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Abstract
	 Centella asiatica, locally well known in Malaysia as pegaga, is a traditional herb that has 
been used widely in Ayurvedic medicine, traditional Chinese medicine, and in the traditional 
medicine of other Southeast Asian countries including Malaysia. Although consumption of the plant 
is indicated for various illnesses, its potential neuroprotective properties have been well studied and 
documented. In addition to past studies, recent studies also discovered and/or reconfirmed that C. 
asiatica acts as an antioxidant, reducing the effect of oxidative stress in vitro and in vivo. At the in 
vitro level, C. asiatica promotes dendrite arborisation and elongation, and also protects the neurons 
from apoptosis. In vivo studies have shown that the whole extract and also individual compounds of 
C. asiatica have a protective effect against various neurological diseases. Most of the in vivo studies 
on neuroprotective effects have focused on Alzheimer’s disease, Parkinson’s disease, learning and 
memory enhancement, neurotoxicity and other mental illnesses such as depression and anxiety, and 
epilepsy. Recent studies have embarked on finding the molecular mechanism of neuroprotection 
by C. asiatica extract. However, the capability of C. asiatica in enhancing neuroregeneration has 
not been studied much and is limited to the regeneration of crushed sciatic nerves and protection 
from neuronal injury in hypoxia conditions. More studies are still needed to identify the compounds 
and the mechanism of action of C. asiatica that are particularly involved in neuroprotection 
and neuroregeneration. Furthermore, the extraction method, biochemical profile and dosage 
information of the C. asiatica extract need to be standardised to enhance the economic value of this 
traditional herb and to accelerate the entry of C. asiatica extracts into modern medicine.
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Introduction

	 The nervous system, consisting of the brain, 
spinal cord, and peripheral nerves, is made of 
complex and specialised structures which are 
vulnerable to various diseases and injury that 
reduce sensorimotor and cognitive functions, and 
may also be the cause of life-threatening problems 
in acute cases. Unfortunately, spontaneous 
regeneration and healing processes occur very 
minimally in damaged tissues due to their high 
complexity. Our team of researchers at the Tissue 
Engineering Centre, Universiti Kebangsaan 
Malaysia has been conducting research on the 
regeneration of various tissues, and studies on 
nerve regeneration for development of cell and 

tissue therapies have been going on for almost 
eight years (1,2). We have identified various cell 
sources, ranging from stem cells to adult nerve 
cells, and developed various scaffolds, ranging 
from biological tissue to synthetic hollow tubes, 
to enhance in vitro and in vivo nerve regeneration 
(3–6). Realising the historical nature of 
medicinal herbs, we were attracted to scrutinise 
the pharmacological effects of herb extracts in 
synergy with the provided cells and scaffolds to 
further enhance nerve regeneration, and also to 
improve the utilisation of tissue-engineered nerve 
grafts and cell therapy in clinical applications for 
nerve degeneration and injury.
	 It has been reported that there are 250 000 
plant species on the earth, and approximately 5 
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000 species have specific therapeutic value (7). 
Generally, C. asiatica is a traditional medicinal 
herb that belongs to the Apiaceae family and is 
known as pegaga in Malaysia. It has also been 
identified by different names such as Indian 
pennywort in English, gotu kola in Sri Lanka, 
brahmi in Hindi and mandukaparni in the 
Ayurvedic medicine of India, buak bok in Thailand, 
kaki kuda in Indonesia and yuhong-yuhong in the 
Philippines (8,9). This review focuses on recent 
discoveries, preferably within the past five years, 
on the properties of C. asiatica (L.) in protection 
against neural-related diseases and regeneration 
of injured nerves, from in vitro studies to in vivo 
and clinical studies.
	 Geographically, this particular herb is native 
to India, China, Sri Lanka, Madagascar, Indonesia 
and Malaysia, and grows well in swampy and 
damp areas of fields (10). Pertaining to its medical 
benefits, it has been found broadly across its 
boundaries in Turkey, South America, and the 
West Indies (11,12). Over thousands of years, it 
had been used by people all around the world as 
a remedy for many types of disease. It had been 
used widely in Ayurvedic medicine to rejuvenate 
the body, improve the intellect and combat 
cognitive disorders (13). It is known as a brain 
tonic and has also been applied in traditional 
Chinese medicine. In addition, it has also been 
incorporated as a drug in other medical practices 
such as the German Homeopathic Pharmacopoeia 
(GHP) and the European Pharmacopoeia (14).
	 C. asiatica is getting more popular in the 
modern world due to its versatility and efficacy 
that have been proven by many scientific studies. 
C. asiatica is well known as a wound-healing 
agent, due to its ability to heal small wounds, 
scratches, burns, and skin irritation (15,16). As 
well as skin re-epithelisation, Ruszymah and 
her colleagues (17) remarked on the capacity of 
this herb to treat cornea epithelial wounds. The 
few innovations using C. asiatica extracts in 
healthcare applications by Ruszymah and her 
colleagues won awards from the International 
Exposition of Research and Inventions of 
Institutions of Higher Learning (PECIPTA) 
as early as 2007. As technology develops, the 
undiscovered potential of this herb is further 
scrutinised and it has been documented to have 
anti-inflammatory, antimicrobial and antifungal, 
antidepressant, antioxidant and anticancer effects 
(18–21). C. asiatica was also found to have an 
antiproliferative effect against human respiratory 
epithelial cells in vitro and it also reduced sperm 
count, motility, and viability in male rats, besides 
having other antifertility effects (12,22). Even 

though many preclinical investigations have 
been performed, further detailed clinical studies 
are highly needed to scientifically evaluate 
pharmacological values and standardise the 
biochemical profile of the extract before use 
in various therapeutic applications. Since the 
toxicity effects of C. asiatica vary according to 
its geographical distribution, standardising its 
bioactive components during extract preparation 
would be appear to be momentous. This is 
because such fluctuations can lead to various 
complications which would consequently limit its 
therapeutic value.

