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Role of Oxidative Stress in
Pathogenesis of Varicocele and Infertility

Ashok Agarwal, Rakesh K. Sharma, Nisarg R. Desai, Sushil Prabakaran,
Antonio Tavares, and Edmund Sabanegh

This review summarizes the published literature about the role of oxidative stress in the pathophysiology of varicocele
and the beneficial effects of varicocele repair on oxidative stress. Literature survey was performed using the Medline,
EMBASE, BIOSIS, and Cochrane databases between 1993 and 2008 that were relevant to oxidative stress and
varicocele. Varicocele treatment can reduce reactive oxygen species levels and improve sperm parameters and
pregnancy rates, although it is still controversial with Assisted Reproductive Techniques outcomes. We conclude that
spermatozoal dysfunction in varicocele patients could be multifactorial, and oxidative stress-induced injury appears to

be one of the main causes.
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aricocele is characterized by abnormal tortuosity

and dilation of the veins of the pampiniform

plexus within the spermatic cord and is the most
common surgically correctible cause of male infertility.!
The prevalence of varicocele in the general population is
15%-20%, but it is notably greater (25%-40%) in infer-
tile couples with male factor infertility."*

Varicoceles are progressive and often appear at pu-
berty; they are more commonly (90%) found on the left
side.” However, it has long been recognized that left-
sided varicoceles can have bilateral effects.” Varicoceles
naturally occur in humans but not in other mammalian
species, and many proposed theories basically argue from
an anatomic standpoint. Varicoceles are theorized to
result from incompetent valves in the spermatic veins
resulting in increased pressure transmitted to the testic-
ular vein and causing retrograde blood flow down the
internal spermatic veins and cremasteric veins. Anatom-
ically, the left testicular vein is longer than the right
testicular vein and enters the left renal vein at a right
angle. In addition, more rarely, it can be compressed
between the descending aorta and the superior mesen-
teric artery, causing a “nutcracker” effect. The resultant
increase in renal vein pressure would then be transmitted
to the testicular vein, explaining the reason left-sided
varicocele is more common than right-sided varicocele.
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However, we believe that no single physiologic mecha-
nism has satisfactorily accounted for the development of
a varicocele, and it seems likely that the etiology is
multifactorial. '

Clinical varicocele is divided into 3 grades: grade 1,
palpable only during a Valsalva maneuver; grade 2, pal-
pable distension with the patient standing upright; and
grade 3, visible distension.* Clinical findings can be con-
firmed by noninvasive testing (power Doppler ultra-
sonography) to demonstrate retrograde blood flow during
the Valsalva maneuver.'

Varicocele-associated infertility can be related to many
factors, including histologic alterations, molecular/ge-
netic changes such as microdeletion of a Y chromosome,’
glutathione-S-transferase M1 gene polymorphisms, high
levels of testicular apoptosis defects in fibroblast-associ-
ated (Fas)-Fas ligand activity that regulates apoptosis at
the level of plasma membrane, caspase activity at the
cytoplasmic level or gene (Bax/Bcl-2) expression at the
nuclear level, and expression of heme oxygenase isoen-
zyme-1 (HO-1) on Leydig cell.®” Increased expression of
HO-1 in a varicocele testis could lead to greater carbon
monoxide levels, which is a co-factor in apoptosis.’

MALE INFERTILITY
AND OXIDATIVE STRESS

A relationship between infertility and the generation of
reactive oxygen species (ROS) has been established and
extensively studied.® ROS include hydrogen peroxide
and unstable free radicals with unpaired electrons in their
outer orbits (eg, the hydroxyl radical and superoxide
anion). Mitochondria and plasma membranes of morpho-
logically abnormal spermatozoa produce ROS through
the nicotinamide adenine dinucleotide phosphate-de-
pendent and nicotinamide adenine dinucleotide-depen-
dent oxidoreductase systems, respectively. Extracellular
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ROS are produced by leukocytes, mainly neutrophils. Leu-
kocytes are normally present in prostatic and seminal vesicle
secretions. During inflammation or infection, they are acti-
vated by way of cytokines and interleukins, increasing their
production of ROS. In addition, lifestyle and environmental
factors (smoking, pollution), medical conditions such as
varicocele and infection, and environmental factors (pollu-
tion, radiation) increase ROS production.!

