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ABSTRACT

Aim: To evaluate the effects of varying doses of aqueous garlic extract on the reproductive function and haematology of male Albino rats treated with monosodium glutamate. 
Study design: A Completely randomized design was used for the study.
Place and duration of study: Animal Science department of Akenten Appiah-Menka University of Skills Training and Entrepreneurial Development. The study lasted for 21 days.
Methods: Twenty-five rats were divided into five groups, with five rats in each group. Treatment 1 received normal saline (control), Treatment 2 received 120 mg/kg BW of MSG, and Treatments 3, 4, and 5 received 120 mg/kg BW of MSG combined with 500 mg/kg BW, 750 mg/kg BW, and 1000 mg/kg BW of AGE, respectively. All treatments were administered orally for 21 days.
Results: The experiment showed no significant difference in sperm counts across treatments (P > .05). Sperm motility improved in treatments 4 and 5 (P < .01), while immotile sperm were high in treatment 2. Treatments 3, 4, and 5 exhibited better sperm morphology. Testes weights were highest (P < .01). In treatment 5. Treatment 2 showed reduced WBC, RBC, and P-LCR levels but increased GRA levels compared to the control. Seminiferous tubule deformities were notable in treatment 2 and moderate in treatments 3 and 4, whereas treatment 5 showed a reduction in seminiferous tubule size. 
Conclusions: The research findings suggest that garlic has a dose-dependent impact on mitigating the negative effects of MSG on the reproductive function and haematology of male Albino rats.	
Keywords:  Infertility, Haematology, Sperm parameters, Seminiferous tubules, Histology, Sperm morphology