Chemical Composition and 
Preparations of C. asiatica

	 Brinkhaus et al. (10) adequately summed 
up the chemical composition of C. asiatica, 
discovered as early as 1956 (23). About 0.1% is 
essential oils, while 1–8% is saponin-containing 
triterpene acids and their sugar esters. Further 
studies on chemical constituents were done on 
hydroponically grown C. asiatica by Othman 
(24). The author studied the nutritional content, 
the total polyphenol content between air-dried 
samples and fresh samples, salicylic acid content 
and flavonoid content, and found that the 
nutritional content is about the same throughout 
the plant from the leaf to the root; however, the 
leaf contains higher P, Fe, Na, Mg and ascorbic 
acid, while the roots contain higher Ca and K. The 
polyphenol and salicylic acid content was higher 
in fresh samples compared to air-dried samples. 
Analysis of samples with HPLC showed that the 
major flavonoid compounds were catechin, rutin, 
quercetin, and naringin.
	 Next, Oyedeji and Afolayan (25) investigated 
the content of C. asiatica essential oils from 
plants grown in South Africa, and found that the 
major essential oils are a-humulene (21.06%), 
b-caryophyllene (19.08%), bicyclogermacrene 
(11.22%), germacrene B (6.29%) and myrcene 
(6.55%). Siddiqui et al. (26) isolated and 
characterised the structure of three novel 
compounds in C. asiatica: centellin, asiaticin 
and centellicin with the structure of 6-acetoxy-
trideca-1,7-dien-4-yn-3-ol, p-benzoyloxy methyl-
butyl benzoate, and 1-(20,30-dihydroxypropyl)-
2-en-3-methyl-6-hydroxy-9-yn-undecanoate, 
respectively. Zainol et al. (27) profiled two 
accessions of C. asiatica grown in Johor Bharu 
and found that it showed different phytochemical 
content in different parts, with leaves containing 
the most phytochemicals. Zhang et al. (28) 
evaluated content of the herb from different 
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locations in China and developed a chemical 
fingerprinting method for quality evaluation. 
Chong and Aziz (29) reviewed the chemical 
components of C. asiatica from 1949 to 2011. They 
found that the chemical components were diverse 
and that triterpenes were the major constituents. 
Hashim et al. (30) specifically studied the 
triterpene constituents and their biological 
activities in ethanolic-aqueous extract from C. 
asiatica grown in a forest reserve in Malaysia. 
They found that there were significant amounts of 
madecassoside and asiaticoside, but low amounts 
of asiatic and madecassic acid. Finally and most 
recently, Devkota et al. (31) studied the content of 
essential oils from C. asiatica grown in different 
habitats in Nepal. They found that the essential 
oils varied from the ones found in South Africa. 
The habitat also had an influence, with C. asiatica 
grown in shady grasslands containing 39 oils, 
open grassland 34, and open agricultural lands 
36.
	 Traditional and modern preparations vary 
between countries. In Malaysia, herbal remedies 
such as C. asiatica are prepared traditionally 
by traditional healers and tailored to individual 
needs. Most are in the form of juice and oil, and 
modern preparations are in tablet form (32). In 
India, C. asiatica is used as a paste applied to the 
skin, cold poultice used for rheumatism, leaf juice 
rubbed on the forehead for headache, or ointment 
or powder mixed with bath water (33). The leaves 
are also cooked and eaten, while in Malaysia it is 
eaten raw as a salad (34).

Enhancement and Regeneration of 
Nerve Cells

	 As synthetic drugs can lead to lung and kidney 
toxicity, many clinicians and scientists have 
searched vigorously for other alternatives to treat 
their patients. Herbal plants which are naturally 
rich in therapeutic value, more eco-friendly and 
have lesser side effects have been subsequently 
studied for utilisation in medical applications. 
This has brought C. asiatica, which is known to 
have memory and cognitive enhancement, into 
scientific investigations for nerve regeneration 
and neurological functions before therapeutic 
use.
	 Research on the neuroregenerative capacity 
of C. asiatica on the central nervous system has 
been widely conducted, focusing on brain cells. 
Soumyanath et al. (35) revealed the ability of 
asiatic acid (AA) to promote the elongation of 
neurites using an in vitro experimental model. 
They also perceived that this action could be co-

stimulated with the other active compounds found 
in the herb that have synergistic effects with AA. 
In parallel with this, Rao et al. (36) reported that 
fresh C. asiatica leaf extract significantly increases 
the dendritic arborisation of hippocampal CA3 
neurons in vivo. In view of C. asiatica as a nerve 
tonic (37), it is believed to have therapeutic effects 
on the peripheral nervous system too. However, 
further investigations are needed to bring it into 
evidence, as the literature on such nervous system 
benefits is far too limited to date.
	 Since variation of extract constituents 
can lead to various complications, scientists 
from Thailand have recently established a 
standardised extract of C. asiatica known as ECa 
233 (38). The extract was clearly demonstrated 
to have stimulatory effects on the elongation of 
neuroblastoma cell neurites at a maximum dose of 
100 µg/mL (39). In spite of dendritic arborisation, 
this particular herb also exhibits neuroprotective 
properties. Zhang and his colleagues (40) have 
recently disclosed that AA ameliorates the action 
of C2-ceramide in inducing neuronal cell death in 
a concentration-dependent manner.
	 Though the underlying mechanisms whereby 
the herb exerts its effects are poorly understood, 
the aforementioned properties synchronise with 
the mastery of this herb to phosphorylate several 
signalling pathways to mediate its functions. 
Indeed, the mechanisms involved in neurite 
development are quite complex, but the MEK/
ERK and PI3/Akt signalling pathways have 
gained significant attention (41). A previous 
report elucidated that AA in C. asiatica elicits 
its neuroregenerative effect via the MAP 
kinase pathway (35). In agreement with this, 
Wanakhachornkrai et al. (39) also revealed that 
ECa 233 is MEK/ERK- and PI3K/AKT-dependent 
in promoting the elongation of neurites.
	 Besides that, Omar et al. (42) recently 
disclosed the regulation of the caspase-9 pathway 
by C. asiatica in modulating neuron cell survival 
against apoptosis. In this study, l-buthionine-
(S,R)-sulfoximine (BSO)-induced human neuron 
cell death was treated with ethanolic extract of C. 
asiatica in the range of 5–500 µg/mL. They found 
that, at low concentrations, this extract is able 
to protect neuron cells against oxidative stress. 
This may point to the capacity of this herb in 
inhibiting the caspase-9 pathway by hindering the 
production of proapoptotic proteins, promoting 
antiapoptotic proteins and imitating the latter 
(43,44). Though this mechanism is apparently 
focused on neuroprotective effects against 
apoptosis, such a mechanism could be a subset 
in the regeneration and enhancement of nerve 
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cell injuries. All the aforementioned mechanisms 
overlap each other in maintaining nerve cell 
growth.

