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EFFECT OF AQUEOUS allium sativum BULB EXTRACT ON LEAD ACETATE -INDUCED TESTICULAR TOXICITY IN MALE WISTAR RATS



ABSTRACT
Introduction: Infertility is one of the global public health concerns as it affects 15% of couples of reproductive ages. It was observed that lead exposure has been considered to adversely affect spermatogenesis and reduced fertility with the accumulation in the organ by inducing oxidative stress and inflammation in the testes. 
[bookmark: _Hlk190535424][bookmark: _Hlk190536058]Aim: This study aimed to determine the effect of aqueous Allium savitum bulb extract on lead induced testicular toxicity in male wistar rat. 
[bookmark: _Hlk194249791][bookmark: _Hlk190535433][bookmark: _Hlk190535258]Methodology: Male wistar rats were divided into 6 groups with six rats each, the normal control, the positive group received lead acetate alone 15 mg/kg/day via interperitoneally route daily for ten consecutive days while treatment groups were pretreated with lead-acetate as the positive control after which they received graded doses of the extract at 100, 200 and 400 mg/kg/day via oral route for 40 days. 
[bookmark: _Hlk190536046][bookmark: _Hlk190535458]Results: The results demonstrated that Allium sativum extract treatment induced a negative energy balance, as evidenced by significant reduction in body weight similar to the positive control group.  Lead acetate administration induced significant deletions alterations in the serum Testosterone, body weight, testis weight and sperm characteristics (counts, motility and viability) of exposed rats (p<0.05). These were significantly reversed in the aqueous Allium savitum bulb extract-treated groups (p<0.05). Also, they were marked improvement in the observed lead acetate induced atrophy of the interstitial Leydig cells and reduction in intraluminal spermatids observed was significantly reversed in the representative photomicrographs, following administration of the extract. 
[bookmark: _Toc377301142]Conclusion: The administrative of aqueous Allium savitum bulb extract exhibits beneficial effects on metabolic health and shows promise as a protective agent against lead-acetate induced toxicity. 


