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Abstract—Astaxanthin, a potent antioxidant derived from marine sources, has garnered attention for its role in mitigating oxidative stress-
related infertility disorders, particularly teratospermia and oligospermia. Oxidative stress is a key factor contributing to sperm DNA damage,
morphological abnormalities, and reduced motility, which are hallmarks of teratospermia and oligospermia. Astaxanthin’s ability to neutralize
reactive oxygen species (ROS) enhances sperm quality, integrity, and functionality. This review explores the molecular mechanisms by which
astaxanthin exerts its protective effects, including upregulation of antioxidant enzyme activity, reduction of lipid peroxidation, and preservation
of mitochondrial function. Clinical studies have demonstrated significant improvements in sperm concentration, motility, and morphology
following astaxanthin supplementation. Additionally, its role in modulating inflammation and improving the seminal plasma environment

highlights its potential as a therapeutic agent for male infertility.
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l. INTRODUCTION

ale infertility affects a significant proportion of

couples worldwide, with teratospermia and

oligospermia being two prominent causes.
Teratospermia is defined as the existence of spermatozoa with
irregular morphology, whereas oligospermia is distinguished
by a reduced sperm count. Both conditions impair the ability
of sperm to fertilize an ovum, thus reducing the chances of
natural conception. Among the various factors contributing to
these conditions, oxidative stress has emerged as a critical
determinant. Excessive production of reactive oxygen species
(ROS) in the male reproductive system leads to lipid
peroxidation, DNA damage, protein denaturation, and
mitochondrial dysfunction, thereby compromising sperm
quality and functionality.[*-]

Astaxanthin, a  naturally  occurring  carotenoid
predominantly found in marine organisms such as microalgae,
salmon, and krill, is renowned for its exceptional antioxidant
properties. Unlike other antioxidants, astaxanthin can
neutralize free radicals and reduce oxidative stress more
effectively due to its unique molecular structure. Its ability to
stabilize cell membranes and scavenge ROS has been linked to
improved sperm quality, making it a promising therapeutic
agent in managing male infertility.

This review delves into the underlying pathophysiology of
teratospermia and oligospermia, the role of oxidative stress in
their progression, and the potential benefits of astaxanthin
supplementation. By addressing the gaps in current treatment
strategies and highlighting emerging research, this study
underscores the therapeutic potential of astaxanthin in
ameliorating male infertility.[6-]

Here is a table summarizing the benefits of Astaxanthin in
male infertility:

Table 1. This table highlights the main benefits of astaxanthin and its impact
on various aspects of male fertility.

Benefit H Explanation H

-Astaxanthin neutralizes reactive oxygen species
(ROS), reducing oxidative stress that harms sperm
quality.

Reduces Oxidative
Stress

Improves Sperm || -Enhances sperm motility and morphology, leading to

Quality better sperm functionality for fertilization.
Increases Sperm -Promotes spermatogenesis, leading to an increase in
Count sperm concentration, especially in oligospermic men.

Protects Sperm  ||-Shields sperm DNA from oxidative damage, reducing

DNA Integrity the risk of genetic abnormalities in sperm.
Supports -Enhances mitochondrial function, providing better
Mitochondrial energy production for sperm motility and overall
Health health.
-Astaxanthin’s anti-inflammatory properties help
Reduces - oo :
; reduce inflammation in the reproductive system,
Inflammation

improving sperm health.

Improves Seminal || -Enhances the environment of seminal fluid, allowing

Fluid Quality for better sperm function and survival.
Improves Fertility || -Overall improvement in sperm quality and quantity
Outcomes enhances the chances of successful conception.

Astaxanthin, a potent carotenoid found in marine organisms
such as microalgae, krill, and salmon, is increasingly being
studied for its potential therapeutic effects on male infertility,
particularly in conditions like teratospermia (abnormal sperm
morphology) and oligospermia (low sperm count). These
conditions are common causes of male infertility, which is
linked to oxidative stress, inflammation, and poor sperm
function. Astaxanthin’s antioxidant properties make it a
promising agent to counteract these factors, thus improving
sperm health and enhancing male fertility.[20-15]

Understanding Teratospermia and Oligospermia

e Teratospermia refers to the condition where a significant
proportion of sperm have abnormal shapes or morphology,
which can impair the sperm’s ability to fertilize an egg.
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e Oligospermia is characterized by a low sperm count (less
than 15 million sperm per milliliter of semen), reducing
the chances of successful fertilization.

Both conditions are often exacerbated by oxidative stress,
where an imbalance occurs between the production of reactive
oxygen species (ROS) and the body’s ability to neutralize
them. Excessive ROS can damage sperm membranes, DNA,
and proteins, leading to decreased sperm motility, abnormal
morphology, and reduced fertilization potential.[6-18l

Mechanisms of Action of Astaxanthin

Astaxanthin is a carotenoid with unique molecular
properties that give it remarkable antioxidant activity. It is
known to be more effective at neutralizing ROS than other
antioxidants, such as vitamins C and E. Astaxanthin's ability
to combat oxidative stress can provide multiple benefits for
men suffering from teratospermia and oligospermia. Its
mechanisms of action include:

1. Neutralizing Reactive Oxygen Species (ROS):

o Astaxanthin effectively scavenges ROS, preventing
oxidative damage to sperm cells. Its structure allows it
to penetrate the sperm membrane and neutralize free
radicals, which helps maintain the integrity of sperm
cells.

