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Abstract 


Stress is defined as a general body response to initially threatening external or internal demands, involving the mobilization of physiological and psychological resources to deal with them. Recently, oxidative stress has become the focus of interest as a potential cause of male infertility. Normally, equilibrium exists between reactive oxygen species (ROS) production and antioxidant scavenging activities in the male reproductive organs.

Non-hormonal medical treatment has been proposed for patients with idiopathic or non-curable oligo-astheno-terato-zoospermia and for normo-zoospermic infertile patients. Anti-inflammatory, fibrinolytic & antioxidant compounds, oligo elements and vitamin supplementation may be prescribed. Infection, inflammation and/or increased oxidative stress often require a specific treatment with antibiotics, anti-inflammatory drugs and/or antioxidants. The ascorbic acid is a known antioxidant present in the testis with the precise role of protecting the male reproductive organs from the oxidative damage. It also contributes to the support of spermatogenesis at least in part through its capacity to maintain antioxidant in an active state. Combined therapies can contribute to improve sperm quality.






Introduction

Males are found to be solely responsible for 20-30% of infertility cases (at least 30 million men worldwide) and contribute to 50% of cases overall (Agarwal et al., 2015) [1]. Oxidative stress has been identified as a major mediator in various etiologies of male infertility. Treatments of oxidative stress, including oral antioxidants and varicocelectomy, have been studied widely in patients with varicocele-associated male subfertility and unexplained male infertility. Current assays for seminal oxidative stress can measure reactive oxygen species (ROS) directly or indirectly [2].

The sources of ROS in semen are both intrinsic and extrinsic. Activated leukocytes (mainly polymorph nuclear leukocytes & macrophages) resulting from inflammation and infection are significant intrinsic producers of ROS in semen [3].

Immature spermatozoa with abnormal head morphology and cytoplasmic retention are another important source [4]. Damaged, deficient or abnormal spermatozoa as a result of impaired spermatogenesis can yield excessive ROS as well [5].

Sertoli cells in semen have also been shown to possess the ability to produce ROS [6]. Other intrinsic etiologies include varicocele (higher grade is associated with greater amounts of ROS production), cryptorchidism, testicular torsion and ageing [7].

Extrinsic sources such as cigarette smoking [8], alcohol consumption [9], exposure to radiation [1] and other environmental toxins have been associated with elevated testicular and/or seminal ROS levels. Common sources of ROS in semen and their adverse effects are illustrated in (Figure 1) [7]. 
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Figure 1:   Common sources of excessive reactive oxygen species (ROS) in semen and their deleterious effects [7].




ROS levels can affect sperm structural and functional integrity including motility, morphology, count and viability, thereby making it one of the important etiologies of male factor infertility. High ROS concentrations in infertile men have been associated with DNA fragmentation and poor chromatin packing. Sperm DNA damage may decrease fertilization rates, reduce implantation, impair embryonic development and increase miscarriage/pregnancy loss and the potential for birth defects [10]. ROS affect mitochondrial or nuclear DNA of sperm at an amino acid or molecular level in the form of base modification (especially guanine), attacking the phosphor-di-ester backbones and producing base-free sites, point mutations, polymorphisms, deletions, translocations, strand breaks and chromatin cross-links, frame shifts and even rearranging chromosomes [11].


Sperm chromatin has a highly condensed and organized structure that helps to protect it from oxidative damage, but when compaction is poor and chromatin protamination is incomplete, sperm DNA is more vulnerable to ROS. DNA damage is a contributory factor to apoptosis [12] and in cases of more severe damage of spermatozoa, apoptosis results in low sperm counts characteristic of idiopathic male factor infertility [13].

Alleviation of oxidative stress and potential treatment strategies

Treatment of oxidative stress-associated male infertility has been studied widely in patients with varicocele-associated subfertility and unexplained infertility. In these patients, treatment strategies such as surgical varicocele repair (varicocelectomy) and oral antioxidant therapy have been used.

Oral antioxidant therapy

In spite of the conflicting data, many urologists prescribe oral antioxidant therapy for men with clinical subfertility with or without varicocele [14]. The rationale for recommending oral antioxidant therapy is based on the premise that seminal oxidative stress is due in part to a deficiency in seminal antioxidants and the lack of serious side effects related to antioxidant therapy Ideally, an oral antioxidant should reach high concentrations in the reproductive tract and restore vital elements important for spermatogenesis. Additionally, the antioxidant supplement should augment the scavenging capacity of seminal plasma and reduce levels of seminal ROS [15].

