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ABSTRACT

Background: Alzheimer’s disease (AD) a neurodegenerative disorder is a leading cause of dementia in the elderly
population. The concurrent dosing of rats with aluminium chloride (AICI,) and D-galactose (D-gal) is regarded an
effective approach for developing an animal model to study AD. Centella asiatica (CA) demonstrates neuroprotective
effects in both in vitro and in vivo studies. This research investigated the protective effects of CA against
neurodegeneration of the hippocampus and activation of astrocytes in rats treated with AICI, and D-gal.
Materials and methods: Rats received AICI, at a dosage of 200 mg/kg body weight daily, D-gal at 60 mg/kg body
weight daily, and CA at 100, 200, and 300 mg/kg body weight daily, in conjunction with donepezil at 1 mg/kg body
weight daily, for a duration of 70 days. Following treatment, the brain tissue was fixed in 10% formalin for further
histological analysis. Nissl staining was applied to examine the survival of CA2 neurons in the hippocampus,
whereas Glial Fibrillary Acid Protein (GFAP) was employed to assess active astrocytes in the CA2 hippocampal
area.

Results: The findings indicated that AICI, and D-gal could substantially harm the hippocampus CA2 pyramidal
neurons in rats. Furthermore, it induced the activation of astrocytes in the rat hippocampus. Co-administration of
CA at doses of 100mg, 200mg, and 300mg mitigated neurodegeneration and astrocyte activation in the hippocampus
of the rats.

Conclusion: The findings indicate that CA may safeguard against morphological changes induced by AICI, and D-gal
in rats. Molecular investigations are under underway to clarify the potential effects of CA.
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INTRODUCTION

Alzheimer’s disease (AD) is an important cause
of dementia, including 60-80% of all
dementia cases [1]. Currently, over 50 million
individuals globally are afflicted with
dementia, and with an increase of life expect-
ancy, it has been projected that 139 million
people will be having dementia by 2050,
exerting a considerable impact on socioeco-
nomic conditions with a strain on healthcare
systems [2]. In Malaysia, AD was estimated to
affect 0.126% of the population in 2020. It is
estimated that it would increase to 0.454%
by 2050. The estimated number of individu-
als in Malaysia now living with AD is roughly
50,000 [3]. The primary forms of AD are early
onset (familial) and late onset (sporadic). Early
onset, which is rare, arises from genetic
defects, while late onset is more common in
individuals over 65 [4].

AD is characterized by cognitive impairments
in language, spatio-temporal orientation, and
executive function, accompanied by behavioral
alterations, resulting in a progressive decline
in functional autonomy [5]. Histopathological
examination reveals two distinct pathogno-
monic hallmarks of AD which are the intracel-
lular accumulation of abnormally phosphory-
lated Tau protein leading to the development
of neurofibrillary tangles (NFTs) in the cere-
bral cortex and subcortical grey matter and
the presence of extracellular aggregation of
Amyloid-beta peptide (AB) fibrils, which
manifest as neuritic plaques [6].

Aluminium chloride (AICI,) a neurotoxin, is ex-
tensively utilized in inducing dementia in vari-
ous animal models. Aluminium (Al) serves as a
cross-linker of amyloid protein, causing oligo-
merization and consequent neurotoxicity [7]. Al
ions contribute to AB accumulation and the
hyperphosphorylation of Tau proteins in the
brain, causing injury and subsequent death of
neurons [8]. Results of animal studies have
demonstrated that prolonged exposure to Al
leads to behavioral, pathological, and neuro-
chemical alterations in the brain, impacting spa-
tial memory and learning [9,10,11]. Acetylcho-
linesterase (AChE) plays an essential role in
regulating memory and hippocampal plasticity.
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it is affected by Al exposure and is a key indica-
tor of neurotoxicity [12]. Excessive D-galactose
(D-gal) consumption can result in inflammation,
oxidative stress, apoptosis, and increased age-
ing affecting multiple organs, including the brain
[13]. With large amount of D-gal consumption
the body’s metabolic capacity is saturated,
leading to the production of advanced glycation
end products (AGEs) that gather and bind to AGE
receptors, leading to cellular injury through free
radical generation, increased oxidative stress,
and cellular inflammation [14]. Investigations
indicate that administration of D-gal along with
AICI, can elicit AD-like symptoms, including cog-
nitive impairment and memory deficits, oxida-
tive damage, and neuroinflammation [15,16,17].

Astrocytes neurotrophic, and safeguard
neurons from oxidative damage. In cases of neu-
rotoxic damage or pathological afflictions, brain
vitality is compromised, the astrocytes play a
significant function in the survival and function
of neurons [18]. Several animal studies have
demonstrated that Al toxicity leads to
astrogliosis and subsequent neuronal cell death
[19,20].

