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ABSTRACT 

Numerous literature evidence suggests that aluminium is a toxic metal that induces direct damage to 

primary human neural cells, leading to genotoxic effects while promoting neurodegeneration in 

different regions of the brain. However, the use of exogenous antioxidants to counteract 

neurodegeneration has been widely reported. Ascorbic acid (AA), also known as Vitamin C, is a water-

soluble vitamin reported to exert antioxidant, anti-inflammatory and anti-apoptotic effects. 

Accordingly, this study investigated its protective activity against aluminium chloride (AlCl3)-induced 

neurotoxicity in Wistar rats. Forty-eight Wistar rats were randomly divided into six groups (n=8) and 

treated as follows: A (control); B (100 mg/kg bw AlCl3); C (100 mg/Kg bw AA + 100 mg/kg bw AlCl3); 

D (200 mg/Kg bw AA + 100 mg/kg bw AlCl3); E (100 mg/Kg bw AA); F (100 mg/Kg bw AA). The 

administration, via an oral gavage, lasted for 28 days. Thereafter, the weights, neurobehavioral, 

antioxidant enzymes, lipid peroxidation, acetylcholinesterase and histological assessments were carried 

out. Findings showed significantly (p < 0.05) impaired weights, neurobehavioural, and antioxidant 

enzymes as well as elevated lipid peroxidation and acetylcholinesterase in the AlCl3-exposed rats when 

compared to control. Also, the cerebral cortex of AlCl3-exposed rats displayed severe cytoplasmic 

vacuolations and degenerating cells, indicating cerebral dysfunction. However, pretreatment of AlCl3-

exposed rats with AA significantly (p < 0.05) attenuated these adverse effects. Altogether, AA exerted 

neuroprotective effects against AlCl3-induced cerebral toxicity, possibly through its potent antioxidant 

and anticholinesterase activity. 
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INTRODUCTION 

Aluminium and its compounds constitute a 

substantial portion of the Earth's crust, 

accounting for approximately 8% [1]. This 

element is the third most abundant and naturally 

occurs in combination with oxygen, fluorine, 

silicon, sulfur, and other elements, rather than 

in its elemental form [1]. Although aluminium's 

essential biological function remains elusive, 

its detrimental effects on living organisms 

particularly concerning various cellular and 

metabolic processes within the nervous system 

have become increasingly apparent. For 

instance, aluminium is now widely 

acknowledged for its potential involvement in 

various neurological disorders, with 

Alzheimer's disease and cognitive impairments 

being prominent examples [2-4]. Literature 

evidence suggests that it accumulates in the 

brain, with a particular preference for regions 

such as the cerebellum, cerebrum and 

hippocampus, consequently leading to an array 

of detrimental effects encompassing oxidative 

stress, neuroinflammation, and cholinesterase 

dysfunction [5, 6]. Humans encounter 

aluminium through diverse environmental 

sources, including using aluminium sulfate 

(alum) in water purification, resulting in 

elevated levels of aluminium in drinking water 

[7]. Furthermore, aluminium is prevalent in 

containers, cooking utensils, and certain 

medications [8, 9]. 
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The prevalence of aluminium exposure in 

Nigeria has emerged as a pressing public health 

concern, with studies highlighting elevated 

environmental and food-related aluminium 

levels in the country [10]. Aluminium exposure 

poses a substantial global public health 

challenge, impacting the population's well-

being, particularly concerning neurological 

health. Consequently, there has been a surge in 

the search for therapeutic agents capable of 

mitigating the toxicity of aluminium. 

Ascorbic acid, also known as vitamin C, is a 

water-soluble organic compound with 

antioxidant properties [11]. It is an essential 

nutrient for humans and some other animals, 

meaning it must be obtained through diet or 

supplements since the body cannot produce it 

on its own. Ascorbic acid plays a crucial role in 

various biological processes in the body [12], 

and is reported to modulate and mitigate 

neuroinflammation and neuronal damage [13]. 

