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ABSTRACT 

Aims. The present study was designed to investigate the reproductive toxicity of Aluminum chloride 

(AlCl3), and the potential protective role of vitamin A in adult male mice. Methods: Twenty-one adult male 

albino mice were divided into three equal groups, the first group injected with distilled water, the second 

group injected with AlCl3 (120 mg/kg BW) daily for 10 days. The third group was also injected with AlCl3 

(120 mg/kg BW) for 10 days, then injected with vitamin A (40 mg/kg) for another 10 days. All doses were 

given once daily via intraperitoneal injection. Results: The results showed that AlCl3 cause significant 

decrease in body weight, sperm motility, and sperm count, while it led to a significant increase in the 

number of abnormal sperm morphology. AlCl3 caused apparent alterations in the histological structure of 

the testes. While treatment with vitamin A showed a protective effect on the damage caused by AlCl3, on 

body weight, sperm parameters, and histoarchitecture of mice testes in comparison with AlCl3 treated 

mice. Conclusion: This study affords evidence for the protective role of vitamin A in ameliorating testicular 

toxicity caused by AlCl3. 
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INTRODUCTION 

Environmental pollution is a major worldwide public health due to the use of toxic substances such as heavy 

metals, plastics, pesticides, and other toxic agents. Aluminum (Al) compounds are considered one of the 

dangerous pollutants that pose a threat to human and animal health [1]. A variety of Al compounds are used in 

cosmetics, fillers, aluminum cooking utensils, and containers [2] and in purification purposes of drinking water 

[3]. Moreover, Al is widely used in medicines as anti-diarrheal agents, antacid, vaccines, antiperspirants, and 

phosphate binders [4]. Additionally, Al compounds are extensively used in food manufacturing and are added to 

food constituents such as corn, yellow cheese, salt, spices, fermenting agents, and infant formula [5].  

Humans and animals are exposed to Al compounds from drinking water [3], food [5], and medicines [4]. Humans 

are also exposed to Al by inhaling Al dust and through skin contact with cosmetics [6]. Several studies indicated 

that Al has toxic effects on various organs of the body such as bone, liver kidneys, brain [7], spleen [8], blood 

parameters [8, 9], and male reproductive system [10,11]. Numerous studies have shown that treated experimental 
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animals with AlCl3 resulted in deterioration of sperm parameters, structural alteration in testicular tissues and 

decrease activity of antioxidant enzymes as well as decrease in testosterone production in rats [11-13], rabbits 

[14, 15] and mice [16]. 

The previous study has shown that oxidative stress plays an essential role in causing male infertility by inducing 

defects in sperm morphology and marked loss in its motility [17]. AlCl3 can stimulate the oxidation of molecules 

inside the body thus resulting in oxidative stress. Antioxidants can protect cells either directly or indirectly against 

the harmful effects of toxic agents [9]. Many studies used vitamin C and E as an antioxidant against the effects 

of toxicants, but there is a paucity of information regarding the role of vitamin A as an antioxidant. Therefore, in 

the present study, a high dose of AlCl3 was used to ascertain the possible protective role of vitamin A in 

ameliorating the reproductive toxicity induced by AlCl3 in adult male albino mice. 

 

METHODS 
 

This experimental research on animals performed with the ethical rules recognized by the Libyan National 

Committee for Biosafety and Bioethics. 

 

Chemical agents 

Aluminum chloride (AlCl3 6H2O) was purchased from Sigma, a chemical company. Vitamin A was purchased from 

Alfrnage pharmacy/ Tripoli/Libya. The solution of AlCl3 and vitamin A was made fresh at the beginning of each 

experiment. 

 

Animals  

Male albino mice were bred in the animal house of the Zoology department, Faculty of Science, University of 

Tripoli, Libya. Mice were housed in plastic cages containing wooden flakes in an air-conditioned room. They were 

kept under standard laboratory conditions (12-h light, 12-h dark, and 25 ⁰C) and fed standard commercial 

laboratory chow. Water and standard pellet diet were available adlibitum throughout the experimental period. 

