Bruno Giammusso

Infertility is a major health problem affecting 15 % of couples in the reproductive
age group. The male partner is contributory in up to 50 % cases and the cause of
male infertility remains unknown in 25 % of men [1]. These men with idiopathic
infertility are usually treated with a number of empirical therapies. The basis of
the treatment is the fact that these products appear rational because of their mode
of action or because of uncontrolled human studies [2]. Many over-the-counter
(OTC) therapies have been historically used for male fertility, including herbs,
vitamins, and nutritional supplements [3]. Many studies demonstrate the positive
effects of OTC supplementation on semen parameters and pregnancy outcomes.
Conversely, many studies also demonstrate a lack of improvement and potential
complications with supplementation. Current and historical OTC medication
studies suffer from a variety of drawbacks, including small short-duration
studies, failure to perform randomized double-blinded placebo-controlled stud-
ies, and lack of standardization of dose and efficacy [4]. Definitive conclusions
as to their true effects on male subfertility and dosing regimen could not
be identified.

16.1 Antioxidants

Oxidative stress has been a well-studied aetiology of abnormal semen parameters
[5-7]. Because of this, many of the current OTC therapies rely on antioxidant prop-
erties. Seminal oxidative stress (OS) results from an imbalance between reactive
oxygen species (ROS) production and ROS scavenging by seminal antioxidants.
Seminal OS is believed to be one of the main factors in the pathogenesis of sperm
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dysfunction and sperm DNA damage in male infertility [8—11]. It is estimated that
25 % of infertile men possess high levels of seminal ROS, whereas fertile men do
not have high levels of seminal ROS [12, 13]. Spermatozoa are particularly suscep-
tible to oxidative injury due to the abundance of plasma membrane polyunsaturated
fatty acids [14—16]. Seminal oxidative stress has been related to infection, industrial
exposure, tobacco use, and elevated temperature [7]. The two main sources for
antioxidants are physiologic and dietary. Physiologic antioxidants are present within
seminal plasma and the spermatozoa themselves [5]. If the high seminal ROS levels
are due to a decreased ROS scavenging capacity of semen, it would support the use
of dietary antioxidant supplementation [17]. A higher intake of antioxidants can
potentially improve semen quality as well as sperm DNA integrity [18]. In contrast,
poor semen quality may be associated with a lower intake and resultant lower con-
centration of antioxidants within the body [19]. The practice of prescribing oral
antioxidant is supported by the lack of serious side effects related to antioxidant
therapy, although few studies have carefully evaluated the risk of overtreatment with
antioxidants [20]. Despite a large body of literature, it is not possible to establish firm
conclusions regarding the optimal antioxidant treatment for infertile men because
the published studies report on different types and doses of antioxidants, the studies
are small, the end points vary, and few of the studies are placebo controlled [8, 13].
The most commonly studied oral antioxidants (or antioxidant enzyme cofactors)
include vitamin E, vitamin C, carnitines, lycopene, glutathione, selenium, omega-3
and omega-6 fatty acids, zinc, arginine, and coenzyme-Q10.

16.2 VitaminE

Vitamin E is a fat-soluble vitamin within the tocopherol family. It is a major lipo-
philic chain-breaking antioxidant known to inhibit free-radical-induced damage to
cell membranes, protect tissue polyunsaturated fatty acids against peroxidation, and
improve the activity of other antioxidants [21, 22]. Its antioxidant activity is similar
to that of glutathione peroxidase. Therond et al. found that vitamin E is present in
widely varying concentrations in human spermatozoa and semen plasma with the
percent of motile spermatozoa significantly related to sperm a-tocopherol content
[23]. Infertile men may have lower vitamin E in serum and seminal plasma [24].
Vitamin E is also effective in decreasing seminal ROS in infertile males [25, 26].
Substantial literature supports improvements in sperm motility, seminal ROS, and
DNA fragmentation rates with vitamin E supplementation. Six RCTs evaluated the
effects of vitamin E alone or in combination with vitamin C or selenium. Two of
these studies reported a significant improvement in sperm motility [27, 28] and one
reported a significant improvement in sperm DNA integrity [29] in the treatment
arm only. In a randomized study of 54 infertile men, 28 were supplemented daily
with 400 mg of vitamin E and 225 mcg selenium for 3 months, while the remaining
26 received 4-5 gm vitamin B daily for the same duration [28]. In contrast, three
RCTs reported no significant improvement in sperm parameters after vitamin E+C
treatment [25, 30, 31]. Rolf et al. performed a placebo-controlled, double-blind
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study of high-dose oral vitamins C and E for 56 days in 31 infertile men with
asthenozoospermia and a normal or only moderatedly decreased sperm concentra-
tion. Of the patients 15 received 1,000 mg vitamin C and 800 mg vitamin E, while
16 received placebo capsules. No changes occurred in semen parameters and no
pregnancies were initiated.

