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Increased levels of oxidants and reduced
antioxidants in semen of infertile men
with varicocele
Significantly higher levels of oxidants (malonaldehyde and nitric oxide) and reduced levels of antioxidants (super-
oxide dismutase, glutathione peroxidase, catalase, and ascorbic acid) are seen in semen of infertile men with var-
icocele. Seminal oxidative stress (OS) seen in men with varicocele is associated with sperm motility and grade of
varicocele. (Fertil Steril� 2010;94:1531–4. �2010 by American Society for Reproductive Medicine.)
Varicocele is found in�15% of the general population and in 19%– excessive release of NO within the dilated spermatic veins in sub-

41% of men presenting for infertility investigations. The incidence
of varicocele in men with secondary infertility is �70%–80% (1).
Defective spermatogenesis in some patients with varicocele has
been attributed to many factors, including reflux of toxic metabo-
lites from an adrenal or renal origin, disturbed hormone status, sper-
matic venous hypertension, testicular hypoxia secondary to stasis,
and abnormal temperature regulation (1). Recent studies have elu-
cidated the effects of increased oxidative stress (OS) in the serum,
seminal ejaculates, and testicular tissues of patients with varicocele
(2–7). Increased levels of seminal OS have been correlated with
sperm dysfunction through different mechanisms which include
lipid peroxidation of the sperm plasma membrane and impairment
of sperm motility and fertilizing capacity (8, 9) and high frequen-
cies of single and double DNA strand breaks reported to negatively
correlate with natural as well as assisted fertility (7–9).

Nitric oxide (NO) originates from different sources in the male
genital tract, including phagocytes, endothelial cells, and smooth
muscle cells (10). Nitric oxide is derived from oxidative deamina-
tion of the amino acid L-arginine by the effect of the enzyme NO
synthase (11–13). The reaction of NO with superoxide anion re-
sults in formation of the more noxious oxidant peroxynitrite,
which is highly toxic to sperm (14). Recent reports indicated an
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fertile patients with varicocele (2, 15–18).

The objectives of the present study were to: 1) compare levels of
seminal oxidants [malondialdehyde (MDA) and NO] and antioxi-
dants [superoxide dismutase (SOD), glutathione peroxidase
(GPX), and catalase (CAT), and ascorbic acid] in infertile men
with varicocele and in a control group of fertile men with normal
genital examination; and 2) determine the relationship between
levels of seminal oxidants and antioxidants in infertile men with
the varicocele grade and sperm parameters.

After institutional approval, this prospective study was con-
ducted between January 2007 and January 2008. The study in-
cluded 36 infertile men with varicocele and a control group of 18
fertile men with normal genital examination. Clinical diagnosis
of varicocele was confirmed by scrotal Doppler ultrasonography.
A radiologic diagnosis of varicocele was made when one or more
veins had a maximal diameter of >3 mm and retrograde flow was
seen either at rest or under Valsalva maneuver. Patients with
a history of smoking or recent genital tract infection were excluded.
Patients who had received medical treatment for infertility during
the 6 months before enrolment in the study were also excluded.

Sperm parameters (sperm concentration, percent motility, and
sperm morphology) were determined according to the World
Health Organization (WHO) guidelines (19). Patients who had leu-
kocytospermia (peroxidase-positive leukocytes >1 � 106/mL se-
men) were excluded. Liquefied semen aliquots were centrifuged
at 300g for 7 minutes. The seminal plasma was aliquoted and
frozen at�20�C. Colorimetric method was used to measure levels
of seminal plasma lipid peroxidation, nitric oxide, ascorbic acid,
CAT, GPX, and SOD (10, 20–25).

Continuous variables among the groups were compared using
Kruskal-Wallis tests. Correlation between variables was calculated
using the Spearman nonparametric method. All analyses were cal-
culated with SPSS statistical software package (version 8.0).
Values are presented as mean � SD. Statistical significance was
considered to be at P<.05.

