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Abstract: 

Male infertility accounts for almost half of infertility cases 

among couples globally. One of the primary reasons for 

decreased male reproductive function is oxidative stress (OS), 

which occurs when the body's antioxidant Defense systems 

are overwhelmed by the synthesis of reactive oxygen species 

(ROS). An excess of ROS can harm sperm quality and 

reproductive capacity by causing lipid peroxidation, 

mitochondrial malfunction, and sperm DNA breakage, even 

while healthy ROS levels define optimal sperm activity. 

Testicular tissue is particularly vulnerable to oxidative 

damage due to its high metabolism and the high quantity of 

polyunsaturated lipids in sperm membranes. Numerous 

internal and external variables, including varicocele, 

infections, environmental contaminants, aging, and bad 

lifestyle choices, can accelerate the generation of ROS and 

overwhelm the testicular antioxidant system. The 

pathophysiological implications of testicles' oxidative stress 

on male fertility are addressed in this review, which also 

critically explores the fundamental sources and mechanisms 

of this stress.  The laboratory procedures and diagnostic 

indications are now being applied to detect oxidative stress in 

the sperm. The focus is on antioxidant-based treatment 

options, which include both new and possibly helpful 

chemicals as well as established supplements like vitamins C 

and E, Coenzyme Q 10, carnitines, and N-acetylcysteine. This 

review supports a personalized strategy to antioxidant therapy 

as a viable adjuvant in the treatment of male infertility and underlines the importance 

of large-scale, properly planned trials.  
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sperm damage, assisted reproductive technology 
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Introduction 
Infertility is among the most complicated 

disorders compromising the reproductive 

system. Its defining trait is not being able 

to conceive following a year or more of 

regular, unprotected sexual activity.
(1)

 

Though figures vary widely between 

countries and regions, infertility is thought 

to afflict 8–12% of couples of reproductive 

ages globally.
(2)

   Male infertility is usually 

estimated to be the sole cause of about 

20% of cases of infertility; another 30% to 

40% are regarded as partially 

responsible.
(3)

 Despite great progress in 

diagnosis and treatment, about half of all 

cases of male infertility remain 

idiopathic—that is, without a known 

etiological component. The overall rise in 

male infertility rates in recent years has 

aroused considerable alarm due to a global 

deterioration in semen quality over time 

and a corresponding rise in the frequency 

of male reproductive problems. Numerous 

environmental, nutritional, social, and 

economic factors have been hypothesized 

as contributing to the falling trend in 

semen quality, although the specific 

explanation of the increased prevalence of 

male infertility is nevertheless unknown. 

Additionally, in males with reproductive 

possibilities, frequent problems such as 

insulin resistance, arterial hypertension, 

obesity, dyslipidaemia, psychological 

stress, and anxiety disorders have also 

been connected to decreased fertility.
(4)

 

Male infertility and these complications 

seem to have a complex and poorly 

understood association. Nonetheless, 

studies have shown that oxidative damage 

is one of the essential processes behind the 

etiopathogenesis of several diseases. At 

the same time, a lot of focus has been 

devoted to the critical part that reactive 

oxygen species (OS) play in the 

establishment of male unsuccessful 

reproduction.
(5) 

 The basic concept of oxidative stress is an 

imbalance between the body's ability to 

eliminate free radicals, also known as 

reactive oxygen species (ROS), and the 

creation of these harmful molecules. At 

normal physiological levels, ROS are 

important to manage a range of 

reproduction-related activities, including 

as fertilization, acrosome response, and 

sperm maturation and hyperactivation.
(6,7)

 

However, high ROS concentrations 

damage several cellular activities. 

Antioxidants and specific dietary 

components may be key in controlling 

spermatogenesis by reducing the ROS 

concentration in spermatozoa and semen 

plasma and restoring normal physiological 

levels.
(8)

 Therefore, the objectives of this 

review are to: provide an overview of the 

primary causes of ROS in male infertility; 

update knowledge regarding the impact of 

elevated ROS levels and oxidative stress 

on the clinical outcomes of Assisted 

Reproductive Technology (ART), 

including In Vitro Fertilization (IVF)and 

intracytoplasmic sperm injection (ICSI); 

discuss in detail the role of antioxidants 

alone and in combination with other 

antioxidants; and explain why diet may be 

a more practical long-term solution for 

reducing oxidative stress and, 

consequently, sperm quality and fertility 

outcomes. 