Oral treatment with antioxidants such as vitamins E, C, A, B complex, coenzyme Q10 (CoQ10), ubiquinol, glutathione, l-carnitine, lactoferrin, β-carotene, lycopene, pantothenic acid, a-lipoic acid, N-acetyl-cysteine, selenium, zinc, copper or supplements containing a combination of these antioxidants have been used with success to varying degrees [16].

In infertile men, oral antioxidant therapy with Carni-Q-Nol (440mg l-carnitine fumarate + 30mg ubiquinol+ 75 IU vitamin E + 12mg vitamin C) softules twice or thrice daily decreased sperm pathology after 3 months, improved sperm density after 3 and 6 months, increased (ubiquinone + ubiquinol) & α-tocopherol and decreased oxidative stress levels. Apart from improving sperm parameters, the supplementary therapy with Carni-Q-Nol resulted in a 45% pregnancy rate [17].

Moreover, antioxidant supplements are not free from potential side effects "antioxidant paradox". Further placebo-controlled, dietary-controlled, double-blind, randomized-controlled, prospective studies with standardized supplement regimens are needed to elucidate the role of antioxidant therapy in the treatment of oxidative stress and management of male infertility [7].



Antioxidants



Protective antioxidant system comprehends enzymatic factors (superoxide dismutase (SOD), catalase and glutathione peroxidase (GPX), non-enzymatic factors and low molecular weight compounds (glutathione, N-acetyl-cysteine (NAC), vitamins A, E & C, coenzyme Q10 (CoQ10), carnitines, myoinositol (MYO), lycopene, astaxanthin, Serenoa repens, etc.), and micronutrients (Selenium, Zinc, & Copper) which interact each other to ensure an optimal protection against the oxidative stress. A deficiency of one of them may result in a decrease of total plasma antioxidant capacity [18]. The main antioxidants will be discussed below.



Superoxide dismutases

SODs are metalloenzymes that convert superoxide to hydrogen peroxide (H2O2) and comprehend two intracellular and one extracellular forms. The intracellular form contains copper and zinc in the active center (CuZnSOD). It is encoded by the SOD1 gene and it is mainly localized in the cytoplasm. The other intracellular form is manganese SOD (MnSOD) that acts in the mitochondrial matrix [18]. Its gene, SOD2, is inducible under various inflammatory conditions and the nuclear factor kappa B (NF-kB) appears to be the main factor responsible for its induction. Homozygous SOD2 gene- deficient mice have severe cardiovascular damage and die soon after birth. No abnormality in the genital tract has been reported in these mice. On the contrary, transgenic male mice that express higher levels of MnSOD are infertile. Since SOD only dismutates superoxide anion into hydrogen peroxide, the resulting H2O2 may also cause a toxic effect in testicular cells [19].

The extracellular form of SOD (ECSOD), encoded from SOD3 gene, can be present in a free form or can be connected to the surface polysaccharides. It is structurally similar to the MnSOD, but it has zinc and copper in the active center. It has been shown that erectile function is improved by transferring the SOD3 gene to the penis in aged rats. Scavenging superoxide increases nitric oxide (NO) half-life that results in increased cGMP levels [19].

The main active isoenzymes in the seminal plasma are CuZnSOD (75%) and ECSOD (25%) which probably originate from the prostate [20]. SODs have been observed to play a role in the protection of testicular cells against heat stress-induced apoptosis both in vivo and in vitro [21]. Moreover, SOD activity has been lower in infertile patients than in fertile controls and correlates positively with sperm motility and morphology [22]. 


Some in-vitro studies suggest that SODs may play a role in improving sperm parameters in thawed semen samples. In fact, supplementation with manganese (III) mesotetrakis (N-ethylpyridinium-2-yl) porphyrin chloride (MnTE), a permeable SOD mimetic agent, seems to improve total motility, membrane integrity, and viability of goat semen samples after thawing, the acrosomal integrity and the blastocyst formation rate [23]. However, since MnTE supplementation protects spermatozoa from superoxide but not from H2O2, the degree of sperm parameters improvement is higher when also catalase is simultaneously added [24]. There are evidences for positive effects of the treatment with SODs also on human spermatozoa. In fact, the supplementation of exogenous SODs at the dose of 400U/mL to the human sperm suspension prevented the loss of motility and the increase of MDA concentration, thus showing a significant role of SODs for human sperm motility. Actually, SOD is included in some over-the-counter products that contain also other anti-antioxidants (e.g., D-chiro- inositol, zinc, and folic acid), recommended for the treatment of male infertility. There is a lack of studies investigating the effects of SOD oral supplementation on human sperm. Hence, there is not agreement about the dosage. However, the most common therapeutic scheme suggested consists of an oral dosage of 150UI a day for at least three months [25].

