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Abstract

Neurotoxicity is a form of toxicity in which a biological, chemical, or physical agent produces an adverse effect on the
structure or function of the central and/or peripheral nervous system. This study was conducted to evaluate the
neurooprotective effect of aluminium chloride induced neuroyoxicity in rats. Fourty rats used in this study were divided
into two groups: control group, rats were received normal laboratory diet all over the period of the experiment for 8
weeks, aluminum chloride protective group received (i.p) injection of AICI3 daily at dose (300mg/kg).. The results
revealed that injection of AICI3 affected on oxidative stress markers. Where, levels of malondialdehyde (MDA),
myeloperoxidase (MPO), total antioxidant capacity (TAC) and nitric oxide (NO) were significantly increased and AICI3
also reduced superoxidase dismutase (SOD), glutathione peroxidase (Gpxas), catalase (CAT) and glutathione (GSH). It
can be concluded that AICI3 caused brain oxidative damage.
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containing aluminum such as particulate matter
INTRODUCTION resulting from cement factories expose the population
residing near them to occupational airborne Al
particulates [4]. Moreover, exploitation of bauxite
mines and acid rain can cause the flux of large amounts
of Al salts from insoluble minerals, increasing the risk
of human contact with Al. Therefore, further research
on the mechanism of Al-induced neurotoxicity is
necessary to avoid the hazardous effects of Al [5].

Neurotoxicity refers to the direct or indirect
effect of chemicals that disrupt the nervous system of
humans or animals. Numerous chemicals can produce
neurotoxic diseases in humans, and many more are used
as experimental tools to disturb or damage the nervous
system of animals. Some act directly on neural cells,
others interfere with metabolic processes on which the
nervous system is especially dependent. Some disrupt
neural function, others induce maldevelopment or
damage to the adult nervous system. Perturbations may
appear and disappear rapidly, evolve slowly over days
or weeks and regress over months or years, or cause
permanent deficits. Neurotoxicity is usually self-
limiting after exposure ceases and rarely progressive in
the absence of continued exposure, although there may
be a significant delay between exposure and
manifestation of neurotoxic effects [1].

Aluminum is categorized as a neurotoxin
which has hazardous effects on the development of the
brain, prenatally or postnatally, in humans and
experimental animals [6]. It has been reported that the
excessive Al intake for long time causes
neuroinflammation and deficits in cognitive functions.
Neuroinflammation alters dendritic spines density,
which, in turn, influences cognitive function [7].
Aluminum can cross the blood brain barrier and
accumulate in brain tissues [8] with the highest

Aluminum (Al) is widely distributed in the concentrations in the hippocampus [9].

environment representing the third prevalent element in
the earth’s crust [2]. The massive daily life use of Al
permits easy exposure to human beings from
compounds used in utensils, food additives, water
purifiers and pharmaceuticals [3]. In addition, the
contamination of the environment with compounds
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MATERIAL AND METHODS
Chemicals

Aluminium Chloride was purchased from
Sigma—Aldrich, St. Louis, MO, USA.

Animals

All experiments were approved by the Ethical
Committee of Faculty of Veterinary Medicine, Benha
University. Fourty male Wistar albino rats (150 + 20g)
were supplied by the animal house of Faculty of
Veterinary Medicine, Benha University, Egypt. They
were acclimatized in our animal facility for one week
under controlled environmental conditions before the
experiment. Fresh daily supplies of food and tape water
were served ad libitum.

Experimental protocol

Rats were randomly divided into two groups
(20 each) and treated for 8 consecutive weeks. Control
group: normal rats received saline i.p once daily and
considered as a control normal group. AICI3 group: rats
received AICI3 (300 mg/kg, i.p.) once daily for
induction Neurotoxicity [10].

Sampling

Blood samples and brain tissue specimens
were collected after overnight fasting from all animal
groups twice along the duration of experiment after (4
and 8 weeks).

Blood samples

Rats were fasted overnight then, blood samples
collected from retro-orbital venous plexus of eyes in
clean dry tubes and incubated for 30 min at room
temperature to allow clotting for serum separation then
centrifuged at 3000 rpm for 15 min, the clean clear
serum aspirated by automatic micropipettes, received in
dry sterile eppendorf tubes and kept in deep freezer (-20
°C) until used for biochemical analysis.

Tissue samples
After blood samples collected 10 rats from
each group were sacrificed by decapitation, the brain

was rapidly excised and clean by rinsing with ice-cold
isotonic saline to remove any blood cells and clots, then
put it between 2 filter papers and quickly stored in a
deep freezer at temperature (-20°C) for biochemical
analysis.

Preparation of brain homogenate

After two freeze-thaw cycles were performed
to break the cell membranes the homogenates were
centrifuged for 5 minutes at 5000 r.p.m to separate the
supernatant. The supernatant was used for
determination of SOD, TAC,MDA,GSH,MPO,GPxas,
and CAT as an oxidative stress markers [11-14].

STATISTICAL ANALYSIS

First, all data were tested for normality and
homogeneity. Then, one way analysis of variance used
to determine the statistical significance of differences
among groups followed by Duncan's test as post hoc for
making a multiple comparisons using the Statistical
Package for Social science Software (Version 25, SPSS
Inc., and Chicago, IL, USA). The values were
expressed as the mean + standard error of the mean. A
significant difference was used at the 0.05 probability
level.

RESULTS

The obtained data demonstrated in figure (1)
revealed that, administration of AICl; to normal rats
exhibited a significant decrease in CAT, SOD and GPx
activities compared with control group. Moreover,
administration of AICl; to normal rats exhibited a
significant increase in MPO activity when compared to
control group.

