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ABSTRACT

There are various reasons that have been identified for the infertility in females and one of
them is oxidative stress. Oxidative stress (OS) results when the body is not able to neutralize
the generation of free radicals or reactive oxygen species (ROS) like hydroxyl radicals and
thus an imbalance is generated between pro-oxidants and anti-oxidants. In the ovary, there is
a complex relation between ROS and antioxidants. The environment required in vivo for
fertilization and embryo development is of low oxygen tension. A fine balance between pro
oxidants and anti-oxidants is required for smooth functioning of female reproductive tract.
There are various factors which lead to production of oxidative stress in turn causing
infertility. The increased oxidative stress can be detected using various biomarkers which are
specific to female reproductive tract. The supplementation of antioxidants can help curb the
problem of infertility. This study is focused on the causes, testing and treatment of oxidative
stress in females which causes infertility.
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INTRODUCTION

Infertility is a condition which can be stated pervasiveness of female infertility is in the
as the inability to conceive and is a range of 7%-28% depending on the age of
significant health concern. The the woman as reported in Advance Access
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publication June 4, 2008. There can be
many reasons of infertility like problems
with ovulation leading to hormonal
disorders, polycystic ovarian syndrome;
problems with fallopian tubes causing
pelvic inflammatory disease and oxidative
stress [1]. According to a study reported by
Agarwal et al, oxidative stress has a vital
endometriosis,

role in tubal factor,

peritoneal  factor and  unexplained
infertility. The generation of free radicals in
the body causes oxidative stress [2]. Free
radicals have one or more unpaired
electrons in their outer shell [3]. Being a
highly reactive and unstable species, it
acquires an electron from carbohydrates,
lipids, nucleic acids, proteins, or any other
molecule to become stable. This causes the
passing of successive chain reactions which
further damages cell causing disease [2].
Causes of oxidative stress

Oxidative stress (OS) is generated when
there is an imbalance between antioxidants
and pro-oxidants produced from aerobic
metabolism [4]. The Reactive Oxygen
Species are the highly reactive species
comprising of oxygen radicals such as the
hydrogen peroxide (H,0,), superoxide
anion (0%7), the hydroxyl radical (OH™),
hypochlorite radical (OHCI™) and the
peroxyl radical (ROO™) [3]. Overall ROS

level is regulated by counteracting with the

catalase (CAT), superoxide dismutase
(SOD), and reduced glutathione (GSH)
and thus maintaining the physiological
homeostasis. But this mechanism gets
interrupted during cellular proliferation if
the level of ROS reaches below the
homoeostatic set point. Also, an elevation in
the levels of ROS generates a stress signal
which in turn activates the specific redox-
sensitive signaling  pathways [5].
Antioxidants balance the level of these
reactive species in the system and reduce
its harmful effects. They stabilise the free
radical species by donating an electron
without destabilizing itself. The disruption
in the balance between anti and pro
oxidants, due to either the incapability of
the antioxidants to neutralize ROS or over
production of ROS, results in oxidative
stress as shown in Figure 1 [6].

Role of oxidative stress in causing
female infertility

In living cells amid typical physiological
condition, ROS are continuously formed as
a result of external factors as well as
biochemical reactions [6]. ROS production
in the mammalian cells is considered to be
necessary due to its contribution in the
regressive redox signaling from the
organelle to the nucleus and the cytosol [7].

In response to physiological stimuli, there

is production of ROS in a limited amount

antioxidant defense system involving [6]. ROS act as secondary messengers
which  regulates apoptosis, activates
1763
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transcription factors and modulates the
expression of various genes involved in
immune response [8]. OS occurs when the
generation of ROS and other radical species
surpasses scavenging by antioxidants. In
the body, OS induces peroxidation of lipids,
structurally and functionally modifies
protein and DNA, promotes cell death and
contributes to the risk of cancer and other
chronic diseases [9]. Throughout the female
reproductive system, there is a fine balance
which exists between antioxidants and

