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			ABSTRACT

		

		
			Our study was performed to determine if alpha lipoic acid (ALA) may increase sperm quality in manganese-treated and healthy adult rats. A total of 24 adult rats, randomly assigned to four groups, were administered the following treatments for 56 days. G1: control, animals received distilled water orally. G2: healthy rats were administered 600 mg/kg B.W of manganese in the form of MnCl2 every day via gavage. G3: healthy rats were administered 40 mg/kg B.W of ALA every day via gavage. G4: received 600 mg/kg of MnCl2 and 40 mg/kg B.W. of ALA orally, every day via gavage. Blood samples were collected on days 0, 28, and 56. The results revealed a significant (p≥0.05) reduction in testosterone, glutathione peroxidase, total antioxidant capacity, and epididymis sperm quality, a significant increase(P<0.05) in oxidative stress in the G2 group, while, there was a significant (P<0.05) boost in luteinizing hormone, follicle-stimulating hormone, malondialdehyde, abnormalities and dead sperms percentage in G2. On the other hand, a significant (P< 0.05) increase in testosterone, improvement of epididymis sperm quality, and a decrease in the biomarker of oxidative stress in G3. The histological examination of the testes revealed several pathological abnormalities in the testicular tissue of the G2 group. In conclusion of this study, we can see that ALA’s ability to restore all passive effects caused by MnCl2 and improve epididymis sperm quality has been demonstrated in G4 groups.
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			Introduction

			Alpha-lipoic acid (ALA), repeatedly referred to as thioctic acid and 1,2-dithiolane-3-pentanoic acid, is a naturally occurring hydrophilic and hydrophobic chemical that is found in large quantities in the cytoplasm and cellular membranes of both plants and animals (Khan et al., 2022). It acts as a cofactor for numerous key mitochondrial enzymes related to energy metabolism. ALA has received a lot of attention for its possible health advantages, including its antioxidant qualities and participation in several metabolic processes (Deore et al., 2021). It has been utilized as a pet food as well as a nutritional supplement, multivitamin formula, and anti-aging supplement (Bjørklund et al., 2022). Due to its inadequate natural occurrence in the human diet, the body naturally synthesizes it in the liver, heart, and testicles to produce the necessary alpha-lipoic acid (Jan et al., 2015). By interacting with vitamin C and glutathione, which then recycles vitamin E, it also defends cellular membranes (Attia et al., 2020). In addition to being a powerful antioxidant, it has the potential to chelate metals (Kurutas, 2015). ALA physically eliminates blood glucose and transforms energy into ATP (Wesselink et al., 2019). Its therapeutic potential has been examined and supports its use in treating conditions including cancer, AIDS, vascular disease, inflammations, diabetes, hypertension, neurodegenerative illnesses, and diabetic polyneuropathies (Fenga et al., 2017).

			Manganese, is a vital trace mineral, that has a variety of functions in the body’s physiological processes. While Mn is essential for regular growth, development, and metabolism, overexposure to Mn can have adverse health consequences (Baj et al., 2023). Concern over the dangers of Mn to people and animals has been raised by the developing vanadium titanium and steel industries (Han et al., 2022). Therefore, the health of both humans and animals is now greatly threatened by Mn pollution. Therefore, scholars from all around the world have recently expressed great worry about the toxicity of Mn. Additionally, the Mn exposure resulted in inflammatory harm to the liver (Liu et al., 2021) and cerebrum (Miao et al., 2021), as well as apoptotic damage to the spleen (Zhu et al., 2016). More recently, literature has emerged that offers contradictory findings about the detrimental effects of Mn on male reproductive function. And because there is restricted clinical research exploring the impact of ALA on the reproductive well-being of males. Therefore, the major objective of this study was to investigate the effect of Mn and ALA on the epididymis sperm quality of adult male rats and their ability to improve it. 

			Materials and Methods

			Chemicals

			Alpha lipoic acid (ALA) was obained from NOW FOODs 395s.Glen Elly Rd. Blooming dale, IT 60108, USA while, MnCl2 were obtained from Mscclesfield-chestnre (UK), testosterone, luteinizing hormone (LH) and follicle-stimulating hormone (FSH) kits were obtained from Monobind Inc (USA). Glutathione peroxidase (GPx), malondialdehyde (MDA)and total antioxidant capacity (TAC), microplate assay kits were purchased from Cohesion Biosciences.