It can scavenge free radicals, reduce oxidative 

stress, and control various cellular processes 

involved in neuronal function and survival 

through its involvement in various neurotrophic 

pathways [14]. Ascorbic acid is involved in the 

synthesis of neurotransmitters and plays a role 

in the regulation of gene expression related to 

neuronal survival [11]. Although mitochondrial 

dysfunction is implicated in the pathogenesis of 

neurodegenerative diseases, ascorbic acid has 

been shown to protect the mitochondria from 

oxidative damage and improve its function 

[15], thus helping to maintain energy 

production and reduce neuronal stress. Overall, 

several reports show that ascorbic acid offers 

the potential for the enhancement of antioxidant 

activity, attenuation of oxidative stress, and 

modulation of neuroinflammation [16, 17]. 

However, there are few reports demonstrating 

the antioxidant and anticholinesterase activity 

of ascorbic acid in aluminium chloride-induced 

neurotoxicity. Accordingly, this study 

investigated such activity in the cerebrum of 

adult Wistar rats.  

MATERIALS AND METHODS 

Chemical and reagents 

Aluminium chloride (98%) and L-ascorbic acid 

(99%) were manufactured by Molychem, 

Mumbai, India, and Normal saline by Unique 

Pharmaceuticals, Sango-Otta, Nigeria. Other 

reagents were all of the analytical grades. 

Care and Management of Experimental 

Animals 

A total of Forty-eight Wistar rats, weighing 

between 120g-140g were purchased and housed 

in the Department of Anatomy animal holdings. 

The rats, fed with standard rat chow (Bendel 

livestock feed, Edo state, Nigeria) and water 

liberally, acclimatized for two weeks before the 

beginning of the experiment. The experimental 

procedures performed on the animals were 

according to the guidelines of the Research 

Ethics Committee of the College of Medical 

Sciences, University of Benin, Nigeria with 

approval number CMS/REC/2023/446. 

Experimental design 

The rats were randomly assigned into six (6) 

different groups (n=8). The experimental 

design was as follows: 

Group A (control) - received 1 ml of normal 

saline  

Group B (Al) - received 100 mg/kg body weight 

(BW) of Aluminium chloride (AlCl3) only.  

Group C (AA1 + AlCl3) - received 100 mg/kg 

BW/day of ascorbic acid (AA) and 100 mg/kg 

BW of AlCl3.  

Group D (AA2 + AlCl3) - received 200 mg/kg 

BW/day of AA and 100 mg/kg BW of AlCl3. 

Group E (AA1) - received 100 mg/kg BW/day 

of AA.  

Group F (AA2) - received 200 mg/kg BW/day 

of AA. 

Rats were pretreated with AA one hour before 

the administration of AlCl3. After 28 days, the 

rats were subjected to the neurobehavioural 

evaluation.  

Evaluation of neurobehavioural activity 

The novel object recognition test was carried 

out in a wooden open box device (80 × 60 × 40 

cm) as previously described [18, 19]. Here, rats 

explored the device for a 2-minute session of 

familiarization on the 27th day of the 
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experiment. On the 28th day, a first 5-minute 

sample trial test (T1) was carried out, with two 

similar objects (named familiar objects FO1 

and FO2) placed at the corners of the box. In the 

second 5-minute test (T2), FO2 presented in T1 

was substituted with a novel object (NO), and 

the exploration times for FO1 and NO were 

recorded. The discrimination between FO1 and 

NO during T2 was determined by equating the 

time spent exploring FO1 and NO. For quality 

control, a discrimination index (DI) was 

calculated as follows: DI = NO−FO1/NO + 

FO1.  

Determination of relative brain weight 

Following the end of the novel object 

recognition test, rats were sacrificed and the 

brains of experimental rats were removed and 

weighed. The relative brain weight was 

expressed as a percentage of the final body 

weight at sacrifice, and the cerebrum was 

dissected out and processed for biochemical 

and histological assessment.  

