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A B S T R A C T

Background: Chronic and degenerative diseases have become major concerns in healthcare and research sectors
in the world, especially in hyper-ageing societies. The role of diet in healthy ageing is much emphasised leading
to more research on exploring the scientifically backed functional properties of conventional foods. Centella
asiatica (Gotu kola) is a herbal plant that is highly valued as a medicine and also commonly used in a variety of
cuisine as a green leafy vegetable.
Scope and approach: This paper reviews available evidence on health benefits of C. asiatica especially empha-
sising its role as a neuroprotectant, while providing details on its phytochemistry and pharmacological prop-
erties.
Key findings and conclusions: Complementing its reputation in traditional medicine as a memory booster, C.
asiatica possesses wholesome anti-oxidative properties to attenuate oxidative stress, a high anti-inflammatory
potent, neuron regenerative ability, potential for neuron damage prevention, neurotoxicity inhibition effect,
anti-anxiety and anti-depressive properties, AChE inhibitory potential and ability to reduce accumulation of
amyloid plaques. These comprehensive multifunctional properties make it capable of promoting general neu-
roprotection as well as simultaneously targeting multiple disease pathways to arrest neurodegenerative dis-
orders. However, to be used as a therapeutic agent, a proper evaluation should be done of the active ingredients,
presence of any synergistic effects, efficient extraction methods and stabilization of the active ingredients until
they are delivered in the body as well as the potential of active ingredients to reach targeted pathological
pathways, especially the ability to cross the blood-brain barrier (BBB).

1. Introduction and background

The improvement in life expectancy of the global population over
the past years has resulted in the transformation of demographics, from
young societies to hyper-ageing societies, especially in developed
countries. It is reported that 12.5% (901 million) of the worldwide
population were aged 60 and over in 2015 (World Population Aging
report, United Nations, 2015). This change may affect economies and
social aspirations as well as health and well-being. The emergence of
chronic and degenerative diseases and associated costs have become
major concerns in healthcare and research sectors in the world. Current
trends in research emphasising the role of diet in healthy ageing also
reflect and align with these global concerns. The health-conscious
consumer demand is ever increasing for functional food and super
foods, particularly whole food with exceptional health benefits. The
responsibility of researchers is not only to unlock the secrets of func-
tional properties but also to confirm scientifically backed health claims

while ensuring the safety of such foods. Herbal plants are being used as
conventional foods for their functional properties which have been
evident over the years through experience. Many of these herbs are also
explored for their therapeutic potentials in age-related health issues.

C. asiatica (Gotu kola) is one such plant, commonly used as a green
leafy vegetable, in traditional societies over the world due to its well-
known health benefits. It is highly valued for its use as a medicinal herb
since prehistoric times (Brinkhaus, 2000). C. asiatica has been used in
Ayurvedic, Unani and folk medicine in India, Sri Lanka and South East
Asian countries over centuries. Furthermore, it has reported uses in
traditional African medicine and traditional Chinese medicine (Jahan
et al., 2012). A study conducted by Packer et al. (2012) in collaboration
with Yaegl Aboriginal community in Australia has also revealed the
native medicinal usage of C. asiatica in Australia.

As per Indian Ayurveda, C. asiatica is considered as having multi-
functional roles (Das, 2011) and a potential “cure-all herb” which has
been used in Ayurveda tradition for thousands of years to treat mild and
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chronic diseases (Gohil, Patel, & Gajjar, 2010). C. asiatica is believed to
possess diverse pharmacological activities (Fig. 1), such as neuropro-
tective, nerve regenerative, immunomodulatory, anti-depressive,
memory enhancing, gastroprotective, cardioprotective, radioprotective,
anti-cancer, antimicrobial, wound healing, anti-inflammatory, anti-
diabetic, and antioxidative properties (Bandara, Lee, & Thomas, 2011;
Brinkhause et al., 2000; Das, 2011; Jahan et al., 2012; Roy, Barman, &
Shaik, 2013; Zheng & Qin, 2007).

C. asiatica is especially recognised for its traditional use as a
memory enhancer (Orhan et al., 2012) and for its ability to revitalise
nerves and brain cells (Seevaratnam, Banumathi, Premalatha,
Sundaram, & Arumugam, 2012). This traditional use is closely asso-
ciated with its neuroprotective effect and indicates the potential of its
bioactives to cure neurodegenerative diseases such as Alzheimer's dis-
ease, senile dementia and Parkinson's disease which are common in
ageing societies, such as those found in the industrialised countries.
Currently, there are only a few synthetic drugs for the treatment of
cognitive dysfunction and memory loss associated with these diseases
(Alzheimer's Association, 2017). They are known to have various ad-
verse effects including gastrointestinal disturbances and problems as-
sociated with bioavailability, which necessitates finding alternatives
from natural resources without these adverse effects. C. asiatica is an
outstanding candidate with anecdotal evidence in cognitive disorders in
traditional medicine.

As emphasised by Brinkhaus, Lindner, Schuppan, and Hahn (2000),

“Centella asiatica is located at the interface between traditional and
modern scientifically oriented medicine”. Numerous studies have ex-
plored neuroprotective, anti-depressive effects as well as enhancing
cognitive performance of C. asiatica crude extracts and single or mixture
of triterpenic preparations, (Jana, Sur, Maity, Debnath, &
Bhattacharyya, 2010; Kumar, Prakash, & Dogra, 2011; Tabassum et al.,
2013; Xu et al., 2012). Most of these studies appear to provide evidence
to support alternative medicinal claims, thus indicating the necessity
for more scientific investigations to examine the traditionally known
benefits of C. asiatica.

This paper reviews the current literature available on C. asiatica as a
culinary and medicinal herb and its phytochemistry and pharmacolo-
gical properties based on epidemiological evidence as well as scientific
research. Most importantly, this paper explores the potential use of this
herb and its functional properties to benefit healthy ageing especially
looking into the treatment of neurodegenerative diseases.