1.0 INTRODUCTION
[bookmark: _Hlk184725835]Infertility is a medical condition that affects either the male or female reproductive system, resulting in the inability to achieve conception after a duration of 12 months or longer of regular, unprotected sexual intercourse [1]. Infertility is acknowledged by the World Health Organisation as a matter of public health concern [2]. The frequency of infertility in humans exhibits significant variation across different regions worldwide [3]. However, a consistent pattern emerges, with developing countries generally seeing a higher proportion of infertile couples compared to the developed ones [4]. 
In the United States, the prevalence of infertility is observed in approximately 12.5 % of couples attempting to conceive for the first time, and approximately 16.7 % of couples desiring a second child. Some authors have reported rates ranging from 21 % to 30 % in some sub-Saharan countries [5, 6]. The prevailing estimates in Ghana indicate that the prevalence of infertility falls within the range of 11.8 % to 15.8 % [7].  The observed disparity in the prevalence rates of infertility between developed and developing nations may be attributed, in part, to significant differences in the availability of resources dedicated to the early detection, diagnosis, and treatment of this condition [8].
In males, infertility may be caused by various factors including genetic flaws, testicular disease, sperm abnormalities, hormone imbalances, aging, and lifestyle choices. Poor lifestyle choices, such as drug use and sedentary lifestyles, can affect sperm quality, which is influenced by sperm count, morphology, and motility [9, 10, and 11].
Monosodium glutamate (MSG) is a flavor enhancer used in various food preparations. But a high concentration of it in processed foods have raised health concerns. MSG are often advertised as safe mostly and have no set daily intake restrictions. 
Multiple studies have repeatedly demonstrated that monosodium glutamate (MSG) can exert detrimental effects on male fertility. Research conducted on rats has demonstrated that use of MSG in adulthood can result in a decline in sperm count, testosterone levels, and testicular well-being [12]. 
Garlic, a versatile vegetable and natural spice, is known for its antioxidant effects and detoxification processes. It has been used in traditional medicine for centuries, with its lipid-lowering and anti-atherogenic properties being well-known [13]. Garlic has gained attention in modern medicine due to its potential to prevent and treat cardiovascular illnesses [14].
Research has indicated that garlic can boost male fertility by improving sperm count, enhancing the movement and viability of sperm [15]. The potential mechanism for these effects is believed to be associated with garlic's antioxidant capabilities [16].
This study aimed to examine the impact of varying doses of aqueous garlic extract (AGE) on the reproductive function and haematology of male Albino rats treated with MSG.
2.0 MATERIALS AND METHODS
Study Area
This study was conducted at the Animal Science Department of the Akenten Appiah-Menka University of Skills Training and Entrepreneurial Development Mampong-Ashanti Campus, Ghana. 
2.1 Experimental Rats and Research Design
Twenty-five sexually mature male Albino rats aged 6-8 weeks with an average bodyweight of 128 g to 138 g were obtained from a local breeder in Asante Mampong, Ghana. The animals were acclimatized for 21 days and were assigned to five treatments, each treatment consisted of five replicates, using a complete randomized design (CRD). The treatments were administered orally by oral gavage for 21 days. The rats were provided with unrestricted access to a rodent diet and drinking water for the duration of the experiment.
2.2 Preparation of Aqueous Garlic Extract and Monosodium Glutamate
The garlic bulbs used in this study were obtained from the main market of Asante Mampong, Ghana. The recognition and authentication of the garlic was done by Mr. Isaac Ntekor, an agronomist at Akenten Appiah-Menka University of Skills Training and Entrepreneurial Development. Subsequently, the desiccated external layers of the garlic were removed prior to the division of the bulbs into smaller units known as cloves. The cloves were washed with distilled water. Subsequently, the garlic cloves, weighing 200 g, were processed using a sterile silver crest blender. Afterward, the pulverized garlic was combined with 200 ml of cold and sterilized physiological saline solution. The solution was filtered multiple times using a muslin cloth in order to get the filtrate, which was identified as the aqueous garlic extract. Monosodium Glutamate was prepared by dissolving 50 g of granules in sterile distilled water (100 ml). 
