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Abstract | Varicocele, the leading cause of male infertility, can impair spermatogenesis through several 
pathophysiological mechanisms. Of these, current evidence suggests that oxidative stress is the central 
element contributing to infertility in men with varicocele, to which the testis responds by way of heat stress, 
ischaemia or production of vasodilators, such as nitric oxide. Surgical varicocele repair (varicocelectomy) is 
beneficial not only for alleviating oxidative stress‑associated infertility, but also for preventing and protecting 
against the progressive character of varicocele and its consequent upregulations of systemic oxidative stress. 
However, antioxidant therapy in infertile men with surgically treated and those with untreated varicocele is 
poorly studied, and well‑designed trials are needed.

Hamada, A. et al. Nat. Rev. Urol. advance online publication 20 November 2012; doi:10.1038/nrurol.2012.198

Introduction
Infertility, which affects up to 15% of couples globally,1 
can be defined as the failure to conceive after 1 year of 
unprotected regular sexual intercourse. Of the conditions 
that compromise male fertility potential—including 
genetic abnormalities and exposure to gonadotoxins—
varicocele alone accounts for 35% of cases.2 Varicocele is 
the abnormal dilatation, elongation and tortuosity of the 
pampiniform plexus veins of the spermatic cord; approx-
imately 20% of men with the condition are infertile or 
subfertile.2–4 The pathophysiology of varicocele, which 
we discussed in part 1 of this Review,5 has been exten-
sively studied in attempts to elucidate the mechanisms 
behind varicocele-induced male infertility, but thus far 
no definitive answers have been revealed. Although oxi-
dative stress has been implicated as an important media-
tor of varicocele-associated infertility, the reasons why 
some patients with varicocele are infertile, whereas the 
majority of patients are not, remain unclear. 

In this part of the Review, we summarize the main 
findings of clinical studies in men with varicocele, first 
describing the clinical parameters that are commonly 
measured in these studies, which include markers of 
oxidative-stress such as reactive oxygen species (ROS). 
Additionally, we critically discuss the outcomes of anti-
oxidant therapy in infertile men who have or have not 
been surgically treated for varicocele.

Clinical parameters of oxidative stress
Several studies have examined the role of oxidative stress 
in varicocele-related male infertility. A summary of the 
markers of oxidative stress from semen, testicular biopsy 
and spermatic vein samples as well as the antioxidant 
levels in infertile men with varicocele is provided in 

Supplementary Tables 1 and 2 online. Overall, the evi-
dence suggests that oxidative stress has a major role in 
inflicting damage to testicular tissue. Many studies have 
measured seminal markers of oxidative stress in infertile 
men with varicocele, and compared the values obtained 
with those of either fertile men or infertile men with 
idiopathic infertility. Indeed, the methods for detecting 
oxidative stress in the reproductive tract have advanced 
tremendously throughout the years. 

Malondialdehyde measurement is one of the tests that 
can assess oxidative stress. Malondialdehyde is a by product 
of lipid peroxidation, and can be easily measured by the 
thiobarbituric acid reactive substances (TBARS) assay.6 An 
additional method by which laboratories can test oxida-
tive stress levels is via chemi luminescence. Luminol and 
lucigen probes can be used to determine the level of oxida-
tive species owing to their ability to react with such mol-
ecules, upon which the probes emit a photon that can be 
measured using a spectrophotometer. Chemiluminescence 
is advantageous because it can be used to measure both the 
intracellular and extracellular ROS levels and is, therefore, 
a more holistic approach to measuring oxidative species 
in the ejaculate than malondialdehyde measurement. 
Direct oxidative-stress measurements include total or 
specific ROS level in semen and total anti oxidant capac-
ity (TAC), whereas indirect measurements can involve 
the assessment of lipid peroxidation products (malondi-
aldehyde), protein oxidation products (such as protein 
carbonyl) and oxidized DNA (8-hydroxy-2'-deoxyguano-
sine [8-OHdG]). Additionally, markers of oxidative stress 
have been measured in testicular tissue biopsy specimens 
and blood plasma inside spermatic veins (Supplementary 
Table 1 online).

Controlled trials that have examined ROS levels by 
chemiluminescence have indicated that infertile men with 
varicocele exhibit higher seminal ROS levels than fertile 
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controls.7–16 In addition, higher seminal levels of specific 
free radicals—nitric oxide (NO) and nitric oxide synthase 
(NOS; isoform not reported)—had been measured in 
infertile men with varicocele than in fertile healthy men 
(without varicocele).17–21 Along the same lines, hydrogen 
peroxide (H2O2) levels were significantly higher in the 
semen of infertile men with varicocele than in fertile 
healthy controls.22 In a single study, extracellular seminal 
superoxide anion was also shown to be higher among 
infertile men with varicocele than in fertile healthy men.23

Of the studies that used indirect oxidative stress assess-
ment, malondialdehyde measurement was the preferred 
method. Six out of eight controlled studies demonstrated 
that seminal malondialdehyde levels were significantly 
higher in infertile men with varicocele than in fertile 
healthy donors without varicocele.16,17,21,22,24–27 Other indi-
rect markers, such as seminal hexanoyl-lysine (another lipid 
peroxidation product) and 8-OHdG, were also recognized  
to be elevated among infertile men with varicocele.18

Direct (NO and inducible nitric oxide synthase 
[iNOS]) and indirect (malondialdehyde, 4-hydroxy-
nonenal and 8-OHdG) markers of oxidative stress were 
also measured from testicular biopsy specimens taken at 
the time of varicocele repair. In both Leydig and endo-
thelial cells, iNOS is upregulated in infertile men with 
varicocele; as such, higher amounts of NO are also 
detected.28 Indeed, Shiraishi et al.29 demonstrated that 
high-grade varicocele (grades II and III) is associated 
with enhanced upregulation of iNOS. Tissue levels of 
malondialdehyde, 4-hydroxy nonenal-modified pro-
teins and 8-OHdG were also significantly higher in men 
with varicocele than in fertile healthy controls without 
varicocele.30–33 Koskal et al.32,34 observed elevated levels 
of malondialdehyde in human testes exhibiting severely 
disordered spermatogenesis, and that tissue malondi-
aldehyde levels are positively correlated with varicocele 
grade. The researchers, however, failed to show a signifi-
cant difference in tissue malondialdehyde levels between 
infertile men with varicocele and men who were infer-
tile because of other reasons32,34 because oxidative stress 
might be generated via different mechanisms in infertile 
men. Nonetheless, Shiraishi et al.33 showed that elevations 
of 4-hydroxynonenal- modified proteins in infertile men 
with varicocele were well-correlated with scrotal tempera-
ture elevation, but not with varicocele grade. This study 
supported the role of heat stress in generation of oxidative 
stress within testicular tissue exposed to varicocele.

