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			Abstract

			Infertility is defined as inability of a couple to get a pregnancy after a year of regular intercourse without the use of contraceptive methods. The infertility of a couple caused by male factor only is related to 20-30% of cases of infertility. Causes of male infertility may be testicular or posttestic, and may be caused by: duct obstruction or ejaculatory disorders; genetic alterations, such as some syndromes (Klinefelter, XX or XYY man syndrome); by external factors of the human body, in other words, environmental factors such as exposure to radiation (radiation and chemotherapy), toxic chemical agents, such as solvents, pesticides and metals such as lead and manganese; occupational diseases, stress, heat exposure in some professions; by the exacerbated consumption of legal and illegal drugs; or idiopathic (with no apparent cause). 

			The production of free radicals, or reactive oxygen species (ROS), is generally responsible for the damage caused by the most diverse factors on male fertility. All cells of the human body are susceptible caused by ROS, but the sperm cell is particularly vulnerable, both during spermatogenesis, since the germ cells have a high proliferative index, as well as mature spermatozoa, due to the loss of part of the cytoplasm, causing them to have less production of natural antioxidants. Antioxidants are substances that scavenge free radicals, neutralizing their excess and acting in their uptake and inactivation. They are found in abundance in foods containing carotenoids, such as tomato, broccoli, papaya and spinach. The objective of this study was to compile information on the action of carotenoids on the reduction of male infertility and on the improvement of sperm quality, using research tools as Scielo, Pubmed, Elsevier and Lilacs. Many studies about carotenoids shows improvement in the seminal quality, both in human and animal studies, directing experimental treatments in infertile patients, or pointing conditions in serum or seminal plasma of normospermic man, with a larger database in lycopene.
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			Introduction

			Infertility, which affects about 15% of couples, is defined as the inability of a couple to get a pregnancy after a year of regular intercourse without the use of contraceptive methods [1]. The isolated male factor is responsible for about 20% of the cases and from 30% to 40% it is contributory, and are other factors involved [2]. Free Radical is any and all molecules that contain unpaired electrons in their outer orbitals, highly capable of reacting with any compound, becoming highly oxidizing and reducing. Excess production can trigger damage. These causes make the intake of foods containing antioxidants, such as lycopene, an important ally for these free radicals do not cause the destruction of cells [3,4]. Oxidative substances are associated with normal physiological function. When infertility results from 

low seminal quality, it is often due to overproduction of these oxidative substances in semen (especially nitric oxide) [5]. 

			Antioxidants are substances that fight against free radicals, neutralizing their excess, acting on their absorption, inhibiting it or delaying the action of it [6]. Fruits and vegetables contain more than 40 carotenoids that are absorbed and metabolized by humans [4]. The main absorbed carotenoids from the diet are α-carotene, β-carotene, β-krypto-gezantyne, lutein and lycopene. These representatives contain many double bonds in their molecular structure and, therefore, greater antioxidant potential [7]. The objective of the present study was to perform a literature review on the action of carotenoids in reducing male infertility and improving sperm quality and comparative reading, to infer if in fact the use of carotenoids in the treatment of infertility causes a real improvement of health reproductive system of man.

			Methods

			This research was carried out through a literature review of the last 38 years, with emphasis on studies published since the year 2000, of published works referring to male infertility and the use of carotenoids in the treatment of it. 43 Scientific articles found on websites such as PubMed, Scielo, Elsevier and LILACS were reviewed and of these 43, 26 were selected for the development of the project in order to observe the benefits and possible adverse reactions resulting from the ingestion of carotenoids to improve the seminal quality and reduction of infertility, considering its antioxidant potential. The investigations were carried out using the following keywords: Carotenoids, Antioxidant, reactive oxygen species, infertility, male infertility. They were combined in different ways to ensure a greater amount of bibliographical references and research quality.

