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Abstract

Introduction Oxidative stress is a common pathology

seen in approximately half of all infertile men. In a normal

situation, the seminal plasma contains antioxidant mecha-

nisms which are likely to quench these reactive oxygen

species. However, during infertility complications these

antioxidant mechanisms may downplay and create a situ-

ation which is called oxidative stress.

Objective The aim of the present study was to assess the

levels of lipid peroxide (LPO), protein peroxide (PPO) and

activities of antioxidant enzymes superoxide dismutase

(SOD), glutathione peroxidase (GPX) in blood and semen

samples of an infertile male population from North-East

India.

Method We measured LPO, PPO, SOD and GPX in a

total of 50 infertile individuals. For the study 20 fertile

donors served as the control group.

Result Patients with male factor infertility had signifi-

cantly higher LPO and PPO levels (60.84 ± 3.55 and

72.84 ± 3.66; P \ 0.001) compared with controls (40.20 ±

4.33 and 59.93 ± 5.24) in blood. In semen also, the same

trend was found with significantly higher LPO and PPO

levels (200.27 ± 6.25 and 149.80 ± 11.47; P \ 0.001)

compared with controls (116.51 ± 5.49 and 59.10 ± 4.62).

The SOD and GPX enzymes in blood (3.40 ± 1.06 and

0.16 ± 0.01; P \ 0.001) and in semen (2.42 ± 1.32 and

0.24 ± 0.015; P \ 0.001) showed a significantly lower

activity when compared with their respective controls

(4.85 ± 0.78; 0.36 ± 0.05 and 4.24 ± 0.89; 0.65 ± 0.03).

The SOD and GPX activity when compared with the LPO

and PPO values, showed a positive correlation.

Conclusion We conclude that oxidative stress is associ-

ated with male factor infertility. This assessment may

help in the treatment of this male infertility by suitable

antioxidants.

Keywords Oxidative stress � Antioxidants �
Male infertility � Reactive oxygen species

Introduction

There is a growing body of evidence to indicate that a

significant factor in the aetiology of male infertility

involves loss of sperm function as a consequence of oxi-

dative stress which triggered intense interest in this field of

andrology.
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Infertility affects approximately 15% of all couples

trying to conceive. Male factor infertility is the sole or

contributing factor in roughly half of these cases [1]. The

north eastern region with a mosaic tribal population con-

tains more than 25 hill and plain tribes. Reports available

from local infertility clinic indicate that male infertility is a

major health problem among this population.

In recent years, the generation of reactive oxygen spe-

cies (ROS) in the male reproductive tract has become a real

concern because of their potential toxic effects at high

levels on sperm quality and function [2].

Cells living under aerobic conditions constantly face the

oxygen (O2) paradox. Oxygen is required to support life,

but its metabolites such as ROS can modify cell functions,

endanger cell survival, or both [3]. Seminal oxidative stress

develops as a result of an imbalance between ROS gener-

ating and scavenging activities [4, 5].

Oxidative stress attacks not only the fluidity of the

sperm plasma membrane, but also the integrity of DNA in

the sperm nucleus [6]. Sperm DNA damage is significantly

increased in men with idiopathic and male factor infertility.

Such an increase may be related to high levels of seminal

oxidative stress [7].

Mammalian spermatozoa membranes are rich in high

unsaturated fatty acids and are sensitive to oxygen induced

damage mediated by lipid peroxidation. Assessment of

such oxidative stress status (OSS) may help in the medical

treatment of this male factor infertility by suitable antiox-

idants [8].

An increase in oxidative damage to sperm membranes,

proteins and DNA is associated with alterations in signal

transduction mechanisms that affect fertility. Recent evi-

dence suggests that spermatozoa and oocytes possess an

inherent but limited capacity to generate ROS to aid in the

fertilization process [9]. Moreover data have recently been

obtained to indicate, although excessive exposure to ROS

may be harmful to spermatozoa, in physiological amounts

these molecules are of importance in the control of normal

sperm function [10].

Antioxidants act as free radical scavengers to protect

spermatozoa against ROS. These antioxidants are super-

oxide dismutase (SOD), catalase, and glutathione peroxi-

dase (GPX). In addition, semen contains a variety of

nonenzymatic antioxidant molecules such as vitamin C,

vitamin E, pyruvate, glutathione, and carnitine [11]. These

antioxidants compensate for the loss of sperm cytoplasmic

enzymes as the cytoplasm is extruded during spermiogen-

esis, which in turn, diminishes endogenous repair mecha-

nisms and enzymatic defenses [12].

Assessment of such OSS along with the role of antiox-

idants may help in the medical treatment of this male factor

infertility. The aim of the present investigation is to study

and correlate the extent of lipid peroxidation and protein

peroxidation in infertile males along with the role of

antioxidants.

Materials and Methods

Prior to the study approval was taken from the institutional

ethics committee and informed consent was taken from all

the participating subjects. All samples were obtained from

a local infertility clinic.

Patients

Men with proven fertility (who had normal semen profile)

were taken as controls.