2. Morphology and agro-botany

C. asiatica belongs to the genus Centella in the family of Apiaceae
which comprises about 50 species including the most abundant species
Centella asiatica (L.) Urban syn. Hydrocotile asiatica Linn. This plant
inhabits warm-climate countries in tropical and subtropical regions
such as India, Sri Lanka, Bangladesh, Indonesia, Malaysia, China, Iran,
Papua New Guinea, Northern Australia and some parts of Africa and
America. It has different common names in many languages: penny-
wort, marsh pepperwort, Indian waternavelwort (English); asiatisches
Wassernabelkraut (German); be'vilaque, coquelariat, violette marron
(French); gotu kola (Sri Lanka); brahmi, brahmaduki, karivana, man-
dookaparni, babassa, thankuni, vallari, vallarai (India); talapetraka,
anamanitra, korokorona, silabola (Malagasy); bodila-ba-dinku, tabao
en Amhara (African); luo de da and ji xue cao in Chinese (Solet, Simón-
Ramiasa, Cosson, & Guignard, 1998).

Solet et al. (1998) mention three varieties of C. asiatica (Table 1), in
relation to geographic origin, which correlates slight variations in
morphology and chemical composition.

C. asiatica is a prostrate, stoloniferous, perennial, creeper herb
growing up to an average length of 15 cm (Fig. 2). Its stem is glabrous,
striated, rooting at the nodes and the plant is propagating vegetatively
by runners (stolons). Leaves are basically kidney shaped 1–5 cm long;
2–6 cm wide with crenate margins and long petioles. Flowers are in
fascicled umbels consisting of 3–4 white to purple flowers. The fruit is

Fig. 1. Pharmacological properties of Centella asicatica.

Table 1
Varieties of Centella asiatica.

Main group Constituent Reference

Triterpenic acids Asiatic acid, Madasiatic acid, Madecassic acid, Thankunic acid, Indocentoic acid,
Euscaphic acid, Terminolic acid, Isothankunic acid, Bayogenin, Centic acid,
Betulinic acid, Cenellic acid, Brahmic acid, Idocentic acid

Barnes, Anderson, & Phillipson, 2007; Brinkhaus et al., 2000;
Chong and Aziz, 2011; James & Dubery, 2009; Zheng & Qin,
2007

Triterpenic sugar esters Asiaticoside, Asiaticoside A, Asiaticoside B, Asiaticoside C, Asiaticoside D,
Asiaticoside E, Asiaticoside F, Braminoside, Brahmoside, Brahminoside,
Thankuniside, Isothankuniside, Centellasaponin A, Centellasapogenol,
Sceffoleoside A, Centellasaponin B, Centellasaponin C, Centellasaponin D,
Centelloside, Madecassoside

Barnes et al., 2007; Brinkhaus et al., 2000; Chong and Aziz,
2011; James & Dubery, 2009; Jiang et al., 2005; Matsuda et al.,
2001; Zheng & Qin, 2007

Triterpenic steroids Stigmasterol, Sitosterol Brinkhaus et al., 2000; Chong and Aziz, 2011
Essential oils β-Caryophyllene, Terpene acetate, Terpinene Pinene, α- Humulene,

Biclyclogermacrene, Germacrene B, Elemene, Farnesol, Myrcene
Barnes et al., 2007; Brinkhaus et al., 2000; Chong and Aziz,
2011; Oyedeji & Afolayan, 2005

Flavonoids (polyphenols) Quercetin glycoside, Kaempferol, Astragalin, Catechin, Rutin, Naringin Barnes et al., 2007; Brinkhaus et al., 2000; Chong and Aziz,
2011

Sesquiterpenes Bicycloelemene, Trans-farnesene, Ermacrene Brinkhaus et al., 2000; Chong and Aziz, 2011
Vitamines Ascorbic acid, nicotinic acid, β-carotene Chong and Aziz, 2011
Minerals Calcium, phosphorus, iron, potassium, magnesium, manganese, zinc, sodium,

copper
Chong and Aziz, 2011

Amino acids Alanine and serine (major), aminobutyrate, aspartate, glutamate, histidine, lysine,
threonine, arginine, leucine, iso-leucine, valine, methionine, tyrosine, mesoinositol,
centellose, arabinogalactan

Chong and Aziz, 2011

Other constituents Hydrocotylin (an alkaloid), vallerine (a bitter compound), phytosterols (e.g.
campesterol, stosterol, stigmasterol), resin, 14 different polyacetylenes

Barnes et al., 2007; Chong and Aziz, 2011
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dry, flattened schizocarp with two single-seeded mericarps
(Seevaratnam, 2012; Solet et al., 1998).

3. Use in traditional medicinal systems

C. asiatica is a plant well valued for its use in cuisine as well as in
medicine and has been in use since prehistoric time. Its culinary use is
closely woven with its well-known health benefits in traditional socie-
ties. C. asiatica is considered as an ethnomedicinal plant widely used in
diverse ancient cultures as medicine in traditional medicinal systems
such as Ayurveda and Unani as well as in folk remedies. It is reflected in
the literature that few German authors have contributed extensively by
their pioneering work of systematic documentation and compilation of
information on C. asiatica (Brinkhaus et al., 2000; Kartnig, 1988).
Brinkhaus et al. (2000), provided well-documented evidence for the
therapeutic use of C. asiatica especially in South East Asia and India for
centuries. They revealed in their paper that C. asiatica was listed in the
textbooks of codified Sanskrit medicine (Ayurveda) in around 500 AD.
They also reported that the medicinal plant named “manduk-parni” in
the Sanskrit language is C. asiatica which is mentioned in “Sushruta
Samhita”, an ancient Indian medicinal text in 1200 BCE. It was offi-
cially included into the Indian Pharmacopoeia in the 19th century
wherein it was recommended for treatment of wound healing, various
skin conditions such as leprosy, lupus, varicose ulcers, eczema, psor-
iasis, diarrhoea, fever, amenorrhea and diseases of the female geni-
tourinary tract (Brinkhaus et al., 2000; Kartnig, 1988). They have also
reported the evidence on the use of C. asiatica in folk medicine; tradi-
tional healers in Java and other Indonesian Islands and Madagascar
have used C. asiatica for therapeutic purposes, and it has also been used
to treat leprosy in the island of Mauritius. As per Indian Ayurveda, C.
asiatica is considered as having multifunctional roles (Das, 2011) which
have been used in Ayurveda traditional medicine for thousands of years
to treat mild and chronic diseases (Gohil et al., 2010). In Sri Lankan and

Indian Ayurvedic traditional medicine, the aerial parts of C. asiatica had
been used for skin diseases, syphilis, rheumatism, mental illness, epi-
lepsy, hysteria, dehydration, and in the treatment of leprosy (Matsuda,
Morikawa, Ueda, & Yoshikawa, 2001).