Out of the 36 infertile men, eight had grade 1, 14 grade 2, and
14 grade 3 varicocele. Compared with control subjects, the infer-
tile men with varicocele had a significantly lower sperm concen-
tration (14 � 2% vs. 85 � 19%; P¼.001), motility (30 � 7% vs.
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FIGURE 1

Association of oxidative stress markers and antioxidants with sperm motility. (A) Linear correlation between seminal malondialdehyde (MDA)

and sperm motility. (B) Linear correlation between seminal nitric oxide (NO) and sperm motility. (C) Linear correlation between seminal

ascorbic acid and sperm motility. (D) Linear correlation between seminal glutathione peroxidase (GPx) and sperm motility. (E) Linear

correlation between seminal catalase (CAT) and sperm motility. (F) Linear correlation between seminal superoxide dismutase (SOD) and
sperm motility.

Abd-Elmoaty. Correspondence. Fertil Steril 2010.
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70 � 10%; P ¼.01), and normal sperm forms (30 � 7% vs. 72 �
12%; P¼.001). Similarly compared with control subjects, infertile
men with varicocele had a significantly higher percentage of sperm
with head (16� 4% vs. 8� 2%; P¼.001), midpiece (10� 3% vs. 6
� 2%; P¼.001), and tail (22� 4% vs. 14� 4%; P¼.001) defects.
Similarly compared with fertile control subjects, infertile men
with varicoceles showed increased levels of MDA (13.5 � 2.8
532 Abd-Elmoaty et al. Correspondence
pmol/mg vs. 8.4 � 1.3 pmol/mg; P¼.01) and NO (17.9 � 4.1
vs. 11.3 � 1.0 mmol/L; P<.05). CAT, SOD, GPX, and ascorbic
acid were significantly lower in infertile men with varicocele
compared with fertile men (P values < .05, .01, .01, and .05, re-
spectively). A comparison of seminal plasma concentrations of
MDA, NO, CAT, SOD, GPX, and ascorbic acid in the three groups
of infertile men with varicocele (grades 1, 2 and 3) showed that
Vol. 94, No. 4, September 2010
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only SOD and ascorbic acid levels were significantly reduced
(P<.05) between grades 1 and 2. Significantly higher levels of
MDA (P<.001) and NO (P<.001) were seen and antioxidant
levels were significantly lower in grade 1 versus grade 3 varicocele
(CAT: P<.01; SOD: P<.01; GPX: P¼.01; and ascorbic acid:
P<.01). Similarly, comparison between grade 2 and grade 3
showed significantly higher levels of MDA (P<.01) and NO
(P<.01) and lower antioxidant levels (CAT: P<.05; SOD:
P¼.01; GPX: P¼.01; and ascorbic acid: P<.05).

A significant negative correlation was seen between sperm mo-
tility and seminal plasma concentrations of MDA (P<.01; r ¼
�.94; Fig. 1A) and NO (P<.05; r¼�.92; Fig. 1B). Sperm motility
correlated with seminal plasma concentrations of ascorbic acid
(P<.01; r ¼ .85; Fig. 1C), GPX (P<.01; r ¼ .89; Fig. 1D), CAT
(P<.05; r ¼ 97; Fig. 1E), and SOD (P<.05; r ¼ 91; Fig. 1F).

Despite a high incidence of varicocele among the infertile pop-
ulation, the exact mechanism(s) of varicocele-mediated sperm
dysfunction has not yet been resolved (1). A recent review indi-
cated that free radicals in semen, including reactive oxygen and ni-
trogen species, play a crucial role in the pathogenesis of
varicocele-mediated male infertility (7). The present results
showed significantly increased levels of oxidants (MDA and
NO) and reduced levels of enzymatic (CAT, SOD, GPX) and non-
enzymatic (ascorbic acid) antioxidants in the semen of infertile
men with varicocele. Similar results have been recently reported
by Mostafa et al. (3), who compared MDA, hydrogen peroxide,
and five antioxidants (CAT, SOD, GPX, and vitamins C and E)
in fertile and infertile men with and without varicocele. Those au-
thors concluded that varicocele is associated with OS even in fer-
tile normozoospermic men. In addition, the authors speculated that
men with varicocele may have a threshold value of OS over which
male fertility may be impaired.

