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Introduction: Centella asiatica is a perennial herbaceous creeper, growing in moist soil. It has anti-thrombotic,
antibacterial and antiinflammatory properties. In Ayurvedic medicine, Centella asiatica is used extensively as
brain tonic to enhance the neural function, learning and memory. In the present study, the neuroprotective role
of Centella asiatica (CeA) leaves extract on hippocampal CA3 neurons against stress induced neurodegeneration
in mice was investigated.
Materials and Methods: Three months old albino mice were divided into four groups and treated as follows: (i)
Normal control (NC) - remained without any treatment, (ii) Saline control (SC) - treated with saline, (iii) Stressed
group (S) - stressed in a wire mesh restrainer for 6 hours/day for 6 weeks, (iv) Stress + CeA treated group (S+CeA)
- stressed and treated orally with CeA leaves extract throughout the stress period (n=6 in all groups). At the end
of the experimental period, mice in all groups were anesthetised, perfused transcardially with 50ml of saline
followed by 100ml of 10% formalin. Brain was removed and processed for paraffin sections, sections were
stained with cresyl violet stain. Number of neurons in the hippocampal CA3 region was counted in ten randomly
selected fields (1000 μ2 area each).

Results: Neurons in the hippocampal CA3 region, S group was found to be shrunken, irregular in shape with
pyknotic nuclei compared to NC and SC groups. However such neurodegenerative changes were not seen in S+CeA
group. Number of neurons in S group was significantly less compared to control groups and S+CeA group
(P<0.001).
Conclusion: Oral intubation of Centella asiatica leaves extract can protect the hippocampal CA3 neurons from
degeneration in stressed mice.
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memory and spatial memory. Hippocampus is
one of the important areas of the brain concerned
with learning, memory and emotional behaviour
of the individual [1]. It is also involved in the

Hippocampus belongs to the limbic system and
plays important roles in the integration of infor-
mation from short-term memory to long term
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control of adrenocortico trophic hormone (ACTH)
secretion through hypothalamo pituitary
adrenal (HPA) axis [2]. Damage to the neurons
of the hippocampus is seen in some of the
neurological disorders like Alzheimer’s disease
and epilepsy [3,4]. People with extensive,
bilateral hippocampal damage may experience
amnesia-the inability to form and retain new
memories.
On the other hand, certain experiments with
plant extracts like withania somnifera,
semicarpus anacardium  and asparagus
racemosus protects the neurons from stress
induced neurodegeneration [5,6].
Centella asiatica leaf extract treatment during
the growth spurt period enhances hippocampal
CA3 neuronal dendritic arborization in rats [7,8].
But the cytoprotective property of Centella
asiatica on the morphology of the hippocampal
CA3 neurons has not been reported.  The effect
of restraint stress on the hippocampal CA3
neurons has been reported leading to
neurodegeneration [9]. So in the present study
mice were stressed in a wire mesh restrainer
6hr/day for 6 weeks and received the Centella
asiatica leaves extract throughout the stress
period. Our aim was to determine the
cytoprotective effect of Centella asiatica leaves
extract on the morphology of the hippocampal
CA3 neurons.