ROS. The increase in ROS in the female

Anti
(a) oxidants

reproductive system can lead to several
gynecological diseases including infertility
[6]. One of the reasons of infertility is the
over production of ROS in the peritoneal
cavity [5]. The sensitivity of gametes
towards the damage by ROS is more [9].
The increased ROS, free radials and lipid
peroxides causes oxidative stress which in
turn has an impact on the fertilisation rate,
oocyte penetration, viability of cells and
implantation. All this leads to infertility as

shown in Figure 2.
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Figure 1: Relation between reactive oxygen species (ROS), antioxidants and oxidative stress [6]
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Figure 2 : Effect of oxidative stress in causing female infertility

OS imbalances the levels of progesterone

and estrogen which 1is important for
development and maintenance of female
reproductive system [10]. Less amount of
antioxidant in the system can cause
increased chances of abortion [5]. An
increased level of ROS has been found
having a devastating effect on physiology
and pathology of the female reproductive
tract. Also, various studies ensure that ROS
is present in the female reproductive system
[11].

It alters the physiological reproductive

functions involving maturation of ooycte,

steroidogenesis of the ovary, the function
of corpus luteum and luteolysis [12]. These
all disorders which affect female fertility
have common etiopathogenic mechanisms
which initiate from embryo metabolism and
its surroundings [2]. Previous findings also
suggest that premature rupture of the fetal
membranes is due to ROS that means
oxidative stress is involved in preeclampsia
too [3].

A cohort of oocytes initiates its growth
within the ovary each month. However,
meiosis | is resumed in only one of them

1.e. the dominant oocyte after the increase
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in ROS. Antioxidants interfere with this
process. In contrast, antioxidants promote
the development of meiosis II. The amount
of pro oxidants and antioxidants in the
ovary fluctuates and thus they share a
complicated relationship. Growing follicle
causes production of the steroids leading to
an increase in levels of P450. The ROS is
produced by the pre-ovulatory follicle
which evokes ovulation. The ovarian
follicle needs follicular angiogenesis for its
development

appropriate and growth,

stimulated by  oxygen  deprivation.
Apoptosis is promoted by the follicular
ROS whereas this action is counterbalanced
by follicular stimulating hormone (FSH)
and glutathione (GSH) in the growing
follicle itself. Ovulation, a necessary
process for reproduction, is initiated by the
surge in levels of Luteinizing Hormone
(LH), which further stimulates some
significant physiological changes and an

released. Post-LH  surge

egg is
inflammatory precursors play a crucial role
in ovulation; its overabundance generates
ROS while its depletion impairs ovulation

[13]. For a successful

pregnancy,
progesterone production is indispensable.
Progesterone is released by the corpus
luteum produced after ovulation in the
ovaries. Corpus luteum persists when the
pregnancy takes place [14]. If there is no
pregnancy, then regression takes place

which results in the production of ROS.

Proper development of the follicle in the
next cycle requires a rapid decline in the
levels of progesterone. Throughout the
early to mid-luteal phase, the levels of Cu,
Zn-SOD in the corpus luteum increases and
then lowers in the regression phase. During
the regression phase, the levels of
progesterone  decrease  whereas lipid
peroxide levels increase. The increase in
ROS concentration during regression is
reduction in the

Zn-SOD. The
Zn-SOD  gets

because of the
of Cu,
of Cu,

concentration
concentration
decreased due to an increase in
theconcentration of macrophages; that
revive the generation of the superoxide
(SO) anion by luteal cells and phagocytic
leukocytes within the corpus luteum or, a
decrease in blood flow of ovaries; which
produces ROS and damages tissues. During
regression, the concentration of Mn-SOD
within the corpus luteum gets increased.
This Mn-SOD with the help of
inflammatory reactions and cytokines
scavenges the ROS produced in the
mitochondria. Due to  this, the
concentration of Mn-SOD gets reduced in
the regressed cell. Thereupon, apoptosis is
forthcoming. The Cu, Zn-SOD enzyme is
closely associated with progesterone
generation, whereas Mn-SOD provides
protection to luteal cells from OS-induced

inflammation. ROS levels increase due to

the metabolism of an oocyte and an
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insufficient amount of antioxidants within
the oviductal and follicular fluid of the
embryo. The condition of oocytes and their
communication with sperms are affected by
the oocyte development in the follicular
fluid environment where ROS levels are
high. This affects implantation and embryo
development [13].

