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Metabolites of oxygen are called reactive oxygen species (ROS). They are constantly synthesized
by healthy cells and are a consequence of acrobic respiration and are necessary for proper cellular function.
These species (ROS) cause oxidative stress as result generation exceeding the capabilities of the
antioxidant system to neutralize it. It is a bifurcating factor in controlling the reproductive system of
female, as it can influence various physiological activities or contribute to infertility in female. The current
review notes that a number of ovarian function processes, including as reactive oxygen species have a
major impact on follicular formation, ovulation, and corpus luteum function. Scavenging mechanisms
also occur. However, the review concentrates on the detrimental impact that elevated ROS production has
on the female reproductive system. This review concludes that free radicals play a variety of roles in
ovarian function and that excess have negative effects on the female reproductive system.
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Introduction

Aerobic cells always face the problem of
oxygen although its need oxygen to stay alive
because the Reactive oxygen species (ROS) are
formed from oxygen and include superoxide
radical (O-), hydrogen peroxide (H202), and
hydroxyl radical (OH-) (1). The excess reactive
oxygen species and a breakdown in antioxidant
defense mechanisms lead to oxidative stress.
Certain reactive oxygen species have been
demonstrated to lipid peroxidation,
protein oxidation, and damage to DNA.
Furthermore, a growing corpus of evidence
indicates that reactive oxygen species might
drive biologically active molecules' production

induce

or activation, controlling cell function in the
process. Cells, however, have a defensive system
against reactive oxygen species in an aerobic
environment (2).(3) Some metalloenzymes can
scavenge superoxide radicals. For example,
superoxide dismutase
radicals to hydrogen peroxide, whereby catalase
or glutathione peroxidase or catalase can be
further detoxified to H20 and oxygen (4). The
ovary is the place where free radicals are created.
Macrophages and neutrophils are two obvious
sources of ROS known to exist in both follicles
and corpus luteum and are among the many
possible sources of reactive oxygen species in the
ovary (5). Since free radicals are produced as by-
products of regular metabolism, steroidogenic
cells can also be a source of these pollutants (6).

converts  superoxide

Important intracellular sources of ROS include
mitochondrial electron transport, endoplasmic
reticulum, and plasma membranes (7). The
physiological functions and defects of reactive
oxygen types in the ovary are reviewed in this
article.

1. Oxidative Stress

When oxygen combines with specific molecules
that have one or more unpaired electrons in their
outer shell, very reactive atoms or molecules
known as free radicals are produced (8). These
radicals can serve as oxidizing or reducing agents
in cells, forming, gaining one electron, or losing
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(9). According to (10), the radical and non-
radical derivatives of nitrogen and oxygen are
called reactive species of nitrogen (RNS) and
reactive species of oxygen (ROS), respectively.
Aerobic cells contain active forms of nitrogen
and oxygen (RONS), which contribute to the
formation of wrinkles and other aging-related
diseases (11). The immune system, regulatory
systems, the detection of harmful side effects,
and the synthesis of energy from organic
molecules all limit the creation of free radicals
(RONS) (9). Endogenous and exogenous RONS
sources are:

1.1. Endogenous sources of RONS

The following are some endogenous causes of
free radicals: nicotinamide adenine dinucleotide
phosphate oxidase (NADPH), Nitrous Oxide
(NO),myeloperoxidase (MPO) and lipoxygenase
(12).

1.1.1. NADPH Oxidase

The NADPH oxidase catalyzes the creation of
the superoxide free radical, transferring one
electron from NADPH to oxygen. During this
process, 02+ is moved from the extracellular
space into the cell and H+ is exported (13).
NADPH + 202 <> NADP+ + 202—+ H+
Superoxide dismutase (SOD) primarily produces
hydrogen peroxide (H202) from oxygen (0O2)
(14). As result as hydrogen peroxide lacks
unpaired electrons, it reacts strongly with
phospholipids found in both proteins and cell
membranes, forming highly reactive
hydroxyionic ROS (OH¢) through the Fenton or
Haber-Weiss processes. When H202 is exposed
to chloride and MPO in neutrophils, it can be
transformed into hypochlorous acid (HA), which
can destroy cellular proteins (15).

1.1.2. Nitrous Oxide (NO)

NO is produced by three primary subtypes of L-
arginine nitric oxide synthase (NOS), including
neuronal NOS, which is important in intracellular
signaling, epithelial NOS, associated with
vasodilation, and inducible NOS, activated by
cytokines or other endotoxin-related signals.
Finally, according to (16), O2 can react without
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producing the
(ONOO-).