Low levels of ROS are essential for normal fertilization,
capacitation, hyperactivation, motility, and acrosome reac-
tion. Excess production of ROS or decreased antioxidant
defenses in the seminal plasma induces oxidative stress
(OS), which damages spermatozoa. Sperm plasma mem-
branes are particularly susceptible to OS owing to their high
levels of polyunsaturated fatty acids that readily undergo
lipid peroxidation. Lipid peroxidation of the plasma mem-
brane affects the fluidity of the sperm plasma membrane and
causes functional defects in sperm-oocyte fusion. In addi-
tion, 4-hydroxy-2-nonenal—an aldehyde end product of
lipid peroxidation—is an alkylating agent that damages
DNA and forms adducts with proteins, inducing apoptosis.”
Thus, OS ultimately affects the genomic and mitochondrial
spermatozoa DNA, causing fragmentation and base degra-
dation. This could contribute to the molecular or genetic
changes that are responsible for several different pathologic
features, including infertility. It has been shown that sperm
DNA fragmentation inhibits normal activation of paternal
gene expression at the 4-cell stage of the developing embryo.

PATHOPHYSIOLOGY OF
MALE INFERTILITY IN VARICOCELE

The exact mechanism of impaired testicular function in
patients with varicocele has not yet been found.! Elevated
testicular and scrotal temperature, venous stasis and the
resultant hypoxia, reflux of adrenal breakdown products in
the testicular vein, lower intratesticular testosterone, and
androgen receptor defects are possible causes. The greater
resistance index and pulsatility index of the capsular
branches of the testicular artery indicate impaired microcir-
culation in patients with clinical varicocele.?

Spermatogenesis is temperature-sensitive and proceeds
optimally in men at 35°C. The internal spermatic artery
(surrounded by the pampiniform plexus) maintains the
testes at 35°C, 2.2°C lower than the core body temper-
ature. Varicocele causes an average increase of 2.6°C in
the scrotal temperature. The results from experimental
studies of elevated scrotal temperature have been con-
flicting. Considerable overlap exists between the range of
scrotal temperatures in infertile men with varicoceles and
the temperature range in fertile men. Furthermore, infer-
tile men with and without varicocele showed no differ-
ence in scrotal temperature. Nonetheless, it is well estab-
lished that varicocele repair in humans lowers the
testicular temperature.”

The presence of a varicocele is associated with de-
creased testicular volume and correlates with varicocele
grade. Grade 1 varicocele has less significant testicular
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volume loss than other grades as measured by ultrasonog-
raphy. The predominant testicular pathologic feature of
varicoceles is decreased spermatogenesis because of pre-
mature sloughing of immature germ cells into the lumen
of the seminiferous epithelium, sometimes in conjunc-
tion with maturation arrest. Not all men with varicocele
have poor sperm quality, and pregnancies have been
reported in the female partners of these patients.'® The
lack of consistent effects could be related to the hetero-
geneous expression of molecular/genetic defects.” Mor-
phologically, abnormal spermatozoa demonstrate disrup-
tion of the sperm head actin by cadmium, which is
present in high concentrations in men with varicoceles.
Furthermore, microdeletions of the alpha-1 subunit of
the sperm calcium channels in men with varicoceles
suggest a genetic defect that leads to abnormal acrosomal
function. This could explain why all men with varicoce-
les are not infertile.

A body of data has indicated that important sperm
functions can also be impaired in infertile patients with
varicoceles. Defects in sperm—cervical mucus interaction,
sperm survival in the female genital tract, sperm zona-
binding ability, acrosin activity, a decreased response to
the capacitating challenge, and a lower incidence and
intensity of tyrosine phosphorylation and acrosome exo-
cytosis have also been reported.”’

VARICOCELE AND 0S

Alterations in the testicular microenvironment and he-
modynamics can increase production of ROS and/or de-
crease the local antioxidant capacity, resulting in OS. A
large number of studies have elucidated the effects of
increased OS in the serum, semen, and testicular tissues
of patients with varicocele. Although it has been estab-
lished that OS is an important pathophysiologic factor
that causes impairment of sperm parameters in varico-
cele,! the etiology of OS elevation in association with
varicoceles is unclear. It could be the result of various
compensatory mechanisms that operate in patients with
varicocele and help to maintain spermatogenesis. Some
of them are detrimental to spermatozoa, because these
mechanisms can lead to upregulation or downregulation
of various pathways/molecular mechanisms involved in
generation of free radicals.!!*!

Possible Mechanisms

Some of the possible mechanisms include cytokines (in-
terleukins [ILs]), leptin receptors, nitric oxide (NO), glial
cell line-derived neurotrophic factor receptor-alpha-1,
voltage-dependent calcium channel, and HO-1.

