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Chapter

Effects of Oxidative Stress on 
Spermatozoa and Male Infertility
Yi Fang and Rongzhen Zhong

Abstract

Oxidative stress occurs when the production of potentially destructive reactive 
oxygen species (ROS) exceeds the body’s own natural antioxidant defences, result-
ing in cellular damage. Spermatozoa oxidative stress is intimately linked to several 
reproductive pathologies including the failure of spermatozoa cryopreservation and 
spermatozoa-egg recognition and fertilization. In this light, this review focuses on 
(i) the effects of oxidative stress on spermatozoa and application of antioxidants; 
(ii) production of ROS during cryopreservation; and (iii) oxidative stress in male 
infertility. This literature describes both a physiological and a pathological role of 
ROS in fertility. A delicate balance between ROS necessary for physiological activity 
and antioxidants to protect from cellular oxidative injury is essential for fertility.

Keywords: spermatozoa, oxidative stress, antioxidants, cryopreservation, infertility

1. Effects of oxidative stress on spermatozoa

1.1 What is oxidative stress?

Oxidative stress occurs when a system has an imbalance between oxidation and 
reduction reactions, leading to generation of excess oxidants or molecules that 
accept an electron from another reactant [1]. A free radical is a molecule or ele-
ment with an unpaired electron that is extremely reactive in an attempt to reach an 
electronically stable state. ROS are free radical derivatives of oxygen (O2) contain-
ing molecules. Some of the clinically important ROS identified include peroxyl 
(·ROO—) and hydroxyl (·OH—) radicals, superoxide (·O2

—) anion, and H2O2. 
Nitrogen compounds such as nitric oxide (NO) and peroxynitrite anion (ONOO) 
also appear to play a role in oxidation and reduction reactions. Common molecules 
that receive the unpaired electron are lipids in membranes and carbohydrates in 
nucleic acids [2]. This leads to potential cellular membrane and DNA damage when 
ROS are greater than the antioxidant-carrying capacity (Figure 1).

1.2 Production of ROS

The process of mitochondrial oxidative phosphorylation uses nicotinamide ade-
nine dinucleotide (NADH) as an electron donor and O2 as an electron acceptor in 
the electron transport chain, coupling both reduction and oxidation reactions with 
the synthesis of adenosine triphosphate (ATP), and about 1–5% O2 transformed 
into ROS [3]. Another intrinsic source of spermatic ROS production is cytoplasmic 
glucose-6-phosphate dehydrogenase (G-6-PDH). This cytoplasmic source of ROS 
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may explain why increased spermatic cytoplasm could be linked to infertility [4]. 
In addition to leucocytes, infection in semen has also been implicated as a source of 
ROS. Exposure to heavy metals (e.g., cadmium, lead, iron and copper), pesticides, 
phthalate and pollution can lead to spermatozoa damage by excessive ROS [5]. 
Smoking has also been associated with decreased spermatic function. But industrial 
exposure not only induces oxidative stress but also disrupts the hypothalamic–
pituitary-gonadal axis to inhibit the release of GnRH, LH and FSH in human and 
animal [6, 7].

1.3 Pathological effects on spermatozoa

Only the balance of ROS and antioxidants can keep the optimal spermatozoa 
function. Low level of ROS has been shown to be essential for fertilization, acro-
some reaction, hyperactivation, motility and capacitation [8, 9]. ROS induces 
cyclic adenosine monophosphate (cAMP) in spermatozoa that inhibits tyrosine 
phosphatase, leading to tyrosine phosphorylation [10]. In particular, capacitation 
not only requires ROS, but also it can be inhibited by catalase (CAT) [11]. It has 
been described that high level of ROS can promote the acrosome reaction with the 
mechanism of ROS-modulated tyrosine phosphorylation [12].

1.3.1 Lipid peroxidation of plasma membrane

Lipids are present in spermatozoa plasma membrane in the form of polyunsatu-
rated fatty acids (PUFA), most susceptible to oxidative damage [13, 14]. Once there 
is generation of lipid peroxide radical, it will react with the neighboring lipid mol-
ecule, triggering a chain reaction that can lead to >50% oxidation of the spermato-
zoa plasma membrane [15]. Byproducts of lipid oxidization include mutagenic and 
genotoxic molecules malondialdehyde (MDA) and 4-hydroxynonenal (4-HNE), 
leading indirectly to DNA damage [16]. Buffalo spermatozoa are more prone to 
oxidative damage than that of cattle, since it is rich in polyunsaturated fatty acids 
like arachidonic acids and docosahexaenoic acids [17].

