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Abstract

In order to obtain a successful outcome in artificial insemination programs, a few precautions must be
taken with regard to male breeders. It is established that environmental factors can change the hormonal
secretion, the cell differentiation that occurs in the testicles, as well as sperm maturation and transport
in the epididymis. In view of adverse nutritional factors, reproductive organs can present degeneration
and disorders in different degrees and intensities, affecting the animal fertility. The term nutraceutical
describes products derived from foods, which may provide additional health benefits, beyond the basic
value found in diets. Among the main nutraceuticals used in male reproduction, there are omega-3,
arginine, B-complex vitamins, L-carnitine, -carotene and antioxidants. The aim of this paper is to present
the main substances used as nutraceuticals, in order to improve semen quality, obtaining most favorable
outcomes of stallions in the use of natural breeding or artificial insemination.
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Resumo

Para um sucesso em programas de inseminacao artificial, algumas precaucdes devem ser tomadas em
relacdo aos reprodutores machos. Sabe-se que fatores ambientais podem alterar a secrecao hormonal,
a diferenciacdo celular que ocorre nos testiculos, assim como o transporte e a maturagao espermatica
no epididimo. Um déficit nutricional pode levar a degeneracao e distirbios dos érgaos reprodutivos em
diferentes graus e intensidade, afetando a fertilidade. O termo nutracéutico descreve produtos derivados
dos alimentos, que podem fornecer beneficios adicionais a satide, além dos valores basicos encontrados
nadieta. Entre os varios nutracéuticos utilizados na reprodugao, temos o 6mega-3, arginina, vitaminas do
complexo B, L-carnitina, B-caroteno e antioxidantes. Objetivou-se com essa revisao apresentar as principais
substancias utilizadas como nutracéuticos, com a finalidade de melhorar a qualidade seminal, obtendo
resultados favoraveis dos garanh6es com a monta natural ou a inseminacao artificial.
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Introduction

Spermatogenesis, the male gamete formation process, which takes place in the testicles,
more specifically in the seminiferous tubules, demand that the function of all body systems are
balanced, taking into knowledge the sensitivity of the germinal epithelium. It is established that
environmental factors can change the hormonal secretion, the cell differentiation that occurs
in the testicles, as well as sperm maturation and transport in the epididymis. In view of adverse
factors, especially nutritional, reproductive organs can present degeneration and disorders in
different degrees and intensities, temporary or permanent, thereby, determining the amount of
the influence on the animal fertility (Arruda et al., 2010).

Theindustry hasreleased on the market a number of substances, with the intent to optimize
the use of nutrients in some metabolic pathways, positively influencing the reproductive
performance of animals (Arruda et al., 2010; Freitas et al., 2016).

The term nutraceutical describes products derived from foods, which may provide additional
health benefits, beyond the basic value found in diets (Dharti et al., 2010). In this way, nutraceuticals
are among food and pharmaceuticals. Nutraceutical is, therefore, used as a comprehensive term,
including substances of vegetable origin and by-products, supplements, minerals and vitamins
(Ko & Sabanegh, 2014).

The aim of this paper is to present the main substances used as nutraceuticals, supplied either
isolated or in combination with other substances, in order to improve semen quality, obtaining
most favorable outcomes of stallions in the use of natural breeding or artificial insemination.
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Nutraceutical in male reproduction

Main nutraceuticals used in male reproduction

Among the main nutraceuticals used in male reproduction, there are omega-3, arginine,
B-complex vitamins, L-carnitine, f-carotene and antioxidants.

Omega-3

Semen from all domestic species contains high levels of polyunsaturated fatty acids (PUFA),
especially docosahexaenoic acid (DHA; 22: 6 n-3 fatty acid omega-3) and docosapentaenoic acid
(DPA, 22: 5 n-6, an omega-6 fatty acid). These fatty acids are essential for the structure, function
and integrity of the plasma membrane (Colenbrander et al,, 1992). Thus, maintenance of the
membrane is essential for the continuous cellular viability (Grady et al., 2009; Freitas et al., 2016).