Key points

 ■ Both infertile men with and those without varicocele have elevated levels of 
reproductive tract ROS; however, such levels are higher in the former, indicating 
that varicocele exacerbates ROS generation and, consequently, oxidative 
damage to sperm

 ■ Varicocele grade is correlated with the severity of oxidative stress—the higher 
the grade of varicocele, the more severe the degree of oxidative stress

 ■ Surgical repair is a cost‑effective treatment for infertile men with varicocele; 
such intervention is associated with improvements in various biomarkers of 
male infertility, such as semen parameters and pregnancy rate

 ■ By contrast, antioxidant treatments for varicocele‑related infertility are poorly 
studied, and well‑designed trials are needed

Spermatic veins are essential components of the patho-
genesis of varicocele-related infertility. Endothelial cells 
can generate excessive amounts of ROS under certain 
stimuli and several studies have compared the plasma 
levels of iNOS, NO, xanthine dehydrogenase/oxidase, 
malondialdehyde, H2O2 and protein carbonyl content 
in the spermatic and peripheral veins between infertile 
men with varicocele and controls. Spermatic vein plasma 
levels of NO and iNOS in infertile men with varicocele 
are significantly higher than those in the peripheral 
blood of the same patients and healthy controls.35–39 Such 
findings suggest a possible contributory effect of NOS in 
the spermatic vein in the generation of local testicular 
oxidative stress. Similarly, the other plasma markers—
xanthine dehydrogenase/oxidase, malondialdehyde, 
H2O2 and protein carbonyl content—are significantly 
higher in the spermatic veins of infertile men with vari-
cocele than in peripheral veins of the same patients and 
healthy controls.35–40

Seminal TAC, enzymatic and nonenzymatic anti-
oxidant measurements have also been used to directly 
assess oxidative stress. Most controlled studies have 
shown that seminal TAC and specific nonenzymatic 
antioxidants were lower in infertile men with varicocele 
versus fertile healthy controls.7,9–11,13,14,41–43 These findings 
can be rationalized as nonenzymatic antioxidants are used 
to scavenge excessive ROS, accounting for approximately  
65% of the TAC (Supplementary Table 2 online).44

Conversely, specific measurements of seminal anti-
oxidant enzyme activity, particularly for superoxide dis-
mutase, which scavenges superoxide ions, yield conflicting 
results. Although seminal catalase, which detoxifies H2O2, 
and glutathione peroxidase activity are considerably 
reduced in infertile men with varicocele,16,21,22,25 seminal 
superoxide dismutase activity can be either unchanged,27 
increased or decreased.16,18,21,22,25 With regard to the assess-
ment of enzymatic antioxidants in men with varicocele, 
most studies have measured their specific activities rather 
than their concentrations. Several factors can alter anti-
oxidant enzyme activity, such as substrate concentration 
(ROS levels), pH, temperature and enzyme concentra-
tion. Thus, such confounding factors should be adjusted 
to properly assess specific antioxidant enzyme activity. For 
example, catalase and glutathione peroxidase are heat-
labile enzymes; elevated scrotal temperature can result 
in their inactivation and reduce their activity.45 These 
two enzymes can also undergo auto-oxidative damage 
via exposure to high levels of ROS.46 Such factors might 
explain the reduced activity in infertile men with varico-
cele despite the demonstration of heat-induced catalase 
gene overexpression in experimental cryptorchidism.47 
Furthermore, the decline in enzyme activity might explain 
the increase in H2O2 levels that has been observed in the 
semen of infertile men with varicocele.16,22

By contrast, superoxide dismutase (all isoforms) is a 
thermostable enzyme that detoxifies intracellular and 
extracellular superoxide anions, which results in H2O2 
formation. The H2O2, in turn, will ultimately be detoxi-
fied by catalase or glutathione peroxidase. Under normal 
conditions, the intratesticular superoxide dismutase 
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concentration is higher than that of catalase or glutathione 
peroxidase, and superoxide dismutase retains its activity 
over a wide range of temperatures.48 Additionally, super-
oxide dismutase activity is generally increased in the pres-
ence of electron donors and it is inactivated in the presence 
of electron acceptors.49 These features explain why super-
oxide dismutase activity is unchanged27 or increased in 
infertile men with varicocele.176 Nonetheless, maintenance 
of superoxide dismutase activity leads to the generation 
of additional testicular H2O2 that exceeds the detoxifying 
capacity of catalase or glutathione peroxidase, resulting in 
excessive oxidative stress.50 Whether superoxide dismutase 
activity is inducible or constitutively expressed in infertile 
men with varicocele remains unclear as studies assessing 
the transcriptional expression of the enzyme in these men, 
using either mRNA determination or protein concentra-
tion, are lacking. Nevertheless, the SOD gene shows an 
initial increase followed by a slight decrease in response 
to scrotal hyperthermia.48

Varicocele grade and oxidative stress
Although the relationship between semen quality 
deterioration and testicular size discrepancy and vari-
cocele grade has not been consistently established,51,52 
five controlled studies have demonstrated that total 
seminal ROS levels, seminal and testicular malondi-
aldehyde, seminal H2O2, seminal NO and seminal and 
testicular 8-OHdG are correlated with varicocele grade 
(Table 1).12,21,22,26,31,32,53 Overall, these studies show that 
higher levels of markers of oxidative stress are found 
in the semen and testicular tissues of men with higher 
grades of varicocele.

Two studies have measured seminal antioxidants 
(TAC, as well as specific antioxidants that include ascor-
bate, superoxide dismutase, catalase and glutathione 
peroxidase), showing that seminal antioxidant levels 
were inversely correlated with varicocele grade.16,21 
Collectively, these studies indicate that varicocele grade 
might predict the severity of oxidative stress—the higher 
the grade of varicocele, the more severe is the level of 
oxidative stress.

Oxidative stress and fertility
Infertile men with or without varicocele
Infertile men with varicocele exhibit higher levels of 
ROS, NO and lipid peroxidation products than infertile 
men without varicocele (Table 2).18–20,41,54 Intriguingly, 
higher levels of seminal total antioxidant capacity43,55 
and specific antioxidants, such as coenzyme Q10,

56 were 
detected in the group of infertile men with varico-
cele compared with infertile men without varicocele 
(P <0.05).43 These findings suggest an inefficient neu-
tralization process of the elevated levels of free radicals, 
despite the presence of relatively abundant sperm and 
seminal antioxidants in infertile men with varicocele 
compared with infertile men. However, levels of anti-
oxidants in infertile men with varicocele are considerably 
lower than fertile individuals without varicocele. Thus, 
varicocele is not a trivial finding in infertile men because 
it contributes to the high burden of free radicals inside 
the testicular parenchyma. Both infertile men with and 
those without varicocele have elevated levels of ROS in 
their reproductive tract; however, such levels are higher 
in the former, indicating that the presence of varicocele 

Table 1 | Correlation between oxidative stress and varicocele grade in infertile men 

Study Study group (n) Control group (n) Marker of oxidative stress Association 

Abd‑Elmoaty 
et al.21 (2010) 

Infertile men with 
varicocele (36)

Healthy men (18) Seminal malondialdehyde, 
NO, catalase, superoxide 
dismutase, glutathione 
peroxidase and ascorbic acid 

Grade II vs I: superoxide dismutase (P <0.05) and 
ascorbic acid (P <0.05) levels were significantly reduced
Grade III vs I: higher malondialdehyde (P <0.001) and NO 
(P <0.001) and lower catalase (P <0.01) and ascorbate 
(P <0.01) and superoxide dismutase (P <0.01) levels
Grade III vs II: higher malondialdehyde (P <0.01) and NO 
(P <0.01) and lower catalase (P <0.05), superoxide 
dismutase (P = 0.01), glutathione peroxidase (P = 0.01) 
and ascorbic acid (P = 0.01)

Allamaneni 
et al.12 (2004)  

Men with unilateral left 
varicocele (46)