1.2. Exogenous Routes of RONS

According to (9), exogenous causes of radiation
radiation sickness (RONS) include cigarettes,
polluted air and water, heavy or transition metals,
alcohol, drugs (such as bleomycin, tacrolimus,

intermediately  peroxynitrite

gentamicin, and cyclosporine), synthetic
solvents, cooking, and exposure to wave length.
These compounds are processed in the body into
free radicals, which then bond to things like
smoked meats, utilized fat, or oil.

All major cellular macromolecules, both
endogenous and foreign, result from oxidative
modification of RONS (12).

1.3. Markers of Oxidative stress

Protein carbonyl contents (PCC) are provided by
the Fenton reaction of oxidizing agents with
protein end-chain residues of lysine, proline,
arginine, and threonine (17). The binding of lipid
aldehyde oxidation products to lysine, cysteine,
or histidine residues, known as Michael addition
reactions, can also contribute to the production of
carbonyl groups. RNS interactions with tyrosine-
free residues or polypeptide sequences produce
the synthesis of nitrotyrosine (NT) (18).

The Fenton reaction of oxidizing agents with
protein end chain residues lysine, proline,
arginine, and threonine provides protein carbonyl
content (PCC) (17). The formation of carbonyl
groups can also result from Michael addition
reactions, which are oxidation products of
aldehyde lipids binding to cysteine, histidine or
lysine residues, Nitrotyrosine (NT) is produced
through RNS processes involving non-tyrosine
residues or polypeptide sequences (18).
Low-density lipoproteins are essential for
transporting cholesterol (LDL) through body
tissues. Trpkoyic et al.(2015) (19) describe LDL
oxidation as a complex mechanism that involves
oxidative damages in lipids, proteins and can
cause to cholesterol accumulation.

The hydroxyl and peroxyl radicals' targets are
polyunsaturated fatty acids (PUFAs), particularly
linoleic and arachidonic acids. Other reactive
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aldehydes have been formed depending on the
kind of polyunsaturated fats undergoing lipid
oxidation, including isoprostanes (Isop), trans-4-
hydroxy-2-nonenal (4-HNE), and
malondialdehyde =~ (MDA).  (18).  When
glycoxidation occurs, the amino acid groups
lysine and arginine combine with the carbonyl
groups of carbohydrates to create advanced
glycation end products (AGEs). The three major
AGEs are glucosepane, pentosidine,
hydroimidazolone (20).

Oxidative damage to DNA is caused by a variety
of mutagens, including 2-hydroxyadenine, 8-
oxoadenine, 5-hydroxylsine, glycol, thymine,
cytosine and glycol. According to Albercht et al.

and

(2016) (21), oxidative stress mainly damages
DNA through 8-oxo-dioguanine (8-oxo-guo) and
8-0x0-dihydro-2'-deoxyguanosine (8 -oxoD).
However, 8-oxoguo can also result in transverse
GT-T13 instances.

1.4. Antioxidant Agents

Enzymatic and non-enzymatic pathways are
examples of  endogenous  antioxidants,
glutathione peroxidase and catalase. Biological
structures act as antioxidants, protecting the
organism from free radicals' damaging effects,
according to Adwas et al.(2019) (22), it involves
both endogenous and exogenous chemicals.
Superoxide dismutase (SOD) is an antioxidant
enzyme that converts superoxide anion (O2) into
hydrogen peroxide and molecular oxygen. SOD
is a key system for protecting cells and tissues
from ROS-induced damage. Other enzymes
promote the conversion of superoxide radicals to
hydrogen peroxide, which then becomes oxygen
and water (23). All mammalian tissues have three
distinct types of SOD, each produced by a
separate gene: Cu-Zn-SOD or SOD-1 is located
in the cytoplasm; Mn-SOD, Mn-SOD, or SOD-2
1s found in mitochondria; and EC-SOD or SOD
3 extracellular EC-SOD and Cu-Zn-SOD (24)
Through oxidizing reduced glutathione (GSH) to
glutathione disulfide, which is then reduced to
GSH by glutathione reductases, GSH-Px
transforms peroxides and hydroxyl radicals into
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non-toxic forms. Other antioxidant enzymes
include glucose-6-phosphate dehydrogenase and
glutathione S-transferase (25).

The blood contains bilirubin, vitamin E and -
carotene, and in the plasma 85% of the
antioxidant potential comes from albumin and
uric acid. Non-enzymatic antioxidants are
substances that limit free radical reactions by
interacting with RONS (26).