 

Experimental design 

Twenty-one adult male Swiss albino mice aged between 12 – 14 weeks and their weights between 24 – 28 grams 

were used in this study. Mice were divided into three groups of seven mice each. The first group (control) injected 

with distilled water intraperitoneally (i.p.), the second group treated (i.p) with 120 mg/kg BW of AlCl3 daily for 10 

days, and the third group treated (i.p) with the same dose of AlCl3 as in the second group (120 mg/kg BW) for 

10 days, followed by vitamin A (40 mg/kg) (i.p) for additional 10 days. Mice weighed at the beginning of the 

experiment, before injection, and before sacrifice. At the end of the experiment, mice were sacrificed by cervical 

dislocation; mice were dissected, epididymis was carefully processed and evaluated for sperm motility, sperm 

count, sperm morphology, also testes were removed for histological examination. 

 

Determination of sperm parameters 

Sperm count 

The sperm count of control and treated groups was determined using an improved Neubauer hemocytometer 

(American optical Co., Buffalo. N.Y.). Seminal fluid was collected in 1 ml of normal saline in a small dish and mixed 

well to distribute the semen. Sperm suspension was incubated at 37 ⁰C for 10 minutes to separate the 

spermatozoa in the sperm suspension. Spermatozoa were counted by charging both chambers of the improved 
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Neubauer hemocytometer with sperm suspension and counted under a light microscope at a 40x magnification. 

Sperm count was expressed in millions per milliliter (106 / ml). 

 

Sperm motility 

The percentage of sperm motility was examined according to Ficsor and Ginsberg [18]. A drop of diluted sperm 

suspension was loaded onto the Neubauer hemocytometer and the number of motile and non-motile sperms of 

control and treated groups were calculated under the microscope at 40x magnification and expressed as a 

percentage. 

 

Sperm morphology 

To check the existence of any sperm morphological defects, two smears were taken for each mouse and allowed 

to air dry. The smears were stained with 1% Eosin Yin water for 10 minutes. From each mouse, 500 sperms were 

examined using a force of 400x magnification to find any morphological abnormalities in the sperm and 

expressed as a percentage. Abnormal head and tail were evaluated according to Mori et al., [19]. 

 

Histopathological examination 

Testes from sacrificed mice were removed, washed with normal saline solution, then fixed in 10% neutral formalin 

for 24 hours. The fixed tissues were dehydrated in an ascending series of alcohol ranging from 70% to 100%. The 

dehydrated tissues were cleared in xylene (twice), then processed for paraffin embedding. Sections of 5µm 

thickness were cut using a rotary microtome. The sections were stained with Hematoxylin and Eosin. 

Three microscopy slides for each sample were investigated for signs of histopathological changes; vacuolization 

of seminiferous tubules, detachment and sloughing of germinal epithelium of the seminiferous tubules. A 

comparative quantitative histopathological assessment of the testes was performed, the average percentage of 

normal and abnormal tubules was determined for each group. The average percentage of damaged seminiferous 

tubules was calculated by dividing the number of round tubules with a histopathological marker (detachment, 

vacuolization and sloughing) by the total number of round tubules in the same field multiplied by 100. The 

average of three microscopic fields for each slid was taken [20]. 

 

Statistical analysis 

The data were expressed as mean ± standard deviation (SD). Data were analyzed using one-way analysis of 

variance (ANOVA) followed by Duncan’s test, to compare the significance of the difference between the control 

and treated groups for body weight and sperm parameters. Differences were considered statistically significant 

at P<0.05. 

 

RESULTS  
 

The body weights 

The results of the present study showed that administration of AlCl3 caused an apparent effect on the body 

weight of adult male mice (Table 1). There was a significant decline in body weight of mice treated with AlCl3 at 

a dose of 120 mg/kg, as their weight before administration was 24 ± 0.378 g, then decreased after the end of 

injection to 20.4 ± 0.477 g; while the body weight was increased from 23.2 ± 0.491 g to 25 ± 0.589 g in the 

control group. Also, there was a significant improvement in the body weight of the mice treated with a 

combination of AlCl3 and vitamin A, as it was increased from 22 ± 0.799 g to 23.7 ± 0.54 g. 
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Sperm parameters 

There was a significant reduction in sperm motility, normal sperm morphology, and sperm count of mice treated 

with AlCl3 as compared to the control group and to the AlCl3 + vitamin A treated group. Injection of mice (i.p.)  

with 120 mg/kg AlCl3 for 10 days produced a significant decrease in the sperm count compared to the control 

group, as the mean value of sperm count of the control group was 26.4 x 106 ± 2.6152 / ml and decreased to 

