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This study aimed to investigate the protective effect of vitamin E
(VitE) on aluminum chloride (AlCl3) induced neurotoxicity in male
rats. Twenty six Wistar albino rats were divided into three groups
including; normal control group (n=6), Alzheimer’s disease (AD)
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assays along with histological examination were performed. The
AlCl3 administration affected the brain structure and functions

as it significantly decrease TAC (P < 0.001) and significantly increase AchE, CRP and
MDA levels (P < 0.001). VitE administration, significantly enhanced the AD-reduced
TAC levels (P < 0.001) and significantly decrease AchE, MDA and CRP levels (P < 0.001,
P < 0.05, P < 0.001 respectively). Administration of VitE remarkably attenuated the
AD-induced damage in hippocampus and congestion in the blood vessels of the cerebrum.
KEYWORDS: vitamin E, aluminum chloride, acetylcholinesterase.
1. INTRODUCTION
Alzheimer’s disease (AD) is the most common neurodegenerative disease in elders which
characterized by loss of cognitive functions associated with pathological changes in the
brain.[1] Alzheimer’s disease is associated with microtubule dysfunction and characterized by
the appearance of specific cytoskeletal cellular abnormalities, which are associated with
cognitive impairment.[2] These cognitive disabilities include the impairment of behavior,
visual-spatial skills, speech and motor ability, depression, delusions, hallucinations,
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aggressive behavior and ultimately, increasing dependence upon others before death.[3]
Aluminum (Al) exposure has been implicated in the development of AD[4], Animal
studies have shown that Al exposure causes neuropathological and neurobehavioral
changes resulting in impaired learning ability; thus, Al can be used as an experimental
model for inducing AD.[5] Al exposure could produce inflammation in a rat brain.[6]
Neuropathological evidence suggests that the accumulation of amyloid-b (Ab) peptides in
the brain is a key event in the pathophysiology of AD. Amyloid fibrils are an ordered protein
aggregate with a lamellar cross-beta structure.[7]
The hippocampus, a key region of the medial temporal lobe, is a frequent target in many
neurological diseases and most forms of dementia. It is well established that damage to the
hippocampus accounts for many of the cognitive deficits observed in AD, particularly those
concerned with long term memory.[8]
AD is caused by reduced synthesis of the neurotransmitter acetylcholine (ACh).[9]
Acetylcholinesterase inhibitors (AChEIs) increase the availability of ACh through inhibition
of its destruction, hence an enhancement of cholinergic transmission in the brain
and improvement in the symptoms of AD.[10]
Colchicine is a microtubule-disrupting agent that produces marked destruction of
hippocampal granule cells, mossy fibers and septoippocampal pathways. It induces
neurofibrillary degeneration by binding to tubulin, the structural protein of the
microtubule, which is associated with loss of cholinergic neurons and decrease in
acetylcholine transferase, thereby, resulting in impairment of learning and memory.
Colchicine-induced cognitive impairment has been established as an animal model of
sporadic dementia of Alzheimer’s type.[11]
Oxidative stress, due to increased free radical generation and impairment of the
endogenous antioxidant mechanisms, is an important factor that has been implicated
in neuronal damage of AD and cognitive deficits seen in elderly.[12] Traditionally, Alpha
tocopherol (vitamin E) major function appears to be as an antioxidant that prevents
the propagation of free-radical reactions, results from recent studies provide a role of
vitamin E as neuroprotective effects and prevents neuronal apoptosis significantly.[13]

www.wjpr.net

Vol 4, Issue 10, 2015.

125

El-Nahrery.

World Journal of Pharmaceutical Research

2. Aim of the work
Therefore, the aim of the present work was to investigate and assess the possible neuroprotective effect of the active form of vitamin E in AlCl3 induced AD in rats.
3. MATERIALS AND METHODS
3.1. Materials


Chemicals

AlCl3 were purchased from Laboratory Rasayan Co (Germany).


Animals and protection

Wistar albino rats, weighing 150–200 g, were obtained from the animal house colony of the
National Research Center, Cairo, Egypt. . They were housed in polypropylene cages (with
stainless steel grill top) under hygienic and standard environmental conditions (28±
2°C, humidity 60–70%, 12 h light/dark cycle). The rats were allowed a standard diet and
water ad libitum. The experiment was carried out according to the guidelines of the
Committee for the Purpose of Control and Supervision of Experiments on Animals
and approved by the Institutional Animal Ethical Committee of the Ain shams university


