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ABSTRACT

Lycopene, a naturally occurring carotenoid
primarily found in tomatoes and other red fruits,
has been recognized for its potent antioxidant
properties.  Teratospermia,  characterized by
abnormal sperm morphology, and oligospermia,
marked by low sperm count, are significant causes
of male infertility. Oxidative stress plays a crucial
role in the pathogenesis of these conditions, leading
to cellular damage in spermatozoa and impairing
fertility potential.

This review explores the impact of lycopene
supplementation on improving sperm quality in
men  diagnosed  with  teratospermia  and
oligospermia. Emerging evidence suggests that
lycopene mitigates oxidative stress by neutralizing
reactive oxygen species (ROS), thus enhancing
sperm morphology, motility, and count. Clinical
studies indicate that daily intake of lycopene, either
through diet or supplementation, improves seminal
parameters and reduces DNA damage in sperm
cells. Furthermore, lycopene's anti-inflammatory
properties contribute to better testicular function
and hormonal balance, addressing underlying
causes of infertility.

While the findings are promising, variations in
study designs, dosages, and treatment durations
necessitate  further  research to  establish
standardized guidelines. This paper underscores
lycopene's potential as a safe and effective adjunct
therapy for male infertility, offering hope for
improving reproductive outcomes in affected
individuals.
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l. INTRODUCTION

Male infertility accounts for nearly 50% of
infertility cases globally, with teratospermia
(abnormal sperm morphology) and oligospermia
(low sperm count) being significant contributing
factors. These conditions often result from
oxidative stress, which causes damage to sperm
DNA, proteins, and membranes, thereby impairing
their functional and structural integrity. The

increased generation of reactive oxygen species
(ROS) in seminal fluid disrupts sperm quality,
leading to decreased motility, viability, and
fertilizing potential.

Lycopene, a naturally occurring carotenoid
found abundantly in tomatoes, watermelons, and
pink grapefruits, has garnered attention for its
potent antioxidant properties. It is a lipid-soluble
compound capable of scavenging ROS, protecting
cellular structures, and reducing oxidative stress-
related damage. Beyond its antioxidant effects,
lycopene  exhibits  anti-inflammatory  and
cytoprotective properties, which may contribute to
improved testicular function and overall sperm
health.!!

Research in recent years has explored the
therapeutic potential of lycopene in male
reproductive health. Preliminary studies suggest
that regular lycopene consumption positively
affects sperm morphology, count, and motility,
making it a promising candidate for addressing
teratospermia and oligospermia.

This paper aims to review the existing
evidence on lycopene's role in improving sperm
parameters in men with teratospermia and
oligospermia, elucidate the underlying

mechanisms, and assess its potential as a non-

invasive, cost-effective intervention in the
[6-9]

management of male infertility.
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Fig 1. Benefits of Lycopene in male infertility
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Role of Lycopene in Oxidative Stress Reduction
1. Neutralizing Reactive Oxygen Species (ROS):

Oxidative stress occurs when the
production of reactive oxygen species (ROS)
exceeds the body’s antioxidant defenses, leading to
cellular damage. In the male reproductive system,
excessive ROS can harm sperm cells, causing DNA
fragmentation, protein oxidation, and lipid
peroxidation. Lycopene, a potent antioxidant,
scavenges these ROS, mitigating their damaging
effects.

2. Protecting Sperm Structure and Function:

ROS damage the sperm membrane and
acrosome, impairing motility, morphology, and
fertilization potential. Lycopene’s antioxidant
properties protect these structures, preserving the
functional integrity of sperm.

3. Supporting Mitochondrial Function:

Sperm motility depends heavily on
mitochondrial activity. Oxidative stress can disrupt
mitochondrial ~ function, reducing  energy
production. Lycopene protects mitochondria from
ROS-induced damage, enhancing motility and
viability.

