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Abstract

Aluminum chloride (AlCls), known for its neurotoxic properties, disrupts the hippocampus's structure
and operations, including its capacity for neurogenesis, ultimately resulting in cognitive and memory
deficiencies. Ascorbic acid (AA) is a key antioxidant that plays an essential role in numerous
physiological processes. Accordingly, this study investigated the antioxidant and anticholinesterase
activity of AA in the hippocampus of Wistar rats treated with AlCls. Wistar rats were divided into six
equal groups (n=8) as follows: Group A (control); Group B (100 mg/kg body weight [bw] of AICl; only);
Group C (100 mg/kg bw of AA and 100 mg/kg bw of AICl3); Group D (200 mg/kg bw of AA and AlCls);
Group E (100 mg/kg of AA); Group F (200 mg/kg bw of AA). Thereafter, neurobehavioral, antioxidant,
and acetylcholinesterase (AChE) activity as well as lipid peroxidation and histology of the hippocampus
were assessed. The results showed a significant impairment (p<0.05) in neurobehavior and antioxidant
enzymes activity compared to control. Also, elevated lipid peroxidation and AChE were observed in the
hippocampus of the AICl3 group whereas in the control and pre-treated AA groups, there was a
significantly lower (p<0.05) lipid peroxidation and AChE activity. Histological findings showed
structural alterations in the hippocampus of rats treated with AICls, while the pre-treated AA groups
showed similar morphology to the control. Conclusively, AA mitigated AICls toxicity via its potent
antioxidant and anticholinesterase effects.

Keywords: Aluminium; Hippocampus; Ascorbic Acid; Vitamin C; Acetylcholinesterase

INTRODUCTION

Aluminium is an abundant metal that is known to constitute approximately 8% of the earth's
crust (Laabbar et al., 2014). Reports indicate that humans get exposed to aluminium via
various food items, medications, antacids, purification of drinking water, kitchenware, guns,
and automobiles (Krewski et al., 2007). Aluminium and its compounds can reach systematic
circulation through various ways such as dermal absorption, ingestion, and intramuscular
injection (Laabbar et al., 2014). Aluminium chloride (AlCl3) is known to be a potent neurotoxic
agent both in human beings and animals potentially due to its interaction with metabolic
enzymes involved in different mechanisms (Liaquat et al., 2019).

AlCl; compromises the integrity of the blood-brain barrier and enters into the brain to cause
substantial impairment to the nervous system (Song et al., 2008). Reports indicate that it is
harmful to the developing brain during the prenatal or postnatal stages (Dérea, 2015; Inohana
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et al., 2018). Prolonged exposure to AlCl; has been linked to neuroinflammation and cognitive
function deficits. Neuro-inflammation can lead to changes in the density of dendritic spines,
which in turn can impact cognitive function (Cao et al., 2016). Multiple studies show that AlCls
induces oxidative stress in the brain owing to the generation of reactive oxygen species (ROS),
which overwhelm the antioxidant mechanisms (Ebhodaghe and Enogieru, 2024; Ogunlade et
al., 2022). Studies have demonstrated that prolonged exposure to AICl; causes an
accumulation of aluminium in several regions of the brain, including the hippocampus. The
hippocampus is responsible for learning and memory, and the accumulation of aluminium in
this region can impact its synaptic plasticity (Bittencourt et al., 2022). However, antioxidants
have demonstrated encouraging neuroprotective properties against metabolic (Enogieru et
al., 2015; Momodu et al., 2014) and neurodegenerative conditions (Enogieru et al., 2021;
Omoruyi et al., 2019) associated with oxidative stress, inflammation, and apoptosis.

Ascorbic acid is generally known as vitamin C and is a water-soluble antioxidant. It is
naturally found in various plants including broccoli, citrus fruits, blackcurrants, and
strawberries (Ali et al., 2024). Due to its antioxidant properties, many different health
conditions, such as diabetes, allergies, cardiovascular diseases, neurodegenerative disorders,
and infectious diseases, have been documented to show improvements with the use of
ascorbic acid (Ali et al., 2024). In addition to its capacity to prevent apoptosis triggered by
oxidative stress, ascorbic acid primarily exerts its neuroprotective effects through its
antioxidant properties (Ebhodaghe and Enogieru, 2024; Nam et al., 2018). Ascorbic acid helps
reduce oxidative cell death and mitigates levels of intracellular ROS and inflammatory
biomarkers (Gegotek and Skrzydlewska, 2022).