Testicular Oxidative Stress: 

Mechanisms and Pathophysiology  
It is clear that 30–80% of infertile male 

cases have elevated levels of ROS in their 

ejaculate, the etiopathogenesis of male 

infertility is unknown in about half of the 

cases.  

Endogenous ROS in human semen are 

mostly derived from leukocytes in the 

seminal fluid and undeveloped sperm with 

cytoplasmic retention and a 

morphologically defective head.
(9,10)

 In 

addition to leukocyte activation and 

chemotaxis, inducing further inflammatory 

processes, male genital tract infections 

generate extrinsic ROS.  Leukocytes 

initiate the myeloperoxidase system, which 

creates ROS, to combat infections.
(11)

 OS 

in the seminal fluid may come from 

leukocytes creating too much ROS. 

Conversely, intrinsic ROS are created by 
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defective and immature spermatozoa. 

Cytoplasm accumulates in the mid-piece 

during the typical spermiogenesis phase, 

causing cell expansion and condensation. 

The cytosolic glucose-6-phosphate 

dehydrogenase (G6PD) enzyme, which 

produces intracellular nicotinamide 

adenine dinucleotide phosphate (NADPH), 

is abundant in the excess residual body 

that immature spermatozoa with 

morphological defects (NADPH) retain.
(12)

 

The intramembrane oxidase enzyme 

nicotinamide adenine dinucleotide 

phosphate (NADPH) oxidase 5 (nox5) 

then transforms NADPH into ROS. When 

highly reactive ROS transgress antioxidant 

defence mechanisms, a change in the 

homeostatic balance between ROS and 

antioxidant defence systems may result in 

the development of OS, LPO (Lipid 

Peroxidation), sperm DNA fragmentation 

(SDF), and germ cell death are among the 

adverse effects on sperm that have been 

reported. Table 1 shows testicular 

oxidation stress and clinical consequences 

in male infertility. 

 

Table 1. Testicular oxidation stress and clinical consequences  
Si. 

No 

Component 

 

Mechanism 

 

Effects on the Testis Clinical Results Reference 

1. Reactive 

oxygen 

species 

Generated by 

leukocytes, 

mitochondria, and 

toxins 

Damage caused by 

oxidation to sperm 

cells. 

decreased sperm 

count and 

motility. 

13 

2. Peroxidation 

of Lipids 

ROS attacking on 

sperm membrane 

lipids 

Loss of integrity in 

membranes 

Impaired 

fertilization 

capacity 

14 

3. Protein 

Oxidation 

Protein oxidative 

modification in sperm 

Defective receptors 

and enzymes 

Ineffective sperm 

function 

15 

4. DNA 

Breakdown 

ROS cause sperm 

DNA strands to break. 

instability of the 

genome 

Embryo 

development 

failure 

16 

5. Antioxidant 

Enzymes 

Deficit 

 

reduced Superoxide 

Dismutase (SOD), 

Catalase (CAT), and 

Glutathione 

Peroxidase (GPx) 

activity 

Insufficient 

neutralization of 

ROS 

 

An increase in 

oxidative stress 

 

17 

6. Apoptosis 

 

ROS starts the cell 

death mitochondrial 

pathway 

Germ cell loss 

 

Degeneration of 

the testicles 

18 

7. Hormonal 

Interruptions 

Leydig and Sertoli 

cells are oxidatively 

damaged. 

Change in the levels 

of inhibin and 

testosterone. 

Reduced sperm 

production 

19 

8. Inflammatory 

processes 

 

NF-κB (Nuclear Factor 

kappa-light-chain-

enhancer of activated 

B cells) and cytokine 

activation 

Prolonged 

inflammation of the 

testicles 

 

Subfertility and 

pain in the 

testicles 

 

20 

9. Varicocele 

 

ROS are created by 

venous stasis and 

hypoxia. 