C. asiatica was referred in the ancient Chinese Shennong Herbal
remedies about 2000 years ago (European Medicine Agency, 2010). In
Chinese medicine, it had been used to treat fever, dysentery, urinary
tract infections, hepatitis and jaundice. Some reported uses of the plant
include to prompt bladder activity, for physical and mental exhaustion,
diarrhoea, eye diseases, inflammation, asthma, and high blood pressure
in traditional Southeast Asian medicine (Matsuda et al., 2001). Bandara
et al. (2011) have reported the use of this plant to treat fever, stomach
upset, scrophula (a form of tuberculosis) and syphilis. They have also
mentioned about the claims on the usage of this plant as an antidote for
organophosphorus pesticide-induced toxicity and its use as a health
supplement in North America. In Madagascar, the plant has been used
to treat leprosy (Sahu, Subodh, & Mahato, 1989) while in Java and
Malay peninsula it has been used to heal wounds as well as a con-
stituent in brain tonics to treat cognitive retardation (Kartnig, 1988).

In folk medicine, different uses of this plant have been reported
which have not been supported by experimental or clinical data. WHO
monograph (1999), has reported these uses such as; therapy for al-
binism, anaemia, asthma, bronchitis, cellulite, cholera, measles, con-
stipation, dermatitis, diarrhoea, dizziness, dysentery, dysmenorrhoea,
dysuria, epistaxis, epilepsy, haematemesis, haemorrhoids, hepatitis,
hypertension, jaundice, leucorrhoea, nephritis, nervous disorders,
neuralgia, rheumatism, smallpox, syphilis, toothache, urethritis and
varices. These uses have been based on antipyretic, analgesic, anti-in-
flammatory properties of C. asiatica and as a ‘brain tonic’ agent. Ex-
ternal use of poultice has also been reported to treat contusions, closed
fractures, sprains and furunculosis (WHO monographs, 1999).

A report by the Committee on Herbal Medicinal Products of
European Medicines Agency (2010) has reported various herbal

Fig. 2. Morphology of Centella asiatica.
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preparations of alcoholic or aqueous extracts, as well as refined and
purified extracts of C. asiatica used as commercial products in several
European countries. This report mentions TECA (Titrated Extract of
Centella asiatica), TTFCA (Total Triterpenic Fraction of Centella asiatica)
along with similar commercial products such as Madecassol®, Cen-
tellase® and Blastoestimulina®. All these preparations contain asiatico-
side, asiatic acid and madecassic acid in different percentages. Both
externally (powder, cream and ointment) and internally (tablet, tonic)
used cosmetic, and medicinal preparations are authorised in Europe
since 1969 while food supplements are also available in few countries
(European Medicines Agency, 2010).

4. Phytochemistry

Scientific studies have revealed that C. asiatica contains more than
70 phytochemicals. It is rich in triterpenes, flavonoids, essential oils,
alkaloids and amino acids. Table 2 shows the major phytochemicals in
C. asiatica as per available literature. C. asiatica has diverse and com-
plex chemical constituents where the major groups include; terpenes
(monoterpenes, sesquiterpenes, diterpenes, triterpenes, tetraterpenes),
phenolic compounds (flavonoids, tannins), alkaloids, carbohydrates,
vitamins, minerals and amino acids.

It is evident that the composition of phytochemicals may vary de-
pending on the geographical location, climatic conditions and the
varietal differences as well as the extraction techniques and analytical
methods used. A systematic review conducted by Chong and Aziz in
2011, compiling the studies on the chemical constituents of C. asiatica
reflects that it comprises of diverse and complex chemical constituents,
which may vary with the location of origin and source of plant material.
Several studies have been published in literature on the analysis of
bioactive compounds in C. asiatica in different regions of the world;
mostly in Asia (China, India, Indonesia, Malaysia, and Sri Lanka) which
have reported many different constituents (Jiang, Zhang, Zhou, & Chen,
2005; Matsuda et al., 2001; Rumalla, Ali, Weerasooriya, Smillie, &
Khan, 2010; Shukla, Srivastava, Tripathi, & Prajapati, 2000; Singh
et al., 1969; Yu, Duan, Gao, & Takaishi, 2007). A recent review has
indicated the chemotype variations in the production of these meta-
bolites due to origin and growth conditions (Azerad, 2016). Zhang et al.
(2009) evaluated the content of the phytochemicals of C. asiatica from
different locations in China and reported the variation of major tri-
terpenes, thus developing a chemical fingerprinting method for quality
evaluation. A study by Devkota, Acqua, Comai, Innocenti, and Jha
(2013) on the essential oil content of C. asiatica grown in different
habitats in Nepal revealed that the composition varied from the ones
found in South Africa by another study by Oyedeji and Afolayan (2005),
confirming the compositional differences due to geographical location.

Triterpenoids, one major group of compounds in C. asiatica, are a
large group of diverse compounds and studies on their biosynthesis
have shown that the end products of the pathway can result in thou-
sands of distinct triterpene metabolites (Gershenzon & Kreis, 1999;
Kim, Ahn, Hwang, & Hwang, 2005). All these facts suggest that there
could be a number of novel compounds which remain to be isolated and
identified in C. asiatica.