Previous studies have also demonstrated that ascorbic acid offers neuroprotection against
ischemia and excitotoxicity through multiple pathways (Mudgal et al., 2023). However, few
reports demonstrate the antioxidant and anticholinesterase activity of ascorbic acid in the
hippocampus of aluminium chloride-exposed rodent models. Accordingly, this study aimed
to investigate such activity in adult Wistar rats.

METHODOLOGY

Chemicals
Aluminium chloride (98%) and L-ascorbic acid (99%) were manufactured by Molychem,
Mumbai, India.

Study Anaimals & Treatment Protocol

Forty-eight Wistar rats, between 123 g-132 g were procured and kept in the Department of
Anatomy animal house for a two-week acclimatization period. The experiment was approved
by the Research Ethics Committee, University of Benin, Nigeria (CMS/REC/2023/446). The
rats, fed with normal rat chow, obtained from Bendel livestock feed, Edo state, Nigeria, were
randomly assigned into six (6) different groups (n=8), and treated as follows:

Groups Treatment

A (control) 1 ml of normal saline

B (Al) 100 mg/kg body weight (bw) Aluminium chloride (AlICl3)
C (AA1 + AICly) 100 mg/kg bw ascorbic acid (AA) and 100 mg/kg bw AICl;
D (AA2 + AICls) 200 mg/kg bw AA and 100 mg/kg bw of AICl3

E (AA1) 100 mg/kg bw AA

F (AA2) 200 mg/kg bw AA

AA pretreatment was done one hour before the administration of AlCls.
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Evaluation of neurobehavioural activity

After 28 days, the rats were subjected to the Y-maze neurobehavioural evaluation. This test is
often utilized to evaluate cognitive changes in experimental animals (Enogieru and Omoruyi,
2022). Parameters such as total alternations, total arm entries, and spontaneous alternations
were evaluated. The percentage of alternation was derived from the total of alternations
/[total arm entries -2x100] (Enogieru and Inegbedion, 2022; Usen and Enogieru, 2023).

Assessment of biochemical parameters

The hippocampi were homogenized in ice-cold 20 Mm Tris-HCl buffer (pH 7.4), and the
homogenate was then centrifuged at 10,000 g for 10 min at 4°C (Enogieru and Iyoha, 2023).
The supernatant was obtained and evaluated for Superoxide dismutase - SOD (Misra and
Fridovich, 1972), Catalase - CAT (Cohen et al., 1970), Acetylcholinesterase - AChE (Ellman et
al., 1961) Glutathione peroxidase - GPx (Nyman, 1959), Malondialdehyde - MDA (Buege and
Aust, 1978), and Glutathione - GSH (Ellman, 1959) activities.

Histological evaluation

The hippocampi were fixed in 10% buffered formal saline for seventy-two hours, and the
Hematoxylin and Eosin staining method was utilized for further processing (Drury and
Wallington, 1980).

Statistical analysis

Data analysis was done using the GraphPad Prism Software V9. One-way analysis of variance
(ANOVA) and Tukey’s multiple comparisons post hoc test were employed to ascertain
significance (p < 0.05). Values are presented as Mean + Standard Error of Mean (SEM).

RESULTS

Neurobehavioural Findings

A substantial decrease (p<0.05) was noticed in the number of total alternations, total arm
entries, and spontaneous alternations in the AlCls-treated rats following comparison to control
(Figure 1). Conversely, the pre-treated groups (AAI+AICl; and AA2+AICl;) displayed a
significant increase (p<0.05) in the number of total and spontaneous alternations following
comparison to the AlCl:-treated rats. For the total of arm entries, only the pre-treated group
(AA2+AICL) had a substantial increase (p<0.05) following comparison to the AlCl:-treated
rats.
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Figure 1: Neurobehaviour across experimental groups.
# p<0.05 compared with the control group; * p<0.05 compared with AICl3-group.