Testicular 

hypoperfusion 

Infertility in men 

with varicocele 

21 

10. Exposures to 

the 

Environment 

 

ROS production is 

boosted by pesticides 

and heavy metals 

Direct injury to 

testicular tissue 

caused by toxins. 

Poor ART results 

and repeated 

failure 

22 
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Generation of Reactive Oxygen Species 

(ROS) 

Reactive oxygen species can cause 

inflammation by activating many 

signalling pathways, much like the 

response of inflammation can cause. 

According to a number of studies, 

hydroperoxyl radical and ROS can 

promote inflammation by stimulating the 

transcription factor NF-kB.
(23)

 

Additionally, it has been discovered that 

OS is essential for the activation of the 

NOD-like receptor protein 3 (NLRP3) 

inflammasome.
(24)

 The NLRP3 

inflammatory oligomeric molecular 

complex triggers innate immune responses 

by producing pro-inflammatory cytokines 

that involve interleukins IL-1β and IL-18. 

In a study conducted in 2022, a number of 

pathways for ROS-mediated NLRP3, have 

been found. It has been shown that ROS 

created by damaged mitochondria activate 

NLRP3 inflammatory cells, which in turn 

causes the generation of IL1 and the 

development of localized inflammation.
(25)

 

It has also been established that NLRP3 

inflammasomes are induced during 

apoptosis in response to the oxidation of 

mitochondrial DNA. Additionally, when 

OS is generated, ROS triggers the 

thioredoxin-interacting protein, which 

initially suppresses endogenous 

thioredoxin. This enables the protein to 

separate from thioredoxin and attach to the 

NLRP3 inflammasome, thereby inducing 

its activation.
(26) 

 Impact of ROS on Spermatogenesis and 

Sperm Function 

ROS-mediated harm to both the functional 

and structural integrity of SPZ 

(spermatozoa), that renders them 

especially vulnerable to oxidative assaults 

among germ cells, is one of the primary 

causes of male infertility. Damaged or 

insufficient SPZ has a detrimental effect 

on the result of a pregnancy and the health 

pathways of the progeny.
(27)

 

It is generally documented that spermatids 

drastically alter the way their DNA folds 

during spermiogenesis, replacing transition 

proteins for histones first, followed by 

protamines. Instead of dislodging histones, 

transition proteins enhance the recruitment 

and processing of protamines, which in 

turn cause histone eviction. This shows 

that protamines and transition proteins act 

together rather than as a result of one 

another.
(28)

 Interestingly, telomeres and 

promoters of genes critical in early 

embryonic development are found in the 

small fraction (~5–10%) of DNA that is 

still ordered in nucleosomes by residual 

histones, even though the majority of the 

sperm genome is linked to protamines.
(29)

 

Oxidative stress is extremely hazardous for 

this chromosomal compartment. 

Furthermore, the sperm nucleus in mice 

has a regionalized sensitivity to oxidative 

DNA alterations, with the basal and 

peripheral nuclear regions—the latter of 

which is positioned around the midpiece—

being more vulnerable.
(30)

 Given the 

concept of chromosomal territories and the 

non-random insertion of chromosomes 

into the sperm nucleus, it makes sense that 

certain autosomes, notably chromosomal 

references (Chr19, Chr18, and Chr17), 

would be particularly prone to oxidative 

damage.
(31)

 Sex chromosomes, on the other 

hand, seem to be especially well-protected. 

Fig 1 demonstrates how oxidative stress 

kicks off a cascade of biochemical events 

that include mitochondrial failure, DNA 

damage, and lipid peroxidation. These 

alterations affect sperm motility, viability, 

and ultimately fertilization capacity by 

triggering the apoptotic pathway. 
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Table 2.  Male infertility etiological causes for testicular oxidative stress. 
SI. 

No 

Reasons 

 

Description 

 

Mechanism Effect on the 

Testis 

Reference 

1. Varicocele 

 

Unusual testicular 

vein dilatation  

 

Heat stress and 

hypoxia elevate ROS.  