Figure 1. 
Factors contributing to oxidative stress-induced male infertility.
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1.3.2 DNA damage

Free radicals have the capability to directly damage spermatozoa DNA via 
single- and double-strand DNA breaks, cross-links and chromosomal rearrange-
ments [18, 19]. ROS also can cause various types of gene mutations such as point 
mutations and polymorphism, resulting in decreased semen quality [20]. Other 
mechanisms such as denaturation and DNA base-pair oxidation also may be 
involved. Although most of the spermatozoa genome (85%) is bound to central 
nucleoprotamines that protect it from free radical attack [21], infertile men often 
have deficient protamination, which may make their sperm DNA more vulnerable 
to ROS damage [22]. A common byproduct of DNA oxidation, 8-hydroxy-2-deox-
yguanosine (8-OH-2- deoxyguianosine), has been considered a key biomarker of 
this oxidative DNA damage [23].

1.3.3 Motility

Decreased motility has been shown to be due to ROS-induced peroxidation of lip-
ids in the spermatozoa membrane decreasing flexibility and by inhibition of motility 
mechanisms [24, 25]. The axosome and associated dense fibers of the middle pieces 
in spermatozoa are covered by mitochondria that generate energy from intracellular 
stores of ATP. It is well established that ROS can induce axonemal and mitochon-
drial damage, resulting in the immobilization of spermatozoa [26, 27]. In addition, 
ROS-induced damage of mitochondrial DNA leads to decreased ATP and energy 
availability and leads to activation of caspases and ultimately apoptosis, impeding 
spermatozoa motility [28, 29]. H2O2 can diffuse across the membranes of sperma-
tozoa and inhibit the activity of some vital enzymes such as glucose-6-phosphate 
dehydrogenase (G6PD), which is an enzyme controlling the intracellular availability 
of NADPH. This is used as a source of electrons by spermatozoa to fuel the genera-
tion of ROS by an enzyme system known as NADPH oxidase [30]. Another hypoth-
esis involves a series of interrelated events resulting in a ROS-reduced motility due 
to a decrease in axonemal protein phosphorylation and mitochondrial membrane 
damage and leakage of intracellular enzymes [31]. Meanwhile, cytochrome c release 
during the apoptotic pathway further increases levels of ROS, promoting DNA 
damage and fragmentation [32]. Especially after frozen–thawed cycles, spermatozoa 
with higher levels of oxidative stress have higher levels of caspase activation that can 
trigger apoptosis [33].

1.3.4 Apoptosis

High levels of ROS disrupt the mitochondrial membranes, inducing the release 
of the cytochrome c protein and Ca2+ and activating the caspase-inducing apop-
tosis [34]. Apoptosis in spermatozoa also may be initiated by ROS-independent 
pathways involving the cell surface protein Fas, which is a type I membrane protein 
that belongs to the tumor necrosis factor-nerve growth factor receptor family and 
mediates apoptosis [35]. Mitochondrial exposure to ROS also results in the release 
of apoptosis-inducing factor (AIF), which directly interacts with the DNA to cause 
DNA fragmentation in spermatozoa [36, 37].

1.3.5 Fertilization, pregnancy and miscarriage

Lipid peroxides and DNA damage are the most typical oxidative stress injury 
in sperm. Lipid peroxides are spontaneously generated in the sperm plasma 
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membrane, which induce decrease in fertility during storage of semen [38]. In 
addition, the importance of sperm DNA damage is brought to light when studies 
correlated the degree of DNA damage with various indices of fertility such as the 
fertilization rate, embryo cleavage rate, implantation rate, pregnancy rate and live 
birth rate of the offspring. If sperm DNA is unable to decondense after entering 
the ooplasma, fertilization may not take place or a postfertilization failure may 
occur when sperm DNA is defective by ROS. Higher miscarriage rate is observed 
with ROS-induced sperm DNA damage [39]. High-level sperm DNA fragmentation 
induced was related to lower pregnancy rates in in vitro fertilization (IVF) but not 
in intracytoplasmic sperm injection (ICSI) cycles, whereas it was associated with 
higher miscarriage rates in both IVF and ICSI cycles. In addition, ROS actively 
participate in metabolic pathways during sperm activation, which leads to choles-
terol efflux, cyclic adenosine monophosphate (cAMP) production and tyrosine 
phosphorylation, important events that contribute to fertilization competence 
[40]. However, it has been also described that appropriate ROS (hydrogen peroxide 
stimulation) can promote the acrosome reaction and sperm hyperactivation with 
the mechanism of ROS-modulated tyrosine phosphorylation [41], thereby assisting 
the sperm’s transit through the cumulus and zona pellucida [42].