The ovary is a metabolically active organ
and thus, is repeatedly under stressed
conditions. During ovulation, ROS has a
physiological role which is identical to
inflammation. Ovulation is kept in check
by agents that prevent acute inflammatory
reactions from occurring. The involvement
of ROS within this process is proved as it is
released in connection with follicle rupture.
The macrophages and neutrophils are the
inflammatory cells present in the ovary at
ovulation. They are the source of ROS and
produce a large number of free radicals.
The corpus Iluteum produces abundant
progesterone collectively with the reaction
of P450s by consumption of molecular
oxygen and thus, eventually produces ROS
as a byproduct. In the ovary, ovulation is
hampered by superoxide dismutase (SOD)
which is produced to repress ROS. The
levels of ROS in the corpus luteum increase
during the regression phase. The NADPH-
dependent generation of superoxide in the
ovary also increases during the early pre-
ovulatory phase in cycling females.

Therefore, this concludes that oxidative

stress causes problems with female fertility
[12].

Effect of oxidative stress on embryo
It is reported that several teratogens
influence the developing fetus by increasing
the oxidative stress which ends up in
extreme damage to the embryo. This
mechanism works in diabetic-induced
embryonic damage, cocaine, ionizing
radiation causing teratogenicity, cigarette
smoking, hypoxia and alcohol. Clinical
studies demonstrate that the fundamental
process of fetal damage, prompted by
elevated amounts of previously mentioned
factors, is also increased by the embryonic
OS. In the same way, teratogenic activity of
many drugs is through embryonic OS [15].
Abnormal placentation may also cause
enhanced placental OS, resulting in

embryonic ~ death. = Animal  studies
demonstrate that administration of various
antioxidants is effective in lowering the
damaging impact of heightened OS
actuated by teratogens [16].

MATERIALS AND METHODS

Tests to determine oxidative stress
in females

Peritoneal fluids, follicular fluid and
amniotic fluid are the various fluids in
which most of the biomarkers are observed
as well as examined. The ROS can be

measured in all these fluids by various tests

IJBPAS, July, 2020, 9(7)
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cytometry, measurement of oxidative DNA
adducts, Enzyme-Linked Immunosorbent
Assay (ELISA),Near-Infrared Spectroscopy
and Raman analysis [17].

Biomarkers of oxidative stress

ROS is considered as the initial marker and
to measure the damage induced such as
lipid peroxidation, DNA damage and
oxidation of proteins, some other markers
are available. For the proper investigation
of the role of ROS and oxidative stress in
the pathogenesis and progression of human
diseases, use of appropriate biomarkers is
necessary as shown in Table 1. The nature
of ROS plays a notable role in determining
the use of biomolecules like proteins,
lipids, or DNA as a marker of oxidative
stress [18].

Biomarkers of OS present in the
reproductive tract of females

There are many biomarkers which have
been studied in the reproductive tract of the

females, some of which are mentioned in

Table 2 [19]. Various studies confirm
presence of ROS and various antioxidant
enzymes in the female reproductive tract.

OS disturbs the physiological aspects of
ovarian function. According to studies, it
has been confirmed that the ROS has a vital
role in the functioning of corpus luteum,
follicular  maturation, ovulation and
folliculogenesis. The parenchymal steroi-
dogenic cells, endothelial cells and
phagocytic macrophages within the ovaries
mark the production of the ROS. However,
the biomarkers of normal ovaries such as
Cu-SOD, Zn-SOD and lipid peroxides can
be determined by IHC staining and many
other methods. It is reported that a decrease
in the antioxidant levels, of GPx does not
affect the fertilization rates of gametes.
Thus, GPx and Mn-SOD can be considered
as markers to observe oocyte maturation
[17]. The OS  biomarkers  were
investigated along with their measurement

units as mentioned in Table 3.

