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Abstract

%DFNJURXQG Surgery is considered the primary treatment for male infertility from clinical varicocele. One of the main events associated with varicocele is excessive production
RIUHDFWLYHR[\JHQVSHFLHV 526 1DFHW\O/F\VWHLQH 1$& DQDQWLR[LGDQWWKDWVFDYenges free radicals, is considered a supplement to alleviate glutathione (GSH) depletion
GXULQJR[LGDWLYHVWUHVV'HVSLWHEHQH¿FLDOHIIHFWVRI1$&LQRWKHUSDWKRORJLFDOHYHQWV
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,
'1$GDPDJHR[LGDWLYHVWUHVVDQGIHUWLOLW\IROORZLQJYDULFRFHOHFWRP\
0DWHULDOVDQG0HWKRGVThis prospective clinical trial included 35 infertile men with
varicocele randomly divided into control (n=20) and NAC (n=15) groups. We assessed
VHPHQSDUDPHWHUVSURWDPLQHFRQWHQW>FKURPRP\FLQ$ &0$ @'1$LQWHJULW\>WHUPLQDOGHR[\QXFOHRWLG\OWUDQVIHUDVHPHGLDWHGG873QLFNHQGODEHOLQJ 781(/ @DQGR[LGDWLYHVWUHVV>  GLFKORURGLK\GURÀXRUHVFHLQGLDFHWDWH '&)+'$ @EHIRUHDQGWKUHH
months after varicocelectomy.

5HVXOWV 3HUFHQWDJH RI DEQRUPDO VHPHQ SDUDPHWHUV SURWDPLQH GH¿FLHQF\ '1$ IUDJPHQWDWLRQDQGR[LGDWLYHVWUHVVZHUHVLJQL¿FDQWO\GHFUHDVHGLQERWKJURXSVFRPSDUHGWR
before surgery. We calculated the percentage of improvement in these parameters compared to before surgery for each group, then compared the results between the groups.
2QO\SHUFHQWDJHRISURWDPLQHGH¿FLHQF\DQG'1$IUDJPHQWDWLRQVLJQL¿FDQWO\GLIIHUHG
between the NAC and control groups.
&RQFOXVLRQ 7KH UHVXOWV RI WKLV VWXG\ IRU WKH ¿UVW WLPH UHYHDOHG WKDW 1$& LPSURYHG
FKURPDWLQLQWHJULW\DQGSUHJQDQF\UDWHZKHQDGPLQLVWHUHGDVDGMXQFWWKHUDS\SRVWYDULFRFHOHFWRP\ 5HJLVWHUDWLRQ1XPEHU,5&71 
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Introduction
Production, maturation, and transport of sperm
occur in the male reproductive tract (1). Molecular and structural anomalies in this system may
result in male infertility (2). The most common
structural anomaly associated with the reproducReceived: 10 Jan 2014, Accepted: 20 Apr 2014
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tive tract is abnormal enlargement of the pampiniform plexus of veins within the scrotum,
commonly referred to as varicocele (3). Although 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 varicoFHOH7KHUHIRUHIXUWKHUUHVHDUFKLQWKLV¿HOGPD\
open new strategies for treatment of male infertility due to varicocele (4).
One of the key events in the pathology of varicocele is excessive production of reactive oxyJHQ VSHFLHV 526    2[LGDWLYH VWUHVV UHVXOWV
IURPDQLPEDODQFHEHWZHHQ526SURGXFWLRQDQG
antioxidant capacity (6). However, it is imporWDQWWREHDULQPLQGWKDW526DFWVDVDGRXEOH
edged sword. Although it serves as a key sigQDO PROHFXOH LQ SK\VLRORJLFDO SURFHVVHV 526
also has a role in pathological processes (7). In
pathological conditions, two roles have been
HQYLVDJHG IRU RYHUSURGXFWLRQ RI 526 L 526
induced damage to sperm membrane reduces
sperm motility and ability of the sperm to fuse
ZLWK WKH RRF\WH DQG LL 526 GLUHFWO\ GDPDJHV
VSHUP '1$ DQG VXEVHTXHQWO\ HIIHFWV JHQRPLF
LQWHJULW\ RI WKH HPEU\R    7KHUHIRUH DQWLoxidant therapy may overcome the deleterious
HIIHFWV RI 526 LQ LQGLYLGXDOV ZLWK YDULFRFHOH
(10). Varicocelectomy, especially through microsurgery, has been shown to restore testicular
volumes and semen parameters, as well as reGXFHWKHGHJUHHRI'1$IUDJPHQWDWLRQ  
'HVSLWH WKHVH EHQH¿FLDO HIIHFWV RI YDULFRFHOHFtomy, fewer studies have focused on the role of
DQWLR[LGDQWVDVDGMXQFWWKHUDS\DORQJZLWKYDULcocelectomy (13).
1DFHW\O/F\VWHLQH 1$& LVDGHULYDWLYHRIWKH
QDWXUDOO\RFFXUULQJDPLQRDFLG/F\VWHLQHWKDWKDV
free radical scavenging activity. Therefore, it is
supplemented to alleviate glutathione (GSH) depletion during oxidative stress (14, 15).
Previous studies have shown both in vivo (6) and
in vitro (16, 17) addition of NAC may improve semen parameters and thereby improve male fertilLW\'HVSLWHWKHVHEHQH¿FLDOHIIHFWVRI1$&WKHUH
has been no report on the effect of NAC in individuals with varicocele. Therefore, the aim of this
study is to evaluate the effects of NAC on semen
TXDOLW\ SURWDPLQH FRQWHQW '1$ GDPDJH R[LGDtive stress and fertility following microsurgical
varicocelectomy.