16.3 VitaminC

Vitamin C is a water-soluble vitamin that is an important cofactor for hydroxyl-
ation and amidation reactions. Vitamin C also functions as an important antioxi-
dant and assists in recycling oxidized vitamin E [7]. It is highly concentrated within
seminal plasma [32]. Vitamin C has been associated with various improvements in
semen quality, although most studies have involved concurrent use of other vita-
mins and antioxidants. One RCT evaluated the effects of vitamin C alone and
reported a significant improvement in sperm parameters in the treatment arm only
[33]. Daily vitamin C supplementation with doses greater than 200 mg (up to
1,000 mg) was found to improve (P<.05) sperm count, motility, and viability in
heavy smokers. A direct correlation was found between serum and seminal vitamin
C concentrations and improvements in sperm quality, with those receiving
1,000 mg daily having the most improvements. These included improvements
(P<.05) in count and viability of 34 %, motility of 5 %, and morphology of 33 %
compared with baseline. Vitamin C plays an important role in protecting sperm and
sperm DNA against oxidative damage by neutralizing ROS in a concentration-
dependent manner [29]. Adequate vitamin C intake has also been shown to increase
seminal vitamin C concentrations and reduce sperm DNA fragmentation [19, 34].
Greco demonstrated a reduction in DNA damage by 13 (P<.001) after treatment,
as measured by terminal deoxyribonucleotidyl transferase—mediated dUTP nick-end
labelling (TUNEL) assay [29]. Vitamin C is available in many fruits and vegetables
[35]. The RDA is 90 mg to maintain body stores [36]. Side effects, occurring above
the daily upper limit of 2,000 mg, include dyspepsia, headache, and increased risk
of nephrolithiasis [35].

16.4 Carnitines

Carnitines are quaternary amines synthesized from the amino acids lysine and
methionine. They are responsible for transporting long-chain fatty acids into the
mitochondria for intracellular metabolism through p-oxidation. Carnitines assist
sperm metabolism as an energy source for spermatozoa and affect motility and
sperm maturation [37]. They have been proposed to have a role in sperm maturation
during transit through the epididymis. They are also antioxidants protecting against
ROS [38]. The two main forms of importance are L-carnitine (LC) and
L-acetylcarnitine (LAC). Both are concentrated in the epididymis, spermatozoa,
and seminal plasma [39]. Multiple randomized controlled studies supplementing
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with carnitine therapy for idiopathic infertility demonstrate improvements in
concentration, motility, and morphology. Four RCTs evaluated the effects of
L-carnitine alone or in combination with L-acetylcarnitine and three of the four
reported a significant improvement in sperm parameters in the treatment arm only
[40—43]. Lenzi et al. demonstrated significant improvements of total motile sperm
count in the carnitine treatment arm, with an increase of 19 million (P=.042). The
treatment group had a 13 % pregnancy rate compared with no pregnancies in the
placebo group (P>.05) [44]. Balercia also demonstrated significant improvements
with a 20-41 % increase in motility and a 13 % increase in morphology with LC or
LAC supplementation or both for 24 weeks compared with placebo (P <.05) [40].
Nine pregnancies occurred in the treatment arms and three in the placebo arm
(P>.05). Cavallini studied the effects of a combination of carnitine and cinnoxicam
(nonsteroidal anti-inflammatory drug [NSAID]) therapy on sperm function [41].
Patients with no varicocele or small- or moderate-grade varicoceles treated with
carnitine, alone or in combination with NSAID therapy, had significant improve-
ments, with sperm concentration increases of 625 million/mL, motility increases
of 2-22 %, and morphology increases of 8—23 % compared with placebo groups (P
value not reported). Conversely, carnitine therapy has also been found to have non-
significant effects on semen parameters by some investigators. Sigman et al. [43]
performed a small randomized, double-blinded, placebo-controlled study on 21
patients. Patients were treated with carnitine therapy (2 g of LC and 1 g of LAC) or
placebo daily for 24 weeks. At the end of the treatment period, there appeared to be
a nonsignificant trend toward improvement in motility, with a 5.3 % increase in the
treatment group compared with a 9.3 % increase in the placebo group (P>.05).

16.5 Lycopene

Lycopene is a powerful non-provitamin A carotenoid antioxidant that quenches sin-
glet oxygen and scavenges peroxyl radicals. Its multiple roles include protection of
lipid peroxidation, gap junction communication, cell growth regulation, gene
expression modulation, and immune responses [45]. Palan and Naz measured semi-
nal lycopene by high-pressure liquid chromatography in 37 men and noted signifi-
cantly lower lycopene in the seminal plasma of immuno-infertile men than in fertile
men [46]. Increased dietary intake or supplementation has been demonstrated to
have positive effects on semen parameters [19]. Gupta and Kumar treated 30 infer-
tile men with 4 mg lycopene for 3 months and found a significant improvement in
sperm counts and motility with no significant changes in morphology. A 20 % preg-
nancy rate was seen during the course of the study [47].

