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The role of antioxidant therapy in the treatment of male infertility
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Abstract

Oxidative stress contributes to defective spermatogenesis leading to male factor infertility. The aim of this study was to
review the current literature on the effects of various antioxidants to improve fertilisation and pregnancy rates. The sources of
literature were Pubmed and the Cochrane data base. Reviewing the current literature revealed that Carnitines and vitamin C
and E have been clearly shown to be effective by many well-conducted studies and may be considered as a first line
treatment. The efficacy of antioxidants, such as glutathione, selenium and coenzyme Q10 has been demonstrated by few, but
well-performed studies, and may be considered second line treatment. There is, however, a need for further investigation
with randomised controlled studies to confirm the efficacy and safety of antioxidant supplementation in the medical
treatment of idiopathic male infertility as well as the need to determine the ideal dose of each compound to improve semen

parameters, fertilisation rates and pregnancy outcomes.
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Introduction

Infertility affects approximately 15% of all couples.
Male factors contribute to approximately half of
these cases, with no identifiable cause in 25%
(Sharlip et al., 2002). ‘Male factor’ infertility is seen
as an alteration in sperm concentration and/or
motility and/or morphology in at least one sample
of two sperm analyses, collected between 1 and 4
weeks apart (World Health Organization, 1999).
Free radicals contribute to the pathogenesis of
male infertility (Figure 1). Free radicals are a group
of highly reactive chemical molecules with one or
more unpaired electrons that can oxidatively modify
biomolecules they encounter. Reacting almost im-
mediately with any substance in their surrounding
area, they begin a chain reaction leading to cellular
damage (Warren et al.,, 1987). Superoxide anion,
hydroxyl radical and hydrogen peroxide are major
reactive oxygen species (ROS) present in seminal
plasma. Cells living under aerobic conditions require
oxygen to support life; however, metabolites, such as
ROS, can modify cell functions and endanger cell
survival (Agarwal et al., 2003). Male germ cells at
various stages of differentiation have the potential to
generate ROS and low physiologic levels are needed

to regulate sperm capacitation, acrosome reaction
and sperm-oocyte fusion (Agarwal & Saleh, 2002;
Agarwal et al., 2004). To maintain normal cell
function, excess ROS must be continuously inacti-
vated by seminal plasma antioxidants. These block
the formation of new ROS or act as scavengers and
remove ROS already generated. Natural antioxidant
enzyme systems include catalase, glutathione perox-
idase and superoxide dismutase (Baker et al., 1996).
In healthy men, a delicate balance exists between
physiological ROS and antioxidants in the male
reproductive tract (Sikka et al., 1995).

Oxidative stress (OS) arises when excess free
radicals overwhelm the antioxidant defence of the
male reproductive tract (Sharma & Agarwal, 1996;
Kemal Duru et al., 2000), damaging cells, tissues
and organs (Gomez et al., 1998; Misro et al., 2004).
Seminal OS correlates negatively with sperm con-
centration, motility and function-adversely affecting
fusion events required for fertilisation (Aitken &
Clarkson, 1987; Aitken et al., 1989; Sharma &
Agarwal, 1996; Sikka, 2001). The polyunsaturated
fatty acids of the sperm plasma membrane are
susceptible to ROS damage as low concentrations
of the scavenging enzymes are found in sperm
cytoplasm (Saleh & Agarwal, 2002). ROS attack on
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Figure 1. Factors contributing to oxidative stress-induced male
infertility.

the cell membrane leads to a chain of chemical
reactions called lipid peroxidation, which reduces
membrane fluidity and the activity of membrane
enzymes and ion channels, resulting in the inhibition
of normal cellular mechanisms required for fertilisa-
tion. End products of lipid peroxidation, such as
malondialdehyde (Sharma & Agarwal, 1996), are
measured to estimate the extent of peroxidative
damage.