MATERIALS AND METHODS

was repeated twice. Clear supernatant obtained
each time was decanted and then centrifuged
(300 rpm for 5 minutes). And supernatant was
evaporated on a low flame to get a thick paste
like extract, which was later dried in a desicca-
tor.
Drug Dosage: Dry CeA leaves extract was done
and stored in air tight bottle. For each mice 500
mg/kg body weight of CeA leaves extract was
administered orally throughout the experimen-
tal period (6 weeks). Plant extract was dissolved
in saline to get the appropriate dilution. Drug
was administered orally just before the stress
exposure on each day.
Oral intubation: The required dose of drug was
taken in a syringe attached with a capillary tube
and tube was introduced gently into the oral
cavity of the mice and the drug was delivered
slowly.
Restrainer and stress procedure: A wire mesh
restrainer, fabricated locally consisting of 12
compartments was used for restraint stress.
Each compartment has 2" (length) X 1.5"
(breadth) X 1.4" (height) dimension. Mice were
stressed individually by placing within the re-
strainer for 6hrs/day for 6 weeks. Stress
induction and its severity were assessed by
measuring the suprarenal gland weight at the
time of sacrifice.
Experimental design: i. Normal control group
(NC) - they remain undisturbed in their home
cage. ii. Saline control (SC) – mice in this group
received equivolume of normal saline during the
experimental period (6 weeks). iii. Stress group
(S) – mice in this group were stressed in a wire
mesh restrainer 6hr/day for 6 weeks. iv. Stress
+ Centella asiatica (S+CeA) - mice in this group
were stressed  in the same  way  as in the
group-iii, and treated with 500mg/kg/day of
aqueous leaves extract of CeA throughout the
stress period (i.e 6 weeks). Drug was adminis-
tered orally just before the stress exposure on
each day.
A day after the last dose or equivalent day in
control group, mice in all the groups were deeply
anesthetized with ether and fixed on to a
dissection board. The heart was exposed and
50ml of 0.9% NaCl solution was perfused
through the left ventricle followed by 10%

Male and female albino mice of 3 months of age
weighing 30-36 grams were included in the
present study. The mice were bred and
maintained in the central animal house. The
mice were maintained in 12hrs light and 12 hrs
dark cycles in a well-ventilated room. Four to
six mice were housed in each polypropylene
cage, paddy husk was used as the bedding
material, which was changed on alternate days.
Mice were given ad libitum access to food and
water except during stress period of the experi-
mental study.
Extraction procedure: Fresh Centella asiatica
leaves were collected, cleaned and sunshade
dried. It was then powered. Dry powder was
weighed and mixed with distilled water at 1:10
ratio and boiled over a low flame for 30 min-
utes, cooled and decanted. The above procedure
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formalin. The animal was decapitated and brain
was removed and post fixed in 10% formalin for
48hrs. The brain tissue was processed for
paraffin sectioning. The fixed tissue was
dehydrated in the ascending grades of ethyl
alcohol and then cleared with xylene. Tissues
were embedded in paraffin after infiltration with
the molten paraffin. Serial coronal sections of
the brain through hippocampus was cut using
microtome and then stained with 0.1%  cresyl
violet stain. Briefly, sections were deparafinised
in xylene, and hydrated in the descending grades
of ethyl alcohol, and sections were brought to
distilled water. Sections were stained with 0.1%
cresyl violet stain at 600C for 15 minutes. Sec-
tions were dehydrated with the ascending
grades of ethyl alcohol, cleared with xylene, and
mounted with DPX. Stained sections were ob-
served under light microscope.
Quantification of neurons:  Number of neurons
in unit volume (cells/mm3) was quantified in
hippocampus CA3 region. Number of cells in ten
randomly selected 1000 μ2 area were counted
in each section. A total of 12-15 sections were
selected from each brain (every 15th section).
Finally number of cells/mm3 was calculated
using stereoinvestigator principle.
Measurement of cell diameter, cross sectional
area, circumference: Above parameters were
measured using the Scion image analysis
software. From each animal 10 sections were
selected (inter-section interval was 50 microns).
From each section two randomly selected fields
from hippocampal CA3 region were photo-
graphed using a digital camera. These digital
images were saved as bitmap image (BMP) and
opened in Scion image software. After calibra-
tion various parameters were measured. Data
was entered in the Excel worksheet for further
statistical analysis.
RESULTS

Quantitative neuromorphology of hippocam-
pal CA3 neurons:
i . Numer ical  cel l  densi t y: Numerical cell
density of neurons was found to be decreased
in the hippocampal CA3 neuron in the stressed
mice. (6250.00± 335 cells/mm3 in NC vs 4500.00
± 150.00 cells/mm3 in stressed, P<0.001). It was
found to be increased in treated groups

compared to the stressed group 6000.00 ±150
cells/mm3 in S+CeA group Vs 4500.00 ± 150.00
cells/mm3 in stressed P <0.01).
Fig. 1:  photographs showing hippocamal CA3 neurons –
cresyl violet stained. Note the S group neurons with
shrunken, irregular in shape with pyknotic nuclei. (Dark
cells, showing peripheral or central chromatolysis,
apoptotic bodies, vacuolated cytoplasm).