Cytokines (ILs). ILs play a regulatory role in testicular
function. Normal levels of IL-1 modulate function of
Sertoli cells and Leydig cells and participate in spermat-
ogenesis and steroidogenesis. The expression of IL-1, a
potent pro-inflammatory activator, is upregulated during
experimental varicocele. This compensatory upregula-
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tion can contribute to the survival of highly immuno-
genic germ cells in testicular tissue. IL-1 generates free
radicals in many tissues, and the role of cytokines as a
mediator of OS is well known. This compensatory over-
expression can cause increased production of ROS in
varicocele testes, causing an inflammatory response that
is detrimental to testicular tissue. The levels of IL-6 and
ROS in semen have also been shown to correlate signif-
icantly with varicocele.'!

Leptin Receptors. In the male reproductive tract, leptin
and leptin receptors are expressed mainly on spermato-
cytes and Leydig cells. They regulate proliferation and
differentiation of testicular germ cells.'? In patients with
varicocele with oligospermia, leptin expression on germ
cells was significantly increased compared with fertile
patients and patients with obstructive azoospermia. This
could be a compensatory mechanism to maintain sper-
matogenesis.'> The antioxidant role of leptin has been
well reported. Leptin induces mitochondrial superoxide
production in aortic endothelial cells and also increase
lipid peroxidation in obese people.!*'* Although no di-
rect evidence has been demonstrated that leptin is asso-
ciated with OS in the presence of a varicocele, increased
expression of leptin on Leydig and germ cells in patients
with varicocele suggests a possible role for leptin in
inducing OS in those with varicocele.

Nitric Oxide. Locally produced NO is involved in the
regulation of testicular vasculature. NO is synthesized
from L-arginine by the catalytic activity of 3 different
isoforms of nitric oxide synthase: constitutive neuronal,
endothelial, and inducible NO synthase (NOS). Endothe-
lial NOS forms are normally expressed in Leydig cells and
testicular vasculature. In varicocele testes, the expression of
inducible NOS is upregulated to maintain testicular arterial
blood flow as a compensatory mechanism to increase blood
flow resulting from the hypoxia induced by venous stasis,
which may be detrimental to spermatogenesis. In some
adolescent patients with varicocele, increased malondialde-
hyde (MDA) levels occurred together with elevated NO
levels, indicating excessive lipid peroxidation.!”> NO reacts
with the superoxide anion to yield the active metabolites
peroxynitrite and peroxy nitrous acid, both of which are
strong oxidants. Peroxy nitrous acid interacts with cysteine
and with glutathione, and peroxynitrite produces nitroty-
rosine.'® A causal relationship between elevated intratestic-
ular temperatures with increased apoptosis in varicocele
owing to increased NO levels may exist (similar to that seen
in cryptorchidism). Studies have suggested a role for NO in
heat-induced apoptosis. The NOS inhibitor decreases apo-
ptosis and improves spermatogenesis in cryptorchidism, and
the “knock out” of NOS in mice leads to an increase in
testicular weight and sperm output, as well as resistance to
heat-induced apoptosis.

Glial Cell Line-derived Neurotrophic Factor Receptor-
;. Glial cell line-derived neurotrophic factor is a
growth factor in the brain that has a critical role in
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spermatogenesis. It plays a role in spermatogenesis and
DNA synthesis. Untreated varicocele has been shown to
cause decreased expression of glial cell line-derived neu-
rotrophic factor receptor-a; in perinuclear spermatids
and in the cytoplasm of Leydig cells.!” Glial cell line-
derived neurotrophic factor receptor-a; protects the neu-
ron from OS,'® and its reduced expression, reported in
various parts of varicocele testes, may account for the OS
in testes.

Voltage-dependent Calcium Channel. Cadmium enters
cells of seminiferous epithelium by way of the L-type of
the voltage-dependent calcium channel, containing the
a;. subunit. Deletion in the exon of this subunit causes
loss of ion selection properties and voltage-dependent
channel inactivation. Patients with varicocele have in-
creased levels of cadmium in their seminal plasma and
testes.'” The negative effects of cadmium can be medi-
ated by induction of the Fas ligand to trigger apoptosis;
indirect generation of the hydroxyl radical, superoxide
anion, hydrogen peroxide, and/or NO; and/or by reduc-
ing the zinc concentration (antioxidant). It does so by 3
different mechanisms: (a) protection of the protein sulf-
hydryl groups, (b) reduction of hydroxyl radical forma-
tion from hydrogen peroxide by antagonism of iron and
copper, which are redox-active transition metals, and (c)
serving as a co-factor in antioxidant enzymes.’® Cad-
mium has a direct antagonist effect on zinc by competing
with its binding sites. Hence, increased cadmium levels
in patients with varicocele suggest that poor semen qual-
ity in varicocele could be due to the reduced antioxidant
effect of zinc.