Effects of C. asiatica on Systemic 
Diseases

	 Among the many uses of C. asiatica in 
traditional medicine is as a brain tonic to increase 
memory performance (45,46). Also, C. asiatica 
has been used to treat neurodegenerative diseases 
(47) such as Alzheimer’s disease, characterised by 
a decline in cognitive functions, and in Parkinson’s 
disease, characterised by loss of locomotor 
control due to a decrease of neurotransmitters in 
the brain. The common denominator in these two 
diseases is the purported mechanism underlying 
their pathologies, which is oxidative stress. In this 
review, the effect of C. asiatica on ameliorating 
oxidative stress in vitro and in vivo will be 
described first, followed by the effect of C. asiatica 
on Alzheimer’s disease and Parkinson’s disease. 
Other mental illnesses of interest are depression 
and anxiety, and epilepsy.
	 Oxidative stress occurs when more reactive 
oxygen species (ROS) than antioxidants are 
present in the body. ROS protect the body from 
foreign insults such as from xenobiotics which 
enter the body. However, when in excess or when 
the antioxidant level in the body is reduced, 
ROS cause damage to native nucleic acids, 
proteins and lipids and have been implicated in 
neurodegeneration, cancer and ageing (48).
	 The effect of C. asiatica in improving 
mental performance has been attributed to its 
property as an antioxidant and as a promoter of 
antioxidant production. This has been validated 
through many ROS scavenging assays (radical 
scavenging assays) in vitro and in vivo. Anand et 
al. (49) reported that, with the 1, 1 diphenyl–2–
picrylhydrazyl (DPPH) free radical scavenging 
activity assay, the methanol extract of C. asiatica 
has the highest free radical scavenging activity 
followed by the hexane extract. This can be 
attributed to the higher levels of polyphenols 
and flavonoids present in this fraction, which 
impart the antioxidant function. Anand et al. also 
reported on the reducing capability of C. asiatica 
extract to inactivate hydroxyls, the most reactive 
ROS. Again, methanol extract showed the highest 
reducing power.
	 Three assays were conducted by Chippada 
and Vangalapati (50) on the methanol extract 
of C. asiatica: DPPH, reducing power and nitric 
oxide (NO) radical scavenging assays. They 
found that methanolic extract of C. asiatica has 

concentration-dependent DPPH scavenging, 
reducing power and NO radical scavenging 
activity up to 2000 µg/mL. The ethanolic extract 
of C. asiatica was also confirmed, using the DPPH 
and superoxide radical scavenging activity assays, 
to have significant antioxidant activity (51). 
Ariffin et al. (52) tested C. asiatica prepared as 
herbal teas with the DPPH and ferric-reducing 
antioxidant potential (FRAP) assays. They found 
that C. asiatica herbal teas possess significantly 
high antioxidant properties, with non-fermented 
teas having a higher antioxidant activity than 
fermented ones.
	 A study on reproductivity in male rats by 
Sainath et al. (53) found antioxidant activity of 
C. asiatica against lead-induced oxidative stress. 
The rats were given access to water containing lead 
ad libitum and a group was also given C. asiatica 
extract. After 70 days, the rats were sacrificed and 
the liver, brain, kidney, testis, epididymis, prostate 
gland, vas deferens and seminal vesicles were 
examined. They found that, in the group given the 
extract, there was a decrease in lipid peroxidation 
and an elevation of antioxidant enzyme activity. 
The extract showed antioxidant activity in all 
three assays. On comparison of the methanol 
extract with ascorbic acid, Singh et al. (54) found 
the extract to have concentration-dependent 
antioxidant activity. All of these studies clearly 
indicated the antioxidant potential of C. asiatica 
extract, specifically of the methanolic extract.
	 There are two hypotheses for the 
development of Alzheimer’s disease: the 
cholinergic hypothesis and the amyloid cascade 
hypothesis (52). In the first, it is hypothesised 
that cognitive decline in Alzheimer’s patients is 
due to degeneration of cholinergic neurons or 
cholinergic transmission. Therefore, an increase 
in the availability of acetylcholine is advantageous 
and is the reason for current medical treatment 
with acetylcholinesterase inhibitors. The other 
hypothesis is that neuronal damage is due to 
deposition of amyloid plaques formed from 
beta-amyloids (Aβ). These plaques are thought 
to be formed due to oxidative insults which lead 
to inflammation, lipid peroxidation and plaque 
formation and deposition in the brain.
	 To investigate this theory, Ramesh et al. 
(55) studied the effect of C. asiatica aqueous 
extract on beta-amyloid fraction 42 (β42) in 
vitro. They found that the extract did not inhibit 
Aβ aggregation and did not disintegrate already 
formed fibrils. They therefore proposed that the 
beneficial effect of C. asiatica seen in Alzheimer’s 
patients could be due to antioxidative or anti-
inflammatory properties of C. asiatica, or due 
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to an enhanced secretase pathway, an enzyme 
pathway that degrades the formed plaques. 
Defillipo et al. (56) found that water extract of 
C. asiatica inhibited phospholipase A2 (PLA2) 
enzymes, particularly cPLA2 and sPLA2, which 
are the key players in Aβ-induced neurotoxicity. 
Further studies on the water extract done by 
Gray et al. (57,58) found caffeoylquinic acids as 
the active substances preventing Aβ-induced 
cell death, having antioxidative properties and 
enhancing mitochondrial biogenesis. Thus, 
C. asiatica was suggested as a prospective 
remedy for Aβ-induced neuroinflammation 
and oxidative stress. Then, Rahman et al. (51) 
proved that C. asiatica has antioxidant properties 
by further testing the ethanolic extract on the 
activity of acetylcholinesterase (AchE) and 
butyrylcholinesterase (BchE). They found that 
the extract inhibited these two enzymes and could 
therefore increase availability of acetylcholine 
for cholinergic transmission. Focusing at the 
molecular level, C. asiatica was found to increase 
phosphorylation of cAMP response element-
binding protein (CREB) in neuroblastoma cells 
expressing Aβ, possibly mediated by the ERK/
RSK signalling pathway (59).
	 Soumyanath et al. (35) experimented on the 
Tg2576 transgenic mouse model of Alzheimer’s 
disease. This model contains Aβ plaques, astrocytic 
and microglial activation and dystrophic changes. 
On behavioural analysis with the Morris water 
maze test, the mice showed impaired spatial 
memory. On treatment with aqueous extract of 
C. asiatica, there was an improved learning curve 
comparable to wild-type mice. On dissection, 
however, there was no significant difference of Aβ 
content. In this preliminary study, they found that 
the aqueous extract of C. asiatica does not show 
inhibition of AchE and BchE, offers no protection 
against hydrogen peroxide oxidative stress and 
has no effect on glutamate neurotoxicity. Aqueous 
extract of C. asiatica is known to be void of AA, 
its main antioxidant. This could be the cause of 
the absence of antioxidative functions. However, 
since the aqueous extract does show behavioural 
improvements comparable to wild-type mice, the 
authors proposed the ability of the aqueous extract 
to affect the pathology of Alzheimer’s disease 
through a different mechanism or pathway, 
and also the presence of novel compounds yet 
undetermined in the extract.
	 Xu et al. (60) tested AA in vitro on glutamate-
induced neurotoxicity in SH-SY5Y cells and in 
vivo on a monosodium glutamate (MSG)-induced 
dementia animal model. Oxidative stress can cause 