4. Preventing Lipid Peroxidation:

The sperm cell membrane is rich in
polyunsaturated fatty acids, making it particularly
vulnerable to lipid peroxidation caused by ROS.
Lycopene reduces lipid peroxidation, maintaining
membrane fluidity and sperm-cell functionality.

5. Enhancing Antioxidant Enzyme Activity:
Lycopene stimulates the production and
activity of endogenous antioxidant enzymes like
superoxide dismutase (SOD) and glutathione
peroxidase, further amplifying the body’s defense
against oxidative stress.[*%!
Improvement in Sperm
(Teratospermia)
1. Protection Against Structural Damage:
Teratospermia  is  characterized by
abnormal sperm morphology, such as defects in the
head, midpiece, or tail of sperm cells. Oxidative
stress can damage the structural integrity of sperm,
leading to these abnormalities. Lycopene's
antioxidant properties protect sperm cells from
such damage, aiding in maintaining normal
morphology.

Morphology

2. Membrane Stabilization:

The sperm membrane plays a critical role
in fertilization, including acrosome reaction and
oocyte  binding. Lycopene reduces lipid
peroxidation, stabilizing the sperm membrane and
preserving its functional structure, which is
essential for proper morphology.

3. Prevention of DNA Fragmentation:

Abnormal morphology is often associated
with DNA fragmentation within sperm cells.
Lycopene helps prevent DNA damage by
neutralizing reactive oxygen species (ROS),
contributing to healthier and properly formed
sperm.

4. Supporting Protein and Enzyme Function:

Normal sperm morphology requires
precise protein folding and enzymatic functions
during spermatogenesis. Lycopene’s role in
reducing oxidative stress ensures  optimal
intracellular environments for these processes,
resulting in properly shaped sperm.

5. Repair and Regeneration:

In cases of existing sperm abnormalities,
lycopene can help mitigate further damage and
support the regeneration of healthier sperm by
improving testicular health and enhancing the
spermatogenic process.*’24

Enhancement of Sperm Count (Oligospermia)
1. Stimulation of Spermatogenesis:

Oligospermia is characterized by a low
sperm count, which can significantly affect male
fertility. Lycopene has been shown to stimulate
spermatogenesis, the process of sperm production
in the testes. By reducing oxidative stress and
improving testicular health, lycopene creates a
more favorable environment for sperm production,
leading to an increase in sperm count.

2. Protection of Testicular Cells:

Testicular cells, especially Sertoli cells,
play a vital role in the production and maturation of
sperm. Oxidative stress can impair these cells,
leading to reduced sperm count. Lycopene, as an
antioxidant, protects the testes from ROS-induced
damage, helping to preserve the function of Sertoli
cells and enhance spermatogenesis.

3. Reduction in Hormonal Imbalances:
Oxidative stress disrupts the hormonal
balance that regulates sperm production. Lycopene
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has been found to help maintain normal levels of
testosterone, which is essential for sperm
production. By modulating hormone levels and
reducing oxidative damage, lycopene contributes to
the normalization of sperm count in men with
oligospermia.

4. Improved Blood Circulation to the Testes:

Lycopene’s  antioxidant and  anti-
inflammatory properties may improve blood flow
to the testes, promoting a healthier environment for
sperm production. Enhanced circulation ensures
better oxygen and nutrient delivery to the testes,
supporting optimal spermatogenesis.

5. Anti-inflammatory Effects:

Chronic inflammation in the reproductive
system can hinder sperm production. Lycopene’s
anti-inflammatory  effects help to reduce
inflammation in the testes, promoting healthier
gﬁerm development and increasing sperm count./®"

Improvement in Sperm Motility
1. Protection of Sperm Membrane Integrity:
Sperm motility, the ability of sperm to
swim and reach the egg, is heavily influenced by
the structural integrity of the sperm membrane.
Oxidative stress damages sperm membranes,
impairing motility. Lycopene, with its antioxidant
properties, protects the lipid membranes of sperm
cells, preserving their fluidity and functional
capacity, which is essential for effective motility.

