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Hypothesis: intracellular acidification contributes to
infertility in varicocele

We suggest that varicocele leads to male factor infertility by a mechanism involving underperfusion of the tes-
tis, a shortfall in glucose supply to the tissue, decreased flux through the pentose phosphate pathway, lowering
of the reduced nicotinamide–adenine dinucleotide phosphate/oxidized nicotinamide–adenine dinucleotide
phosphate ratio and the supply of glutathione to the antioxidant systems, increased levels of reactive oxygen
species, peroxidation of spermatozoon membrane lipids, and the consequent generation of acidic degradation
products and sequestering of spermine. Acidification of the seminal plasma impairs sperm motility and also
inhibits most antioxidant enzymes, exacerbating the accumulation of reactive oxygen species and the resultant
lowering of pH. (Fertil Steril� 2009;92:399–401. �2009 by American Society for Reproductive Medicine.)
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Varicocele, which is characterized by pathologic dilatation
of the venous pampiniform plexus of the spermatic cord, ac-
counts for nearly a third of all cases of male factor infertility
(1, 2). The precise mechanism by which varicocele impairs
male factor fertility remains uncertain; hypotheses impli-
cating scrotal hyperthermia, retrograde flow of adrenal or
renal metabolites, reactive oxygen species (ROS), and
venous obstruction delineate current understanding of the
pathophysiology (1, 3). Either a left or a right varicocele
could cause bilateral testicular dysfunction (4). Various
treatment options such as surgical or laparoscopic ligation
of the spermatic veins (varicocelectomy) and different
embolization techniques have been used to correct these
lesions (5). Nonetheless, the management of varicocele
continues to stimulate controversy among reproductive
experts (6). A meta-analysis by Evers and Collins (7) of
seven prospective randomized trials that evaluated varico-
celectomy and pregnancy outcomes reported insufficient
evidence to show that treatment of clinical varicocele
improved the likelihood of conception for couples with
male factor infertility; a recent study by Marmar et al. (8)
casts doubt on this and indeed proves the opposite in certain
cases. The continuing debate over the management of vari-
cocele is probably fueled by the inadequacy of current
etiologic hypotheses (6). There is a need for more molecular
and genetic studies to clarify the pathophysiology of this
condition. Novel treatment plans may be developed from
such studies.

In this article, we propose that the impairment of fertility
in varicocele may result from decreased pH in the sperma-
tozoal cytosol and the seminal plasma incident on local
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underperfusion. We briefly consider the implications of
this proposal.

VARICOCELE AND RENAL/ADRENAL REFLUX

Because both the left testicular vein and left adrenal vein
insert into the left renal vein, reflux from the kidney and/
or adrenal gland may increase the concentrations of meta-
bolic products from these organs in the testes of men with
varicoceles. This may lead initially to chronic testicular va-
soconstriction and ultimately to testicular toxicity (9, 10).
Elevated catecholamine levels in refluxing testicular venous
blood may lead to vasoconstriction of the intratesticular
arterioles, contributing, along with impaired venous return
caused by valve insufficiency (4, 9), to persistent testicular
underperfusion (9, 11).

Clearly, such vascular changes diminish the oxygen sup-
ply to the cells (9, 11). Therefore, it might be expected that
intracellular energy production would become increasingly
dependent on anaerobic glycolysis, resulting in the accumu-
lation of lactic acid and inorganic phosphate, hence reduc-
ing intracellular pH (12). However, laboratory studies failed
to confirm the hypothesis that lactic acid accumulates in the
testicular veins of patients with varicocele (13). Indeed, lac-
tate produced by the somatic Sertoli cells is the central
energy metabolite for the germ cells (14). Hence, although
testicular energy metabolism is altered by the local ische-
mic effect of varicocele, lactate or pyruvate accumulation
is not a factor in infertility. Nevertheless, experimentally
induced varicocele does result in the acidification of testic-
ular and epididymal fluids and a decrease in bicarbonate
concentration (15). How is this to be explained, and is it
clinically important?

The glycolytic pathway appears to be impaired in varico-
cele (13). The most plausible reason is that the local circu-
latory impairment diminishes the supply of glucose to the
metabolically active tissues; if the glucose supply becomes
sufficiently low, then lactate and pyruvate will not accumu-
late despite the significant hypoxia. There is indirect
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support for this proposal: limited gluconeogenesis occurs in
the testis (16), and varicocele results in an increased local
production of urea (17), suggesting an increase in protein
catabolism. Under conditions of low glucose supply, the
flux through the pentose phosphate pathway, which is
significant in normal germ cells as well as Sertoli cells
(18), will be markedly decreased. Therefore, the reduced
nicotinamide–adenine dinucleotide phosphate/oxidized
nicotinamide–adenine dinucleotide phosphate (NADPH/
NADPþ) ratio will fall drastically. We suggest that this
change in NADPH/NADPþ ratio is indirectly responsible
for the tissue acidification that we believe provides the
mechanistic link between varicocele and infertility.