INTRODUCTION
Human exposure to lead continues to be a serious public health problem                                                   (36). It has been proven that daily intake of lead above 0.3 mg for a long period is toxic to man (40). Reproduction dysfunction by lead has distinct morphological and biochemical features such as disorganized epithelia, decrease sperm quality, alteration of sperm morphology and low androgen level (3, 18).
Lead (Pb) is a heavy metal present in both organic (tetraethyl lead) and inorganic                              (lead acetate, lead chloride) forms in the environment (33). Its prolonged persistence in the environment results from its non-biodegradable nature (8,27), thus making it a potent environmental and occupational toxin. It is reputed for its wide range of toxic physiological, biochemical and histological effects on the brain (12), kidney (25), liver (26), blood (32), the endocrine system (3) and testis (6,13).
Lead -induced testicular toxicity is linked with its accumulation in the organ by inducing oxidative stress and inflammation in the testis. (11). It was observed that lead exposure has been considered to adversely affect spermatogenesis and reduced fertility (2).  The mechanism of lead-induced oxidative stress involves an imbalance between generation and removal of ROS (reactive oxygen species) in tissues and cellular components causing damage to membranes, DNA and proteins (31).
Even in the light of recent advancement in the field of scientific research, there seem to be no “safe” level of exposure to Pb neither has there been any report of a level that is positively beneficial in biological systems. Ethnobotanical approaches in ameliorating its toxic effect should become an area of scientific interest since established therapy, such as the use of dimercaptosuccinic acid (DMSA), are often burdened with undesirable side effects (9). 
[bookmark: _Hlk193425037]The increased interest in developing phytotherapeutic agents like Allium sativum has gain popularity due to perception that they are safer, cost-effective and available offer a promising alternative (16). 
Allium sativum, commonly called garlic belongs to the Amaryllidaceae family. It is a medicinal plant credited to have remarkable pharmacological properties; its active agent being allicin which imparts its characteristic odour (17,29). Its antibiotic, antioxidant, anti-inflammatory antimicrobial and antithrombotic potentials have been proven over different disease conditions such as prostate cancer and stroke (5) to mention a few. Despite these remarkable medicinal benefits, there is a dearth of literature on its effects on Pb-induced testicular injury.   
However, investigation into Allium sativum potential may inform the development of novel, safer and more effective treatment strategies for male infertility.   
2. MATERIALS AND METHOD
2.1 Study Location
[bookmark: _Hlk193452190]The study was carried out in Chemical pathology laboratory, Microbiology laboratory, Pharmacognosy and Ethnopharmacy laboratory, Pharmacology and Toxicology laboratory,  Usmanu Danfodiyo University, Sokoto.
2.2 Plant: Source, Identification and Authentication
The fresh Allium sativum bulb plants were purchased from the Central Market, Sokoto. The sample of Allium sativum bulb was identified and authenticated at the Herbarium unit, Department of Pharmacology and Ethnomedicine, Faculty of Pharmaceutical Sciences, Usmanu Danfodiyo University, Sokoto, Nigeria. The specimen voucher number was assigned as PCG/UDUS/AMARY/0002 and deposited in the Herbarium unit of the Department. 
2.3 Plant Extraction
The extraction process was described as follows; Fresh bulbs of Allium sativum was peeled and washed with distilled water. It was then chopped into pieces with a mortar and pestle and shed dried. These were thereafter pulverized into powder form with an aid of a blender (Binatone BLG 450, London, United Kingdom) and sieved with mesh cloth (0.4mm). 500 g of the Allium sativum powder were weighed and dissolved into 3000 ml of distilled water, it was then allowed to macerated at room temperature for 24 hours. Afterward it was filtered with Whatman No 1 filter paper, (Whatman PLC, Middlesex, UK). The solution rich filtrate was then allowed to evaporate to dryness in water bath at 55ºC. Dried Brown paste extract was obtained and stored in refrigerator at 4ºC. The percentage (%) yield of aqueous Allium sativum bulb extract was calculated based on the formula;
%   yield = Weight of crude extract   × 100
                   Weight of powdered plant material
2.4 Experimental Animals Procurement and Management
[bookmark: _Hlk193452299]A total of fifty-six (56) male wistar rats weighing 150-170 g was purchased from the Animal house, Faculty of Veterinary Medicine, Ahmadu Bello University (ABU) Zaria. The rats were housed in conventional well-ventilated wire cages under standard laboratory conditions in the animal house, Faculty of Pharmaceutical Sciences, Usmanu Danfodiyo University, Sokoto in an environment of ambient temperature (± 30.5ºC) and the lighting period of about 12 hours daily, then allowed to acclimatized for two weeks before commencing the experiment. They were fed standard commercial pelletized grower’s feed and drinking water libitum. All the experimental protocols followed institutional animal ethics committee guidelines.
2.5 Phytochemical Screening
Phytochemical analysis was carried out in department of Pharmacognosy and Ethnopharmacy, Faculty of Pharmaceutical Sciences, Usmanu Danfodiyo University, Sokoto. using standard procedures to identify the phytochemical constituents as described by Harbone (15), Trease and Evans (39), Sofowora (38).
2.6 Acute Toxicity Study
Acute toxicity testing was conducted using Lorke’s method, (24). In phase 1: nine (9) rats were used and randomly assigned into three (3) groups of rats each. The aqueous Allium sativum bulb extract was dissolved in distilled water and administered at doses of 10 mg/kg, 100 mg/kg and 1000 mg/kg respectively. In phase 11: three (3) groups of an animal each. The animals were administered high doses of 1600 mg/kg, 2900 mg/kg and 5000 mg/kg respectively. The rats were observed for 24hrs for clinicals signs of toxicity and mortality.
2.7 Induction of Testicular Toxicity 
Testicular toxicity was induced via intraperitoneal route with Pb- acetate (15 mg/kg body weight), dissolved daily in distilled water for 10 consecutive days and 24 hours after the last administration, the rats were then sacrificed and blood sample taken through cardiac puncture. The rat’s testosterone levels were tested to see if testicular toxicity has been successfully induced (4). The grouping of the animal is presented in Table 1.

Table 1: Experimental design
[bookmark: _Hlk194249294]Group 1:  Normal rats fed with vital feeds and water (Normal control).
Group 2: Rat induced with Pb (15 mg/kg) (Positive control). 
Group 3: Rat induced with Pb + 500mg/kg Vitamin E.
Group 4: Rat induced with Pb + 100mg/kg plant extract.
Group 5: Rat induced with Pb + 200mg/kg plant extract.
Group 6: Rat induced with Pb + 400mg/kg plant extract.
All animals were fed with rat chow and allowed assess to water throughout the period of the experiment for 40 days. Plant extract = Aqueous Allium sativum bulb.
2.8 Animals and sample collection 
At the end of the experiment blood sample was collected according to the method described by Ayoka (4). Each rat was anaesthetized with ketamine: xylazine (50: 10 mg/kg) in a desiccator and the blood samples of each animal collected through cardiac puncture method for biochemical assay. The blood samples are collected into appropriate plain sample bottles. Testes of the rats are harvested into universal bottles containing 10% formalin for histological test using hematoxylin and eosin stain.
The excised testis tissues of the rats were weighed to determine the relative testicular weight (21). 