22.8 x 106 ± 4.8682. A significant increase in sperm count (26.2 x 106 ± 4.1214) was observed in the group 

administered AlCl3 + vitamin A in comparison with the AlCl3 group (Table 2). The percentage of motile sperm 

was significantly decreased in mice treated with AlCl3 (39.73 ± 2.834) when compared to the control (73.38 ± 

3.3866); additionally, the presence of vitamin A with AlCl3 caused an increase in the percentage of motile sperms 

(68.75 ± 3.678) compared to AlCl3 treated group. On the other hand, the percentage of abnormal sperm 

morphology was significantly increased in the AlCl3 group (31.2 ± 5.3572 %) compared to the control and to AlCl3 

+ vitamin A groups (16.50 ± 2.7019 % and 20.75 ± 7.0142 %) respectively (Table 2). The values of the control 

group in all sperm parameters were comparable to that of AlCl3 + vitamin A were not significantly different. 

Vitamin A attenuated the effect of AlCl3 toxicity on semen characteristics in this study. Different forms of the 

abnormal sperm head and tail were seen, as pin head, kink tail, coiled tail, bent tail, and two-tailed (Fig. 1). 

 

Table 1. Mean value of mice body weight (g) of control and treated mice. 

Experimental group Weight before treatment (g) Weight at the end of treatment (g) 

Control 23.2 ± 0.491a 25 ± 0.589a 

AlCl3 (120 mg / kg) 24 ± 0.378a 20.4 ± 0.477b 

AlCl3 (120 mg/kg) + vitamin A 

(40mg/kg) 
22 ± 0.799a 23.7 ± 0.54a 

Values are presented as means ± SD (n=7). The mean difference is significant at the P≤0.05 level. a, b, (P≤0.05). 

 

Table 2. Mean value of sperm parameters of control and treated male mice. 

Experimental groups 

Sperm parameters 

Sperm count 

106 / ml 

Normal sperm 

morphology % 

Abnormal sperm 

morphology % 
Motile sperm % 

Control 26.4a± 2.6152 84.50a ± 2.7019 16.50b± 2.7019 73.38a± 3.3866 

AlCl3 (120 mg / kg) 22.8b ± 4.8682 69.25c± 5.3572 31.2 a± 5.3572 39.73b± 2.834 

AlCl3 (120 mg/kg) + 

vitamin A (40mg/kg) 
26.2a ± 4.1214 76.75b± 4.2661 20.75b± 7.0142 68.75a± 3.678 

Values are presented as means ± SD (n=7). The mean difference is significant at the P≤0.05 level. a, b, c, (P≤0.05) compared with the 

control group. 
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Table 3. Testis’s histopathology assessment for control and treated male mice. 

Percentages of tubules 

Experimental 

group 
Detached Oligospermia Sloughed vacuolized 

Control 14.9 ± 3.9b 15.6 ± 4.6b 11.1 ± 5.4b 10.0 ± 3.0b 

AlCl3 (120 mg / 

kg) 
37.9 ± 8.1a 54.5 ± 5.6a 24.9 ± 13.7a 39.0 ± 7.5a 

AlCl3 (120 mg/kg) 

+ vitamin A 

(40mg/kg) 

21.7 ± 7.2b 19.3 ± 3.6b 15.0 ± 5.7b 10.9 ± 5.1b 

Values are presented as means ± SD. The mean difference is significant at the P≤0.05 level. a, b, (P≤0.05) compared with the control 

group. 

 

 

Fig 1. Sperm smear of AlCl3 treated male mice showing head and tail abnormality: N (normal sperm), C (coiled 

tail), K (kink tail), T (two-tailed), B (bent tail).P (pinhead) (1% eosin stain, 40x). 

 

Histological study 

Histological examination of the control mice testes showed normal seminiferous tubules with various stages of 

spermatogenesis, well organized seminiferous tubules separated by narrow interstitial spaces. The interstitial 

spaces contain ledig cells and blood capillaries were normal. Also, testes of control mice revealed a low incidence 

of detached, sloughed, oligospermia, and vacuolized seminiferous tubules (Fig. 2 a and b). 