Evaluation of biochemical parameters 

The cerebrum was homogenized in ice-cold 20 

Mm Tris-HCl buffer (pH 7.4), and the 

homogenate was then centrifuged at 10,000g 

for 10 min at 4°C [20, 21]. The supernatant was 

collected and evaluated for Catalase – CAT 

[22], Superoxide dismutase – SOD [23], 

Glutathione peroxidase – GPx [24], 

Glutathione - GSH [25], Malondialdehyde – 

MDA [26], and Acetylcholinesterase - AChE 

activities [27]. 

Histological evaluation 

After proper fixation of the cerebrum in 10% 

buffered formal saline for 72 h, processing 

through the paraffin wax embedding and the 

Hematoxylin and Eosin staining method was 

done as previously described [28]. 

Statistical analysis 

Analysis of data was carried out using the 

GraphPad Prism Software V9. One-way 

analysis of variance (ANOVA) followed by 

Tukey’s multiple comparisons post hoc test was 

utilized to determine statistical significance (p 

< 0.05). Values are presented as Mean ± 

Standard Error of Mean (SEM). 

Results  

Weight Findings 

Table 1 shows weight parameters across the 

experimental groups. For weight change, whole 

brain, and relative brain weights, a significant 

decrease (p < 0.05) was observed in the AlCl3-

exposed rats when compared to the control. 

However, a significant increase (p < 0.05) was 

observed in the AA-pretreated rats, for whole 

brain and relative brain weights, when 

compared to the AlCl3-exposed rats. No 

significant difference (p > 0.05) was observed 

between the AA-treated rats and control.  

Table 1: Weight parameters across experimental groups.   

Groups Control AlCl3 AA1 + 

AlCl3 

AA2 + 

AlCl3 

AA1 AA2 

Initial BW 

(g)  

126.7 + 

4.22  

131.4 + 

3.21  

126.2 + 

4.41  

128.7 + 

5.23 

127.6 + 

3.24 

131.6 + 

5.15 

Final BW 

(g)  

174.3 + 

3.10   

162.0 + 

2.92  

167.8 + 

7.60   

166.7 + 

3.65   

169.9 + 

4.25   

175.1 + 

5.51   

Weight 

Change (g)   

47.6 + 5.22  30.6 + 2.39 
# 

41.6 + 7.65 38.00 + 

2.38  

42.71 + 

1.58  

43.5 + 2.07  

Whole 

brain  

weight (g)   

1.61 + 0.03  1.31 + 0.07 
# 

1.57 + 0.07 

*   

1.58 + 0.06 

*   

1.69 + 0.06  1.70 + 

0.031   

Relative 

brain 

weight (%)   

0.93 + 0.01  0.81 + 0.04 
#  

0.94 + 0.01 

*   

0.95 + 0.02 

*   

0.99 + 0.02  0.97 + 0.02  

# p<0.05 compared with the control group; * p<0.05 compared with AlCl3 group   
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Neurobehavioural Findings  

Table 2 shows the neurobehavioural findings 

from the novel object recognition test across the 

experimental groups. Here, no significant 

difference (p > 0.05) was observed in the mean 

exploration times for FO1, FO2, and NO. A 

significant decrease (p < 0.05) was observed in 

the total exploration time for T1 and DI in the 

AlCl3-exposed rats when compared to the 

control. However, a significant increase (p < 

0.05) was observed in the AA-pretreated rats, 

for DI, when compared to the AlCl3-exposed 

rats. No significant difference (p > 0.05) was 

observed between the AA-treated rats and 

control.  

Table 2: Neurobehavioural findings across experimental groups.  