Deoxyribonucleic acid bases and phosphodiester
backbones of DNA can also experience peroxidative
damage. Oxygen-radical induced caspase and en-
donuclease mechanistic pathways have been pro-
posed as a potential cause of double-stranded DNA
damage (Sakkas & Alvarez, 2010). Patients with
high-seminal fluid OS were found to have sperm with
multiple single and double DNA strand breaks
(Twigg et al., 1998). Spermatozoal DNA is usually
protected by its compact organisation and by
antioxidants in the seminal plasma. Spermatozoa
themselves are incapable of DNA repair and must
depend on the oocyte for repair after fertilisation;
however, knowledge concerning the process remains
limited (Aitken et al., 2003). ROS exposure may
result in DNA base modification, production of
base-free sites, deletions, frame shifts, DNA cross-
links and chromosomal aberrations (Duru et al.,
2000; Agarwal & Said, 2003). A 8-hydroxy-2-

deoxyguanosine (8-OHAG) is a biomarker that may
determine the extent of ROS-induced DNA damage.

ROS may promote apoptosis: a process in which
the body removes old and senescent cells (Agarwal
et al., 2003), leading to decreased sperm concentra-
tion (Sikka, 2004). In a study from our centre (Wang
et al., 2003), levels of caspases, proteases involved in
apoptosis, correlated with ROS levels- implicating
OS in increased apoptosis in mature spermatozoa.
Our results showed that apoptosis could be induced
in cell cultures with H,O,, further implicating ROS
in the induction of apoptosis.

Antioxidants

Treatment strategies to reduce seminal OS levels
may enhance natural conception and the outcome of
assisted reproductive technologies. Antioxidants are
the most important defence against free radical-
induced infertility. Standard semen analysis and use
of the sperm deformity index have been used to
identify infertile males with high levels of ROS (Said
et al., 2005). Seminal fluid OS levels can also be
quantified either by direct methods, such as chemi-
luminescence assays, cytochrome-c and nitroblue
tetrazolium reduction, flow cytometry, electron spin
resonance spectroscopy, xylenol orange-based assay,
and by indirect methods which measure the levels of
biomarkers of OS, such as thiobarbituric acid-
reactive substances, isoprostane, DNA damage and
total antioxidant capacity. Measuring the degree of
OS may identify those patients who could benefit
from antioxidant supplementation (Fnu et al., 2008).

Several clinical trials have examined the potential
of antioxidant supplementation to treat oxidative-
stress-induced male factor infertility (Ross et al.,
2010). The low cost and relatively low risk of toxicity
of the following antioxidants is appealing to both
patients and clinicians:

Carnitines

Carnitine is a water-soluble antioxidant mostly
derived from the human diet that may play a role in
sperm energy metabolism and provide the primary
fuel for sperm motility. Spermatozoa exhibit in-
creased L-carnitine and L-acetyl carnitine content
during epididymal passage and acquisition of motility
(Jeulin & Lewin, 1996). Carnitines enhance the
cellular energetics in mitochondria by facilitating
the entry and utilisation of free fatty acids within the
mitochondria and also restore the phospholipid
composition of mitochondrial membranes by de-
creasing fatty acid oxidation (Gattuccio et al., 2000;
Vicari & Calogero, 2001; Lenzi et al., 2003). In addi-
tion, carnitines protect sperm DNA and cell mem-
branes from ROS-induced damage and apoptosis
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(Arduini, 1992; Lenzi et al., 2003, 2004; Cavallini
et al., 2004). Patients with defective sperm motion
parameters have been shown to have a reduced L-
acetyl-carnitine/ L-carnitine ratio (Bartonelli et al.,
1987). In a systematic review by Ross et al. (2101)
carnitine oral supplementation showed improve-
ments in both motility and concentration (Menchini
et al., 1984; Bornman et al., 1989).

Preliminary, uncontrolled studies of infertile men
(Moncada et al., 1992; Costa et al., 1994; Vitali
et al., 1995) demonstrate a favourable effect of oral
carnitine on sperm motion characteristics. A daily
dose of 3 g given over a 3 (Vitali et al., 1995) or 4-
month duration (Costa et al., 1994) significantly
improved patients’ sperm motility from pre-treat-
ment levels. A daily dose of 4 g over 2 months
increased progressive sperm motility in 15 of 20
patients. This effect was more pronounced in seven
patients whose partners achieved pregnancy during
treatment and follow-up. Carnitine’s effects may
depend on pre-treatment semen characteristics.
Randomised controlled trials have demonstrated a
daily dose of 2 g carnitine yielded the most
significant improvement in subjects with lower
baseline motility (ILlenzi et al., 2003, 2004). How-
ever, Lenzi et al. (2003, 2004) failed to demonstrate
any improvement in morphology, suggesting carni-
tine’s effects are post-testicular. However, Cavallini
et al. (2004) demonstrated improved morphology
after 3 and 6 months of treatment. In all studies, the
effects of carnitine were stable and no further
improvement in sperm parameters was observed
beyond the 3 to 6-month treatment period.