			Experimental design

			Twenty-four adult rats, four months old, weighing 350±40 g were housed as six rats per cage and were placed in the room for ten days for acclimation at 22-25 oC with air change continually, with a light_ dark cycle of 12:12h per day. Animals in our study followed the ARRIVE criteria (https://arriveguidelines.org/). The experimental animals were randomly assigned to four groups and administered the following treatments for 56 days: G1: received distilled water orally. G2: healthy rats were administered 600 mg/kg B.W of Mn in the form of MnCl2 every day via gavage. G3: healthy rats were administered 40 mg/kg B.W of ALA every day via gavage. G4: received oral administration of 600 mg/kg MnCl2 and 40 mg/kg of ALA every day via gavage. MnCl2 dose was calculated according to Goudarzi et al. (2020) (median dose was selected from 6 graduated doses as administrative dose in our study) and ALA dose was calculated according to Behnamifar et al. (2003).

			Blood samples and biochemical analysis 

			For serum collection, animals were anesthetized by intramuscular injection of ketamine and xylazine (90mg /40mg), and blood samples were collected in a gel tube at zero, 28, and 56 days of the experiment via cardiac puncture. Serum sample prepared by centrifugation of coagulated blood at 2500 rpm for 15 min. Testosterone LH, FSH, MDA, TAC and GPX were assessed by ELISA kit according to kit manufacturer’s instructions.

			Sperm collection and histological preparation	 

			On day 56, the rats were anesthetized and sperm samples were collected from the left caudal epididymis via crushed in by microsurgical scissor (1 ml of ham’s solution) to release spermatozoa for testing. The epididymal sperm suspension was held at 37°C in a humid environment of 5% CO2. A single drop of the epididymis sperm suspension was observed under a microscope to measure the sperm quantity and charcerteristics such as motility, abnormality, and dead sperm following the method of Husain and Ali (2022). After animals were slaughtered, the right testes were fixed in formalin and processed for the histological section cutting. The histological alterations in testes were recorded after staining with hematoxylin and eosin (Husain et al., 2019).

			Statistical analysis

			In the current study, the data were statistically analyzed for comparison between means and variance by Tukey’s, using Graph Pad Prism version 8.0.2 was and one-way and two-way ANOVA (Walters et al., 2021).

			Results

			Effect of ALA on hormone level

			Figure 1A shows a significant decline (P ≥ 0.05) of testosterone hormone concentration during 56 days of experiment in G2 administrated rats as compared with zero time and other administrated groups, whereas rats in G3 showed significant elevation (P < 0.05) of testosterone concentration in all periods of experiment except at zero time and as a compared with all other expermintal rats. On the other hand, non-significant difference was observed in testosterone concentration of the control and G4 groups. A decrease in testosterone was observed after 56 days compared with zero day in G2.

			Figure 1B shows significant elevation (P ≤ 0.05) of FSH level in G2 as compared with other groups and zero time of the same animals. In contrast, G3 showed a significant (P ≥ 0.05) decline in FSH as compared with zero time and other administrated groups. The G4 group showed significant elevation (P ≤ 0.05) in FSH within 56 days of the experiment when compared with the control group at the same time of the experiment.
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			Fig. 1. Effect of Mn, ALA, and Mn +ALA on testosterone concentration (A), LH (B), and FSH (C) concentration (mIU/ml) in rats at on day 0,28, and 56) the experiment. Values represented as M ±SE, n = 6 rats. ns: (P>0.05), ** (P<0.05), ***(P<0.001), ****(P<0.0001).

			Figure 1C shows a significant elevation (P ≤ 0.05) of LH level in G2 administrated animals as compared with other groups. Unlike animals in G3 and G4, there was a significant decline (P ≤ 0.05) in LH as a compared with G2. However, G4 group has a non-significant difference when compared with animals in the control group.