2.3 Administration of Aqueous Garlic Extract and Monosodium Glutamate
The administration of all treatments was given orally by oral gavage in a continuous manner for a duration of 21 days.
2.4 Bodyweight
Bodyweight of the rats was measured weekly, and their bodyweights were recorded using a Camry top loading sensitive scale. After the experiment, the rats were macroscopically examined, weighed, and sacrificed under slight chloroform anesthesia.
2.5 Sperm Parameters
 2.5.1 Sperm Count
The sperm was mixed with fixative to ensure accurate count and was then placed in a humid chamber to prevent drying. Quantification was done under a light microscope at a magnification of ×400, with 200 spermatozoa assessed per replication using a haemocytometer.
2.5.2 Sperm Motility
Motility of epididymis was assessed by dispensed stock sperm solution onto a microscope slide. 
2.5.3 Sperm Morphology
Sperm morphology was determined by combining 10 µl of stock sperm solution with fixative, and the sample was observed under a light microscope at a magnification of ×1000 following WHO (2021) criteria.
2.6 Testicular Weight
The testes, male reproductive organs, were dissected and measured using a top-loading scale. 
2.7 Haematological Analysis
Blood was collected by cardiac puncture and transferred into tubes containing Ethylene-Diamine-Tetra-Acetic Acid (EDTA) for haematological assays. GRA, RBC, HCT, MCV, MCHC, MCH, HGB, LYM, PLT, and P-LCR were determined using a haematology auto-analyzer.
2.8 Histology of the testes
Analysis on testes histomorphology was performed by rinsing the testes in buffer saline before being fixed in 10 % formalin. The tissue sections were then sliced to a thickness of 5 μm and affixed onto glass slides. The resulting samples were viewed under a light microscope to observe the seminiferous tubules, germinal epithelium, interstitium, and lumen.
2.9 Statistical Analysis
The study's data was presented as the mean ± standard error of the mean (SEM) using Minitab statistical software (Version 20.0). The parameters within the groups were compared using a one-way ANOVA, and the means were separated using Tukey HSD. The data were analyzed using a 95% confidence interval, and values were deemed statistically significant if P < 0.05.
3.0 RESULTS AND DISCUSSION
3.1 Bodyweight
The effect of monosodium glutamate and different doses of aqueous garlic extract on body weight was not significant (Table 1). 
The result on the effects of monosodium glutamate and different doses of aqueous garlic extract on bodyweight is in agreement with the findings by [17] who recorded no marked differences between the bodyweights of all groups of experimental animals after administering MSG at 60 mg/kg bodyweight and 120 mg/kg bodyweight for 28 days. Similar findings were made by [18, 19] who also recorded no significant difference in bodyweight between experimental units after the administration of MSG.  
[bookmark: _Hlk184726153]In contrast, [20] reported a positive correlation between MSG consumption and weight gain. This report was made in reference to high dose of MSG intake. [21] reported a significant increase in the bodyweight of rats that were treated with MSG through food. [22] reported significant weight loss in rats administered with 4 gm/kg of MSG liquefied in 6 ml of distilled water administered intraperitoneally for 14 days.
The results from the research indicated that different doses of AGE displayed no ameliorative impact on the bodyweight of MSG-induced rats throughout the experimental period. These findings are in disagreement with the study by [22] who reported that aqueous garlic extract improves the deleterious effects of MSG on the body weight of Albino rats after administering 200 mg/kg bodyweight of AGE on MSG induced rats. [23] reported gradual weight gain in experimental animals that were treated with 500 mg/kg and 1000 mg/kg bodyweight of AGE. [24] on the other hand, concluded that garlic has a weight loss effect in obese mice.
The discrepancy in the findings may be associated with differences in garlic extract preparation, mode of administration of AGE and MSG and duration of the administration of treatment. The mode of administration plays a crucial role, as the route through which MSG and AGE are introduced to the subjects can affect absorption rates, bioavailability, and distribution within the body. Variations in the preparation methods of MSG and AGE is also a factor, with differences in chemical structures and concentrations potentially impacting the observed outcomes. The duration of the experiment is a critical consideration, as short-term versus long-term exposure to these substances may reveal distinct physiological responses, influencing the overall interpretation of the study's findings.