Since animals are unable to synthesize PUFAs from saturated or monounsaturated fatty acids,
they must acquire them from precursors PUFAs in their diet. The transfer of dietary PUFAs to
the plasma membrane of sperm has been shown to be effective in some species, such as small
ruminants (Drokin et al,, 1999) and humans (Conquer et al.,, 2000). Decrease of fertility during
aging was associated with a reduction in the proportion of specific phospholipids PUFAs, both
in bull sperm (DHA; Kelso et al., 1997) and in chicken sperm (C20-22 PUFA; Cerolini et al., 1997).

High levels of PUFAs increase the susceptibility of cells to induced damage by free radicals,
which is considered an important cause of infertility on men (Aitken, 1994). According to
Gliozzi et al. (2009), it is essential to consider a critical balance between lipids, reactive oxygen
species and the different components of the cell's antioxidant system, to ensure an efficient
functionality of sperm.

Studiesin stallions, demonstrated that a larger proportion of DHA compared to DPA results in
higher fertility, while higher levels of DPA inrelation to DHA results in a lower fertility (Brinsko et al,,
2005). In azoospermic men, it was found that, the level of DHA in seminal plasma, as well as the
ratio of omega-3 regarding omega-6 fatty acids in spermatozoa is lower than in normospermic
men (Conquer et al,, 1999).

Yeste et al. (2011) compared the effect of omega-3 supplementation for 26 weeks in the diet of
three different breeds of boars (Pietrain, Duroc and Large White), and discovered that only Pietrain
and Large White breeds were affected by supplementation. There was observed an improvement
in sperm morphology of these two breeds, and increase in acrossomal and mitochondrial integrity
of the Pietrain breed. The Duroc breed suffered no influence of dietary supplementation. Thus,
these authors were able to conclude that there are differences in the response to nutritional
supplementation towards breeds, when it comes to semen quality. This occurs because there
are peculiarities in the composition of the plasma membrane sperm of different breeds.

Grady et al. (2009), observed that supplementation of docosahexaenoic acid in the diet of
stallions can increase the daily production of sperm, the quality of cooled and cryopreserved
semen. Possibly, due to an increase in DHA content in the plasma membrane of sperm. The effect
was magnified in stallions initially with poor quality ejaculates.

Schmid-Lausigk & Aurich (2014), investigated the addition of linseed oil (omega-3 and omega-6)
in association with antioxidants in diet of stallions, during the harsh winter. They evaluated the
effect of supplementation on sperm motility and integrity of plasma membrane, for cooled and
frozen-thawed semen. According to the authors, during the winter, there might be changes in
lipid composition of the plasma membrane of sperm, due to changes in reproductive physiology.
Leading to a decline in semen quality of stallions. In conclusion, treatment with linseed oil and
antioxidants, attenuated the decrease in sperm motility and integrity of plasma membrane in
cooled semen, of stallions that received supplementation. However, did not prevent the decline
of sperm quality of frozen-thawed semen at the end of winter.

Arginine

Arginine is an amino acid, which is involved in the synthesis of nitric oxide. Nitric oxide is a
gas that is formed in aqueous medium, by conversion of arginine in the presence of oxygen and
divers co-factors (Knowles et al.,, 1989). Nitric oxide participates in very important physiological
mechanisms, acting as an intracellular messenger in the control of vascular tone, neurotransmission,
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in hormone production, cell differentiation, gene expression and activation of cells of theimmune
system (O'Bryan et al., 1998).

Nitric oxide acts on the hypothalamus, through the stimulation of the release of gonadotropin
releasing hormone (GnRH) and inhibiting the release of oxytocin. The GnRH, in the pituitary
level, stimulates the release of luteinizing hormone (LH) and follicle-stimulating hormone
(FSH). A decrease in the concentration of hypothalamic nitric oxide can cause damage to the
reproductive role, since it is the one responsible for the functioning of the reproductive axis, are
of fundamental importance for normal reproduction (McCann et al,, 1999).