 

Germ cell 

apoptosis, 

decreased sperm 

quality  

34 

2. Infections 

 

Sexually Transmitted 

Infections and 

bacterial or viral 

orchitis 

Cytokine and immune 

cell activation 

 

Inflammation, 

ROS burst, DNA 

damage  

 

35 

3. Toxins in 

the 

environment 

 

Endocrine disruptors, 

insecticides, and 

heavy metals (lead, 

cadmium)  

Hormonal disturbance 

and direct ROS 

generation  

 

Testicular atrophy, 

poor 

spermatogenesis  

 

36 

4. Smoking 

 

Cadmium, nicotine, 

and oxidants are all 

present in tobacco.  

Boosts both local and 

systemic ROS  

 

Decreased sperm 

motility and count.  

 

37 

5. Drinking 

alcohol 

 

Chronic use 

compromises 

endocrine and 

hepatic function.  

Reduces testosterone 

and generates ROS 

Spermatogenic 

arrest, sperm DNA 

fragmentation  

 

38 

6. Obesity 

 

Too much adipose 

tissue alters 

hormones and 

metabolism.  

Elevates oxidative load 

and pro-inflammatory 

cytokines  

Hormonal 

imbalance, 

oxidative sperm 

damage  

 

39 

7. Diabetes 

mellitus 

 

Insulin resistance 

and chronic 

hyperglycemia  

 

Produce more AGEs 

(Advanced Glycation 

End-products) in the 

context of ROS 

(Reactive Oxygen 

Species) in the 

mitochondria to 

produce more AGE 

and ROS. 

Leydig/Sertoli cell 

dysfunction  

 

40 

8. Radiation 

exposure 

 

Ionizing radiation 

from medicine or the 

workplace  

 

DNA strand breakage 

and direct ROS 

production  

 

Loss of germ 

cells, testicular 

fibrosis  

 

41 

9. Exposure to 

heat 

 

Extended scrotal 

warmth (from 

laptops or tight 

clothing) 

Uses oxidative stress to 

disrupt with 

spermatogenesis  

Reduced sperm 

production and 

function 

 

42 

10. Aging 

 

Testicular function 

naturally falls.  

 

Decreases in 

antioxidant enzymes 

and mitochondrial 

dysfunction 

Increased DNA 

fragmentation, 

lower sperm 

quality  

43 

 

Etiological Factors Contributing To 

Testicular Oxidative Stress  
Male infertility has a complex 

etiopathology that encompasses several 

interrelated causes. The male reproductive 

system may be impacted by environmental 

and lifestyle variables, nutrition, radiation 

exposure, and several other factors. It is 

clear that the majority of these factors 

cause oxidative stress (OS), which in turn 
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leads to male infertility.
(32)

 Oxidative 

stress (OS) in the male reproductive tract 

occurs when the production of reactive 

oxygen species (ROS) exceeds the body's 

antioxidant defence capacity, due to either 

internal (endogenous) factors or external 

(environmental or lifestyle-related) 

influences. Through lipid peroxidation, 

deoxyribonucleic acid fragmentation, and 

germ cell apoptosis, OS causes altered 

sperm shape and functionality.
(33)

 These 

changes are reflected in poor semen 

parameters and fertilizing capacity, leading 

to male subfertility or infertility. This 

review discusses the generation of reactive 

oxygen species (ROS) in the male 

reproductive system, their involvement in 

the pathophysiology of male infertility, the 

impact of oxidative stress (OS) on 

reproductive function, current methods for 

measuring ROS levels, and the therapeutic 

potential of antioxidant treatments for OS-

induced male infertility Table 2 highlights 

male infertility etiological causes for 

testicular oxidative stress. 

 

 
Figure 1: Oxidative stress’s effect on DNA integrity and sperm function 

 

 

     Lifestyle Risk Factors: Smoking 

Cigarettes, Alcohol Consumption, and 

Obesity. 

Lifestyle factors like smoking, alcohol 

consumption, and obesity have a 

significant impact on male fertility. 

Smoking-related toxins damage sperm 

DNA and cause oxidative stress. Because 

it disrupts hormonal balance and 

encourages the production of ROS, alcohol 

has an impact on sperm quality.
(44)

 

Because obesity alters endocrine function 

and causes inflammation, it has an impact 

on ART success rates. Abnormalities in 

the nuclear and plasma membranes of 

sperm cells are exacerbated by alcohol 

consumption.
(45)

 Alcohol consumption 

raises the proportion of sperm cells with 

aberrant chromatin, according to an 

experimental study. NADH (Nicotinamide 

Adenine Dinucleotide, reduced form) and 

acetaldehyde are produced during 

metabolism. While NADH raises the 

respiratory chain activity in mitochondria, 

acetaldehyde interacts with proteins and 

lipids to produce ROS.
(46)

 Both the number 
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and motility of healthy sperm can be 

reduced by cigarette smoking. 