Catalase

Catalase is a heme enzyme with a centrally located iron atom. It catalyzes the decomposition of H2O2 into molecular oxygen (O2) and water (H2O). Its presence has been shown in the seminal plasma and spermatozoa of both humans and rats. The extracellular enzyme is produced by the prostate.

Under physiological conditions, catalase plays a role in the nitric oxide-induced sperm capacitation [18]. Its activity has been associated with low sperm quality [26]. In fact, H2O2, which increases in case of catalase deficiency or reduced activity, plays a substantial role on sperm motility due to the decrease in membrane fluidity that is important for sperm-oocyte fusion [27]. It is not commercially available.

Glutathione peroxidase

GPXs reduce hydrogen peroxide and organic peroxides, including phospholipids, using the reduced form of glutathione (GSH) as an electron donor [28]. GPXs protect sperm DNA from oxidative damage, playing a role in the chromatin condensation and mainly in the mitochondrial matrix [18]. GPX-defective expression in human spermatozoa has been reported to be associated with OAT [29].

GPXs are divided into two groups according to the presence of seleno-cysteine in the enzyme isoform. Since, selenium deficiency has been associated with male infertility, selenium-containing GPXs are suspected to be a candidate for the defective molecule. At least four isoenzymes belong to the selenium-containing GPX in mammals.

GPX1 is a cytosolic isoform, widely distributed in tissues and, like other antioxidant enzymes, and prevents apoptosis induced by oxidative stress and other stimuli. GPX1 knockout mice do not show reproductive abnormalities. GPX2 and GPX3 are gastrointestinal and plasma isoforms, respectively.

GPX4 is highly expressed in testis and represents about the 50% of the capsule material, which embeds the helix of mitochondria in the midpiece of spermatozoa. GPX4 gene knockout mice show premature embryonal death. The GPX4 gene encodes also for a protein that has a high sequence identity to GPX4 except for the N-terminal region. This protein is specifically present in sperm nuclei and is considered to act as protamine thiol peroxidase.

GPX5 is a non-selenium enzyme. It is exclusively expressed in the epididymis and secreted in the caput and caudal epididymal lumen. It represents the 6% of the secretory epididymal proteins. However, the activity of non-selenium dependent GPX in low and, hence, its contribution as a GSH-dependent peroxide scavenger is ambiguous [19]. However, neither catalase nor GPXs are currently used for the treatment of male infertility.

Glutathione

Glutathione is a sulfur-containing tripeptide present in both a reduced (GSH) and an oxidative (GSSG) states. GSH participates in preserving the intracellular milieu in a reduced state and, in addition, it is an electron donator to GPX. GSH displays its antioxidant activity by the reconstruction of thiol groups (-SH) in proteins and preventing cell membrane from lipid oxidation [18].

GSH levels are maintained through two metabolic pathways: one is the de novo synthesis from Cys, Glu, and Gly that is catalyzed by the γ-glutamyl-cysteine synthetase (GCS) and glutathione synthetase; the other is its recycling by glutathione reductase, using NADPH as an electron donor. Glutathione is pumped out when it is oxidized or forms conjugates with cytotoxic compounds, including xenobiotical chemicals. Plasma glutathione is hydrolyzed γ-glutamyltranspeptidase (GGT), localized at the cellular surface as a membrane protein, into its consisting amino acids that are then taken up by the specific transporter and reused by cells [19].

In animals, GSH therapy affects positively sperm quality. It has a crucial role in increasing sperm motility and fertilization in bulls with asthenozoospermia due to varicocele and in rabbits with dispermy caused by cryptorchidism [30].

Glutathione reduction in human seminal plasma leads to instability of the midpiece of the spermatozoa, resulting in a motility disorder [31]. Some authors suggested that its supplementation plays a therapeutic role in some andrological diseases, particularly during inflammation. Accordingly, its supplementation in infertile men with unilateral varicocele or inflammation of the urogenital tract (two conditions in which radical oxygen species or another toxic compound production plays a pathogenetic function) leads to a significant improvement of sperm parameters, such as concentration, motility and morphology [32]. These effects on spermatozoa can be partially reversed in case of not too severe structural cell membrane damage [31], a prominent protective role of GSH on the lipid components of the cell membrane [33]. 