Materials and Methods
This prospective clinical trial carried out between 2011 and 2013, was approved by the Eth-

LFV &RPPLWWHH IRU 5HVHDUFK ,QYROYLQJ +XPDQ
6XEMHFWVDW5R\DQ,QVWLWXWHDQGWKH,VIDKDQ)HUtility and Infertility Center. All individuals gave
informed consent prior to participation in the
study.
,QFOXVLRQDQGH[FOXVLRQFULWHULD
Inclusion criteria included male gender, age
younger than 45 years, primary infertility, and
left-sided varicocele (grades II and III) diagnosed
E\SDOSDWLRQDQG'RSSOHUGXSOH[XOWUDVRXQG([clusion criteria included grade I varicocele, azoospermia, recurrent varicocele, leukocytospermia,
urogenital infections, testicular size discrepancy,
DEQRUPDOKRUPRQDOSUR¿OHDQDWRPLFDOGLVRUGHUV
.OLQHIHOWHU¶V V\QGURPH FDQFHU IHYHU LQ WKH 
days prior to surgery, seminal sperm antibodies,
excessive alcohol and drug consumption, previous
history of scrotal trauma or surgery, and occupational exposure.
We included female partners who were less than
35 years of age that had normal ovulatory cycles
and patent tubes (hysterosalpingography or laparoscopy) in this study. Individuals with endometriosis, cycle irregularity, or gross anatomical abnormalities were excluded.
3DWLHQWVHOHFWLRQ
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. Following 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 tablets of NAC (200 mg daily) post-varicocelectomy
for three months based on a previous study (6). In
WKLV VWXG\ ¿YH LQGLYLGXDOV ZHUH H[FOXGHG IURP
the treatment group due to lack of compliance
with NAC use, according to the study protocol.
All parameters assessed in this study were carried out by a single trained individual unaware of
WUHDWPHQWDVVLJQPHQW'XUDWLRQRILQIHUWLOLW\ZDV
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 surJHU\ VLQFH WKH PDMRULW\ RI WKHVH LQGLYLGXDOV KDG
referred for infertility treatment.
Prior to surgery and at three months post-surgery, all participants provided semen samples by
masturbation after 3-4 days of abstinence. Semen samples were analyzed according to World
Health Organization (WHO) criteria (18). AfWHU LPPRELOL]LQJ WKH VSHUP ZLWK D ¿[LQJ VROXtion, we evaluated the sperm concentration by
a Makler counting chamber. Sperm were expressed as million/ml. Sperm motility and morphology were assessed by the Computer Aided
