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ABSTRACT
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In general, there exists a balance between
the free radicals and natural antioxidants in
the human body. The human body exists in
thermodynamic non equilibrium and remains
in a steady state. The impacts of the free
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antioxidants. Supplementation of
antioxidants in any form helps to combat the

free radicals mediated oxidative stress (OS) induced health effects including infertility. Free radicals directly damage the histo-architecture of
various reproductive organs and also the cyto-morphology of sperm. Antioxidants scavenge and neutralize the free radicals contributing to the
beneficial effects of antioxidants on male infertility. Supplementation of antioxidants initially adds up to the beneficial effects but antioxidants in
excess acts as pro-oxidants and contribute to further damaging effects on the male reproductive system, causing male infertility.
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INTRODUCTION

Antioxidants are molecules and compounds that have the ability
to scavenge or remove free radicals. These are essential for the
maintenance of life. Normal physiological life process leads to
continuous generation of several free radicals in the living system.
Antioxidants constantly remove and neutralize those free radicals.
Theses free radicals are highly reactive and have a tendency to react
with whatever they find in their vicinity immediately after being
formed. Thus if the free radicals are left unrevoked in living system
they will react with almost all biomolecules and will cause
tremendous damage and disruption of the living system which will
cause various pathological conditions and may ultimately
culminate to death. The damages caused by the oxygen derived free
radicals like the superoxide anion radical, hydroxyl radical etc., is
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termed as oxidative damage. In such situation the only rescuers are
the antioxidants. They are primarily of two categories. The
indigenous ones are mostly enzymes like the catalase, superoxide
dismutase etc., which are found in living cells or are biomoleules
like the glutathione. These indigenous ones are synthesized in the
living body naturally and are the natural defense of the body against
free radicals induced damages. On the other hand, the exogenous
antioxidants are the ones like vitamin C and E which are consumed
or supplemented and removes the free radicals from living body
thereby mitigating the free radicals induced damages of various
biomolecules.®

Free radicals react with anything they find in their proximity and
thus disrupt the normal biochemical composition of the
biomolecules they react with. Free radicals lead to peroxidation of
lipids and carbonylation of proteins. Lipid and protein being the
main two components of plasma membrane, the cellular membrane
integrity is thus damaged by free radical attack. All different types
of cells in living body are susceptible to oxidative damage once the
free radicals start accumulating in living body. There exists a fine
balance between the generation and removal of free radicals.The
balance is basically between free radicals and antioxidants. As long
as the balance is perfect i.e., the antioxidants remain on the heavier
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side, there exists a physiological steady state. The moment the rate
of formation of free radicals exceeds the rate of their removal, the
living system falls vulnerable to damages starting from cellular and
sub-cellular level.*> Sperms being cellular entities are thus no
exception of oxidative onslaught.®

Studies reveal that free radicals have significant deteriorative
impact on the male reproductive system and thus adversely affect
the fertility in male.” Generation of free radicals induced by ageing
also leads to oxidative stress mediated damage of male reproductive
system leading to decline in spermatogenesis and resulting in male
infertility.® Also, oxidative stress is known to be associated with
inflammation induced male infertility.® Oxidative stress is also
known to be associated with infertility in female.!® Antioxidants are
reported to have beneficial effects on idiopathic male infertility and
also are reported to improve pregnancy rates'’. Studies also reports
that use of antioxidants is recommended for the treatment of
infertility in men as supportive therapy.'? Oxidative stress is also
recognized as an underlying mechanism for COVID-19 induced
male infertility and supplementation of Vitamin C has been
reported to be a possible remedy for the same by virtue of its
antioxidant properties.’® Also, use of antioxidants like Vitamin C,
glutathione, Vitamin e N-acetyl-cysteine, and catalase in the
semen reduces ROS levels and also prevents reduction in motility
of sperm.14 15

Antioxidants when use in excess may have reverse effects on
male fertility. Certain antioxidants like Vitamin C(ascorbic acid)
and vitamin E (tocoferol) gets converted to pro-oxidants when
supplemented in excess. These pro-oxidants further enhance the
generation of free radicals in the system and leads to increased
oxidative damages.'® Thus excess use of antioxidants as therapy of
male infertility is reported to be associated with risks. These risks
are oxidative stress mediated diseases like cancer and
cardiomyopathy etc.,.1” Hence, the risks, limitations and challenges
associated with antioxidant induced stress needs to be recognized
and considered cautiously while using antioxidants against male
infertility issues induced by oxidative stress mediated oxidative
damage.