Additionally, it may cause lipid 

peroxidation, which results in the 

production of reactive oxygen species. 

Additionally, it can raise the amount of 

ROS and decrease the amount of 

antioxidants like vitamin C and E in 

seminal plasma. Cigarette smoking can 

also cause an inflammatory response and 

increase the quantity of leukocytes in the 

testicles.
(47)

 The other issues found in 

smokers are linked to sperm count 

decrease, DNA fragmentation, and 

axonemal damage. Obese men's low 

semen quality is caused by aberrant 

hormone control and excessive ROS 

generation. It is thought that adipocytokine 

dysregulation and ROS production cause 

oxidative stress in these patients.
(48)

 Excess 

ROS generation in obese males may be 

caused by elevated metabolic rates and 

blood coagulation. Furthermore, an 

increase in temperature and the production 

of ROS can change the enzymes involved 

in spermatogenesis in the testicles. 

decrease in sperm concentration to raise 

the scrotal skin's temperature.  Pollutants 

in the environment could be one of the 

main causes of ROS production. It has 

been demonstrated that lead and NO 

diminish seminal quality, and that motor 

vehicles that generate NO (nitric oxide) 

have a detrimental effect on male 

fertility.
(49)

 It has been discovered that lead 

(Pb) affects sperm viability, count, and 

normal morphology. Additionally, it has 

been demonstrated that butylbenzyl 

phthalate damages testicles and reduces 

serum testosterone levels. Electromagnetic 

radiation from cell phones damages sperm 

due to ROS formation. When the semen 

samples were exposed to radiofrequency 

electromagnetic waves, the ROS–TAC 

(Total Antioxidant Capacity) score 

decreased, ROS levels rose, and sperm 

motility and viability significantly 

decreased.
(50)

 Figure 2 highlights 

environmental and physiological factors 

affecting infertility 

 

 

 
Figure 2: Environmental and physiological factors affecting male infertility 
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Antioxidant Therapies In Male 

Infertility: Evidence-Based Review  
Oxidative stress can be exacerbated by a 

variety of environmental and internal 

conditions that impact antioxidant 

defense.
(51)

 Despite the fact that 

antioxidant molecules are essential for 

maintaining the testicles during 

spermatogenesis. Under normal 

conditions, the male reproductive system's 

ROS generation and antioxidant activity 

are in balance. However, excessive ROS 

formation in semen can lead to oxidative 

stress and interfere with the antioxidant 

defence systems of sperm or seminal 

plasma.
(52)

 The body has developed an 

antioxidant defence system that scavenges 

and restricts the production of oxygen-

derived radicals in order to prevent 

oxidative damage.
(53)

 Despite ROS's 

physiological and pathological effects, the 

human body has a defence mechanism 

against them to keep this level within a 

safe range. Actually, antioxidant activity 

kicks in to reduce ROS oxidative damage 

when the level of free radicals grows 

abnormally.
(54) 

Spermatozoa are safeguarded from 

oxidative damage by the endogenous 

antioxidants in seminal plasma.
(55)

 These 

antioxidants can be classed as either 

enzymatic or non-enzymatic, and both are 

found in the male reproductive system. 

Superoxide dismutase, catalase, and 

peroxidase are enzyme antioxidants that 

catalytically remove reactive oxygen 

species from biological systems.
(56)

 This 

enzymatic antioxidant is predominantly 

processed by sperm itself. Fig 3 shows the 

important activities of selenium and Sertoli 

cells in enhancing spermatogenesis using 

the antioxidant qualities of selenium and 

the nutritional aid supplied by Sertoli cells 

improves sperm maturation and 

capacitation, assuring reproductive 

competence. 