Vitamin E

The daily requirement of vitamin E (z-tocopherol)
varies from 50 to 800 mg, depending on the intake of
fruits, vegetables, tea or wine (National Academy of
Sciences, 1989). Vitamin E is an important lipid-
soluble antioxidant molecule in the cell membrane.
It is thought to interrupt lipid peroxidation and
enhance the activity of various antioxidants that
scavenge free radicals generated during the univalent
reduction of molecular oxygen and during normal
activity of oxidative enzymes (Ehrenkranz, 1980;
Palamanda & Kehrer, 1993). The results of iz vitro
experiments suggest that vitamin E may protect
spermatozoa from oxidative damage and loss of
motility as well as enhance the sperm performance in
the hamster egg penetration assay (de Lamirande &
Gagnon, 1992). Recent randomised control trials
have reported vitamin E to be effective in treating
infertile males with high-ROS levels (Kessopoulou
et al., 1995; Suleiman et al., 1996; Ross et al., 2010).
Vitamin E treatment decreased malondialdehyde
(MDA) concentrations in spermatozoa down to
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normospermic levels, improving motility and the
probability of achieving pregnancy (Suleiman et al.,
1996). Vitamin E may also be added to cryoprotec-
tants to protect spermatozoa from increased expo-
sure to OS during cryopreservation and thawing
procedures, which lead to reduced sperm motility
(Dawson et al., 1987).

Vitamin C

Vitamin C (ascorbic acid) is a water-soluble ROS
scavenger with high potency. It is found in concen-
trations 10-fold higher in seminal plasma than serum
(Dawson et al., 1987; Jacob et al., 1992), protecting
human spermatozoa against endogenous oxidative
damage by neutralising hydroxyl, superoxide and
hydrogen peroxide radicals and preventing sperm
agglutination (Fraga et al., 1991). Significantly
reduced concentrations are seen in semen samples
with excess ROS (Lewis et al., 1997). Seminal
plasma concentrations have been positively corre-
lated with percentage of morphologically normal
spermatozoa (Thiele et al., 1995). Vitamin C may
have a dose-dependent effect on sperm quality. At a
dose of 1000 ug/l, vitamin C positively influenced
the motility of the spermatozoa. However, higher
dosages may have damaging pro-oxidant effects
which actually reduce sperm motility (Abel et al.,
1983). Fraga et al. (1991) demonstrated a significant
relationship between decreased seminal fluid vitamin
C levels and increased 8-OHdg. Vitamin C supple-
mentation may minimise endogenous oxidative
DNA damage, thereby decreasing the risk of genetic
defects, particularly in populations with low vitamin
C levels, such as smokers.

The hydrophilicity and lipophilicity of vitamins C
and E may act synergistically to protect against
peroxidative attack on spermatozoa (Baker et al.,
1996). Greco et al. (2005) demonstrated that
combined supplementation significantly reduced
the percentage of DNA-fragmented sperm. At
follow-up, there were significantly increased rates of
clinical pregnancy and implantation following in-
tracytoplasmic sperm injection (ICSI). However, a
randomised controlled double-blind study by Rolf
et al. (1991) failed to show improvement in semen
parameters, sperm survival or pregnancy rates in
couples with male factor infertility after the admin-
istration of high-dose oral vitamin C and E for 56
days. Although several additional studies have not
shown vitamin E and C to be effective (Giovenco
et al., 1987; Kessopoulou et al., 1995; Moilanen &
Hovatta, 1995; Rolf et al., 1999), further prospective
controlled clinical studies should be carried out
using selected patients with identified and known
DNA damage for whom antioxidant treatment may
be effective.

RIGHTS LI N Kdx



Hum Fertil (Camb) Downloaded from informahealthcare.com by Cleveland Clinic on 11/30/10

For personal use only.

