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TetraSOD® and Fertility: maintenance and improvement

Both male and female infertility is associated with poor sperm or oocyte quality. Oxidative stress
has been shown to be involved in the pathogenesis of male and female infertility (Figure 1). In
fact, it is well known that antioxidants exhibit a beneficial effect in reversing oxidative stress-
induced sperm dysfunction and in improving pregnancy rates in infertile couples. Oxidative
stress is caused by an imbalance between the formation of reactive oxygen species (ROS) and
the ability of the antioxidants to scavenge them (Agarwal et al., 2008).

Thus, studies have shown that up to 25% of infertile men have significant levels of ROS in their
semen, in contrast to low levels in fertile men. Moreover, significant negative correlations have
been detected between oxidative stress and semen parameters, fertilisation rate, embryonic
development and pregnancy rate (Agarwal and Majzoub, 2016).
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Figure 1. Factors contributing to oxidative stress-induced male infertility (Agarwal and Sekhon, 2010).

Among all the antioxidants studied, the role of Superoxide Dismutase (SOD) in influencing male
and female fertility in vivo has been demonstrated by ‘knockout’ animals, both in female and
male mice models.

SOD is critical to the maintenance of germ cell quality, decreasing ROS production in sperm.
Moreover, SOD has demonstrated beneficial effects on quality of semen in animal models, with
an improved sperm viability and favouring sperm-oocyte fusion. In addition, it has been
demonstrated that SOD has an essential role in female fertility in a rat model.

SOD is among the most potent antioxidants known in nature and is a key constituent of cellular
defense against oxidative stress. SOD improves the cell defense against ROS neutralizing the
negative effects of free radicals in the same place they are generated.
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TetraSOD® is the highest source of SOD on the market, with proven factor reducing oxidative
stress.
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Figure 2. Action of SOD to control anion superoxide. Further reactions are needed to remove H,0, derived from
superoxide anion by catalase (CAT) and glutathion peroxidase (GPx) (TetraSOD® dossier, 2017).
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1. SOD AND MALE FERTILITY

Globally, the incidence of infertility is estimated to be about 13-18% in the human population,
regardless of race, ethnic group, etc. While certain cases of male infertility are due to anatomical
abnormalities, an estimated 40-90% of cases are due to deficient sperm production of
unidentifiable origin which are classified as idiopathic male infertility. Men with idiopathic
infertility generally exhibit significantly higher seminal ROS levels and lower antioxidant
potential than healthy fertile controls. In addition, high ROS levels have been detected in the
semen samples of 25% to 40% of infertile men. Evidence now suggests that ROS-mediated
damage to sperm is a significant contributing pathology in 30-80% of cases (Ghareeb and Sarhan,
2014).

To protect spermatozoa from oxidative damage, seminal plasma has a highly specialized ROS
scavenger system, containing SOD, glutathione peroxidase (GPx) and catalase (CAT). Among
them, SOD is known to be the most important antioxidant enzyme. SOD scavenges both
extracellular and intracellular superoxide anion and prevents lipid peroxidation of the plasma
membrane. SOD also prevents premature hyperactivation and capacitation induced by
superoxide radicals before ejaculation (Agarwal, 2005).

Seminal SOD activity plays a role in determining sperm fertilization potential and male infertility.
In this sense, Sertoli cells have been reported to produce SOD in the testis (Mruk et al., 2002).
Moreover, some studies showed a positive correlation between SOD activity in seminal plasma
and semen quality parameters (sperm concentration and overall motility), whereas inversely
with sperm DNA fragmentation (Yan et al., 2014; Murawski et al., 2007).

Significantly lower SOD activity in seminal plasma of infertile patients, comparing to healthy
sperm donors, as well as positive correlation and beneficial impact of SOD activity on human
semen quality parameters seem to confirm that decreased seminal plasma scavenger
antioxidant capacity, particularly in the form of low SOD activity, can be responsible for male
infertility (Murawski et al., 2007).

In addition to these results, other study based on knockout mice concluded that SOD is critical
to the maintenance of germ cell quality with aging (Selvaratnam and Robaire, 2016).
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In conclusion, an expanding body of evidence now supports a role for oxidative stress as a
significant cause of male infertility (see Table 1).

Table 1. Summary of the evidences linking oxidative stress with male infertility (Tremellen, 2008).