HO-Isoenzyme 1. Greater HO-1 expression may stimu-
late apoptosis; however, the expression level of HO-1 is
inversely correlated with 4-hydroxy-2-nonenal protein con-
centrations. This mechanism may be in place to protect the
testicular germ cell from OS in the presence of varicocele.”!
Greater HO-1 production can increase the carbon monox-
ide level and cause apoptosis of Leydig cells.

0S in Serum
OS in patients with varicocele is also induced by exces-
sive xanthine oxidase (a source of superoxide anion from
the substrate xanthine) and excessive NO (a reactive
nitrogen species) present in the spermatic veins of pa-
tients with varicocele.”” In some adolescent patients,
increased MDA levels occurred together with elevated
NO levels, indicating excessive lipid peroxidation.!” EI-
evated OS levels were limited to the spermatic vein in
adolescents, but in adults, systemic OS was evident.'®
These observations support the hypothesis that the neg-
ative effects of varicoceles on the testis are progressive,
reinforcing the argument for early varicocele repair.
Increased levels of NO in dilated varicocele veins may
be responsible for the spermatozoal dysfunction seen in
patients with varicocele.'” Consistent with the discussion
in the preceding section, oxidative damage to blood
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proteins, as evidenced by the accumulation of protein
carbonyls, is more extensive in patients with varicocele
in blood drawn from the spermatic veins than in blood
from the peripheral veins. This correlates with decreased
antioxidant capacity (catalase, superoxide dismutase [SOD],
glutathione peroxidase, protein thiols, and ascorbic acid
levels) in seminal plasma®?*?*

In addition, a body of data has suggested that increased
OS in serum is responsible for increased DNA damage
and apoptosis with varicoceles. One of the most abundant
oxidative products of DNA induced by ROS is 8-hy-
droxydeoxyguanosine. Increased levels of 8-hydroxydeox-
yguanosine in leukocytic DNA in the spermatic vs periph-
eral veins of infertile men with varicoceles correlated
positively with sperm mitochondrial DNA damage and neg-
atively with the standard parameters of semen analysis.”’

0S in Semen

Our group found that in patients with varicocele, the
level of seminal ROS correlated with the varicocele
grade®1216:.19.20.22-24.26-44 (Typle 1). Greater levels of
ROS were seen in the seminal plasma of patients with
grade 2 and 3 varicocele than in the seminal plasma from
men with grade 1 varicocele.’® Patients with varicocele
and infection produced the greatest amount of ROS,
followed by patients with varicocele alone.’’ A meta-
analysis of 4 studies published until 2006 showed that
patients with varicocele had significantly greater ROS
and lower total antioxidant capacity (TAC) levels. Sim-
ilar to the findings in the spermatic vein, the finding of
increased MDA and NO levels in the semen of patients
with varicocele is also suggestive of OS.?

Varicocele has been associated with increased numbers
of spermatozoa with abnormal morphology and residual
cytoplasm, and these numbers decrease after repair.”’ In
subjects without varicocele undergoing fertility screen-
ing, a strong association has been reported between the
relative ROS levels of immature, morphologically abnor-
mal spermatozoa and the TAC levels in the seminal
plasma. This suggests that as the relative ROS levels in
morphologically abnormal (ie, with excessive presence of
cytoplasm) spermatozoa increase, the TAC levels de-
crease. This also indicates an association with an in-
creased consumption of soluble, nonenzymatic antioxi-
dants in the semen.

Sharma et al.?® developed the ROS-TAC score using a
principal component analysis. This score is a better pre-
dictor of infertility than the individual measurements of
ROS or TAC. A ROS-TAC score of <30 indicates that
a patient has elevated OS in his serum.?® The ROS-TAC
score in the seminal plasma of patients with varicocele
was found to be significantly lower than that in normal,
healthy men.>

Thus, it is the balance between ROS production and
the antioxidant status that appears to be important. In
addition to elevated ROS levels, the antioxidant status
appears to be decreased in men with varicocele. Our
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results showed decreased levels of seminal antioxidants in
patients with varicocele, in addition to poor motility and
morphology. A low total reactive antioxidant potential
was reported in patients with varicocele, and a gradual
decline was seen in the total reactive antioxidant poten-
tial value among normozoospermic, oligoasthenozoosper-
mic, and asthenozoospermic patients.