2. Enhanced Mitochondrial Function:
Mitochondria in  sperm cells are
responsible for generating the energy needed for
motility.  Oxidative  stress can  damage
mitochondria, reducing energy production and
impairing sperm movement. Lycopene improves
mitochondrial function by reducing oxidative
damage, ensuring that sperm have the energy
needed to swim effectively and reach the egg.

3. Reduction of Reactive Oxygen Species (ROS):

Excessive ROS in seminal fluid can
impair sperm motility by disrupting cellular
functions and sperm movement. Lycopene
scavenges ROS, reducing oxidative damage to
sperm cells, and enhancing their ability to move
forward. By neutralizing ROS, lycopene helps
maintain  motility even in  oxidative-stress
conditions.

4. Improved Seminal Fluid Quality:

Lycopene has been shown to improve the
overall quality of seminal fluid by reducing
inflammation and oxidative stress. Higher-quality
seminal fluid supports sperm motility, as it creates a
more favorable environment for sperm to swim and
navigate toward the egg.

5. Increased DNA Integrity:

Damage to sperm DNA can reduce
motility and overall fertility. Lycopene helps
maintain sperm DNA integrity by reducing
oxidative stress, which can prevent DNA
fragmentation that typically impacts motility.?>*%

Protection Against DNA Damage
1. Reducing Oxidative Stress on DNA:

DNA fragmentation in sperm cells is one
of the leading causes of male infertility, particularly
in conditions like teratospermia and oligospermia.
Oxidative stress, which arises from excessive
reactive oxygen species (ROS), is a major factor
contributing to DNA damage in sperm. Lycopene,
as a powerful antioxidant, neutralizes ROS, thereby
protecting sperm DNA from oxidative damage.

2. Preventing Sperm DNA Fragmentation:

Lycopene has been shown to reduce sperm
DNA fragmentation, a critical factor in male
fertility. DNA damage can compromise the genetic
integrity of sperm, affecting fertilization and
increasing the risk of miscarriage or congenital
abnormalities. By reducing oxidative damage,
lycopene helps preserve the integrity of sperm
DNA, ensuring healthier genetic material for
fertilization.

3. Enhancing DNA Repair Mechanisms:
Lycopene may also support the body’s
natural DNA repair mechanisms. By reducing
oxidative stress, lycopene creates an environment
conducive to repairing DNA damage, ensuring that
sperm cells can maintain their genetic material.
This is particularly important for men experiencing
infertility due to DNA fragmentation in sperm.

4. Improving Sperm Quality and Fertility
Outcomes:

Lycopene’s ability to protect sperm DNA
improves overall sperm quality, which increases the
likelihood of successful fertilization and reduces
the risk of genetic defects. By preserving DNA
integrity,  lycopene  contributes to  better
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reproductive outcomes, including higher pregnancy
rates and healthier offspring.

5. Reducing the Risk of Miscarriage:

Sperm DNA damage is linked to higher
rates of miscarriage, as damaged DNA can impair
embryo development. By preventing oxidative
DNA damage, lycopene may reduce the risk of
miscarriage and increase the chances of a healthy
pregnancy.[*+¢]

Hormonal Requlation by Lycopene
1. Modulating Testosterone Levels:

Testosterone is a crucial hormone for
sperm production and overall male fertility. Low
testosterone levels are often linked to oligospermia
(low sperm count) and poor sperm quality.
Lycopene has been shown to help maintain or
increase testosterone levels by reducing oxidative
stress and improving the overall health of the
testes. This hormonal balance supports optimal
spermatogenesis (sperm production) and enhances
male reproductive function.

