
Lokesh K. , Int. J. of Pharm. Sci., 2024, Vol 2, Issue 10, 461-471 |Review 

*Corresponding Author: Lokesh K. 

Address: Dr. Borus Andro Lab And Research Center, Chennai 

Email      :  dr.lokeshresearchdirector@gmail.com 

Relevant conflicts of interest/financial disclosures: The authors declare that the research was conducted in the absence of 

any commercial or financial relationships that could be construed as a potential conflict of interest.   
                  
              INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES                                                                                461 | P a g e  

Antioxidant therapy has emerged as a promising approach for managing unexplained 

male infertility, a condition in which no specific cause is identified despite thorough 

evaluation. Oxidative stress occurs when there is an imbalance between reactive oxygen 

species (ROS) and the body’s ability to detoxify them using antioxidants. In men, 

excessive ROS can lead to sperm damage, reducing sperm quality and motility, which 

are critical factors for successful fertilization. Oxidative stress is increasingly 

recognized as a contributor to male infertility, affecting sperm quality, motility, and 

DNA integrity. This detailed overview explores the role of oxidative stress in male 

infertility, how antioxidants work to mitigate this issue, commonly used antioxidants, 

and considerations for their therapeutic use. 
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INTRODUCTION

UNDERSTANDING OXIDATIVE STRESS 

AND MALE INFERTILITY 

Oxidative stress arises when there is an imbalance 

between reactive oxygen species (ROS) and the 

antioxidant defenses of the body. While a certain 

level of ROS is necessary for normal sperm 

functions, excessive ROS can cause lipid 

peroxidation, protein damage, and DNA 

fragmentation in sperm cells[1,2,3,4]. Sperm cells 

are particularly susceptible to oxidative stress due 

to their limited cytoplasmic content and high 

levels of polyunsaturated fatty acids, which are 

prone to oxidation. In cases of unexplained male 

infertility, oxidative stress is a critical factor that 

can negatively impact sperm function, reducing 

fertility potential[5,6,7]. 

HOW OXIDATIVE STRESS AFFECTS 

SPERM 

Sperm cells are particularly vulnerable to 

oxidative damage due to their unique structure and 

function: 

1. High Content of Polyunsaturated Fatty Acids: 

Sperm membranes are rich in polyunsaturated 

fatty acids, which are susceptible to lipid 

https://www.ijpsjournal.com/
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peroxidation caused by ROS. This oxidative 

damage can compromise membrane fluidity, 

essential for sperm motility and the ability to 

fuse with the egg. 

2. Limited Antioxidant Defenses: Sperm cells 

have minimal cytoplasm, which reduces their 

capacity to house antioxidant enzymes. As a 

result, they rely on antioxidants in seminal 

fluid for protection against oxidative stress. 

3. DNA Damage: Excessive ROS can lead to 

single- and double-strand breaks in sperm 

DNA, which can affect fertility by reducing 

the sperm's viability and increasing the risk of 

genetic abnormalities in offspring. DNA 

fragmentation in sperm has been linked to 

increased rates of miscarriage and decreased 

success rates in assisted reproductive 

technologies (ART). 

4. Reduced Sperm Motility: Oxidative stress 

damages proteins and enzymes critical for 

sperm motility, which is essential for the 

sperm to navigate the female reproductive 

tract and reach the egg. 

5. Impaired Sperm Morphology: Oxidative 

damage can also affect the structural integrity 

of sperm, leading to abnormal morphology 

that can impede 

fertilization.[8,9,10,11,12,15,18] 

 SOURCES OF OXIDATIVE STRESS IN 

MEN 

Oxidative stress in men, particularly related to 

infertility, can result from a combination of 

lifestyle, environmental, and physiological factors. 

These sources contribute to an excess of reactive 

oxygen species (ROS), which can lead to sperm 

damage and impaired reproductive function. Here 

are the primary sources of oxidative stress in men: 

1. Lifestyle Factors 

Smoking:  

Tobacco smoke contains numerous harmful 

chemicals that increase ROS production in the 

body. Smoking is strongly associated with reduced 

sperm count, motility, and abnormal sperm 

morphology due to oxidative damage. 

Excessive Alcohol Consumption:  

Alcohol metabolism generates free radicals, which 

can overwhelm the body’s antioxidant defenses. 

Chronic alcohol use is linked to lower testosterone 

levels, decreased sperm quality, and increased 

oxidative stress. 

Poor Diet:  

Diets high in processed foods, trans fats, and 

sugars but low in fruits, vegetables, and 

antioxidants can lead to oxidative stress. Nutrient 

deficiencies, particularly in antioxidants like 

vitamins C and E, zinc, and selenium, further 

exacerbate oxidative damage in sperm cells. 