Blood and semen samples were collected from 50 men

with idiopathic infertility aged between 25 and 45 years.

The blood and semen samples were divided according to

the World Health Organization [13] classification and by

Kruger’s strict criteria [14]. 20 normal fertile men (nor-

mozoospermia, [40 9 106 sperms/ml) were taken as

controls and 50 infertile males: 20 severe oligozoospermic;

\10 9 106 sperms/ml, 20 asthenoteratozoospermic; mor-

phology \14% and motility -a ? b grade sperms \50%

and 10 azoospermic (no sperms) were included in the

infertile group (Table 1).

Seminal Plasma Isolation

After 30 min of liquefaction at room temperature, sper-

matozoa from all samples were separated from seminal

plasma by centrifugation at 5009g for 10 min. The seminal

plasma was used for all the enzymatic estimations.

Lipid Peroxidation

Lipid peroxidation was estimated according to the method

of Ohkawa et al. [15]. The amount of malondialdehyde

(MDA) produced was used as an index of lipid peroxida-

tion. The samples were treated with 600 ll of 10% TCA

solution, mixed properly and centrifuged for 10 min at

5,000 rpm. After 5 min 150 ll of TBA reagent was added

to 200 ll of the supernatant and again mixed with 100 ll

Table 1 Percentage distribution of the samples

Types of samples No. of samples % distribution

Normozoospermic 20 28.57

Oligozoospermic 20 28.57

Asthenoteratozoospermic 20 28.57

Azoospermic 10 14.28

Total no. of samples 70
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of deionised water. A blank tube without the sample was

used as reference. Both the sample and the blank tubes

were placed in a boiling water bath for 10 min and allowed

to equilibrate with room temperature. Absorbance of the

samples and blank were measured at 532 nm. All values

were expressed as nmoles of MDA/ml present in it.

Protein Peroxidation

Protein peroxidation was estimated according to the

method of Ohkawa et al. [15]. 10 ll of samples were

treated with 600 ll of 10% TCA solution, mixed properly

and centrifuged for 10 min at 5,000 rpm after 5 min. The

precipitate was washed two times with distilled water and

then dissolved in 0.6 ml of 0.5 N NaOH solution. 200 ll

of this sample solution is again mixed with 150 ll of

TBA reagent and 100 ll of deionised water. A blank tube

without the sample was used as reference. Both the sample

and the blank tubes were kept for equilibration similar to

lipid peroxidation and absorbances were measured at

532 nm. The protein peroxide is expressed as nanomoles of

thiobarbituric acid reactive substance producing MDA per

ml of sample. The content of MDA is calculated by using

the molar extinction coefficient for MDA at 530 nm.

Determination of SOD Activity

SOD activity was estimated using Ransod Superoxide

Dismutase diagnostic kit (RANDOX Laboratories Ltd,

United Kingdom) according to the manufacturer’s

instructions. This method employs xanthine and xanthine

oxidase (XOD) to generate superoxide radicals which react

with 2-(4-iodophenyl)-3-(4-nitrophenol)-5-phenyltetrazoli-

um chloride (I.N.T) to form a red formazan dye.

The superoxide dismutase activity is then measured by

the degree of inhibition of this reaction [16].

Determination of GPX Activity

GPX activity was estimated using Ransel Glutathione

Peroxidase diagnostic kit (RANDOX Laboratories Ltd,

United Kingdom) according to the manufacturer’s

instructions. This method is based on that of Paglia and

Valentine [17]. GPX catalyses the oxidation of glutathione

(GSH) by cumene hydroperoxide. In the presence of glu-

tathione reductase (GR) and NADPH the oxidized gluta-

thione (GSSG) is immediately converted to the reduced

form with a concomitant oxidation of NADPH to NADP?.

The decrease in absorbance at 340 nm is measured.

All data is presented as mean ± standard deviation,

followed by the students ‘t’ test.

Results

We studied a total of 70 samples. Of these, 20 were nor-

mozoospermic, 20 oligozoospermic, 20 asthenoteratozoo-

spermic and 10 azoospermic. The normozoospermic

samples were taken as controls.

Oxidative Stress Status

The levels of lipid peroxides in the blood of the infertile

group were significantly higher than those of the fertile

group (P \ 0.001). In semen samples also, significantly

high levels of lipid peroxides were observed (P \ 0.001).

Protein peroxidation scores in blood and semen samples

of the infertile group was significantly increased (P \ 0.001)

compared with that of the normal control group (Table 2).

Antioxidants Status

In the infertile group, the activity of SOD and GPX in

blood was significantly lower (P \ 0.001) compared with

the fertile donors.

Similar to the results from blood, the SOD and GPX

activities in seminal plasma showed significantly decreased

levels in the infertile group (Table 3).

The lipid peroxide and protein peroxide levels correlated

positively with the superoxide dismutase and glutathione

peroxidase activity in blood and seminal plasma of infertile

males.

Discussion

The over-production of ROS in the male reproductive tract

has become a real concern in recent times.