None Seminal ROS level Significant increase in ROS levels in grades II (P = 0.02) 
and III (P = 0.02) vs grade I

Blumer et al.26 
(2011) 

Men with grade II and III 
varicocele (30)

Men without 
varicocele (32)

Seminal malondialdehyde No differences between grade II and III

Mostafa et al.16 
(2011) 

Infertile men with OA and 
without varicocele (44) 
and infertile men with OA 
and varicocele (42)

Fertile healthy men 
(45) and fertile men 
with varicocele (45)

Seminal malondialdehyde, 
H2O2, superoxide dismutase, 
catalase, glutathione 
peroxidase and vitamin C

Grades II and III vs I: increased malondialdehyde 
(P <0.05) and H2O2 (P <0.05) and reduced superoxide 
dismutase (P <0.05), catalase (P <0.05), glutathione 
peroxidase (P <0.05) and vitamin C (P <0.05)

Ishikawa et al.31 
(2007) 

Infertile men with 
varicocele (36)

Healthy men (5) Testicular 8‑OHdG* Control vs grades I (P <0.01), II (P <0.01) and III 
(P <0.001): significant difference
Grade I vs III (P <0.01): significant difference
Grade II vs III (P <0.01): significant difference

Shiraishi et al.53 
(2009) 

Infertile men with 
varicocele (100)

Fertile men (100) Testicular 4‑hydroxynonenal‑
modified proteins‡

No differences among grades; oxidative stress 
well‑correlated with scrotal temperature elevation 

Koksal et al.32 
(2000) 

Infertile men with 
varicocele (15)

Infertile men without 
varicocele (10)

Testicular malondialdehyde‡ Grade III vs I and II: malondialdehyde significantly 
elevated (P <0.05) 

*Assessed by immunohistochemistry. ‡Measured in biopsy specimens. Abbreviations: 8‑OHdG, 8‑hydroxy‑2'‑deoxyguanosine; OA, oligoasthenozoospermia; ROS, reactive oxygen species. 
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exacerbates the generation of ROS and as a result the 
oxidative damage to sperm cells.

Fertile men with or without varicocele
Several studies have shown that fertile men with vari-
cocele have elevated seminal markers of oxidative 
stress compared with fertile men without varicocele 
(Table 3).8,14,16,33 However, one study showed comparable 
results of seminal ROS levels in both conditions.57 In this 
study, the researchers measured ROS levels in the semen 
by chemiluminescence and found similar results between 
a group of 33 fertile men with varicocele compared with 
81 fertile healthy controls. The researchers speculate 
that the equilibrium between oxidants and antioxidants 
of the fertile population might be more efficient in the 
neutralization of increased ROS levels in response to a 
existing varicocele. However, TAC was not measured in 
the study.57 Despite this finding, why men with elevated 
markers of oxidative stress and varicocele retain their 
fertility remains unclear. Indeed, other undetermined 
contributing factors might act synergistically with oxi-
dative stress to render a man infertile, but research in this 
area is far from conclusive. The role of crucial markers 
of oxidative stress such as NO, which seems to be the 
most important ROS in varicocele35 because of its central 
role in pathogenesis of varicocele-associated male infer-
tility, still needs to be completely elucidated. Currently, 

whether an increase in the production of NO in fertile 
men with varicocele occurs is also unknown.

Overall, fertile men with varicocele are more likely 
to have elevated oxidative stress in their reproductive 
tract than their fertile counterparts without varicocele. 
However, which mechanisms have major protective roles 
in preventing infertility in these men are still unknown.

Fertility in men with varicocele
Four studies have compared the levels of oxidative stress 
in fertile and infertile men with varicocele (Table 4). 
Oxidative stress markers that were assessed in these 
studies included total seminal ROS, TAC, malondi-
aldehyde and H2O2, as well as testicular levels of 
4-hydroxynonenal-modified proteins and anti oxidants, 
including superoxide dismutase, catalase, glutathione 
peroxidase, vitamin C and vitamin E. Mostafa et al.16 
noted higher superoxide dismutase, catalase, glutathione 
peroxidase, vitamin C and vitamin E levels but lower 
malondialdehyde and H2O2 in fertile men with varico-
cele than in men in the infertile varicocele group.16 
Similarly, Shirashi et al.33 measured higher levels of 
4-hydroxynonenal- modified proteins in infertile men 
with varicocele than their fertile counterparts.

Two studies by Hedin et al.8 and Pasqualotto et al.14 fol-
lowed the same experimental design and reached results 
and conclusions that differed from those of Mostafa 

Table 2 | Oxidative stress in infertile men with or without* varicocele 

Study Infertile study group (n) Control group (n) Marker of 
oxidative stress

Results 

Mehraban 
et al.19 (2005) 

Infertile men with varicocele 
(40) 

Infertile men without 
varicocele (40) and healthy 
men (40)

Seminal NO‡ Infertile men with varicocele had significant increase in NO 
levels compared with infertile (P = 0.001) and healthy 
controls (P = 0.001) 

Sakamoto 
et al.18 (2008) 

Oligozoospermic (15) and 
normozoospermic (15) men 
with varicocele

Normozoospermic and 
oligozoospermic infertile 
men without varicocele 
(15)

Seminal NO§, 
8‑OHdG, hexanoyl‑
lysine, superoxide 
dismutase

Infertile men with varicocele (oligozoospermic and 
normozoospermic) had higher NO, hexanoyl‑lysine and 
superoxide dismutase activity than oligozoospermic men 
without varicocele (P <0.05)
Normozoospermic men with varicocele had higher NO and 
superoxide dismutase activity than normozoospermic men 
without varicocele (P <0.005)

Aksyo et al.54 
(2002)

Oligozoospermic and 
asthenozoospermic men with 
varicocele (19) and men with 
idiopathic oligozoospermia 
and asthenozoospermia 
without varicocele (30)

Healthy men (20) Seminal NO Infertile men with varicocele had significantly higher NO 
concentrations than infertile men without varicocele 
(P <0.001) and healthy controls (P <0.001)

Xu et al.20 
(2008) 

Men with varicocele (53) Infertile* (29) and fertile 
(28) men

Seminal NO and 
NOS 

Infertile men with varicocele had higher NO levels and NOS 
activity than infertile (P <0.05) and fertile controls (P <0.05) 

Saleh et al.41 
(2003) 

Men with varicocele (16) Infertile* (15) and fertile 
(15) men

Seminal ROS–TAC 
score 

Infertile men with varicocele had significantly lower ROS–
TAC scores than infertile (P = 0.02) and fertile controls 
(P = 0.002) 

Balercia 
et al.56 (2002)

Men with varicocele (12) Infertile men* (12) Sperm and seminal 
coenzyme Q10

Infertile men with varicocele have higher sperm (P <0.05) 
and seminal levels of coenzyme Q10 (P <0.001) than 
idiopathic oligozoospermic men

Meucci et al.55 
(2003)

Men with varicocele (25) Infertile men* (24) Total plasma TAC Oligozoospermic men with varicocele had higher TAC than 
idiopathic oligozoospermic men (P <0.05)

Mancini 
et al.43 (2007)

Men with varicocele (33) Idiopathic oligozoospermic 
(10) and normozoospermic 
(24) men

Seminal TAC Infertile men with varicocele had higher TAC than infertile 
men without varicocele (P <0.05)

*Men with idiopathic male infertility. ‡Measured by Griess reaction. §Measured using NO2
–/NO3