OXIDATIVE STRESS MEDIATED MALE INFERTILITY

Male infertility is known to contribute to 50% of total infertility
in couples. Reactive oxygen species (ROS) mediated damages
leading to the condition of oxidative stress is known to be
responsible extensively for male infertility in various ways®1°,
These oxidative damages are accounted to be either due to
increased generation of ROS or due to decreased level of
antioxidants or both. Surprisingly, at normal physiological levels,
ROS are known to be associated with promoting sort of good health
of sperm. Studies report that physiological levels of ROS play
some role in the development of fertilization properties of sperm.
ROS at normal levels in body is associated with promoting motility
and capacitation of sperm. Physiological levels of ROS promotes
chromatin compaction in maturing spermatozoa , promotes
hyperactivation, facilitates oocyte interaction and acrosome
reaction etc.,.2?* ROS remains at moderate concentration in living
system at their basic, physiological levels. And, at this moderate
concentration ROS and other free radicals like the reactive nitrogen
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species (RNS) play important role in regulating various cellular
signaling pathways, immune responses etc.,.??

Though, certain level of ROS is considered to be essential and
beneficial for proper maturation, development of sperm and also
plays significant role for sperm ovum interaction and the process
of fertilization, yet, excess free radicals and subsequent redox
imbalance cause several types of damages at cellular and sub-
cellular level leading to deleterious impact on the homeostasis of
sperm resulting in male infertility.®?2* Studies show that
Varicocele, which is considered as one of the most common cause
of male infertility is associated with free radicals induced oxidative
stress.?® Primarily, ROS mediated damage of sperm DNA is the
reason of varicocele.?>?® Besides being produced naturally in living
body as byproducts of various oxidative biochemical metabolic
reactions, ROS generation is also induced by certain factors and
agents.?® Exposure to excess heat, heavy metals, certain chemicals,
toxicants. smoking, alcohol etc. may induce generation of ROS.22"
2 These sources of ROS can be endogenous or exogenous.?
Hyperglycaemic condition in diabetes and pre-diabetes induces
generation of ROS which has been reported to be associated with
changes in sperm parameters.®® Infection induced elevated
generation of ROS and ROS induced oxidative damage mediated
elevation in infections and inflammations of the different organs
and parts of the reproductive system leads to deteriorative changes
in various parameters of the seminal fluid and the sperm and leads
to male infertility.®% Also, immuno-modulation induced by
inflammation is often due to increased production of ROS and that
is known to account for male infertility.>® Smoking and alcohol
consumption is known to cause generation of ROS which is
associated with smoking and alcohol induced male infertility.34%
Both causes reduced spermatogenesis and ROS induced damages
in sperm. Beside all these drugs used in chemotherapy, heavy
metals like lead, cadmium , mercury etc., radiotherapy and all other
possible causes of ROS generation may lead to oxidative stress
induced damages to male reproductive tissues and sperm that may
lead to male infertility.*-% ROS is known to directly damage and
distort sperm morphology by interacting and altering the protein
and lipid components of the cell.*® Sperm is highly vulnerable to
oxidative damages as it is rich in polyunsaturated fatty acids in its
plasma membrane.*® Such ROS induced damages may even lead to
death of sperm.? Studies reveal that oxidative stress due to ROS
imparts an adverse effect on sperm DNA that in turn leads to the
formation of oxidative products like 8-0x0-7,8-
dihydroxyguanosine. This oxidative product causes fragmentation
of sperm DNA and results in mutagenic effect.!

