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ABSTRACT

By affecting the process of spermatogenesis, several genetic, environmental, physiological and nutritional factors
can reduce sperm quality and quantity and cause male infertility. The present study aimed to summarize studies
conducted on the epidemiological and pathophysiological causes of male infertility, the effects of oxidative stress on
poor sperm function and the role of antioxidants in the treatment of male infertility. In the present meta-analysis, the
following key words were searched on PubMed, Google scholar, Scopus and Web of Science (1993-2013): male
reproductive, male infertility, treatment for mal e infertility, antioxidant, role of antioxidant therapy, oxidative stress,
antioxidant treatment in male fertility, oxidative stress and male infertility and effects of oral antioxidants on sperm
quality. Oxidative stress is created by Reactive Oxygen Species (ROS) or free radicals. Although small amounts of
ROS are required for sperm functioning, high levels of ROS can affect semen quality which is responsible for %25
of male infertility cases. However, there are antioxidants that have control over the production of ROS and the
process of lipid peroxidation by collecting ROS and balancing useful oxidants creating oxidative stress. Thus, using
these antioxidants has been recommended for the treatment of male infertility. the administration of L-Carnitine,
Selenium, Vitamin E, Vitamin C, Glutathione and coenzyme Q10, as antioxidants, has been proven effective for
improving sperm parameters.
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INTRODUCTION

According to the World Health Organization (WHO)fartility is defined as ‘failure to achieve pregwey after a
year of regular unprotected sexual intercours&][IStatistics have shown that infertility can lees in almost %15
of couples and that in %25 of male infertility ceséhe reason is reduced semen quality [1- 3].Bgcthg the

process of spermatogenesis, several genetic, emvéwotal, physiological and nutritional factors (eoxidative

stress) can reduce sperm quality and quantity eadl o male infertility [4].

Male fertility depends on different factors, indogd sperm count, motility and morphology. Accorditogstudies,
the mentioned factors are considerably vulnerabfece radicals [5]. Free radicals are oxygen mgesccontaining
one or more unpaired electrons [2]. Reactive Oxygpecies (ROS) are among the most powerful freieaksd5].
ROS are produced in a normal cell metabolism amthduhe process of enzymatic regeneration 9faD energy
production[2]. ROS can be seen in different foringluding the primary superoxide anion radical f-@at can
finally turn into secondary forms such as hydropgtoxide (HO,), peroxyl radicals and hydroxyl radicals[2, 6., 7]
Although small amounts of ROS are needed for cégiémn, hyper activation and oocyte-sperm fusidayaed
rates of ROS can lead to low sperm motility, higkersn DNA damage, lipid peroxidation of sperm membesand
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reduced oocyte-sperm fusion [2]. High levels of R@Semen impair antioxidant defense mechanismspénm and
seminal plasma and lead to oxidative stress [5QO&]dative stress is the main cause of male itigrin %30 to
%80 of cases [2].

MATERIALSAND METHODS

M ethodology

In this review study, key words including antioxid® (antioxidant therapy, oral antioxidants, foldtdic acid,
selenium, zinc, vitamin C, vitamin E, ascorbic ad@topherel and Carnitine) and male infertilityalm infertility,
male reproductive system, treatment for male iilifigrtoxidative stress, male Infertility, oxidatvstress and effects
of oral antioxidants on sperm quality)were searchadPubMed, Google scholar, Scopus and Web of Seien
(1993-2013). Among the obtained studies, thosd¢a@ltp male infertility and treatment with oral iaxtdants were
included in the analysis.

Sources of ROS

High concentration of PUFA in sperm membrane majgesm to be more vulnerable to lipid peroxidatiom. the
other hand, a relative lack of intracellular anti@nt defense mechanism increases spontaneousagienasf ROS
by sperms [2].

The main sources of ROS generation in semen akedgtes and sperms [2, 6, 9]; however, antioxidiefense
mechanism in seminal plasma compensates for linmiteacellular antioxidant defense to protect plasmembrane
around the sperm tail and head (acrosome) [2 , 6].