Groups

A total number of 26 adult rats with a weight range between 150 gm and 200 gm, rats
were classified into 3 main groups.
Group I (n= 10): {AD-induced rats (AD)} received 1 ml AlCl3 (100mg/kg body weight /
day orally) for 12 weeks,
Group II (n= 10): {AD- induced protected with Vitamin E (AD-Vit E)} received 1 ml
AlCl3 (100mg/kg body weight / day orally) and 1 ml vitamin E (300 I.U /kg body weight /
day orally) at the same time for 12 weeks
Group III (n= 6): {normal control group} received 1 ml H2O served as the negative
control (N).
3.2. METHODS


Induction and Protective Methods

AD-like model was achieved in rats by the oral administration of AlCl3 in a dose of 100
mg/kg B w[14] daily for 90 days.
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Groups 2 animals were induced like group 1 and protected by using vitamin E purchased
from pharco pharmaceuticals Alexandria, Egypt. The protective AD group was orally
administered with daily 300 I.U. of vitamin E also for 90 days.


Sample collection

At the end of the experiment, blood samples were collected after a 12-h fast using the
orbital sinus technique, under light anesthesia by diethyl ether. Each blood sample was left
to clot in clean, dry test tubes, and then centrifuged at 1800 g for 10 min at 4oC to obtain
serum. The clear serum was frozen at – 20oC for biochemical analysis.
After blood collection, the rats were sacrificed by decapitation and the whole brain of each
rat was rapidly dissected, thoroughly washed with isotonic saline, dried, and then
weighed.One half of each brain was homogenized immediately to give 0.1 g/ml
homogenate in an ice-cold medium containing 50mM Tris-HCl and 300mM sucrose
(pH 7.4).[15] The homogenate was centrifuged at 1800 g for 10 min at 4oC and the
supernatant (10%) was separated for the different biochemical analyses. The second half of
each brain was fixed in a formalin buffer (10%) for histological investigation.


Biochemical analysis



Total protein (TP)

Quantitative estimation of the total protein levels in the brain homogenate was carried
out according to the method of[16] to express the concentration of different brain
parameters per mg protein. [17]


Cholinesterase (AchE)

Brain cholinesterase activity was determined kinetically using a kit purchased from Biostc
Co (Cairo, Egypt), according to the method of Young.[18]


High-sensitivity C-reactive protein (hCRP)

hCRP levels were assayed according to[19] using the ELISA kit purchased from Bio Check
(Foster City, CA, USA).

We

Total antioxidant capacity (TAC)
measured

total

antioxidant

capacity

(TAC)

in

brain

homogenates

using

Biodiagnostic Kit, Egypt, according to.[20]
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Malondialdehyde (MDA)

MDA as an indirect index of lipid peroxidation was determined in brain homogenates
following the method described by.[21]


Histological studies

Brain tissues previously fixed in formalin buffer (10%) for 24 h were washed under tap
water for 20 min. Then, the serial dilutions of alcohol (methyl, ethyl and absolute ethyl)
were used for dehydration. Specimens were cleared in xylene and embedded in paraffin at
560C in hot air oven for 24 h. Paraffin beeswax tissue blocks were prepared for sectioning
at 4-mm-thick using sledge microtome. The obtained tissue sections were collected on
glass slides, deparaffinized and stained with hematoxylin and eosin stains[22] for
histological examination through the light microscope.


Statistical analyses

In the present study, all results are expressed as mean ± standard deviation of the mean. Data
were analyzed by one-way analysis of variance and paired sample T Test by using the
Statistical Package for the Social Sciences (SPSS) program (version 22) followed by the
least significant difference technique to compare the significance between groups. The
difference was considered significant when the P value was >. 05. The percentage difference
representing the percent of variation with respect to the corresponding control group.
4. RESULTS
4.1. AchE
AD induced rats showed a significant decrease in AchE/g protein when compared to ADVit E group, and a high significant change when it compared to normal group, and a high
significant change when AD-E group was compared with normal group Table (1), Figure (1).
Serum level of AchE was non-significantly changed in AD group when compared to ADE group and there is a significant change in AchE serum levels in both AD and AD-E
when compared with normal group Table (1), figure (2).
4.2. TAC and MDA
The effects of Vitamin E against AD changes in total antioxidant capacity (TAC) and the
levels of lipid peroxidation end product malondialdehyde (MDA) are shown in figures (3, 4).
Rats received Vitamin E recorded in a high significant increase (P < 0.001) in TAC
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when compared to AD group, and there were a high significant decreased (P < 0.001) in
AD and AD-E when compared with normal control group. TAC levels in brain extract
with the normal control. On the other hand, animals intoxicated with AlCl3 exhibited a
significant increase in MDA level (p < 0.001) concomitant with a significant decrease (p
< 0.001) in TAC level in the brain when were compared to normal control.
Administration of vitamin E to rats succeeded to prevent significantly the AlCl3-induced
changes in the mentioned parameters. In MDA levels of brain extract show a high significant
increase in both AD and AD-E groups when compared to the normal control, also the
protective effect of vitamin E is shown by high significant decrease in AD-E group when
compared with AD animals Table (5), figure (4).
4.3. hs-CRP
The AD brain extract showed a high significant increase (<0.001) in CRP/Protein when
compared to a normal control group, also there were a high significant increase in AD
when compared to AD-E