The present findings are in agreement with the results of earlier
studies using the chemiluminescence technique which allowed
collective measurement of seminal reactive oxygen species
(ROS) and total antioxidant capacity (TAC) (4) and, more recently,
the use of ROS/TAC score as an index for OS (26, 27). The present
study also found that infertile men with grade 3 varicocele had sig-
nificantly higher levels of seminal oxidants and significantly lower
levels of seminal antioxidants than those with grade 1. These ob-
servations agree with the findings of earlier studies (28, 29). How-
ever, one recent study did not find a relationship between levels of
OS and the grade of varicocele in a fertile population (30).

The present study also found a significant reduction in sperm
concentration, motility, and normal sperm forms in infertile men
with varicocele compared with fertile men with normal genital ex-
amination. In 1992, WHO reported data from 9,034 infertile men
from 34 centers in 24 countries and showed that those with varico-
cele had a lower total sperm count per ejaculate (31). In a more
ertility and Sterility�
recent study, all sperm parameters were found to be significantly
lower in 40 patients with varicocele than in 40 fertile subjects,
and no correlation was found between varicocele grades (32).
This is contrary to a report by Zargooshi (33) in which the majority
of patients with high-grade varicocele had increased normal sperm
output. In addition, higher grades of varicocele were not associated
with more pronounced deleterious effects on sperm concentration
and percentage motility.

Interestingly, we found that the infertile men with varicocele
had a significantly higher percentage of sperm with midpiece de-
fects than the normal fertile men. It has been indicated that sperma-
tozoa with midpiece defects and excess residual cytoplasm are
major sources of ROS production in infertile men (34). Retention
of residual cytoplasm by spermatozoa is positively correlated with
ROS generation via mechanisms that may be mediated by the cy-
tosolic enzyme glucose 6-phosphate dehydrogenase (35).

The finding in the present study of increased levels of NO in
seminal plasma in infertile patients with varicocele and its nega-
tive correlation with sperm quality is in agreement with earlier re-
ports showing the harmful effects of NO mediated by biologically
active molecules produced by reaction of NO with oxidant mole-
cules (36–38). Activation of the inducible isoform of NO causes
injury, because its toxicity is greatly enhanced when it combines
with O2

� to generate peroxynitrite. These are strong oxidant
molecules that can cause molecular damage to a variety of tis-
sues. The peroxynitrous acid produced reacts with the cysteine
residues of proteins or glutathione, forming S-nitrosothiols.
Both increased oxidants and reduced antioxidants, together with
increased peroxynitrites, overwhelm the repair mechanisms in
men with varicocele (37).

In the present study, levels of seminal plasma antioxidants were
significantly lower in the patients with varicocele than in the nor-
mal fertile control subjects. We found that reduced sperm motility
in the infertile men with varicocele was correlated with low levels
of seminal antioxidants. An earlier study indicated that varicoce-
lectomy reduces ROS levels and increases antioxidant activity of
the seminal plasma in infertile men with varicocele (39).

In conclusion, the present results confirm the findings of earlier
studies showing the presence of significantly increased amounts of
seminal OS in patients with varicocele. This increase was evident
regardless of the method used to assess seminal OS. We also found
a significant negative relationship between seminal OS and sperm
parameters, which indicates that seminal OS plays an important
role in the pathogenesis of varicocele-mediated male infertility. Fi-
nally, seminal OS levels were higher in the patients with high
grades of varicocele, which may have important clinical implica-
tions. Infertile men should be counseled regarding the importance
of early diagnosis and treatment of varicocele as a way to reduce
the negative effects of seminal OS on their fertility potential.
REFERENCES
1. Naughton CK, Nangia AK, Agarwal A. Varicocele

and male infertility: part II. Pathophysiology of var-

icoceles in male infertility. Hum Reprod Update

2001;7:473–81.

2. Mostafa T, Anis TH, Ghazi S, El-Nashar AR,

Imam H, Osman IA. Reactive oxygen species and

antioxidants relationship in the internal spermatic
vein blood of infertile men with varicocele. Asian

J Androl 2006;8:451–4.