			Results

			According to data from the literature, it has been observed that some carotenoids have antioxidant action or they develop active roles in male fertility in a significant way, which are lycopene, lutein, pro-vitamin A carotenoids (which include beta-carotene), astaxanthin and crocin (Table 1). However, there is a greater number of informative sources of those involving lycopene. Other non-carotenoid organic compounds such as vitamin C (ascorbic acid) and E (alpha-tocopherol), also with antioxidant role, are cited in studies related to the reduction of infertility in man. Zini et al. [8] observed that in human semen samples pre-incubated with lycopene at a dosage of 5μmol/L and subsequent contact and incubation with hydrogen peroxide, spermatozoa had no motility protection. However, there was less damage caused by hydrogen peroxide to sperm DNA. Hekimoglu et al. [9] performed ischemia/reperfusion studies in mice, a condition that causes a decrease in motility, and showed that lycopene-treated rats had the prevention of decreased motility and in rats with ischemia/reperfusion without testicular torsion there was a reversal of this condition. Also, through this same study, it was observed that in rats with testicular torsion ischemia/reperfusion the administration of lycopene caused two changes to be observed: the reduction of anomalies in spermatozoa (since torser ischemia/reperfusion results in an increase of anomelic spermatozoa by higher Oxigen-reactive species production) and improvement of testicular tissue [9]. 

			Table 1: Correlation of Organic Substance x Result obtained.

			
				
					
					
					
				
				
					
							
							Authors

						
							
							Organic Substance

						
							
							Action Result

						
					

					
							
							Zini et al. [8]

						
							
							Lycopene;

						
							
							No protease in sperm motility, but there was less damage to sperm DNA.

						
					

					
							
							Hekimoglu et al. [9]

						
							
							Lycopene;

						
							
							Prevention of decreased motility ischemic/reversion, decreased anomalies in spermatozoa and improved testicular tissue.

						
					

					
							
							Mangiagalli et al. [10]

						
							
							Lycopene;

						
							
							Better concentration, volume, motility and viability of spermatozoa

						
					

					
							
							Zareba et al. [11]

						
							
							Lycopene;

						
							
							Normal morphology related to the amount of lycopene.

						
					

					
							
							
							Beta-carotene and lutein;

						
							
							Better motility.

						
					

					
							
							Ghyasvand et al. [7]

						
							
							Lycopene;

						
							
							Lower concentration in the semen of infertile men;Amounts of lycopene and lipid peroxidation are inversely proportional.

						
					

					
							
							
							Beta-carotene and Vitamin A;

						
							
							Greater concentration in normospermic men.

						
					

					
							
							Palan & Naz [12]

						
							
							Lycopene;

						
							
							Lower concentration in semen of infertile men.

						
					

					
							
							
							Beta-carotene and Vitamin A;

						
							
							Lower concentration in semen of infertile men.

						
					

					
							
							Filipcikova et al. [13]

						
							
							Lycopene;

						
							
							Lower difference in DHA/AA ratio (markers of oxidative stress).

						
					

					
							
							Safarinejad et al. [14]

						
							
							Does not correlate with any carotenoid;

						
							
							Correlation between infertile men and large difference in DHA / AA ratio.

						
					

					
							
							Yamamoto et al. [15]

						
							
							Lycopene;

						
							
							No statistically significant differences in the parameters analyzed in the samples before and after the ingestion of lycopene.

						
					

					
							
							Hynstova et al. [16]

						
							
							Pro-vitamin A;

						
							
							Vitamin A deficiency correlates with testicular cytologic abnormalities

						
					

					
							
							Clagett-Dame & Knutson [17]

						
							
							Pro-vitamin A;

						
							
							Vitamin A deficiency correlates with testicular cytologic abnormalities

						
					

					
							
							Mitranond et al. [18]

						
							
							Vitamin A;

						
							
							Deficiency causes a fall in the number of germ cells and also in the quality of the testicular tissues;

						
					

					
							
							Chihara et al. [19]

						
							
							Vitamin A;

						
							
							Cytological findings similar to those of the authors above (Mitranond et al.).

						
					

					
							
							Boucheron-Houston et al. [20]

						
							
							Vitamin A;

						
							
							Deficiency causes apoptosis early and an increase in undifferentiated spermatogonia;

						
					

					
							
							Al-maghrebi et al. [21]

						
							
							Lutein;

						
							
							Lower morphological damage of the seminiferous tubules, reduced oxidative stress, fewer cells entering apoptosis early;

						
					

					
							
							Comhaire et al. [22]

						
							
							Astaxanthin;

						
							
							Higher concentration of spermatozoa in ejaculate, reduction of oxidative stress, increased chance of conception. Patterns such as motility and morphology did not have significant differences;

						
					

					
							
							Vahidinia et al. [23]

						
							
							Astaxanthin (combined a vitamin C and E);

						
							
							Prevention of carotenoid pro-oxidation, increased sperm count, decreased immobile sperm count and serum increase in the amount of antioxidants;

						
					

					
							
							Salahshoor et al. [24]

						
							
							Crocina;

						
							
							Weight and diameter of reduced seminiferous tubules and improvements in sperm count, concentration, motility, viability and testosterone concentration;

						
					

					
							
							Di Mascio et al. [25]

						
							
							All (except vitamin A e C);

						
							
							Power to override electrically excited oxygen.