Glutathione is given at the dosage of 600mg/day intramuscularly for 2-3 months. Hence, glutathione is seldom prescribed for male infertility. However, because of the route of administration, the compliance is low and, currently, GSH is hardly used for the treatment of male infertility.

N-Acetyl-Cysteine (NAC)

NAC is a glutathione precursor. NAC is effective in metal chelation and it seems to improve sperm motility and to prevent sperm DNA oxidative damage [18]. In an animal model, it is able to improve sperm parameters and seminal vesicles weight, previously altered by treatment with As2O3 [34]. Furthermore, it significantly improves seminal fluid volume and viscosity and increase sperm motility in humans [35]. In women suffering from polycystic ovary syndrome, NAC (administered at the doses of 1500mg/day) has been shown to ameliorate oocyte and embryo quality, representing an alternative to metformin prescription [36]. Such findings support the therapeutic use of this compound for the treatment of human infertility.

The most common oral dosage used is 600mg/day. NAC is commercialized in combination with other antioxidants. Its administration is suggested for at least three months.

Vitamin A

Carotenoids are a group of fat-soluble organic compounds found mainly in yellow, red, orange and pink vegetables. These carotenoids are precursor of vitamin A. Retinal is formed from them in the gastrointestinal tract, before being converted to retinol, the most important component of vitamin A.

Carotenoids are natural antioxidants that protect cell membrane integrity, regulate epithelial cell proliferation, and are involved in the regulation of spermatogenesis [18]. Moreover, in rats retinoids have various effects on fetal and neonatal Sertoli, germ and Leydig cell [37]. Carotenoid deficiency in the diet can lead to a reduction in sperm motility [18]. Studies conducted on bulls have shown that retinol might stabilize sperm acrosomal membrane when oxidative stress increases because of the high temperature [38]. In humans, lower serum retinol concentration has been correlated to a worse sperm quality [39]. Hence, vitamin A administration could be a therapeutic choice for the treatment of human male infertility. Not many studies have evaluated the effects of vitamin A on human sperm parameters. Currently, it is seldom added to the over-the- counter preparation for male infertility treatment. However it should be strengthening the concept that vitamin A has been shown to be toxic and may be teratogenic in higher dose [40].

Vitamin C (Ascorbic Acid)

Vitamin C has a 10-fold higher concentration in seminal plasma than in the serum [41]. It has a more powerful antioxidant action when peroxyradicals are present in the aqueous phase [42] than in the lipid membrane [43]. In mice, at a concentration equivalent to the human therapeutic dose (10mg/Kg), it is able to reduce MDA concentration, increasing sperm count and the proportion of normal sperm population [44].

In humans, the seminal acid ascorbic levels correlate positively with the percentage of morphologically normal spermatozoa [45] and negatively with DNA fragmentation index [46]. This finding supports the therapeutic use of vitamin C in infertile males. At concentrations lower than 1000μmol/L, vitamin C is an antioxidant; at higher concentrations it acts as a prooxidant agent [47]. The dose of 1g/day provides a 2.2-fold increase in plasma acid ascorbic concentrations [48]. The majority of the studies reported in literature investigating the effect of vitamin C administration on sperm quality refer to this orally administered dosage [49]. Accordingly, 1g daily vitamin C treatment improves human quality, increasing mean sperm count, concentration, and motility [50]. The duration of the treatment is not well established. There is evidence for sperm parameters amelioration after one month of treatment [51], but longer period of treatment is also reported [49]. The dose of vitamin C must, however, is not excessive because high doses may act as a prooxidant, particularly in persons with the haptoglobin type 2-2 [52].

Vitamin E

Vitamin E (Tocopherol) is a fat-soluble organic compound mainly localized in cell membranes. It protects sperm cell membrane form oxidative stress-induced damage, preventing lipid peroxidation and capturing free hydroxyl radicals and superoxide [18]. Efforts have been made to establish if sperm parameters could be improved by vitamin E supplementation [53]. Its seminal plasma concentration significantly increases when it is administered at doses of 300 and 1200mg/day for three weeks [54]	.	The -tocopherol concentration in spermatozoa is independent from the total α-tocopherol concentration in seminal plasma, and it significantly correlates with the percentage of motile spermatozoa [55]	.	A double-blind placebo-controlled trial showed an improved sperm function in vitro after 600mg daily administration of vitamin E for three months. The administration resulted in improved sperm motility and ability to bind the hamster oocyte in the hamster egg penetration test [53]. In other studies, lower doses (200 or 300mg/ day) have been used [56].