Groups Control AlCl3 AA1 + 

AlCl3 

AA2 + 

AlCl3 

AA1 AA2 

FO1 – 1st 

Test (s)  

29.83 + 

2.04 

13.00 + 

3.46 

11.50 + 

7.59 

19.75 + 

6.86 

15.80 + 

5.41 

17.80 + 

7.30 

FO2 – 1st 

Test (s)  

15.33 + 

2.12 

06.67 + 

2.59 

12.50 + 

4.41 

13.75 + 

1.75 

11.86 + 

2.60 

17.43 + 

3.44 

FO1 - 2nd 

Test (s) 

04.17 + 

2.71 

09.33 + 

1.48 

06.60 + 

1.89 

07.20 + 

2.13 

05.80 + 

3.56 

09.25 + 

5.96 

NO   24.17 + 

3.44 

11.50 + 

1.88 

27.40 + 

3.23 

26.00 + 

5.26 

20.00 + 

3.86 

29.00 + 

6.87 

T1 (s) 45.17 + 

3.38 

19.67 + 

5.45 # 

24.00 + 

8.48 

33.50 + 

5.84 

25.80 + 

7.83 

36.50 + 

8.29 

T2 (s) 28.33 + 

6.02 

20.83 + 

3.34 

34.00 + 

4.14 

33.20 + 

7.14 

25.80 + 

7.33 

38.25 + 

11.70 

DI 0.82 + 0.11 0.10 + 0.02 
# 

0.63 + 0.11 

* 

0.63 + 0.10 

* 

0.73 + 0.16 0.67 + 0.20 

# p<0.05 compared with the control group; * p<0.05 compared with AlCl3 group. FO1 – Familiar object 

1; FO2 – Familiar object 2; NO – Novel object; T1 – Total exploration time 1; T2 – Total exploration 

time 2; DI – Discrimination index 

Biochemical Findings 

Table 3 illustrates the activity of antioxidants, lipid peroxidation, and AChE in the cerebrum across 

experimental groups. Here, a significant decrease (p< 0.05) in SOD, CAT, GSH, and GPx as well as a 

significant increase in MDA and AChE was observed in the AlCl3-exposed rats when compared to the 

control. However, a significant difference (p < 0.05) was observed in these parameters in the AA-

pretreated rats following comparison to the AlCl3-exposed rats. No significant difference (p > 0.05) was 

observed between the AA-treated rats and control.  

Table 3: Biochemical findings across experimental groups 

# p<0.05 compared with the control group; * p<0.05 compared with AlCl3 group. 

Groups Control AlCl3 AA1 + 

AlCl3 

AA2 + 

AlCl3 

AA1 AA2 

CAT 

(U/mg) 

31.65 + 

3.37 

08.62 + 

1.61 # 

18.62 + 

1.33 

20.65 + 

2.74 * 

24.61 + 

2.37 

25.49 + 

3.07 

SOD 

(U/mg) 

0.91 + 0.05 0.72 + 0.04 
# 

0.86 + 

0.04* 

0.93 + 0.04 

* 

0.90 + 0.15 0.91 + 0.03 

GPx 

(U/mg) 

57.40 + 

8.25 

18.74 + 

3.03 # 

43.71 + 

2.60 * 

43.57 + 

3.02 * 

52.54 + 

7.21 

52.84 + 

4.08 

GSH (µM) 25.32 + 

2.24 

07.53 + 

2.83 # 

20.09 + 

2.24 * 

19.66 + 

1.62 * 

22.17 + 

3.34 

22.90 + 

2.07 

MDA 

(mmol/mg) 

01.76 + 

0.77 

11.41 + 

2.45 # 

03.55 + 

0.85 * 

04.39 + 

0.82 * 

04.62 + 

0.98 

04.46 + 

0.39 

AChE 

(ìmol/mg) 

29.35 + 

15.72 

508.2 + 

186.0 # 

118.2 + 

26.98 * 

91.27 + 

22.13 * 

47.72 + 

10.56 

36.93 + 

7.01 
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Histological Findings 

Figure 1 shows the histology of the inner 

granular layer of the cerebral cortex across 

experimental groups. Appearing in Figure 1A 

(control) are normal granular cells and typical 

features of the cerebral cortex. In Figure 1B, 

empty vacuoles, cytoplasmic vacuolization, 

and degenerating cell nuclei can be noticed in 

the cortex of the AlCl3-exposed rats. Figures 

1C-D show very sparse degenerating cell nuclei 

in the cortex of AlCl3-exposed rats pretreated 

with AA. Figures 1E-F show normal features of 

the cortex of AA-treated rats comparable to the 

control.  