This action prevents sperm DNA damage, lipid
peroxidation (which disrupts cell membranes), and
protein oxidation, all of which are common
consequences of oxidative stress.[*9-23]

2. Improvement in Sperm Motility:

o Sperm motility (the ability of sperm to swim toward
the egg) is a crucial factor in fertility. Astaxanthin
supports mitochondrial function, which is vital for
sperm energy production.

It has been shown to improve mitochondrial efficiency

in sperm cells, providing them with more energy to

swim and reach the egg.

Enhancing Sperm Morphology:

o Astaxanthin helps reduce oxidative stress in the testes,

which can improve the morphology of sperm cells. In

cases of teratospermia, where sperm show abnormal

shapes, astaxanthin supplementation can promote

normal sperm development and function.

Astaxanthin works by maintaining the integrity of the

cell membrane and supporting the proper formation of

the sperm head, midpiece, and tail.[242°

Supporting Spermatogenesis (Sperm Production):

o Astaxanthin is also known to promote better testicular

function. It supports the process of spermatogenesis

(sperm production) in the testes, which is essential in

cases of oligospermia.

By reducing oxidative stress in the testes, astaxanthin

encourages the healthy development of sperm cells,

leading to an increase in sperm count.

5. Reduction of Inflammation:

o Chronic inflammation in the reproductive system can

impair sperm quality and function. Astaxanthin’s anti-
inflammatory properties help reduce inflammation in
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the testes, prostate, and seminal vesicles, improving the
environment in which sperm develop and are stored.
By lowering inflammatory markers, astaxanthin helps
create a healthier environment for sperm to survive and
thrive,[30-3

6. Improvement in Seminal Fluid Quality:

o Astaxanthin improves the overall quality of seminal

fluid by reducing oxidative damage. The seminal
plasma acts as a medium for sperm, and its health is
crucial for optimal sperm motility and function.
The antioxidant action of astaxanthin helps protect
sperm from oxidative damage in the seminal fluid,
improving the quality of the ejaculate and supporting
fertility.

Clinical Studies and Evidence

Several studies have explored the effects of astaxanthin
supplementation on male infertility, particularly in cases of
oligospermia and teratospermia:

1. Study on Oligospermia:

o A study conducted on men with oligospermia found
that astaxanthin supplementation led to significant
improvements in sperm count, motility, and overall
fertility. The antioxidant effects helped reduce
oxidative stress and promoted spermatogenesis, leading
to an increase in sperm production. 3434

2. Study on Teratospermia:

o In cases of teratospermia, astaxanthin supplementation
was shown to improve sperm morphology by reducing
oxidative damage to sperm membranes and DNA. This
resulted in a higher proportion of morphologically
normal sperm, which is crucial for successful
fertilization.

3. General Male Infertility:

o A study involving men with general infertility issues
(including both teratospermia and oligospermia)
showed that astaxanthin supplementation improved
sperm motility, morphology, and count. It also reduced
markers of oxidative stress and increased antioxidant
enzyme activity in seminal plasma.t0-431

Overall Benefits of Astaxanthin

Oligospermia

e Improved Sperm Quality: Astaxanthin improves sperm
motility and morphology, leading to better sperm function
and higher fertility potential.

e Increased Sperm Count: By promoting spermatogenesis
and reducing oxidative damage in the testes, astaxanthin
increases sperm count in men with oligospermia.

e Enhanced DNA Integrity: Astaxanthin protects sperm
DNA from oxidative damage, reducing the risk of genetic
abnormalities in sperm.

e Better Fertility Outcomes: Clinical studies indicate that
astaxanthin supplementation significantly improves the
chances of successful conception in men with male
infertility, especially in those with teratospermia or
oligospermia.[*4-48

in Teratospermia and
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Il.  CONCLUSION

Astaxanthin, a potent antioxidant with superior free radical
scavenging capabilities, has shown considerable promise in
addressing male infertility, particularly in cases of
teratospermia and oligospermia. By reducing oxidative stress,
astaxanthin helps to protect sperm DNA, enhance sperm
motility, improve sperm morphology, and increase sperm
count. These improvements are particularly beneficial in
conditions where oxidative damage contributes to abnormal
sperm development and low sperm production. In
teratospermia, where sperm morphology is compromised,
astaxanthin helps maintain the structural integrity of sperm
cells, leading to a higher proportion of morphologically
normal sperm. In oligospermia, astaxanthin promotes better
spermatogenesis and increases sperm count, thereby
enhancing fertility potential.

Additionally, astaxanthin’s ability to reduce inflammation
and improve seminal fluid quality further supports its role in
improving overall sperm health and fertility outcomes. While
clinical studies have demonstrated significant improvements
in sperm quality, further research is required to establish
standardized dosages, long-term effects, and comprehensive
clinical guidelines for its use. Ultimately, astaxanthin
represents a promising natural supplement for improving male
fertility, offering a potential adjunct therapy for men suffering
from infertility related to oxidative stress, teratospermia, and
oligospermia. Its ability to improve key aspects of sperm
health makes it a valuable addition to fertility treatment
options, with the potential for further breakthroughs in male
infertility management.
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