4.1. Triterpenes

Pentacyclic triterpenoid saponins which are collectively known as
centalloids, are considered as one group of secondary metabolites,
mainly responsible for biological activities thus ascribed to pharmaco-
logical activities of C. asiatica (Al-Nahain, Jahan, Rahman, Nurunnabe,
& Rahamatullah, 2015, pp. 38–56; Brinkhaus et al., 2000; James &
Dubery, 2009; Roy et al., 2013; Zheng & Qin, 2007).

Triterpene saponins are secondary metabolites, which play a reg-
ulatory role in the interaction between the plant and its environment.
According to Hanson (2003), these secondary metabolites can be de-
fensive substances including phytoalexins, phytoanticipins, anti-fee-
dants, attractants and pheromones of pests, and these are the com-
pounds that give the bioactivities beneficial for human health. Terpenes
and derivatised terpenoids from natural products are well known as
beneficial to human health. The terpenes have a cyclic structure and are
biosynthetically produced by polymerising isoprene (2-methyl buta-
diene) units. Thus the basic molecular formula of a terpene is C5H8.

Terpenes are classified by the number of C5 isoprene units that they
contain. These categories include hemiterpenes (single C5 isoprene
unit), monoterpenes (C10), sesquiterpenes (C15), diterpenes (C20), ses-
terterpenes (C25), triterpenes (C30), carotenoids (C40) and polyterpenes
consisting of long chains of many isoprene units (James & Dubery,
2009).

Both the sterols and triterpenes are included in the triterpene group
of compounds. These are accumulated as glycosides (saponins) in ex-
tensive amounts in some plants. Saponins are classified according to
their aglycone skeleton. Triterpenoid saponins consist of a triterpene
aglycone with a pentacyclic structure consisting of a C30 skeleton
(Sparg, Light, & Van Staden, 2004).

C. asiatica triterpenes can be subdivided into two groups according
to methyl substitution patterns on the C19 and C20 as oleanane and
ursane (James & Dubery, 2009) as shown in Fig. 3.

Madecassiside, asiaticoside and their sapogenin triterpene acids
(madecassic and asiatic acid) are the most prominent triterpenes in C.
asiatica (Fig. 4). These four are considered as signatory biomarkers of
the metabolome of this plant.

Terpene biosynthesis process (Gershenzon & Kreis, 1999) is initiated

Table 2
Reported chemical constituents of Centella asiatica.

Variety Morphology Geographical location

Centella asiatica L.
var. typica

Weakly hairy, typically
kidney-shaped leaves with
well crenulated margins

Southern Asia Madagascar

Centella asiatica L.
var. abyssinica

Suborbicular, softer crenated
margins, quite hairy leaves

Tropical and equatorial
Africa

Centella asiatica L.
var. floridana

Leaves longer than wide in
shape

America (from Southern US
to Argentina) and tropical
Oceania

Fig. 3. Basic structures of Centella pentacyclic triterpene metabolites: ursane
(R6, R7=methyl) or oleanane (R7, R8=methyl) types with double bonds oc-
curring at C12-C13, C13-C18 or C20-C21.
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by forming the isoprene unit, isopentenyl diphosphate (IPP) and its
allylic isomer, dimethylallyl diphosphate (DMAPP) via two known
routes: both/either mevalonic acid and/or methylerythritol phosphate
pathway. Then, the fusion of these units generates C10, C15 and C20

diphosphates. Thirdly, a wide range of cyclizations and rearrangements
produce the parent carbon skeletons of terpene classes: mono-, sesqui-,
di-, tri- and tetraterpenes. The final stage involves an assortment of
reactions and modifications to create thousands of divergent terpene
metabolites in the plant kingdom. Triterpenes consist of six isoprene
units and have the molecular formula C30H48.

Knowledge of the biosynthesis process is important in identifying
the possible novel compounds as well as understanding structure re-
lated functionality of these compounds. Kim et al. (2005) report one
such interesting investigation on the possibility of regulation of iso-
prenoid pathways using molecular tools. As described above, the in-
itiation of mevalonate pathway occurs with the conversion of three
units of acetyl-CoA to 3-hydroxy-3-methylglutaryl-CoA (HMG-CoA).
The HMG-CoA is then reduced to mevalonate by 3-hydroxy-3-methyl-
glutaryl-coenzyme A reductase (HMGR). This step is considered as most
critical in regulating terpene biosynthesis, and it is reported that several
major classes of enzymes are involved in this step (Gershenzon & Kreis,
1999). Specifically, in the triterpenoid biosynthesis of C. asiatica, far-
nesyl diphosphate synthase (FPS) enzyme catalyses the sequential 1′-4
condensation of isopentenyl diphosphate (IPP) with di-methylallyl di-
phosphate (DMAPP) and then with the resulting geranyl diphosphate
(GPP), to produce farnesyl diphosphate (FPP). Two molecules of FPP
are converted by squalene synthase into squalene, the common pre-
cursor of sterols and triterpenoids. Kim et al. (2005) argue that genetic
manipulation of this enzyme could possibly affect the accumulation of
saponins as the changes in FPS activity could alter the flux of isoprenoid
compounds down various pathways. They have isolated cDNA encoding
FPS from C. asiatica, suggesting it as a first step in investigating the
saponin pathway, while reporting that this genome contains only one
FPS gene. This study has given an insight into possible implications
related to the triterpene biosynthesis pathway. Some researchers have
attempted to overproduce centalloids in C. asiatica in vitro by using
elicitors such as yeast extract and methyl jasmonate. These studies have
revealed the possibility of significantly increasing the biosynthesis of
targeted centalloid triterpenes by methyl jasmonate by affecting ter-
penoid biosynthesis pathway (James, Tugizimana, Steenkamp, &
Dubery, 2013; Tugizimana, Ncube, Steenkamp, & Dubery, 2015). Fur-
ther, it is important to notice that this pathway will also be affected by

many other factors such as variables in growing environment. Müller,
Lankes, Zimmermann, Noga, and Hunsche (2013) have shown that the
accumulation of saponins and sapogenins is strongly affected by re-
source partitioning between primary and secondary metabolism.