– assay kit. Abbreviations: 8‑OHdG, 8‑hydroxy‑2'‑deoxyguanosine; NOS, nitric oxide synthase; ROS, 
reactive oxygen species; TAC, total antioxidant capacity.
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et al.16 and Shirashi et al.33 Both studies examined the 
level of ROS and TAC in three groups, consisting of 
infertile men with varicocele, fertile men with varicocele 
and healthy fertile controls. However, upon meticulous 
examination, their results show that although seminal 
ROS levels in infertile men with varicocele are higher 
than those of fertile men with varicocele, the differ-
ence was not significant (P = 0.3). The small study sizes 
might account for this nonsignificant differential rise 
in seminal ROS. Furthermore, the controversial results 
among the aforementioned four studies can be attrib-
uted to the use of different markers to assess oxidative 
stress. As such, it seems that assessing oxidative stress by 
ROS and TAC is insufficient to determine whether the 
varico cele is causing testicular damage. Specific markers 
of ROS-induced tissue damage (such as malondialdehyde 
and 4-hydroxynonenal-modified proteins) might be 
more representative of testicular damage. Furthermore, 
other mechanisms are possibly involved in protecting 
germ cells and inducing adaptive tolerance to the gener-
ated oxidative stress in fertile men with varicocele. These 
mechanisms might include slowing the rate of germ-cell 
apoptosis, enhanced turnover machinery for the oxidized 
proteins to prevent their aggregation and reduced cell ular 
signal-transducing effects of ROS. These mechanisms 
might be insufficiently activated in infertile men with 
varicocele, culminating in the pathological alterations  
typical of oxidative stress.

Secondary male infertility
Varicocele is identified in approximately 35% of men 
with primary (who never reported paternity) and 80% 
of men with secondary infertility (who reported previous 
paternity).3 In a study that evaluated 354 men older men 
(mean age 60.7 years), varicoceles were identified in up 
to 43% of individuals.58 The higher frequency of varico-
celes in both the elderly and in men with secondary  
infertility suggests that it is a progressive disease.59

Ageing is an important factor in varicocele-related 
infertility because mitochondrial production of ROS is 
increased with age and is accompanied by a reduction in 
the activity of antioxidant enzymes.60–62 The increase in 
mitochondrial ROS production has been attributed to 
frequent mutations in mitochondrial DNA that encodes 
several electron transport chain complexes.52,54 Another 
relevant aspect on the concept of varicocele as a progres-
sive condition is the observation that elevated levels of 
oxidative-stress markers in adolescents are restricted 
to the spermatic vein, whereas in adults the increases 
are systemic.38 These findings might explain why many 
men with varicocele could initiate pregnancy at younger 
ages but are unable to do so later in life. That oxidative 
stress increases in men with varicocele-associated infer-
tility over time provides opportunities to explore early 
therapeutic approaches, such as medication in the form 
of antioxidants or surgical intervention to prevent later 
systemic damage.

Table 3 | Oxidative stress in fertile men with varicocele

Study Control group (n) Marker of oxidative stress Results 

Hendin et al.8 
(1999) n = 15 

Sperm donors without 
varicocele (17)

Seminal ROS and TAC Fertile men with varicocele had higher ROS (P = 0.02) and lower TAC 
(P = 0.008) than controls 

Cocuzza et al.57 
(2008) n = 33

Fertile men without 
varicocele (81)

Seminal ROS* No significant difference in ROS levels

Mostafa et al.16 
(2009) n = 45

Fertile men without 
varicocele (45)

Seminal malondialdehyde, H2O2, 
superoxide dismutase, catalase, 
glutathione peroxidase, vitamin E 
and vitamin C

Fertile men with varicocele had higher malondialdehyde (P <0.05) and H2O2 
(P <0.05) and lower superoxide dismutase (P <0.05), catalase (P <0.05), 
glutathione peroxidase (P <0.05), vitamin E (P <0.05) and vitamin C 
(P <0.05) than controls 

Pasqualotto et al.14 
(2008) n = 15

Fertile men without 
varicocele (17)

Seminal ROS and TAC Fertile men with varicocele had higher ROS and lower TAC than controls 
(P <0.05) 

Shirashi et al.53 
(2010) n = 12

Fertile men without 
varicocele (10)

Testicular tissue 4‑hydroxynonenal‑
modified proteins

No significant difference in 4‑hydroxynonenal‑modified protein levels

*Measured by chemiluminescence. Abbreviations: ROS, reactive oxygen species; TAC, total antioxidant capacity.

Table 4 | Oxidative stress in infertile men with varicocele

Study Control group (n) Marker of oxidative stress Results 

Hendin et al.8 
(1999) n = 21

Fertile men with 
varicocele (15)

Seminal ROS and TAC No difference in ROS and TAC

Pasqualotto et al.14 
(2008) n = 21

Fertile men with 
varicocele (15)

Seminal ROS and TAC No difference in ROS and TAC

Mostafa et al.16 
(2009) n = 42

Fertile men with 
varicocele (45)

Seminal malondialdehyde, H2O2, 
superoxide dismutase, catalase, 
glutathione peroxidase, vitamin E 
and vitamin C

Infertile men with varicocele had higher levels of malondialdehyde (P <0.05) and 
H2O2 (P <0.05) and lower superoxide dismutase (P <0.05), catalase (P <0.05) 
glutathione peroxidase (P <0.05) vitamin E (P <0.05) and vitamin C (P <0.05) 
than fertile controls

Shirashi et al.53 
(2010) n = 30 

Fertile men with 
varicocele (12)

Testicular 4‑hydroxynonenal‑
modified proteins

Infertile men with varicocele had higher levels of 4‑hydroxynonenal‑modified 
proteins than fertile controls (P <0.01)

Abbreviations: ROS, reactive oxygen species; TAC, total antioxidant capacity. 
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Varicocele repair
Oxidative stress represents the central pathogenic mecha-
nism for testicular damage in men with varicocele-related 
infertility; several studies have been conducted examin-
ing the resolution of markers of oxidative stress in these 
patients. Surgical repair is a cost-effective treatment for 
infertile men with varicocele. Indeed, such interven-
tion has been associated with significant improvements 
to various biomarkers of male infertility, such as semen 
parameters and pregnancy rate.63 The standard treatment 
currently accepted for varicocele is surgical repair by an 
open approach (with or without magnification), laparo-
scopy or through percutaneous embolization of the inter-
nal spermatic vein. Regardless of the chosen technique 
the ultimate goal is the occlusion of the dilated veins 
that compose the pampiniform plexus. The high retro-
peritoneal (Palomo procedure), radiological and laparo-
scopic approaches enable the ligation of the gonadal vein. 
The inguinal (Ivanissevich procedure) and subinguinal 
approaches enable ligation of the external spermatic and 
cremasteric veins that can contribute to the varicocele and 
might have a role in recurrence.59 A recent comparative 
review among surgical techniques for varicocele repair 
involving 33 studies and over 5,000 patients concluded 
that using either of the two microsurgical techniques—
inguinal or subinguinal—resulted in better outcomes 
across all postoperative parameters, including higher 
pregnancy rates (44.75%; range 33.8–51.5%) and lower 
recurrence and hydrocele formation rates (2.07% and 
0.72%, respectively) than other treatment modalities.64