There are also external sources of ROS generatioaddition to the internal sources (leukocytes &reps).
Environmental factors, infections and lifestylee among the main external sources of ROS. Moredwveustrial
compounds, smoking, alcohol consumption, extrenezaises and high temperature can have negativecimpa
male fertility [2].

I nternal sources of ROS

Leukocytes

Peroxidase positive leukocytes are the main souw€d®0S generation in the semen. These leukocytesin
polymorphonuclear leukocytes (neutrophils) (%50-%a6@ macrophages (%20-%30) mainly produced by atest
and seminal vesicles. The ability of these leukesybr ROS generation depends on their activityiaoteases by
infection, inflammation or any other stimulationhéh leukocytes are active, the amount of Nicotin@nfdenine
Dinucleotide Phosphate-Oxidase (NADPH)secretiomeiases and the myeloperoxidase system becomeatadtiv
these processes finally lead to a respiratory bwitst the generation of a large amount of ROS. Raty burst
acts as the first effective defense system thi ikifection [6].

When transferring seminal plasma in the capacitagtage, the produced ROS damage the sperm callhieOother
hand, leukocytospermia (i.e. an abnormal increas¢hé concentration of seminal leukocytes) leadR@S
generation followed by low sperm count and motitityd abnormal sperm shapes [2, 6].

Spontaneous sperm production

ROS production by sperm is independent of ROS mriialu by leukocytes. The ability of sperms to prod ROS
depends on their maturity level. When sperms ameghbgroduced, cytoplasm naturally leaves spermatesgje and
the remaining cytoplasm contains high levels ofd8ke-6-phosphate dehydrogenase (G6PD) enzymedhibls
glucose flow speed (through Hexose Monophosphatatshnd NADPH intracellular bioavailability.

NADPH produces ROS through oxidase available insfferm membrane. Impaired sperm maturation magaser
the level of residual sperm cytoplasm that leadsd¢oeased seminal ROS and secondary damages Res$lits of
recent studies have shown significant differenceR®S generation in various stages of sperm matarato that,
the maximum amount of ROS is produced by immatyerras with abnormal head and high cytoplasm
concentration and the minimum amount of ROS is peced by mature sperms and immature progenitor [&|8].
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RESULTS

The results showed that oxidative damage of mapesms, done by ROS-producing immature sperms when
migrating from seminiferous tubules to the epididynmay be an important cause of male infertil2yIf was also
indicated that the amount of damage caused by R&p8mis not only on the type and quantity of speshs,cout
also on the time and duration of exposure to R@8adellular factors (e.g. temperature &@¥essure) and the
composition of sperm surrounding environment (s, pros and scavengers) [6].

ROS effects

I mpaired sperm motility

H,0, radical penetrates sperm and inhibits the actieftés6PD that reduces NADPH bioavailability, accuates
oxidized glutathione, reduces restored glutathitmesl and eventually leads to peroxidation of phadipid
membrane (NADPH provides the energy needed fomsf@nctioning) [2].

M echanism of G6PD action

Sperm DNA damage

ROS can damage sperm DNA by breaking DNA strandsqR Both leukocytes and sperms are sources d& RO
generation; however, the concentration of ROS predby leukocytes is 1000 times greater than R@8ywed by
sperms indicating that leukocytes are the most intapb causes of oxidative damage. Evidence alsgesig that
oxidative stress damage in sperm is more relatsge¢om position than its concentration [2].

Treatment strategies

Sperm production disorders are the leading causesmle infertility; therefore, the treatment of sieedisorders is
very important. The best way to assess male tgriisperm analysis. Doing so, at least two sampfesperm must
be collected in an at least a 4-weak interval. tnftately, the reasons behind most of male infgritlases are still
idiopathic reflecting the current little knowledggbout the mechanisms governing testicular functians
spermatogenesis process. Assisted reproductiomiteds such as ICSI, ZIFT, IVF and other methods of
fertilization have solved many infertility probleptsowever, the average cost of such treatmentigis Medication

is mostly available and less costly for a widergamf couples. Some oral treatments improve spewumtcand
sperm motility [1, 2].