A placebo-controlled double-blind study reported an improvement of sperm motility in men with oligoasthenoteratozoospermia after vitamin E oral supplementation. The enhancement of sperm motility was associated with a decreased sperm production of MDA, the end product of the lipid peroxidation. Furthermore, in the course of the six-month treatment period, 21% of patients belonging to the treated group achieved pregnancy [57]. Seminal plasma MDA decrease seems to correlate with the percentage of successful attempts to achieve pregnancy. In a prospective study, 15 normozoospermic men with low fertilization rates in their earlier ART cycles were treated with 200mg/day of vitamin E for three months. The high MDA concentration declined to normal rate and the fertilization rate per cycle significantly improved after one month of treatment [56]. Finally, dietary habits seem also to play a role in semen quality, since a positive correlation has been found between vitamin E dietary intake and progressive and total motility  [50]. This evidence suggests that vitamin E may have a positive effect on semen quality, enhancing the pregnancy rate. Altogether, these findings suggest that vitamin E could be a therapeutic choice for the treatment of male infertility. However, we would emphasize that, besides their interesting antioxidant properties, vitamin E analogs, especially tocopheryl succinate, can exert adverse effects on gap junctional intercellular communication, which could explain their controversial effects in spermatogenesis [52].

Coenzyme Q10

CoQ10 is the only lipid soluble antioxidant synthesized endogenously. In the Q-cycle it is present in three redox states: ubiquinone (CoQ10-oxidized), ubiquinol (CoQ10H2-reduced) and semiquinone (partially reduced, as radical). The reduced form has a higher antioxidant effect and concentration in the body is approximately 90% of total CoQ10. It inhibits protein and DNA oxidation and lipid peroxidation. CoQ10 regulates the mitochondrial electron transport in the respiratory chain, receiving electrons from complex I and complex II and passing them to complex III, and it transfers protons from fatty acids to the matrix. It also regulates the permeability transition pore opening and nutrition uptake through the voltage dependent anion channel (VDAC) of the outer mitochondrial membrane [17].

A number of clinical studies documented the beneficial effects of ubiquinone on male fertility. In fact, it has been shown to improve sperm parameters (concentration, motility, and morphology) in men with idiopathic OAT [58], with positive effects on the pregnancy rate [59]. It displays a protective effect against oxidative stress and sperm DNA damage. In addition, CoQ10 treatment improves sperm parameters and antioxidant status in infertile men with varicocele. Different therapeutic schemes are reported in literature. The lower dosage used is 90mg/day for a minimum of 3 months to a maximum of 9 months, but positive effects on sperm parameters have been obtained also by higher dosages (e.g., 100mg/day for three menses, 200mg for six months, etc.). The highest dosage reported is 300mg twice a day for twelve months [17].

Ubiquinol has a stronger antioxidant action in comparison with ubiquinone. It can regenerate other antioxidants such as vitamin E and vitamin C. In addition, CoQ10 testicular biosynthesis is very active and high levels of ubiquinol are present in sperm [60]. Ubiquinol sperm concentration strongly correlates with sperm count, motility, and morphology. In addition, Q10-total concentration directly correlates with sperm motility [17]. Ubiquinol is administered orally at a dosage of 150 to 200mg daily, for at least four months.

Carnitine-ubiquinol combination displays a beneficial effect on sperm mitochondrial function of infertile men. It may be due to their uptake by VDAC of the outer mitochondrial membrane, along with the activity of carnitine palmitoyltransferase I (CPTI) in outer mitochondrial membrane. However, further studies are required to support this hypothesis [17].