BENEFICIAL EFFECTS OF ANTIOXIDANTS ON MALE
INFERTILITY

Antioxidants are known to fight back the condition of free
radicals induced oxidative stress and oxidative damages by
removing and neutralizing the free radicals.*? There are several
studies establishing the fact that supplementation of antioxidants
are beneficial for improving male infertility.**-*¢ Certain nutritional
antioxidants like vitamins E,C, R-Carotene and some
micronutrients like folate, zinc etc., have been reported to have
significant essential role for maintaining normal semen quality and
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assure reproductive function.*’Also, antioxidant supplementation is
reported to be beneficial in improving infertility treatments with
Assisted reproductive technology (ART) .4

Myoinositol is identified as a molecule with potent antioxidant
activity and is reported to have beneficial effects on male
infertility.*® Studies conducted in experimental fish reports that the
molecule has ability to protect against oxidative damage, inhibits
oxygen radical generation and also increases antioxidant enzyme.*
Myoinositol is an important molecule that is a good buffer of
oxidative stress in the male gonadal milieu.*® Myoinisitol because
of its molecular structure cannot invade the tight junctions at the
testicular level and remains at a greater concentration in the
seminiferous tubules rather than in other compartments of the male
reproductive system. Myoinisitol controls intracellular calcium
concentration of sperms and is a key regulator of sperm
mitochondrial events related to free radical generation and is
known to improve mitochondrial functions and motility of sperm.%°
It sustains a balanced oxidative stress and antioxidant milieu
essential for sperm maturation events like capacitation, acrosomal
reaction, and motility. It is reported to improve sperm parameters
and serum reproductive hormones in male with idiopathic
infertility.5

Alpha Lipoic acid, an eight-carbon endogenous cofactor is
another potent antioxidant molecule that has been found to be
beneficial for preventing oxidative stress mediated damage to
sperms.52 A study reveals that adding this antioxididant molecules
to sperms which are cryopreserved for use in ART, causes reuction
of cryopreservation induced oxidative stress mediated sperm
damage.® Reduced form of this molecule prevents ROS mediated
damage to sperms. It can prevent DNA fragmentation, improves
sperm viability and motility.>® It has also been reported to be
beneficial in mitigating varicocele induced increased temperature
and oxidative stress in murine testis.®* Studies conducted in
diabetic murine model establishes that supplementation of alpha
lipoic acid is capable to delay testicular lesions and also to preserve
the process of spermatogenesis in diabetes. It quenches free
radicals, reactive nitrogen species and restores glutathione, vitamin
C and E levels in the testicular tissue.>*%® It restores Leydig cell
function in damaged testicular tissue and promotes androgenesis in
rats. % %

Zinc is an antioxidant metal said to have potent beneficial effects
on male reproduction. It hastens the process of spermatogenesis
promoting production, storage, secretion, and function of several
enzymes critical for meiosis and other steps of spermatogenesis.
Seminal zinc conserves the integrity and stability of sperm
membrane and the genetic material.®° Studies reveal that zinc plays
an important role in maintaining the normal functioning of the
hypothalamus-pituitary-gonadal axis. Low Zn level is reported to
have a negative impact on serum testosterone concentration.5-62
Zinc is known to protect the testis against heavy metal, fluoride and
heat induced stress.® Zn deficiency in men is known to cause
primary testicular failure. Deficiency of Zn also is reported to
lessen the function of the luteinizing hormone receptor, reduces
steroid synthesis and damages Leydig cells by virtue of oxidative
stress.®
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Another interesting finding is that Coenzyme Q10 in subfertile
men remains usually low. This cofactor is an important substrate in
mitochondrial electron transport chain and is essential for energy
generation in sperms. Mitochondrial oxidative phosphorylation
leads to the generation of ROS and this coenzyme neutralizes the
free radicals generated therein.®* CoQ10 therapy in sub-fertile
subjects increases sperm motility, restores normal sperm
morphology and increases sperm density when supplemented in
mixture of antioxidant supplements.®*%5 Studies report that
supplementation of Coenzyme Q10 improves sperm Kkinetic
features in  male patients affected by idiopathic
asthenozoospermia.®® An extensive literature review reported by
Salvio etal., in the year 2021 reveals that supplementation of Q10
alone or in combination with other antioxidants improves semen
quality and various sperm parameters significantly establishing the
fact that supplementation of this antioxidant molecule is beneficial
to combat male infertility.5

