
ORIGINAL ARTICLE

Comparison of antioxidant enzyme activity in the internal
spermatic vein and brachial veins of patients with infertile
varicocele

Emin Ozbek Æ Mustafa Cekmen Æ Abdulmuttalip Simsek Æ Yusuf Turkoz Æ
Ahmet Soylu Æ Y. Ozlem Ilbey Æ M. Derya Balbay

Received: 9 October 2007 / Accepted: 8 January 2008 / Published online: 9 February 2008

� Springer Science+Business Media B.V. 2008

Abstract

Aim Recent studies have shown that both oxidative

and reductive stresses are present within the internal

spermatic vein of patients with varicocele. The aim of

this study was to compare the activities of antioxidant

enzymes in the internal spermatic vein and brachial

vein of patients with varicocele.

Methods Fifteen primary infertile varicocele

patients and ten normal-nonvaricocele-fertile control

subjects participated in this study. The patients and

subjects were first given a physical and color doppler

examination, and then whole blood samples were

drawn from the brachial vein and a dilated internal

spermatic vein during surgery. Superoxide dismutase

(SOD) and glutathione peroxidase (GSH-Px) enzyme

activities were assessed by enzymatic methods, and

the results were compared using the Mann–Whitney

U test.

Results The activity of SOD in the internal spermatic

veins and brachial veins of patients with varicocele was

60.17 ± 2.15 and 42.10 ± 1.60 U/g protein, respec-

tively; that of GSH-Px was 5.44 ± 0.14 and

3.92 ± 0.14 U/g protein, respectively. The results

were statistically significant (P \ 0.05). In the control

group, the activity of SOD in the internal spermatic

veins and brachial veins was 43.12 ± 1.80 and

40.01 ± 2.10 U/g protein, respectively; that of GSH-

Px was 3.35 ± 0.20 and 3.7 ± 0.10 U/g protein,

respectively (P [ 0.05).

Conclusions Increased antioxidant enzyme activity

in the internal spermatic vein may be due to increased

oxidative stress in the internal spermatic vein: the

increase in antioxidant enzyme activity may be a

response to offset the toxic actions of reactive oxygen

species. Further studies are needed to confirm this

suggestion.
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Introduction

Varicocele is known to be associated with male

infertility, and approximately 19–41% of male
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patients attending infertility clinics have varicocele

[1]. The pathophysiology of testicular dysfunction in

patients with varicocele has been studied, and

although the exact mechanism is poorly understood,

the most commonly accepted explanation is that

testicular hypoxia by venous stasis and small vessel

occlusion leads to Leydig cell and germinal cell

dysfunction [2]. Alternative explanations include the

retrograde flow of adrenal and renal metabolites from

the renal vein down the left internal spermatic vein

[3], elevation in scrotal temperature and a depression

of gonadotropin or androgen secretion [4].

Since Aitken and Clarkson noted the role of

reactive oxygen species (ROS) in male infertility,

attention has been focused on the possible relation-

ship between male infertility and oxidative stress [5].

Sperm dysfunction is associated with an excessive

generation of ROS in 53% of varicocele patients [5].

The most important ROS produced by human sperm

are hydrogen peroxide, superoxide anion and hydro-

xyl radicals [6, 7]. Human seminal plasma and sperm

possess antioxidant systems to scavenge ROS and

prevent ROS-related cellular damage. Extensive

investigations have been conducted on superoxidase

dimutase (SOD), catalase (CAT) and glutathione

peroxidase (GSH-Px) activities in the human sperm

and seminal plasma [6, 8, 9]. It has been reported that

ROS is very important in the pathophysiology of

varicocele in experimental.

The aim of the study reported here was to evaluate

the antioxidant enzyme activities of SOD and GSH-

Px in the internal spermatic vein and brachial vein of

patients with infertile varicocele patients. To the best

of our knowledge, this is the first published study on

this subject.