2. Production of ROS during cryopreservation

Cryopreservation of spermatozoa is an applicable technique, but it may influ-
ence the post-thaw qualities of spermatozoa, including morphology, motility, 
viability and DNA integrity. The imbalance between the presence of ROS and 
spermatozoa antioxidant activity is a main cause of cryodamage of spermatozoa 
[43]. The specific cell structure and plasma membrane of spermatozoa, a large 
number of mitochondria, low cytoplasm and incomplete antioxidant system in 
cytoplasm make them possibly vulnerable to damage from free radicals [43]. 
Susceptibility to cold temperatures is also linked to a high ratio of unsaturated to 
saturated fatty acid content of the spermatozoa plasma membrane. Bull, ram and 
boar spermatozoa are more sensitive to cooling than rabbits, dogs and human, 
due to a higher ratio of unsaturated to saturated fatty acids [44]. Antioxidants 
are the main defense factors against oxidative stress induced by free radicals [45]. 
Supplementation of cryopreservation extenders with antioxidants provides a cryo-
protective effect on bull, ram, goat, boar, canine and human spermatozoa quality, 
thus minimizing the detrimental effect of ROS and improving quality of post-thaw 
spermatozoa (Table 1).

Vitamin E (α-tocopherol) is a highly potent chain-breaking lipophilic antioxi-
dant residing on the cell membrane which can break the covalent links that ROS 
have formed between fatty acid side chains in membrane lipids [83]. Addition of 
α-tocopherol in rabbit, equine, bovine, boar and ram, aiming to improve semen 
quality, led to inconsistent results [46]. Combined with vitamin C, vitamin E 
enhanced motility and viability of cooled spermatozoa [47, 48]. Askari et al. (1994) 
showed that vitamin E improved hypo-osmotic swelling scores and the post-thaw 
motility slightly. Moreover, α-tocopherol supplementation at 200 uM concentration 
may protect the spermatozoa against stress oxidative by reducing lipid peroxidation 
and DNA fragmentation [67].

The GSH content and its antioxidant defensive capacity alter during the freez-
ing–thawing process, possibly because of oxidative stress and cell death [84], so 
that addition of GSH to the freezing extender has variable outcomes. Varghese et al. 
reported that addition of 5 mM of GSH to human spermatozoa freezing media 
improved the DNA integrity, but failed in reducing the lipid peroxidation and in 
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increasing the motility [49]. Recently, Gadea et al. showed that GSH supplementa-
tion to freezing media reduced human spermatozoa ROS levels and increased the 
level of sulphhydryl groups on membrane proteins in spite of increasing the per-
centage of motile and progressively motile spermatozoa after addition of GSH to the 
thawing media. Longer exposure to GSH and main damaging effect on spermatozoa 
membrane before the dilution in the thawing extender may elucidate this difference 
in viability [85]. It seems that boar spermatozoa benefited from the supplementa-
tion with this antioxidant at 1 and 5 mM [86]. GSH (at 1 mM) improved the quality 
of red deer post-thawing spermatozoa, especially regarding kinematic parameters 
and mitochondrial status [50]. In ram semen, Camara et al. (2011) found no 

Antioxidant Effects Species References

Vitamin C Improve semen quality Rabbit, equine, 

bovine, boar and ram

[46]

Enhance motility and viability Ram and goat [47, 48]

GSH Improve DNA integrity Human [49]

Improve progressively motile, protect 

plasma membrane integrity

Red deer [50]

Ameliorate acrosome ultrastructure Ram [51]

Increase motility, viability and fertilization Boar [52]

Vitamin C Improve motility, acrosome and membrane 

integrity

Bovine [53]

Reduce DNA damages Infertile human [54]