Varicocelectomy has been shown to decrease or nor-
malize the common 4977-bp mitochondrial DNA dele-
tion,65 8-OHdG,18,65 TBARS26,66 and nitrate plus nitrite 
content,18 which are all oxidative-stress markers ele-
vated in spermatozoa in infertile men with varicocele. 
Additionally, varicocele repair has been shown to improve 
or normalize the levels of seminal and peripheral blood 
plasma TAC67 as well as seminal antioxidants such as 
α-tocopherol,66 ascorbate,65,66 retinol, selenium and zinc.25 
Several studies (five out of eight) have demon strated that 
varicocele repair can reduce total and specific markers 
of seminal ROS elevation (malondialdehyde, H2O2, NO, 
8-OHdG and hexanoyl-lysine).15,18,25,65,66 By contrast, 
one controlled24 and two uncontrolled68,69 studies failed 
to show any beneficial effect of varicocele repair on the 
alleviation of oxidative stress (Table 5). Yeşilli et al.24 
found that the activities of lactate dehydrogenase (LDH), 
LDH-X (an isoenzyme of LDH specific for germinal epi-
thelium activity) and lipid peroxidation products (malon-
dialdehyde) levels were unchanged after varicocelectomy. 
However, sperm HSPA2 activities increased significantly 
after varico celectomy compared with preoperative values 
(P <0.001). During spermio genesis, both cytoplasmic 
extrusion and plasma membrane remodelling, which 
facilitate the formation of the zona pellucida binding 
site, involve major intra sperm protein transport, which 
might be chaperoned by HSPA2. By contrast, cyto plasmic 
retention and lack of zona pellucida binding occur in 
immature human sperm, which fail to express HSPA2, 
indicating that human HSPA2 is a biochemical marker of 

sperm maturity. Furthermore, Rodriguez Peña et al.68 did 
not observe changes in NO concentrations after varico-
cele repair, but their study population included younger 
patients with no prior history of infertility who might 
have enhanced protective mechanisms against oxida-
tive stress. Lastly, despite being unable to demonstrate a 
beneficial effect of varicocelectomy in reducing seminal 
levels of malondialdehyde in adolescents with varico-
cele, Lacerda et al.69 showed that varicocele repair was 
post operatively associated with increased sperm DNA 
integrity and mitochondrial activity. The researchers 
speculated that varicocele repair was unable to alter the 
levels of seminal plasma oxidative stress because these 
levels were not elevated preoperatively in their group of 
adolescents; as such, they concluded that varicocele itself 
does not alter seminal plasma lipid peroxidation in this 
particular subset of patients. However, whether a time-
dependent effect of varicocele on markers of oxidative 
stress occurs in adolescents at later age remains unclear.

Some studies have also examined blood levels of 
TBARS and plasma peroxidation susceptibility lag 
time (a marker of antioxidant levels) in spermatic veins 
and peripheral veins before and after varicocele repair. 
Several months to 1 year after repair, marked reduction 
in peripheral vein plasma TBARS levels (signifying a 
decrease in ROS) and a significant increase in plasma 
peroxidation susceptibility lag time (indicating an 
increase in antioxidant levels) have been observed.25,67

By contrast, the assessment of the seminal anti oxidant 
response to varicocele repair poses a more complex 
problem; indeed, the results from different studies are 
contradictory. Five studies have examined the response of 
enzymatic and nonenzymatic antioxidants to varicocele 
repair. For nonenzymatic antioxidants—such as vitamin C, 
retinol, zinc, selenium, protein thiols and albumin—studies 
have shown preoperative reduced levels and significant 
postoperative increases to normal levels.15,18,25,65,66 With 
regard to vitamin E, although a single study showed that 
low preoperative levels can be normalized post operatively,25 
a contradictory report demonstrated a significant reduc-
tion in vitamin E levels 3–6 months after varicocelec-
tomy.66 However, as vitamin E is an essential vitamin and 
its levels in body fluids are influenced by dietary intake, 
no definite predictive value for its measurement in semen 
can be antici pated to reflect the balance between oxidants 
and anti oxidants without controlling the dietary factor. 
In addition, the researchers did not explain which form 
of vitamin E was measured (the term ‘vitamin E’ refers to 
tocopherols and tocotrienols).

Three studies have assessed the activities of enzymatic 
antioxidants in response to varicocele repair. Two studies 
demonstrated that seminal superoxide dismutase and 
intracellular superoxide dismutase, catalase and glu-
tathione peroxidase activities were elevated in men with 
varicocele, all of which were reduced after surgery.18,25 
Alternatively, Mostafa et al.66 observed a significant 
increase in postoperative seminal plasma levels of super-
oxide dismutase, catalase and glutathione peroxidase 
measured 3 and 6 months after surgery. Furthermore, the 
levels of seminal plasma albumin, which were unchanged 

REVIEWS

© 2012 Macmillan Publishers Limited. All rights reserved



NATURE REVIEWS | UROLOGY  ADVANCE ONLINE PUBLICATION | 7

in the first 3 months after varicocelectomy, significantly 
increased in the subsequent 6 months. However, some 
observations suggest that seminal enzymatic antioxidants 
exhibit lower activities in infertile men with varicocele 
than in fertile men, which might be attributed to auto-
oxidation, protein unfolding and degradation; studies are 
required to resolve this discrepancy.

Notably, the time required to observe any improve-
ment in the markers of oxidative stress after varicocele 
repair is variable. In one report, Dada et al.15 evaluated 
the attenuation of oxidative stress after varicocelectomy, 
showing a significant decline in ROS levels 1 month after 
surgery. Interestingly, the decline was proportional to the 
length of the postoperative period. Furthermore, damage 

to sperm DNA, which usually takes extended periods to 
revert to normal status, improved after only 6 months. 
Mostafa et al.66 observed that markers of seminal oxida-
tive stress (NO, H2O2 and malondialdehyde) were sig-
nificantly reduced and antioxidant levels of superoxide 
dismutase, catalase, glutathione peroxidase and vitamin C 
were elevated 3 and 6 months after varicocele repair. In 
another report, Hurtado de Catalfo et al.25 showed that 
1 month after varicocele repair, the levels of nonenzymatic 
antioxidants (zinc and selenium) and the proportion of 
sperm exhibiting DNA fragmentation remained elevated, 
whereas the levels of reduced and oxidized seminal glu-
tathione and antioxidant enzymes normalized compared 
with age-matched fertile controls. Additionally, Chen 

Table 5 | Effects of varicocele repair on oxidative stress in infertile men

Study Patients Postoperative markers  
of oxidative stress

Postoperative antioxidants Conclusions

Mostafa 
et al.66 
(2001) 

n = 68 men 
undergoing 
varicocelectomy*

At 3 and 6 months, seminal 
malondialdehyde (both 
P = 0.0001), H2O2 (both 
P = 0.0001) and NO (P = 0.0002 
and P = 0.00014, respectively) 
were reduced 

At 3 and 6 months, superoxide dismutase (both 
P = 0.0001) catalase (both P = 0.0001), glutathione 
peroxidase (both P = 0.0001), vitamin C (both P = 0.0001) 
were increased and vitamin E (both P = 0.0001) were 
reduced albumin levels were increased at 6 months 
(P = 0.0001) but not at 3 months (P = 0.2) 