apoptosis of cells and compromise mitochondrial 
function. AA reduced the incidence of apoptosis 
by 5% compared to untreated SH-SY5Y cells. 
AA also prevented the decline in mitochondrial 
membrane potential (MMP) which is a measure 
of mitochondrial function. In gene expression 
analysis, AA treatment causes upregulation of Sirt1 
and PGC-1 genes responsible for mitochondrial 
biogenesis and functions, and hence positively 
affects their survival and longevity.
	 Parkinson’s disease, on the other hand, is a 
neurodegenerative disease associated with the 
loss of dopaminergic neurons in the basal ganglia. 
The exact mechanism of neurodegeneration is 
currently unknown, but oxidative stress is thought 
to be one of the causes. Mitochondrial dysfunction 
and ROS generation is also thought to be involved. 
Haleagrahara and Ponnusamy (61) evaluated 
the effect of aqueous extract of C. asiatica on 
1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine 
(MPTP)-induced Parkinsonism in aged Sprague-
Dawley rats. MPTP binds in mitochondrial 
complex 1 and causes dopamine depletion 
in the striatum. The rats received the extract 
orally for 21 days, and were then sacrificed 
and analysed for lipid hydroperoxides, protein 
carbonyl content, xanthine oxidase, superoxide 
dismutase, glutathione peroxidase, catalase 
and total antioxidants. In all the parameters, C. 
asiatica when given together with the MPTP-
induced oxidative stress, reversed the neurotoxic 
effect of MPTP towards values in the normal 
condition. Focusing more on the bioactive 
constituent of C. asiatica, Xu et al. (62) evaluated 
the effect of asiaticoside on an MPTP-induced rat 
model of Parkinson’s disease. They performed 
two behavioural tests: open-field testing and 
ladder walking. Then, they sacrificed the rats 
to measure dopamine (DA) and its metabolite 
malonyldialdehyde (MDA), reduced glutathione 
(GSH) and gene expression. They found that 
treatment with asiaticoside for 7 and 14 days 
resulted in attenuation of the effects of MPTP 
on the behavioural tests, reduced MDA which is 
a marker of oxidative stress, and modulated the 
reduction of DA with increased concentration of 
GSH. Xu et al. (63) repeated the same protocol 
with madecassoside and found similar results. 
In addition, they evaluated expression of BDNF 
(brain-derived neurotrophic factor), which is 
usually reduced in Parkinson’s disease. Indeed, 
madecassoside upregulates BDNF expression.
	 The role of C. asiatica has not been widely 
researched for its application in mental stress or 
illness. However, it has been used in Ayurvedic 
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medicine as a rasayana, a health tonic. In this 
regard, C. asiatica is hypothesised to act as an 
adaptogen to the daily stresses impacting the 
mind (64). Segen’s Medical Dictionary defines 
adaptogens as a family of natural substances 
that compensate for fluctuations in homeostasis. 
Jana et al. (64) studied 33 individuals from the 
age of 18 to 60 with diagnosis of generalised 
anxiety disorder (GAD); they were withheld from 
antidepressant medication and given C. asiatica 
in 500 mg capsules for 60 days. Scales of stress, 
anxiety, depression, adjustment and attention 
were evaluated. All the scale scores improved after 
60 days, with no side effects of vertigo, nausea 
and dizziness as experienced with the common 
medications. Kalshetty et al. (65) evaluated 
the antidepressant effect of C. asiatica extract 
standardised to asiaticoside (INDCA) on an 
animal model of chronic behavioural depression. 
An olfactory bulbectomy was done on the rats to 
induce the chronic depression. Treatment with 
INDCA showed dose-dependent reversal of the 
body weight, body temperature and heart beat 
reduction seen in behavioural depression, with 
normal activity in open-field and elevated plus 
maze tests. It was proposed that INDCA exerts an 
antidepressant effect in these rats.
	 The effect of ethanolic extract of C. asiatica 
on an acute depression rat model (forced swim 
test model) was investigated by Selvi et al. (21). 
They found that C. asiatica has a similar effect 
to the commercial antidepressants imipramine 
and diazepam, but at a lower level. They 
caused reduced immobility time and increased 
exploratory behaviour. Evaluating parameters of 
behaviour, Wanasuntronwong et al. (38) tested 
standardised C. asiatica extract, ECa 233, on 
chronically immobilised mice, a model of anxiety. 
They tested the mice in elevated plus maze, light-
dark box and open-field tests and measured 
their body weight and serum corticosterone. 
Diazepam, a benzodiazepine used to treat 
anxiety, acts by binding to the GABAA receptor 
and inhibits its activity while downregulating 
corticotrophin releasing hormone (CRH), leading 
to a reduced corticosterone level in the blood. 
Based on the behavioural test, ECa 233 showed 
an anxiolytic effect, and blood analysis showed 
a reduced corticosterone level. Therefore, there 
is a possibility that the anxiolytic effect of ECa 
233 works by the same mechanism as diazepam. 
Saravanan and Sarumati (66) further investigated 
the effect of aqueous extract of C. asiatica on 
immobilisation-induced stress in rats. They 
measured erythrocyte and leucocyte counts and 
AchE activity. These parameters were reduced on 

stress, but with co-administration of C. asiatica, 
the values reverted back to normal, suggesting its 
anti-stress property.
	 As for epilepsy, Visweswari et al. (67) 
evaluated the effect of pre-treatment for one 
week with n-hexane, chloroform, ethylacetate, 
n-butanol and water extracts of C. asiatica 
on pentylenetetrazol (PTZ)-induced seizures. 
During the seizures, there is a high content of 
acetylcholine and reduced AchE. However, in 
the rats pre-treated with n-hexane, ethyl acetate 
and n-butanol extract of C. asiatica, there were 
reduced Ach and increased AchE levels. This is 
considered as anti-seizure activity. In another 
paper, Visweswari et al. (68) again evaluated 
different extractions of C. asiatica on Na+/K+, 
Mg2+ and Ca2+ ATPases in rat brains during 
PTZ-induced epilepsy, because these enzymes 
play a crucial role in maintaining membrane 
potential to prevent neuron hyperexcitability and 
are inhibited during seizures. Pre-treatment with 
C. asiatica was found to increase ATPase activity 
levels throughout the brain.