Reduce DNA damage and lipid peroxidation Boar [55]

Ergothioneine Protect DNA integrity Bull [56]

Melatonin Improve spermatozoa characteristics Goat, rat, boar, ram, 

mouse and human

[57–63]

Improve spermatozoa function Boar [64]

Enhance hyperactivation Hamster [65]

Selenium Ameliorate motility, viability, membrane 

integrity and total antioxidant capacity

Bovine [66]

Zinc Improve hypo-osmotic swelling (HOS), 

reduce lipid peroxidation and DNA 

fragmentation

Mammalian [67]

Amino acids Membrane stabilizer and inhibit 

spermatozoa capacitation

Ram [68]

Enhances membrane integrity, viability and 

motility, reduce lipid peroxidation and DNA 

damage

Bull, ram, goat, boar 

and fish

[69–74]

Reduce DNA fragmentation Fish [75]

Natural herbs Improve motility and viability, reduce DNA 

damage

Human [76, 77]

Enhance motility and viability and 

minimize DNA damage

Human, rat [78]

Improve viability and motility and prevent 

peroxidatation

Boar, canine, bull 

and ovine

[79–82]

Table 1. 
Proposed antioxidants in spermatozoa cryopreservation.
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enhancement adding GSH (0.5–2 mM) to the freezing extender, but the concentra-
tion at 2 and 5 mM ameliorated the ultrastructure of the acrosome which resulted 
in obtaining even lower motility at 7 mM [51]. Also, adding 1–2 mM glutathione to 
the ram semen extender increased the activities of GPX and SOD, decreased free 
radicals and improved the survival rate of post-thawed spermatozoa. Addition of 
SOD or CAT to boar spermatozoa freezing extender not only increased spermatozoa 
motility and viability but also decreased post-thaw ROS generation which led to a 
rising in in vitro fertilizing potential of thawed spermatozoa [52]. These findings 
comply with results showing that the addition of CAT and SOD to the extender 
improved the survival and in vitro fertility of liquid stored ram spermatozoa [87].

The intake of vitamin C (ascorbic acid) could result in decreasing of GSH-Px 
in opposition to GSH increase and improved spermatozoa motility, acrosome and 
membrane integrity [53]. The addition of ascorbic acid before cryopreservation 
reduced DNA damages only in infertile men [54]. Because ascorbic acid is rapidly 
oxidized into inactive dehydroascorbate when exposed to highly oxidative environ-
ment [88], it is difficult to maintain its scavenging activities during exposure of 
spermatozoa to high oxidative environments for extended periods of time. Ascorbic 
acid 2-O-α-glucoside (AA-2G) is characterized by high resistance to thermal and 
oxidative degradation in neutral solutions and non-reducing conditions. Addition 
of AA-2G to the freezing extender improved the post-thaw quality of boar sper-
matozoa through the protection of spermatozoa against DNA damage and the lipid 
peroxidation caused by oxidative stress during cryopreservation [55].

Ergothioneine is an important low-molecular-weight thiol which scavenges 
singlet oxygen [89] and hydroxyl and peroxyl radicals [90]. It exists in millimolar 
concentrations in some tissues and has been linked to the metabolism of iron, 
copper and zinc. Increasing concentration of ergothioneine in semen extenders 
preserved DNA integrity of spermatozoa against cryodamage [56].

Melatonin (N-acetyl-5-methoxytryptamine, MT) is mainly synthesized and 
secreted by the pineal gland in reaction to changes in dark–light cycles [91]. It can 
stimulate the activity of antioxidant enzymes such as SOD and GSH-Px [92]. MT 
scavenges a variety of reactive oxygen and nitrogen species with powerful non-
enzymatic antioxidant property [93]. MT can improve spermatozoa characteristics 
in goat [57], rat [58], boar [59], ram [60], mouse [61] and human [62, 63]. In addi-
tion, it had a dose-dependent effect on all parameters of spermatozoa motility. 1 uM 
MT did not succeed in improving the function of boar semen stored at 17°C [64], 
but 1 nM MT can enhance hyperactivation of hamster spermatozoa [65].