Conversely, mice treated with 120 mg/kg AlCl3 by i.p. injection showed many histological abnormalities in the 

structure of testes compared to the control. All testes’ sections revealed the presence of edematous fluid in the 

tissues (interstitial edema), dilation and congestion of blood vessels (hyperemic blood vessels) and many 

seminiferous tubules exhibited active spermatogenesis. Moreover, the percentage of normal tubules was 

significantly decreased in mice treated with AlCl3 comparing with the control group and to AlCl3 + vitamin A 

treated group. Results showed a significant increase in the percentage of detached, vacuolized, oligospermia and 

sloughed seminiferous tubules (desquamate of the germinal cells into the tubular lumen) in AlCl3 treated mice 

in comparison with the control group (Fig. 3 a, b, c, and d) and (Table 3). Additionally, varying degrees of 



 
https://alqalam.utripoli.edu.ly/science/ eISSN 2707-7179 

 

 

EL Mabrouk al. Alq J Med App Sci. 2021;4(2):40-50  45 

alterations of germ cell degenerative changes in the AlCl3 treated group were seen; it was observed 

disorganization of germ cell layers, pyknosis of nuclei, multinucleated giant cells, and degeneration with clear 

coagulative necrotic debris in the tubular lumen (Fig. 3 c) compared to the control group and to AlCl3 + vitamin 

A treated group. However, there was no significant difference between mice treated with AlCl3 + vitamin A and 

the control group in detached, sloughed, vacuolized, and oligospermia seminiferous tubules (Fig. 2 and 4) and 

(Table 3). Also, treatment with vitamin A showed normal architecture of seminiferous tubules with few sloughing 

and oligospermia. 

 

Fig. 2 Light microscopy of cross-sections of H&E-stained testis from control group showing normal architecture of 

seminiferous tubules (Magnifications 10X and 40X) 

 

 

Fig. 3 Testes of AlCl3 treated group (120mg/kg) stained with H&E, showing varying degrees of germ cell 

degenerative changes, a: moderate congestion of blood vessels and oedematous fluid interstitial space. b: 

vacuolization of seminiferous tubule and atrophy of the seminiferous epithelium. c: oligospermia and coagulative 

necrosis. d: sloughing of germinal epithelium. (Magnifications 10X and 40X). V: vacuole, S: sloughing, O: 

Oligospermia, Oe: oedema, D: detached, A: atrophy, C: congestion 
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Fig. 4 Light microscopy of cross sections of (H&E staining) testes from AlCl3 + vitamin A treated group showing 

normal architecture of seminiferous tubules with few sloughing and oligospermia (Magnifications 10X and 40X). 

V: vacuole, S: sloughing, O: Oligospermia 

 

DISCUSSION  

The fertility of males is sensitive to an assortment of toxic agents, such as lead, cadmium, Aluminium, mercury, 

and chemical materials arising from industrial processes. Accumulation of these materials inside the body can 

cause reproductive dysfunction [21]. Evaluation of sperm parameters is used as a marker for recognizing male 

reproductive toxicants [22]. Limited studies have used vitamin A as an antioxidant, therefore the purpose of the 

current study was to ascertain the possible protective role of vitamin A to ameliorate the reproductive toxicity of 

AlCl3 in adult male albino mice.  

The present study showed a significant decline in the bodyweight of the AlCl3 treated group as compared to the 

control group. The significant reduction in body weight may due to a decrease in food intake, which leads to a 

decrease in the bodyweight of the AlCl3 treated group. The results of the current study were compatible with 

other studies [12, 14, 16] who elucidated that Al compounds caused a considerable decline in the body weight 

of treated animals compared to the control. 

Treated mice with AlCl3 caused a significant decrease in sperm count and percentage of motility compared with 

the control group. However, a significant increase in abnormal sperm morphology was noticed in AlCl3 treated 

group as compared with the control group. These results are consistent with previous studies [11, 12, 14, 15] who 

found similar effects following Al administration with different routes. 

Attention has recently been focused on the role of oxidative stress in the pathophysiology of male infertility. 

Oxidative stress is linked with the overproduction of free radicals, such as reactive oxygen species (ROS) [17, 23]. 

Physiological levels of ROS are essential for natural sperm functioning and are involved in the development of 

sperm hyperactivation and capacitation [17, 24]. On the other hand, overproduction of ROS induced peroxidation 

of unsaturated fatty acids in the sperm membrane leading to loss of motility [17], damage to the acrosomal 

membranes, and DNA oxidation and thus loss of its fertilization capacity [25]. 