6SHUP $QDO\VLV &$6$  V\VWHP /$%20('
6'&%  6SHUP PRUSKRORJ\ ZDV HYDOXDWHG E\ 'LII4XLN VWDLQLQJ '1$ IUDJPHQWDWLRQ
DQG SURWDPLQH GH¿FLHQF\ ZHUH DVVHVVHG ZLWK
WKH 781(/ DVVD\   DQG FKURPRP\FLQ $
(CMA3) staining (20).
$VVHVVPHQW RI VSHUP PRUSKRORJ\ 'LII4XLN
VWDLQLQJ
A sperm suspension (20-30 μl) was smeared on
the slide, allowed to air dry and stained with the
SUHSDUHGNLW  %ULHÀ\VOLGHVZHUHLPPHUVHGIRU
VHFRQGVLQWRPHWKDQRO ¿[DWLYH HRVLQ VWDLQEDVLF SURWHLQV  DQG D WKLD]LQOLNH VWDLQ VWDLQ '1$ 
respectively. Subsequently, slides were dipped into
water to remove excess dye and allowed to air dry.
We evaluated 200 sperm per slide.
$VVHVVPHQW RI '1$ IUDJPHQWDWLRQ DQG SURWD
PLQH GH¿FLHQF\ VSHUP E\ 781(/ DQG &0$
VWDLQLQJ
'1$ IUDJPHQWDWLRQ ZDV HYDOXDWHG ZLWK WKH
aid of a terminal deoxynucleotidyltransferasePHGLDWHG G873 QLFNHQG ODEHOLQJ 781(/ 
NLW $SRSWRVLV 'HWHFWLRQ 6\VWHP )OXRUHVFHLQ
G3250, Promega, Mannheim, Germany) acFRUGLQJ WR .KHLUROODKL.RXKHVWDQL HW DO  
On each slide, 500 sperm were assessed under
DQ HSLÀXRUHVFHQW PLFURVFRSH %; 2O\PSXV -DSDQ  DW î PDJQL¿FDWLRQ 6SHUP ZLWK
UHGKHDGVZHUHFRQVLGHUHGWRKDYHLQWDFW'1$
Those with green heads were considered to have
IUDJPHQWHG'1$
The percentage of sperm with protamine de¿FLHQF\ ZDV DVVHVVHG ZLWK &0$ VWDLQLQJ DF-
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cording to Nasr-Esfahani et al. (20). On each
VOLGH ZH DVVHVVHG  VSHUP XQGHU DQ HSLÀXRrescent microscope (BX51, Olympus, Japan) at
î PDJQL¿FDWLRQV 7KRVH VSHUP WKDW VWDLQHG
light yellow were considered as CMA3 posiWLYHRUSURWDPLQHGH¿FLHQWKRZHYHUVSHUPWKDW
stained dark yellow were considered to have normal protamine content.
$VVHVVPHQW RI UHDFWLYH R[LGDWLYH VSHFLHV E\
'&)+'$
526VWDWXVZDVDVVHVVHGXVLQJD  GLFKORURGLK\GURÀXRUHVFHLQGLDFHWDWH '&)+'$ '
Sigma Co., USA) probe according to Kiani-EsfaKDQLHWDO  %ULHÀ\DP0VWRFNVROXWLRQ
RI+'&)'$ZDVSUHSDUHGLQGLPHWK\OVXOIR[LGH
DQGVWRUHGDW&$WRWDORIRQHPLOOLRQVSHUP
ZHUH WUHDWHG ZLWK  0 +'&)'$ IRU  PLQXWHV ZKLOH SHUFHQWDJHV RI 526 SRVLWLYH VSHUP
ZHUHGH¿QHGE\ÀRZF\WRPHWHU\
6WDWLVWLFDODQDO\VLV
7KH.ROPRJRURY6PLUQRY=WHVWZDVXVHGWRDVsess normal data distribution. The student’s t test
was carried out using the Statistical Package for the
6RFLDO 6WXGLHV 6366 &KLFDJR ,/ 86$  )RU
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
RI3ZHUHFRQVLGHUHGVWDWLVWLFDOO\VLJQL¿FDQW