It has been indicated that dietary Se supplementation enhanced reproductive 
function in mice, sheep and cattle [94, 95] and also brought about the improve-
ment in post-thaw spermatozoa quality [66]. Lack of Se has been related to repro-
ductive problems and diminished spermatozoa quality in mice, pigs, sheep and 
cattle [96], but excessive Se intake also has been connected to an impaired sperma-
tozoa quality [97]. In frozen–thawed buffalo spermatozoa, extenders containing 1 
and 2 ug mL−1 Se significantly ameliorated spermatozoa motility, viability, mem-
brane integrity and total antioxidant capacity. It also exerts its effects in a dose-
dependent manner so that it had deleterious effects on spermatozoa parameters at 
high levels of 4 and 8 ug mL−1.

Amino acids have an important biological role for prevention of cell damage 
during cryopreservation. L-cysteine (L-Cys) is a naturally occurring sulfur contain-
ing non-essential amino acid, which penetrates the spermatozoa membrane easily 
to participate in the intracellular GSH biosynthesis [98]. It protects the membrane 
lipids and proteins via indirect scavenging of free radicals; also it acts as a mem-
brane stabilizer and inhibitor of spermatozoa capacitation [68]. Moreover, L-Cys is 
metabolized to taurine after passing into cells. Taurine transformed to acyl-taurine 
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after combination with a fatty acid in plasma membrane which improves surfactant 
properties and osmoregulation of the spermatozoa membrane [99, 100]. It has been 
reported that L-Cys enhances motility and morphology of spermatozoa, reducing 
lipid peroxidation of plasma membrane and preventing DNA damage from ROS 
of post-thaw bull [69], ram [70], goat [71] and fish [72, 73] spermatozoa, and 
improves the viability, the chromatin structure, and membrane integrity of boar 
spermatozoa during chilled storage [74]; in combination with docosahexaenoic 
acid (DHA)-enriched hen egg yolk, L-cysteine significantly improved progressive 
motility and acrosome integrity of boar spermatozoa. Also, the cysteine enhanced 
the post-thaw Merino ram spermatozoa mitochondrial activity without improving 
motility after the freezing–thawing cycle. 5 or 10 mM was the optimum concentra-
tion of L-cysteine for improving the quality of frozen–thawed boar spermatozoa. 
Methionine had a positive effect on the sperm viability and increased the post-thaw 
spermatozoa motility and reduced DNA damage of fish spermatozoa [101, 102]. 
DNA fragmentation in gilthead seabream (S. aurata) and European sea bass (D. 
labrax) was significantly reduced by taurine and hypotaurine [75]. The concentra-
tion of 50 mM taurine provided the most pronounced protective effect in improv-
ing post-thaw quality of red seabream sperm [103].

The addition of natural herbs also improves the cryoprotective effect of sper-
matozoa. Addition of genistein to the cryoprotectant has a significant antioxidant 
protective effect on the frozen–thawed spermatozoa. It causes a reduction in ROS 
production and makes an improvement in the sperm motility and viability; it also 
reduces DNA damage caused by the process of cryopreservation [76, 77]. The high 
concentrations of genistein decreased the proportion of motile mice spermatozoa 
which was approved in human spermatozoa, too [104]. In ram spermatozoa, 
addition of either resveratrol or quercetin (5–20 ug/mL for each compound) to a 
Tris-egg yolk-glycerol extender decreased the mitochondrial membrane potential 
[105]. Quercetin at 50 uM enhanced spermatozoa motility and viability and mini-
mized post-thawed human spermatozoa DNA damage and also proved its potential 
role in protecting spermatozoa against H2O2-mediated spermatozoa damage on 
spermatozoa parameters and lipid peroxidation by reducing the levels of MDA and 
improving activities of antioxidant enzymes in rats [78]. The antioxidant proper-
ties of Rhodiola sacra aqueous extract (RSAE)-enriched freezing extender with 
or without glycerol had substantial impacts on concentrations of MAD and GSH, 
apart from the quality of frozen–thawed boar spermatozoa. Likewise, the optimal 
concentration of RSEA in extender ranged from 4 to 8 mg L−1 with and without 
glycerol, even if the influence of 6 mg L−1 RSEA on spermatozoa quality was more 
enhanced in glycerol-free extender than glycerol-containing extender [106]. The 
effects of adding rosemary to semen freezing extenders in several species have 
been reported, including boar [79], canine [80] and ovine [81]. Rosemary-enriched 
freezing extender efficiently improved motility and prevented peroxidatation of 
epididymal boar spermatozoa, showing a significant correlation between rosemary 
concentration and concentration of MDA [107]. Added 10 g L−1 rosemary extract to 
the freezing extender of bull semen before cryopreservation and showed its effects 
on increasing viability, motility and average path velocity as well as on decreasing 
lipid peroxidation after thawing [82].