 

 

 
Figure 3: The interaction between selenium and Sertoli cells in sperm maturation 
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The total seminal antioxidant activity is 

also influenced by the non-enzymatic 

antioxidants found in semen.
(57)

 Semen 

often contains non-enzymatic antioxidants 

such as beta carotene, carotenoids, 

flavonoids, vitamin C and E, and metal-

binding proteins such as albumin, ferritin, 

and myoglobin. Through deactivating pro-

oxidant transitional metal ions, these 

proteins function as antioxidants. Using 

non-enzymatic scavengers found in semen, 

seminal plasma's main antioxidant role is 

to shield spermatozoa against ROS 

produced by underdeveloped sperm cells 

and leukocytes.
(58)

 However, there are very 

few antioxidant enzymes in spermatozoa. 

Moreover, peroxidation of lipids in the 

acrosome and tails membrane cannot be 

stopped by sperm antioxidant enzymes. In 

other words, the sperm cells need an extra 

layer of antioxidant defence. 

Antioxidant therapy is generally accepted 

to increase male fertility and sperm 

quality. As an antioxidant, vitamin C 

reduces oxidative stress and improves 

sperm quality, according to numerous 

studies.
(59)

 It is known that adding vitamins 

C and E to the sperm of guys who are 

normozoospermic and asthenozoospermic 

reduces the amount of DNA damage 

caused by ROS.
(60)

 For asthenozoospermic 

patients, a 6-month course of vitamin E 

treatment can decrease lipid peroxidation 

in spermatozoa and increase the chance of 

pregnancy.
(61)

 Additionally, supplying 

antioxidant E and selenium at the same 

time increases the motility of sperm in 

infertile males. Zinc, vitamin C, and 

vitamin E have also been shown to reduce 

sperm DNA fragment index, oxidant 

stress, and apoptosis in patients with 

asthenozoospermia.
(62)

 Several studies 

have indicated that carnitine intake 

enhances the motility and the sperm count 

of oligospermic and asthenozoospermic 

patients.
(63,64)

 Zinc and folic acid, 

separately or in combination, boost the 

amount of sperm in infertile men but not in 

fertile ones.  

Micronutrient-Based Mitochondrial 

Antioxidants in Oxidative Stress-Driven 

Infertility 

In a triple-blind, placebo-controlled, 

randomized clinical trial, alpha-lipoic acid 

(ALA) was tested for its effect on male 

infertility. The treated group showed 

significant improvements in sperm 

concentration, total sperm count, and 

overall sperm motility after approximately 

three months of treatment. Alpha-lipoic 

acid (ALA), a naturally occurring 

antioxidant that plays a vital role in 

mitochondrial energy metabolism and free 

radical scavenging, is transformed inside 

cells and tissues into dihydrolipoic acid 

(DHLA), which has even stronger 

antioxidant activity. Inside cells and 

tissues, alpha-lipoic acid (ALA) is 

converted to dihydrolipoic acid (DHLA), 

which has even greater antioxidant 

activity. Both ALA and DHLA can bind to 

metals, which blocks metals from causing 

oxidative damage and keeps proteins from 

losing their structure and function. Within 

cells and tissues, alpha-lipoic acid (ALA) 

is reduced to dihydrolipoic acid (DHLA), 

which possesses potent antioxidant 

properties. Both ALA and DHLA act as 

metal chelators, neutralizing reactive 

oxygen species (ROS) and transition 

metals, thereby preventing protein 

degradation and lipid peroxidation by 

enzymes.  This study assessed the fraction 

of DNA fragmentation related with 

intracellular oxidative stress (OS) in sperm 

samples from infertile individuals .
(67)

 In 

vitro synthesis of ALA considerably 

lowered both the levels of oxidative stress 

indicators and sperm DNA fragmentation.. 