2.9 Laboratory Analysis
2.9.1 Biochemical assays 
Serum Testosterone levels were determined by Odell and Parlow method (28), Monobind Inc., Lake Forest CA 92630, USA (Accu-Bind ELIZA Microwells).
2.9.2 Sperm characterization
 Sperm fluid from the caudal epididymis was squeezed onto a microscope slide and epididymal sperm counts were made using haemocytometer and expressed as million/ml of suspension. Epididymal sperm motility was assessed by calculating motile spermatozoa per unit area and expressed as motility in percentage. Using Eosin-Nigrosin stain, the sperm viability was determined by preparing uniform smear spermatozoa on the slides by the method of Bloom and as described by WHO (43).
2.9.3 Histopathological Examination 
 Samples of the testis were dehydrated in graded alcohol and embedded in paraffin wax. Sections > 4 μm thick were stained with Hematoxylin-Eosin and viewed under a Leica DM750 Camera Microscope which was used to take the photomicrographs at a magnification of x 200.
2.9.4 Data Analysis
The data was statistically analyzed using one-way analysis of variance (ANOVA) with Tukey’s post-hoc to compare the levels of significant between the control and experimental rats. The values were expressed as mean ± SEM. All statistical analysis was evaluated using the computer software Statistical Package for Social Sciences (SPSS) version 25.0. Data was analyzed at a 95% confidence interval. Significance differences among means were considered significant at p < 0.05.

3. RESULTS
The result of phytochemical study is presented in Table 2. The results of phytochemical screening studied were carbohydrates, saponins, tannins, alkaloids, cardiac glycosides, steroids and flavonoids. The result of acute toxicity study is presented in Table 3. The acute toxicity after 24 hours ≥5000 mg/kg shows no adverse effect.
[bookmark: _Hlk193561386][bookmark: _Hlk182396255]Table 2: Phytochemical Constituents of aqueous Allium sativum bulb extract
Compound			Test			Observation			Result	
Alkaloids			Wagner’s		Reddish-brown colour		++
Carbohydrates			Molisch’s		Purple colour			++	
Cardiac Glycosides		Keller-Kilanis		Green-blue colour		++
Flavonoids			Ferric chloride		Dark green			++
Saponins			Froth’s			Persistent frothing		++
Steroids			Salkwaskis		Reddish-brown interface	+
Tannins			Lead acetate		Blue-greenish colour		++
(++) Abundant; (+) trace






Table 3: Acute toxicity study of the bulb extract.

S/N			Dose (mg)			Observation
							First Phase		      Second Phase
1			10				0/3				-
2			100				0/3				-
3			1000				0/3				- 
4			1600				-				0/1
5			2900				-				0/1
6			5000				-				0/1
[bookmark: _Hlk194250485]Acute toxicity test after 24 hours was ≥ 5000 mg/kg, 0: No death: 

[image: ]
Figure 1: Effects of aqueous Allium sativum bulb extract on the testosterone levels in lead acetate induced testicular toxicity in male wistar rats. Values are expressed as mean ± SEM. Charts with different superscripts differ significantly (P<0.05).
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Figure 2: Effects of aqueous Allium sativum bulb extract on the sperm count in lead acetate induced testicular toxicity in male wistar rats. Values are expressed as mean ± SEM. Charts with different superscripts differ significantly (P<0.05).
[image: ]
[bookmark: _Hlk182903676]Figure 3: Effects of aqueous Allium Sativum bulb extract on sperm motility in lead acetate induced testicular toxicity in male wistar rats. Values are expressed as mean ± SEM. Charts with different superscripts differ significantly (P<0.05).
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Figure 4: Effects of aqueous Allium sativum bulb extract on sperm viability in lead acetate induced testicular toxicity in male wistar rats. Values are expressed as mean ± SEM. Charts with different superscripts differ significantly (P<0.05).
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Plate 1: Photomicrograph of the testis showing effects of aqueous Allium sativum bulb extract on Lead acetate induced Testicular Toxicity in Male Wistar Rats. H&E × 200 
G1: showing regular seminiferous tubules lined by spermatogenic series in varying degrees of differentiation up to spermatids (red arrow). The interstitium contains regular Leydig cells (green arrow). G2: showing atrophy of interstitial Leydig cells (green arrow) and reduction in intraluminal spermatids (red arrow).  G3, G4, G5 & G6: showing restoration of spermatogenesis (red arrow) and Leydig cell atrophy has reversed (green arrow) compared to G2.


