/reductase
system have a significant role in protecting the sperm
against peroxidative damage (De Lamirande and
Gagnon, 1993; Sharma and Agarwal, 1996). Depressed
seminal antioxidant capacity has been implicated in
male subfertility. TAS levels have been shown to be
lower in the semen of subfertile men as compared with
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fertile men (Lewis et al, 1995, 1997; Smith et al, 1996).
More specifically, Raijmakers et al (2003) reported
significantly higher seminal plasma thiol glutathione
concentrations in fertile men compared with subfertile
men. In accordance with this finding, it has been
reported that ascorbate levels were significantly reduced
in seminal plasma of asthenozoospermic subfertile men
(Lewis et al, 1997). Furthermore, studies have suggested
that subfertile men empirically treated with antioxidants
have demonstrated improved semen characteristics,
fertilization in vitro, and higher pregnancy rates in the
treatment group (Lenzi et al, 1993; Geva et al, 1996). In
our study, TAS was significantly decreased in subfertile
men with abnormal semen parameters, but not in the
idiopathic subfertile group.

PON-1 is an antioxidant enzyme that is highly
effective in preventing lipid peroxidation of LDL
(Mackness et al, 1993). It is principally responsible for
the breakdown of lipid peroxides before they accumu-
late on LDL (Mackness et al, 1993). PON-1 can also
destroy H202, a major ROS produced under oxidative
stress during atherogenesis (Aviram et al, 1998), and
increase the LDL clearance (Shih et al, 2000).

PON-1 also protects HDL against lipid peroxidation
(Mackness et al, 1993; Aviram et al, 1998; Rozenberg et
al, 2003). Inhibition of HDL oxidation by PON-1
preserves the antiatherogenic effects of HDL in reverse
cholesterol transport (Aviram et al, 1998). The antiox-
idant effect of HDL is also assumed by PON-1 (Aviram
and Rosenblat, 2004).

The association between PON-1 activity and male
infertility is unknown. PON-1 activity was significantly
lower in male-factor subfertile patients compared with
idiopathic subfertile men and fertile donors in the present
study. There were also significant positive correlations
between PON-1 activity and semen parameters such as
concentration, motility, and morphology. We suggest that
decreased PON-1 activity must be related to enhanced
production of ROS. In addition, it has been previously
shown that PON-1 activity was decreased in some diseases
because of ROS pathogenesis under oxidative stress and
inflammation conditions such as diabetes, coronary artery
disease, and endometriosis (Ayub et al, 1999; Durrington
et al, 2001; Verit et al, 2008).

The most widely used methods for measuring ROS
are colorimetry, fluorescence, chemiluminescence, and
electron spin resonance (ESR) spectroscopy (Tarpey et
al, 2004). We measured total oxidant levels in seminal
plasma by a colorimetric method that was developed by
Erel (2005) in this study. This technique has many
advantages. Various other methods that have been
developed for measuring TOS had no accepted refer-
ence method. In addition, this method led to a certain
decision concerning the standardizations, the terms, and
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the units (Erel, 2005). Moreover, the fluorescence,
chemiluminescence, and ESR methods need sophisti-
cated techniques, and in most routine clinical biochem-
istry laboratories these improved systems are not
available.

Measurement of TAS within semen can be conducted
in a variety of ways. The ability of seminal plasma to
inhibit chemiluminescence elicited by a constant source
of ROS (horseradish peroxidase) is a commonly used
technique. The TAS is usually quantified against a
Vitamin E analogue (Trolox) and expressed as a ROS-
TAS score (Sharma et al, 1999). However, colorimetry
techniques based on the color change of 2,2’-azinobis3-
ethylbenzo-thiazoline-6-sulphate (ABTS) are now be-
coming more popular because they are cheaper and
easier to perform (Said et al, 2003; Erel, 2004). The
reduced ABTS molecule is oxidized to ABTS+ using
H202 and a peroxidase to form a relatively stable blue-
green color measured at 600 nm with a standard
spectrophotometer. Antioxidants present within seminal
plasma suppress this color change to a degree that is
proportional to their concentrations. Again the antiox-
idant activity is quantified using Trolox.

In conclusion, our results showed that TOS was
significantly higher and TAS and PON-1 activity were
significantly lower in patients with male-factor subfer-
tility, but not in an idiopathic subfertile group. Reduced
PON-1 activity may play a role in the pathogenesis of
male subfertility. Therefore, both protection from
oxidative stress and increases in PON-1 activity could
be used as a powerful tool for the prevention of
subfertility.
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