16.6 Glutathione

Glutathione is the most abundant nonprotein thiol in mammalian cells. Glutathione
reductases are selenoproteins. Glutathione is an endogenous antioxidant produced
in the liver and is one of the most abundant antioxidants found in the body. It is a
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molecule synthesized from cysteine, glutamic acid, and glycine that plays an important
role in maintaining exogenous antioxidants (i.e., vitamins C and E) in their active
(reduced) roles [48]. The selenoprotein phospholipid hydroperoxide glutathione
peroxidase occurs in the active form in spermatids. It reduces phospholipid hydro-
peroxide and scavenges hydrogen peroxide in human spermatozoa. Decreased
phospholipid hydroperoxide glutathione peroxidase expression has been found in
the spermatozoa of infertile men. Raijmakers et al. evaluated 25 men and found that
fertile men had significantly higher glutathione in seminal fluid than subfertile men
[49]. Significant associations of glutathione with sperm motility and sperm mor-
phology were also observed. Ochsendorf et al. found that glutathione in the sperma-
tozoa of patients with oligozoospermia was significantly lower than in controls [50].
Lenzi et al. [51, 52] have demonstrated improved sperm motility in infertile men
with glutathione supplementation in multiple studies. They also treated men with
varicoceles with intramuscular glutathione, noting a 10 % increase over baseline in
total sperm motility with therapy (P<.01) [53]. Glutathione supplementation has
been associated with improved sperm concentration and decreased sperm DNA
fragmentation in a nonrandomized study using a combination of glutathione, vitamin
C, and vitamin E [54]. Dietary sources of glutathione include fresh meat products,
fruits, and vegetables [55].

16.7 Selenium

In human beings, the nutritional functions of selenium are achieved by 25 seleno-
proteins that have selenocysteine at their active centre [56]. In men, selenoprotein
GPx4 is found in the mitochondria that make up the midpiece sheath of the sperm
tail. In the early phase of spermatogenesis, GPx4, as a peroxidase, protects sperma-
tozoa by its antioxidant function, whereas in the later phase, it forms cross-links
with midpiece proteins to become a structural component of the mitochondrial
sheath surrounding the flagellum, which is essential for sperm motility [57]. The
selenium intake required for optimal activity and concentration of GPx4 and seleno-
protein P is around 75 mcg per day. Supplementation might not be necessary if
adequate daily intake is obtained through a diverse diet [58]. Selenium has been
associated with positive effects on male infertility, which appear synergistic when
used with other OTC supplements. Optimal dosing appears to be between 100 and
210 pg on the basis of the studies. In a randomized trial, selenium supplementation
(100 mcg per day) of subfertile men with low selenium intake significantly increased
sperm motility and enabled 11 % of the men to achieve paternity, compared with
none in the placebo group [56]. However, high selenium intake (about 300 mcg per
day) was shown to decrease sperm motility [59]. Selenium in combination with
other antioxidants has been noted to improve sperm count, motility, and morphol-
ogy [60]. Selenium deficiency has been found to decrease sperm motility, affect
spermatozoa midpiece stability, and result in abnormal sperm morphology [61].
Multiple studies have demonstrated selenium’s synergistic effects with other OTC
supplements on sperm motility. In one prospective randomized study, infertile men
with OAT receiving a 3-month course of selenium (210 pg) and vitamin E (400 mg)
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had a significant increase in sperm motility of 8 % (P<.05) and a decrease in lipid
peroxidation levels, measured by an 8 % decrease in the malondialdehyde (MDA)
level (P<.05) [28]. Three RCTs evaluated the effects of selenium alone or in
combination with N-acetyl cysteine and two of the three studies reported a significant
improvement in sperm parameters in the treatment arm only [60, 62, 63]. Contrary
to the previous studies, one noncontrolled study treating 33 men with idiopathic
infertility with 200 pg of selenium daily for 12 weeks noted no improvements in
concentration, morphology, and motility despite increases in serum and seminal
selenium levels [64].