Biochemical Findings
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A substantial decrease (p<0.05) in SOD, CAT, GPx, and GSH as well as a noteworthy increase
(p<0.05) in MDA and AChE was noticed in the AlCls-treated rats following comparison to
control. However, the pre-treated groups (AAI+AICl; and AA2+AICl;) showed a substantial
increase (p<0.05) in SOD, CAT, and GPx as well as a substantial decrease in MDA and AChE
following comparison to the AICls-treated rats. For GSH, only the pretreated group
(AAI+AICL) had a substantial increase (p<0.05) following comparison to the AlCl:-treated

rats.
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Figure 2: Biochemical findings across experimental groups.
# p<0.05 compared with the control group; * p<0.05 compared with AICl;-group.
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Histological Findings
PlatelA displays the standard structure of the pyramidal cells and astrocytes of the CA1
region of the hippocampus. PlatelB shows atrophy and vacuolated pyramidal cells and
astrocytes as a result of the administration of AlCl;. Plate1C-D reveals fewer vacuolations and
normal pyramidal cells due to the pretreatment with AA when compared to the AICI:-
exposed rats. Noticed in AA-treated rats are normal pyramidal cells and astrocytes having
s1m11ar morphology followmg comparison to control (PlatelE—F)

Platel: Hlppocampus CA1 across experimental groups ( ) Control - normal pyrarmdal cells [arrows] and
astrocytes [circles]. (B) AlICl3 group - atrophy and vacuolated pyramidal cells [curved arrows] and astrocytes
[transparent arrows] (C) AAI+AICI3 group - dilation of blood vessel (asterisk), and few vacuolations [curved
arrows] and normal pyramidal cells (D) AA2 +AICl; group (E) AA1 group (F) AA2 group (H&E; 400x; Scale bar:
25pm)

DISCUSSION

This study evaluated the antioxidant and anticholinesterase activity of ascorbic acid in the
hippocampus of rats exposed to AICls. The hippocampus is important to learning, memory,
and behavioral responses, and it is particularly susceptible to oxidative harm. The Y-maze is
a test used for evaluating spatial working memory in rodents and is routinely employed to
assess cognitive impairment. This test involves the utilization of spontaneous alternation
behaviour displayed by rodents, which acts as an indicative measure of their cognitive ability.
This is achieved by permitting rodents to move around all three arms of the maze due to the
natural inclination of rodents to explore new areas (Kraeuter et al., 2019). In this study, a
significant reduction in spontaneous alternation was noticed in rats exposed to AlCls, thus
indicating impaired cognition; this is in agreement with previous studies demonstrating
cognitive impairment following exposure to AICl; (Mohapatra et al., 2022; Usen and Enogieru,
2023). On the contrary, a significant rise was observed in the ascorbic acid-pretreated rats
following comparison to the AlCls-treated rats. This agrees with previous reports
demonstrating that treatment with ascorbic acid improves cognitive impairment (Ebhodaghe
and Enogieru, 2024; Zamani et al., 2012).