The presence of nitric oxide in the seminal fluid is also essential for sperm, so it can have full
capacity to perform its gamete function. Furthermore, in the reproductive system, nitric oxide
plays as regulator in the relaxation of smooth muscle of cavernous body of the penis and its
afferent blood vessels (Adams, 1996), facilitating erection (Dusse et al., 2003).

However, when occurs an excessive production of nitric oxide, not only it causes damage to
the gamete structure, but also reduces their mobility and vitality. Though, on the other hand,
very low concentrations may interfere in the process of fertilization and at the beginning of cell
division of the new embryo (Carvalho et al,, 2002).

Reports of the effect of arginine on the semen parameters differ in the literature. Some studies
have reported that daily supplementation of arginine improves semen concentration and sperm
motility (Holt & Albanese, 1944; Tanimura, 1967; Schachter et al., 1973; De-Aloysio et al., 1982;
Scibona et al., 1994), while other authors did not succeed on showing any improvement in sperm
characteristics or pregnancy rate (Mroueh, 1970; Pryor et al., 1978). There are also studies that
have shown that arginine in excessive concentrations results in decrease on sperm function
(Srivastava & Agarwal, 2010).

B-complex vitamins

Vitamin B12 (cobalamin) is a water-soluble vitamin, and a component of the animal organism
and metabolism (Solomon, 2007). The primary function of vitamin B12 is to act as a coenzyme
to reduce ribonucleotides to deoxyribonucleotides, essential in the genes replication. In
addition, cobalamin operates in the stimulation of growth, the stimulation of synthesis and
cellular maturation, and helps to maintain the stability of DNA chromatin. The vitamin BI12
deficiency leads to the accumulation of methylmalonic acid, which can affect and interrupt the
mitochondrial metabolism, leading to excessive production of reactive oxygen species (ROS;
Al-Maskari et al,, 2012).

Thefolic acid (vitamin B9), is another water-soluble B-complex vitamin that plays an important
role in DNA synthesis, through the synthesis of purine and thymine (Al-Maskari et al., 2012).
Adequate intake of folic acid is associated with a decrease in the frequency of DNA alterations
in sperm (Young et al., 2008).

Folic acid is closely linked to vitamin B12, because depends on it to fulfill its function
(Al-Maskari et al., 2012). Thereby, the combination of folic acid and the cobalamin in supplementation
programs benefits and maximizes the impact of these vitamins, taking into consideration that
vitamin B12 makes folic acid more bioavailable, and that cobalamin deficiency render vitamin
B9 unavailable to the organism (Reynolds, 2006; Solomon, 2007).

Consequently, the deficiency of these two factors leads to chromosomal abnormalities and
increased ROS, causing a risk of genetic mutations (Al-Maskari et al., 2012).

L-carnitine

Another component of nutraceuticals destined at reproduction is L-carnitine. L-carnitine is
synthesized in theliver, kidney and brain, by conversion of two essential amino acids, lysine and
methionine. L-carnitine plays a vital role in cellular energy metabolism. It functions as a transporter
of short, medium and long chain fatty acids to or through the internal mitochondrial membrane,
thereby facilitating the -oxidation (Hulse et al,, 1978; Jeulin et al., 1994). Thus, carnitine provides
energy and operates in motility and maturation of sperm (Palmero et al.,, 2000).

High concentrations of carnitine are present both in seminal plasma and in the sperm, in which
L-carnitine reduces the availability of lipids to peroxidation (Neuman et al., 2002). Then we can
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say that, secondarily, L-carnitine also acts as an antioxidant, which provides protection against
ROS (Vicari et al., 2002).

Inmen, the amount of L-carnitine in seminal plasma s related to the concentration and progress
motility of sperm (Menchini-Fabris et al.,, 1984; Bornman et al., 1989). It was reported a significant
reduction in the concentration of carnitine in the semen of patients with azoospermia, affected
by bilateral agenesis of the vas deferens and epididymis obstruction (Menchini-Fabris et al., 1984;
Casano et al., 1987). The reduction in carnitine of seminal plasma was also reported in infertile
patients (Zopfgen et al., 2000). The positive correlation between semen parameters and carnitine
concentration in semen, enables to propose that carnitine is a marker of “good quality” of semen
(Menchini-Fabris et al., 1984).