Results
The study population consisted of 35 individuals 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 ±
 UDQJH   \HDUV 'XULQJ WKLV VWXG\ LQdividuals with varicocele were randomly assigned to control (non-NAC) and NAC groups.
,Q RUGHU WR VKRZ WKDW WKHUH ZHUH QR VLJQL¿FDQW
differences between the two groups before treatments, the sperm parameters between control and
NAC groups were compared. The results showed
QRVLJQL¿FDQWGLIIHUHQFHEHWZHHQWKHWZRJURXSV
(Table 1). Age range of females (27.4 ± 5.7 vs.
\HDUV DQGPDOHV YV
± 0.7 years) were also similar between the two
control and NAC groups.
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Table 1: ŽŵƉĂƌŝƐŽŶŽĨƉƌĞͲƐƵƌŐĞƌǇƐĞŵĞŶƉĂƌĂŵĞƚĞƌƐĂŶĚĂŐĞƐŝŶŵĞŶ
ǁŝƚŚǀĂƌŝĐŽĐĞůĞŝŶƚŚĞĐŽŶƚƌŽůĂŶĚEͲĂĐĞƚǇůͲ>ͲĐǇƐƚĞŝŶĞ;EͿŐƌŽƵƉƐ
3DUDPHWHUV

1$&JURXS
Q 

&RQWUROJURXS
Q 

Concentration (106/ml)





Sperm motility (%)





Abnormal morphology (%) 



Volume (ml)



3.47 ± 0.36

$JH <

30.73 ± 1.4



&RPSDULVRQ RI VSHUP SDUDPHWHUV EHIRUH DQG
DIWHUVXUJHU\LQFRQWURODQG1$&JURXSV
In the NAC group, sperm concentration prior
WRVXUJHU\  FRPSDUHGWRDIWHUVXUJHU\
(45.4 ± 7.1, P<0.01), percentage of sperm motilLW\ SULRU WR VXUJHU\     YHUVXV DIWHU VXUgery (58.2 ± 5.4, P<0.01) and normal morphology
prior to surgery (0.71 ± 0.1) versus after surgery
3 VKRZHGVLJQL¿FDQWLPSURYHment (Fig.1A). Similarly, in the control group,
VSHUP FRQFHQWUDWLRQ    YV   
3 DQGQRUPDOPRUSKRORJ\ YV
3 DOVRVLJQL¿FDQWO\LPSURYHGIROORZing surgery. Unlike the NAC group, however, the
SHUFHQWDJHRIVSHUPPRWLOLW\ YV
3  GLGQRWLQFUHDVHIROORZLQJVXUJHU\LQ
the control group (Fig.1B).

&RPSDULVRQRISURWDPLQHFRQWHQW'1$LQWHJUL
W\DQGUHDFWLYHR[\JHQVSHFLHVVWDWXVEHIRUHDQG
DIWHUVXUJHU\EHWZHHQFRQWURODQG1$&JURXSV
In the NAC group, percentages of normal protamine content (48.7 ± 4.1 vs. 63.5 ± 1.6, P<0.01),
SHUFHQWDJHV RI '1$ LQWHJULW\    YV
3 SHUFHQWDJHRI526QHJDWLYH
VSHUP    YV    3  DQG
LQWHQVLW\ RI VSHUP 526    YV 
 3  VLJQL¿FDQWO\ LQFUHDVHG IROORZLQJ
surgery (Fig.2A). Similarly, in the control group,
percentages of normal protamine content (48.7 ±
YV3 SHUFHQWDJHVRI'1$
LQWHJULW\ YV3 DQG
LQWHQVLW\RIVSHUP526 YV
3  DOVR LQFUHDVHG VLJQL¿FDQWO\ IROORZLQJ
surgery. Unlike the NAC group, the percentage
RI526QHJDWLYHVSHUP YV
P=0.3) did not increase following surgery in the
control group (Fig.2B).