Figure (5). In the same wile a high significant increase

(<0.001) in CRP/Protein when AD-E group was compared to a normal control group. In
serum also there were a high significant increase (<0.001) in CRP/Protein in AD group
when compared to AD and AD-E groups Figure (6).
4.4. Histological studies
Photomicrographs of brain sections of control rats showed normal nerve cells (Figur 7A).
Table 1. Brain extract and serum AchE results, descriptive statistical data is
presented as mean ± SD.
Groups
AD AD-E
Normal

AchE
Brain Extract / protein
(U/g protein)
99.25 ± 27.44
62.84 ± 4.175
49.40 ± 7.29

Serum (U/ L)
36.32 ± 6.83
31.89 ± 11.79
19.18 ± 0.723

Table 2. MDA all data presented in Mean ± SD.
Groups
(nmol/mg protein)
AD
AD-E
Normal
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Figure 1: AchE brain extract/par in results show (a) high significant increase in AchE
<0.001 in both AD and AD-E g the control group mpared with control group; (b) a
significant increase in AchE in AD-E <0.05 when compared to AD group.
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Figure 2 Serum AchE results show a non-significant change in AD-E group when
compared with AD group while (a) a significant change <0.05 in both groups when
compared to the normal control.
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Figure 3. Mean ± SD of the brain extract levels of MDA. vitamin E administration
decrease brain extract level of MDA versus non-protected induced animals AD.
Represent high significant differences between different test groups (N = 10) for each
group) with each other and control. P < 0.05 was considered as significantly different.
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Figure 4 Mean ± SD of the brain extract levels of MDA. Vitamin E administration
decrease brain extract level of MDA versus non-protected induced animals AD.
Represent high significant differences between different test groups (N = 10) for each
group) with each other and control. P < 0.05 was considered as significantly different.
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Figure 5. Mean ± SD of the brain extract levels of hCRP. Vitamin E administration
decrease brain extract level of hCRP versus non-protected induced animals AD.
Represent high significant differences between different test groups (N = 10) for each
group) with each other and control. P < 0.05 was considered as significantly different.
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Figure 6. Mean ± SD of the serum levels of hCRP. Vitamin E administration decrease
serum level of hCRP versus non-protected induced animals AD. Represent high
significant differences between different test groups (N = 10) for each group) with each
other and versus control. P < 0.05 was considered as significantly different.
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Figure 7: There was no histopathological alteration and the normal histological
structure of the meninges, cerebral cortex, cerebrum striatum and hippocampus were
recorded in Fig.5 (a, b & c).
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Figure 8 Image of the brain section of an Alzheimer’s disease-induced rat (group 2)
show degeneration was detected in all of the neuronal cells of the hippocampus
associated with congestion in the blood vessels of the cerebrum striatum Fig.8. (a, b &
c).