2. Supporting Hypothalamic-Pituitary-Gonadal
AXis:

The hypothalamic-pituitary-gonadal
(HPG) axis plays a vital role in regulating
testosterone  synthesis and  spermatogenesis.
Lycopene’s antioxidant properties help protect the
cells in the testes, including Leydig cells, which
produce testosterone. By reducing oxidative
damage, lycopene supports the smooth functioning
of the HPG axis, ensuring that the production of
testosterone and other sex hormones remains
balanced.

3. Reducing Estrogenic Effects in Men:

Increased estrogen levels or an imbalance
between estrogen and testosterone can lead to
conditions like male infertility, reduced libido, and
low sperm count. Lycopene’s antioxidant effects
may help balance estrogen and testosterone levels
in men, reducing excess estrogenic effects and
supporting better reproductive health.

4. Enhancing Follicle-Stimulating Hormone
(FSH) and Luteinizing Hormone (LH)
Regulation:

Lycopene also influences the regulation of
follicle-stimulating hormone (FSH) and luteinizing
hormone (LH), both of which are critical for sperm
production and testicular function. By reducing
oxidative stress and supporting the testes, lycopene

contributes to the proper secretion and balance of
these hormones, facilitating healthy sperm
production.

5. Balancing Oxidative Stress and
Inflammation:

Chronic oxidative stress and inflammation
can disrupt hormonal balance by impairing the
function of the endocrine system. Lycopene’s anti-
inflammatory and antioxidant properties help
reduce these negative effects, promoting a healthy
hormonal environment that supports fertility. ">

1. CONCLUSION

Lycopene, a powerful antioxidant found in
various fruits and vegetables, has shown promising
effects in improving male fertility, particularly in
conditions like teratospermia (abnormal sperm
morphology) and oligospermia (low sperm count).
Through its multifaceted actions, lycopene
addresses the underlying causes of these
conditions, primarily by reducing oxidative stress
and protecting sperm cells from oxidative
damage.By  improving  sperm  morphology,
lycopene helps to restore normal sperm structure,
which is crucial for successful fertilization. In cases
of oligospermia, it stimulates spermatogenesis,
enhancing sperm production and increasing sperm
count. Lycopene also plays a vital role in enhancing
sperm motility, ensuring that sperm are capable of
reaching and fertilizing the egg.The antioxidant
properties of lycopene not only protect sperm DNA
from fragmentation but also promote better
hormonal regulation, ensuring optimal levels of
testosterone and other key reproductive hormones.
This supports overall testicular health and normal
sperm  production.  Furthermore, its  anti-
inflammatory effects contribute to a healthier
reproductive system.

Clinical studies have consistently shown
that lycopene supplementation can significantly
improve sperm quality, count, and motility in men
suffering from teratospermia and oligospermia,
offering a non-invasive, safe, and effective
approach to managing male infertility. During these
years a few clinical preliminaries have been created
to research the impacts of cell reinforcement
supplementation (as Vitamin-A(as beta carotene),
Vitamin-C(as ascorbic acid), Vitamin-D3(as
cholecalciferol), Vitamin-E, Vitamin-B1, Vitamin-
B6(as pyridoxal-5-phosphate), folic acid, Vitamin-
B12, Biotin(as d-biotin),  Selenium  (as
selenomethionine), Copper(as anhydrous copper
sulfate), Zinc(as zinc citrate), Molybdenium
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(ammonium molybdate), L-Carnitine, L-Tartate, L-
Arginine, Lycopene(10%), Grape seed extract, N-
Acetyl L-Cysteine, Coenzyme- Q10, Astaxanthin,
Ginseng extract). Antioxidants had promising
effects on sperm concentration, motility,
morphology, and DNA fragmentation, according to
many of them and so it is considered to be the first
line treatment.

In conclusion, lycopene is a valuable
therapeutic supplement for enhancing male fertility,
particularly for men struggling with teratospermia
and oligospermia. Its ability to reduce oxidative
stress, protect sperm, and support overall
reproductive health makes it a promising therapy
for improving fertility outcomes.
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