Co-enzyme Q10 (CoQ10) is mainly associated with
intact spermatozoa. CoQ10 and its reduced and oxidized
forms (ubiquinol and ubiquinone) were low in the sperm
from patients with varicocele plus asthenozoospermia.’*
These compounds are lipid-soluble, chain-breaking anti-
oxidants that protect sperm against the deleterious effects
of ROS. In the presence of varicocele, the amount of
CoQI10 in the seminal plasma is markedly increased,
suggesting the loss of intracellular buffering against free
radical damage. In one study, the CoQ10 levels in seminal
plasma declined after surgical varicocele correction and the
concentrations of other antioxidants such as SOD, catalase,
glutathione peroxidase, and vitamin C in the seminal
plasma increased, along with an improvement in sperm
quality within 3 months after the procedure.’? Glutathione-
S-transferase M1 gene polymorphism is responsible for in-
creased 8-hydroxydeoxyguanosine content in sperm DNA
and lower antioxidant levels in seminal plasma in some
patients.25

Effect of

Varicocelectomy on Various Markers of 0S
Varicocelectomy is a cost-effective treatment.™'© It has
been shown to normalize various biomarkers of OS. Var-
icocelectomy both decreases and normalizes the incidence
of 4977-bp mitochondrial DNA deletion, 8-hydroxy-2'-
deoxyguanosine content in sperm DNA, oxidative DNA
damage, thiobarbituric acid reactive substance (in seminal,
as well as peripheral, plasma), and nitrate plus nitrite con-
tent.>?*324! In addition, varicocele repair also normalizes
the levels of nonenzymatic antioxidants (both hydrosoluble,
lipid soluble, and minerals, such as a-tocopherol, ascorbate,
retinol, selenium, and zinc, as well as TAC).® However, the
findings from studies of varicocele and enzymatic antioxi-
dants have been conflicting and are discussed later. The
levels of 4-hydroxy-2-nonenal modified proteins in the testis
were reported to be significantly greater in patients with
varicocele who responded to varicocele repair. Therefore,
ROS are not only involved in the pathophysiology of var-
icocele, but also patients with high levels of ROS should be
considered as favorable candidates for varicocelectomy.®® A
discussion about the effects of varicocelectomy on other
parameters such as semen parameters and pregnancy is be-
yond the scope of this report.

0S in Testes

In a study by Koksal et a it was found that lipid
peroxidation is increased in patients with varicocele and
that the level of lipid peroxidation depended on the
varicocele grade, with the greatest level seen in patients

l.,30
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with grade 3 varicocele. However, an animal study con-
ducted by the same group showed that OS might not
explain testicular dysfunction in rats with experimentally
induced varicocele. In 2003, the same group reported
elevated levels of MDA in the testicular tissue of infertile
patients with varicocele and implicated ROS as the cause
of the testicular dysfunction.*® Consistent with this, the
expression of 4-hydroxy-2-nonenal modified proteins in
testicular biopsy increases with the grade of varicocele
and also correlates with increasing patient age, again
providing evidence that the effects of varicocele are
progressive.”! 4-Hydroxy-2-nonenal modified p53 expres-
sion in testes was also greater in patients with varicocele
compared with that in fertile adults.” 8-Hydroxy-2'-de-
oxyguanosine is a marker of OS. Its expression has also
been reported to increase in the testicular tissue of pa-
tients with varicocele.*

Cadmium deposition in the testis induces OS, and
human studies have reported greater cadmium levels in
patients with varicocele. These could affect sperm quality
directly by affecting spermatogenesis or indirectly by in-
creasing OS. In terms of a direct effect, increased cad-
mium could disrupt Sertoli cell actin, block spermiation,
disrupt membrane integrity by causing loss of sperm head
actin, and damage the actin cytoskeleton. Changes in
sperm head actin have been implicated in the acrosome-
reaction deficits associated with varicoceles. The indirect
effects of cadmium in inducing OS could be responsible
for the association detected between testicular cadmium
levels and germ cell apoptosis.'”

Controversies in Role of 0S

in Pathophysiology of Varicocele

Despite the above-mentioned findings, the role of OS
and semen antioxidants in the etiology of varicocele-
associated infertility is not without controversy. The OS
levels in fertile men with varicoceles and infertile men
with varicoceles are similar.”?®?” In addition, a recent
study reported no significant difference in ROS levels
between fertile men with and without varicocele and a
lack of any correlation of ROS level with varicocele
grade.’® Furthermore, it has been suggested that the ef-
fects of OS are time dependent and are not yet mani-
fested in fertile men with varicoceles.””