M ethods of oxidative stress treatment

1. The elimination of ROS sources in human inclgdin
v’ Lifestyle modification

v" Varicocelectomy

2. The use of antioxidant vitamin supplementsgg ,

Elimination of ROS sourcesin humans

Understanding the differences between sperms ankbdgtes, as ROS sources, can significantly aftbet
treatment of oxidative stress. Moreover, factorfluencing the penetration of abnormal leukocytesg.(e
inflammation, infection and smoking) should be itfggd and treated. The interference of seminal Rf@8erating
cells (leukocytes & abnormal sperms) with normaraps must be minimized [6].

Antioxidant supplements
Against free radicals, there are antioxidants tioatrol ROS generation and lipid peroxidation peses [3].

In order to neutralize cell damages caused by R&@®mtion, enzymatic and non-enzymatic antioxicggstems
create a balance between useful oxidants and dwédstress-generating oxidants by collecting exgesROS [2].

Seminal plasma contains enzymatic antioxidants @ugperoxide dismutase (SOD), Glutathione Redudi@sd,
Glutathione Peroxidase (GPx) and Catalase) plusenagmatic antioxidants (e.g. Vitamin E, Vitamin \dtamin
A, Carnitine and Selenium) [2, 6 , 7].

The administration of L-Carnitine, Selenium, Vitani, Vitamin C, Vitamin B-12, Glutathione and cogme Q10,
as antioxidants, has been proven effective for avipg sperm parameters [1].
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Antioxidant defense mechanism includes three levkfgevention, cessation and modification [6].

Preventing ROS generation is the most importaribgidtant defense mechanism; for example, the bimdihFe
metal ions, particularly Cu, can prevent a serfeshain reactions. When the binding of metal iamn®0OS is loosen,
the generation of active oxidants, especially —@dreases. Through the process of ROS deactivatintigxidants
prevent the formation of free radicals and the lfimaducts will be non-radical. The third antioxidadefense
mechanism is the modification of damages. Damagesbe fixed for the first time. The sperms cannadify
damages due to the lack of enzymatic system irpason needed for the modification of damages [6].

Vitamin E (Tocopherol) is a fat-soluble vitamin trects as the main defense of cell phospholipid brane and
mitochondrial sheath against oxidative stress.iitaE cuts reaction chains involved in lipid pedation and
increases the production of ROS-collecting enzyeraattioxidants [12].

Vitamin E acts by collecting —RO and —ROO radicaisl connecting hydrogen to radicals and convelttiegn to
harmless metabolites. This function of Vitamin Ecaled clearing up free radicals [13]. Maintenafesteady
states of —-RO and —ROO radicals depends on redameagents such as Vitamin C; therefore, VitamibdeEomes
able to continue its activities against free radid®]. Vitamin E significantly decreases the camication of
Malondialdehyde (MDA) increased during the procegdipid peroxidation in seminal plasma and spethus,
Vitamin E is effective in improving sperm motilifg].

Vitamin C is a powerful ROS scavenger that canffectve in the expression of genes involved inititeacellular
pathway to regeneration [15]. Vitamin C ALSO playsole in restoring oxidized Vitamin E [3, 6].

Selenium plays its vital role by increasing Glutatie Peroxidase. Selenium is also an essentiabrfactnormal
testicular functioning, spermatogenesis process gmelfm motility. Selenium is important in testoste
metabolism and acts as a major component of capsellenoprotein of sperm. Selenoprotein helps in the
perseverance of membrane continuity. Selenium velsed in the production of Glutathione Peroxiddbat
decreases ROS, improves men fertility and acts akefanse factor against oxidative stress [3].Ghibaie
Peroxidase acts like hydrogen peroxidase and d¢stperoxidase [14].