220 A. Agarwal & L. H. Sekhon

Selenium

Selenium (Se) may protect against oxidative sperm
DNA damage and is required for normal testicular
development, spermatogenesis, motility and function
(Ursini et al., 1999). The precise mechanism by
which Se eliminates OS is not well-established.
Selenoenzymes, such as phospholipid hydroperoxide
glutathione peroxidase (PHGPX) (Roveri et al.,
1992) and the sperm capsular selenoprotein glu-
tathione peroxidase may mediate its effects (Alvarez
& Storey, 1984; Surai et al., 1998). Se deficiency
leads to impaired motility, breakage of the sperma-
tozoal mid-piece (Wallace et al., 1983, 1987) and
increased morphological abnormalities, mostly af-
fecting the sperm head (Watanabe & Endo, 1991;
Noack-Filler et al., 1993). A significant correlation
has been observed between sperm concentration and
seminal plasma Se in patients with infertility (Bleau
et al., 1984; Behne et al., 1988). However, a link
between Se levels in semen or seminal plasma and
sperm concentration or motility was not reproduced
by other studies (Saaranen et al, 1987; Roy et al.,
1990).

The effectiveness of combined treatment with Se
and vitamin E has been studied since Vitamin E
works synergistically with Se as an antiperoxidant
(Maiorino et al., 1989; Burton & Traber, 1990). A
prospective, uncontrolled study reported that com-
bined treatment significantly increased motility and
mean seminal plasma glutathione peroxidase (GSH-
Px) activity. Although no improvements in sperm
concentration or pregnancy rate were achieved,
better sperm motion characteristics may have re-
sulted from amplified antioxidant enzyme activity
(Vezina et al., 1996). These results were confirmed
by recent randomised controlled trial in which
vitamin E and Se improved sperm motility and
decreased lipid peroxidation markers (Kesker-
Ammar et al., 2003).

Carotenoids

Carotenoids work synergistically with Se and vitamin
E and have a recommended dietary allowances value
of 1000 mg per day (National Academy of Sciences,
1989). In a recent double-blind randomised con-
trolled trial, carotenoid compound Astaxanthin was
administered at a dose of 16 mg/d for 3 months,
resulting in increased total (54.5% compared to
10.5%) and per cycle (23.1% compared to 3.6%)
pregnancy rates compared with a placebo group
(Combhaire et al., 2005). Another carotenoid of
interest is lycopene — naturally derived from fruits
and vegetables. It has been found to have the highest
ROS-quenching rate, with plasma levels higher than
beta carotene (Klebanov et al., 1998). Lycopene is

found in high concentrations in the testes and
seminal plasma, with lower levels in infertile men.
Gupta and Kumar (2002) reported that a twice a day
dose of 200 mg for 3 months resulted in a statistically
significant improvement in sperm concentration of
66% of patients and motility of 53%. Interestingly,
those with very low baseline sperm concentration
failed to exhibit significant response to therapy,
whereas higher baseline concentrations were asso-
ciated with significant improvement and resulted in
six pregnancies in 26 patients. Therefore, larger
randomised controlled trials are required to establish
the patient subgroups that would derive the greatest
benefit from lycopene therapy.

Glutathione and N-aceryl cysteine

Glutathione (GSH) is the most abundant reducing
agent found in the body, protecting lipids, proteins
and nucleic acids against oxidative damage. GSH
combines with vitamin E and Se to form glutathione
peroxidase. In a placebo-controlled, double-blind,
cross-over trial, administration of 600 mg for 2
months by intramuscular injection in 20 infertile
men significantly increased sperm motion character-
istics, namely improved forward progression (Lenzi
et al., 1993). GSH deficiency may render the mid-
piece unstable, resulting in defective morphology
and motility (Hansen & Deguchi, 1996; Ursini et al.,
1999). N-acetyl cysteine (NAC) replenishes GSH
while scavenging free radicals and reducing ROS
production in human ejaculate (Gressier et al., 1994;
Agarwal & Said, 2004). NAC plays an important role
in germ cell survival in human seminiferous tubules
m vitro (Erkkild et al., 1998). Oeda et al. (1997)
found that incubating semen samples with NAC for
20 min significantly decreased ROS levels and lead
to improved sperm motility (Ross et al., 2010). An
uncontrolled study by Combhaire et al.(2000) found
that NAC improved sperm concentration and acro-
some reaction, while reducing ROS and oxidation of
sperm DNA; however, there was no effect on
motility and morphology. A randomised controlled
trial by Safarinejad and Safarinejad (2009) reported
that NAC with Se has additive beneficial effects on
mean sperm concentration and percent normal
morphology. By the end of a 26-week treatment
period, motility significantly improved in the com-
bined treatment group and in those patients receiv-
ing Se alone, compared to placebo. Furthermore,
combination treatment led to significantly better
sperm parameters than treatment with only Se.

