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Abstract
 Surgery is considered the primary treatment for male infertility from clini-

cal varicocele. One of the main events associated with varicocele is excessive production 
-

enges free radicals, is considered a supplement to alleviate glutathione (GSH) depletion 

there is no report on the effect of NAC in individuals with varicocele. Therefore, the aim 
of this study is to evaluate the outcome of NAC on semen quality, protamine content, 

This prospective clinical trial included 35 infertile men with 
varicocele randomly divided into control (n=20) and NAC (n=15) groups. We assessed 

-
-

months after varicocelectomy.  

 -

before surgery. We calculated the percentage of improvement in these parameters com-
pared to before surgery for each group, then compared the results between the groups. 

between the NAC and control groups.    

 
-
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Introduction 
Production, maturation, and transport of sperm 

occur in the male reproductive tract (1). Molecu-
lar and structural anomalies in this system may 
result in male infertility (2). The most common 
structural anomaly associated with the reproduc-

tive tract is abnormal enlargement of the pam-
piniform plexus of veins within the scrotum, 
commonly referred to as varicocele (3). Al-
though the association between male infertility 
and varicocele has been known since the past 
century, a limited number of studies exist that 
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report the molecular and genetic bases of varico-

open new strategies for treatment of male infertil-
ity due to varicocele (4).

One of the key events in the pathology of vari-
cocele is excessive production of reactive oxy-

antioxidant capacity (6). However, it is impor-

edged sword. Although it serves as a key sig-

also has a role in pathological processes (7). In 
pathological conditions, two roles have been 

induced damage to sperm membrane reduces 
sperm motility and ability of the sperm to fuse 

-
oxidant therapy may overcome the deleterious 

(10).  Varicocelectomy, especially through mi-
crosurgery, has been shown to restore testicular 
volumes and semen parameters, as well as re-

-
tomy, fewer studies have focused on the role of 

-
cocelectomy (13). 

free radical scavenging activity. Therefore, it is 
supplemented to alleviate glutathione (GSH) de-
pletion during oxidative stress (14, 15). 

Previous studies have shown both in vivo (6) and 
in vitro (16, 17) addition of NAC may improve se-
men parameters and thereby improve male fertil-

has been no report on the effect of NAC in indi-
viduals with varicocele. Therefore, the aim of this 
study is to evaluate the effects of NAC on semen 

-
tive stress and fertility following microsurgical 
varicocelectomy.

Materials and Methods
This prospective clinical trial carried out be-

tween 2011 and 2013, was approved by the Eth-

-
tility and Infertility Center. All individuals gave 
informed consent prior to participation in the 
study.

Inclusion criteria included male gender, age 
younger than 45 years, primary infertility, and 
left-sided varicocele (grades II and III) diagnosed 

-
clusion criteria included grade I varicocele, azoo-
spermia, recurrent varicocele, leukocytospermia, 
urogenital infections, testicular size discrepancy, 

days prior to surgery, seminal sperm antibodies, 
excessive alcohol and drug consumption, previous 
history of scrotal trauma or surgery, and occupa-
tional exposure.

We included female partners who were less than 
35 years of age that had normal ovulatory cycles 
and patent tubes (hysterosalpingography or lapa-
roscopy) in this study. Individuals with endome-
triosis, cycle irregularity, or gross anatomical ab-
normalities were excluded. 

This study was designed similar to a blinded 
clinical trial. A total of 40 individuals with grades 
II and III varicocele enrolled in this study. Fol-
lowing microsurgery, the patients were randomly 
allocated to the control or treatment groups. In the 
control group, individuals received no drug after 
varicocelectomy (n=20). In the treatment or NAC 
group (n=15), the individuals received three tab-
lets of NAC (200 mg daily) post-varicocelectomy 
for three months based on a previous study (6). In 

the treatment group due to lack of compliance 
with NAC use, according to the study protocol. 
All parameters assessed in this study were car-
ried out by a single trained individual unaware of 

2.1 ± 0.2 years and duration of marriage was 3.8 
± 0.3 years in individuals with varicocele.