Lack of Physical Activity or Obesity:  

While moderate exercise enhances antioxidant 

defenses, a sedentary lifestyle or excessive 

exercise can increase oxidative stress. Obesity, 

often related to poor lifestyle choices, is also 

associated with increased ROS production due to 

chronic inflammation and insulin 

resistance[19,21,22,35,38]. 

2. Environmental Toxins and Pollutants 

Air Pollution:  

Exposure to pollutants such as particulate matter, 

heavy metals, and other environmental 

contaminants can increase ROS production. 

Studies have shown that air pollution exposure 

correlates with lower sperm quality. 

Pesticides and Chemicals:  

Occupational and environmental exposure to 

pesticides, industrial chemicals, and endocrine 

disruptors (like bisphenol A) can lead to oxidative 

stress. These chemicals can be absorbed through 

the skin, inhalation, or ingestion and are linked to 

impaired sperm function. 

Heavy Metals:  

Lead, cadmium, and mercury, which can be found 

in industrial areas or contaminated water, are 

known to induce oxidative stress. These metals 
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accumulate in the body and can damage sperm 

DNA and reduce fertility. 

Radiation and UV Exposure:  

High levels of radiation, including UV exposure, 

can cause oxidative damage to sperm DNA. This 

is particularly relevant for men working in 

occupations involving radiation exposure or 

extensive time outdoors without sun 

protection[23,24,25,28,61,65]. 

3. Medical Conditions and Infections 

Chronic Diseases:  

Conditions such as diabetes, hypertension, and 

cardiovascular disease are associated with 

elevated oxidative stress due to chronic 

inflammation. Diabetes, for example, causes 

increased ROS production, which can impair 

sperm quality and function. 

Varicocele:  

This condition involves the enlargement of veins 

within the scrotum, leading to increased testicular 

temperature and reduced antioxidant capacity. 

Varicocele is a well-known risk factor for male 

infertility and is linked to oxidative stress-induced 

sperm damage. 

Infections:  

Urogenital infections, such as prostatitis, 

epididymitis, and sexually transmitted infections, 

can lead to increased ROS in the reproductive 

tract. These infections may directly damage sperm 

cells or lead to inflammation, which increases 

oxidative stress[29,30,31,32]. 

4. Age-Related Factors 

Natural Decline in Antioxidant Defenses:  

As men age, the body’s natural antioxidant 

defenses tend to weaken, which can increase 

oxidative stress. Older men also have a higher 

likelihood of accumulated environmental and 

lifestyle exposures, compounding their risk of 

oxidative damage. 

Hormonal Changes:  

Testosterone levels decline with age, which can 

impact sperm production and quality. This 

hormonal change can indirectly increase oxidative 

stress and its effects on sperm[36,38,51,59]. 

5. Psychological Stress 

Chronic Stress:  

Prolonged psychological stress is linked to higher 

cortisol levels, which can disrupt hormonal 

balance and lead to increased ROS production. 

Chronic stress has been shown to reduce sperm 

quality and motility, likely through oxidative 

stress pathways. 

Sleep Deprivation:  

Poor sleep quality or chronic sleep deprivation can 

contribute to oxidative stress. Lack of sleep affects 

the body’s ability to repair and regenerate, 

exacerbating the effects of ROS on sperm and 

overall health[39,41,53,68,75]. Addressing 

oxidative stress in men requires a holistic 

approach, considering lifestyle adjustments, 

environmental factors, and medical management 

where necessary. Limiting exposure to 

environmental toxins, adopting a healthier 

lifestyle, and using antioxidant-rich foods or 

supplements can help manage oxidative stress and 

support better reproductive health. 

ANTIOXIDANTS AS A DEFENSE 

MECHANISM 

The body utilizes antioxidants to neutralize ROS 

and protect cells from oxidative damage. In the 

male reproductive system, both enzymatic 

antioxidants (such as superoxide dismutase, 

catalase, and glutathione peroxidase) and non-

enzymatic antioxidants (such as vitamins C and E, 

selenium, and zinc) play critical roles in 

safeguarding sperm from oxidative stress. 

Antioxidant therapy has gained interest as a 

treatment for unexplained male infertility, given 

its potential to reduce oxidative damage and 

improve sperm quality. By bolstering the body's 

antioxidant defenses, antioxidant supplementation 

aims to restore the balance between ROS 

production and neutralization, supporting overall 

sperm health and fertility potential[43,52,56,57]. 
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HOW ANTIOXIDANTS COUNTERACT 

OXIDATIVE STRESS 

Antioxidants are molecules that neutralize ROS, 

preventing or mitigating oxidative damage. In 

sperm cells, antioxidants work by: 

Neutralizing ROS: 

 Antioxidants scavenge and deactivate ROS, thus 

protecting sperm from oxidative damage. 