3. Oxidative stress in male infertility

A decline in fertility rates is becoming an increasingly prevalent issue worldwide. 
Infertility affects up to 15% of the population globally [108], and furthermore, 
male infertility is responsible in about 20% of cases but may contribute to 40% of 
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infertile couples [109]. The leading cause of male infertility stems from a loss of 
spermatozoa function, ultimately resulting in a loss of fertilization potential [110]. 
This loss in function is causatively linked to oxidative stress within the spermatozoa 
driven by the presence and/or overproduction of intracellular ROS [111].

Several studies have shown conflicting results for the effect of the antioxidant 
therapy on male fertility, whilst a number of studies conveyed a favorable effect 
on basic semen parameters, advanced spermatozoa function tests and pregnancy 
rates. But, the ideal balance of the redox system necessary for optimal sperma-
tozoa function is not known, and overconsumption of antioxidants may result 
in reductive stress that could cause detrimental effects on human health and 
well-being. Impairment of mitochondrial activity [112], reduction in blood–brain 
barrier permeability [113] and attenuation of endothelial cell proliferation [114] 
are consequences that have been reported to occur secondary to reductive stress. 
Table 2 shows the mechanism of action of several commonly used antioxidants for 
the treatment of male infertility. The list of antioxidants used in treatment of male 
infertility is presented in Table 3.

Vitamin E is well accepted as the first line of defence against lipid peroxidation, 
protecting polyunsaturated fatty acids in cell membranes through its free radical 
quenching activity in biomembranes at an early state of free radical attack. MDA 
concentration was prevented by treatment with vitamin E; it may help in the pre-
vention of against production of free radicals and quenches free hydroxyl radicals 
and superoxide anions, thereby reducing lipid peroxidation initiated by ROS at 
the level of plasma membranes [126]. Its antioxidant activity is similar to that of 
glutathione peroxidase. In infertility of male, the percentage of motile spermatozoa 
is significantly related to spermatozoa vitamin E content [127]. Lower levels of 
vitamin E were observed in the semen of infertile men [128]. Insufficient intake of 
vitamin E produced deleterious effects on the process of normal spermatozoa [129]. 
One of the earlier studies investigating vitamin E alone (300 mg daily) on infertile 
men reported significant improvement in spermatozoa motility [121]. Combined 
with clomiphene citrate treatments, vitamin E significantly improved spermatozoa 
concentration and motility of patients with idiopathic oligoasthenozoospermia 
(OAT) [130]. Another observational study investigated a daily regimen of vitamin 
E (400 mg) + selenium (200 lg), for a period of 100 days, on infertile men with 
idiopathic asthenoteratospermia. Results revealed that 52.6% of patients showed a 
significant improvement in spermatozoa motility, morphology or both [131]. On the 
other hand, a few other studies failed to reproduce any significant effect on semen 

Antioxidants Antioxidant mechanism Typical daily 

dose

Vitamin E Neutralizes free radicals 200–600 mg

Vitamin C Neutralizes free radicals 200–1000 mg

Selenium Enhancement of antioxidant enzyme activity 100–200 mg

Zinc Inhibition of NADPH oxidase and scavenges hydroxyl radicals 15–40 mg

Carnitines Neutralizes free radicals and acts as an energy source 1–3 g

CoQ10 Scavenges free radicals of mitochondrial electron transport 

system

60–300 mg

Lycopene Scavenges free radicals 4–6 mg

Vitamin E, tocopherol; vitamin C, ascorbic acid; NADPH, nicotinamide adenine dinucleotide phosphate.

Table 2. 
Mechanism of action of commonly used antioxidants and clinical dosage.
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parameters using vitamin E as a single treatment [123, 125] or in combination with 
other antioxidants [132].