In Vivo Studies of C. asiatica on Nerve 
or Brain Tissue Regeneration

	 In a study by Soumyanath et al. (35), 
ethanolic extract of C. asiatica was supplemented 
in the drinking water of Sprague-Dawley rats 
at a concentration of 2 mg/mL. The study 
demonstrated that C. asiatica promotes more 
rapid functional recovery (toe-spread and walking 
onset) and increased axonal regeneration (larger 
axon diameter and greater number of myelinated 
axons) in rats with sciatic bilateral nerve crush. 
Studies on the effect of C. asiatica as crude extract 
or its components on periphery nerve repair and 
regeneration are very limited as no in vivo studies 
on periphery nerve regeneration besides this 
study have been conducted to date.
	 A study on amygdaloid neurons and 
hippocampal CA3 neurons of rat pups (7 days old) 
fed with 2, 4 and 6 mL/kg body weight of fresh of 
C. asiatica leaf juice for 2, 4 and 6 weeks showed 
a significant increase in dendritic length and 
dendritic branching points. The effects were dose- 
and duration-dependent as only the neurons of 
rats treated with 4 and 6 mL C. asiatica/kg body 
weight/day for longer periods of time (4 and 6 
weeks) showed significant increases (36,69). 
Enhancement of neuronal dendritic arborisation 
by fresh C. asiatica leaf juice supplementation 
in neonatal rats has been found to correlate with 
improved learning and memory (70).
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Effects of C. asiatica on Neurotoxicity 
and Brain Injury

	 A study in rats with middle cerebral artery 
occlusion (MCAO) showed that C. asiatica 
improves neurobehavioral activity and reduces 
tissue death due to lack of oxygen. The rats were 
orally fed with C. asiatica extract (100, 200 and 
300 mg/kg body weight) for 21 days. Subsequently, 
the rats underwent MCAO for 2 h followed by 22 h 
reperfusion. Neurobehavioral analysis by flexion 
test, spontaneous motor activity evaluation, grip 
strength and muscular coordination showed 
that the rats administrated with C. asiatica (200 
and 300 mg/kg body weight) were significantly 
less affected by MCAO compared to the control 
group. The infarction volume upon MCAO was 
also shown to be significantly decreased in both 
the 200 and 300 mg C. asiatica/kg body weight 
groups. Furthermore, rats in these groups also 
had significant protection from neuronal injury, 
evidenced by more intact hippocampal and 
cortical neurons (71).

Learning and Memory Enhancement 
by C. asiatica

	 Memory enhancement effects of C. asiatica 
have been documented in Ayurvedic medicine 
since ancient times (72). Few randomised, 
placebo-controlled and/or blinded clinical studies 
have proven the effect of C. asiatica in improving 
cognitive function and enhancing memory (73–
76). The studies found that C. asiatica intake for 
a period ranging from 2 to 6 months reduced age-
related decline in cognitive function in healthy 
middle-aged adults and the elderly with mild 
cognitive impairment (MCI). Furthermore, other 
MCI-related conditions such as hypertension, 
insomnia, loss of appetite and constipation were 
also found to be improved following C. asiatica 
intake (76). Recent animal studies have also 
confirmed that C. asiatica supplementation 
improves memory performance in rats with 
memory dysfunction due to oxidative stress 
(77,78). However, a study by Jared (79) showed 
that C. asiatica uptake by rats only enhanced 
retention of memory but did not improve the 
learning process.
	 Recent preclinical studies have started 
to explore the compounds of C. asiatica that 
are responsible for cognitive and memory 
enhancement function. AA, a pentacyclic 
triterpene in C. asiatica, was found to significantly 

reduce glutamate-induced cognitive deficits. The 
administration of oral AA (100 mg/kg) was found 
to restore levels of lipid peroxidation and GSH, 
and the activity of superoxide dismutase in the 
hippocampus and cortex to control levels (55). It 
was also found that AA protects against glutamate-
induced dementia and enhanced recovery from 
learning and memory deficit due to glutamate 
uptake in a mouse model (48). Another study by 
Nasir et al. (80) also found that supplementation of 
AA in normal rats significantly improved memory 
and learning in a dose-dependent manner.

Future Direction

	 As can be observed from the studies 
mentioned above, C. asiatica does have proven 
neuroprotective and neuroregenerative properties 
in animal models and also in humans. However, 
more studies are still needed to identify the 
compounds of C. asiatica that are particularly 
involved in neuroprotective and neuroregenerative 
properties and also the mechanism of action of 
these compounds. Besides that, the extraction 
method, biochemical profile, dosage information 
and influence of geographical and other factors in 
determining the biochemical profile of the plant 
need to be ascertained and standardised by more 
scientific studies. Furthermore, the effects of the 
C. asiatica extract on in vitro mesenchymal stem 
cell differentiation into neural lineage cells and on 
the in vivo model of nerve injury still remain to 
be explored. Thus, further studies on those areas 
of C. asiatica need to be undertaken to greatly 
enhance the economic value of this traditional 
herb and to accelerate the usage of this herb in 
clinical applications.

Acknowledgement

	 This work was supported by NRGS grant 
(NH1014D048) from the Ministry of Agriculture 
Malaysia.

Conflicts of Interest

The authors declare they have no conflict of 
interest. 

Funds

This work was supported by NRGS grant 
(NH1014D048) from the Ministry of Agriculture 
Malaysia.



Review Article | Recent Updates in Potential of Centella asiatica

www.mjms.usm.my 11

Authors’ Contributions

Conception and design: YL, RHI
Analysis and interpretation of the data, collection 
and assembly of data: YL, NO, NNAP, AS
Drafting of the article: YL, NO, NNAP, AS, RHI
Critical revision of the article for important 
intellectual content: YL, AS, RHI
Final approval of the article: YL, NO, NNAP, AS, 
RHI
Obtaining of funding and administrative, 
technical, or logistic support: RHI

Correspondence

Professor Dr Ruszymah Haji Idrus
MD (UKM), PhD (UKM)
Tissue Engineering Centre
Universiti Kebangsaan Malaysia Medical Centre
Jalan Yaacob Latif, Bandar Tun Razak
56000 Cheras
Kuala Lumpur, Malaysia
Tel: 03-9145 7704
Fax: 03-91457678
Email: ruszymah@ppukm.ukm.edu.my

References

1. 	 Yazid AG, Anuar A, Onhmar HT, Ng AM, Ruszymah 
BH, Amaramalar SN. Sourcing different neuro-
progenitor cell for the use of nerve construct. Med J 
Malaysia. 2008;63 (Suppl A):113–114.

2.	 Hj Idrus Ruszymah AA, Ab Rahim F,  Saim A. Clinical 
translation of cell therapy, tissue engineering, and 
regenerative medicine product in Malaysia and its 
regulatory policy. Tissue Eng Part A. 2015;21(23-
24):2812–2816. doi:10.1089/ten.tea.2014.0521.

3.	 Hidayah N, Fadzli A, Ng M, Ruszymah B, Naicker A, 
Shalimar A, et al. Porous PLGA sheet and acellularized 
muscle stuffed vein seeded with neural-differentiated 
MSCs are potential scaffolds for nerve regeneration. 
Regen Res. 2012;1:1–7.

4.	 CW Tan, MH Ng, H Ohnmar, Y Lokanathan, H Nur-
Hidayah, SA Roohi, BHI Ruszymah, MH Nor-Hazla, 
A Shalimar, and AS Naicker. Sciatic nerve repair with 
tissue engineered nerve: Olfactory ensheathing cells 
seeded poly(lactic-co-glygolic acid) conduit in an 
animal model. Indian J Orthop. 2013;47(6):547–
552.