Table 1: Presence of some common biomarkers in the human body [18]

BIOMOLECULE MARKER
. Chlorinated/nitrated lipids (isoprostanes, isoleukotrienes)
1. Lipids e Oxysterols (aldehyde)

. Peroxides (malondialdehyde, 4-hydroxy-2-nominal, acrolein)

2.  Proteins

. Aldehyde adducts
. Carbonyl group formation
Nitrated/chlorinated Tyr, Trp, Phe

3. DNA

. Aldehyde/other base adducts
. Nitrated/deaminated bases
. Oxidized bases

Table 2: Biomarkers present in the female reproductive tract [20]

REPRODUCTIVE TRACT SITE

BIOMARKERS

e  Ovary

Superoxide Dismutase; CuZn SOD; Mn SOD; Glutathione

peroxidase; lipid peroxidases;

e Endometrium

Superoxide Dismutase; iNOS; and eNOS.

e  Fallopian tubes

ROS; Superoxide Dismutase; iNOS; and eNOS.

° Placenta

Lipid hydroperoxides; Intracellular ROS;

e Peritoneal fluid(in endometriosis)

Oxidized lipoproteins; Intraperitoneal fluid ROS; and Total

Antioxidant Capacity

IJBPAS, July, 2020, 9(7)
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Table 3: Oxidative stress biomarkers in the reproductive tract of females [2]
S. No. BIOMARKER METHODOLOGY MEASUREMENT REFEREN
UNITS CE
1) Cu SOD, Mn SOD, catalase, Transcription-polymerase Sequences of cDNA Sugino et.
glutathione peroxidase, i.e. chain reaction is reversed al [21]
the enzymatic antioxidants
2) Total capacity of antioxidants | chemiluminescence assay is Trolox equivalents Attaran et.
enhanced al [22]
3) Peroxides of lipids; Thiobarbituric acid method Micromole of Jozwik et.
Malondialdehyde, conjugated malondialdehyde/L al [23]
dienes, Thiobarbituric acid
4) Oxidative DNA adducts 8-hydroxy 2-deoxyguanosine Immunocytochemical Seino et
staining al [24]
Malondialdehyde (MDA) as a to the measurement of other oxidation

biomarker

Lipid peroxidation is oxidative damage of
lipids. The generation of lipid peroxides at
increased levels causes the production of
malondialdehyde (MDA). Nowadays MDA
is used for assessment of lipid peroxidation
in many expert types of research as an
oxidative stress marker. Thiobarbituric
Acid Reactive Substance (TBARS) is the
oxidative stress marker which binds to
MDA. The thiobarbituric acid reactive
substance is a very sensitive method for
quantitative  determination of  lipid
peroxidation degree, being a key indicator
of oxidative stress. The principle of this
screening method is that two molecules of
thiobarbituricacid reactive substance react
with malondialdehyde to create a complex,
which is determined by spectrophotometry
[25].

Protein carbonyl (CO) group as a
biomarker

The consumption of the protein carbonyl
groups as oxidative stress biomarkers is

meant to be advantageous when compared

products because of the formation of the
relative early protein and also the relative
stability of carbonylated proteins. Carbonyl
groups are generated by the oxidation of
the protein side chain i.e. aldehydes and
ketones. These moieties are useful for both
their detection and storage because of their
chemically stable nature. Majority of
protein carbonyl assays do not require any
special equipment. The phenomenon of
formation of protein-bound CO groups is
more frequent than the lipid peroxidation.
Thus using CO groups as a marker is
beneficial [18].
Antioxidant activity naturally
present in the ovary

Superoxide dismutase (SOD)

The variable activity of SOD is present in
the human pre-ovulatory ovarian follicular
fluid and safeguards oocytes against
oxidative harm [3]. The contribution of Cu,
ZnSOD prevents the aggregation of
superoxide radicals which is synthesized by

PGF2a and thus pregnancy is maintained.

During pregnancy, the stimulation of luteal

IJBPAS, July, 2020, 9(7)
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Cu,Zn-SOD  expression by  Human
Chorionic Gonadotropin (HCG) could also
be vital for sustaining luteal cell integrity
[12].

Glutathione (GSH)

GSH is that biomarker of oxidative stress
that detoxifies the produced ROS along
with antioxidative enzymes. It scavenges
the free radicals present either through
reduction of peroxides or direct chemical
reactions [27]. The embryo development
and quality of oocyte is dependent on GSH
which is there in oviductal fluids [28]. The
glutathione reductase (GR) is present in the
epithelia of the oviducts at high levels.
During ovulation, an environment of excess
ROS is present and thus to protect oocytes,
GSH is secreted. This maintains the
efficiency of fertilization. Thus, for a
healthy  reproductive  system,  the
subsistence of a high redox potential is
required [12].