Carnitine

Currently, carnitine is the molecule with antioxidant activity that has the greatest consensus in literature, especially in its forms L-carnitine and L-acetyl-carnitine. L-carnitine (mainly of exogenous origin though human beings are able to synthesize) is a high-polar, water-soluble quaternary amine. It acts as an essential cofactor for the transport of long chain fatty acids within the mitochondrial matrix in order to facilitate the oxidative processes and to enhance cellular energy production [61]. L-acetyl-carnitine, instead, is formed by the enzyme acetyl-L-carnitine transferase that modulates the intracellular and mitochondrial concentration of coenzyme A (CoA) and acetyl-CoA. Interestingly, high concentrations of carnitine are present in the male reproductive tract and particularly in the epididymis, suggesting its crucial role in energy metabolism and sperm maturation [62]. Hence, carnitine concentration in the ejaculate is considered a marker of epididymal function and some studies have shown a decreased L-carnitine concentration in the seminal fluid of patients with epididymitis [63].

The antioxidant properties of carnitine have been studied in men with male accessory gland inflammation. As previously said, inflammatory processes increase ROS production from leukocytes and/or spermatozoa with a consequent increased oxidative stress. Since, prostate-vesiculo-epididymitis (PVE) is the diagnostic category with a higher level of oxidative stress, some studies have evaluated the antioxidant properties of L-carnitine administration in patients with microbial PVE. The results of these studies have shown that the best effect is obtained administering first antibiotic and anti-inflammatory drug and subsequently L-carnitine. The co-administration of antimicrobial agents and antioxidants is less effective while treatment with L-carnitine alone has no effect [64].

The beneficial effects of L-carnitine on sperm parameters are well known. The data in the literature show a statistically significant improvement of sperm progressive motility in patients with OAT treated with L-carnitine or acetyl-L-carnitine at the dose of 3g/day [65] for some months. Moreover, treatment with acetyl- L-carnitine increases sperm motility and viability in asymptomatic infertile patients with ROS overproduction and ultrasonographic evidence of PVE who already received antimicrobial therapy [62]. However, despite improving sperm parameters, there is no evidence of statistical significant variation of seminal plasma a-glycosidase concentration (a marker of epididymal function) and of sperm membrane lipid peroxidation [66]. Combination therapy with L-carnitine (2g/day) and acetyl-L-carnitine (500mg twice a day) is also effective in improving sperm quality in infertile patients (Lenzi et al., 2004) [66,67] and it improves the total oxyradical scavenging capacity of the seminal fluid [68] and sperm parameters [68]. Interestingly, the addition of L-carnitine in samples to be cryopreservation improves significantly sperm quality [70].

In conclusion, the administration of carnitines is a rational and effective therapeutic strategy for the treatment of male infertility, since it leads to an improvement in sperm parameters. The best  therapeutic scheme is represented by the co-administration of at least 2g/daily of L-carnitine and at least 1g/daily of acetyl-L- carnitine for at least three months.

Myoinositol

Inositol is a component of the vitamin B complex. MYO, the most biologically important form in nature, is a precursor of second messengers and it is involved in several signal transduction mechanisms in the cell membrane. It regulates seminal plasma osmolarity, the expression of proteins essential for embryogenetic development and for sperm chemiotaxis and sperm motility. In addition, inositols are involved in sperm capacitation and acrosome reaction.

Incubation with MYO results in an increased sperm motility and in a higher number of spermatozoa retrieved by swim-up in both normozoospermic men and in patients with abnormal sperm parameters. This was associated with an improvement of sperm mitochondrial function in patients with OAT [71]. On this basis, the therapeutic use of MYO has been suggested in both in vivo and in vitro assisted reproductive techniques. Accordingly, oral supplementation with MYO seems to improve sperm parameters [72]. In particular, a double-blind, randomized, placebo-controlled study showed that patients with idiopathic infertility, treated for three months with MYO (2g twice daily), had a significant increase of sperm concentration, total count, progressive motility, and acrosome-reacted spermatozoa. In addition, MYO rebalances LH, FSH, and inhibin-B concentrations [73].

The most frequently reported supplementation strategy consists of a daily oral dose of 4g (plus 400μg of folic acid), for at least two months.