5. 	 Yogeswaran L, Min-HN, Shariful H, Anuar A, 
Mazzre M, Ohnmar H, Sharifah AR, Ruszymah HI, 
Shalimar A, Amaramalar SN. Olfactory ensheathing 
cells seeded muscle-stuffed vein as nerve conduit for 
peripheral nerve repair: A nerve conduction study. J 
Biosci Bioeng. 2014;118(2):231–234.

6.	 Ahmad Fadzli S, Nur Hidayah H, Lokanathan Y, 
Naicker AS, Shalimar A, Mohd Reusmaazran Y, Nor 
Hazla MH.Collagen-coated polylactic-glycolic acid 
(PLGA) seeded with neural-differentiated human 
mesenchymal  stem cells as a potential nerve conduit. 
Adv Clin Exp Med. 2014;23(3):353–336.

7.	 Joy PP, Thomas J, Mathew S, Skaria BP. Medicinal 
Plants. 1998;111-211.

8. 	 Halimi ES. Identification of agronomic traits of 
Centella asiatica (L.) Urban naturally grown at 
regions with different altitudes. J Natur Indones. 
2011;13(65):232–236.

9. 	 Peiris KHS, Kays SJ. Asiatic Pennywort [Centella 
asiatica (L.) Urb.]: A little-known vegetable crop. 
Horttechnology. 1996;6(1):13–18.

10.	 Brinkhaus B, Lindner M, Schuppan D, Hahn EG. 
Chemical, pharmacological and clinical profile of 
the East Asian medical plant Centella asiatica. 
Phytomedicine. 2000;7(5):427–448. doi: 10.1016/
S0944-7113(00)80065-3.

11. 	 Mohd Heikal MY, Siti Mariam H, Mohd Ilham A, 
Mee Fong C, Aminuddin BS, Ruszymah B. Anti-
proliferative activities of Centella asiatica extracts 
on human respiratory epithelial cells in vitro. J Med 
Plants Res. 2014;8(24):864–869. doi: 10.5897/
JMPR12.660.

12. 	 Orhan IE. Centella asiatica (L.) Urban: From 
traditional medicine to modern medicine with 
neuroprotective potential. Evid-Based Compl Alt. 
2012;946259. doi: 10.1155/2012/946259.

13. 	 Singh S, Gautam A, Sharma A, Batra A. Centella 
asiatica (L.): A plant with immense medicinal 
potential but threatened. Int J Pharm Sci Rev Res. 
2010;4(2):9–17.

14. 	 Vohra K, Pal G, Gupta VK, Singh S, Bansal Y. An 
insight on Centella Asiatica Linn.: A review on recent 
research. Pharmacologyonline. 2011;2:440–462.

15.	 Bylka W, Znajdek-Awiżeń P, Studzińska-Sroka E, 
Brzezińska M. Centella asiatica in cosmetology. Post 
py Dermatologii i Alergol. 2013;30(1):46–49. doi: 
10.5114/pdia.2013.33378.

16. 	 Hashim P. MiniReview Centella asiatica in food and 
beverage applications and its potential antioxidant 
and neuroprotective effect. Int Food Res J. 
2011;18(4):1215–1222.

17. 	 Ruszymah BHI, Chowdhury SR, Manan NABA, Fong 
OS, Adenan MI, Saim A Bin. Aqueous extract of 
Centella asiatica promotes corneal epithelium wound 
healing in vitro. J Ethnopharmacol. 2012;140:333–
338. doi: 10.1016/j.jep.2012.01.023.

18. 	 Dash BK, Faruquee HM, Biswas SK, Alam MK, 
Sisir SM, Prodhan UK. Antibacterial and antifungal 
activities of several extracts of Centella asiatica L. 
against some human pathogenic microbes. Life Sci 
Med Res. 2011;(35):1–5.



12 www.mjms.usm.my 

Malays J Med Sci. Jan-Feb 2016; 23(1): 4-14

19. 	 George M, Joseph L, Ramaswamy. Anti-allergic, anti-
pruritic and anti-inflammatory activities of Centella 
asiatica extracts. African J Tradit Complement 
Altern Med. 2009;6(4):554–559.

20. 	 Faridah H, Sima Ataollahi E, Asmah R, Fauziah 
O, Abdah A. The Centella asiatica juice effects on 
DNA damage, apoptosis and gene expression in 
hepatocellular carcinoma (HCC). BMC Complement 
Altern Med. 2014;14(32):1–7. doi: 10.1186/1472-
6882-14-32.

21. 	 Selvi PT, Kumar MS, Rajesh R, Kathiravan T. 
Antidepressant activity of ethanolic extract of leaves 
of Centella asiatica Linn. by in vivo methods. Asian J 
Res Pharm Sci. 2012;2(2):76–79.

22.	 Heidari M, Heidari-Vala H, Sadeghi MR, Akhondi 
MM. The inductive effects of Centella asiatica on 
rat spermatogenic cell apoptosis in vivo. J Nat Med. 
2012;66:271–278.

23.	 Bhattacharyyn S. Constituents of Centella asiatica. 
Part III. Examination of the Indian variety. Indian 
Chem Soc. 1956;33:893–898.

24. 	 Othman F. Chemical constituent and biological 
activities of flavonoid from hydroponically grown 
pegaga. 2003.

25. 	 Oyedeji OA, Afolayan AJ. Growing in South 
Africa. Pharm Biol. 2005;43(3):249–252. doi: 
10.1080/13880200590928843.

26. 	 Siddiqui BS, Aslam H, Ali ST, Khan S, Begum 
S. Chemical constituents of Centella asiatica. J 
Asian Nat Prod Res. 2007;9(4):407–414. doi: 
10.1080/10286020600782454.

27. 	 Zainol NA, Voo SC, Sarmidi MR, Aziz RA. Profiling of 
Centella asiatica (L.) Urban extract. Malaysian J Anal 
Sci. 2008;12(2):322–327.

28. 	 Zhang X-G, Han T, Zhang Q-Y, et al. Chemical 
fingerprinting and hierarchical clustering analysis of 
Centella asiatica from different locations in China. 
Chromatographia. 2009;69(1-2):51–57. doi: 
10.1365/s10337-008-0851-8.

29. 	 Chong NJ, Aziz Z. A systematic review on the chemical 
constituents of Centella asiatica. Res J Pharm Bio 
Chem. 2011;2(3):445–459.

30. 	 Hashim P, Sidek H, Helan MHM, Sabery 
A, Palanisamy UD, Ilham M. Triterpene                          
composition and bioactivities of Centella asiatica. 
Molecules. 2011;16(2):1310–1322. doi: 10.3390/
molecules16021310.