In the male reproductive system, vitamin C (ascorbic acid) is known to 
protect spermatogenesis and plays a key role in spermatozoa integrity and fertil-
ity both in men by increasing testosterone levels and preventing spermatozoa 
agglutination. It exists at a concentration 10 times higher in seminal plasma than 
in blood serum [133] and contributes up to 65% of the total antioxidant capacity 
of seminal plasma found intracellularly and extracellularly [134, 135]. Semen of 
infertile men with asthenozoospermia was found to contain lower vitamin C lev-
els and higher ROS levels than those obtained from fertile controls [117]. Vitamin 
C as a single agent which is used to treat heavy smokers, with a daily dose of 200 
or 1000 mg or placebo for 1 month, significantly improved spermatozoa quality 
[136]. Receiving 500 mg daily vitamin C with a combination of zinc, vitamin E 
and vitamin C for a total of 3 months after undergoing varicocelectomy sig-
nificantly improved spermatozoa motility and morphology on varicocelectomy 
patients [118, 137].

Clinical applications Antioxidants daily References

Oligozoospermia Vitamin E (180 mg), vitamin A (30 mg) and essential fatty 

acids (600 mg)

[22]

LC (2 g) [115]

CoQ10 (300 mg) [116]

Selenium (200 mg) [117]

Folic acid (5 mg) + zinc (66 mg) [118]

Lycopene (2 mg) [119]

Asthenozoospermia Zinc (400 mg), vitamin E (20 mg) and vitamin C (10 mg) [120]

CoQ10 (300 mg) [116]

Selenium (200 mg) [117]

Lycopene (2 mg) [119]

Teratozoospermia Selenium (200 mg) [117]

Zinc (400 mg), vitamin E (20 mg) and vitamin C (10 mg) [120]

Improving DNA integrity Vitamin E (1 g) + vitamin C (1 g) [121]

Vitamin C (400 mg), vitamin E (400 mg), b-carotene 

(18 mg), zinc (500 mmol) and selenium (1 mmol)

[29]

LC (1500 mg), vitamin C (60 mg), CoQ10 (20 mg), vitamin 

E (10 mg), zinc (10 mg), folic acid (200 lg),

[32]

Improving ART vitamin E (200 mg) [33]

Vitamin E (600 mg) [122]

Vitamin C (1 g) + vitamin E (1 g) [123]

Improving live birth rate CoQ10 (300 mg) [116]

Vitamin E (300 mg) [124]

Zinc (5000 mg) [12]

Vitamin E (1 g) + vitamin C (1 g) [121]

Carnitines: LC (2 g) + LAC (1 g) [125]

Table 3. 
Proposed antioxidants in various clinical treatments.
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Carnitines [L-carnitine (LC) and L-acetyl carnitine (LAC)] are water-soluble 
antioxidants involved in spermatozoa metabolism, fuelling important activities 
like spermatozoa motility [138]. The carnitine and acetylcarnitine can significantly 
improve spermatozoa motility or kinetics in patients with asthenozoospermia [120, 
139]. In vitro studies of spermatozoa cultured in media containing carnitines had 
higher motility and viability. They exhibit their antioxidant activities through scav-
enging superoxide anions and hydrogen peroxide radicals, thereby inhibiting lipid 
peroxidation. A combined treatment of LC (2 g) and LAC (1 g) for 2 months’ duration 
to placebo in men with OAT showed significant improvement in all semen parameters; 
however, the most significant increase was in spermatozoa motility. Low-grade vari-
cocele and idiopathic infertility patients treated with LC and LAC in comparison with 
placebo had significant improvement in all semen parameters [140]. On the contrary, 
LC (1000 mg) and LAC (500 mg) daily treated asthenozoospermic men for 12 weeks 
and failed to show any significant improvement in spermatozoa motility [141].

CoQ10 is a vital antioxidant omnipresent in almost all body tissues. It is particularly 
present at high concentrations in spermatozoa mitochondria involved in cellular respira-
tion and plays an integral role in energy production [142]. This contribution rationalizes 
its use as a promotility and antioxidant molecule. Furthermore, CoQ10 inhibits super-
oxide formation, delivering protection against OS-induced spermatozoa dysfunction. A 
significant negative correlation between CoQ10 levels and hydrogen peroxide has been 
reported, and a linear correlation between CoQ10 levels in seminal plasma spermatozoa 
count and motility was detected [115]. 300 mg CoQ10 for 26 weeks obtained a signifi-
cant increase in sperm density and motility [143]. A systemic review of clinical trials on 
332 infertile men revealed that treatment with CoQ10 (200–300 mg daily) resulted in a 
significant increase in spermatozoa concentration and motility [144].