RESULTS

Drugs used for the treatment
Melatonin

Effective improvement of oocyte quality
requires treatment of melatonin with a 3mg
tablet which is sufficient to have an
increase in the concentrations of

intrafollicular melatonin. Melatonin
protects the oocytes from ROS. The over
production of ROS can damage oocyte
quality. Oxidative stress induces caspase-

mediated cell death of human oocytes [2].

When injected systemically, melatonin
enters all the tissues but ovaries actively
uptake melatonin and thus there are high
levels of it in the preovulatory follicles.
Melatonin is a scavenger of free radical. It
also regulates gene transcription for
antioxidant enzymes. Melatonin may
prevent mitochondrial DNA damage in
oocytes by improving electron transport

chain resulting in improvement of oocyte

quality. Melatonin  generates  various
metabolites like cyclic 3-
hydroxmelatoninand N1-acetyl-5-
methoxykynuramine  (AMK)  through

different pathways which are equally good
scavengers of reactive species. This
cascade reaction is the unique property of
melatonin because of which it is preferred
Because of

over other antioxidants.

involvement of many  metabolites,
interaction of the melatonin with ROS
becomes prolonged. Thus, use of melatonin
is an effective way to protect cells from
oxidative stress with minimum side effects
[2].

Vitamin E

Vitamin E is a fat-soluble vitamin which
can protect cell membranes from free
radicals. In human, the most active form of
Vitamin E is a-tocopherol which is also an
effective antioxidant. Lipid hydroperoxides
are generated from the phospholipids of
cell membrane due to the presence of ROS.

Because of generation of these lipid

IJBPAS, July, 2020, 9(7)
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molecules, which act as

signaling
molecules, apoptosis is induced. Vitamin E
has the ability to suppress the production of
these lipid molecules. Oxidative damage
can be reduced by using Vitamin E in
combination with other antioxidants like
melatonin, carotene, Vitamin C, etc. The
amount of Vitamin E used is 600 mg/day.
But at DNA level, melatonin has been
proved better than Vitamin E for reduction
in molecular damage levels. In conclusion,
melatonin protects oocytes effectively from
the toxic effects of oxidative stress on
oocyte maturation. Thus a combination of
melatonin, which improves oocyte quality,
and Vitamin E, which works well with
other antioxidants, can be administered to
infertile women [2].

Vitamin C

The oxidative stress can be treated in the
body by fine tuning the levels of ROS
generation and availability of number of
antioxidants. Studies reveal that to protect
against oxidative stress, the utilization of
antioxidants as well as nutritional
supplements like vitamin C has proved
beneficial [2]. In case of increased levels of
ROS, antioxidants minimize the oxidative
damage, repair it or prevent it by
neutralizing it [26]. In a recent multi-center
study, it was observed that the group of
females undergoing treatment of luteal
phase defect had higher pregnancy rates

due to supplementation of Vitamin C at 750

mg/day concentration as compared to that
of control.The effect of a nutritional
supplement containing selenium, iron,
Vitamin E, L-arginine, zinc was tested and
the results showed increased levels of mid-
luteal progesterone which increased the
ovulation as well as pregnancy rates in the
patients. [2].

DISCUSSION

The oxidative stress plays a fundamental
role in causing female infertility. Knowing
this fact, the females who are suffering
from the problem of infertility, can be
tested for the levels of ROS. The tests,
which are proposed for detecting increased
levels of ROS in the female reproductive
tract, are able to do so. The tests which
involve the use of biomarkers are specific
to the reproductive organs and thus the
interference  from other organs is
eliminated. Due to the threat that oxidative
stress poses to the female reproductive
tract, it is necessary to curb it. Thus,
various vitamins supplements, which have
proved to act as antioxidants, have been
looked into. To sum up, there is a need of
further research for the early detection of
the ROS levels and the drugs that can be
used to reduce oxidative stress without
having any side effects.
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