	Bodyweight (g)
	Control
	MSG
(120 mg/kg BW)
	MSG + AGE
(500 mg/kg BW)
	MSG + AGE
(750 mg/kg BW)
	MSG + AGE
(1000 mg/kg BW)
	SEM
	p-value

	Day 0
	136.8
	135.2
	137.8
	136.4
	128.4
	5.29
	0.986

	Day 7
	157.6
	145.4
	14s3.4
	146.6
	160.0
	4.93
	0.817

	Day 14
	161.6
	136.6
	142.8
	140.2
	171.7
	6.45
	0.438

	Day 21
	155.6
	155.5
	171.7
	133.0
	174.3
	6.22
	0.338


   Table 1: Effects of MSG and Aqueous Garlic Extract on the Bodyweight of Albino Rats.








abc Means in the same row with different superscripts are significantly different (p<0.05)
MSG (Monosodium glutamate 120 mg/kg BW), AGE (Aqueous garlic extract 500 mg/kg BW, 750 mg/kg BW and 1000 mg/kg BW respectively), BW (Bodyweight)


3.2 Sperm Parameters
The results on sperm count indicated that there was no treatment effect (MSG) on the total sperm count among the groups (Table 2). This finding is consistent with [25] who determined the effects of MSG on semen parameters. The researchers recorded no significant difference (P > .05) in sperm count after administering monosodium glutamate orally at different doses for 14 days. Earlier studies reported reduction in sperm count in MSG-treated rats [26]. [27] also recorded a decrease in sperm count in MSG-exposed rabbits. The differences in the findings could be attributed to the period of administration of MSG.
Varied doses of aqueous garlic extract showed no marked variation in sperm count among the experimental groups. This outcome is in line with [28] who recorded no differences in sperm count among groups of experimental animals after administering 500 mg/kg body weight, 750 mg/kg body weight, and 1000 mg/kg body weight of AGE on male rats to determine dose dependent effect of AGE on sperm parameters. [29] found that garlic increased sperm count and quality in rats compared to the other experimental units that were not treated with garlic. This was because garlic lessened the severity of damage in the testicular tissues of diabetic rats. Similarly, according to [30], AGE increased sperm count in rats treated with cadmium chloride (CdCl2) compared to the control group and the group that only received cadmium chloride without the addition of AGE, enhancing spermatogenesis. The differences could be attributed to the variability in experimental animals and their response to the treatment. The levels of AGE administered might not have been sufficient to effect change in sperm count in the period of the study.
The results on sperm motility showed that the combination of MSG (120 mg/kg BW) with specific doses of AGE has differential effect on sperm motility. Monosodium glutamate (120 mg/kg BW) only, MSG + 500 mg/kg BW of AGE and MSG + 750 mg/kg BW of AGE resulted in lower sperm progressive motility, higher non-progressive sperm motility and higher immotile sperm cells compared to the control group. However, the administration of MSG (120 mg/kg BW) + 1000 mg/kg BW of AGE demonstrated improved progressive sperm motility, a decrease in sperm immotility and reduced non-progressive sperm motility, indicating ameliorative effect of the higher dose of AGE on MSG-induced sperm motility. This result is in harmony with [31] who established that increased consumption of foods containing MSG, such as fast food and processed meat, was associated with lower sperm motility. 
The results from the study indicated that the experimental group that received higher dose of AGE (1000 mg/kg BW) recorded higher percentage of progressive sperm motility. In agreement with the finding, [28] reported that Progressive motility was lower in rats administered with 500 mg/kg BW of AGE and in those administered with 750 mg/kg BW of AGE and higher (p<0.05) in rats administered with 1000 mg/kg BW of AGE. Similarly, [29] established that experimental groups treated with garlic were associated with notably better progressive sperm movement as compared to those that were not treated with garlic. 
The increase in the percentage sperm motility in the experimental group that received higher dose (1000 mg/kg BW) of AGE could be attributed to the antioxidant properties such as allicin, diallyl disulfide and s-allyl cysteine at dose dependent response which could be optimal for producing the observable redeeming effects by neutralizing free radicals and reactive oxygen species produced by MSG.
The research observed an increased proportion of normal sperm cell morphology in the experimental groups that received a dosage of 120 mg/kg BW of MSG in combination with 750 mg/kg BW AGE (referred to as the medium dose) and 120 mg/kg BW of MSG in combination with 1000 mg/kg BW of AGE (referred to as the higher dose). The group that received a treatment of 120 mg/kg BW of MSG alone and 120 mg/kg BW of MSG combined with 500 mg/kg BW of AGE (low dose of garlic extract) had a greater incidence of abnormal sperm morphology. In a study conducted by [12], it was noted that mice exposed to MSG exhibited anomalous sperm morphology, which was defined by deviations in the structure of the head or tail. Moreover, it was shown that the mice exposed to MSG had decreased reproductive rates, suggesting a plausible association between the consumption of MSG and compromised sperm functionality. In a similar vein, [32] documented a higher prevalence of atypical sperm structure, indicating a possible interference in the process of sperm production due to the use of MSG. In their study, [33] also documented a noteworthy decline in the proportion of normal sperm morphology, accompanied by an elevation in the occurrence of aberrant sperm exhibiting head and tail irregularities. These findings imply that MSG may have an adverse impact on both the quality and structure of sperm. According to [34], there were observed modifications in the structure and form of sperm, such as abnormalities in the head and tail regions. All of these investigations are consistent with the present research results. 
In the current investigation, the administration of AGE at doses of 750 mg/kg BW and 1000 mg/kg BW shown a mitigating impact on the sperm cell abnormalities induced by MSG. This finding aligns with previous research conducted by [35], which examined the effects of an AGE on the morphology and function of sperm in albino rats treated with lead nitrate (Pb (NO3)2). The researchers reached the conclusion that the treatment of AGE to male rats has the potential to mitigate the antispermatogenic impact caused by Pb (NO3)2. In contrast, [28] found that when experimental animals were given a dosage of 500mg/kg Allium sativum, and rats were given a dosage of 750mg/kg Allium sativum, they exhibited mild to moderate teratozoospermia characterized by the absence of tails in sperm cells, as well as bent necks and poorly formed heads. Furthermore, rats administered with a dosage of 1000mg/kg Allium sativum displayed pronounced teratozoospermia, with poorly formed heads and a bent body, along with the presence of premature sperm cells. The disparity in the results can be ascribed to the administration of MSG prior to the administration of AGE in the current investigation. In the previous trial, the researchers exclusively provided an AGE without MSG, which may have resulted in potential variations.









Table 2: Effects of MSG and Aqueous Garlic Extract on Sperm Parameters of Male Albino Rats, d 21 of the experiment
	Sperm Parameters

	Control

	MSG
(120 mg/kg BW)
	MSG + AGE
(500 mg/kg BW)
	MSG + AGE
(750 mg/kg BW)
	MSG + AGE
(1000 mg/kg BW)
	SEM
	p-value

	Sperm Count	
(10^6 sperm/ml)
	420.00
	409.67
	426.00
	427.33
	422.67
	2.34
	0.097

	Progressive
motility (%)
	78.67b
	77.00b
	80.67b
	83.67ab
	88.33a
	1.23
	0.004

	Non-Progressive
motility (%)
	18.00a
	18.00a
	16.33a
	13.67ab
	9.67b
	0.99
	0.006