Figure 9. Image of the brain section of an Alzheimer’s disease-induced protected with
vitamin E rat (group 3) show congestion in the cerebral blood vessels while the neuronal
cells in the hippocampus were histologically intact Fig.9. (a,& b).
5. DISCUSSION
The present study demonstrated that the aluminum chloride administration (AD-like
pathology model) shown a significant increase in brain acetylcholinesterase (AchE)
activity. This result coincides with that of revealed a significant increase in brain
acetylcholinesterase (AchE) activity, this results are in agree with Fadl et al, 2013[23]
how fined a significant increase in brain acetylcholinesterase (AchE) activity after oral
administration of aluminium chloride (AlCl3) in a dose of 17 mg/kg body weight (bw)
daily for 45 days. And also with Zhang et al,[34] There are two proposed mechanisms for
aluminium-induced stimulation of AchE activity in the brain are: (1) aluminium can induce
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caspase-1 activation and IL-1b secretion.[35] IL-1b has been found to promote the activity
and expression of AchE both in cell cultures and in vivo.[36] (2) aluminium can augment
the accumulation of insoluble Ab protein. [37] Ab induced elevation in the AchE activity
through the induction of lipid peroxidation in neuronal membranes due to the production
of hydrogen peroxide (H2O2).[24] H2O2 may have a direct action on the AchE enzyme as it
acts as a modulator (may be allosteric) in the activity of functionally important proteins,
receptors and enzymes.[25] Based on these findings, aluminium’s action on AchE
activity may be related to the involvement of aluminium in the aetiology of AD
pathological process,[26] as the impairment of cholinergic neurotransmission became a
well-established fact in AD.[27]
The present data show that brain AchE show a significant decrease in the vitamin E protected
group when compared with AD model group, these results confirmed by Iraj et al
2015[28] how prove that administration of vitamin E improve the memory in AD induced
rat with Lead (Pb2+) is a neurotoxin substance.
Our data revealed that plasma CRP was significantly elevated in AD induced group than
that of normal or protected groups. These findings are in harmony with those of Zaciragic et
al[29] and Ho et al.[30]In brain tissue, the pathophysiology of CRP accumulation is complex
because of the requirement of systemically produced CRP to cross the brain barrier (BBB).
However, it has been established that during inflammatory conditions, the BBB becomes
dysfunctional, enabling proteins normally only found in serum to enter the cerebrospinal
fluid, so the transit of circulating CRP across the BBB is the most likely potential
source of cerebral CRP.[31]
Strang et al[32] demonstrated that amyloid plaques induced the dissociation of pentameric
CRP to individual monomers, which possess strong pro-inflammatory properties not
shared with pentameric CRP, and localizing inflammation to Alzheimer’s plaques.[33]
Hyperhomocysteinemia can induce tau hyperphosphorylation and interrupt DNA repair
in hippocampal neurons and make neurons more vulnerable to amyloid toxicity.[34]
Demethylation of the PS-1 (an important component of γ-secretase) promoter gene stimulates
PS-1 expression, which in turn increases the production of Aβ. Zhang et al[35] found that the
levels of PS-1 mRNA and protein were increased in rats with hyperhomocysteinemia,
suggesting that high Hcy may selectively disrupt the methylation of PS-1 promoter,
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leading to increased Aβ production. ADMA is an endogenous competitive inhibitor of
nitric oxide synthase. It was found that Hcy inhibits DDAH, thereby increasing ADMA
accumulation and reducing NO production in cultured neurons. This finding may explain
the relationship between increased circulating Hcy and the development of cognitive
dysfunction in AD.[36]
The current study demonstrate that lipid peroxidation end product malondialdehyde
MDA increase significantly in AD induced group than normal, while results of protected
group report show a significant decreased than AD induced group.
Lipid peroxidation (LPO) is one of the main manifestations of oxidative damage and has
been found to play an important role in the toxicity of many xenobiotics. Aluminum--has been reported to induce LPO, and to alter physiological and biochemical
characteristics of biological systems.[37,38] There is a high susceptibility of brain to
oxidative insult because it contains a large amount of polyunsaturated fatty acids and
consumes 20% of the body’s oxygen. Moreover, in spite of the high rate of oxidative
metabolism, the brain has a relatively low antioxidant defense system.[37,38]
The present results showed that AlCl3 promotes oxidative stress by significant reduction of
TAC level which was confirmed by the significant increase in the levels of MDA in AD
induced group than normal and protected groups. While the effect of vitamin E seemed
by a significant increase of TAC and decrease of MDA in protective group than AD induced
one.
These results agreed with El-Demerdash, (2004)[39] how suggest participation of free
radical-induced oxidative cell injury in mediating the toxicity of aluminum. Also the data are
in agreement

with

those

obtained

by

Yousef

(2004)[40] who observed

that

aluminum administration lowered antioxidant enzyme activities and increased lipid
peroxidation in the brains of rabbits Increased reactive oxygen species (ROS) were
reported in previous studies during aluminum exposure, which was attributed to electron
leakage, enhanced mitochondrial activity and increased electron chain activity. ROS
subsequently attack almost all cell components including

membrane

lipids

and

producing lipid peroxidation.[41] Therefore, it can be hypothesized that oxidative stress
may be one of the contributing factors for aluminum-induced neurotoxicity.[28] These effects
may also be due to the accumulation of metal in the brain and blood.[43] Some studies have
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shown that aluminum can bind amino acids such as glutamate to form aluminum–
glutamate complexes that allow it to reach the blood of the brain.[44]
The biochemical finding was confirmed with histological investigation of brain tissue of rat
model of AD which showed neuronal degeneration in the hippocampus and protection of
induced rats with vitamin E result a congestion in the blood vessels without neurological
degradation.
CONCLUSION
In summary, vitamin E was successful in repairing affected regions and improvement of
metabolic disturbances in AlCl3- protected rats. So vitamin E can use as natural save as a
protective agent to protect or decrease the severity of Alzheimer’s. However, further clinical
studies are needed for extrapolating the experimental animal results to humans.
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