In addition to major triterpenes listed above, a few other novel
compounds in C. asiatica extracts have been reported in the literature. A
research conducted in Mississippi, USA, has reported a new ursane-
derived saponin (23-O-acetylmadecassoside) and a new oleanane-de-
rived saponin (23-Oacetylasiaticoside B) along with other known
compounds (Rumalla et al., 2010). Structure elucidation of new com-
pounds has been done by spectroscopic techniques (High Resolution
electrospray ionisation mass spectrometry, 1D and 2D Nuclear mag-
netic resonance spectroscopy), chemical methods, and comparative
literature studies. Siddiqui, Aslam, Ali, Khan, and Begum (2007) re-
ported isolation and structure elucidation of three new compounds
named as centellin, asiaticin and centellicin extracted by methanol from
plant samples in Pakistan. Another new triterpene and a saponin, have
been isolated from the aerial part of C. asiatica in China by Yu et al.
(2007). They have also used spectral methods, including 2D-NMR
spectra to elucidate the structures. Two new ursane-type triterpene
oligoglycosides, centellasaponins B and C, and an oleanane-type tri-
terpene oligoglycoside, centellasaponin D, have been isolated together
with madecassoside, asiaticoside, asiaticoside B, and sceffoleoside A,
from the aerial parts of C. asiatica cultivated in Sri Lanka (Matsuda
et al., 2001). Other than the triterpenes two new flavonoids named
castilliferol and castillicetin were isolated from the whole plant from
India (Subban, Veerakumar, Manimaran, Hashim, & Balachandran,
2008).

5. Pharmacology

The first insights on the pharmacologically important compounds of
the plant and the clinical studies had been initiated well back in the
19th century (Brinkhaus et al., 2000). The clinical use of C. asiatica as a
therapeutic agent to treat leprous lesions has been documented in 1887
(Brinkhaus et al., 2000). The first report of isolation of asiaticoside as a
therapeutically effective constituent from C. asiatica was by Bomtemp
in 1940, and the first systematic clinical studies were carried out in
1945 (Brinkhaus, 2000).

Even though many multifunctional properties have been reported in
literature, this review only focuses on health benefits of C. asiatica that
would importantly contribute in healthy ageing especially for

Fig. 4. Structures of prominent triterpenes in Centella asiatica.
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neuroprotective activity.

5.1. Neuroprotective activity

The concept of neuroprotection has been a major area of interest for
neuroscientists over past decades as neurological disorders involving
the brain, spinal cord and the nerves that connect them have been in-
creasingly common. Initially, aetiology of these disorders was asso-
ciated with the role of free radicals, however, various pathomechanisms
were elucidated later related to different diseases (Jain, 2011, p. 547).
Among these disorders, dementia is classified as a major neurocognitive
disorder interfering both the cognitive function (refers to memory,
speech, language, judgment, reasoning, planning and other thinking
abilities) and performance of everyday activities (such as making a
meal, paying bills and traveling to a store) which is more common
among elderly people (Alzheimer's Association, 2016). Studies have
indicated that many people with dementia have brain abnormalities
associated with more than one cause.

Alzheimer's disease (AD) is a progressive neurodegenerative disease
that is recognised as the most common cause of dementia affecting
around 47 million people worldwide, as well as a major cause of death
which occurs approximately 9 years after diagnosis (Alzheimer's
Association, 2016; World Alzheimer Report, 2016; Williams, Sorribas,
& Howes, 2011). Among the risk factors of this disease, age is con-
sidered the greatest and most people with Alzheimer's disease are age
65 or older (Alzheimer's Association, 2016). The pathogenesis of the
disease is complex, explained by a number of hypotheses, including
cholinergic hypothesis, amyloid cascade hypothesis and tau hypothesis
with different biochemical pathways (Williams et al., 2011). Oxidative
injury and free radicals, as well as inflammatory reactions and im-
munological disturbances, are considered as important causative agents
underlying initiation of these pathways (Jain, 2011, p. 547).

Currently, only symptomatic treatments are available to treat AD
which do not slow down or reverse the progression of the disease. Most
of these drugs are inhibitors of Acetylcholine esterase (AChE), which is
an enzyme present in the central nervous system (CNS), that catalyses
the neurotransmitter Acetylcholine (ACh) to choline. According to
cholinergic hypothesis deficit in neurotransmitter levels are observed in
AD patients, so that AChE inhibitors are designed to maintain the levels
of acetylcholine, which may help compensate for the loss of functioning
brain cells. In addition to functional improvement of central cholinergic
synapses, elevation of ACh levels believed to be leading to other ben-
eficial effects such as protection of neuronal degradation and mod-
ification of the amyloid precursor protein (Ren, Houghton, Hider, &
Howes, 2004). N-methyl-D-aspartate (NMDA) receptor antagonists are
also used in current drug therapies (e.g. Memantine) which address the
impairment of glutamatergic neurotransmission. Based on amyloid
cascade hypothesis which explains the critical role of amyloid plaques
in neurodegeneration, new therapeutic strategies have evolved to treat
AD. One is secretase modulation; inhibiting the proteolytic enzymes
involved in forming the Aβ42 building blocks (Williams et al., 2011).

The fact that none of the current drugs are able to prevent or slow
down disease progression has been the major driving force for the on-
going research in search of new and potent compounds. On the other
hand, the associated side effects of current drugs such as vomiting, loss
of appetite, diarrhoea, stomach cramps, headaches, insomnia, dizziness
or fainting on standing and sometimes slowing of the heart rate have
created issues with patients reluctant to take medications. Natural
products are emerging as potential candidates with therapeutic poten-
tial with their ability to target different components of multifactorial
pathomechanism of AD.

Neuroprotective effect of C. asiatica has been manifested in different
dimensions of evidence. For example, long-established traditional use
in alternative medicine for many years, in vitro studies, animal studies
and few clinical studies. Various mechanisms appear to be involved in
providing this activity as described by the following research papers.