Most likely, this was achieved via 

lowering ROS production. ALA may 

protect against ROS damage and improve 

semen properties like spermatozoa count, 

motility, and morphology.
(68)

  

For males undergoing varicocelectomy for 

varicocele-induced infertility (varicocele 

has been associated to the formation of 

sperm OS), an 80-day triple-blind 

randomized control experiment was 
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performed to assess the advantages of 

ALA versus placebo treatment.
(69)

 ALA 

therapy produced higher-quality sperm at 

the end of the study than the control when 

varicocele was surgically repaired.
(70)

  

Furthermore, as a cryoprotective agent, 

ALA was assessed during the freezing-

thawing phase of assisted reproductive 

technology (ART). Numerous changes that 

sperm may undergo during 

cryopreservation could result in 

cryodamage and incremental OS. This is 

demonstrated by increased sperm viability 

and motility, less DNA damage, and 

consequently less apoptosis.
(71) 

Coenzyme Q10 (CoQ10) is a crucial 

component for energy production and 

possesses strong antioxidant properties. It 

is a part of the respiratory system in the 

mitochondrial system that controls ROS 

generation, protecting the cell membranes 

from lipid peroxidation-induced 

damage.
(72)

  

For efficient movement, sperm cells need a 

high energy viability, which mitochondria 

supply through oxidative phosphorylation. 

Free radicals produced during the 

mitochondria's electron transport chain are 

neutralized by CoQ10. Infertile men have 

low quantities of CoQ10. Impaired sperm 

features, notably motility, have been 

associated to reduced seminal plasma 

levels of CoQ10.
(73)

 Consequently, studies 

demonstrated that CoQ10 enhances sperm 

motility and count in infertile men.
(74)

 A 

randomized clinical trial was done to 

determine how CoQ10 supplementation 

affects seminal parameters in males with 

oligoasthenoteratozoospermia (OAT)  . 

They discovered that most OAT men have 

more OS in their semen, which changes 

semen parameters and causes sperm 

functions to fail. Additionally, 

breakthrough plasma analysis confirmed 

the previously found substantial direct 

correlation between CoQ10 concentrations 

and sperm motility and shape.
(75)

 CoQ10 

supplements for at least three months 

enhanced antioxidant enzyme activity and 

reduced OS in seminal plasma. Overall 

motility, progressive motility, and sperm 

concentration were all significantly 

increased after 3 months of CoQ10 

supplementation administration.
(76)

 The 

seminal level of CoQ10 was linked to 

several of the most important 

characteristics of semen, such as sperm 

level, motility, and morphology, by 

increasing the overall antioxidant capacity.  

CoQ10 is one of the most promising 

compounds for the treatment of idiopathic 

male infertility. 

Selenium (Se) is a constituent of many 

proteins called selenoproteins, which are 

involved in a number of metabolic 

processes related to antioxidant defence, 

redox state management, and cancer 

prevention.
(77)

 Se is a cofactor of 

antioxidative enzymes that neutralize and 

inhibit the generation of ROS during 

proper spermatogenesis, mitochondrial 

function, and capacitation.
(78)

 Glutathione 

peroxidase is one of the selenoproteins 

(SePP) that are required for various redox 

processes in male reproduction. It is 

integrated into the mitochondrial 

membrane of spermatozoa, which balances 

the formation of ROS during the motility 

phase.
(79)

 Furthermore, normal 

spermatogenesis is dependent on SePP. 

The testis and seminal fluid contain 

substantial amounts of SePP, which is 

critical for preserving sperm during 

storage, genital tract passage, and 

modifications leading up to sperm–oocyte 

interaction.
(80)

 It is true that sperm density 

and the in proportion of vital sperm are 

positively related to seminal plasma SePP 

concentration. The effects of daily 

supplemental selenium intake on the 

quantity, concentration, shape, and 

motility of sperm as well as the overall 

quality of semen. Table 3 contains the 

mechanisms, dosage recommendations, 

and clinical outcomes of antioxidant 

therapy for male infertility. 
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Table 3. The mechanisms, dosage recommendations, and clinical outcomes of antioxidant 

therapy 
Si. 

No 

Supplements 

 

Dose & 

Duration 

 

Action Mechanism 

 

Male Fertility Role 

 

Reference 

1. L-acetyl carnitine 

and L-carnitine 

 

2 g + 1 g 

daily for 3–

6 months:  

 

Enhances mitochondrial 

energy generation, 

reduces ROS 

increases the 

number and motility 

of sperm 

81 

2. Ascorbic acid 

 

500 mg per 

day for three 

months 

 

destroys free radicals 

and restores vitamin E. 