Folic acid is an antioxidant molecule. Supplementation of this
molecule is reported to combat oxidative stress and improve
various sperm function parameters and enhance fertility in men.58
The available literature reports that dihydrofolate and
tetrahydrofolate are important for nucleic acid biosynthesis. This
process is essential for germ cell development and maintaining the
normal reproductive function in males. Folate scavenges free
radicals and prevents oxidative membrane damage of membranes
and the nucleic acids.%.

Selenium in the form of selenoproteins are involved in metabolic
pathways associated with the body's antioxidant defense.™
Adequate quantities of selenoproteins are present within the testis
and the seminal fluid. Selenium not only protects the sperms but
also guides the successful passage of sperms across the genital tract
during copulation until sperm oocyte interaction. Normal level of
selenium assures proper sperm maturation, motility and
spermatogenesis.” "2 Selenium maintains the normal sperm density
and sperm vitality. In males selenium enhances sperm volume,
density and virility.”

Vitamin E is essential for normal spermatogenesis. Deficiency
of this vitamin may hinder normal spermatogenesis. It helps to
maintain normal testicular function and sperm health. Vitamin E is
essential for cell membrane integrity and protects the cell for ROS
mediated damage. Studies reveal that vitamin E can regulate the
proteins associated with plasma membranes and biosyntheisis of
protamines which in turn can promote the process of
spermatogenesis.’™ Studies show that supplementation of Se and Vit
E together have beneficial effects on semen quality and motility of
sperm.” Supplementation of Vitamin E has also been found to be
protective preventive against the mancozeb induced deleterious
effects on sperm and testis parameters.” Vitamin C has beneficial
effects on sperm motility and morphology. It scavenges free
radicals and prevents oxidative damage. Vitamin C
supplementation in infertile men has been reported to improve all
parameters of sperm including, morphology, count and
motility.”’Semen quality has been reported to be improved with oral
supplementation of vitamin C.7”7.Other antioxidants like carnitine is
also reported to have beneficial effects on male fertility by
improving sperm motility.** [Table 1]. Thus supplementation of
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antioxidants like L-carnitine, vitamin C, vitamin E, or coenzyme
Q10 has significant positive effects on semen quality including
sperm DNA fragmentation, chromatin packaging, sperm
concentration, and motility of sperm.®%#!Combined antioxidant
vitamins have been reported to be beneficial for treating male
infertility in most cases. Bish et al., recommended that a mixed
antioxidant diet of zinc and selenium decreases ROS production
and that could be benefic for preventing oxidative stress mediated
damage to testicular function.”® Scaruffi et al., reported that
combined antioxidant therapy enhance fertility rates in men.”
Endogeneous antioxidant enzymes like glutathione peroxidase
(GPX) and glutathione S-transferase (GST) haven been found to be
essential for normal spermatogenesis and sperm functions.®-52