						
					

				
			

			Another study with animals, from Mangiagalli et al. [10] Evaluated broiler chickens in order to demonstrate that the ingestion of lycopene, added to the water of these birds, improves the concentration, volume, motility and viability of the spermatozoa of the birds. Zareba et al. [11] in a study with healthy men found that normal morphology parameters were more related to the amount of lycopene involved. Ghyasvand et al. [7] & Palan & Naz [7,12]observed that infertile men have a lower concentration of lycopene in semen than normospermic men. Ghyasvand et al. also observed that in the semen of infertile men the amount of lycopene and lipid peroxidation are inversely proportional, since the peroxidation levels were higher in these samples than in those of the normospermic group, due to the lower concentration of antioxidants. Filipcikova et al. [13] measured the levels of docosahexaenoic acid (DHA) and arachidonic acid (AA), markers of oxidative stress, in seminal plasma. After 3 months of lycopene administration, they had a smaller difference in the DHA/AA ratio. Safarinejad et al. [14] conducted a similar study and showed that infertile men have a large difference in DHA/AA ratio.

			Differently from other studies, Yamamoto et al. used only groups of infertile men with concentration and motility levels below the threshold, second WHO criteria (World Health Organization), subdivided in control, tomato juice intake and ingestion of lycopene capsules. They found that there were no statistically significant differences in the parameters analyzed in the samples (volume, concentration, motility, among others), because all presented patterns quite close to the previous ones, before the ingestion of lycopene in the two forms chosen for the study [15]. Some studies have shown that deficiency of vitamin A (retinol) correlates with testicular cytological alterations, since some carotenoids are precursors of this vitamin (called pro-vitamin A) [16,17]. Mitranond et al. [18] found that in rats deficient in this vitamin, early in their deprivation, precursor cells were in the lumen of the seminiferous tubules. On subsequent days the tubules decreased in size, the epithelium became thin, the number of germ cells in the tubules decreased dramatically, spermatozoa disappeared, spermatocytes and spermatids decreased and the appearance of abnormal multinucleated giant cells was observed; in rats that did not have vitamin A deficiency these findings were not observed [18]. E More recent studies such as De Chihara et al. [19] had similar cytological findings. Boucheron-Houston et al. went deeper and observed that, with vitamin A deficiency, cells enter apoptosis early and when specific markers were used to identify spermatogenesis stages, an increase in undifferentiated spermatogonia was identified [20]. 

			Palan & Naz [7] and Ghyasvand et al. [12] observed that infertile men have a lower concentration of beta-carotene and vitamin A (retinol) than normospermic men. Zareba et al. [11] performed an experiment with healthy men and verified that there is a correlation between better motility and amount of beta-carotene and lutein. Al-maghrebi et al. [21] in their ischemia/reperfusion study in rats showed that those untreated specimens underwent morphological and tissue changes with atrophy of the seminiferous tubules and reduction of the number of germ cells. In the lumen of the tubules, debris was observed, but when treated with lutein, they showed lower morphological damages of the seminiferous tubules. The oxidative stress caused by ischemia is also reduced in the specimens that came in contact with lutein, as well as fewer cells entering apoptosis early. Comhaire et al. [22] performed a study with 30 infertile individuals, who were subdivided into placebo and intake of carotenoid Astaxanthin. The individuals who administered the antioxidant for 3 months had a higher concentration of spermatozoa in the ejaculate. However, patterns such as motility and morphology did not have significant differences. 