Protecting Lipids and Proteins:  

Antioxidants prevent lipid peroxidation in the 

sperm membrane, which is crucial for maintaining 

membrane fluidity and integrity. They also protect 

sperm proteins that are essential for motility and 

function. 

Maintaining DNA Integrity:  

Excessive ROS can lead to DNA fragmentation, 

affecting sperm viability and the genetic quality of 

the sperm. Antioxidants help safeguard DNA by 

preventing ROS-induced breaks and mutations. 

Enhancing Sperm Function:  

By reducing oxidative damage, antioxidants 

contribute to improved sperm motility, 

morphology, and concentration, all of which are 

essential for successful 

fertilization[59,60,61,62,63,65]. 

COMMON ANTIOXIDANTS USED IN MALE INFERTILITY TREATMENT 

 
Fig.1 The antioxidant substances that significantly impact the functioning of the sperm 

1. Vitamin C (Ascorbic Acid) 

Role:  

Acts as a primary antioxidant, neutralizing free 

radicals in seminal plasma and protecting sperm 

DNA. 

Benefits:  

Vitamin C can enhance sperm count and reduce 

DNA fragmentation. 

Dosage:  

Commonly used doses range from 500 to 1000 mg 

per day. 

2. Vitamin E (Tocopherol) 

Role:  

A lipid-soluble antioxidant that protects sperm 

membranes from lipid peroxidation. 

Benefits:  

Vitamin E has been shown to improve sperm 

motility and reduce sperm DNA damage. 

Dosage:  

Typically administered in doses of 200 to 400 IU 

per day. 

3. Coenzyme Q10 (CoQ10) 

Role:  

Functions in mitochondrial energy production and 

as an antioxidant that protects sperm cells from 

oxidative damage. 

Benefits:  

CoQ10 supplementation is associated with 

improved sperm motility and density. 

Dosage:  

Common doses range from 100 to 300 mg per day. 

4. Selenium 

Role:  
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A trace mineral that supports the antioxidant 

enzyme glutathione peroxidase, which protects 

against oxidative damage. 

Benefits:  

Selenium has been linked to enhanced sperm 

motility and reduced sperm DNA fragmentation. 

Dosage:  

Typically 55 to 100 mcg per day. 

5. Zinc 

Role:  

Supports testosterone synthesis and sperm 

development, with antioxidant properties that 

protect sperm DNA and proteins. 

Benefits:  

Zinc deficiency is often associated with reduced 

sperm quality, so supplementation can improve 

overall sperm health. 

Dosage:  

Standard doses are around 15 to 30 mg per day. 

6. L-Carnitine and Acetyl-L-Carnitine 

Role:  

Involved in fatty acid metabolism and energy 

production, helping to support sperm motility. 

Benefits:  

Research indicates improvements in sperm 

motility and concentration with L-Carnitine 

supplementation. 

Dosage:  

Doses vary, commonly 1-3 g per day. 

7. N-Acetylcysteine (NAC) 

Role:  

Acts as a precursor to glutathione, a powerful 

antioxidant, and supports detoxification processes. 

Benefits:  

NAC can improve sperm concentration and reduce 

oxidative stress in seminal fluid. 

Dosage:  

Generally around 600 mg per day.[1,2,3,4,5] 

CONCLUSION: 

In conclusion, antioxidant therapy offers a 

promising avenue for managing unexplained male 

infertility, especially in cases where oxidative 

stress is suspected to impair sperm function. By 

neutralizing reactive oxygen species (ROS), 

antioxidants can help protect sperm from oxidative 

damage, improving parameters such as motility, 

vitality, count, concentration, morphology, and 

DNA integrity. Common antioxidants used in 

therapy, including vitamins C and E, Coenzyme 

Q10, selenium, zinc, and L-carnitine, have shown 

potential benefits in various clinical studies. While 

antioxidant supplementation is generally safe and 

accessible, its effectiveness can vary based on 

individual factors, such as lifestyle, medical 

history, and baseline oxidative stress levels. 

Therefore, it is essential for men considering 

antioxidant therapy to consult with healthcare 

providers to tailor their approach. Additionally, 

incorporating lifestyle changes that reduce 

oxidative stress—such as a balanced diet, regular 

exercise, and avoiding environmental toxins—can 

further support fertility outcomes. Further 

research, particularly large-scale, well-designed 

clinical trials, is needed to refine antioxidant 

treatment protocols and establish standardized 

guidelines for their use in male infertility. As our 

understanding of the complex role of oxidative 

stress in fertility evolves, antioxidant therapy, 

combined with personalized medicine, holds great 

potential for improving fertility outcomes for men 

with unexplained infertility. 
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