Lycopene

Lycopene is a constituent of the human redox protection mechanism against ROS. Although few studies investigated its effects on sperm parameters, it seems to be a therapeutic choice in the treatment of idiopathic male infertility. In facts, its oral administration (2g twice a day for 3 months) improved sperm concentration and motility [74]. Furthermore, lycopene displays a protective effect against cryopreservation injury of post-thawing human spermatozoa. In fact, the addition of lycopene at a proper concentration to cryo-protectant reduces oxidative damage to sperm mitochondria in the freezing-thawing process, attenuates oxidative stress injury induced by ROS to sperm plasma membrane, and improves the anti-apoptosis sperm ability [75]. Various lycopene supplementation studies conducted on both humans and animals have shown promising results in alleviating male infertility by decreasing lipid peroxidation and DNA damage and increasing sperm count and viability. Improvement of these parameters indicates a reduction of the oxidative stress, and thus spermatozoa were less vulnerable to oxidative damage, which increases the chances of a normal sperm fertilizing the egg. Human trials have reported sperm parameter improvement and pregnancy rates with supplementation of 4-8mg of lycopene daily for 3-12 months. However, further detailed and extensive research is still required to determine the dosage and the usefulness of lycopene for male infertility treatment [76].

Astaxanthin

Astaxanthin is natural occurring xanthophyll. Only one study described its effects on human male fertility. A supplementation with 16mg daily of astaxanthin in 30 infertile patients resulted in higher sperm linear velocity, better capacity of binding the oocyte in the hamster penetration test, and higher total and per cycle pregnancy rates compared to the placebo group [77]. In a model of obese rats, vitamins A and E and astaxanthin administration was associated with better viability, motility, and morphology of spermatozoa obtained from the tail of the epididymis and with a significantly higher number of spermatogonium and Sertoli cells at the histological evaluation [78]. This finding led to the hypothesis that low sperm quality of obese men may be improved by the administration of this cocktail of antioxidants. However, other studies on a greater number of patients are needed to confirm if human sperm parameters may benefit from astaxanthin administration. Astaxanthin is administered in combined therapies at a daily dose of 16mg. The duration of the treatment is not defined; in the mentioned study, astaxanthin was administered for three months [77].

Serenoa repens

Serenoa repens (saw palmetto) is a natural product with anti-inflammatory properties, derived from the American dwarf palm [79]. Currently, it is used to treat inflammatory symptoms in patients with benign prostatic hyperplasia and chronic prostatic inflammation [80]. Up to now, only a few and old studies have investigated its effects on sperm parameters. According to Ondrizek and colleagues, high concentration of Serenoa repens, Echinacea, or ginkgo inhibits human sperm motility. Moreover, Serenoa repens does not have any effect on oocyte penetration and sperm DNA integrity, while other herbs (such as Echinacea purpurea, Ginkgo biloba, and Hypericumperforatum) damage these parameters [81]. On this basis, Serenoa repens does not seem to ameliorate sperm parameters. Further studies are needed to confirm this conclusion.

Micronutrients

The concentration of micronutrients such as selenium, zinc and copper correlates with human sperm quality [18].

Selenium: Selenium is a micronutrient essential for normal testicular development, spermatogenesis, sperm motility and function. The lack of selenium has been correlated to seminiferous epithelium atrophy, disorders of spermatogenesis, maturation of spermatozoa in the epididymis, testis volume reduction, decreased sperm motility and altered sperm morphology (mainly in the head and in the midpiece) [82]. The exact mechanism by which selenium reduces oxidative stress and improves sperm parameters is still controversial. Its action seems to be mediated by seleno-enzymes, such as GPXs [83]. Selenium is given orally at a dosage that ranges from (80 to 300μg) once a day, alone or in combination with antioxidants, for at least 3 months. 


Zinc: Zinc is a component of over 200 enzymes involved in the biosynthesis of nuclear acids, proteins and the process of cell division [18]. It has been reported to normalize oxido-sensitive indices and catalase-like activity in the seminal fluid of astheno- zoospermic patients [84].

Zinc is given orally at the dose of (220mg) once or twice a day for 3 to 4 months, alone or in addition to folic acid (5mg daily). In combined therapies, it is administered at the dose of at least 10mg a day. It should be given in the esterified formulation as zinc picolinate that is best taken up by the intestinal tract [85].

Copper: Copper is a trace element whose seminal plasma concentration correlates with sperm quality [18]. A few studies report a positive effect of copper supplementation on sperm parameters in animals. In vitro supplementation with copper on ejaculated buffalo sperm led to a better protection through the process of dilution, equilibration and freeze-thawing at the dose of 32μg/L compared to the dosage of 64μg/L [86]. In addition, dietary copper supplementation at a dosage of 110mg/kg has been shown to prevent the adverse effects produced by 12mg/kg/day of tetrathiomolybdate in rat spermatozoa [87]. No studies have explored the effects of copper supplementation on human sperm parameters. Copper is not prescribed for the treatment of male infertility.