LIMITATIONS OF THE EFFECTS OF ANTIOXIDANTS ON MALE
INFERTILITY

Antioxidants at right level are beneficial for living systems.
Hence, antioxidants supplementation is used as a remedy to treat
male infertility by mitigating oxidative stress. Antioxidants at
higher level than normal are known to cause deleterious effects on
the living system. Adverse effects high doses of antioxidants result
due to altered balance in the physiological redox status. The
phenomenon responsible for such redox imbalance is termed as
“reductive stress” or the “antioxidant paradox”.  In a study the
DNA fragmentation index and the degree of sperm decondensation
was measured and for this the method of the sperm chromatin
structure assay was used. The study revealed that treatment with
antioxidant vitamins associated with zinc and selenium reduced the
sperm DNA fragmentation but a negative impact of excess
antioxidants on sperm DNA got reflected with an increase in sperm
decondensation. 8 Studies also reveal that as a result of vitamin C
supplementation increase in sperm nuclear decondensation was
observed that is because of vitamin C-induced reduction of
disulphide bonds in protamines.®® Another study reveals that
antioxidant supplementation in male patients with male factor
infertility caused a significant increase in the risk of nausea,
headache and dyspepsia in comparison to that of placebo.®® Reports
reveal that due to improper and definite detection of oxidative stress
as the underlying reason for male infertility in certain cases may
lead to inappropriate and overuse of antioxidant(s) which in turn
may cause adverse effects on male reproductive system due to
‘reductive stress’.” Antioxidants like vitamin E has been reported to
be fatal and life threatening for people who consume excess.®
Similarly, excess vitamin C has been reported to have deleterious
effects as that of oxidative stress.®The term paradoxical effect is
termed to address the fact that excess supplementation of
antioxidants often cause paradoxical results in case of certain
diseases.® Though Zn supplementation is reported to restore
normal level of hormones and improve sperm functions and
facilitate spermatogenesis contributing immensely to improved
male fertility®-%3% yet, excess Zn in semen is reported to cause
reduced sperm motility and adversely effects male fertility.90.
Also, studies show that high concentrations of Zn2+ (0.2 mM), is
associated with compromised capacitation and hyper-activated
motility of sperm and also is known to inhibit the voltage-gated
H+ channel Hv1l that is localized in the sperm tail. This Hvlis
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responsible for sperm cytoplasmic alkalization, ® hyper-activated
motility and the regulation of the rotation of human sperm tail.%>%
Excess selenium is reported to impair male reproductive system by
virtue of oxidative stress mediated damages in various components
of the male reproductive system.® Like any other antioxidants,
excess supplementation of alpha lipoic acid is strongly not
recommended as it is evident from literature that excess dose of
alpha lipoic acid may lead to fatal consequences.®® High dose of
Vitamin E has been reported to be detrimental for human health.®’
Vitamin E in high dose is considered to impose detrimental effects
on male fertility.”Coenzyme Q10 is extensively prescribed and used
as supplement to treat condition of male infertility. No specific
adverse effect of Q10 coenzyme is well documented in scientific
literature till date. Like all other antioxidants, it seems to be
imposing harmful effects on male reproductive system and may
adversely affect male fertility but extensive research is required to
investigate the fact and to understand the underlying mechanism.
Excess dose of Q10 coenzyme has been reported to be associated
with side effects like nausea, vomiting, headache etc.,.®® Excess
supplementation of glutathione may disturb the indigenous balance
of oxidized and reduced glutathione in our body and this may in
turn disrupt the cycle of conversion of GSH and GSSG and the
kinetics of the enzymes i.e., glutathione oxidase and glutathione
reductase involved in the process may also get disturbed.? This as a
whole may lead to excess reactive species generation and
accumulation and contribute adversely to the male fertility
condition. Studies reveal that high I-carnitine concentration (50
mg/mL) is toxic to sperm and is also reported to cause significant
decrease in sperm motility.*® Excess supplementation of folic acid
may cause adverse health effects like retard brain development,
may lead to other vitamin deficiency, may speed up mental ageing
and even may cause prostate cancer in men.® Excess
supplementation of folic acid is known to be detrimental for various
systems of our body.'® and the male reproductive system may not
be an exception [Table 1].