Therefore, protecting the astrocytes and
maintaining their vitality hold therapeutic
potential in modulating neuronal function and
degeneration in Al toxicity [21].

Centella asiatica (CA), is an herb which belongs
to the Umbelliferae (Apiaceae) family and has
been widely used as a medicinal herb in
Ayurvedic and Chinese medicine and is recog-
nized as a cognitive enhancing tonic [22].

The primary active components present in ex-
tracts of CAincludes a pentacyclic triterpenoid,
asiatic acid, flavonoids, madecassoside [23].

The aqueous extract of CA has demonstrated
antioxidative properties and enhanced
cognitive abilities in human experiments
[24,25]. Prior studies, however, did not
examine the influence of CA on the morphol-
ogy and functionality of glial cells. This study
evaluated the impact of CA on astrocyte
activation and hippocampal neuro degenera-
tion induced by AICI, and D-gal in male albino
Wistar rats.
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MATERIALS AND METHODS

Animals: A total of thirty-six male albino
Wistar rats, approximately three months old
and weighing between 220-250 grams, were
acquired from Perniagaan Usaha Cahaya in
Selangor, Malaysia. They were housed two per
cage under a climate-controlled environment
with 12-hour alternating light and dark cycles
at University Putra Malaysia (UPM), Malaysia.
The Institutional Animal Care and Use
Committee (IACUC) granted ethical permission
via ethics certificate UPM/IACUC/AUP-R071/
2020. All experiments were performed in
compliance with IACUC and UPM procedures.

Chemicals and Plant extract preparation: The
chemicals utilized in these studies were of
analytical grade standard. The plant materi-
als for the CA plant were obtained from
Universiti Teknologi MARA, Malaysia. The
leaves were initially desiccated in the shade,
after which they were pulverized into a fine
powder. Subsequently, 1 kilogram (kg) of the
powder was immersed in 3 Liters (L) of
distilled water for 48 hours (hrs) to obtain the
aqueous extract. The aqueous extract was
repeatedly filtered three to four times using
Whatman No. 1 filter paper until it became
colourless. The extract was further concen-
trated by a rotary evaporator under low
pressure at a temperature of 50 + 5°C. The
resultant product was further lyophilized
using a freeze-dryer, resulting in 7% (w/w) of
the freeze-dried substance.

Experimental Design: Following a week of
acclimatization, the rats were divided into six
groups, comprising six rats per group. The
control group received normal saline intrap-
eritoneally and distilled water orally, the
model group received AICI, at a dosage of 200
mg/kg orally and D-gal at a dosage of 60 mg/
kg intraperitoneally daily, the CA 100 group
(model + CA at 100 mg/kg orally daily), the CA
200 group (model + CA at 200 mg/kg orally
daily), the CA 300 group (model + CA at 300
mg/kg orally daily), and the donepezil group
(model + 1mg of donepezil /kg/i.p/daily).The
rats had seventy days of treatment, after
which they were decapitated, and their brain
tissues were extracted for analysis.
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Sample Collection and Preparation: The
removed rats brain tissues were placed in an
ice-cold saline. The brain tissues which were
intended for histological analysis were rinsed
well using normal saline and subsequently
immersed in 10% formalin solution for one
week. The brain tissues were further processed
to observe the histological alterations.

Histopathological Changes of the hippocam-
pus: Using a Rotary Microtome tissue sections
of 5 im thickness were obtained, following
which they were stained with Nissl stain to
observe the neurodegenerative cells in the
cornu ammonis 2 (CA2) sub regions of hippoc-
ampus. Then using a microscope (Olympus,
BX43), observation. of histopathological
alterations and quantification of neurons in
the CA2 sub region was performed. Images
were captured at a magnification of 40X utiliz-
ing an image analyzer (Nikon H500L). The
number of viable neurons (identified as
neurons with distinct nucleus) were counted
while the neurons with very dark stain,
shrunken cell body and irregular nuclei were
not considered for quantification.