Kozink et al. (2004), supplemented boars with 500 mg L-carnitine/day for 16 weeks, and collected
semen of these animals every week, and for four consecutive days at week 16. For either weekly
semen collection as for the intensive collections, were not found consistent positive effects for
the treatment in semen volume, sperm concentration and in total and progressive motility of
the semen. Reaching the conclusion that there was no improvement in semen quality of boars
submitted to supplementation with L-carnitine.

B - carotene/Vitamin A

Vitamin A, also known as carotenoid or retinoid, is a fat-soluble vitamin, which is required for
maintaining epithelium that recovers all channels, cavities and areas of external exposure, which
vitamin A acts directly on mucopolysaccharides synthesis (Bertechini, 1997). Consequently,
being responsible for the conservation of the mucous membranes of eyes, gastrointestinal tract
and genitourinary tract, beside the skin (Kamal-Eldin & Appelqvist, 1996). The keratinization
of epithelia is the result of the loss of its secretory capacity, making it dry and susceptible to
infections (Bertechini, 1997).

Vitamin A asretinol, retinaldehyde or retinoic acid is only found in the animal's organism and
its products. However, plants produce yellow pigments called carotenoids (provitamin A), that
can be converted into vitamin A in the animals intestine and liver, with an efficiency that varies
with the species, whereas B-carotene is the most important provitamin A (Bertechini, 1997).

In the literature, we can find that B-carotene acts beneficially into the body, the same way as
vitamin A, and it is essential for epithelial tissues that are present in reproductive organs (Arikan
&Rodway, 2000). In reproduction, Vitamin A acts on the synthesis of steroid hormones, obtained
from the organic cholesterol, which takes place in the gonads, placenta, and adrenal gland. In case
of deficiency, it might occur histological changes of the reproductive organs of both males and
females, rendering the reproductive glands atrophic (Bertechini, 1997).

In this way, vitamin A exerts a strong influence on the male reproductive complex, acting as
protector of the testicular epithelium, through the action on the gametogenesis; stimulating libido
and sexual vigor, together with vitamin C and B complex vitamins; and enhacing the motility
and volume of the ejaculate (Rillo, 1982).

According to Rillo (1982), vitamin A deficiency results in vacuolization of basophil cells,
leading to degenerate and prevent the development of gonadotropic factors and, consequently,
inhibiting sperm production.

Preliminary studiesinrats indicated that spermatogenesis is affected by vitamin A. In animals
that suffer deficiency of this vitamin, the seminiferous tubules contain only Sertoli cells,
spermatogonias and some spermatocytes, being absent the developing germ cells that are
essential for spermatogenesis (Wolbach & Howe, 1925; Mason, 1933).

Erb et al. (1947) found that young bulls receiving food with low vitamin A content presented:
weightloss, impaired vision, seizures, decreased spermatogenesis and testicular atrophy. In adult
bulls, there were no cases of sterility, but vitamin A deficiency generated a lower capacity of
fertilization, as consequence of low semen quality.

Bratton et al. (1948), submitted 6 bulls to diet with a lack of provitamin A during a period of
21 months. At the end of the experiment, three bulls showed decreased semen motility and
increased abnormal sperm forms. Histologically, the germinal epithelium of seminiferous tubules
presented signs of degeneration, and a low number of cells in the seminiferous tubules lumen.
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Antioxidants

Like all living cells under aerobic conditions, spermatozoids produce reactive oxygen species
(ROS), asaresult of normal metabolism of oxygen (Lamirande et al., 1997). The plasma membrane
of mammalian sperm contains a high concentration of long chain polyunsaturated fatty acids,
therefore, spermatozoids are highly susceptible to lipid peroxidation (Jones & Mann, 1973;
Aitken et al., 1993).

