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Effect of oxidative stress on fertility and therapeutic effect of antioxidants
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Introduction
The imbalance between the generation of reactive oxygen species (ROS) and the antioxidant

system's beneficial role in neutralizing and removing them causes oxidative stress. An
overabundance of ROS generates a pathogenic reaction that damages cells and tissues. Natural
antioxidant defense mechanisms exist to reduce the damaging effects of free radicals by neutralizing
them and mending damaged cells. Reactive oxygen species (ROS) and antioxidants must coexist in
this delicate and challenging equilibrium for healthy cell activity (Pham et al., 2008). ROS are
produced as end products when cells use oxygen to survive. A specific level of ROS is necessary for

the progression of normal cell processes, which includes reproductive cells and tissue. On the other
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hand excess levels become pathological, causing DNA damage and even apoptosis. High ROS levels
could be caused by either endogenous or external causes. Environmental pollution, smoking, alcohol,
poor diet, and obesity are the most prevalent external sources of oxidative stress in reproductive cells.
Endogenous causes include infections, chronic and autoimmune illnesses (Tremellen, 2008). ROS
can be directly neutralised by antioxidants, and the harm they cause can be repaired. The body
contains both enzymatic and nonenzymatic natural antioxidants (Fig. 1). Catalase, superoxide
dismutase, glutathione reductase, and glutathione peroxidase are antioxidant enzymes. Ascorbic acid
(vitamin C), alpha-tocopherol (vitamin E), ferritin, and transferrin are further nonenzymatic
antioxidants. (Gupta et al., 2007).

Non-enzymatic Antioxidants Enzymatic
Minerals: Zinc, Selenium Primary enzymes:
Catalse, Superoxyde

Vitamins: Vit C, VIt E, Vit A, Dismutase, Glutathione
Organosulfur compounds —— .
Carotenoids: B-carotene, Glucose 6-phosphate
Pra— dehydrogenase,

cieini glutathione reductase
Low molecular

antioxidants: glutathione.

Antioxidants cofactors:
Coenzyme Q10

Polyphenols: Flavonoids,

Phenolic acids

Fig. 1. Enzymatic and nonenzymatic natural antioxidants (Amor et. al., 2021).

Female subfertility
It has been proposed that cytochrome P450 and the corpus luteum are two major sources that

influence the synthesis of ROS. Variable concentrations of ROS and antioxidants have a significant
impact on the maturation of oocyte development, meiosis | and Il (Behrman et al., 2001). OS has an
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immediate impact on the egg, embryo, and implantation by causing DNA damage, cellular protein

oxidation, and cell membrane lipid peroxidation. Moreover, endometriosis, hydrosalpinges,

polycystic ovarian syndrome (PCOS), and unexplained subfertility are linked to oxidative stress
(Agarwal et al., 2012). There are various potential modes of action for supplemental antioxidants.
Improved endometrial blood flow, reduced hyperandrogenism, reduced insulin resistance, fertile
cervical mucus, and an impact on prostaglandin synthesis and steroidogenesis are all advantages for
female fertility (Thomson et al., 2012) In vitro research have convincingly demonstrated that ovarian
glutathione reduction promotes antral follicle atresia, reflecting the great sensitivity of antral follicles
to oxidative stress. The same was observed for the fertilisation and embryonic development processes
(Mulla et al., 2018). ROS produced by psychological stress will further disrupt granulosa cell
activity, and a decrease in estradiol levels will diminish the quality and number of recovered oocytes.

Male subfertility
Seminal plasma and spermatozoa both include antioxidant mechanisms that can detoxify the

damaging effects of ROS. The imbalance between total antioxidant capacity and ROS production in
seminal fluid is indicative of oxidative stress and is strongly associated with male infertility (Sharma
etal., 1999). Spermatozoa themselves are a prominent producer of ROS, and physiological amounts
of ROS are required for a variety of sperm activities including capacitation, maturation, and
hyperactivation. An oversupply of ROS triggers a pathogenic reaction that damages cells and tissues.
Spermatozoa are particularly vulnerable to the harmful effects of ROS due to the high concentrations
of unsaturated fatty acids in their cell membrane that can be oxidised (lipid peroxidation) and there
will be low concentrations of the enzyme that can neutralise ROS in the cytoplasm. The process of
lipid oxidation causes structural DNA damage, cell apoptosis, deactivation of cellular enzymes, loss
of membrane integrity, and an increase in the permeability of the membrane. As a result, sperm count
and activity are lowered, motility is diminished, and morphology is abnormal (Fig. 2) (Sanocka et
al., 2005; Schuppe et al., 2008). A varicocele, an abnormal expansion of the pampiniform venous
plexus in the scrotum, may be a significant endogenous source of ROS in the male reproductive
system. High quantities of ROS are produced as a result of the altered microcirculation and elevated

scrotal temperature, which harm and even cause the apoptosis of germ cells (Zini et al., 2011).
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Fig. 2. Effect of oxidative stess on spermatozoa (Walczak et al., 2013).

Conclusion

There are indications that oxidative stress is a significant factor in both male and female

subfertility. Antioxidants might make for a cheap remedy to improve fertility outcomes. Sufficient

evidence exists that oxidative stress can jeopardize fertilization, implantation and embryo viability.
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