Fig.2: ŽŵƉĂƌŝƐŽŶŽĨĚŝīĞƌĞŶƚƉĂƌĂŵĞƚĞƌƐďĞĨŽƌĞĂŶĚĂŌĞƌƐƵƌͲ
gery in A. EͲĂĐĞƚǇůͲ>ͲĐǇƐƚĞŝŶĞ;EͿĂŶĚ B. ŽŶƚƌŽůŐƌŽƵƉƐ͘
Ύ͖ /ŶĚŝĐĂƚĞ ƐŝŐŶŝĮĐĂŶƚ ĚŝīĞƌĞŶĐĞ ďĞĨŽƌĞ ĂŶĚ ĂŌĞƌ ƐƵƌŐĞƌǇ ĂŶĚ
ZK^͖ZĞĂĐƟǀĞŽǆǇŐĞŶƐƉĞĐŝĞƐ͘

&RPSDULVRQ RI SHUFHQWDJH RI LPSURYHPHQW RI
VSHUPSDUDPHWHUVVWDWXVRIFKURPDWLQDQGUHDFWLYH
R[\JHQVSHFLHVEHWZHHQ1$&DQGFRQWUROJURXSV

Fig.1:ŽŵƉĂƌŝƐŽŶŽĨƐƉĞƌŵƉĂƌĂŵĞƚĞƌƐďĞĨŽƌĞĂŶĚĂŌĞƌƐƵƌŐĞƌǇ
in A. EͲĂĐĞƚǇůͲ>ͲǇƐƚĞŝŶĞ;EͿĂŶĚB.ŽŶƚƌŽůŐƌŽƵƉ͘
Ύ͖/ŶĚŝĐĂƚĞƐŝŐŶŝĮĐĂŶƚĚŝīĞƌĞŶĐĞďĞĨŽƌĞĂŶĚĂŌĞƌƐƵƌŐĞƌǇ͘

In order to evaluate improvement in these parameters between the NAC and control groups,
we calculated the difference between the mean
values of these parameters before and after surgery, divided by the mean values of these parameters before surgery, times 100. There was no
VLJQL¿FDQWGLIIHUHQFHLQLPSURYHPHQWRIVSHUP
Int J Fertil Steril, Vol 10, No 1, Apr-Jun 2016
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FRQFHQWUDWLRQ    YV   
P=0.5), percentage of sperm motility (100.4 ±
YV3  DEQRUPDOPRUSKROogy (100 ± 16.3 vs. 81.8 ± 27.1, P=0.5), percentDJHRI526QHJDWLYHVSHUP YV
3  DQGLQWHQVLW\RIVSHUP526 
  YV    3   REVHUYHG EHtween the NAC and control groups, respectively
)LJV   +RZHYHU ZH IRXQG VLJQL¿FDQW GLIferences in percentages of improvement of norPDO SURWDPLQH FRQWHQW    YV  
3 DQG'1$LQWHJULW\ YV
4.7 ± 1.3, P<0.01) between the NAC and control
groups, respectively (Fig.4).