Under normal conditions, enzymatic or low molecular weight scavengers, contained in the
spermatozoa and seminal plasma, continually neutralize most of the reactive oxygen species
(Lamirande et al, 1997). Oxidative stress appears as a consequence of excessive ROS production,
that results in a decrease of intracellular ATP levels, leading to lipid peroxidation of the plasma
membrane of sperm (Almeida & Ball, 2005).

Subsequent to the lipid peroxidation, it may befall a decrease of plasma membrane integrity,
DNA damage, a reduction of intrinsic ability of sperm to repair DNA damage (Ryan et al,, 1990),
and a decline in sperm motility (Kao et al., 2008). Despite the negative effects of excessive
oxidative stress, physiological reactive oxygen species, are essential for certain functions of the
sperm, including spermatic capacitation (Lamirande & Lamothe, 2009).

Mammalian sperm have an intracellular antioxidant defense system against ROS, that consists
mainly of enzymes such as superoxide dismutase, catalase, glutathione transferase and glutathione
peroxidase (GPx), as well as non-enzymatic antioxidants, such as ascorbic acid (vitamin C),
a-tocopherol (vitamin E), urate, and reduced glutathione (Cotgreave et al, 1988; Aitken et al., 1995).

Vitamin E

Vitamin E (a-tocopherol) is a fat-soluble vitamin considered as a potent antioxidant, acting at
thelevel of cell membranes (Ford & Whittington, 1998). a-tocopherol protects the sperm plasma
membrane, inhibiting free radical induced damage, preventing lipid peroxidation, and improving
the activity of other antioxidants (Palamanda & Kehrer, 1993; Brigelius-Flohe & Traber, 1999). It is
efficient at removing peroxyl radicals, therefore, being able to interrupt the chain of reactions
involving this free radical (Vignini et al., 2011).

According to Vignini et al. (2011), other functions of a-tocopherol are related to the stabilization
of the plasma membrane, through a complex formation involving the hydrolysis products of
vitamin E and free fatty acids in the plasma membrane.

Surai et al. 2000) reported that cryopreserved semen is related to a significant reduction in
sperm motility induced by ROS, and these effects can be combated effectively by adding vitamin
E to freezing extenders.

Vitamin C

Ascorbic acid (vitamin C) is another non-enzymatic component that acts as an antioxidant.
Vitamin Cis a water-soluble vitamin, which is known to remove effectively hydroxyl, superoxide
and hydrogen peroxide radicals, and plays an important role in the recycling of oxidized vitamin
E (Kefer et al,, 2009). In appropriate concentrations, vitamin C reduces fragmentation and DNA
damage in sperm. (Greco et al.,, 2005; Colagar & Marzony, 2009; Mendiola et al., 2010). Ascorbic
acid is found in high concentrations in seminal plasma, being proportional to its consumption
(Dawson et al,, 1987).

The efficiency of ascorbic acid as an antioxidant was demonstrated in studies, where the ascorbic
acid supplementation has a beneficial effect on semen characteristics and testosterone levels in
rabbits (Salem et al,, 2001). Thiele et al. (1995) suggested that the concentration of vitamin C in
human seminal plasma is positively correlated with morphologically normal sperm percentages;
also, it was proposed that this vitamin is an epididymis protector, protecting cell membranes by
its antioxidant effect.

Chinoy et al. (1986) reported that ascorbic acid isimportant for the physiological preservation
of testis, epididymis and accessory glands integrity and, that deficiency of vitamin Cin diet cause
rapid degeneration of the reproductive system as a whole.

Sonmez et al. (2005) studied the effects of ascorbic acid supplementation on semen quality, lipid
peroxidation and testosterone levels in the blood plasma of Wistar rats. These authors concluded
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that ascorbic acid supplementation did not increase body weight, testicles, epididymides, seminal
vesicles and prostate weight, but increased significantly the concentration of ascorbicacid in the
testicles and blood plasma, reducing considerably the levels of lipid peroxidation.