16.8 Omega-3 and Omega-6 Fatty Acids

The significant effects of dietary fatty acids (FAs) on male fertility have been well
documented both in animal and human studies [65, 66]. Polyunsaturated fatty
acids (PUFAs) are essential FAs, because they cannot be synthesized by the human
body. Docosahexaenoic acid (DHA), eicosapentaenoic acid (EPA), and a-linolenic
acid are the main omega-3 PUFAs. Linoleic acid, y-linolenic acid, and arachidonic
acid (AA) are the main omega-6 PUFAs. The first mechanism by which omega-3
and omega-6 PUFAs affect spermatogenesis is by the incorporation into the
spermatozoa cell membrane [67]. Omega-3 and omega-6 PUFAs are structural
components of cell membranes [68]. The lipid bilayer of cellular membranes is
maintained by the presence of these PUFAs [69]. The successful fertilization of
spermatozoa depends on the lipids of the spermatozoa membrane [70]. Increased
omega-6/omega-3 ratio in spermatozoa has also been implicated in impaired semen
quality in oligozoospermic and/or asthenozoospermic men [71]. Safarinejad et al.
[72] investigated PUFA composition of the blood plasma and spermatozoa in men
with idiopathic OAT. They found that fertile men had higher blood and spermatozoa
levels of omega-3 PUFAs compared with the infertile counterparts. Attaman et al.
[73] evaluated the relation between dietary fats and semen quality in 99 men. They
concluded that higher intake of omega-3 PUFAs was positively correlated with
sperm morphology.

16.9 Zinc

Zinc has roles in testicular steroidogenesis, testicular development, spermatozoa
oxygen consumption, nuclear chromatin condensation, the acrosome reaction, acro-
sin activity, sperm chromatin stabilization, and conversion of testosterone to
Sa-dihydrotestosterone [74]. The male genitourinary tract has a high concentration
of zinc, especially in the prostate. Chronic mild zinc deficiency is associated with
oligospermia, decreased serum testosterone levels, and compromised immune sys-
tem function [75]. Five RCTs evaluated the effects of zinc alone or in combination
with folic acid and all five reported a significant improvement in sperm parameters
in the treatment arm only [60, 76—81]. Young studied the association of folate, zinc,
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and antioxidant intake with sperm aneuploidy in 89 healthy nonsmoking men
through a dietary and supplement questionnaire and sperm FISH studies [18]. In a
controlled study 45 infertile men with asthenozoospermia were treated with three
different regimens of zinc—200 mg orally twice daily with or without vitamin C,
vitamin E for 3 months, and both regimens—compared with controls [78]. Zinc
therapy with or without additional vitamins was associated with increases in sperm
motility of at least 24 % (P<.001).

16.10 Arginine

Arginine is a biologic precursor of nitric oxide. In the male reproductive system, argi-
nine is a biochemical precursor for synthesizing spermidine and spermine and is
thought to be essential for sperm motility [82]. Multiple studies have evaluated argi-
nine’s effect on semen. Some studies have reported that supplementation up to 4 g/day
improves sperm concentration and motility [83, 84], whereas others have failed to
demonstrate improvement in semen parameters or pregnancy rates [85, 86].

16.11 Coenzyme Q-10

Coenzyme Q-10 (CoQ10) plays a key role in transporting electrons in the mitochondrial
respiratory chain [87]. It stabilizes and protects the cell membrane from oxidative
stress [88]. CoQ10 levels are measurable within seminal fluid and can be directly
correlated with sperm count and motility [89]. In a placebo-controlled, double-
blinded, randomized controlled study, Balercia et al. [90] treated men with idiopathic
subfertility with decreased motility (<50 %) with CoQ10. There was a 6 % absolute
motility improvement in the treatment group after 6 months of treatment compared
with the placebo group (P<.0001) although no difference in pregnancy rates. In a
placebo-controlled study, Safarinejad [91] demonstrated absolute increases in total
sperm count of 9.8 %, motility of 4.5 %, and morphology of 1.8 % over baseline
with CoQ10 therapy when compared with placebo (P=.01).

16.12 Phytotherapy

Herbal therapy is increasingly popular worldwide as a way to treat infertility. In the
United States, 17 % constantly visited herbal therapies in the past 18 months out of
the 29 % of infertile couples who use complementary and alternative medicine
[92]. Ginseng is one of the most popular herbs used in the phytotherapy of male
infertility. Both oligoasthenospermic patients and age-matched healthy counterpart
showed an increase in spermatozoa density and motility after the use of Panax
ginseng [93]. Asthenospermic patients treated with ginseng also showed a signifi-
cant increase in progressive sperm motility [94]. In the last few years Maca, a
perennial plant of the Lepidium meyenii species, has been extensively studied for
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its pharmacological properties on human spermatogenesis. An open-label study
conducted by administering daily 1,500-3,000 mg of Maca for 4 months resulted
in increased seminal volume, sperm count, and sperm motility [95]. A strong natu-
ral lipophilic antioxidant, astaxanthin, has been studied in a prospective, double-
blind, randomized trial, designed to evaluate the effect of 16 mg/day astaxanthin
compared to placebo in 30 infertile men. At the end of the study, ROS and inhibin
B decreased significantly and sperm linear velocity increased in the treated group.
The total and per cycle pregnancy rates among the placebo cases (10.5 and 3.6 %)
were lower compared with 54.5 and 23.1 %, respectively, in the astaxanthin group
(P=0.028; P=0.036) [96].
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