	Immotility (%)
	4.67bc
	6.67a
	5.00ab
	4.00bc
	3.00c
	0.36
	0.001

	Normal
morphology (%)
	78.67b
	68.67b
	76.33ab
	81.00a
	82.33a
	1.61
	0.026

	Abnormal
morphology (%)
	21.33a
	31.67a
	23.67ab
	19.00b
	17.67b
	1.63
	0.021


abc Means in the same row with different superscripts are significantly different (p < 0.05)
MSG (Monosodium glutamate 120 mg/kg BW), AGE (Aqueous garlic extract 500 mg/kg BW, 750 mg/kg BW and 1000 mg/kg BW respectively), BW (Bodyweight)


 

3.3 Testicular weight
The statistical analysis revealed a substantial impact of MSG and varying concentrations of AGE on the weight of the reproductive organs (testes) (Table 3). The testicular weight of Albino rats that were administered 120 mg/kg BW of MSG alone, 120 mg/kg BW of MSG along with 500 mg/kg BW of AGE at a low dose, and 120 mg/kg BW of MSG along with 750 mg/kg BW of AGE at a medium dose exhibited no significant differences (P > .05 ). 
Table 3: Effects of MSG and Aqueous Garlic Extract on testicles weight of male Albino rats, d 21 of the experiment
	Testes weight (g)
	Control
	MSG
(120 mg/kg BW)
	MSG + AGE
(500 mg/kg BW)
	MSG + AGE
(750 mg/kg BW)
	MSG) + AGE
(1000 mg/kg BW)
	SEM
	p-value

	Left Testis
	0.42b
	0.37b
	0.51b
	0.43b
	1.00a
	0.07
	0.001

	Right Testis
	0.41b
	0.36b
	0.54b
	0.41b
	1.06a
	0.07
	0.001


        abc Means in the same row with different superscripts are significantly different (p < 0.05)
   MSG (Monosodium glutamate 120 mg/kg BW), AGE (Aqueous garlic extract 500 mg/kg BW, 750 mg/kg BW and 1000 mg/kg BW respectively), BW (Bodyweight)

The findings indicate that an increased dosage of AGE (1000 mg/kg BW) had a notable effect on the weight of the testes. This observation is consistent with the findings of [36]. According to the researchers, the prolonged treatment of AGE increased the testicular weight in rats. The observed increase in testicular weight among rats administered a dosage of 120 mg/kg BW of MSG in combination with a high dose of AGE (1000 mg/kg BW) may be due to the impact of the elevated garlic dosage on the testicular interstitium. According to [28], it has been proposed that the administration of a high dosage of garlic may lead to the development of congestions within the interstitial blood vessels, potentially indicating the presence of inflammation.
3.4 Haematological Analysis 
The findings of the current study indicate a statistically significant reduction (P < .05) in WBC, RBC, and P-LCR in rats at a dosage of 120 mg/kg body weight of MSG as compared to the control group (Table 4). 
    Table 4:  Effects of MSG and Varied Doses of AGE on haematological parameters of male Albino rats, d 21 of the experiment
	Haematological Parameters
	Control
	MSG
(120 mg/kg BW)
	MSG + AGE
(500 mg/kg BW)
	MSG + AGE
(750 mg/kg BW)
	MSG + AGE
(1000 mg/kg BW)
	SEM
	p-value