Some studies have indicated that the concentration of
antioxidants in seminal plasma is greater in subjects with
varicoceles—both before and after varicocelectomy—
compared with normozoospermic and oligozoospermic
controls.*” Another recent study reported greater levels
of SOD and catalase in the erythrocytes of patients with
varicocele compared with the levels in age-matched fer-
tile men. These levels normalized after varicocelectomy.’
Ozbek et al.¥* demonstrated greater SOD and glutathione
peroxidase activity in the internal spermatic vein com-
pared with the brachial veins of the same patients.
Greater SOD activity in the semen was reported among
patients with varicocele and was normalized after varico-
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celectomy.** Thus, the use of antioxidants might be
inefficient in infertile men with varicocele or a compen-
satory increase in antioxidant enzyme activity might oc-
cur in patients with varicocele. That OS is a known
inducer of apoptosis suggests that OS could be a contrib-
uting factor to infertility in these patients and explains
why antioxidants can help.

STRATEGIES

Oral administration of the antioxidant vitamins C, D,
and E reduces the sperm DNA damage attributable to
ROS and has improved sperm function and conception
rates in vivo in men without varicoceles.*® However,
scavenger therapies have focused primarily on the use of
glutathione to decrease lipid peroxidation damage to
sperm.” Limited clinical experience has suggested that
the administration of reduced glutathione is therapeuti-
cally efficacious in reducing lipid peroxidation and in-
creasing sperm motility in subfertile men with varicoce-
les.” The data from infertile men with varicoceles showed
seminal zinc levels decreased with a concomitant in-
crease in seminal plasma cadmium levels. In addition, it
has been reported that men who remained infertile after
varicocelectomy have low levels of seminal plasma zinc.*’
Among these patients, the semen parameters and preg-
nancy rates have improved with oral zinc therapy.’

Although some reports have been published on the
benefits of antioxidative therapies on infertility, most of
the studies were not randomized, or controlled with pla-
cebo. Also, only seldom were the pregnancy rates re-
ported, and if they did, these were with a small number of
patients. A study from China reported that the adminis-
tration of an herbal remedy Jingling Oral Remedy to men
after varicocele surgery reduced the seminal cadmium
levels and increased the seminal zinc and SOD levels.”®
It is believed to increase the antioxidant levels. Jingling
Oral Remedy has been reported to improve and regulate
the reproductive hormone disturbances in infertile pa-
tients treated for varicocele after varicocelectomy. It was
able to enhance the semen quality and increase the
pregnancy rates. The pregnancy rate in the treated group
was 76.6% compared with 40.0% in the control group, a
significant difference (P < .05). The reproductive hor-
mones were also improved in both groups (P < .01). In
the treated group, the SOD and zinc levels in semen
increased, and that of cadmium decreased, after treat-
ment compared with those before treatment; these dif-
ferences were significant (P < .05). From these findings,
patients with varicocele may benefit from a regimen of
antioxidant supplementation, although this needs to be
validated by large multicenter clinical trials.

CONCLUSIONS

The negative effects of varicocele on fertility are widely
recognized. Researchers have shown that varicocele-me-
diated spermatozoa damage might be the major cause of
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Table 1. Oxidative stress in treated and untreated patients with varicocele

Investigator
Weese et al.?®

Hendin et al.?”

Sharma et al.2®

Zini et al.?®
Koksal et al.=°

Pasqualotto et al.3t

Chen et al.?®

Mostafa et al.>2

Pasqualotto et al.>3

Romeo et al.??

Balercia et al.®*

Romeo et al.*®

Allamaneni et al.>®

Benoff et al.1®

Patients (n)
Fertile patients with palpable varicocele
(n=17)
Infertile patients with varicocele (n = 21)
Incidental patients with varicocele (n = 15)

Patients with varicocele (n = 55)

Infertile males with varicocele (preoperative,

n = 43)
Patients with varicocele (n = 15)

Patients with varicocele (n = 77)

Patients with varicocele (n = 30)

Patients with subclinical varicocele (n = 25)

Infertile males with varicocele (Preoperative,

n = 68)

Patients with varicocele (n = 16)

Adolescent patients with idiopathic
varicocele grade 2 and 3 (n = 10)

varicocele-associated asthenozoospermic
patients (n = 12)

Adolescents with varicoceles (n = 10),
median age 13y

Infertile men with unilateral varicocele
(n = 46)

Infertile men with left varicocele (n = 47)

Controls (n)