Graph 1: Showing the CA3-Numerical cell density.

Hippocampal CA3 Neuronal cell density in different
groups.  Note there is a decrease in numerical cell density
in stressed group, which was increased in Centella
asiatica leaves extract treated groups. NV Vs S -
**P<0.001; S Vs CeA-## P<0.01 (One way ANOVA,
Bonferroni’s Test).

ii. Soma Circumference: Soma circumference
was found to be decreased in the hippocampal
CA3 neuron in the stressed mice. (48.05±0.65ìm
in NC vs 41.26 ± 1.26 ìm in stressed, P<0.05). It
was found to be increased in treated groups,
compared to the stressed group (48.33 ±1.67  ìm
in S+CeA group Vs 41.26 ± 1.26 ìm in stressed,
P<0.01).

Graph 2: CA3- Soma Circumference.

Hippocampal CA3 Neuronal cell soma circumference in
different groups.  Note there is a decrease in circumfer-
ence in stressed group, which was increased in Centella
asiatica leaves extract treated groups. NV Vs S - *P<0.05;
S Vs CeA-## P<0.01 (One way ANOVA, Bonferroni’s Test).
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iii. Soma diameter: Soma diameter was found
to be decreased in the hippocampal CA3
neurons in the stressed mice. (29.87 ± 1.17ìm
in NC vs 21.81 ± 0.34 ìm  in stressed,P<0.001).
It was found to be increased in treated groups,
compared to the stressed group (29.64 ±0.49  ìm
in S+CeA group Vs 21.81 ± 0.34  ìm in stressed,
P<0.001).

Graph 3: CA3- Soma Diameter.

Note there is a decrease in soma diameter in stressed
group, which was increased in Centella asiatica leaves
extract treated groups. NV Vs S - *P<0.001; S Vs CeA-##
P<0.001 (One way ANOVA, Bonferroni’s Test).

iv. Soma area: Soma area was found to be
decreased in the hippocampal CA3 neuron in the
stressed mice. (165.93 ± 11.7   m2 in NC vs
120.50 ± 7.96   m2 in stressed, P<0.05). It was
found to be increased in treated groups,
compared to the stressed group.
(173.00 ±12.07   m2 in S+CeA group Vs 120.50 ±
7.96   m2 in stressed, P<0.05).

μ
μ

μ
μ

Graph 4: CA3- Soma area.

Hippocampal CA3 Neuronal soma area in different
groups.  Note there is a decrease in soma area in stressed
group, which was increased in Centella asiatica leaves
extract treated groups. NV Vs S - *P<0.05; S Vs CeA-##
P<0.05 (One way ANOVA, Bonferroni’s Test).