			Effect of ALA on antioxidants and enzymes

			Figure 2A shows a concentration of serum GPX during the study period. In a comparison with the control group, the G2 group showed a significant decrease (P ≤ 0.05) in GPX. Whereas a significant elevation (P ≥ 0.05) was seen in G3 and G4 as compared with G1. Within the same group, G4 showed a non-significant difference in GPX as compared with zero time of study.
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			Fig. 2. The effect of Mn, ALA, and Mn +ALA on MDA (A), serum glutathione peroxidase (B) and total antioxidant capacity (TAC) (C) (nmol/ml) in rats on days 0, 28, and 56 days of experiment. Values represented as M ±SE, n = 6 rats. ns: (P>0.05), ** (P<0.05), ***(P<0.001), **** (P<0.0001).
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			Fig. 3.  Effect of Mn, ALA and Mn +ALA on sperm count (A), sperm motility (B), sperm abnormality (C) and dead sperm (%) (D) in adult male rats at 56 day of experiment. Values represented as M ±SE, n = 6 rats. ns: (P>0.05), ** (P<0.05), *** (P<0.001), **** (P<0.0001).

			Figure 2B shows MDA levels. Animals in G2 groups showed a significantly elevation (P≥0.05) of MDA in all experimental groups compared with zero time, as well as  when compared with other animals an all study groups. Animals in G3 on the other hand showed a significant decrease (P ≤0.05) compared with control and all time of study in the same group.

			Serum level of total antioxidant capacity (TAC) is shown in Figure 2C. Rats in G2 group showed significant decrease (P ≤ 0.05) in TAC as compared with all other groups and in 56 days register a significant decrease (P ≤ 0.05) in TAC as compared with zero and 28 days of experiment. A significant elevation (P ≥ 0.05) of TAC was rigistered in G3 and G4 as compared with control and G2 group.

			Effect of ALA on sperms quality

			Effect of ALA on sperm concentration, motility, abnormality, and dead sperm percent of all groups in current study are illustrated in Figure 3. Sperm concentration and motility showed a significant elevation (P≥0.05) in G3 animals as opposed to observation of animals in G2 group. Furthermore, in the G4 group, the index rises significantly (P≥0.05) in sperm concentration and motility as compared with the G2 group and non-significant difference as compared with the control group. Sperm abnormality and dead percent showed significantly elevation (P≥0.05) in animals of G2 administrated animals when a compared with control group whereas showed a significant decrease (P≤0.05) in sperm abnormality in G3 groups as a compared with control group.

			Effect of ALA on histological structure of testes 

			Histological tissue sections of testes in the untreated group exhibited substantially normal distribution of germinal cells (Fig. 4A), which is similar to the structure of testes of the G4 group (Fig. 4D). In G2 group (Fig. 4B), the majority of the seminiferous tubules displayed severe atrophy. The tubules appeared lengthened and distorted, occasionally seemed smaller in size in comparison with the control group. The tubules were surrounded by thick edematous interstitial tissue. Unlike the other groups, the histological examination of testicular section from G3 (Fig. 4C) demonstrated that the most of the seminiferous tubules were filled with sperms, and the phases of spermatogenesis were visible, including sub-capsular congestion of blood vessels sinuses and connections between tubules and the interstitial space.
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			Fig. 4. Histopathological section of testicular tissue, (A) section of testes from control group, showed normal structure and germinal cell. (B) section of testes from rats treated with (Mn), ( ) demonstrate the severe atrophic necrosis. (C) section of testes from rats treated with (ALA) showed ([image: ] ) a seminiferous tubule are filled with sperms, and the phases of spermatogenesis are visible. (D) section of testes from rats treated with (Mn + ALA) showed regular structure of testes and the seminiferous tubule filled with sperm () and milled congestion of blood vessel () (100 X).

				