Though there is extensive literature supporting the beneficial
role of supplementation of antioxidants in treating conditions of
infertility and sub-fertility, yet other additional evidences in vast
number reveal that there remains a question in the free use of
antioxidants for mitigating male infertility.*®

Table 1. Beneficial abd detrimental effects of some antioxidants on

male fertility

Sl. | Antioxi | Effects on Male infertility

No.| dants
Beneficial Effects at right | Detrimental effects
dose at high/excess dose

1. | Zinc Promotes testicular Reported to cause
development, sperm reduced sperm
maturation and testosterone | motility anmd
synthesis; Hastens the adversely effects
process of male fertility;*
spermatogenesis®’;

2. | Seleniu | Protects the sperms but also | Impairs male

m guides the successful reproductive

passage of sperms across system;®
the genital tract during
copulation; Beneficial for
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sperm maturation, motility
and spermatogenesis;
3. | Vitamin | Benefial for sperm motility | Increases sperm
C and morphology and nuclear
improves semen quality decondensation ; 8
71,72
4. | Vitamin | Promotes spermatogenesis May have
E 7, detrimental
implications on
male fertility and
can be fatal;"¢’
5. | Alpha Prevents ROS mediated Excess dose may
Lipoic damage to sperms, DNA lead to fatal
Acid fragmentation, improves consequences;
sperm viability and
motility; Reported to delay
testicular lesions and also to
preserve the process of
spermatogenesis in
diabetes; Restores
glutathione, vitamin C and
E levels in the testicular
tissue; Restores Leydig cell
function in damaged
testicular tissue and
promotes androgenesis in
rat853,56-58;
6. | Coenzy | Increases sperm motility, No reported exact
me Q10 | restores normal sperm adverse effects on
morphology and increases male fertility but is
sperm density when reported to cause
supplemented in mixture of | certain side-effects
antioxidant supplements®s; like headache and
nausea when
supplemented in
overdose;*®
7. | L- Improves sperm motility*3; Toxic to sperm and
Carnitin is reported to reduce
e sperm motility;%°
8. | Myoino | Reported to control No significant
sitol intracellular calcium literature available
concentration of sperms and
is a key regulator of sperm
mitochondrial events
related to free radical
generation and is known to
improve mitochondrial
functions and motility of
sperm;
Improves sperm parameters
and serum reproductive
hormones in male with
idiopathic infertility5%51;
9 | Folic Improves various sperm Reported to have
acid function parameters and detrimental effects
improve fertility®; on various systems
of our body*® and
the male
reproductive system
may not be an
exception.
Though no specific
literature report or
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data are available in
the context.

Excess
supplementation
may be detrimental
for male fertility%-
No definite
literature evidence
available yet.

10.| Glutathi | Reported to improve sperm
one motility patterns®*;

CONCLUSION

Thousands of work around the world establishes the fact that
supplementation of antioxidants alone or in combination with other
antioxidants or even anti-inflammatory agents are beneficial in
significantly improving the condition of male infertility. The basic
mechanism so far reported is removal of free radicals by the
antioxidants and thus mitigating their damaging effects on various
components of the male reproductive system including the sperm
cytomorphology. Thus, protection and conservation of the
structural integrity of the reproductive tissues by antioxidants in
right level also assures restoration, protection and conservation of
the normal function of the male reproductive system. Thus male
infertility is effectively fought back with right dose of antioxidants.
Whereas, excess of antioxidants in human body is detrimental by
virtue of their pro-oxidant conversions. Following the similar rule,
excess supplementation or overdose of antioxidants in male may
lead to adverse effects and cause infertility / sub-firtility or may
worsen the existing condition of infertility in man.

By considering the extent of good effects, beneficial role and
therapeutic potential of antioxidant supplementations against male
infertility when administered in right dose, the adverse effects by
overdose of the same may be controlled by fixing the right dose and
avoiding overdosing or excess supplementation of antioxidants.
Studies conducted on human subjects show that antioxidants are
helpful in improving the motility and count of sperm in sub-fertile
men. Also, antioxidants are beneficial in improving DNA
fragmentation in the sperm of sub-fertile men.%? Natural herbal
products rich in antioxidant phyto-constituents are safe to be
consumed keeping in mind about avoiding their over
consumption.1%%1% Along with antioxidants in right dose, a good
lifestyle, eating health food, avoiding junk foods, regular exercise/
yoga, avoiding mental stress and tension, maintaining safe distance
and precautions against exposure to radiations and to heat for long
time may help to revert the condition of infertility in men.
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