 

avoids oxidative 

damage to sperm 

DNA 

82 

3. Alpha-tocopherol 

or tocopherol 

 

 600 mg 

daily for 

three to 

twelve 

months 

Lipid-soluble 

antioxidant that 

safeguards the lipids in 

sperm membranes 

enhances the 

membrane integrity 

and motility of 

sperm 

83 

4. Q10 Coenzyme 

(CoQ10) 

 

200–400 mg 

every day 

for three 

months,  

 

increases the synthesis 

of ATP in the 

mitochondria and has an 

antioxidant action. 

enhances the density 

and motility of 

sperm. 

 

84 

5. L-arginine and 

arginine 

 

500 mg per 

day for three 

months 

 

Nitric oxide precursor 

that improves blood 

flow and antioxidant 

increases erectile 

function and sperm 

motility. 

 

85 

6. Cysteine N-acetyl 

(NAC) 

 

600 mg per 

day for three 

to six 

months 

 

Glutathione precursor 

that cleanses cells 

 

increases motility 

and lowers sperm 

DNA fragmentation. 

 

86 

7. Folate (vitamin 

B9) 

 

5 mg per 

day for six 

months 

 

implicated in the 

synthesis and repair of 

DNA 

increases DNA 

stability and sperm 

morphology 

87 

8. Selenium 

 

200 g every 

day for three 

months 

 

Cofactor for antioxidant 

defense and glutathione 

peroxidase 

enhances the 

viability and 

motility of sperm 

88 

9. Zinc 

 

66 mg per 

day for three 

months 

 

Stabilizes sperm 

chromatin and helps in 

the activity of 

antioxidant enzymes 

Enhances 

testosterone and 

sperm quality. 

 

89 

10. B-12 and 

methylcobalamin 

 

Methyl: 

1500–6000 

µg/day (3–6 

months); 

B12: 25 

µg/day (4 

months) 

implicated in cell 

division, DNA 

synthesis, and 

methylation 

correspondingly 

enhances DNA 

integrity and sperm 

concentration. 

 

90 
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Challenges and Future Perspective  

Male infertility is one of the several 

disease conditions whose genesis is 

exclusively dependent on OS. Therefore, a 

balance of ROS and antioxidants is crucial 

for optimal sperm cell synthesis, function, 

and vitality. Antioxidant-rich 

supplementation may help men improve 

the overall quality of their sperm by 

reducing OS-induced sperm damage and 

improving hormone synthesis, 

spermatozoa quantity, motility, and 

morphology.
(91)

 Although antioxidant 

therapy for male infertility is gaining 

popularity, its use in the clinic is 

complicated by many issues. Clinical 

studies employ various antioxidant 

treatments, dosages, and durations, which 

makes the outcomes difficult to replicate 

and variable. It is more difficult to 

diagnose and monitor when there is no 

defined reference range for total 

antioxidant capacity (TAC) or threshold 

for seminal reactive oxygen species 

(ROS).
(92)

 Because of their poor absorption 

and hazy distribution to testicular tissues, 

the value of many antioxidants is 

questioned. Reductive stress brought on by 

excessive drug use may prevent crucial 

ROS-dependent sperm functions, such as 

capacitation.
(93)

 Future therapeutic trials 

should focus on interactions between 

different antioxidants to take advantage of 

their mixed mechanisms of action. 

Conclusion 
In conclusion, certain antioxidants, 

particularly zinc, selenium, alpha-lipoic 

acid, coenzyme Q10,  have been found to 

have a favourable correlation with sperm 

quality and, as a result, can aid in 

enhancing male fertility . Although the 

body of research on this subject has 

steadily grown, high-quality, carefully 

planned prospective and randomized 

controlled trials with larger patient 

samples and a strong methodological 

design that considers some confounding 

variables are still needed to validate the 

potential positive effects of 

supplementation therapy on infertile 

couples. Furthermore, many over-the-

counter supplements have not been 

scientifically shown to increase fertility, 

and excessive antioxidant use may be 

harmful to spermatic function. A balanced 

diet, which utilizes the synergy of several 

antioxidants, may be a long-term and safe 

option. The ideal nutritional traits for 

attaining fertility require further research 

in fertile populations.  
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