In a study, Moslemi et al. (2011) examined theaf®f consuming Selenium and Vitamin E supplementsperm
parameters and found that both antioxidants camawgpsperm motility and sperm morphology (p<0.0[31)

Carnitine is an amino acid produced in the lived &idneys via the metabolism of methionine andngsiCarnitine
is widely distributed in the body and normally aatsa supplement in transporting fatty acids ihtorhitochondria.
Together with fructose and lactate, Carnitine israportant source of energy in sperm. Carnitine alays a vital
role as an energy substrate for sperm in the epid&l More than %94 of free Carnitine in seminahgmha
originates from the epididymis. Carnitine is effeetin sperm motility and sperm maturation. Theeefifveness of
Carnitine in sperm motility and sperm generationug to the oxidation of fatty acid as the mainrsewf sperm
energy in epididymis. Furthermore, Carnitine pctgeDNA and cell membrane against damages causedymen
free radicals [1,4]. Numerous studies have shownaed levels of Carnitine in semen of infertile men

In a study conducted between the years 2006 and @@l0 patients with as then ospermia who wewdddewith
750 mg Carnitine per day, Amiri et al. have fouhdttCarnitine significantly increases sperm coumtt enproves
sperm morphology (p<0.05) [4].

DISCUSSION AND CONCLUSION

Significant developments have been made in undelstg the process of male reproductive performaark the
importance of factors affecting male infertility][Dne of the factors affecting male infertilityggidative stress; so
that, high levels of ROS and oxidative stress riegigt affect the pathophysiology of infertility, spn DNA,
fertilization and embryo growth, pregnancy and groplacement of embryo in the womb [7]. In caseafper
diagnosis and treatment, many of infertile men loatreated by medication [1]. The treatment of niaflertility by
oral antioxidants decreases oxidative stress apdowes sperm motility and morphology [7]. Studiemducted on
the effectiveness of pomegranate juice in improwspgrm parameters and fertility rate in adult nrats showed
that consuming pomegranate juice can significaatigct sperm count (p=0.014), sperm morphology (p£pand
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sperm fertility (p<0.05) [5 , 15]. Analysis of theffectiveness of consuming Carnitine in improvingesn
parameters in infertile men showed that daily comstion of Carnitine (750 mg) , (2 gr) can signifitlg improve
sperm count and sperm motility (p<0.05) [1,4]; heer studies did not show any improvement in sperm
morphology (p=0.0005) ,(p=0.04) as a result ofydadlnsumption of Carnitine[1,16]. The effectivene$€arnitine
consumption in improving sperm count and sperm litotivas more obvious in patients with severe itifigy
disorders [17]. In another study, Carnitine constiompwas not statistically and clinically effectiue overall sperm
motility and sperm count [18]. Studies have shokat the use of Vitamin E can improve sperm motijiy0.003)
[17]. It has been shown that consuming a daily 209 dose of Vitamin E can significantly decreasedlip
peroxidation after 3 months and increase fertititye after 1 month[19]. Simultaneous use of Vitar@inand
Vitamin E can positively affect sperm count and fregcentage of normal sperms [20]. Moreover, colsgra
daily 200 mg dose of Selenium supplement plus & d)0 mg dose of Vitamin E significantly affectesm
motility and sperm morphology (p<0.001) [3].Selfeaducation is emphasized because it leads ineaatle in
treatment process and accepting responsibilityirfdividual health [22]. Social networks are used lhehavior
improvement, educational performance and other-cegd education [23]. Infertility and menstruati@me
accompanied with natural menopause or surgery mifyence health of women, then it can say thatdlvesmen
needed special education and training [24].

Results of studies conducted on animals and hustansed that:

v' Compared to fruits such as blackberry, raspberdyaange, pomegranate contains higher amountstafri E
and Vitamin C and is more effective in improvingesp parameters; accordingly, consuming pomegrgngte is
highly recommend, especially for men with infetyilproblems [1].

v' Considering metabolic activities of Carnitine ineegy production processes and antioxidant actsjitie
consuming Carnitine, as a supplement or medicedjghly recommended to increase sperm count apdove
sperm motility and sperm morphology [1, 4].

v' Considering the essential role of Selenium in ttracture of Glutathione Peroxidase and the impaeaaf
Vitamin E as a scavenger, consuming Selenium atahith E supplements can improve semen quality pedis
parameters, especially sperm motility [3].
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