Varicocelectomy reduces 
seminal oxidative stress

Yeşilli 
et al.24 
(2005) 

n = 56 with 25 
healthy controls

At 6 months, no change in seminal 
malondialdehyde levels (P = 0.65); 
sperm HSPA2 activities increased 
significantly compared with 
preoperative levels (P <0.001)

NR Varicocelectomy does 
not reduce oxidative 
stress but positively 
impact sperm 
maturation

Cervellione 
et al.67 
(2006) 

n = 11* At 1 year, reduced plasma TBARS 
assay (P = 0.003) 

At 1 year, increased plasma peroxidation susceptibility lag 
time (P = 0.0025) 

Varicocelectomy reduces 
peripheral blood 
oxidative stress

Hurtado de 
Catalfo 
et al.25 
(2007) 

n = 36 with 33 
fertile controls

At 1–3 months, reduced seminal 
and peripheral TBARS assay 
(P <0.001)
After 3 months, reduced seminal 
NOS levels (P <0.001), but 
peripheral blood levels were 
unchanged
At 1 month, seminal protein 
carbonyl levels have normalized

Reduced preoperative seminal zinc and selenium levels 
normalized 3 months after surgery; reduced preoperative 
seminal total antioxidant capacity normalized 6 months 
after surgery; reduced preoperative ratio of seminal 
glutathione to oxidized glutathione normalized 6 months 
after surgery; reduced preoperative intracellular sperm 
content of vitamin C, α‑tocopherol and retinol levels 
normalized 3–6 months after surgery; increased 
preoperative sperm content of glutathione reductase, 
glutathione peroxidase and glutathione transferase 
normalized 1 month after surgery; elevated preoperative 
peripheral blood erythrocyte, spermatic vein erythrocytes 
and sperm levels of superoxide dismutase and catalase 
normalized 8 months after surgery

Varicocelectomy reduces 
oxidative stress

Chen et al.65 
(2008) 

n = 30* At 6 months, reduced seminal 
8‑OHdG (P <0.001) 

At 6 months, seminal protein thiol and ascorbate levels 
increased (P <0.001) 

Varicocelectomy reduces 
oxidative stress

Sakamoto 
et al.18 
(2008) 

n = 15 
oligozoospermic 
men with varicocele 
undergoing 
varicocelectomy* 

At 6 months, reduced seminal 
8‑OHdG (0.001), NO (0.001) and 
hexanoyl‑lysine (P <0.005) 

At 6 months, high preoperative superoxide dismutase 
levels normalized

Varicocelectomy reduces 
oxidative stress

Rodriguez 
Peña et al.68 
(2009) 

n = 202* At 6 months, no change in seminal 
NO levels

NR Varicocelectomy does 
not reduce oxidative 
stress in men with no 
history of subfertility

Dada et al.15 
(2010) 

n = 11 with 15 
fertile controls

At 1 and 3 months, reduced 
seminal ROS levels (P <0.001) 

NR Varicocelectomy reduces 
oxidative stress

Lacerda 
et al.69 
(2011) 

n = 27 adolescents 
(15–19 years) with 
grades II or III 
varicocele*

At 3 months, no difference in 
seminal malondialdehyde levels

NR Varicocelectomy does 
not reduce oxidative 
stress in adolescents 

*The study compared preoperative and postoperative measurements in the same patients. Abbreviations: 8‑OHdG, 8‑hydroxy‑2'‑deoxyguanosine; NOS, nitric oxide synthase; NR, not reported; 
ROS, reactive oxygen species; TBARS, thiobarbituric acid reactive substances. 

REVIEWS

© 2012 Macmillan Publishers Limited. All rights reserved



8 | ADVANCE ONLINE PUBLICATION www.nature.com/nrurol

et al.65 demonstrated that sperm mitochondrial DNA dele-
tions and 8-OHdG were reduced, whereas seminal plasma 
protein thiols and ascorbic acid levels were elevated, 
6 months after varicocele repair compared with their pre-
operative levels. Lastly, Sakamoto et al.18 found that a time 
lag of approximately 6 months is required after varicocele 
repair to achieve a marked improvement in seminal ROS 
markers (such as NO, 8-OHdG and hexanoyl-lysine).

The importance of measuring the markers of oxida-
tive stress in varicocele and the observation of oxida-
tive stress alleviation after varicocele repair stems from 
two interesting findings. First, these markers might help 
to predict the response to varicocele repair in infertile 
men. Accordingly, Shiraishi et al.70 analysed the levels of 
testicular 4-hydroxynonenal-modified proteins before 
varicocelectomy, finding that those men who responded 
to varicocelectomy by increasing postoperative sperm 
count, motility and morphology had higher basal levels 
of preoperative testicular modified proteins than non-
responding controls (P = 0.014). More importantly, the 
researchers also recognized that varicocelectomy was not 
as effective in men without oxidative stress, therefore sup-
porting the rationale that patients with high levels of oxi-
dative stress in the testes are considered to be favourable 
candidates for varicocelectomy.70 Second, some reports 
indicate a relationship exists between resolution of the 
markers of oxidative stress and improvement in semen 
parameters and sperm quality postoperatively.25,66 For 
example, Hurtado de Catalfo et al.25 observed improve-
ments 3 months after surgery in both semen parameters 
(sperm concentration and morphology) and blood testos-
terone levels, which were concomitant to improvements 
in seminal zinc, selenium, protein carbonyl and DNA 
fragmentation levels. Mostafa et al.66 measured semen 
parameters and oxidative stress markers 1 day before, 
3 months and 6 months after surgery and observed sig-
nificant improvements in sperm count (P <0.0001), motil-
ity (P = 0.0004) and morphology (P ≤0.0001) as well as 
seminal levels of malondialdehyde (P ≤0.0001), H2O2 
(P ≤0.0001), NO (P = 0.0014), super oxide dismutase 
(P ≤0.0001), catalase (P ≤0.0001), glutathione peroxidase 
(P ≤0.0001) and vitamin C (P <0.0001). 

Despite the evidence supporting a beneficial effect 
of varicocele treatment on oxidative-stress-associated 
infertility, why fertility does not improve in all men after 
varicocelectomy remains unclear.71 Moreover, reports on 
the ineffectiveness of varicocele treatment to increase the 
chances of conceiving are intriguing. In a meta-analysis 
by Evers et al.72 that included eight studies involving men 
with varicocele and subfertility, no benefit from varico-
cele treatment compared with counselling was verified 
regarding odds of pregnancy (OR 1.10; 95% CI 0.73–1.68). 
However, a major critique to this review was the inclu-
sion of patients with sub clinical varicocele and/or normal 
semen characteristics.73 In a well-designed prospective 
randomized controlled trial by Abdel-Meguid et al.,74 145 
participants underwent varico cele treatment or observa-
tion. The results showed that spontaneous pregnancy was 
achieved in 13.9% of men in the control arm compared 
with 32.9% in the treatment arm (OR 3.04 in favour of 

varicocele treatment, 95% CI 1.33–6.95). Improvements 
in semen parameters were also detected, but the research-
ers emphasized pregnancy as being the ultimate goal for 
fertility restoration. Ficarra et al.73 reviewed randomized 
clinical trials for varicocele repair and found a significant 
increase in the pregnancy rates for patients who underwent 
varicocele treatment (36.4%) compared with those receiv-
ing no treatment (20%; P = 0.009). In a meta-analysis by 
Marmar et al.75 of five studies and 570 patients, the authors 
reported significantly higher chances for pregnancy after 
varicocelectomy than either no treatment or medication in 
patients with clinical varicoceles and at least one abnormal 
semen parameter (OR 2.87, 95% CI 1.33–6.20; P <0.001).