Yousef [26] stated that AlCl3 was able to generate ROS in rabbit's testes causing oxidative damage. Excessive ROS 

production can be harmful to sperm and linked with a severe reduction in male fertility [27]. Another study 

showed that AlCl3 administration results in the generation of oxidative stress and caused reproductive toxicity in 

male rats [28]. In addition, Khattab et al., [12] indicated that AlCl3 decreases antioxidant enzymes and increases 

lipid peroxidation in testes, and caused fertility disorders. 

ROS probably cause impairment of sperm function as a result of lipid peroxidation of the polyunsaturated fatty 

acids in the head and mid-piece, thus a change in morphology of sperm leads to a decrease in sperm viability 

and motility [23]. Also, the decrease in sperm motility may be attributed partially to the concurrent reduction in 

testosterone secretion after Al administration [14]. Moreover, oxidative stress in the testes diminishes normal 
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levels of ATP, induces damage of sperm DNA and interrupts microtubules structure in spermatozoa [29]. The 

decline of ATP may reduce sperm motility, DNA damage, and abnormal microtubule construction cause defects 

in sperm morphology in the head and tail [30]. 

Reduction in sperm count could be ascribed to the ability of AlCl3 to induce oxidative stress and peroxidation of 

lipid, which cause damage to the macromolecules (protein, lipid, and nucleic acid) in the testes membrane leading 

to the interrupt of spermatogenesis [31]. Sperm plasma membrane and testicular tissue are extremely susceptible 

to lipid peroxidation by ROS, due to the abundance of highly unsaturated fatty acids [32] and modest antioxidant 

defenses. Furthermore, ROS and oxidative injure of macromolecules can contribute to male infertility [33]. 

 Histopathologic examination of mice testes treated with AlCl3 reveals structural alteration in the testes including, 

atrophy of the seminiferous epithelium, oligospermia, and coagulative necrosis and sloughing of germinal 

epithelium. These changes may be associated with the ability of AlCl3 to induce lipid peroxidation [12] that harm 

membranes of the testes. The histological results of this study are consistent with other studies that previously 

reported similar histopathological alterations in testes treated with AlCl3 [10, 11, 13]. Similar results were also 

obtained by Mayyas et al., [34] and Khattab et al., [12] who found that AlCl3 treatment caused marked testicular 

damage of male mice as well as decreased sperm motility, viability, and testosterone level. 

The administration of vitamin A following AlCl3 demonstrated apparent improvement in sperm parameters and 

histology of testes. Treatment with vitamin A considerably increased sperm count and percentage of motility 

compared to the AlCl3 treated group. Also, treatment with vitamin A decreased significantly the abnormal 

morphology as compared to the AlCl3 treated group. Improvement in sperm motility that was observed in this 

study following treatment of mice with vitamin A may be attributed to the ability of vitamin A to reduce oxidative 

stress. 

 It has been reported that vitamin A is essential for normal mammalian spermatogenesis and fertility [35], as they 

found that vitamin A deficiency induces cessation of spermatogenesis and negatively affects the secretion of 

testosterone [35, 36]. Also, it was documented that supplying the rats with large doses of vitamin A resulted in 

an apparent reduction in lipid peroxidation of tissue homogenates [37]. The possible reason for the protective 

effects of vitamin A in ameliorating the reproductive toxicity of AlCl3 might be due to its ability to react with 

oxygen-free radicals and combines and stabilizes peroxyl radicals [38]. Co-treatment of vitamin A with AlCl3 

showed obvious alleviation in histopathological alterations, that caused by AlCl3 in testes as compared with the 

AlCl3 group. 

Several studies have reported improvements in sperm quality with antioxidant treatment. Yousef et al.  [39] has 

shown that administration of vitamin E to rabbits treated with AlCl3 results in significant improvement in sperm 

quality. Similarly, Yousef et al. [14] showed that administration of vitamin C to rabbits treated with AlCl3 resulted 

in considerable alleviation in sperm parameters. Likewise, Chinoy et al., [40] documented that concurrent 

administration of vitamin C with sodium fluoride and AlCl3 resulted in amelioration of testicular damage due to 

the ability of vitamin C to induce cellular growth. 

 

CONCLUSION 

 

This study affords evidence for the protective role of vitamin A in ameliorating testicular toxicity caused by AlCl3 

as showed by a considerable increase in sperm parameters of AlCl3 + vitamin A group and established 

histopathologically by the obvious improvement in testicular tissues. 
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