DISCUSSION
In the present study, we have observed
neurodegeneration in the hippoocampal CA3
neurons in the stress group which may affect
the various functions of hippocampus. Neurons
degenerated are not replaced resulting in cog-
nitive loss, dementia, Alzheimer’s disease. The
possible mechanisms of such neuronal atrophy
may be due to:
Excitotoxicity: The excitotoxicity due to
increased release of excitatory neurotransmit-
ter, glutamate may be responsible for the
dendritic atrophy of hippocampus CA3 neurons.
Elevations in the circulating corticosterone
levels can increase basal glutamate levels in the
hippocampus[10]. Restraint stress has been
shown to increase glutamate release in the
hippocampus[11]. The major excitatory inputs
to the hippocampus originates in the entorhinal
area, an ipsilateral (perforant path) pathway
activates the granule cells of the dentate gyrus,
which in turn innervates the CA3 pyramidal
neurons[12] and glutamate is the neurotrans-
mitter involved in this pathway[13]. Entorhinal
cortex lesioning protects stress induced atrophy
of hippocampal CA3 neurons[14] which was
claimed to be excitotoxic in nature.
Glutamate is not the only neurotransmitter
involved in dendritic atrophy. Other participat-
ing neurotransmitters include GABA and sero-
tonin, also causes neuronal damage [15,16].
Glucocorticoid toxicity: Glucocorticoid treat-
ment induces dendritic atrophy, and this can be
blocked by treatment with an adrenal steroid
synthesis blocker, cyanoketone[17] indicating a
role for endogenous glucocorticoids in stress-
induced dendritic atrophy.
Both stress and glucocorticoid increase
glutamate concentrations in the hippocampal
synapse [18,19]. Glucocorticoids selectively
increase glutamate accumulation in response to
excitotoxic insults both in hippocampal cultures
and in the hippocampus in vivo [20].
Apoptosis of neurons: Apoptosis is an
organized, energy dependent process, which
leads to cell death. Apoptotic cells break up into
membrane bound apoptotic bodies and they are
phagocytosed by resident tissue cells[21].
Repetitive perforant path stimulation in the rat
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efficacious in protecting neurons from oxidative
damage caused by exposure to excess
glutamate[32].  Accordingly, in the present study
the cytoprotective and antioxidant property of
CeA may be responsible for the neuroprotection
against cell death and the deleterious effects
of stress and hence increased dendritic
arborization.

induces apoptosis and necrosis in different
hippocampal neuron populations[22].
Brain-derived neurotrophic factor (BDNF):
Brain-derived neurotrophic factor, a major
neurotrophic factor in the brain, is critical for
the survival and guidance of neurons during
development, but is also required for the
survival and function of neurons in the adult
brain[23]. Stress and glucocorticoids are
reported to decrease the expression of BDNF in
the hippocampus and dentate gyrus[24].
Decreased levels of BDNF in response to stress
could lead to loss of normal plasticity and
eventually damage and loss of the neurons.
Corticosterone induces damage to cultured
hippocampal neurons via reducing their BDNF
synthesis and this is attenuated by exogenously
added BDNF[25].
Effects of Centella asiatica leaves extract on
neurons: Centella asiatica (CeA) induce changes
in the morphology of hippocampal neurons.
They have protected the neurons from death and
reduced the dendritic atrophy in stress
condition.
The probable mechanisms involved in protec-
tion against stress induced neuronal injury are:
Neurogenesis:
CeA extract may induce neurogenesis in the
hippocampus involved in stress. Enhancement
of numbers of new hippocampal neurons have
been observed in the dentate gyrus of adult mice
and rats living in enriched environment compared
to those living in standard laboratory environ-
ments[26]. The continued addition of immature
neurons could allow restructuring of the hippoc-
ampus, thus providing structural plasticity. This
neurogenesis has been shown to be influenced
by several  factors, hormones and environment
and may be even certain constituents in CeA
extract. Neurogenesis has been reported in the
hippocampus in relation to learning or training
a task[27,28]. Conversely, aversive experience
like stress seems to decrease the production of
new cells[29].
Neuroprotectors and antioxidants:  Aqueous
extract of CeA may act as an anti-oxidant and
an enhancing effect on cognitive functions
[30,31]. The derivatives of Asiatic acid, a
triterpine extracted from Centella asiatica are

CONCLUSION

From the results of our study we conclude that,
oral intubation of Centella asiatica plant extract
in stressed albino mice leads to the following:
i. CeA leaves extract significantly protected the
neurons from neurodegeneration in stressed
mice.
ii. The extract can be used in some of the
neurodegenerative diseases to reduce the
neuronal death since it has the neuroprotective
property.
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