Immunohistochemistry for Astrocytes activa-
tion in the hippocampal CA2 subregion: Prior
to the initiation of immunohistochemistry
processing, the tissue sections were treated
in 0.01 M citrate buffer at pH 6.0 for 10 min-
utes at 100 °C to facilitate antigen retrieval.
Subsequently, 3% H202 was added to
phosphate-buffered saline (PBS) to inactivate
the endogenous peroxidase. The sections were
subsequently blocked in standard serum, thus
inhibiting non-specific binding and then they
were treated with primary polyclonal antibod-
ies for astrocytes in 5% normal serum at a
dilution of 1:500 for 1 hour at room tempera-
ture. After 1 hour, the tissue segment under-
went four rinses with PBS, followed by a
30-minute incubation with a biotinylated
secondary antibody, and was subsequently
treated with an avidin-biotinylated HRP
complex in PBS for an additional 30 minutes.
Sections were subsequently counterstained
with haematoxylin to enhance nuclear visibil-
ity. IHC images were captured using a Nikon
Eclipse 80i microscope (SEO Enterprises, Inc,
Lakeland, FL, USA) equipped with a Nikon DS
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Ril 12-megapixel camera (Nikon, Tokyo, Japan)
at a magnification of 40X. The measurement
of activated astrocytes was conducted using
Image J software by examining the thicker
processes and heightened expression of the
intermediate filament protein Glial Fibrillary
Acid Protein (GFAP), which are indicative of
active astrocytes.

Statistical Analysis: The values were presented
as mean t standard deviation (SD) with a
sample size of n=3. Subsequent to the
one-way ANOVA, Tukey’s post hoc test was
utilized to examine the data. Statistical signifi-
cance was established for p values below 0.05
in the comparisons.

RESULTS
CA prevented neurodegeneration of the hip-
pocampal CA2 pyramidal neurons in AICI, and
D- gal induced neurodegeneration: The Nissl’s
staining was used to evaluate the
neuroprotective effects of CA on neurons in
CA2 hippocampal region of rat brains.
Substantial changes were noticed in the
guantity of viable neurons within the CA2
hippocampal region among various groups of
rats. The hippocampus of rats from the model
group demonstrated a significantly reduced
number of viable neurons compared to the
control group (*p<0.05). The rats from CA100,
CA 200, CA 300 and Donepezil group
exhibited a significantly greater count of
viable neurons when compared to model
group (*p<0.05 (Figure 1)
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Fig. 1: Neuroprotective effects of CA on the CA2 area
of hippocampal neurons, as demonstrated through
Niss| staining, in rats treated with AICI, and D-gal. Im-
ages of Nissl-stained hippocampal tissue illustrating
variations in the quantity of viable cells (shown by red
arrows) and degenerated cells (indicated by green ar-

rows)
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Fig. 2: Indicates functional neurons in the CA2 region
of the hippocampus subjected to AICI, and D-gal
exposure. Data are presented as mean + S.D, n = 6,
*p < 0.05 compared to control and AICI3 + D-gal;
#p < 0.05 compared to AICI, + D-gal + CA treatment at
100 mg, 200 mg, and 300 mg, as well as donepezil
groups.
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Fig. 3: Impact of CA on the CA2 region of the hippocam-
pus, as evidenced by GFAP staining, in rats administered
AICl, and D-gal. Images of hippocampus tissue demon-
strate activated astrocytes with a bushier morphology
and an increased number of processes.

CA reduced the activation of astrocytes in AICI,
and D -gal induced astrocytes activation in CA
2 hippocampus: The CA2 region of the
hippocampus was also assessed for astrocyte
activation using GFAP staining. The compari-
son between the control group and model
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group revealed a considerable rise (*p<0.05)
in the number of activated astrocytes in the
model group. When comparing the model
group to the CA100. CA200, CA300 and
Donepezil group treatment reduced (*p<0.05)
the number of activated astrocytes. (Figure 2)

GFAP positive cell in CA2

Fig. 4: Demonstrates GFAP positive cells in the CA2
region of the hippocampus following exposure to AICI,
and D-gal. Data are expressed as mean * S.D, n = 6.
Statistical significance is indicated by *p < 0.05 when
compared to control and AICI, + D-gal; #p < 0.05 when
compared to AICI, + D-gal + CA treatment at 100 mg,
200 mg, and 300 mg, as well as donepezil groups.

DISCUSSION

This study shows that CA can prevent
neurodegeneration in the hippocampal CA2
pyramidal neurons in an AICI, and D-gal
induced neurodegeneration model. CA2
pyramidal neurons are characterized by large
cell bodies and dendrites which branch along
the transverse axis of the hippocampus [26].
Unlike CA3 pyramidal neurons, CA2 neurons
do not have thorny excrescences on their
apical dendrites [27]. CA2 neurons play a
critical role in forming social memories.
Although small, the CA2 region contributes
significantly to functions like social memory
and anxiety regulation [28]. Among adults, CA2
is a highly interconnected area, receiving
input from over ten different hippocampal
subregions. This region is particularly impacted
in conditions such as schizophrenia and
neurodegenerative diseases [29]. Early
research on human hippocampal tissue has
shown that CA2 undergoes distinctive changes
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in various pathologies and psychiatric
disorders [30].