Material and methods

Patients

Fifteen normal gonadotropic patients, aged between

24–33 years, attending at male infertility unit because

of prolonged (more than 3 years) subfertility were

included in the study. The patients were evaluated by

physical examination and scrotal color doppler ultra-

sonography. No testicular atrophy was diagnosed, and

all had unilateral G-II or G-III primary varicocele. On

the right, scrotal doppler and physical examination

were normal in all cases. Those with abnormal

hormone analysis, testicular atrophy, genito-urinary

tract infection, azoospermia were excluded. Previous

repeated semen analysis showed persistent oligoas-

thenozoospermia (less than 20 9 10 spermatozoa per

milliliter, more than 50% immotile spermatozoa after

1 h). The mean sperm concentration (± SD) was

10 9 106 ± 2.6 9 106/ml spermatozoa, while the

mean percentage of motile spermatozoa after 1 h

was 32 ± 1.6. The mean percentage of morphologi-

cally normal spermatozoa was 29.3 + 0.8. Serum

specimens obtained from ten fertile-nonvaricocele-

patients, either during inguinal hernia repair (four

patients, age range 22–33 years) or open lower ureteral

stone surgery (six patients; age range 23–30 years)

23–30, were used as a control. Whole blood samples

(1.5 ml) were drawn using a 25-gauge-needle during

surgery from a brachial vein and the internal spermatic

vein. The dilated spermatic vein was punctured

immediately after exposing the spermatic cord and

before any further manipulations. Following centrifu-

gation at 800g for 10 min, the serum was separated

and kept at -20�C until analyzed.

Biochemical determinations

Superoxide dismutase activity was measured by

determining the reduction of nitroblue tetrazolium

by the superoxide anion produced with xanthine and

xanthine oxidase [12]. One unit of SOD was defined

as the amount of protein that inhibits the rate of NBT

reduction by 50% and the results reported as units per

milligram protein. The specific activity of the

enzymes was expressed in units per milligram

protein. Proteins in the seminal fluid were determined

by the method of Lowry et al. [13]. Glutathione

peroxidase activity was measured by monitoring the

oxidation of reduced nicotinamide–adenine dinucle-

otide phosphate at 340 nm, as described by Paglia

and Valentine, [14], and the results are reported as

units per gram protein using an extinction coefficient

of 6.22 9 10–6/M/cm.

Statistical analysis

The Mann–Whitney U test was used for statistical

analysis. A P value of \0.05 was considered to be
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statistically significant. Data were expressed as

mean ± standard error (SEM) with 95% confidence

intervals (95% CI).

Results

The mean age of the patients was 27 ± 2.2 years

(range 24–33 years). Superoxidase dimutase and

GSH-Px enzyme activity in the internal spermatic

veins were 60.17 ± 2.15 and 5.44 ± 0.14 U/g

protein; in the brachial veins, these values were

42.10 ± 1.60 and 3.92 ± 0.14 U/g protein, respec-

tively (Table 1). Consequently, the activities of the

SOD and GSH-Px enzymes were significantly higher

in the internal spermatic vein than in the brachial vein

(P \ 0.05). In the control group, the enzyme activ-

ities of SOD and GSH-Px in the internal spermatic

veins were 43.12 ± 1.80 and 3.35 ± 0.20 U/g

protein; in the brachial veins, these values were

40.01 ± 2.10 and 3.7 ± 0.10 U/g protein, respec-

tively (P [ 0.05) (data not shown).

Discussion

The association between male infertility and varico-

cele have been well known for several years, and

approximately 19–41% of male patients attending

infertility clinics have varicocele [1]. However, the

mechanism causing infertility in those patients is still

completely unknown. Recent studies have shown that

increased ROS and decreased antioxidant enzyme

activity in the seminal plasma of patients with

varicocele is associated with sperm dysfunction and

subsequent male infertility [15]. Human spermatozoa

can produce ROS, and the incidence and level of

ROS production are greater in sperm from infertile

patients than in that from fertile controls [16, 17].

Despite the damaging effects of ROS on human

spermatozoa, ROS also play a physiological role in

sperm activation, capacitation and the acrosome

reaction [18, 19].