	WBC 10^9/L
	4.04ab
	2.35b
	4.41a
	4.35a
	4.71a
	0.26
	0.008

	GRA 10^9/L
	2.09ab
	2.10a
	2.05b
	2.06ab
	2.06ab
	0.01
	0.029

	RBC 10^12/L
	7.44a
	5.94b
	8.13a
	7.44a
	7.93a
	0.24
	0.005

	HCT %
	42.07
	40.27
	43.50
	38.60
	41.20
	0.81
	0.420

	MCV fL
	56.47
	52.93
	53.60
	54.60
	52.00
	0.66
	0.269

	MCHC g/dL
	35.10
	35.00
	35.90
	35.23
	35.90
	0.27
	0.770

	MCH pg
	28.17
	25.97
	26.87
	26.87
	26.20
	0.32
	0.229

	HGB g/dL
	16.00
	15.20
	16.97
	14.73
	16.00
	0.31
	0.162

	LYM 10^9/L
	2.52
	1.16
	2.27
	2.51
	2.16
	0.26
	0.534

	PLT 10^9/L
	539.00
	456.70
	488.70
	478.40
	577.70
	25.5
	0.630

	P-LCR %
	13.73ab
	11.63c
	12.67bc
	14.63a
	13.40ab
	0.30
	0.001


abc Means in the same row with different superscripts are significantly different (p<0.05)
MSG (Monosodium glutamate 120 mg/kg BW), AGE (Aqueous garlic extract 500 mg/kg BW, 750 mg/kg BW and 1000 mg/kg BW respectively), BW (Bodyweight), WBC (White blood cell), GRA (Granulocyte), RBC (Red blood cell), HCT (Haematocrit), MCV (Mean corpuscular volume), MCHC (Mean corpuscular haemoglobin concentration), MCH (Mean corpuscular haemoglobin), HGB (Haemoglobin), LYM (Lymphocyte), PLT (Platelet), and P-LCR (Platelet large cell ratio).

The mean values of the Haematological parameters of the rats that were administered varying doses of AGE exhibited no significant differences (P >.05). 
There was a rise in the GRA observed among the group that exclusively received MSG. [37] observed an increase in the total counts of RBC and WBC following the administration of garlic. The study conducted by [38] revealed a statistically significant decrease (P < .05) in the count of RBCs and WBCs in rats that were exclusively treated with MSG. [39] observed a significant increase in WBC content after the administration of AGE. Nevertheless, the researchers observed no statistically significant alteration in RBC counts. 
The observed decrease in WBCs and RBCs, as well as the decrease in P-LCR, in rats fed exclusively with 120 MSG, could be related to the accelerated destruction of these cells by MSG, potentially leading to the reduction of cell count.
The decreased quantity of RBCs may also be ascribed to the potential impact of MSG on the shortened lifespan of RBCs. This effect could be attributed to the direct harmful effects of sodium on hematopoietic stem cells located in the bone marrow, as suggested by [40]. According to [38], the oxidative actions of MSG have the potential to cause a drop in blood cell counts.
Red blood cells (RBCs) play a crucial role in the movement of oxygen and carbon dioxide within the human body. Therefore, a diminished red blood cell count signifies a decline in the amount of oxygen that can be carried to the tissues and the level of carbon dioxide that can be expelled from the lungs. This situation has the potential to result in the deprivation of nutrients and oxygen to the tissues, leading to the accumulation of carbon dioxide and subsequent induction of toxicity.
The measurement of the proportion of large platelets in the bloodstream is conducted using the P-LCR. The parameter known as P-LCR provides insight into the degree of heterogeneity in platelet size, which in turn offers valuable information regarding platelet functionality and overall health [41]. A decreased P-LCR may be attributed to platelet breakdown, infections, and nutritional deficits. A decreased P-LCR has the potential to affect blood clotting in the event of a cut.
[42] assert that GRA has a crucial function in the immune response to invading pathogens, allergens, and other irritants. The group that received only MSG exhibited a statistically significant increase in GRA (p<0.05). However, when supplied at a dosage of 500 mg/kg BW, AGE appeared to mitigate the effect of MSG on GRA by lowering GRA counts. An increase in GRA levels may suggest the presence of infection, allergies, or inflammatory disorders.
3.5 Histology of testes
Figure 1: Representative photomicrographs of the testicular cross-section of male Albino rats, after d 21 of the experiment.
[image: ]
T1 (Treatment 1/ Group 1/Control): normal saline; T2 (Treatment 2 / Group 2): 120 mg/kg BW of MSG only; T3 (Treatment 3 / Group 3): 120 mg/kg BW of MSG + 500 mg/kg BW of AGE (low dose); T4(Treatment 4 / Group 4): 120 mg/kg BW of MSG + 750 mg/kg BW of AGE (medium dose); T5 (Treatment / Group 5): 120 mg/kg BW of MSG + 1000 mg/kg BW of AGE (high dose
Treatment 1 (Control) shows normal testicular seminiferous tubules (black arrow) and interstitium (green arrow) with healthy germinal epithelium (red arrow) richly filled with lumen (blue arrow). Treatment 2 shows slightly depleted seminiferous tubules (black arrow) and interstitium (green arrow) with scanty germinal epithelium (yellow 58 arrows) and slightly disturbed lumen (blue arrow). Treatment 3 shows slightly distorted seminiferous tubules (black arrow) and interstitium (green arrow) with moderately rich germinal epithelium (yellow arrow) and a filled lumen (blue arrow). Treatment 4 shows improved testicular seminiferous tubules (black arrow) and slightly dispersed interstitium (green arrow) with better germinal epithelium (yellow arrow) and richly filled lumen compared to Treatment 3. Treatment 5 shows deformation of the seminiferous tubules (black arrow) and distorted epithelium layer (yellow arrow) with highly depleted interstitium (green arrow) and poorly filled lumen (blue arrow) compared to Treatments 1, 2, 3 and 4.