			Discussion

			The current study found that changes in reproductive hormones concentration, sperm motility, sperm concentration, and sperm normality test with alteration of antioxidant markers during the administration period of Mn and ALA. While Mn is essential for regular growth, development, and metabolism, overexposure to Mn can have adverse health consequences (Baj et al., 2023). A significant decrease in testosterone concentration was registered during the administration of Mn for 56 days, this evidence may be a result of the effect of Mn on cholesterol levels, and by the way testosterone synthesis. Some studies indicate that excessive Mn intake can cause liver dysfunction and impaired cholesterol production (Li and Yang, 2018; Wu et al., 2023) these may be correlated with the decrease in the production of testosterone. Anyhow, Mn is known to cause neurotoxicity, notably in dopaminergic circuits in the brain (Nyarko-Danquah et al., 2020), the alteration of these pathways may affect the hypothalamic release of gonadotropin-releasing hormone (GnRH), which regulates the pituitary gland’s output of luteinizing hormone. However, LH increases testosterone synthesis in the testes, hence changes in GnRH/LH signaling might result in lower testosterone levels. On the other hand, low testosterone levels often cause positive feedback on the hypothalamus and pituitary gland axis (Corradi et al., 2016), increase the production of GnRH then stimulate the production of LH and FSH. By the way, Mn disrupts this feedback loop and causes dysregulation of testosterone secretion and lower testosterone levels. This finding corroborates the ideas of Chandel and Jain (2017), who suggested that MnCl2 exposure at high dosages exhibited a considerable negative influence on male reproductive outcomes.

			Our results demonstrate decrease of sperm concentration and sperm motility with elevation in sperm abnormality and dead sperm percentag in G2 group. This may be due to hormonale distraction and inflamation in testes after expoture to highy concentration of Mn. Inflammation can compromise the blood-testis barrier, raise oxidative stress, and impede spermatogenesis. However, the inflammation over time in the testes can lead to the generation of defective sperm, compromising male fertility (Gomes-Silva et al., 2023). Moreover, Mn preferentially accumulates in mitochondria, where it impairs oxidative phosphorylation and enhances the formation of reactive oxygen species (ROS) (Ávila et al., 2023). Excessive ROS generation causes the oxidation of membrane polyunsaturated fatty acids, resulting in an abundance of lipid peroxidation products leading to an increase of sperm abnormality.

			Concerning the effect of Mn on the antioxidant system, the current study showed an elevation of MDA, decrement in TAC, and GPX. This result pointed out that Mn exposure has been inhibiting the activity of antioxidant enzymes such as GPX (Zhang et al., 2022), which normally help neutralize ROS and protect cells from oxidative damage. Additionally, Mn exposure can generate ROS, such as radicals made up of superoxide (O2•−) and hydroxyl radicals (•OH), these ROS can cause lipid peroxidation, which is a reactive process that produces products from lipid peroxidation like MDA. MDA is a measure of oxidative damage to cell membranes that indicates the degree of lipid peroxidation (Segat et al., 2023). 

			In regard to the histological study of the testicular tissue of rats after administration to Mn confirmed a decrease in the level of testosterone. The presence of the necrotic area and some endemic areas in the histological section of testes in the G2 group indicate the presence of inflammation (Dutta et al., 2021). 

			 On the other hand, the use of ALA demonstrates the elevation of testosterone concentration may be due to the elimination of oxidative stress and improved testicular function (Prathima et al., 2017). Therefore, ALA reduced the negative effect of Mn in reproductive function of male rats. Overall, ALA supplementation may improve the metabolism of lipids and cholesterol levels as well as LDL cholesterol and triglyceride levels (Majdalawieh et al., 2020). This explains why testosterone concentration decrease in rats exposed to ALA and Mn compared with rat’s exposure only to Mn. In alternative pathway, the previous studies indicate that ALA has metal-chelating properties (Deore et al., 2021). Additionally, chelation treatment is now the most successful technique for managing metal toxicity. Therefore, ALA might theoretically have lowered Mn levels through chelation mechanisms, perhaps alleviating the Mn harm effect in the testis. 

			Regarding to ROS state, ALA has a unique chemical composition that neutralizes various ROS, such as superoxide radicals (O2•−), radicals made up of hydroxyl (•OH), and radicals that are peroxyl (ROO•). The sulfur-containing thiol structure in ALA interacts with ROS, producing stable molecules and avoiding further oxidant damage to biological substances such as proteins, lipids, and DNA (Cilio et al., 2022). This finding agrees with a histological section of testes in rats treated with ALA alone and ALA plus Mn.