Many infertile men have significantly higher levels of ROS within their semen compared

Many infertile men have significantly lower levels of protective antioxidants within their semen

The generation of sperm oxidative stress in vitro is associated with biochemical evidence of sperm lipid
peroxidation and decreased sperm motility/oocyte fertilization capacity

The addition of antioxidants to culture media protects sperm from oxidative stress mediated impaired motility
Seminal oxidative stress in infertile men is correlated with impaired sperm motility/fertilization capacity and
increased sperm membrane oxidation

Antioxidant treatment of infertile men can significantly improve sperm motility

The generation of sperm oxidative stress in vitro is associated with an increase in sperm DNA damage

Seminal oxidative stress in infertile men is correlated with an increase in sperm DNA damage

Antioxidant treatment of infertile men can significantly improve sperm DNA quality

The use of antioxidant supplements by infertile men can significantly increase their partners chances of
spontaneous or IVF assisted pregnancy (randomized controlled trials only)

1.1.S0D increases sperm motility

Garrat et al. (2013) showed that various aspects of sperm motility and function are impaired in
SOD1-deficient mice model. These authors also showed that SOD-deficient males have zero
fertilisation success.

A positive correlation between SOD supplementation (50 U/ml), with or without the addition of
CAT (100 1U/ml), and sperm motility has been reported in two studies (Amini et al., 2015;
Cocchiaetal., 2011).

Further studies have confirmed that the addition of SOD increases the sperm motility thanks to
the inhibition of lipid peroxidation (Kobayashi et al., 1991).

In an animal study, lead increased ROS production reduced sperm motility and sperm oocyte
penetration rate and decreased seminal antioxidants (Xu et al., 2003).

1.2.S0D decreases sperm oxidative stress

In a model of cryopreserved boar spermatozoa, SOD reduced sperm ROS production (ROS
generation and lipid peroxidation model). The ROS generation was significantly reduced by the
addition of SOD at concentrations of 150 and 300 IU/ml (Roca et al., 2005).

1.3.S0D improves sperm viability

SOD plays a major role in maintaining sperm viability. Studies have reported that the addition of
both SOD (100 IU/ml) and CAT (100 IU/ml) improved significantly human sperm recovery in
human semen samples (Cocchia et al., 2011). Other animal studies showed the same results only
with the addition of SOD (100 U/ml). The authors claimed that improvements observed in sperm
quality with the treatment of SOD may be attributed to prevention of excessive generation of
free radicals (Perumal, 2014).

These results have been confirmed on boar spermatozoa with supplementation of SOD (at 150
and 200 IU/ml) and CAT (300 and 400 IU/ml) (Roca et al., 2005). Because of their combined and
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simultaneous action on O, and H,0,, SOD and CAT contribute greatly to the prevention of sperm
apoptosis. In this study, improvements observed in sperm quality may be attributed to
prevention of excessive generation of free radicals, produced by spermatozoa themselves, by
means of the antioxidant property of SOD. It was concluded that the possible protective effects
of SOD supplementation are that it enhances the antioxidant enzymes content and prevents
efflux of cholesterol and phospholipids from cell membrane and MDA production. Thus it may
protect the spermatozoa during preservation, thus enhancing fertility in this species.

Several clinical studies have reported that levels of ROS within semen can be reduced by
increasing the scavenging capacity of seminal plasma using oral antioxidant supplements, such
as astaxanthin, carnitine, vitamins (E and C mainly), minerals (Se and Zn mainly), glutathione or
coenzyme Q10 (Tremellen, 2008), although so far there is not any clinical trial that use an
antioxidant enzyme to improve both, male or female fertility capacity.

2. SOD AND FEMALE FERTILITY

In women, several animal and in vitro studies suggest that oxidative stress may affect female
fertility. ROS have been implicated in the development of premature rupture of the fetal
membranes and evidence suggests that oxidative stress may be associated with preeclampsia
(Ruder et al., 2009).

The follicular fluid environment may also play an important role in oocyte development. A
positive correlation has been found between level of ROS in the intrafollicular fluid and the
pregnancy outcome in patients undergoing In Vitro Fertilization (IVF) (Agarwal et al., 2008).

2.1.S0D improves embryo viability

Female homozygous knock-out SOD mice showed a markedly reduced fertility compared with
that of wild-type and heterozygous knock-out mice. Further studies revealed that although
these mice ovulated and conceived normally, they exhibited a marked increase in embryonic
lethality (Ho et al., 1998).

2.2.S0D improves luteal function

The study in a SOD1 knock-out model in female mice have pointed out that increased oxidative
stress in the ovary could cause luteal insufficiency leading to miscarriage. The mutant mice
showed decreased progesterone secretion even under the condition of superovulation, and
displayed enhanced superoxide generation in the region surrounding the corpora lutea, which
was associated with increased apoptotic cells and suppressed vasculature (Noda et al., 2012).

CONCLUSION

Daily consumption of TetraSOD® increases significantly SOD, CAT and GPx levels, reducing ROS
production. Therefore, it is a recommended ingredient to reduce the effects of both, male and
female, infertility.

*TetraSOD® Daily recommended dose 150 - 400 IU 5-13.33 mg/day
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