The obtained data demonstrated in figure (2)
revealed that, administration of AICI; to normal rats
exhibited a significant decrease in GSH concentration
compared with control group. Moreover, administration
of AICI; to normal rats exhibited a significant increase
in TAC and MDA concentration when compared to
control group.
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Fig-1: Effect of AICI; on brain antioxidant enzymes

® Control Group

W AICI3 Group

W Control Group

W AICIS Group

© 2020 |Published by Scholars Middle East Publishers, Dubai, United Arab Emirates




Hussein A Abdel Maksoud et al., Sch Int J Biochem, October, 2020; 3(10): X

12.00 80.00
70.00
10.00 £
£ 60.00
Q 8.00 £ 50,00 |
o
T 6.00 m Control Group § 4000 - = Control Group
(o3
& m AICI3 Group & 30.00 - m AICI3 Group
4.00 8
§ 2000 -
2.00 S 000
0.00 - 0.00 1
4 Weeks 8 Weeks 4 Weeks 8 Weeks
100.00 14.00
g 2000 T 12.00
S 80.00 -
© c
5 7000 | § 1000
] ®
g 6000 - £ o
c c 8
S 5000 m Control Group g m Control Group
< £ 6.00
g 40.00 + m AICI3 Group ] m AICI3 Group
2 3000 2 400
£ 2000 - 500
10.00 - |
0.00 1 0.00 -
4 Weeks 8 Weeks 4 Weeks 8 Weeks
Fig-2: Effect of AICI; on brain antioxidant enzymes
DISCUSSION death. Also, [19] reported that a significant increase in

The obtained data in figures (1, 2) revealed
that, injection of AICI3 to normal rats exhibited a
significant increase in TAC, MDA, MPO and NO and
significant decrease in SOD, GSH, GPxas and CAT
when compared with control group.

These results were nearly similar to the
reported studies of [15] who reported that, Brain
homogenate SOD, GPxas and CAT were significantly
decreased after injection of AICI3 at a dose of 34 mg/kg
compared with control group. Also, [16] concluded that
Brain homogenateGPxas was significantly decreased
after injection of AICI3 at a dose of 50 mg/kg.

The decline in Brain homogenate SOD, GPxas
and CAT after treatment with aluminium chloride
(AICI3) was mainly due to the result of a reduced
synthesis of the enzyme proteins as a result of higher
intracellular concentrations of aluminium [17].

GSH is decreased in the brain of rats exposed
to Al In addition, [18] who reported that
intrahippocampal injections of AICI3 in wistar rats
induced significant increase in nitric oxide and
malondialdehyde concentrations and reduced the
glutathione contents at 3hrs and 30 days after treatment.
Furthermore [16] reported that Chronic administration
of AICI3 caused marked oxidative stress, which led to
decrease in the antioxidant enzyme (SOD, CAT, and
GSH ) activities compared to control animals and MDA
levels were found to be significantly increased
compared to control animals due to an inhibition of
superoxide dismutase (SOD) and catalase (CAT)
activities in the brain). Thus resulting in a substantial
increase in the rate of phospholipid peroxidation in
brain cells, leading to membrane damage and neuron

MDA and NO level caused by AICI3 in the three
studied brain regions to non-significant changes as
matched with the control value and [20] reported
thatAluminum-treated rats exhibited a significant
decrease in CAT levels,SOD, and GPxas activities in
hippocampus and cortex incomparison to controls.

Oxidative stress is defined as increased
production of reactive oxygen species (ROS) that are
not sufficiently removed due to impaired anti-oxidative
mechanisms, which leads to progressive organ failure.
Due to their high reactivity, ROS easily react with the
essential molecules (proteins, lipids, DNA) and are
involved in the transmission of response signal, e.g. to
growth factors or cytokines [21].

Aluminiumis a ubiquitous metal and has been
implicated in the etiology of Alzheimer’s disease where
it exacerbates brain oxidative damage. Based on the
available evidences AICI3 is considered as a putative
etiological factor in a range of neurodegenerative
disorders for many decades. Also, AICI3 accelerates
iron mediated LPO and causes marked oxidative [22].

AICI3 accelerates iron mediated LPO and
causes marked oxidative damage by increasing the
redox active iron concentration in the brain. Increased
oxy-radicals and loss of cellular homeostasis cause
oxidative stress that lead to neurotoxicity [9]. Highly
reactive and harmful chain reactions of oxygen species
are generated; causing damage to living organism;
reactive oxygen including superoxide free radical,
hydrogen peroxide, hydroxyl free radical and singlet
oxygen play a key role in the oxidative damage of
different disease [23]. This in turn resulted in DNA
mutation, protein inactivation, rapid peroxidation and
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cell death. The oxidative damage caused by free radical
is related to pathogenesis of much chronic degenerative
disease like cancer, diabetes, neurodegenerative
disease, atherosclerosis, cirrhosis, malaria and AIDS
[24].

An imbalance in oxidant-antioxidant status is
characterized by an increase in LPO and a decrease in
antioxidant enzymes. Current study, AICI3 resulted in
distinct oxidative stress as indicated by increase in
LPO. MDA production is assessed commonly as an
indicator of LPO [25]. Earlier studies shows that
increased oxidative stress upon Al induction attack
almost all cell components thereby producing LPO.
Studies in the past have attributed the LPO attenuating
effects of fig leaves extract [26], which supports our
present findings and proving its potential antioxidant
ability. Taken together, our results explain that AICI3
promotes oxidative stress by decreasing the activity of
free radical-scavenging enzymes, a biological effect
confirmed by increasing the levels of LPO.

CONCLUSION

The findings of this study indicate that AICI3
one of the causes of neurotoxicity. This neurotoxicity
effect of AICI3 may be attributed to the antioxidant.
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