The histological examinations revealed a modest reduction in tissue integrity among the rats subjected just to a dosage of 120 mg/kg body weight of MSG (Figure 1). This observation is consistent with the findings of [17], who documented the absence of spermatids in a majority of the seminiferous tubules in rats that were administered a dosage of 120 mg/kg body weight of MSG. The researchers observed that the germinal epithelial linings were thinner in comparison to the control group. In a similar vein, [43] observed a limited occurrence of spermiogenesis within the seminiferous tubules of rats subjected to MSG treatment. 
[bookmark: _GoBack]Numerous scientific studies have demonstrated the significant cellular protection conferred by the administration of garlic against the detrimental impact of free radicals. The findings of this study indicate that the administration of AGE at specific dosages can have detrimental or beneficial effects on many aspects of male reproductive functioning. The findings of the present investigation demonstrated that AGE had a dose-dependent impact on MSG-induced testicular deformation. The experimental group of animals, which received a dosage of 750 mg/kg body weight of MSG, exhibited enhanced testicular seminiferous tubules characterized by improved germinal epithelium and a lumen that was more densely populated compared to the control group. The administration of a low dosage of AGE at a rate of 500 mg per kilogram of body weight resulted in the observation of mildly altered seminiferous tubules and interstitium, characterized by a reduced presence of germinal epithelium. The experimental group administered a high dose of AGE (1000 mg/kg BW) had observable abnormalities in the seminiferous tubules, including deformation and distortion of the epithelial layer. Additionally, the interstitium seemed significantly depleted, and the lumen was inadequately filled, in comparison with the control group. The findings are consistent with the observations made by [28], who documented that administration of 500 mg/kg BW of AGE resulted in the presence of circular seminiferous tubules containing Sertoli cells in animals. The investigators observed slight alterations in the histoarchitecture of the rats administered with a dosage of 750 mg/kg body weight of AGE. The study documented that; animals subjected to a dosage of 1000 mg/kg body weight exhibited abnormal seminiferous tubules accompanied by congested interstitial arteries. On the contrary, alternative research outcomes yielded inconsistent findings. In a study conducted by [35], it was shown that the administration of garlic to rats resulted in an augmentation of spermatogenic activity and the maintenance of normal testicular morphology. In their study, [44] observed the presence of intact germinal epithelial layers and a lumen that exhibited a high concentration of sperm cells. The animals exhibited typical histological characteristics in their testicular interstitium. The disparity in the results may be ascribed to variations in the dosage and research methodology employed.
The results of the present investigation indicate that the use of MSG plus a high dosage of garlic may have adverse effects on testicular function. The potential causative factor for the reduction in seminiferous tubules could be attributed to the use of a high dosage of garlic, as suggested by [28]. According to a prior study conducted by [45], it was found that garlic has the potential to induce congestion in the interstitial blood vessels. It is suggested that garlic may have a direct estrogen-like impact on the testes of adult male rats, perhaps leading to structural abnormalities in the testes. 

CONCLUSION
MSG (120 mg/kg BW) and AGE (1000 mg/kg BW), can negatively impact testicular function and haematology. MSG may cause heightened activation of glutamate receptors, causing harm to testicular tissues and disrupting blood cell counts. AGE, on the other hand, may increase progressive sperm motility and improve normal sperm morphology. However, the administration of AGE at higher doses may result in an enlargement of testicular weight, possibly due to inflammation of interstitial tissues. AGE also improved white blood cell (WBC), red blood cell (RBC), and platelet-large cell ratio (P-LCR) count, potentially regulating hematopoiesis. The high dose of garlic (1000 mg/kg BW) had negative implications on testis histomorphometry, suggesting a possible relationship between dosage and response. The study suggests that while lesser dosages may yield positive results, higher doses may cause detrimental changes to testicular tissue structure and reproductive function. 
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ANOVA		Analysis of variance
SEM		Standard Error of Mean
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HGB		Haemoglobin
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