 

Figure 1: Representative histology of the cerebral cortex (internal granular layer, IV) across 

experimental groups. (A) Control group showing normal granular (G) cells. (B) AlCl3 rats displaying 

empty vacuoles (double arrows) and cytoplasmic vacuolization (V); Degenerating cell nuclei can be 

noticed in the vacuolated neuropil (single arrow). (C&D) AA-Pretreated rats showing relatively normal 

features with few degenerating cell nuclei (single arrow). (E&F) AA-Treated rats showing normal 

features of the cortex. (H&E 400x; Scale bar: 25µm). 

DISCUSSION 

Aluminium is a well-known neurotoxic metal 

implicated in the development and progression 

of neurodegenerative disorders, including 

Alzheimer's disease [29]. Accordingly, this 

study investigated the protective activity of 

ascorbic acid against AlCl3-induced 

neurotoxicity in Wistar rats. Findings from this 

study showed that the AlCl3-exposed rats 

exhibited a significant decrease in body weight, 

whole brain weight, and relative brain weight 

when compared to control. This weight loss 

suggests that aluminium chloride exposure had 

an adverse effect on the overall health and well-

being of the rats. Literature reports indicate that 

aluminium’s effect on weight loss is a rather 

indirect process. For instance, aluminium 

exposure may lead to a loss of appetite, a 

reduction in food consumption, and a 

subsequent decrease in body weight. In 

addition, aluminium can interfere with various 

metabolic processes in the body, thus affecting 

the absorption and utilization of essential 

minerals and nutrients, leading to imbalances in 

the body's energy metabolism and ultimately 

weight loss [30, 31]. The findings from this 

study align with previous reports demonstrating 

that AlCl3 exposure causes weight loss in 

experimental animals [4, 32, 33]. However, 

pretreatment with ascorbic acid mitigated the 

AlCl3-induced weight loss in the rats, thus 

suggesting that ascorbic acid exerted a 

protective effect. 

The Novel Object Recognition test is a valuable 

tool for assessing cognitive function and 

memory [34]. This test measures a rodent's 

ability to recognize and remember new or novel 

objects. Various cerebral regions are involved 

in memory [35], and the proper functioning of 

these cerebral areas is crucial for the encoding 

and retrieval of recognition memory. In this 

study, the total exploration times and the 

discrimination index showed a significant 

decrease in the AlCl3-exposed rats when 

compared to control, thus indicating impaired 

cognitive function. The discrimination index 

serves as a valuable indicator of cognition, 

gauging proficiency in distinguishing between 

diverse stimuli, either objects or signals [36]. 

This metric quantifies the aptitude for precise 
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discrimination and categorization, particularly 

in contexts intertwined with memory and the 

processes of learning. The findings are 

consistent with earlier studies that have 

reported lowered discrimination index and 

cognitive deficits in aluminium-exposed 

animals [5, 37]. Conversely, ascorbic acid-

pretreated rats exhibited a significant increase 

in the discrimination index following 

comparison to the AlCl3-exposed rats. The 

improvements in cognitive function in the 

ascorbic acid pretreated rats suggest a potential 

neuroprotective effect of ascorbic acid which 

aligns with reports demonstrating the cognitive-

enhancing properties of antioxidants [38, 39]. 