ROS may cause a defect in sperm function through lipid

peroxidation [4]. A major cause of oxidative stress appears

to be the high rate of reactive oxygen species generation

associated with the retention of excess residual cytoplasm

in the sperm midpiece. Other possible causes include the

redox cycling of xenobiotics, and antioxidant depletion or

apoptosis. Oxidative stress induces peroxidative damage in

the sperm plasma membrane and DNA damage in both the

mitochondrial and nuclear genomes.

However, it has been suggested that small amounts of

ROS are essential for regulation of normal sperm functions

like sperm capacitation, acrosome reaction and oocyte

fusion [18], but high levels have potential toxic effects on

sperm quality and function. Lipid peroxidation and levels

of antioxidants have been implicated in disturbances of

sperm function.
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ROS is produced by a variety of semen components

including immotile or morphologically abnormal sperma-

tozoa, leukocytes, and morphologically normal but func-

tionally abnormal spermatozoa [19].

Normally, a balance is maintained between the amount

of ROS produced and that scavenged by a cell. Cellular

damage arises with the disturbance of this equilibrium,

especially when the cellular scavenging systems cannot

eliminate the increase in ROS and correlate with idiopathic

infertility.

The SOD level in spermatozoa is positively correlated

with sperm motility [20]. Similarly, a selenium-containing

glutathione enzyme scavenging system exists in the sperm

of several mammalian species; including human beings

[21]. This system may act directly as an antioxidant and an

inhibitor of LPO. Recent reports have indicated that high

levels of ROS can be detected in semen samples of

25–40% of infertile men [22].

It has been reported that seminal plasma from fertile

men has a higher total antioxidant capacity (TAC) than

seminal plasma from infertile men [23].

Therefore, in this prospective, controlled study, we

assessed the levels of lipid peroxide and protein peroxide

production in infertile patients and compared it to normal

fertile men.

The findings of present investigation are in agreement

with the findings of previous reports. Our data revealed

significantly higher (P \ 0.001) levels of ROS in semen

and blood of infertile patients than the control groups. The

SOD and GPX activities in semen of infertile men are

significantly lower (P \ 0.001) than the normal fertile

men. The results also suggest significantly lower antioxi-

dant activity in blood of infertile males when compared

with the normal fertile males. However, pathological levels

of ROS detected in semen from infertile men are more

likely a result of increased ROS production rather than

reduced antioxidant capacity of the seminal plasma [24].

The discrepancy in the levels of lipid peroxidation in

azoospermia, in spite of the lack of sperm and leucocytes,

may be due to the lower antioxidant levels found in

infertile men. The lipid peroxide in the seminal plasma

does not arise from the spermatozoa only, since it was

detected from the patients with azoospermia also [25].

From our study, it can be concluded that the ROS levels

in blood and seminal plasma of infertile males are posi-

tively correlated with the antioxidant capacity of the same.

It appears that the scavenging systems are defective or

inadequate in male factor infertility and perhaps the ROS

generated significantly decrease the fertilizing potential of

the sperm.

Table 2 Mean, standard deviation and standard error of mean of lipid peroxidase (nmole/ml) and protein peroxidase (nmole/ml) content in

blood and semen samples of infertile males and controls

Groups Blood Semen

LPO PPO LPO PPO

Normal fertile males (n = 20) Mean 40.20 59.93 116.51 59.10

SD± 4.33 5.24 5.49 4.62

SEM± 0.96 1.17 1.22 1.03

Infertile males (n = 50) Mean 60.84* 72.84* 200.27* 149.80*

SD± 3.55 3.66 6.25 11.47

SEM± 0.50 0.52 0.88 1.62

*P \ 0.001

Table 3 Mean, standard deviation and standard error of mean of superoxide dismutase (units/ml) and glutathione peroxidase (units/ml) activity

in blood and semen samples of infertile males and controls

Groups Blood Semen

SOD GPX SOD GPX

Normal fertile males (n = 20) Mean 4.85 0.36 4.24 0.65

SD± 0.78 0.05 0.89 0.03

SEM± 0.17 0.01 0.19 0.006

Infertile males (n = 50) Mean 3.40* 0.16* 2.42* 0.24*

SD± 1.06 0.01 1.32 0.015

SEM± 0.15 0.001 0.18 0.002

*P \ 0.001
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Patients having infertility problem due to defective or

inadequate oxidative property of the seminal fluid can be

treated with different antioxidants as indicated by different

researchers at various times. High levels of alpha-toc-

opherols in serum achieved upon oral administration of

vitamin E have been shown to improve the performance of

spermatozoa in the zona binding test [26]. The effect of

vitamin E supplementation in combination with in vitro

fertilization (IVF) techniques is therefore a worthy notion.

Other antioxidants could be vitamin C, vitamin A, L-car-

nitine, selenium etc. However, in the area of reproduction,

the role of oxidative stress and its therapy with antioxidants

remain in their initial stages and thereby warrant additional

exploration.
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