2. Oxidative stress impacts mammalian
reproduction.

Stress is defined as environmental or
management changes that disrupt internal

equilibrium (27), and the incapacity of animals to
cope with these changes, expressed as a failure to
actualize genetic activity, which can negatively
effect animal performance and reproduction (28).
Etim et al. (2013) (29) explained the Stress is an
instinctive response that occurs in animals when
they unfavorable environmental
conditions. This can have a range of unpleasant
consequences, from discomfort to mortality due
to damage caused by oxidative changes. In
addition Persson et al. (2014) (30). Mention that
oxidative stress is caused by an imbalance
between reactive oxygen species (ROS) and the
body's ability to counteract their effects via
antioxidant defense systems. The main biological
molecules of ROS are classified as superoxide
radical anion (O2-), hydroperoxyl (HO2-), ozone
(03), singlet oxygen (102), and radical
compounds such as peroxyl (ROO-), alkoxyl
(RO-), hydroxyl radical (OH-), hypochlorous
acid (HOCl), and hydrogen peroxide (H202),
called non-radical species (31).

The production of high quality offspring,
reproduction of female mammals depends on the
correct development of female gametes, and
maturation involves a complex set of important
processes such as implantation, embryonic

encounter

growth and fertilization, which are associated
with multiple signaling pathways (32). Fujii et al.
(2015) (33) they observe that Changes in energy
consumption and metabolism, as well as an
excess of extremely powerful free radicals
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generated as a result of the regular process of
oxygen consumption, are characteristics of the
reproductive process. As well as Agarwal et al.
(2008) (34) they found that oxidative stress has a
dual effect on the control of the reproductive
system in women: it either regulates many
physiological processes or contributes to female
infertility. A number of studies have shown the
physiological role of ROS
reproduction, related to uterine function, corpus
luteum, oocyte maturation and folliculogenesis
(35). Similarly, ROS are required for male
reproductive procedures, which include normal
sperm-oocyte interaction, acrosomal reaction,
hyperactivation, sperm capacitation,

in mammalian

embryogenesis, embryonic implantation and
fetoplacental development (34), in addition to
spermatogenesis. oocyte connectivity (36).
Overproduction of ROS can cause oxidative
destruction of DNA, mitochondria, and cell
membranes. This may ultimately accelerate cell
death through necrosis or apoptosis, impairing
embryonic development and oocyte competence,
eventually leading to delayed embryonic
development (37). (Figure 1). Likewise, elevated
levels of ROS cause oxidative change to male
germ cells, which interferes with fertilization and
embryonic development, ultimately leading to
miscarriage (38).
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Figure 1.1: Effects of oxidative stress on female
reproductive and fertility. Adapted from (39).
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2.1. Oxidative stress in follicular development,
oocyte growth, and ovulation

Follicle-stimulating hormone (FSH) causes an
increase in  estrogen synthesis  during
folliculogenesis, which in turn causes the
dominant follicle to produce catalase (CAT) in an
attempt to avoid ROS-induced apoptosis (40). In
addition, due to increased P450 enzyme activity
and ROS production, granulosa cells exhibit
higher metabolic activity and steroid synthesis
(31).The LH surge, associated with the activation
of inflammation-related genes, caused the
dominant follicle to release a mature egg. These
inflammatory genes were discovered to be
related with ROS generation, the ovulation
process is affected by a decrease in inflammatory
genes (41). The structure that appears after
ovulation is called the corpus luteum. It produces
reactive oxygen species (ROS) through luteal
cells and macrophages (42), which influences
progesterone production (43). Due to early
embryonic death, deficiency of antioxidants,
especially SODI, is associated with decreased
fertility. In addition, SOD1 deficiency increased
ovarian intracellular ROS, which was associated
with increased corpus luteum apoptosis and
decreased  progesterone  synthesis  (44).
Immunostaining the Cumulus cells revealed
greater SOD concentrations, which may suggest
that Cumulus cells shield oocytes from oxidative
stress by triggering antioxidants. In addition,
granulosa cells, ovulatory follicles, and
developing follicles generate antioxidants, both
enzymatic and non-enzymatic, to guard against
ROS-induced oxidative damage. Increased
intracellular ROS  buildup hindered the
development of oocytes in meiotic arrest (45).
another study found that
antioxidants prevented oocyte development (46).
Consequently, for optimal oocyte maturation, the

Conversely,

generation of reactive oxygen species (ROS) and
the antioxidant system must remain in
equilibrium.
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Conclusion

The goal of this review is to highlight the critical
roles that free radicals and their scavenging
mechanisms play in a number of ovarian function
processes, such as follicular atresia, ovulation,
oocyte maturation, and follicular development.
This review indicates that free radicals play a
variety of roles in ovarian function and that an
excess of them can have negative consequences
on the female reproductive system.
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