VARICOCELE AND OXIDATIVE STRESS

Scrotal varicocele is associated with elevated spermatozoal
ROS production and diminished seminal plasma antioxi-
dant activity (19–21). Reactive oxygen species are metabo-
lites of oxygen, including hydrogen peroxide and the
superoxide and hydroxyl radicals (3). The human spermato-
zoon can generate ROS under physiologic conditions to
mediate signal transduction, as well as to regulate the sperm
function (10). On the other hand, like most cells, spermato-
zoa are equipped with antioxidant enzymes such as super-
oxide dismutase, glutathione peroxidase, and catalase to
detoxify harmful excessive ROS and to prevent cell injury
(22). The antioxidant-rich secretions of the seminal vesi-
cles, including both enzymatic and nonenzymatic antioxi-
dant systems, also assist in protecting the spermatozoa
from ROS (23).

Reduced glutathione (GSH) is an important component
of antioxidant systems. When the NADPH/NADPþ ratio
falls, as described above, GSH regeneration is retarded
and the antioxidant capacity of the tissue is impaired. Under
such pathologic circumstances, ROS production surpasses
the antioxidant capacity and causes increased oxidative
stress (10). In support of this account, exogenous glutathi-
one is known to ameliorate the effects of varicocele and par-
tially to restore fertility (24). Owing to the low amount of
cytoplasm and abundance of polyunsaturated fatty acids
in the plasma membrane of spermatozoa, spermatozoa are
susceptible to damage by oxidative stress through ROS, es-
pecially lipid peroxidation (2, 25, 26). This may result in
acidification by some or all of the following mechanisms.

Malondialdehyde levels increase markedly with varico-
cele (19, 21), indicating that lipid peroxidation is extensive,
as predicted by the foregoing argument. Lipid peroxidation
may lead to the production of free short-chain fatty acids.
Malondialdehyde, also produced by the peroxidation of
polyunsaturated fatty acids, may be oxidized to malonic
acid, which potentially can be decarboxylated to acetate,
as in the liver (27, 28). Polyamines, particularly spermine,
are essential for spermatozoal activity (29). Malondialde-
hyde will react with spermine and other amines, forming
Schiff bases. This will further decrease the intracellular
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pH, as well as directly impairing spermine-dependent cellu-
lar functions. The optimum pH for ROS scavenging by the
enzymatic antioxidant systems ranges between neutral and
slightly alkaline (30). Thus, lowering of the pH markedly
depresses the antioxidant enzyme activities, which indeed
are significantly impaired in varicocele cases (31). There-
fore, there is a directly proportional relationship between
acidification and increasing ROS levels.

VARICOCELE AND SPERM FUNCTION

Pasqualotto et al. (1) reported that infertile patients with
varicoceles have lower sperm concentration and motility
than control subjects. A proposed mechanism by which
sperm function becomes defective in men with varicocele
is peroxidation of the unsaturated fatty acids in the sperm
plasma membrane (10). In addition, the acrosome reaction
that occurs during zona pellucida binding is thought to be
impaired by the same ROS-induced defect (32). These are
probably significant mechanisms, but we believe that the
lowering of pH is a particularly important factor in male
factor infertility.

It has long been known that sperm activity is enhanced in
neutral and slightly alkaline media, for example, in ejaculated
semen, but is markedly depressed in mildly acidic media
(33). Surprisingly, Olmsted et al. (33) noted that spermatozoa
are irreversibly immobilized after 15 minutes in mild acidity.
Masters and Johnson (34) revealed that ejaculated semen
acts as a potent alkaline buffer, abrogates vaginal acidity
(pH 4.0–4.5) within seconds, and keeps the vagina neutral
for several hours after intercourse. Moreover, they found
that sperm in the vagina remained motile until the vagina
became fully reacidified. In contrast, sperm in unusually
nonalkaline semen will not be motile and therefore cannot
evade the spermicidal activity of the vagina after ejaculation.

CONCLUSIONS

We propose that chronic vasoconstriction of the intratestic-
ular arterioles and impaired venous return flow, resulting
from varicocele, impairs glycolysis by limiting the glucose
supply to the tissue. This also decreases the pentose phos-
phate pathway flux and therefore the provision of reductants
to the antioxidant systems. Reactive oxygen species levels
increase within the spermatozoa, and the polyunsaturated
fatty acyl residues in the membrane lipid are peroxidized.
This damages membrane function, including head and mid-
piece function, altering sperm morphology and impairing
motility, but it also leads to a lower intracellular pH, partly
though not exclusively because of malondialdehyde-medi-
ated reactions. This acidification further impairs antioxidant
activity and further diminishes sperm motility (33). Re-
duced sperm motility and impairment of zona pellucida
binding may account for infertility in men with varicocele
(35). Our proposal also seems consistent with the concom-
itant progressive effect of associated smoking and varico-
cele (36).
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Because of individual differences, the mechanism we
propose is not deterministic. If, for example, the glucose
supply is less restricted or the accessory glands are particu-
larly efficient, the accumulation of ROS and acidification of
the seminal plasma could be ameliorated. Thus, fertility
may be maintained in some cases of varicocele, even grade
III. Nevertheless, the speculation offered in this article may
elucidate the controversy over the outcomes of varicocelec-
tomy. Ultimately, a surgical approach coupled with mild
alkalization of both the intratesticular environment and
the semen may lead to more successful outcomes regarding
male fertility.
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