31. 	 Devkota A, Acqua SD, Comai S, Innocenti G, Jha PK. 
Chemical composition of essential oils of Centella 
asiatica (L.) Urban from different habitats of Nepal. 
Int J Pharm Biol Arch. 2013;4(2):300–304.

32.	 Jamal JA. An overview of scientific and technological 
progress. Most. 2006:37–49.

33. 	 Bhavna D, Jyoti K. Centella Asiatica: The elixir of life. 
Delhi Inst Pharm Sci Res. 2011;2(2):431–438.

34. 	 Reihani SFS, Azhar ME. Antioxidant activity and 
total phenolic content in aqueous extracts of selected 
traditional Malay salads (Ulam). Int Food Res J. 
2012;19(4):1439–1444.

35.	 Soumyanath A, Zhong Y-P, Gold SA, et al. Centella 
asiatica accelerates nerve regeneration upon oral 
administration and contains multiple active fractions 
increasing neurite elongation in vitro. J Pharm 
Pharmacol. 2005;57:1221–1229. doi: 10.1211/
jpp.57.9.0018.

36.	 Rao MGK, Rao MS, Rao GS. Centella asiatica (L.) 
leaf extract treatment during the growth spurt period 
enhances hippocampal CA3 neuronal dendritic 
arborization in rats. Evid-Based Compl and Alt. 
2006;3(3):349–357. 

37. 	 Chivapat S, Chavalittumrong P, Tantisira MH. Acute 
and sub-chronic toxicity studies of a standardized 
extract of Centella asiatica ECa 233. Thail J 
Pharmacol Sci. 2011;35:55–64.

38. 	 Wanasuntronwong A, Tantisira MH, Tantisira B, 
Watanabe H. Anxiolytic effects of standardized 
extract of Centella asiatica (ECa 233) after chronic 
immobilization stress in mice. J Ethnopharmacol. 
2012;143(2):579–585. doi: 10.1016/j.
jep.2012.07.010.

39. 	 Wanakhachornkrai O, Pongrakhananon V, 
Chunhacha P, et al. Neuritogenic effect of standardized 
extract of Centella asiatica ECa233 on human 
neuroblastoma cells. BMC Complement Altern Med. 
2013;13(204):1–7. doi: 10.1186/1472-6882-13-204.

40. 	 Zhang X, Wu J, Dou Y, et al. Asiatic acid protects 
primary neurons against C2-ceramide-induced 
apoptosis. Eur J Pharmacol. 2012;679(1–3):51–59. 
doi: 10.1016/j.ejphar.2012.01.006.

41. 	 Chao M V, Rajagopal R, Lee FS. Neurotrophin 
signalling in health and disease. Clin Sci. 
2006;110:167–173. doi: 10.1042/CS20050163.

42. 	 Omar NS, Akmal Z, Zakaria C, Mian TS. Centella 
asiatica modulates neuron cell survival by 
altering caspase-9 pathway. J Med Plant Res. 
2011;5(11):2201–2209.

43. 	 Pettmann B, Henderson C. Neuronal cell death. 
Neuron. 1998;20(4):633–647. doi:10.1007/978-1-
4939-2152-2.

44. 	 Wang X. The expanding role of mitochondria in 
apoptosis. Genes Dev. 2001;15(22):2922–2933. 

45.	 Bhavna D, Jyoti K. Centella asiatica: the elixir of life. 
Delhi Inst Pharm Sci Res. 2011;2(2):431–438.

46. 	 Jared SR. Enhancement of memory in rats with 
Centella asiatica. Biomed Res. 2010;21(4):429–432.

47. 	 Tiwari S, Singh S, Patwardhan K, Gehlot S, Gambhir 
IS. Effect of Centella asiatica on mild cognitive 
impairment (MCI) and other commom age-related 
clinical problems. Dig J Nanomater Biostructures. 
2008;3(4):215–220.



Review Article | Recent Updates in Potential of Centella asiatica

www.mjms.usm.my 13

48. 	 Coyle J, Puttfarcken P. Glutamate toxicity. Science. 
1993;262(5134):689–695.

49. 	 Anand T, Mahadeva N, Phani KG, Farhath K. 
Antioxidant and DNA damage preventive properties 
of Centella asiatica (L) Urb. Pharmacogn 
J. 2010;2(17):53–58. doi: 10.1016/S0975-
3575(10)80010-0.

50.	 Chippada SC, Vangalapati M. Journal of chemical, 
biological and physical sciences activity of 
Centella asiatica extracts. J Chem Biol Phys Sci. 
2011;1(2):260–269.

51. 	 Rahman M., Sayeed MSB, Haque A, Hassan M, Islam 
SMA. Phytochemical screening, antioxidant, anti-
Alzheimer and anti-diabetic activities of Centella 
asiatica. J Nat Prod Plant Resour. 2012;2(4):504–
511.

52.	 Ariffin F, Heong Chew S, Bhupinder K, Karim A 
a., Huda N. Antioxidant capacity and phenolic 
composition of fermented Centella asiatica herbal 
teas. J Sci Food Agric. 2011;91(15):2731–2739. doi: 
10.1002/jsfa.4454.

53. 	 Sainath SB, Meena R, Supriya C, Reddy KP, 
Reddy PS. Protective role of Centella asiatica 
on lead-induced oxidative stress and suppressed 
reproductive health in male rats. Environ Toxicol 
Pharmacol. 2011;32(2):146–154. doi: 10.1016/j.
etap.2011.04.005.

54. 	 Singh D, Mishra M, Gupta M, Singh P, Gupta A, Nema 
R. Nitric Ooxide radical scavenging assay of bioactive 
compounds present in methanol extract of Centella 
asiatica. Int J Pharm Pharm Sci Res. 2012;2(3):42–
44.

55. 	 Ramesh, B.N, Indi, S.S, Rao KSJ. Studies to 
understand the effect of Centella asiatica on Aβ(42) 
aggregation in vitro. Curr Trends Biotechnol Pharm. 
2010;4(2):716–724.

56.	 Defillipo PP, Raposo AH, Fedoce AG, Ferreira AS, 
Polonini HC, Gattaz WF, Raposo NR. Inhibition of 
cPLA2 and sPLA2 activities in primary cultures of rat 
cortical neurons by Centella asiatica water extract. 
Nat Prod Commun. 2012;7(7):841–843.

57.	 Gray NE, Morré J, Kelley J, Maier CS, Stevens JF, 
Quinn JF, Soumyanath A. Caffeoylquinic acids in 
Centella asiatica protect against amyloid-β toxicity. J 
Alzheimers Dis. 2014;40(2):359–373. doi: 10.3233/
JAD-131913.