Antioxidant enzymes play a significant role in 

maintaining the health and proper functioning 

of the brain. Antioxidant enzymes play a pivotal 

role in defending cells and tissues against the 

harmful effects of oxidative stress by 

neutralizing free radicals and reactive oxygen 

species. The brain is highly vulnerable to 

oxidative stress due to its high oxygen 

consumption and abundant lipid content, 

making it reliant on efficient antioxidant 

defences [40]. SOD acts as a crucial defence 

against highly reactive superoxide radicals by 

catalyzing the dismutation of superoxide 

radicals into oxygen and hydrogen peroxide 

[41]. CAT is essential in breaking down 

hydrogen peroxide produced into less harmful 

oxygen and water molecules [42]. High levels 

of hydrogen peroxide can lead to oxidative 

stress, which can damage brain cells and impair 

brain function. GPx is critical for the reduction 

of hydrogen peroxide to water and lipid 

hydroperoxide to corresponding alcohols using 

GSH as an electron donor [43], thus protecting 

the neuronal cell membranes from oxidative 

damage. Findings from this study showed that 

AlCl3-exposed rats exhibited a significant 

decrease in SOD, CAT, GPx and GSH when 

compared to the control, thus indicating an 

impairment in antioxidant activity. These 

results are consistent with previous studies 

demonstrating that aluminium exposure can 

disrupt antioxidant defences, leading to 

oxidative stress [5, 32, 44]. However, ascorbic 

acid pretreated rats showed a significant 

increase in these antioxidant enzymes 

following comparison to the AlCl3-exposed 

rats, suggesting that ascorbic acid enhances the 

activity of antioxidants and protects against 

AlCl3-induced disruption of antioxidant 

defences. In addition, AlCl3-exposed rats 

exhibited a significant increase in MDA 

concentration when compared to the control. 

These findings are consistent with previous 

studies demonstrating aluminium-induced lipid 

peroxidation in the brain [4, 44]. However, 

ascorbic acid pretreated rats showed a 

significant decrease in MDA when compared to 

the AlCl3-exposed rats, suggesting that ascorbic 

acid may protect against AlCl3-induced 

oxidative damage to lipids.  

AChE is an enzyme that breaks down 

acetylcholine, a neurotransmitter essential for 

cognitive processes, particularly learning, 

memory, and attention [45]. Dysregulation of 

acetylcholine levels due to changes in AChE 

activity can influence cognitive function. In 

conditions like Alzheimer's disease, for 

instance, increased AChE activity can lead to 

reduced acetylcholine levels contributing to 

cognitive impairment [46]. Elevated AChE 

activity causes a rapid breakdown of 

acetylcholine and prevents its accumulation in 

the synaptic cleft [45]. Consequently, there is a 

shorter duration of acetylcholine's action and a 

reduction in the availability of acetylcholine for 

nerve signal transmission. Findings from this 

study showed a significant increase in AChE 

concentration in the cerebrum of AlCl3-exposed 

rats when compared to the control. These 

findings are consistent with previous studies 

demonstrating increased AChE activity 

following aluminium exposure [46, 47]. On the 

other hand, ascorbic acid-pretreated rats 

exhibited a significant reduction in AChE 

activity when compared to the AlCl3-exposed 

rats, suggesting that ascorbic acid may improve 

cognitive function via the preservation of 

acetylcholine levels in the brain possibly 

through its antioxidant properties. Histological 

analysis of the cerebral cortex revealed 

significant morphological changes in the AlCl3-

exposed rats, these include several cytoplasmic 

vacuolization and degenerated neuronal cell 

bodies and nuclei, thus indicating neuronal 

damage. These alterations are reported to be 

associated with excessive reactive oxygen 

species production and endoplasmic reticulum 

stress, ultimately leading to cell death [48]. 

These findings are consistent with previous 

studies demonstrating alterations in the 

histology of the brain following aluminium 

exposure [4, 5, 32, 49]. However, in the 

ascorbic acid pretreated rats, there were 
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significantly fewer alterations in the cortex 

when compared to the AlCl3-exposed rats, 

suggesting a protective effect of ascorbic acid 

against AlCl3.   

Taken together, results from this study show 

that ascorbic acid attenuates AlCl3-induced 

cerebral toxicity primarily through its potent 

antioxidant and anticholinesterase activity. This 

suggests that ascorbic acid may be useful in the 

development of novel therapeutic agents 

relevant to the management and treatment of 

AlCl3-associated disorders such as dementia 

and Alzheimer’s disease.  
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