The definition of a neuroprotectant includes important key phrases as
such; prevention of neuronal death by inhibiting one or more of the
pathophysiological steps in the process following damage to the ner-
vous system, protection against neurodegeneration and neurotoxins,
interventions to slow down or halt the progression of neural degen-
eration (Jain, 2011, p. 547). Research evidence emphasises the multi-
faceted nature of C. asiatica herb as a potential neuroprotective agent in
accordance with the above definition. Cooper and Ma (2017) have also
indicated C. asiatica as a potential phytopharmaceutical as it exhibits
comprehensive neuroprotection via various effects such as reducing
oxidative stress, inhibiting enzymes, and preventing the formation of
amyloid plaques in AD patients.

One mechanism through which C. asiatica provides its putative anti-
Alzheimer activity is by acting as an acetyl-choline esterase (AChE)
inhibitor. A few studies have investigated the AChE inhibitory activity
of C. asiatica in vitro. Hydroalcoholic extracts of C. asiatica [extracted
by standing the dried powder of plant material in ethanol (95%): water
(70:30) mixture for 48 h in room temperature] showed AChE enzyme
inhibitory activity with an IC50 value of 106.55 ± 9.96 μg/mL
(Mukherjee, Kumar, & Houghton, 2007). In a study comparing C.
asiatica ethanolic extracts of Turkish and Indian origins [powdered
plant materials extracted with ethanol (75%) for three days] with
standard C. asiatica extracts from China (with triterpenes asiaticoside
and madicosside as major constituents) revealed that only standard C.
asiatica extracts showed AChE inhibitory activity of 48.28 ± 1.64% at
200 μg/mL concentration (Orhan et al., 2013). However, in contrary,
these two showed butyrylcholine esterase inhibitory activity whereas
the standard C. asiatica extract did not. Kaur, Suthar, Kaur, Bansal, and
Bansal (2016) have compared two commercially available dried ex-
tracts of C. asiatica preparations from India with fresh extract for AChE
inhibition. The whole dried plant has been extracted with absolute
ethanol by soxhlet extraction to prepare fresh extracts. They have re-
ported that fresh extract showed the lowest inhibition
(27.09 ± 0.39%) comparatively while the commercial extracts showed
39–40% inhibitory activity. However, the decrease in the activity was
minimum in the fresh extracts over 6months as measured by ac-
celerated stability study. A recent study conducted to assess AChE in-
hibitory activity of 80 herbal plants used in traditional Chinese medi-
cine (TCM) has reported no significant AChE inhibition activity of
methanolic, dichloromethane and aqueous crude extracts of C. asiatica
(Kaufmann, Dogra, Tahrani, Herrmann, & Wink, 2016). In this study,
the plant extracts have been prepared by boiling the fresh plants in
reflux with respective solvents for 6 h. Limited scientific evidence is
found in the literature on the assessment of AChE inhibition activity of
different extracts of C. asiatica, and it seems an area requiring further
research.

One of the neuropathological mechanisms of AD is the accumulation
of amyloid-β peptide as plaques in the brain parenchyma and cerebral
blood vessel walls which is considered as a major trigger. This is caused
by a chronic imbalance between the production and clearance of
amyloid-β peptides. Inhibiting the proteolytic enzymes involving APP
(Amyloid Precursor Protein); secretase modulation and reducing APP
oligomers are being considered as two therapeutic strategies targeting
neurodegeneration as described by amyloid cascade hypothesis
(Williams et al., 2011). APP can be cleaved by β-secretase and γ-se-
cretase proteases (which is termed as amyloidogenic pathway) to gen-
erate amyloid-β protein, the main component of senile plaques in Alz-
heimer's disease. In contrast, APP can be cleaved by α-secretase
proteases, precluding the production of amyloid-β protein and gen-
erating a secreted, non-amyloidogenic product (sAPPα). Patil, Maki,
Khedkar, Rigby, and Chan (2010) have investigated the effect of
treatment of primary rat cortical neurons with asiatic acid, a major
triterpenoid in C. asiatica. They have reported that asiatic acid has
enhanced the non-amyloidogenic processing of APP by down-regulating
β-secretase (BACE1) as well as up-regulating ADAM10 in primary rat
cortical neurones. BACE1 is a rate-limiting enzyme in the production of
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amyloid-β-peptide APP, while ADAM10 is involved in the non-amy-
loidogenic processing of APP. They have emphasised the dual effect of
asiatic acid by lowering amyloid-β peptide levels directly and in-
creasing sAPPα levels resulting in neuroprotection indirectly. A study
conducted on transgenic mice with increased production of amyloid β
peptide has also revealed that prolonged treatment with C. asiatica
extracts altered the amyloid pathology (Dhanasekaran et al., 2009). It
also indicated the antioxidant properties of C. asiatica such as free ra-
dical scavenging, decreased lipid peroxidation and protection from
DNA fragmentation due to oxidative stress, providing multiple me-
chanisms to alter the pathology in Alzheimer's brain.

In another study, C. asiatica extracts strongly inhibited induced
neurotoxicity of aged Sprague-Dawley rats exhibiting its effectiveness
against neurodegenerative diseases (Haleagrahara & Ponnusamy,
2010). Xu et al. (2012) showed that asiatic acid (AA), an important
triterpene in C. asiatica, attenuated glutamate-induced cognitive defi-
ciencies of mice and protected SH-SY5Y cells against glutamate-induced
apoptosis in vitro, indicating the therapeutic possibilities of AA in
treating neuronal damage. A study examining the effect of aqueous and
ethanolic extracts of C. asiatica on nerve regeneration indicated that the
ethanolic extract elicited a marked increase in neurite outgrowth in
human SH-SY5Y cells in the presence of nerve growth factor
(Soumyanath et al., 2005). This study also found that male Sprague-
Dawley rats given oral doses of the same ethanolic extract of CA de-
monstrated more rapid functional recovery and increased axonal re-
generation. Further, the authors implied that C. asiatica extracts might
contain more bioactive compounds other than Asiatic Acid which is the
known major bioactive triterpene in the extract.