Pentoxifylline

Pentoxifylline is a competitive nonselective phospho-
diesterase inhibitor that raises intracellular cAMP
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and reduces inflammation by inhibiting TNF-« and
leukotriene synthesis (Agarwal & Said, 2004).
Pentoxifylline has been shown to decrease ROS
production (Gavella & Lipovac, 1992; Gavella et al.,
1991), preserve sperm motility i vitro (Pang et al.,
1993) and improve semen parameters iz vivo (Mar-
rama et al., 1985; Yovich et al., 1990). Tesarik et al.
(1992) demonstrated that pentoxifylline improved
sperm motion characteristics, such as curvilinear
velocity, path velocity and beat cross frequency but
did not increase the percentage of motile spermato-
zoa in asthenospermic males. Okada et al. (1997)
studied the effects of i vitro and in vivo pentoxifyl-
line treatment on sperm motion parameters in male
subjects whose spermatozoa produced detectable
steady state levels of ROS. Treatment decreased
ROS formation and preserved sperm motion para-
meters i vitro. Orally administered pentoxifylline
had no effect at a low dosage, whereas a higher
dosage increased sperm motility and some sperm
motion parameters without altering sperm fertilising
ability.

Trace metals

Adequate zinc and copper intake is needed to
maintain the optimal functioning level of antioxidant
enzymes, such as superoxide dismutase. The average
daily intake in USA is 12.3 mg of zinc and 900 mg of
copper per person. Seminal plasma zinc concentra-
tions were shown to significantly differ between
fertile and subfertile men (Chia et al., 2000). Zinc
deficiency is associated with abnormal flagella show-
ing marked fibrous sheath hypertrophy and hyper-
plasia, axonemal disruption and partial defects of the
inner dynein arms of microtubular doublets, with
distorted inner axonemal structure and a poorly
formed or absent mid-piece (Omu et al., 2008).
Prospective studies show an improvement of sperm
concentration, (Hartoma et al., 1977; Tikkiwal et al.,
1987; Omu et al., 1999), progressive motility (Ross
et al., 2010), sperm integrity and pregnancy rates in
subfertile males after zinc supplementation. A
randomised controlled trial by Omu et al. (2008)
reported zinc therapy in 11 infertile men to reduce
seminal fluid MDA, TNF, apoptotic markers,
antisperm antibodies and DNA fragmentation and
enhance Zn-Cu-SOD activity and the expression of
anti-inflammatory cytokine IL-4. Zinc therapy led to
improved sperm parameters, although the improve-
ments were not statistically significant.

Animal 2 vivo and in vitro studies have shown that
zinc deficiency alters the absorption and metabolism
of dietary folate (Ghishan et al., 1986; Quinn et al.,
1990; Favier et al., 1993). A double-blind rando-
mised controlled trial was conducted to assess
whether zinc and folate supplementation work

Antioxidant therapy in male infertiliry 221

synergistically to improve semen quality (Wong
et al., 2002). Folic acid was given at a daily dose of
5 mg, and zinc sulfate was given at a daily dose of
66 mg. Fertile and infertile subjects demonstrated a
significant 74% increase in total normal sperm count
and an increase of 4% in abnormal spermatozoa.
However, whether the improvement in sperm con-
centration observed after administration of folic acid
and zinc could increase the probability of achieving
pregnancy remains to be established.

It is important to note that excessive intake of trace
metals may have adverse, pro-oxidant effects as they
can catalyse reactions that lead to the formation of
ROS. An  vitro study showed that high concentra-
tions of metal ions caused DNA strand breaks in
salmon sperm (Lloyd et al., 1998). The ideal in vivo
dosage required for an effective antioxidant effect in
seminal plasma has yet to be determined. We
recommend larger randomised, placebo-controlled
studies on the efficacy and safety of trace metal
supplementation.