Antioxidant properties of selenium are thought to stem from its ability to augment 
the function of glutathione. More than 25 selenoproteins exist, such as phospholipid 
hydroperoxide glutathione peroxidase (PHGPX) [145] and spermatozoa capsular sele-
noprotein glutathione peroxidase [146], to maintain spermatozoa structural integrity 
[147]. Selenium deficiency has been most commonly associated with morphological 
spermatozoa midpiece abnormalities and impairment of spermatozoa motility [148]. 
A significant increase (74%) in total normal spermatozoa concentration was noted 
amongst the subfertile group receiving combined therapy [116] with a combination of 
both folic acid and zinc for 26 weeks of treatment. Selenium has been less frequently 
investigated for the treatment of subfertile men. As previously noted, with selenium 
(200 mg) supplements for 26 weeks, results showed a significant improvement in all 
semen parameters. A strong correlation was seen between the sum of the selenium and 
mean spermatozoa concentration, motility and percentage normal morphology [149]. 
Furthermore, the combination of selenium with vitamin E resulted in an increase in 
spermatozoa motility [124, 150]. But in the contrary report, treatment with selenium 
(300 mg) daily for 48 weeks did not result in a significant influence on semen param-
eters of a group of normozoospermic men [122].

Zinc plays a vital role in the metabolism of RNA and DNA, signal transduction, gene 
expression and regulation of apoptosis. Its antioxidant properties are thought to result 
from its ability to decrease production of hydrogen peroxide and hydroxyl radicals 
through antagonizing redox-active transition metals, such as iron and copper [151]. 
Zinc concentrations of seminal plasma were found to be significantly lower in subfertile 
men [152]. Spermatozoa flagellar abnormalities, such as hypertrophy and hyperplasia of 
the fibrous sheath, axonemal disruption, defects of the inner microtubular dynein arms 
and abnormal or absent midpiece, are all associated with zinc deficiency [153]. Zinc 
given for 3 months in men with asthenozoospermia obtained a significant improvement 
in spermatozoa concentration, progressive motility and fertilizing capacity and a reduc-
tion in the incidence of anti-spermatozoa antibodies [153]. Oral zinc supplementation 
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successfully restored seminal catalase-like activity and improved spermatozoa concen-
tration and progressive motility in a group of asthenozoospermic men [154].

Lycopene is a naturally synthesized carotenoid presented in fruits and vegeta-
bles. Its powerful ROS quenching abilities make it a major contributor to the human 
redox defense system [155]. Lycopene is detected at high concentrations in human 
testes and seminal plasma with levels that tend to be lower in infertile men [156]. 
The treatment with 2 mg lycopene twice daily for 3 months significantly improves 
spermatozoa concentration and motility in 66% of patients, respectively. However, 
the effects were only significant in patients who had baseline spermatozoa concen-
trations of >5 × 106 sperm/mL [119].

4. Conclusion

Spermatozoa possess an inherent but limited capacity to generate ROS which may 
help the fertilization process. Antioxidants improve the motility and fertilizing ability 
of spermatozoa. A balance between the benefits and risks from ROS and antioxidants 
appears to be necessary for the survival and normal functioning of spermatozoa. 
Antioxidants in extenders may minimize the detrimental effect of ROS and improve 
the quality of frozen–thawed spermatozoa in animals and human. From the other point 
of view, the divergent effect of each antioxidant supplementation, improving different 
parameters of frozen–thawed sperm quality, is attributed to animal species, extender 
medium and type of molecule and concentration used for each species. Although a 
beneficial influence was generally observed for antioxidants in reversing ROS-induced 
spermatozoa dysfunction and in improving pregnancy rates, evaluation of ROS and 
the use of antioxidants are not routine in clinical practice. The dose and duration of 
these antioxidants should also be determined and standardized. There should be an 
effort to develop optimum combinations of antioxidants to supplement spermatozoa 
media. Finally, this study suggests that further research should be done to determine 
the appropriate antioxidant compounds as well as certain dose of antioxidants whether 
used clinical practices or cryopreservation. Moreover the future studies should concern 
the spermatozoa fertilization and pregnancy rate as a research emphasis.
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