			Leukocytes were also observed, with no relevant difference from those who only took the placebo. Oxidative stress had a significant reduction in patients treated with Astaxanthin. Of the 11 patients who ingested the carotenoid in the experiment and who had sex, 6 cases (54.5%) were able to conceive, and of the 19 placebo patients, only 2 cases (10.5%) of spontaneous pregnancy during treatment, with a margin of 23.1% per month of further chance of pregnancy in the Astaxanthin group. Vahidinia et al. [23] also performed an experiment with Astaxanthin, but in combination with vitamins C and E, to prevent the pro-oxidation of the carotenoid so that it can regenerate and perform its function along with a calorie restriction diet. After 3 months, they observed that the sperm count was significantly higher in the group where there was caloric restriction and carotenoid intake than in the other groups, and that the number of immobile spermatozoa was lower in the fat restriction group in the antioxidant group and in the group where the two were given together (antioxidants and caloric restriction) than in the control group. There was also a serum increase in the amount of antioxidants in the groups that administered it [23].

			Salahshoor et al. [24] in 48 mouse studies, 48 specimens of which 18 were exposed to crocine and nicotine, 18 were exposed only to crocine, 6 were nicotine only and 6 were in the control group. Thus, they observed that in the nicotine group, regardless of the administered dose, the weight and diameter of the seminiferous tubules was reduced in comparison to the other groups, and the only group with crocine presented the best results. Parameters for sperm count, concentration, motility and viability, and testosterone concentration were also deficient in the nicotine group compared to the other groups [24]. Di Mascio et al. [25] (kq) for each carotenoid evaluated, the lycopene with the highest kq=31, Astaxanthin kq=24, β-carotene kq=14, lutein kq=8, crocine kq=1.1 and α-tocopherol kq=0.3

			Discussion

			Lycopene is more relevant for the reduction of reactive oxygen species and for the treatment of infertility, since comparing the literature data, we can first observe a larger database involving this carotenoid, according to the substance that presents one of the highest bioavailabilities in foods, and third is the one that is absorbed by the body in greater quantity. Because lycopene it is a molecule with 11 conjugated and 2 unconjugated double bonds has many electrons that can be donated to free radicals, which results in its neutralization [26]. The withdrawal potential of electronically excited oxygen molecules from lycopene is 1.3 times more potent than Astaxanthin, twice as much as beta-carotene, four times as high as lutein, 30 times greater than crocine and up to a hundredfold potent than α-tocopherol. Studies have shown that lycopene can alter motile, sperm concentration, vitality, and other characteristics of lycopene, which correlate lycopene dosages with better sperm and sperm DNA (8; 9; 10). Ghyasvand et al. [7] and Palan & Naz [12] observed that in infertile men lycopene is found in smaller amounts. Yamamoto et al. [15] in contradiction, did not obtain statistically significant data regarding the abovementioned standard. However, studies show that the interactions of different carotenoids bring greater benefits to the body. Some carotenoids, such as α-carotene, β-carotene and β-cryptoxanthin are pro-vitamin A, being these precursors of vitamin A [6], other studies have observed that in the deprivation of vitamin A the testicular cytological findings contained morphological alterations in several patterns [16-19]. 

			In the present study, the presence of the precursor cells in the lumen of the seminiferous tubules, decreased diameter of the tubules, thin epithelium, giant multinucleated cells, etc. Boucheron-Houston et al. [20] In addition to the above vitamin A findings, observed that cells enter apoptosis early when vitamin deficiency. Low concentrations of Vitamin A and β-carotene were found in the semen of infertile men and large amounts of Vitamin A and β-carotene were related to normospermic men. Other carotenoids have been found to be beneficial for male reproductive health. It has been observed that lutein assists in improving motility and increasing the concentration of spermatozoa in the ejaculate. The use of Astaxanthin was also correlated with the increase in sperm concentration in the ejaculate and in addition to this, at a higher pregnancy rate and decreased immobile sperm count. Salahshoor et al. [24] in the study with crocin had similar results to these carotenoids mentioned above.	

			Conclusion

			This research showed that carotenoids play a fundamental role in the capture and neutralization of reactive oxygen species. Due to this factor, they interfere positively in the male reproductive system, improving infertility, which are generated by several causes (endocrine, testicular, obstructive, genetic and idiopathic). Among the carotenoids mentioned in the study, lycopene has the highest antioxidant potential, it also has a larger database and more substantial information regarding its structure, absorption, action and potential for the removal of reactive oxygen species. The combination of the present content in the various studies used as a basis for the development of this work allowed us to conclude that carotenoids, alone or interacting with other compounds, offer benefits in terms of reestablishment of male fertility and no contraindication to its use, since they do not present deleterious effects on the organism or reproductive health.
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