In summary, current evidence clearly demonstrates 
that varicocele repair is a viable option to decrease 
oxidative stress and normalize antioxidant defense 
systems, and, therefore, to restore or improve fertility. 
Furthermore, the data suggest that this beneficial effect 
is time-dependent, with greater results being achieved 
6 months after surgery. Oxidative stress biomarkers might 
be appropriate in controlling the postoperative outcomes 
after varicocele repair. Ideal candidates for varicocele 
repair are men with palpable varicocele who present 
with abnormal semen parameters or sperm function  
tests, including those of oxidative stress.

Protective mechanisms to oxidative stress
Although seminal markers of oxidative stress are elevated 
in fertile men with varicocele, this does not necessar-
ily result in deterioration of fertility potential.8,14,16 As 
aforementioned, about 80% of men with varicocele are 
fertile.76,77 As such, it is reasonable to speculate that certain 
protective mechanisms can counteract the oxidative  
stress to protect sperm from damage.

Variation in genetic transcriptional response to oxida-
tive stress might explain why most men with varicocele 
are fertile. Studies have shown that the genetic response 
to oxidative stress varies both among different cell lines 
and in response to different ROS subtypes and concen-
tration.78 Unfortunately, human studies exploring the 
genomic and proteomic germ-cell response to oxidative 
stress are lacking. However, varicocele-associated cellular 
stressors (such as heat and hypoxia) might illicit similar 
and dissimilar genetic responses in germ, Sertoli, Leydig, 
epididymal principal and endothelial cells.

Heat and hypoxia induce damage to and/or altera-
tions in sperm genetic material and other sperm cell 
organelles. Electron microscopy imaging of spermato-
zoa from infertile men with varicocele revealed a high 
incidence of disintegrated plasma membrane, reacted or 
absent acrosome, abnormal nuclear shapes with disrupted 
chromatin and deranged axonemal and periaxonemal 
cytoskeletal structures.79 Fluorescent in situ hybridiza-
tion also revealed a higher frequency of aneuploidy due 
to meiotic segregation errors, resulting in more diso-
mies and diploidies in spermatozoa from infertile men 
with varicocele than in fertile controls.79 Conflicting 
reports, however, suggest that oxidative stress result-
ing from heat and hypoxia can induce specific cellular 
genetic responses manifested by increases in mRNA that 
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counteract the harmful effects of ROS, therefore, confer-
ring cellular adaptation to such stressors.80 For example, 
despite exogenous H2O2 exposure in in vitro studies, most 
of the antioxidant system of mammalian sperm—except 
for haeme oxygenase and thioredoxin reductase—is not 
induced, but is constitutively regulated.81 To the best of 
our knowledge, with regard to varicocele, only haeme 
oxygenase has been studied.30,82 Enhanced haeme oxyge-
nase expression in Leydig cells in the testes of men with 
varicocele is associated with the protection of these cells, 

maintenance of an intact testosterone milieu and process 
of sperm production.30 By contrast, lower seminal levels 
of haeme oxygenase among infertile men with varicocele 
are significantly correlated with the level of oligozoo-
spermia observed in these men (P = 0.001).32 Currently, 
which mechanisms regulate or repress nuclear and/or 
mitochondrial genes in response to varicocele-associated 
cellular stressors are still unknown.

We speculate that, in addition to constitutively expressed 
cellular antioxidants, the functional genetic cellular 

Table 6 | Use of antioxidant therapy in infertile men with varicocele

Study Patients Antioxidant Outcomes 

Controlled trials

Cavalleni 
et al.86 
(2004)

n = 62 men with varicocele and 39 men with 
oligozoospermia treated compared with 
71 men with varicocele and 47 men with 
oligozoospermia as controls (no treatment)

l‑Carnitine (2 g/day) and acetyl‑l‑carnitine (1 g/day) 
for 6 months* 

Nonsignificant improvement in semen 
parameters in men with varicocele grade I and 
II, but significant improvement in pregnancy 
rate (P <0.01)

Cavalleni 
et al.86 
(2004)

n = 62 men with varicocele and 44 men with 
oligozoospermia treated compared with 
71 men with varicocele and 47 men with 
oligozoospermia as controls (no treatment)

l‑Carnitine (2 g/day), acetyl‑l‑carnitine (1 g/day) and 
cinnoxicam suppository (30 mg) every 4 days for 
6 months* 

Significant improvement in semen parameters 
in men with varicocele grade I and II at 3 and 
6 months of therapy (P <0.05) and significant 
improvement in pregnancy rate (P <0.01)

Zampieri 
et al.89 
(2010)

n = 73 men with subclinical left‑sided 
varicocele compared with 95 men with 
subclinical varicocele as controls (no 
treatment) 

O‑β‑Hydroxyethyl‑rutoside (1 g/day in a on/off 
3‑month cycle for 1 year)*

41% of patients in the treatment group had 
resolution of vein reflux within 3 years 
(P <0.05)

Söylemez 
et al.96 
(2012)

n = 20 normozoospermic men with 
varicocele and pain compared with 20 
normozoospermic men with varicocele and 
pain as controls (no treatment) 

Micronized purified flavonoid fraction (1 g/day for 
6 months)* 

Relief of varicocele‑associated pain in 30% of 
men; improved sperm motility at 6 months 
(P = 0.038) and color Doppler parameters at 1, 
3 and 6 months (P <0.01) 

Cavallini 
et al.87 
(2003)

Oligozoospermic men with varicocele were 
divided into three groups
Group 1: grade I (n = 30), grade II (n = 4), 
grade III (n = 5) received surgery
Group 2: grade I (n = 43), grade II (n = 10), 
grade III (n = 8) received cinnoxicam
Group 3: grade III (n = 40), grade II (n = 8), 
grade III (n = 6) received placebo

Cinnoxicam suppository (30 mg every 4 days for 
1 year)*

Cinnoxicam significantly improved sperm 
quality after 2 and 4 months (P <0.01) in men 
with grade I varicocele compared with 
pretreatment parameters and placebo group
Cinnoxicam therapy was associated with 
higher sperm concentration than was seen 
after surgery in men with grade I varicocele, 
but similar improvements in sperm motility 
and morphology to the surgery group 
Stopping therapy resulted a decline to the 
baseline values 

Paradiso 
Galatioto 
et al.92 
(2008)

n = 20 infertile men with persistent 
oligozoospermia after embolization 
compared with 20 infertile men with 
persistent oligozoospermia as controls (no 
treatment) 

N‑acetylcysteine (600 mg), vitamin C (3 mg/kg/die), 
vitamin E (0.2 mg/kg/die), vitamin A (0.06 IU/kg/
die), thiamine (0.4 mg/kg/die), riboflavin (0.1 mg/
kg/die), piridoxin (0.2 mg/kg/die), nicotinamide 
(1 mg/kg/die), pantothenate (0.2 mg/kg/die), 
biotin (0.04 mg/kg/die), cyanocobalamin (0.1 mg/
kg/die), ergocalciferol (8 IU/kg/die), calcium (1 mg/
kg/die), magnesium (0.35 mg/kg/die), phosphate 
(0.45 mg/kg/die), iron (0.2 mg/kg/die), 
manganese (0.01 mg/kg/die), copper (0.02 mg/
kg/die) and zinc (0.01 mg/kg/die) for 90 days‡