58.	 Gray NE, Sampath H, Zweig JA, Quinn JF, Soumyanath 
A. Centella asiatica Attenuates Amyloid-β-Induced 
Oxidative Stress and Mitochondrial Dysfunction. J 
Alzheimers Dis. 2015;45(3):933–946.

59.	 Xu Y, Cao Z, Khan I, Luo Y. Gotu Kola (Centella 
asiatica) extract enhances phosphorylation of 
cyclic AMP response element binding protein in 
neuroblastoma cells expressing amyloid beta peptide. 
J Alzheimers Dis. 2008;13(3):341–349.

60. 	 Xu M, Xiong Y, Liu J, Qian J, Zhu L, Gao J. Asiatic 
acid, a pentacyclic triterpene in Centella asiatica, 
attenuates glutamate-induced cognitive deficits in 
mice and apoptosis in SH-SY5Y cells. Acta Pharmacol 
Sin. 2012;33(5):578–587. doi: 10.1038/aps.2012.3.

61. 	 Haleagrahara N, Ponnusamy K. Neuroprotective effect 
of Centella asiatica extract (CAE) on experimentally 
induced parkinsonism in aged Sprague-Dawley rats. J 
Toxicol Sci. 2010;35(1):41–47. doi: 10.2131/jts.35.41.

62.	 Xu CL, Wang QZ, Sun LM, et al. Asiaticoside: 
Attenuation of neurotoxicity induced by MPTP in 
a rat model of Parkinsonism via maintaining redox 
balance and up-regulating the ratio of Bcl-2/Bax. 
Pharmacol Biochem Behav. 2012;100(3):413–418. 
doi: 10.1016/j.pbb.2011.09.014.

63.	 Xu CL, Qu R, Zhang J, Li LF, Ma SP. Neuroprotective 
effects of madecassoside in early stage of Parkinson’s 
disease induced by MPTP in rats. Fitoterapia. 
2013;90:112–118. doi: 10.1016/j.fitote.2013.07.009.

64. 	 Jana U, Sur TK, Maity LN, Debnath PK, Bhattacharyya 
D. A clinical study on the management of generalized 
anxiety disorder with Centella asiatica. Nepal Med 
Coll J. 2010;12(1):8–11. 

65. 	 Kalshetty P, Aswar U, Bodhankar S, Sinnathambi 
A, Mohan V, Thakurdesai P. Antidepressant 
effects of standardized extract of Centella asiatica 
L. in olfactory bulbectomy model. Biomed 
Aging Pathol. 2012;2(2):48–53. doi: 10.1016/j.
biomag.2012.03.005.

66. 	 Saravanan N, Sarumathi A. A study on the 
hematological parameters and brain acetylcholine 
esterase activity in immobilization induced stress and 
co-treatment with Centella asiatica leaves extract 
to wistar rats. Int J Nutr Pharmacol Neurol Dis. 
2013;3(2):102. doi: 10.4103/2231-0738.112829.

67.	 Visweswari G, Prasad KS, Chetan PS, Lokanatha V, 
Rajendra W. Evaluation of the anticonvulsant effect 
of Centella asiatica (gotu kola) in pentylenetetrazol-
induced seizures with respect to cholinergic 
neurotransmission. Epilepsy Behav. 2010;17(3):332–
335. doi: 10.1016/j.yebeh.2010.01.002.

68.	 Visweswari G, Siva Prasad K, Lokanatha V, Rajendra 
W. The antiepileptic effect of Centella asiatica on 
the activities of Na/K, Mg and Ca ATPases in rat                                                      
brain during pentylenetetrazol–induced epilepsy. 
Indian J Pharmacol. 2010;42(2):82–86. doi: 
10.4103/02537613.64504. 

69.	 Rao KGM, Rao SM, Rao SG. Enhancement of 
amygdaloid neuronal dendritic arborisation by 
fresh leaf juice of Centella asiatica (Linn) during 
growth spurt period in rats. Evid Based Complement 
Alternat Med.2009;6(2):203–210. doi: 10.1093/
ecam/nem079.

70.	 Rao SB, Chetana M, Devi PU. Centella asiatica 
treatment during postnatal period enhances learning 
and memory in mice. Physiol Behav. 2005;86:449–
457.

71.	 Tabassum R, Vaibhav K, Shrivastava P, Khan A, 
Ahmed ME, Javed H, Islam F, Ahmad S, Siddiqui 
MS, Safhi MM. Centella asiatica attenuates the 
neurobehavioral, neurochemical and histological 
changes in transient focal middle cerebral artery 
occlusion rats. Neurol Sci. 2013;34:925–933.



14 www.mjms.usm.my 

Malays J Med Sci. Jan-Feb 2016; 23(1): 4-14

72.	 Howes MJR, Houghton PJ. Plants used in Chinese 
and Indian traditional medicine for improvement of 
memory and cognitive function. Pharmacol. Biochem. 
Behav. 2003;75(3):513–527. doi: 10.1016/S0091-
3057(03)00128-X.

73.	 Bradwejn J, Zhou Y, Koszycki D, Shlik J. A double-
blind, placebo-controlled study on the effects of 
Gotu Kola (Centella asiatica) on acoustic startle 
response in healthy subjects. J Cli Psychopharmacol. 
2000;20:680–684. 

74.	 Dev RDO, Mohamed S, Hambali Z, Samah B. A 
comparison on  cognitive effects of Centella asiatica in 
healthy middle age female and male volunteers. Eur J 
Sci Res. 2009;31:553–565.

75.	 Tiwari S, Singh S, Patwardhan K, Gehlot S, Gambhir 
I. Effect of Centella asiatica on mild     cognitive 
impairment (MCI) and other common age-
related clinical problems. Dig J Nanomater Bios. 
2008;3:215–220. 

76.	 Wattanathorn J, Mator L, Muchimapura S, 
Tongun T, Pasuriwong O, Piyawatkul N, Yimtae 
K, Sripanidkulchai B, Singkhoraard J. Positive 
modulation of cognition and mood in the healthy 
elderly volunteer following the administration of 
Centella asiatica. J Ethnopharmacol. 2008;116:325–
332. 

77.	 Amjad S, Umesalma S. Protective effect of Centella 
asiatica against aluminium-induced neurotoxicity 
in cerebral cortex, striatum, hypothalamus and 
hippocampus of rat brain-histopathological, and 
biochemical approach. J Mol Biomark Diagn. 
2015;6(1):212. doi: 10.4172/2155-9929.1000212.

78.	 Doknark S, Mingmalairak S, Vattanajun A, Tantisira 
B, Tantisira MH. Study of ameliorating effects of 
ethanolic extract of Centella asiatica on learning and 
memory deficit in animal models. J Med Assoc Thai. 
2014;97:S68–76.

79.	 Jared SR. Enhancement of memory in rats with 
Centella asiatica. Biomed Res. 2010;21:429–432.