Glutathione peroxidase, Selenium and others Trace elements

Among enzymatic systems, thereis glutathione peroxidase (GPx), that catalyzes the reduction
of hydrogen peroxide and other organic peroxides (lipid peroxides in the cell membrane), to their
corresponding alcohols. Converting glutathione - reduced form (GSH) to Glutathione - oxidized
form (GSSG), which contains two molecules linked by a disulfide bond. GPx contains a selenium
atom, bonded covalently in the form of selenocysteine, that is essential for this enzyme carries
out its activity (Nordberg & Arner, 2001; Maiorino et al., 2003; Oliveira et al., 2013).

In mammals exists GPx 1 to 4. Recently, it was found that GPx 4 has a dual function in sperm
cells: it is enzymatically active in the spermatid; and functions as a structural protein in mature
spermatozoa. It was also emphasized that, GPx 4 can react with hydrogen peroxide, and a wide
variety of lipid hydroperoxides and, therefore, considered responsible for protecting the sperm
membrane against oxidative damages (Imai & Nakagawa, 2003).

In the testes, GPx 4 is present in three different isoforms, which are derived from the same genes,
and localized in the cytosol, nucleus and mitochondria. It serves to assist in the development of
sperm through the protection against reactive oxygen species. This corroborates with studies
conducted in humans, where it was observed that men with low fertility, due to reduced
concentration and poor sperm quality, contained little GPx in sperm (Beckett & Arthur, 2005).

Selenium exists in various forms and has been recognized as essential for reproduction.
It plays a major role in male fertility, not just for taking part in regulation of several physiological
functions, including protecting the sperm through antioxidant action and stabilization of sperm
membrane, but also for being indispensable in testosterone synthesis (Crimmel et al., 2001).

Selenium is a component of glutathione peroxidase and act as a cofactor for reduction of
antioxidant enzymes (Brown & Arthur, 2001). According Hafeman et al. (1974), the activity of
glutathione peroxidase in tissues of rats decrease dramatically in animals with diets restricted
in selenium, and increases when selenium is restored.

Moreover, selenium has an important role in the maintenance of testicular development,
spermatogenesis, and sperm functions. Such as motility and sperm capacitation (Ursini et al,, 1999).
Negative effects of selenium deficiency include decreased sperm motility, decreased stability of
the sperm mid piece, and abnormal development of spermatozoa, resulting in an elevated rate
of morphological defects (Watanable & Endo, 1991; Noack-Filler et al., 1993).

It was noted that selenium increases the sperm concentration and motility, and decreases the
number of morphological defects, when used alone or in combination with other antioxidants
and supplements (Vezina et al., 1996; Safarinejad & Safarinejad, 2009). Vitamin E plays arole in
selenium metabolism and acts in synergy with antioxidant properties of selenium (Burton &
Traber, 1990).

Zinc, copper and manganese are trace elements that are important for the antioxidant defense
system of semen against ROS. They play arole on the enzymatic activity of superoxide dismutase,
another important catalytic enzyme that inactivates oxidants (Kirschvink et al., 2008). Also,
Pesch et al. (2006), observed that zinc concentration in semen present a positive correlation
with sperm concentration.

Conclusions

Caring for the animal nutrition is essential to achieve good results in reproduction. There are
some products in the industry, which feature in its formulation a range of nutraceutical substances,
in order to improve the performance of animals used for breeding. However, we have to take into
account, that the outcome of nutraceutical supplementation vary for each individual, according
to species, breed, age, and with environment and nutritional factors.

Many studies were performed to evaluate the use of nutraceuticals in the male reproduction,
both in humans and in animals. Though, there is no standard methodology in these studies and,
consequently,in the acquired results. Therefore, it is necessary to conduct further studies, where
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every nutraceutical be evaluated independently, within each species. And then, be possible for
us, to determine the actual function of each substance, in the male reproductive system and,
thus, define the optimal dose of every nutraceutical according to species or breed of interest.
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