Fig.3:ŽŵƉĂƌŝƐŽŶŽĨƉĞƌĐĞŶƚĂŐĞŽĨŝŵƉƌŽǀĞŵĞŶƚŝŶƐĞŵĞŶƉĂͲ
ƌĂŵĞƚĞƌƐŝŶEͲĂĐĞƚǇůͲ>ͲĐǇƐƚĞŝŶĞ;EͿĂŶĚĐŽŶƚƌŽůŐƌŽƵƉƐ͘

Fig.4: ŽŵƉĂƌŝƐŽŶ ŽĨ ƉĞƌĐĞŶƚĂŐĞ ŝŵƉƌŽǀĞŵĞŶƚ ŝŶ ĚŝīĞƌĞŶƚ ƉĂͲ
ƌĂŵĞƚĞƌƐŝŶEͲĂĐĞƚǇůͲ>ͲĐǇƐƚĞŝŶĞ;EͿĂŶĚĐŽŶƚƌŽůŐƌŽƵƉƐ͘
Ύ͖ /ŶĚŝĐĂƚĞ ƐŝŐŶŝĮĐĂŶƚ ĚŝīĞƌĞŶĐĞ ďĞƚǁĞĞŶ E ĂŶĚ ĐŽŶƚƌŽů
ŐƌŽƵƉƐĂŶĚZK^͖ZĞĂĐƟǀĞŽǆǇŐĞŶƐƉĞĐŝĞƐ͘

&OLQLFDOSUHJQDQF\
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 considered the central element that contributes to the
etiology of infertility in individuals with varicocele (22). Therefore, surgical varicocele repair is
H[SHFWHG WR EH EHQH¿FLDO WR WKHVH LQGLYLGXDOV E\
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alleviating heat, and thereby oxidative stress (10).
A second approach to alleviate the varicocele asVRFLDWHG 526 LV DQWLR[LGDQW WKHUDS\    ,Q
RUGHU WR LPSURYH WKH HI¿FLHQF\ RI VXUJLFDO WUHDWment, concomitant therapy with antioxidants has
been suggested (13).
We aimed to evaluate the effect of NAC on sePHQ TXDOLW\ SURWDPLQH FRQWHQW '1$ GDPDJH
oxidative stress and fertility following varicocelectomy, 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 acetaminophen and epilepsy (6, 23).
The results of this study showed that sperm
parameters (concentration, motility and normal
PRUSKRORJ\  VLJQL¿FDQWO\ LPSURYHG DIWHU VXUgery compared to before surgery in both the NAC
and control groups, with the exception of the
SHUFHQWDJH VSHUP PRWLOLW\ ZKLFK LQVLJQL¿FDQWO\
LPSURYHG LQ WKH FRQWURO JURXS 'HVSLWH FRQWURversies on the degree of improvement of each semen parameters post-varicocelectomy (24), this
LQVLJQL¿FDQWLPSURYHPHQWRIPRWLOLW\LQWKHFRQtrol group was consistent with previous reports
(25). However, the results of this study suggested
that NAC might have an additional value by improving sperm motility post-varicocelectomy. In
contrast to these results, Comhaire et al. (26) reported that although NAC improved sperm concentration and acrosome reaction, it had no effect
on motility and morphology.
'HVSLWHWKHLPSRUWDQFHRIVHPHQSDUDPHWHUVLQ
fertility, many researchers have suggested that other sperm function characteristics should be considered along with these parameters when assessing
fertility (27, 28). Therefore, in this study, we have
DVVHVVHGJHQRPLFLQWHJULW\DQG526SURGXFWLRQ
6SHUP'1$EHFRPHVVXVFHSWLEOHWRGDPDJHE\
three postulated routes: i. Improper packaging of
'1$ GXULQJ VSHUPLRJHQHVLV LL 2[LGDWLYH VWUHVV
DQG LLL $SRSWRVLV   :H KDYH DVVHVVHG '1$
GDPDJH526SURGXFWLRQDQGVSHUPQXFOHDUPDWXrity before and after surgery in the NAC and control groups. Of note, all parameters improved after
surgery in both groups, except for the percentage
RI526QHJDWLYHVSHUPLQWKHFRQWUROJURXS7KH