Wijeweera, Arnason, Koszycki, and Merali (2006) revealed that
triterpene, asiaticoside and both ethanolic and methanolic extracts of C.
asiatica impart anxiolytic activity in vivo. A later study on rats fed with a
standardised extract of C. asiatica containing triterpenoids not less than
80%, also demonstrated anxiolytic effect in both acutely and chroni-
cally stressed animals (Wanasuntronwong, Tantisira, Tantisira, &
Watanabe, 2012).

Gamma-aminobutyric acid (GABA) is an important inhibitory neu-
rotransmitter in mammalian CNS, which plays a critical role in anxiety.
Reduction of GABA levels leads to anxiety, depression and other asso-
ciated disorders (Awad et al., 2007). C. asiatica has traditionally been
used as an anti-anxiety and anti-depressive herb, and Awad et al.
(2007) reported that this effect might due to possible modulation of the
GABAergic system. An in vitro study using rat brains showed that
aqueous and ethanolic extracts of C. asiatica stimulated glutamic acid
decarboxylase (GAD) enzyme, which regulates GABA synthesis by over
40% at a dose of 1mg/ml. A clinical study evaluated the role of 70%
aqueous-ethanolic extract of C. asiatica on general anxiety disorder
(GAD), involving thirty-three participants, revealed that C. asiatica
significantly attenuated anxiety-related disorders, reduced stress and it
correlated depression, improved willingness to adjust and cognition
(Jana et al., 2010).

It is reported that orally administered C. asiatica extracts enhanced
learning performance and memory retention of rats (Rao, Chetana, &
Devi, 2005). Another research group has shown the positive impact of
C. asiatica extracts on dendritic morphology (length and branching) of
amygdaloid neurons, one of the regions related to learning and memory
(Mohandas Rao, Muddanna Rao, & Gurumadhva Rao, 2009).

Madecassoside acid, another major triterpene in C. asiatica, showed
neuroprotective effect in a rat model of cerebral ischemia-reperfusion
(I/R) injury (Luo et al., 2014). This study indicated that madecassoside
significantly attenuated inflammation and ameliorates oxidative stress
responses suggesting that the inhibition of NF-κB activation as a pos-
sible mechanism. Another study showed that madecassoside is effective
in the early stage of Parkinsonism in a rat model (Xu, Qu, Zhang, Li, &
Ma, 2013).

Further, a study investigating anticonvulsant effect (a condition in
epilepsy) suggested that C. asiatica extracts caused perceptible changes

in the cholinergic system which is one of the mechanisms giving an-
ticonvulsant activity (Visweswari, Prasad, Chetan, Lokanatha, &
Rajendra, 2010). Barbosa, Pittella, and Gattaz (2008) reported asiati-
coside rich C. asiatica water extracts inhibited phospholipase A2 (PLA2)
group of enzymes which are considered as responsible for causing
epilepsy, stroke, multiple sclerosis and other neuropsychiatric dis-
orders, thus implying that C. asiatica would be useful in treating these
conditions. An earlier study by Gupta, Kumar, and Srivastava (2003)
has also indicated the effectiveness of aqueous C. asiatica extracts as
adjuvants to antiepileptic drugs with an added advantage of preventing
cognitive impairment.

5.2. Antioxidant activity

Oxidative stress is caused by an imbalance of in vivo antioxidant
defence system and free radical formation. Oxidative stress is con-
sidered as an important factor in Alzheimer's disease pathogenesis. The
oxidative stress hypothesis states that the damage on biological mole-
cules by reactive Oxygen species (ROS) and free radicals are more
pronounced in the CNS than in other organs due to the higher sensi-
tivity attributed to its high amount of oxidizable fatty acids, high de-
mand for oxygen and the relative paucity of classical antioxidant sys-
tems (Praticò, 2008).

Several studies have investigated the antioxidant activity of C.
asiatica water extracts as well as alcoholic extracts and concluded that
both the triterpenes and phenolic compounds might be responsible for
this activity (Ariffin, Heong Chew, Bhupinder, Karim, & Huda, 2011;
Pittella, Dutra, Junior, Lopes, & Barbosa, 2009; Zainol, Abdul-Hamid,
Yusof, & Muse, 2003). As the antioxidant property is adequately and
extensively discussed in the literature, it is not reviewed in detail in the
present paper.

The ability to attenuate oxidative stress is considered as one means
of improving cognitive performance and diverse means for this has
been explored. One study showed that chronic treatment with C. asia-
tica extract for 25 days decreased colchicine-induced memory impair-
ment and associated oxidative damage while reversing the increase in
AChE activity (Kumar, Dogra, & Prakash, 2009). Another study by the
same researchers showed that C. asiatica extracts decreased D-glucose
induced cognitive impairment, mitochondrial enzyme complex activ-
ities and oxidative damage (Kumar et al., 2011). A study by Shinomol
et al. (2008) examined the effect of C. asiatica leaf powder on oxidative
markers in the brain and showed that it also supports this claim. They
suggested that C. asiatica may be an effective neuroprotectant as it
possesses the potential of modulating both endogenous and neurotox-
icant induced oxidative impairments in the brain. Oral administration
of C. asiatica extracts (300mg/kg of body weight/day for 60 days) re-
duced brain regional lipid peroxidation (LPO) and protein carbonyl
(PCO) levels significantly, owing to the increase of anti-oxidant status
(Subathra, Shila, Devi, & Panneerselvam, 2005). Thus, this study has
concluded that C. asiatica exerts a neuroprotective effect and is effica-
cious in protecting rat brain against age-related oxidative damage. An
animal study involving rats revealed that C. asiatica extract given with a
normal diet, amended H2O2 induced-oxidative stress by decreasing
lipid peroxidation via alteration of the antioxidant defence system
(Hussin et al., 2007).