We initially aimed to include a group in which 
the individuals did not want to undergo surgery, 
as either a control (without surgery) or treatment 
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(without surgery+NAC) group. However, there 
were few individuals that refused to undergo sur-

referred for infertility treatment.
Prior to surgery and at three months post-sur-

gery, all participants provided semen samples by 
masturbation after 3-4 days of abstinence. Se-
men samples were analyzed according to World 
Health Organization (WHO) criteria (18). Af-

-
tion, we evaluated the sperm concentration by 
a Makler counting chamber. Sperm were ex-
pressed as million/ml. Sperm motility and mor-
phology were assessed by the Computer Aided 

-

(CMA3) staining (20). 

A sperm suspension (20-30 μl) was smeared on 
the slide, allowed to air dry and stained with the 

-

respectively. Subsequently, slides were dipped into 
water to remove excess dye and allowed to air dry. 
We evaluated 200 sperm per slide.

aid of a terminal deoxynucleotidyltransferase-

G3250, Promega, Mannheim, Germany) ac-

On each slide, 500 sperm were assessed under 
-

Those with green heads were considered to have 

The percentage of sperm with protamine de-
-

cording to Nasr-Esfahani et al. (20).  On each 
-

rescent microscope (BX51, Olympus, Japan) at 

light yellow were considered as CMA3 posi-

stained dark yellow were considered to have nor-
mal protamine content.

-

Sigma Co., USA) probe according to Kiani-Esfa-

-

-
sess normal data distribution. The student’s t test 
was carried out using the Statistical Package for the 

comparison between control and NAC groups, we 
used the independent t test. For comparison between 
the pre- and post-surgery in control and NAC groups, 
the paired t test was used. The differences with values 

 
Results

The study population consisted of 35 indi-
viduals with grades II and III varicocele. The 
mean ages of male participants was 30.1 ± 4.4 
(range: 22-45) years; for females, it was 26.6 ± 

-
dividuals with varicocele were randomly as-
signed to control (non-NAC) and NAC groups. 

differences between the two groups before treat-
ments, the sperm parameters between control and 
NAC groups were compared. The results showed 

(Table 1). Age range of females (27.4 ± 5.7 vs. 

± 0.7 years) were also similar between the two 
control and NAC groups.
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Table 1: 

Concentration (106/ml)

Sperm motility (%)

Abnormal morphology (%)

Volume (ml) 3.47 ± 0.36

30.73 ± 1.4

In the NAC group, sperm concentration prior 

(45.4 ± 7.1, P<0.01), percentage of sperm motil-
-

gery (58.2 ± 5.4, P<0.01) and normal morphology 
prior to surgery (0.71 ± 0.1) versus after surgery 

-
ment (Fig.1A). Similarly, in the control group, 

-
ing surgery. Unlike the NAC group, however, the 

the control group (Fig.1B). 

Fig.1:
in A. B.

 

In the NAC group, percentages of normal prota-
mine content (48.7 ± 4.1 vs. 63.5 ± 1.6, P<0.01), 

surgery (Fig.2A). Similarly, in the control group, 
percentages of normal protamine content (48.7 ± 

surgery. Unlike the NAC group, the percentage 

P=0.3) did not increase following surgery in the 
control group (Fig.2B).

Fig.2: 
gery in A.  B. 

In order to evaluate improvement in these pa-
rameters between the NAC and control groups, 
we calculated the difference between the mean 
values of these parameters before and after sur-
gery, divided by the mean values of these param-
eters before surgery, times 100. There was no 
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P=0.5), percentage of sperm motility (100.4 ± 
-

ogy (100 ± 16.3 vs. 81.8 ± 27.1, P=0.5), percent-

-
tween the NAC and control groups, respectively 

-
ferences in percentages of improvement of nor-

4.7 ± 1.3, P<0.01) between the NAC and control 
groups, respectively (Fig.4).