Improved sperm count in 30% of men 
(P = 0.009)

Uncontrolled trials

Kiliç 
et al.90 
(2005) 

n = 16 infertile men with varicocele Micronized purified flavonoid fraction (1 g/day for 
6 months)*

Relief of varicocele‑associated pain in 87.5% 
of men; improved spermiogram and color 
Doppler parameters (P <0.001) 

Takihara 
et al.93 
(1987) 

n = 36 infertile men with varicocele Zinc sulphate (440 mg daily for 60 days to 
2 years)§

Significant increase in sperm motility at 2 and 
12 months of therapy (P <0.05)

Yan 
et al.94 
(2004) 

n = 30 infertile men with varicocele Jingling (dose NR)§ Semen parameters and pregnancy rate 
improved in 76.6% of men (P <0.01); 
superoxide dismutase and zinc levels 
increased; cadmium levels reduced (P <0.01)

*Indicated as a therapeutic alternative to surgery. ‡Indicated as an adjuvant treatment to embolization. §Indicated as an adjuvant treatment to surgery. Abbreviation: NR, not reported. 
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response to oxidative stress is a key element for cellular 
survival. According to our hypothesis, germ cells can com-
pensate for the elevated levels of oxidative-stress markers 
measured in fertile men with varicocele, and protect sperm 
from damage. In infertile men with varicocele, these adap-
tive genetic responses might be overwhelmed, culminating 
in sperm dysfunction and cell death.

Antioxidant therapy
Oral antioxidants for varicocele-related infertility, either 
as a therapeutic alternative or as an adjuvant treatment 
to varicocele repair, have been studied in animals. For 
example, in a rat model of varicocele, the use of a NOS 
inhibitor (aminoguanidine) resulted in an increase in 
semen parameters and reduction in sperm DNA fragmen-
tation.83,84 Vitamin E has been also shown to significantly 
reduce seminal ROS levels in a rat model.85

In humans, few studies have explored the role of anti-
oxidants as a therapeutic alternative to varicocelectomy. 
Cavalleni et al.86 studied the effects of a 6-month course 
of the oral antioxidants l-carnitine (1 g/day) and acetyl-l-
carnitine (2 g/day) given with the anti- inflammatory 
cinnoxicam (30 mg suppository given every 4 days) in 
oligo zoospermic infertile men with or without varico-
cele. The researchers found that both men with low-grade 
varicocele and idiopathic oligo astenoteratozoospermia 
responded better to the combination than those who were 
prescribed placebo or just the anti oxidants (Table 6). In 
another study by the same group, a 1-year course of cin-
noxicam, which is anti-inflammatory agent, improved the 
semen quality of men with low-grade varicocele.87 Taken 
together, these results support the rationale of impaired fer-
tility caused by elevated oxidative stress in men with varico-
cele, and the beneficial effect of improving the antioxidant 
defense system by exogenous antioxidant administration.

Chinese medicines that exhibit antioxidant activity have 
also been explored as therapeutic alternatives to surgery 
in animal and human studies. Qiangjing, a herbal medi-
cine that when administered to rats with experimental 
varicocele, increased glutathione peroxidase and reduce 
malondialdehyde in epididymal fluid.88 Semisynthetic 
forms of bioflavonoid—a plant pigment that imparts 
colour to flowers and displays anti-inflammatory and 
antioxidant properties—have also been used in men 
with varicocele. Zampieri et al.89 administered 1 g/day 
of O-β-hydroxyethylrutoside in cyclical 3-month on/off 
therapy for 1 year to 36 infertile men with subclinical left-
sided varicocele. The authors observed a slowed progres-
sion of varicocele in treated patients compared with 95 
patients with subclinical varicocele who did not receive 
the bioflavonoid, but failed to demonstrate any protec-
tive effects against testicular growth arrest. Kiliç et al.90 
used micronized flavonoid supplements to relieve pain 
in normo zoospermic men with varicocele and found a 
marked increase in sperm motility. Oliva et al.91 reported 
that daily oral administration of the xanthine derivative 
pentoxifylline (1,200 mg), zinc (66 mg) and folic acid 
(5 mg) for 3 months improved sperm morphology.

Human studies comparing antioxidant or anti- 
inflammatory therapy to surgical repair are also scarce. In 

one study, Cavallini et al.87 showed superiority of varicocele 
repair in comparison with cinnoxicam (30 mg supposito-
ries used every 4 days for 12 months) to improve semen 
quality, especially when applied to high-grade varico celes. 
As adjuvant therapy, Paradiso Galatioto et al.92 treated 
men with a combination of N-acetylcysteine and several 
vitamins and minerals (vitamin C, vitamin E, vitamin A, 
thiamine, riboflavin, pyridoxine, nicotinamide, pantothen-
ate, biotin, cyanocobalamin, ergocalciferol, calcium, mag-
nesium, phosphate, iron, manganese, copper and zinc) and 
observed an improvement in sperm count in those with 
persistent oligozoospermia following varicocele emboli-
zation, but failed to demonstrate any beneficial effect of 
therapy on pregnancy rates at 1-year follow-up. Conversely, 
an uncontrolled study by Takihara et al.93 showed that 
zinc sulphate therapy (440 mg for 60 days) improved 
sperm motility and pregnancy rates after varicocelec-
tomy. Similarly, Yan et al.94 reported increases in seminal 
parameters and pregnancy rates, as well as a reduction in 
oxidative stress, in infertile men who received the Chinese 
medicine jingling, which is a herbal-derived substance with 
anti oxidant effects, after surgical varicocele repair.

Despite the potential advantages of antioxidant therapy 
to varicocele patients, a definitive conclusion of its indica-
tion cannot be drawn at the present time. Most published 
studies have inadequate designs and lack controls, which 
prompts an urgent need for well-designed trials. For the 
time being, antioxidant therapy will continue to be pre-
scribed by urologists treating men with infertility issues 
with or without varicocele, despite its critics.95

Conclusions
A number of variables can be measured to determine the 
extent of oxidative stress in men with varicocele. These 
include the seminal levels of ROS, malondialdehyde 
and total antioxidant capacity. Surgical varicocele repair 
is bene ficial not only for alleviating oxidative stress- 
associated infertility, but also for preventing the progres-
sive character of varicocele and its consequent systemic 
oxidative stress. As for antioxidant therapy, the lack of solid 
evidence and controlled randomized trials shed doubt to 
its clinical cost-effectiveness. Currently, anti oxidant treat-
ment modalities for varicocele-related infertility are poorly 
studied, and well-designed trials are needed.

Review criteria

An extensive search of studies examining the relationship 
between varicocele and oxidative stress was performed 
using search engines such as ScienceDirect, OVID, 
Google Scholar, PubMed and MEDLINE. The start and end 
dates for these searches were May 2011 and May 2012, 
respectively. The overall strategy for study identification 
and data extraction was based on the following key words: 
“varicocele”, “oxidative stress”, “reactive oxygen species”, 
“infertile men”, “varicocelectomy”, “infertility”, “semen 
parameters”, and “pregnancy rate” and the names of 
specific oxidative‑stress markers. Articles published 
languages other than English were also considered. 
Data that were solely published in conference or meeting 
proceedings, websites or books were not included. Websites 
and book‑chapter citations provide conceptual content only.
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