4. DISCUSSION
 The study investigated the effects of administration of aqueous Allium sativum bulb extract on the testis of rats that was exposed to lead acetate toxicity.  
Lead exposure has been reported to result in decreased body weight and testis weight (6,10,22,44) this could be attributed to appetite suppression, metabolic disruption and testicular atrophy.
 Our findings are in line that of the aqueous Allium sativum extract treated groups partially mitigated weight loss which may not be sufficient to completely prevent weight loss associated with lead exposure. This was in agreement with Ola-Mudathir (30) who reported garlic extract improved reproductive health but it   did not completely prevent weight loss associated with lead exposure. 
[bookmark: _Hlk193707337]The findings of this study also showed decrease in Relative Testicular Weight (RTW) of rats that were exposed to lead-toxicity, could be as a result of atrophy of the interstitial Leydig cells and reduction in intraluminal spermatids observed in the representative photomicrograph of (plate 1) which are indicative of testicular atrophy (22). This was corroborated by a significant declined in plasma testosterone levels; the hormone responsible for differentiation of male sexual characteristics (34).  The administration of aqueous Allium sativum bulb extract to lead-acetate treated group significantly increases testicular weight in a dose-dependent manner which is in agreement with Singh (35) reported garlic extract reverses lead-induced testicular apoptosis and improves sperm quality in rats.   
	The highest dose of aqueous Allium sativum extract demonstrated                                                (14,19,21 ) exhibited the most pronounced improvements in testicular histology, surpassing the protective effects of Vitamin E (41). 
	The significant decrease in plasma testosterone hormones observed agreed with findings as recorded in this of (1,45,47,). This might be as a result of disruption hypothalamic-pituitary gonadal axis, inhibition of steroidogenesis and damage to the Leydig cells. It is worthy of note to state that the aqueous Allium sativum bulb treated groups at higher doses produces a better attenuating testosterone level in the testis of rats when compared with the group that received vitamin E treatment.
     The protective effect of aqueous Allium sativum extract has been reported by                                                 (20,23,46) that aqueous Allium sativum extract possess antioxidant and testosterone-boosting potentials in rat models exposed to lead-acetate testicular toxicity. This may have been enhanced by the presence of alkaloids and tannin in the extract. This important potentials of the aqueous Allium sativum extract phytochemicals are essential for reversing the deletions effect of lead on testicular functions.
	The fact that sperm analysis correlated with fertility makes it one of the most sensitive tests for spermatogenesis. This makes it one of the most reliable tests for spermatogenesis (42). The lead acetate reduced induction in sperm count is indicative of testicular function was compromised. The lead acetate induced decrease sperm motility that was recorded might be functional or structural in origin. 
[bookmark: _Hlk183258201]The decline in Relative Testicular Weight and testosterone levels in the testes, as recorded in this study supports the fact. These indices show evidence of assault to the testicular tissue that was observed in the representative photomicrographs (plate 1). Also, a significant decrease in sperm motility and viability may occur if chemical agents permeate the blood-testis barrier. 
This study revealed that administration of aqueous Allium sativum bulb extract in a dose-dependent manner successfully reversed the lead- induced alterations in sperm characteristic. This finding is consistent with the results reported by Ola-Mudathir (30) who demonstrated that the spermatogenic enhancing effects of garlic extract are dose-dependent. Thus, the results further showed that the beneficial effects were more pronounced in the group treated with aqueous Allium sativum extract, compared to the group received vitamin E treatment, indicating higher degree of efficacy. 
Based on the result of this study, the suggested mechanism of action of aqueous Allium sativum extract in the reversal of lead induced alteration in sperm characteristic could be in its antioxidant and anti-inflammatory potentials enhance by the presence of phytochemicals such as alkaloids, tannins and flavonoids in its extract (23,47). The study demonstrated that the activities of these important phytochemicals have secondary beneficial effects for improving reproductive health.
The cumulative data from this study suggest that therapeutic administration of vitamin E alone may be insufficient to effectively mitigate lead-induced testicular toxicity in a rat model, indicating the need for adjunctive treatments.  
5. CONCLUSION
[bookmark: _Hlk193263852]The protective effects of aqueous Allium sativum bulb extract on testicular function may be attributed to its antioxidant and anti-inflammatory properties, which help restore homeostasis and promote overall health testicular health. Therefore, aqueous Allium sativum extract bulb represents a potential therapeutic strategy for mitigating lead-induced testicular toxicity and preserving testicular function in exposed subject.   
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