We found that the activities of antioxidant

enzymes (AOEs) (SOD, GSH-Px) in the internal

spermatic vein of patients with varicocele are higher

than those found in the brachial vein of the same

patients. There was no statistically significant differ-

ence between the activities of AOEs in the brachial

and internal spermatic veins of the non-varicocele-

normal-fertile controls (P [ 0.05). To the best of our

knowledge, this is the first published study on this

topic. In a previous study we showed increased nitric

oxide production in the internal spermatic vein of

patients with varicocele [20].

The most common ROS that are potentially

implicated in reproductive biology are superoxide

anion (O2
-), hydrogen peroxide (H2O2), peroxyl

radicals (ROO-) and very reactive hydroxyl radicals

(OH-) [21]. Under normal conditions, superoxide

anions are detoxified by SOD and peroxyl radicals

from various peroxides, including hydrogen perox-

ides removed by GSH-Px, a selenium-containing

antioxidant enzyme with glutathione as the electron

donor [22]. In addition, GSH-Px and GSH-reductase

may directly act as antioxidant enzymes involved in

the inhibition of sperm lipid peroxidation (LPO) [23].

Varicocele is a chronic disease; in chronic dis-

eases, there is mild to moderate free radical

production because a compensatory mechanism

reacts against oxidative stress. For this reason H2O2

production is very low. glutathione peroxidase plays

a major role in removing the cytotoxic H2O2 formed

in chronic pathologies. Catalase also detoxifies high

amounts of H2O2, but GSH-Px possesses a higher

affinity for H2O2 than CAT (Km for H2O2

Table 1 Superoxidase dimutase (SOD) and glutathione peroxidase (GSH-Px) activity in the internal spermatic and brachial veins

Patient group Control group

Spermatic vein Brachial vein Spermatic vein Brachial vein

SOD 60.17 ± 2.15* 42.10 ± 1.60* 43.12 ± 1.80** 40.01 ± 2.10**

GSH-Px 5.44 ± 0.14* 3.92 ± 0.14* 3.35 ± 0.20** 3.7 ± 0.10**

Values are given as means ± standard error of the mean. The units are units per gram protein

SOD and GSH-Px activities in the internal spermatic veins and brachial veins of patients group were statistically significant

(*P \ 0.05); in the control group, antioxidant enzyme activities were not significant (**P [ 0.005)
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degradation is about 40 lM) [24]. It has bee

suggested that GSH-Px plays a major role in remov-

ing the cytotoxic H2O2 formed in chronic

pathologies, and a number of reports support the

suggestion that GSH-Px makes the cells more

resistant to oxidative stress and that GSH-Px is more

important than CAT in this respect [25–27]. Due to

the abundance of data on CAT, we did not measure

CAT activity.

The internal spermatic venous blood of patients

with varicocele is characterized by venous stasis and

a hypoxic condition, suggesting that increased ROS

via neutrophil activation may be found in this venous

blood. Mitropoulos et al. reported high oxidative

stress due to the release of nitric oxide synthase and

xanthine oxidase within the dilated spermatic vein

[28]. These authors suggested that peroxynitrite,

which is formed from nitric oxide and superoxide,

could be a causative factor for sperm dysfunction in

patients with varicocele. Under normal conditions

there is a positive balance between antioxidant and

prooxidants in various biological systems [29]. In

women with preeclampsia, which is associated with

oxidative stress, the levels of erythrocyte GSH-Px

and erythrocyte GSH, both major LPO scavenger

systems, are increased in comparison to those women

having a normal pregnancy; this increase is probably

compensatory [30].

We propose that in the acute cases when the levels

of ROS increase, the levels of antioxidant enzymes

decrease because of high consumption. However, in

chronic cases, as in preeclampsia, the increase in the

levels of ROS is accompanied by an increase in AOE

activity to offset the toxic actions. More studies are

needed to determine the role of increased AOE

activity in the pathophysiology of varicocele and

male infertility.
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