Fertile patients without
varicocele (n = 14)
Normal donors (n = 17)

Healthy donors (n = 24)

Patients after varicocelectomy
(n = 43)
Normal males (n = 10)

Normal donors (n = 11)

Normal males (n = 15)

Postoperative infertile males
(n = 68)

Treated male factor patients
(n = 52)
Healthy donors (n = 19)

Self controls (n = 10)

Controls (n = 5)

Nitrotyrosine in plasma of
controls
Grade 1 varicocele (n = 15)

Men with obstructive
azoospermia (n = 16)

Comment

Increase in chemoattractant stimulated ROS

Low levels of seminal total antioxidant levels in varicocele (P = .02)
and incidental patients with varicocele (P = .05) compared with
controls

Higher log (ROS + 1) levels in patients with varicocele (2.10 =
1.21 X 10° cpm) compared with controls (1.39 = 0.73 X 10°
cpm); lower ROS-TAC levels in patients with varicocele (50.0 =
10.0) compared with controls (34.87 = 13.54)

Decrease in % of spermatozoa with residual cytoplasm

Increasing MDA levels in men with subclinical, grades 1-3 varicocele
(15.7, 32.9, 37.1, 86.9 pmol/mg)

Mean ROS levels in patients with varicocele (2.2 + 0.13 X 10°
cpm) greater than in controls (1.3 = 0.3 X 10° cpm); lower
levels of TAC in patients with varicocele (1173.05 = 58.07 trolox
equivalents) compared with controls (1653.98 = 115.29 trolox
equivalents)

Greater concentrations of protein carbonyls in spermatic vein of
patients with varicocele (3.72 = 0.56 nmol/mg protein) and
subclinical varicocele (3.50 = 0.30 nmol/mg protein) compared
with control group (2.35 = 0.33 nmol/mg protein)

Greater levels of preoperative MDA (23.2 = 2.7 nmol/mL),
hydrogen peroxide (45.2 + 10.2 umol/mL), nitric oxide (5.8 = 10
nmol/L) compared with 3-mo postoperative MDA (15.3 + 4.6
nmol/L), hydrogen peroxide (39.4 = 7.9 umol/mL), and nitric
oxide (5.5 = 0.9 nmol/L) levels

Elevated log (ROS + 1) levels in patients with varicocele (1.46 *=
0.22 X 10° cpm) compared with controls (1.39 = 0.16 X 10°
cpm); lower ROS-TAC levels in patients with varicocele (50.5 =
2.1) compared with controls (39.0 = 3.1)

Significantly increased serum L-NHA levels in spermatic veins
compared with levels in peripheral veins (176.8 = 32.3 mmol/L
vs 3.38 = 0.64 mmol/L; P < .0004)

Low level of CoQ10 in patients with varicocele (3.08 = 0.14 ng/
10°® sperm) compared with controls (4.63 + 0.26 ng/10° sperm)

NO-mediated OS limited to testis of adolescents with varicocele;
systemic stress, as described in adults, was not observed

Increased ROS levels in seminal plasma in patients with grade 2
and 3 varicocele compared with patients with grade 1 (P = .02)

Increased apoptotic nuclei in men with varicocele (1.3%-53.9%)
compared with controls (7.3%-13.9%)

Continued
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Table 1. Continued

Investigator
Turkyilmaz et al.*®

Benoff et al.2°

Agarwal et al.3®

Cervellione et al.3”

Mostafa et al.?*

Coccuza et al.®®

El Karaksy et al.3®°

Hurtado de Catalfo
et al.®

Ishikawa et al.*°
Shiraishi et al.®

Chen et al.**

Pasqualotto et al.*?

Ozbek E et al.*®

Sakamoto et al.**

Patients (n)

Blood specimens obtained from dilated
spermatic and peripheral veins of
adolescents with left idiopathic varicocele,
grade 2-3 (n = 13)

Infertile men with varicocele (n = 44)

Meta-analysis OS, varicocele and infertility
(23 studies)

Children with left-sided varicocele
(n = 11; age 10-16 y)

Blood sample from internal spermatic vein
(n = 68, oligoasthenozoospermic patients
undergoing varicocelectomy)

33 fertile men with varicocele (grade 1,

n = 14; grade 2, n = 11; grade 3,
n=238)

Asthenozoospermia with scrotal varicocele
(n = 32)

Infertile varicocele with unilateral varicocele
(n = 36)

Varicocele (n = 36)
Varicocele (n = 20)

Subfertile men with varicocele (n = 30)