Other

Menevit is an oral antioxidant supplement consisting
of vitamin C, vitamin E, zinc, folic acid, lycopene,
garlic oil and Se. In a prospective randomised
double-blind trial involving 60 couples with severe
male factor infertility, a daily oral Menevit tablet for
3 months before the partner’s i wvitro fertilisation
cycle improved the viable pregnancy rate (38.5% of
transferred embryos) compared to a placebo group
(16% of transferred embryos) (Tremellen et al.,
2007).

Coenzyme Q10 (CoQ-10) is found endogenously
in the sperm mid-piece. CoQ-10 recycles vitamin E,
controls its pro-oxidant capability and is involved in
energy production (Lewin & Lavon, 1997). In vitro
incubation of semen samples of infertile men with
50 mM of CoQ-10 significantly increased sperm
motility. Oral supplementation with 60 mg of CoQ-
10 in these infertile men was seen to improve
fertilisation rate without effecting semen parameters
(Thomas et al., 1997). Oral CoQ-10 administration
has been shown to inhibit hydrogen peroxide
formation in seminal fluid (Alleva et al., 1997).
Catalase is another antioxidant which should be
further investigated for its ability to detoxify both
intracellular and extracellular hydrogen peroxide to
water and oxygen (Baker et al., 1996). Compounds
which regenerate antioxidant stores through redox
cycling, such as a-lipoic acid, may be useful to
potentiate the effects of vitamin C and E and GSH
(Biewenga et al., 1997).

Table I provides an overview of studies of
antioxidant compounds in the treatment of male
factor infertility.
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Table I. Overview of studies of antioxidant compounds in the
treatment of male factor infertility.

Negative/no

Compound Positive effect effect

Carnitine
Costa et al., 1994
Vitali et al., 1995
Moncada et al., 1992
Lenzi et al., 2003
Lenzi et al., 2004
Cavallini et al., 2004
Vitamin E
de Lamirande &
Gagnon, 1992
Suleiman et al., 1996
Dawson et al., 1987
Vitamin E and C
Greco et al., 2005 Kessopoulou et al.,
1995
Rolf et al., 1999
Giovenco et al.,
1987
Moilanen &
Hovatta, 1995

Selenium and Vitamin C
Vezina et al., 1996
Kesker-Ammar et al.,
2003
Carotenoids
Combhaire et al., 2005
Gupta & Kumar, 2002
Glutathione and N-acetyl cysteine
Lenzi et al., 1993
Oeda et al., 1997
Combhaire et al., 2000

N-acetyl cysteine and selenium
Safainejad et al., 2009
Pentoxifylline
Gavella & Lipovac, 1992
Gavella et al., 1991
Pang et al., 1993
Marrama et al., 1985
Yovich et al., 1990
Tesarik et al., 1992
Okada et al., 1997
Zinc
Omu et al., 1999
Hartoma et al., 1977
Tikkiwal et al., 1987
Omu et al., 2008

Zinc and Folate

Wong et al., 2002
Menevit

Tremellen et al., 2007

Co-Enzyme Q10
Thomas et al., 19977
Alleva et al., 1997

Conclusion

Infertile men are likely to be prescribed a number of
empirical therapies. There is a rationale to support

the use of antioxidants in infertile male patients with
high OS status. However, the amount of scientifically
acceptable evidence clearly showing their benefit in
controlled human studies is sparse. For a drug to be
considered effective, it should improve sperm para-
meters and pregnancy rates in at least one blind,
prospective, placebo-controlled trial. The existing
evidence supports the use of systemic antioxidants
for the management of selective cases of male
infertility as well as i wvitro supplements during
various sperm preparation techniques. A definitive
conclusion, however, cannot be drawn as much of
the literature is based on heterogeneous studies
regarding a disease of multifactorial aetiology. The
precise dose and duration of antioxidant therapy
raises many questions as the level of ROS required
for physiological processes and the level at which
these compounds have toxic, pro-oxidant effects is
not known. Some studies were unable to show the
effectiveness of antioxidants on sperm parameters or
fertility. This may be due to insufficient study
duration or inadequate sample sizes. Future multi-
center randomised control studies with larger sam-
ples will allow for better insight regarding the efficacy
and safety of antioxidant supplementation in the
treatment of male infertility.
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