			Conclusions and Recommendations

			Based on the preceding findings, you can conclude that exposure of adult male rats to Mn showed negative indicators in epididymis sperm quality and male reproductive hormones, as well as an increase in oxidative stress, whereas administration of ALA improves the effect of Mn on male rats’ reproductive parameters and oxidative stress. This result was confirmed with histological observation of testicular tissue which demonstrates the atrophic necrosis, and thickness of edematous interstitial tissue surrounding the seminiferous tubule, which affect the germinal cell and sperm formation in rats receiving Mn. Unlike, AlA which showed a good change in testicular tissue and improved spermatogenesis.
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Our study was performed to determine if alpha lipoic acid (ALA) may increase sperm quality in
manganese-treated and healthy adult rats. A total of 24 adult rats, randomly assigned to four groups, were
administered the following treatments for 56 days. G1: control, animals received distilled water orally.
G2: healthy rats were administered 600 mg/kg B.W of manganese in the form of MnCl2 every day via
gavage. G3: healthy rats were administered 40 mg/kg B.W of ALA every day via gavage. G4: received 600
mg/kg of MnCl12 and 40 mg/kg B.W. of ALA orally, every day via gavage. Blood samples were collected
on days 0, 28, and 56. The results revealed a significant (p>0.05) reduction in testosterone, glutathione
peroxidase, total antioxidant capacity, and epididymis sperm quality, a significant increase(P<0.05) in
oxidative stress in the G2 group, while, there was a significant (P<0.05) boost in luteinizing hormone,
follicle-stimulating hormone, malondialdehyde, abnormalities and dead sperms percentage in G2. On the
other hand, a significant (P< 0.05) increase in testosterone, improvement of epididymis sperm quality, and
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a decrease in the biomarker of oxidative stress in G3. The histological examination of the testes revealed MDA

several pathological abnormalities in the testicular tissue of the G2 group. In conclusion of this study, we DOI: https://dx.doi.org/lO. 17582/journ:

can see that ALA’s ability to restore all passive effects caused by MnCl12 and improve epididymis sperm : )
pjz/20240328184605

quality has been demonstrated in G4 groups.

INTRODUCTION

Ipha-lipoic acid (ALA), repeatedly referred to as

thioctic acid and 1,2-dithiolane-3-pentanoic acid, is a
naturally occurring hydrophilic and hydrophobic chemical
that is found in large quantities in the cytoplasm and cellular
membranes of both plants and animals (Khanezal.,2022). It
acts as a cofactor for numerous key mitochondrial enzymes
related to energy metabolism. ALA has received a lot of
attention for its possible health advantages, including its
antioxidant qualities and participation in several metabolic
processes (Deore ef al., 2021). It has been utilized as a
pet food as well as a nutritional supplement, multivitamin
formula, and anti-aging supplement (Bjorklund ef al.,
2022). Due to its inadequate natural occurrence in the
human diet, the body naturally synthesizes it in the liver,
heart, and testicles to produce the necessary alpha-lipoic
acid-(Jan er ¢/ 2015). By interacting with vitamin C and
glutathione, which then recycles vitamin E, it also defends
cellular membranes (Attia er al., 2020). In addition to
being a powerful antioxidant, it has the potential to chelate
metals (Kurutas, 2015). ALA physically eliminates blood
glucose and transforms energy into ATP (Wesselink et
al., 2019). Its therapeutic potential has been examined
and supports its use in treating conditions including
cancer, AIDS, vascular disease, inflammations, diabetes,

hypertension, neurodegenerative illnesses, and diabetic
polyneuropathies (Fenga et al., 2017).

Manganese, is a vital trace mineral, that has a
variety of functions in the body’s physiological processes.
While Mn is essential for regular growth, development,
and metabolism, overexposure to Mn can have adverse
health consequences (Baj ef al., 2023). Concern over the
dangers of Mn to people and animals has been raised by
the developing vanadium titanium and steel industries
(Han et al., 2022). Therefore, the health of both humans
and animals is now greatly threatened by Mn pollution.
Therefore, scholars from all around the world have
recently expressed great worry about the toxicity of Mn.
Additionally, the Mn exposure resulted in inflammatory
harm to the liver (Liu ef a/., 2021) and cerebrum (Miao ef
al., 2021), as well as apoptotic damage to the spleen (Zhu
et al., 2016). More recently, literature has emerged that
offers contradictory findings about the detrimental effects
of Mn on male reproductive function. And because there
isrestricted clinical research exploring the impact of ALA
on the reproductive well-being of males. Therefore, the
major objective of this study was to investigate the effect
of Mn and ALA on the epididymis sperm quality of adult
male rats and their ability to improve it.

MATERIALS AND METHODS
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