Neurodegenerative illnesses, such as AD, are
characterised by the progressive degeneration
of neurons and susceptible regions of the
central nervous system. The pathways behind
neurodegeneration are believed to be
complex, encompassing various aspects which
include mitochondrial dysfunction, oxidative
stress, defective protein breakdown and
aggregation. Furthermore, it also involves
genetic, environmental, and intrinsic variables
[31,32]. This study has demonstrated that rats
when subjected to AICI, and D-gal induced
notable morphological alterations in the CA2
region of the hippocampus of brain. These
modifications encompassed a heightened
number of pyknotic cells, reconfigurations in
the organization of pyramidal cells, and
disturbances in the nuclei.

Histological examination of the hippocampus
in the animal model revealed that AICI, in
conjunction with D-gal caused gradual
pathological alterations, including nuclear
disintegration, karyorrhexis, intense cytoplas-
mic staining, and disruption of CA2 pyramidal
cells. CA mitigates neurodegeneration by
suppressing hyperphosphorylated tau (P-tau)
biosynthesis proteins, averting apoptosis and
maintaining cellular integrity [33].

CA provides further protective benefits by
elevating protein phosphatase 2 (PP2A)
levels, reducing glycogen synthase kinase-3
beta (GSK-3B) levels, enhancing mRNA
expression of Bcl-2, and averting structural
anomalies in the CA2 region of the hippocam-
pus [34]. CA also enhances cognitive improve-
ment and facilitates non-spatial learning and
memory. CA also possesses promise as a
cholinesterase inhibitor to assist in improving
memory function. Recent data indicate that CA
improves learning and memory function in rats
by increasing the expression of AMPAR subunits
GluAl and GluA2, as well as the N-
methyl-D-aspartate receptor (NMDAR)
component GIuN2B, while decreasing the
expression of the NMDAR subunit GIuN2A in the
hippocampus and also in entorhinal cortex
[35]. The findings of the present study indicate
that CA has cytoprotective properties
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and contributes to the preservation of the
normal cytoarchitectural pattern of the CA2
sub-region of the hippocampus. Neuro
degeneration in the hippocampus CA2
pyramidal region is mitigated by CA adminis-
tration at escalating dosages, with the
maximum dose of 300mg nearly equivalent to
the conventional medication donepezil.

Neuroinflammation is recognized as a central
feature in AD pathology and a key target for
therapeutic approaches. In AD, the primary
contributors to inflammation include
microglia, astrocytes, and some neurons, which
play essential roles in brain homeostasis and
function [36]. Reactive gliosis, a process where
astrocytes and microglia become activated in
response to various toxins, contributes to
neuroinflammation and neurodegeneration
[37]. GFAP, which is an astrocyte-specific
intermediate filament protein is crucial for
maintaining central nervous system
homeostasis, is upregulated during reactive
gliosis following exposure to AICI, and D-gal
[38]. In this study, the hippocampal CA2
pyramidal region in AICl_+D-gal treated animals
exhibited signs of reactive gliosis. The reduced
GFAP expression with CA treatment suggested
an anti-inflammatory effect.

Reactive gliosis is seen to be alleviated by CA
administration in increasing doses with the
highest administered dose of 300mg, nearly
comparable to the standard drug donepetzil.
This demonstrates that other than
neuroprotective and antioxidant properties,
CA has anti-inflammatory properties that can
help reduce neurodegeneration in AD
patients. CA is believed to inhibit phospholi-
pase A2, an enzyme that promotes inflamma-
tion [39]. It may also decrease nucleotide-bind-
ing domain, leucine-rich—containing family,
pyrin domain—containing-3 (NLRP3) expres-
sion, potentially aiding in mitochondrial
function. Mitochondrial-dependent oxidative
phosphorylation (OXPHOS) and fatty acid
oxidation (FAO) are linked to anti-inflamma-
tory responses [40,41].

CONCLUSION

AD has affected millions across the world and
stays as a leading cause of dementia and
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no treatment to slow the process of
neurodegeneration.

This study neuroprotective effect of the CA on
AICI,+D-gal induced neurodegeneration on rat
models showed that CA at a dosage of 300
mg/kg body weight reduced loss of neurons
in the CA2 hippocampal region and prevents
neuroinflammation by reducing the GFAP
expression. This study firmly concluded that
CA has a great potential to prevent
neurodegeneration, however more pathways
need to be studied to confirm the exact
mechanism of action.
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