NAC Improves Semen Quality following Varicocelectomy

SHUFHQWDJHRIVSHUPPRWLOLW\GLGQRWVLJQL¿FDQWO\
improve before and after surgery in the control
JURXS7KHUHIRUHWKLVODFNRIVLJQL¿FDQWLPSURYHment in motility post-surgery in the control group
PLJKWEHUHODWHGWRWKHODFNRIVLJQL¿FDQWLPSURYHPHQWLQSHUFHQWDJHRI526QHJDWLYHVSHUP,QDGdition, the improved sperm motility in the NAC
group was associated with a reduced percentage
RIVSHUPSURGXFLQJ526RULQFUHDVHGSHUFHQWDJH
RI526QHJDWLYHVSHUPZKLFKPLJKWEHUHODWHGWR
NAC treatment. The existence of this correlation
might be explained by the cascade of events that
EHJLQZLWK526DVVRFLDWHGZLWKOLSLGSHUR[LGDWLRQ
  ZKLFK LQ WXUQ UHGXFHV PHPEUDQH ÀXLGLW\
This prevents axonemal protein phosphorylation
and leads to sperm immobilization (30, 31). NAC
may break these chains of events.
,QWKLVVWXG\WKHUHZDVKLJKHUPHDQ526LQWHQsity in semen samples after surgery compared to
before surgery. This contrasted expectations since
526 SURGXFWLRQ VKRXOG GHFUHDVH SRVWVXUJHU\
7KLVZDVOLNHO\GXHWROHDNDJHRI526RUUHGXFHG
SURGXFWLRQ RI 526 DIWHU ORVV RI HQ]\PHV LQ WKH
VSHUPRIWKHVHLQGLYLGXDOVZKLFKZHUHLQWKHLU¿nal stage of apoptosis. This supposition has been
previously presented by Aitken et al. (32) who reSRUWHGWKDWLQLWLDOO\526SRVLWLYHVSHUPSURJUHVVLYHO\ EHFRPH 781(/ SRVLWLYH 7KLV LQGLFDWHG
that in individuals with varicocele, despite highHU SURGXFWLRQ RI 526 WKH 526 PLJKW OHDN IURP
WKHVHFHOOVRUVSHUPLQWKH¿QDOVWDJHRIDSRSWRVLV
KHQFHWKHHQ]\PHVWKDWSURGXFHG526ZHUHQRWDV
HI¿FLHQW7KLVPLJKWDFFRXQWIRUWKHUHGXFHGLQWHQVLW\RI526
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
FRQWHQW '1$ LQWHJULW\ DQG 526 LQ HDFK JURXS
and compared them between the NAC and control
groups. The percentage of improvement was calculated by the difference between the mean values
of a parameter before and after surgery divided
by its initial value before surgery. The results reYHDOHGQRVLJQL¿FDQWGLIIHUHQFHIRUSHUFHQWDJHRI
improvement for the semen parameters between
the NAC and control groups. However, among the
sperm functional parameters assessed, the percentage of improvement for the normal protamine conWHQWDQG'1$IUDJPHQWDWLRQVLJQL¿FDQWO\GLIIHUHG

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.
'HVSLWHWKHKLJKHUUDWHRISUHJQDQF\LQWKH1$&
group compared to the control group, we did not
compare clinical pregnancy rates between the
JURXSV'XHWRWKHOLPLWHGQXPEHURIFDVHVIXUWKHU
study would be warranted.

Conclusion
NAC can scavenge free radicals, increase GSH
SURGXFWLRQDQGUHGXFHGLVXO¿GHERQGVDVZHOODV
viscosity and elasticity of semen, which are imporWDQWIRUIHUWLOLW\7KLVLQFRQMXQFWLRQZLWKWKHUHsults of the current study (improved sperm paramHWHUV '1$ LQWHJULW\ DQG FKURPDWLQ SDFNDJLQJ 
may account for the higher pregnancy rate in NAC
group. In order to reach this conclusion, additional
studies are recommended.
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