Infertile patients (n = 21) with varicoceles

Primary infertile varicocele (n = 15)

Oligozoospermic patients with varicocele
(n = 15); normozoospermic varicocele
patient (n = 15)

Controls (n)

13 Healthy children as
controls

Men with obstructive
azoospermia (n = 7)

1 y After varicocelectomy

Blood sample from median
cubital vein of same
patients (n = 68)

81 Normal fertile men and 30
infertile men without
varicocele

Normozoospermic fertile
controls (n = 46)

Age-paired proved fertile men
(n = 33); postoperative
infertile men

Normal volunteers (n = 5)

Fertile adults (controls,
n=2_8)

6 mo After varicocelectomy
(same patients)

17 Healthy fertile men

Normal subjects (n = 10)

Oligospermic (n = 15) and
normozoospermic patients
without varicocele and after
varicocelectomy

Comment

Increased NO(x) levels with lipid oxidation occur locally in
adolescent varicocele, implying that these events could be
reversed by early treatment

Expression of undeleted L-type calcium channel mRNAs correlates
with normal testicular cadmium and increased sperm count after
varicocelectomy

Significant increase in OS (high ROS, P = .00001 and low TAC
concentrations (P < .00001) in infertile patients with varicocele

TBARS level significantly reduced in pampiniform plexus 1 y after
varicocelectomy

Significantly greater ROS markers and lower antioxidant in internal
spermatic vein compared with median cubital vein

No significant difference in ROS level between fertile men with and
without varicocele; ROS levels did not significantly correlate with
varicocele grade (neat and washed semen)

Significantly greater mast cells in semen of asthezoospermic
patients with varicocele

Increase in markers of OS in patients’ semen, as well in peripheral
blood, compared with controls; decreased in lipid and water
soluble nonenzymatic antioxidants (ascorbate, alpha-tocopherol,
retinol) in sperm; increased activity of SOD and catalase in
erythrocytes; normalization of all parameters within 3-6 mo

Increased expression of 8 OH-dG in testicular tissues of patients
with varicocele; it is associated with deficient spermatogenesis

Increased expression of 4-hydroxy-2-nonenal modified p53 in
patients with varicocele patients

Significant decrease of 4977-bp deletion of mitochondrial DNA in
sperm and level of 80H-dG in sperm DNA, and increase in
seminal plasma protein thiols and ascorbic acid

Increase in ROS, decrease in TAC, and decrease in ROS-TAC score
in infertile patients with varicocele

Activity of SOD and GSH-PX was greater in internal spermatic vein
of patients with varicocele compared with brachial veins of same
patients; activity of SOD and GSH-PX in internal spermatic vein of
patients also greater compared with normal subjects

Significantly greater NO, HEL, SOD activity in seminal plasma of
patients with varicocele compared with infertile patients with
normal semen parameters; greater IL-6 level in oligospermic
patients with varicocele and reduction in NO, HEL, 8-OH-dG, IL-6
level, and SOD activity after varicocelectomy

MDA = malondialdehyde; 8-OH-2’-dG = 8-hydroxy 2-deoxyguanosine; dG = deoxyguanosine; TRAP = total reactive antioxidant potential; ROS = reactive oxygen species; TAC = total antioxidant
capacity; L-NHA = N-hydroxyl L-arginine; NO = nitric oxide; NOS = NO synthase; XO = xanthine oxidase; TBARS = basal thiobarbituric acid reactive substance; HEL = hexanoyl-lysine; CoQ10 =
coenzyme Q10; OS = oxidative stress; SOD = superoxide dismutase; IL = interleukin; GSH-PX = glutathione peroxidase.



infertility in this group of patients. Although many dif-
ferent mechanisms have been proposed as the cause of
spermatozoal injury, varicocele-induced OS could be the
leading etiologic factor.

Several investigators have demonstrated that ROS
production is elevated in patients with varicocele. Other
investigators have reported a low level of nonenzymatic
antioxidants in patients with varicocele, lowering their
ability to counter the increased ROS production. We
have reported the pathologic mechanisms of ROS pro-
duction through various metabolic pathways in patients
with varicocele. Some compensatory molecular mecha-
nisms lead to OS, and some might protect from it.

Studies have consistently reported that OS damages
sperm DNA and leads to spermatozoal dysfunction. OS is
one of the important factors leading to sperm damage and
subsequent consecutive infertility in patients with vari-
cocele. Future clinical trials in this area are needed to
provide a conclusive answer by allowing the determina-
tion of the ROS type that is elevated, allowing for the
selection of appropriate antioxidants to treat the OS.
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