Fig.3:

Fig.4: 

The percentage of clinical pregnancy in the NAC 
group was 33.4% (5/15), in the control group, this 
result was 10% (2/20).

Discussion
Oxidative stress induced by heat stress is con-

sidered the central element that contributes to the 
etiology of infertility in individuals with varico-
cele (22). Therefore, surgical varicocele repair is 

alleviating heat, and thereby oxidative stress (10). 
A second approach to alleviate the varicocele as-

-
ment, concomitant therapy with antioxidants has 
been suggested (13).  

We aimed to evaluate the effect of NAC on se-

oxidative stress and fertility following varicoce-
lectomy, as well as to compare these parameters in 
individuals with varicocele who did not use NAC 
after surgery. NAC is one of the oldest and most 
powerful antioxidants that treat various diseases, 
including respiratory disorders, heart disease, 
heavy metal poisoning, overdose with acetami-
nophen and epilepsy (6, 23).

The results of this study showed that sperm 
parameters (concentration, motility and normal 

-
gery compared to before surgery in both the NAC 
and control groups, with the exception of the 

-
versies on the degree of improvement of each se-
men parameters post-varicocelectomy (24), this 

-
trol group was consistent with previous reports 
(25). However, the results of this study suggested 
that NAC might have an additional value by im-
proving sperm motility post-varicocelectomy. In 
contrast to these results, Comhaire et al. (26) re-
ported that although NAC improved sperm con-
centration and acrosome reaction, it had no effect 
on motility and morphology.

fertility, many researchers have suggested that oth-
er sperm function characteristics should be consid-
ered along with these parameters when assessing 
fertility (27, 28). Therefore, in this study, we have 

three postulated routes: i. Improper packaging of 

-
rity before and after surgery in the NAC and con-
trol groups. Of note, all parameters improved after 
surgery in both groups, except for the percentage 
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improve before and after surgery in the control 
-

ment in motility post-surgery in the control group 
-
-

dition, the improved sperm motility in the NAC 
group was associated with a reduced percentage 

NAC treatment. The existence of this correlation 
might be explained by the cascade of events that 

This prevents axonemal protein phosphorylation 
and leads to sperm immobilization (30, 31). NAC 
may break these chains of events.

-
sity in semen samples after surgery compared to 
before surgery. This contrasted expectations since 

-
nal stage of apoptosis. This supposition has been 
previously presented by Aitken et al. (32) who re-

-

that in individuals with varicocele, despite high-

-

In order to further differentiate between the role 
of surgery and antioxidant therapy, we calculated 
the percentage of improvement relative to before 
surgery for sperm parameters, sperm protamine 

and compared them between the NAC and control 
groups. The percentage of improvement was cal-
culated by the difference between the mean values 
of a parameter before and after surgery divided 
by its initial value before surgery. The results re-

improvement for the semen parameters between 
the NAC and control groups. However, among the 
sperm functional parameters assessed, the percent-
age of improvement for the normal protamine con-

between the NAC and control groups, despite no 
initial difference between the two groups before 
surgery. These results suggested that despite the 
similar process of surgery in the two groups, the 
difference between percentages of improvement 
in the two groups was due to antioxidant activity 
of NAC. Possibly other etiological factors might 
account for this difference, which were improved 
by NAC, or NAC might overcome the secondary 
side effects of surgery. However, the role of NAC 
on its own in treatment of varicocele has yet to be 
elucidated. 

group compared to the control group, we did not 
compare clinical pregnancy rates between the 

study would be warranted.

Conclusion
NAC can scavenge free radicals, increase GSH 

viscosity and elasticity of semen, which are impor-
-

sults of the current study (improved sperm param-

may account for the higher pregnancy rate in NAC 
group. In order to reach this conclusion, additional 
studies are recommended.
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