Combined therapies

The synergic effect of some component with different antioxidant properties has been studied. In a randomized trial, the daily administration of vitamin E (400mg) and selenium (225μg) for 3 months resulted in a significant decrease in MDA concentrations and an improvement of sperm motility [27]. In mice, the coadministration of vitamin C (10mg/kg) and vitamin E (100mg/kg) led to a decrease of testicular MDA content, along with increased sperm count and decreased percentage of spermatozoa with abnormal form [44]. According to Greco and colleagues, the daily administration of vitamin C (1g) and vitamin E (1g) for 2 months significantly decreased the percentage of human DNA-fragmented spermatozoa. In addition, this association led to an improvement in the clinical pregnancy and implantation rates compared to the group of patients receiving placebo [88]. Furthermore, there is evidence for an increase of seminal vitamin E concentration and of its oxidative stability after cryopreservation if high amount of dietary -tocopheryl acetate is consumed. A decrease of seminal plasma ascorbate concentration is associated with a decreased fertilization rate. In rabbits, a high amount of dietary vitamin E (50 versus 200mg/kg diet) significantly increased the level of vitamin E in the seminal fluid and the sperm oxidative stability after storage at 5 °C for 24h.

Ascorbic acid showed a different effect in relation to the vitamin E status of animals: when associated with the higher level of vitamin E it increased vitamin E and the semen oxidative stability, whereas both parameters were reduced with lower vitamin E levels. Hence, their combination significantly improves the viability and kinetics of spermatozoa with an increased fertility rate [89]. These evidences sustain the role of the co-administration of vitamins E and C for the improvement of sperm quality in idiopathic male infertility.

The use of NAC, vitamin A, vitamin E and essential fatty acids in 27 infertile males increases sperm count and decreases ROS and 8-hydroxydeoxyguanine concentration in oligo-zoospermic patients. Moreover, the treatment improved the acrosome reaction rate and the proportion of PUFA in phospholipids and sperm membrane [85]. In addition, a 26-week-long daily administration of selenium (200μg) and NAC (600mg) in 468 infertile men with idiopathic astheno-zoospermia resulted in an improvement of all sperm parameters. Furthermore, a positive relationship between seminal plasma concentration of NAC and selenium and sperm parameters has been found [90].

Other treatment

Pine bark extract: The extract of the bark of the (Mediterranean) pine tree, Pinusmaritima, is rich in polyphenols, namely, anthocyanidins with antioxidant effect, and it reduces inflammatory reaction through the inhibition of the Cyclooxygenase enzymes (COX: 1 & 2) [85] and of the Nuclear Factor Kappa B (NF- kB). Its potential use can be of interest in order to counteract sperm oxidative stress.

Lepidiummeyenii: Lepidiummeyenii, also called maca, is another plant belonging to the cruciferous (Brassica) family, growing in the Peruvian Andes Mountains. It has been considered phytoadaptogen that increases the production of the Heat Shock Protein (P 72), by reducing the negative impact of stress on protein conformation and cell death [85]. Moreover, the potential increase of sexual desire induced by this plant without influencing testosterone concentration in adult men could be of importance for male infertility.

Polyunsaturated fatty acids: Polyunsaturated fatty acids have been recommended for nutrition thanks to their several benefits. In fact these fatty acids improve cell membrane fluidity and function, may possibly protect against cardiovascular diseases, and regarding male infertility may be potentially useful for the spermatogenesis [40].




Summary


The identification of etiopathogenetic mechanism(s) allows clinicians to select the optimal treatment to overcome male infertility. The therapeutic repertoire includes antibiotics, antiinflammatory drugs, antioxidants and micronutrients. Antibiotics are prescribed when a urogenital infection is identified. The most used antibiotics in clinical practice are quinolones (ciprofloxacin, levofloxacin, etc.), tetracyclines, macrolides, trimethoprim and β-lactam antibiotics (penicillin derivatives, cephalosporins, monobactams and carbapenems). Anti-inflammatory drugs should be given when leukocytospermia and/or inflammatory sign and/ or symptoms are present. Finally, antioxidants and micronutrients may be used to protect spermatozoa from oxidative stress overproduction that occurs in many clinical conditions. This class includes a vast array of molecules that may be prescribed alone or in combination. 


In conclusion, many non-hormonal compounds are available for the treatment of the infertile patient. This allows a customized therapeutic strategy.
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