3. Mostafa T, Anis T, Imam H, El-Nashar AR,

Osman IA. Seminal reactive oxygen species–

antioxidant relationship in fertile males with

and without varicoceles. Andrologia 2009;41:

125–9.
4. Hendin B, Kolettis P, Sharma RK, Thomas AJ Jr,

Agarwal A. Varicocele is associated with elevated

spermatozoal reactive oxygen species production

and diminished seminal plasma antioxidant capac-

ity. J Urol 1999;161:1831–4.

5. Chen SS, Chang LS, Wei YH. Oxidative damage to

proteins and decrease of antioxidant capacity in
1533



1

patients with varicocele. Free Radic Biol Med

2001;30:1328–34.

6. Barbieri ER, Hidalgo ME, Venegas A, Simth R,

Lissi EA. Varicocele-associated decrease in antiox-

idant defenses. J Androl 1999;20:713–7.

7. Agarwal A, Sharma RK, Desai NR, Prabakaran S,

Tavares A, Sabanegh E. Role of oxidative stress in

pathogenesis of varicocele and infertility. Urology

2009;73:461–9.

8. Sharma RK, Agarwal A. Role of reactive oxygen

species in male infertility. Urology 1996;48:

835–50.

9. Agarwal A, Makker K, Sharma R. Clinical rele-

vance of oxidative stress in male factor infertility:

an update. Am J Reprod Immunol 2008;59:2–11.

10. Davies MG, Fulton GJ, Hagen PO. Clinical biology

of nitric oxide. Br J Surg 1995;82:1598–610.

11. Zini A, O’Bryan MK, Schlegel PN. Nitric oxide

synthase activity in human seminal plasma. Urol-

ogy 2001;58:85–9.

12. Herrero MB, de Lamirande E, Gagnon C. Tyrosine

nitration in human spermatozoa: a physiological

function of peroxynitrite, the reaction product of ni-

tric oxide and superoxide. Mol Hum Reprod

2001;7:913–21.

13. Rosselli M, Dubey RK, Imthurn B, Macas E,

Keller PJ. Effects of nitric oxide on human sperma-

tozoa: evidence that nitric oxide decreases sperm

motility and induces sperm toxicity. Hum Reprod

1995;10:1786–90.

14. Weinberg JB, Doty E, Bonaventure J, Haney AF.

Nitric oxide inhibition of human sperm motility.

Fertil Steril 1995;64:408–13.

15. Mitropoulos D, Deliconstantinous G, Zervas A,

Villiotou V, Dimopoulos C, Stavrides J. Nitric oxide

synthase and xanthine oxidase activities in the sper-

matic vein of patients with varicocele: a potential

role for nitric oxide and peroxynitrite in sperm dys-

function. J Urol 1996;156:1952–8.

16. Ozbek E, Turkoz Y, Gokdeniz R, Davarci M,

Ozugurlu F. Increased nitric oxide production in

the spermatic vein of patients with varicocele. Eur

Urol 2000;37:172–5.

17. Balercia G, Moretti S, Vignini A, Magagnini M,

Mantero F, Boscaro M, et al. Role of nitric oxide

concentrations on human sperm motility. J Androl

2004;25:245–9.
534 Abd-Elmoaty et al. Corresponde
18. Vignini A, Nanetti L, Buldreghini E, Moroni C, Ric-

ciardo-Lamonica G, et al. The production of perox-

ynitrite by human spermatozoa may affect sperm

motility through the formation of protein nitrotyro-

sine. Fertil Steril 2006;85:947–53.

19. World Health Organization. World Health

Organization laboratory manual for the examination

of human semen and sperm–cervical mucus

interaction. 4th ed. Cambridge, U.K: Cambridge

University Press, 1999.

20. Buege J, Aust S. Microsomal lipid peroxidation.

Meth Enzymol 1978;52:302–10.

21. Weichselbaum TE. An accurate and rapid method

for the determination of proteins in small amounts

of blood serum and plasma. Am J Clin Pathol

1946;10:40–8.

22. Kyaw A. A simple colorimetric method for ascorbic

acid determination in blood plasma. Clin Chim Acta

1978;86:153–7.