Exposure to AICls; leads to oxidative stress through the buildup of reactive oxygen species
(ROS) which results in the disturbance of the lipid bilayer, harm to nucleic acids, and the
denaturation of proteins, subsequently triggering the initiation of neuronal cell death in the
brain (Suryavanshi et al., 2022). Antioxidants are substances that hinder the process of
oxidation. Antioxidants operate by scavenging free radicals within cellular environments,
thus preventing cell and tissue damage due to oxidation (Chaudhary et al., 2023; Enogieru
and Momodu, 2021). Findings from this study show a significant reduction in SOD, CAT,
GSH, and GPx activities in the hippocampus of AlCls-treated rats following comparison to the
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control rats. This demonstrates that AICl; can cause oxidative stress by inhibiting antioxidant
activity. This agrees with previous findings that AICl; inhibits antioxidant activities (Auti and
Kulkarni, 2019; Ebhodaghe and Enogieru, 2024). The diminished protection provided by
antioxidants can occur due to AlICls's inhibitory impact on several enzymes, consequently
causing enhanced cellular susceptibility to oxidative stress. However, a significant increase
was observed in the antioxidant activities of ascorbic acid-pretreated rats, thus demonstrating
a protective activity against AlCls. These are in agreement with earlier reports demonstrating
that ascorbic acid is capable of enhancing antioxidant activities (Ebhodaghe and Enogieru,
2024; Gegotek and Skrzydlewska, 2023). Lipid peroxidation can be induced by the interaction
of ROS and polyunsaturated fatty acids of lipid membranes. Malondialdehyde (MDA) acts as
a constant final product of lipid peroxidation, making it a suitable indicator for assessing the
overall extent of lipid peroxidation. A significant increase in MDA level in the hippocampus
of AlCl:-treated rats was observed following comparison to control rats signifying a high level
of lipid peroxidation in agreement with earlier findings (Abayomi et al., 2021; Ebhodaghe and
Enogieru, 2024). On the other hand, a substantial decrease was noted in the hippocampal
MDA level of the ascorbic acid pre-treated rats in agreement with previous reports
demonstrating that ascorbic acid decreases MDA levels (Abayomi et al., 2021), thus
highlighting ascorbic acid’s ability to protect against AICl-induced oxidative stress.

Acetylcholinesterase (AChE) is a cholinergic enzyme situated at the postsynaptic
neuromuscular junction. It enzymatically breaks down acetylcholine into acetic acid and
choline, causing a deactivation of acetylcholine (ACh) and regulating its levels at the synapse.
Findings showed a significant increase in the AChE activity of AlCl:-only rats following
comparison to control rats. The increase in AChE indicates that anti-cholinesterase activity
was decreased in the hippocampus of AlCls-only treated rats, ultimately leading to a decrease
in acetylcholine concentration in the hippocampus. This agrees with earlier reports indicating
that aluminium increases the activity of AChE (Ebhodaghe and Enogieru, 2024; Senger et al.,
2011). The increase in AChE activity caused by AlICl; may result from an allosteric interaction
between the cation (Al*?) and the anionic sites of the AChE enzyme which leads to changes in
the secondary structure of AChE in the hippocampus further causing memory and learning
deficiencies (Kaizer et al., 2005). Nevertheless, a significant reduction in the AChE activity in
the pre-treated rats was noted following comparison to the AlCls-only rats. The significant
decrease in AChE in the pre-treated rats indicates that anti-cholinesterase activity was
significantly upregulated in the hippocampus of ascorbic acid-pretreated rats. The increased
anti-cholinesterase activity in the groups pre-treated with ascorbic acid may be attributed to
its ability to regulate synaptic plasticity through its positive impact on neuronal signaling
within critical cellular processes, and its potency as an antioxidant as previously reported
(Zugno et al., 2013). Also, histological findings showed that control rats displayed normal
hippocampal CA1 architecture. However, AlCls-treated rats showed alterations in the typical
histological arrangement of the hippocampus. These alterations include atrophy and
vacuolation of pyramidal cells and astrocytes in the hippocampus. These morphological
alterations align with previous studies demonstrating that oral administration of Aluminium
chloride could result in brain damage, which may have the potential to impair memory and
learning, resembling the effects noticed in Alzheimer's disease (Anwar et al., 2021; Zhao et al.,
2020). In ascorbic acid pre-treated rats, the histology of the hippocampus showed improved
morphology with fewer vacuolations and normal pyramidal cells following comparison to
the AlCls-treated rats. This indicates that ascorbic acid mitigated the AlCls-induced atrophy
and vacuolation in pyramidal cells and astrocytes, thus indicating protective activity.
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CONCLUSION
Altogether, these findings suggest that Ascorbic acid effectively mitigated the toxicity of AlCl;
in the hippocampus of Wistar rats, possibly due to its strong antioxidant and
anticholinesterase properties. Further investigations are encouraged to thoroughly examine
other mechanisms by which Ascorbic acid provides neuroprotection against Aluminium
chloride toxicity.
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