23. Beers R, Sizer I. A spectrophotometric method for

measuring the breakdown of hydrogen peroxide

by catalase. J Biol Chem 1952;195:133.

24. Grisham MB, McCord JM. Chemistry and cytotox-

icity of reactive oxygen metabolites. In: Taylor AE,

Matalon S, Ward P, eds. Biology of oxygen radicals.

Bethesda, MD: American Physiological Society,

1986:1–18.

25. Misra H, Fridovich I. The role of superoxide anion

in the autooxidation of epinephrine and a simple as-

say for superoxide dismutase. J Biol Chem

1972;215:3170.

26. Pasqualotto FF, Sharma RK, Nelson DR,

Thomas AJ, Agarwal A. Relationship between oxi-

dative stress, semen characteristics, and clinical di-

agnosis in men undergoing infertility investigation.

Fertil Steril 2000;73:459–64.

27. Pasqualotto FF, Sundaram A, Sharma RK,

Borges E Jr, Pasqualotto EB, Agarwal A. Semen

quality and oxidative stress scores in fertile and

infertile patients with varicocele. Fertil Steril

2008;89:602–7.

28. K€oksal IT, Tefekli A, Usta M, Erol H, Abbasoglu S,

Kadioglu A. The role of reactive oxygen species in

testicular dysfunction associated with varicocele.

BJU Int 2000;86:549–52.

29. Allamaneni SS, Naughton CK, Sharma RK,

Agarwal A. Increased seminal reactive oxygen
nce
species levels in patients with varicoceles correlate

with varicocele grade but not with testis size. Fertil

Steril 2004;82:1684–6.

30. Cocuzza M, Athayde KS, Agarwal A, Pagani R,

Sikka SC, Lucon AM, et al. Impact of clinical

varicocele and testis size on seminal reactive ox-

ygen species levels in a fertile population: a pro-

spective controlled study. Fertil Steril 2008;90:

1103–8.

31. World Health Organization. The influence of vari-

cocele on parameters of infertility in a large group

of men presenting to infertility clinic. Fertil Steril

1992;57:1289–93.

32. Villanueva-Diaz CA, Vega-Hernandez EA, Diaz-

Perez MA, Echavarria-Sanchez M, Ortiz-

Ibarra FJ, Arredondo-Garcia JL. Sperm dysfunction

in subfertile patients with varicocele and marginal

semen analysis. Andrologia 1999;31:263–7.

33. Zargooshi J. Sperm count and sperm motility in in-

cidental high-grade varicocele. Fertil Steril

2007;88:1470–3.

34. Plante M, De Lamirande E, Gagnon C. Reactive ox-

ygen species released by activated neutrophils, but

not by deficient spermatozoa, are sufficient to affect

normal sperm motility. Fertil Steril 1994;62:

387–93.

35. Aitken RJ. The Amoroso Lecture. The human sper-

matozoon—a cell in crisis? J. Reprod Fertil

1999;115:1–7.

36. Aksoy Y, Ozbey I, Aksoy H, Polat €O, Akcay F. Sem-

inal plasma nitric oxide concentration in oligo- and/

or asthenozoospermic subjects with/without varico-

cele. Arch Androl 2002;48:181–5.

37. Romeo C, Ientile R, Impellizzeri P, Turiaco N,

Teletta M, Antonuccio P, et al. Preliminary re-

port on nitric oxide-mediated oxidative damage

in adolescent varicocele. Hum Reprod 2003;18:

26–9.

38. Turkyilmaz Z, Gulen S, Sonmez K, Karabulut R,

Dincer S, Can Basaklar A, et al. Increased nitric ox-

ide is accompanied by lipid oxidation in adolescent

varicocele. Int J Androl 2004;27:183–7.

39. Mostafa T, Anis TH, El-Nashar A, Imam H,

Othman IA. Varicocelectomy reduces reactive oxy-

gen species levels and increases antioxidant activity

of seminal plasma from infertile men with varico-

cele. Int J Androl 2001;24:261–5.
Vol. 94, No. 4, September 2010


	Increased levels of oxidants and reduced antioxidants in semen of infertile men with varicocele
	References