5.3. Anti-inflammatory activity

Inflammation is the reaction due to body's immediate response to
damage in tissues and cells by pathogens, harmful stimuli such as
chemicals, or physical injury. Chronic inflammation is a dysregulated
active inflammation and is associated with many chronic diseases in-
cluding cancer, cardiovascular diseases, diabetes, arthritis and neuro-
degenerative diseases. The plant kingdom has developed diverse phy-
tochemical classes to fight inflammation, over the evolutionary process.

It is indicated that C. asiatica possesses this activity due to the
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presence of terpenoids and flavonoids. A study using Human Red Blood
Cell (HRBC) membrane stabilization method has confirmed its anti-in-
flammatory activity in vitro (Chippada & Vangalapati, 2011). Made-
cassoside, a triterpene in C. asiatica was reported to inhibit hy-
perpigmentation caused due to inflammation by UV irradiation on
artificially tanned human skin cells (Jung et al., 2013). Yun et al.
(2008) have researched on the effect of asiatic acid (AA), an aglycone
type triterpene from C. asiatica, on the mechanism of inflammation in
RAW 264.7 macrophage cell cultures. They found that asiatic acid
potently inhibited lipopolysaccharide (LPS) induced nitric oxide (NO)
and prostaglandin E2 (PGE2) production. It inhibited protein and mRNA
expression levels of inducible nitric oxide synthase (inducible iNOS)
and cyclooxygenase 2 (COX-2) in a dose-dependent manner. It also
reduced the production of inflammatory mediators, interleukin 6 (IL-6),
IL-1β and TNF-α (tumour necrosis factor) and inhibited the nuclear
factor-kappa B (NF-κB) activation. This study suggested that asiatic acid
from C. asiatica may have the potential to prevent inflammatory dis-
eases and it is more effective than its glycoside asiaticoside. Won et al.
(2010) in a similar type of study indicated that madecassic acid, an-
other major triterpene from C. asiatica, has significant and similar type
of anti-inflammatory effects as described above and was more effective
than its glycoside, madecassoside.

Furthermore, several studies using animal models have investigated
the anti-inflammatory potent of C. asiatica extracts. The therapeutic
potential of asiaticoside and madecassoside in treating Rheumatoid
Arthritis (RA), which is a chronic inflammatory autoimmune disease,
was reported based on their substantial ability to attenuate type II
collagen-induced arthritis in mice (Li et al., 2009, 2007; Liu et al.,
2008). In another study involving rats, ethanolic extracts of C. asiatica
showed similar anti-inflammatory activity as Ibuprofen (George,
Joseph, & Ramaswamy, 2009). Di Paola et al. (2010) indicated that a
flavonoid (3,5-dicaffeoyl-4-malonylquinic acid) from C. asiatica exerted
anti-inflammatory activity in the reduction of induced inflammatory
bowel disease (colitis) in rats.

6. Centella asiatica as a potential neuroprotectant

The pathomechanisms of most of the neurological disorders have
been ascribed as associated with uncertain and complex aetiology. Thus
the modulation of a single target is insufficient. As a result, the scien-
tists have directed their research focus towards the development of
multi-target-directed molecules to fight neurodegenerative diseases.
Even though synthetic multifunctional agents have been developed as
drug candidates, their potential risks in safety, absorbability, some side
effects and pharmacokinetics have restricted their successful applica-
tions. Natural herbs such as C. asiatica having multiple functions are
promising potential agents to be used to target multiple pathways in
disease pathology.

C. asiatica with its reputation in traditional medicine as a memory
booster as well as research evidence on several mechanisms underlying
its neuroprotective ability indicates its potential as a multifunctional
neuroprotectant. C. asiatica possesses wholesome anti-oxidative prop-
erties to attenuate oxidative stress, a high anti-inflammatory potent,
neuron regenerative ability, potential for neuron damage prevention,
neurotoxicity inhibition effect, anti-anxiety and anti-depressive prop-
erties via modulation of the GABAergic system, AChE inhibitory po-
tential and ability to reduce accumulation of amyloid plaques by
modulating secretase enzymes. Having these comprehensive multi-
functional properties make it capable of promoting general neuropro-
tection as well as simultaneously targeting multiple disease pathways to
arrest neurodegenerative disorders. However, to be used as a ther-
apeutic agent a proper evaluation should be done of the active in-
gredients, presence of any synergistic effects, efficient extraction
methods and stabilization of the active ingredients until they are de-
livered in the body as well as the potential of active ingredients to reach
targeted pathological pathways, especially the ability to cross the

blood-brain barrier (BBB).

7. Safety, toxicology and drug interactions

A long-established knowledge in the use of C. asiatica in traditional
medicine and cuisines around the world is an assurance on its safety.
However, more safety data will be required before its use in drug
therapy. A review report of Cosmetic Ingredient Review (CIR) expert
panel (2015) has confirmed the safety of different extracts of C. asiatica
in the present practices of use, based on the reported research including
limited data on oral administration in human studies and in vitro
human cell cultures. The assessment report on C. asiatica by European
Medicines Agency (2010) concluded that the tolerability of oral C.
asiatica preparations has generally been good and no known adverse
events from pharmacovigilance data exist. However, it has indicated
that gastric complaints and nausea have occasionally been reported
following oral administration of C. asiatica preparations. Moreover, this
report has mentioned the long-term usage of medicinal products con-
taining C. asiatica refined extracts in Europe, which have been au-
thorised and marketed for more than 30 years.

In addition to safety data, the studies and information on potential
drug interactions are essential to assure safe use of C. asiatica as a food,
a herbal supplement or as a drug with other medicines. Limited re-
search is available on drug interactions of C. asiatica. A study using in
vitro recombinant human Cytochrome P450 assay, investigating the
potential drug interactions of two major triterpenes in C. asiatica;
asiaticoside and madecassoside has indicated that these two could
cause drug-drug interactions via inhibitory effects on human cyto-
chrome P450 (Winitthana, Niwattisaiwong, Patarapanich, Tantisira, &
Lawanprasert, 2011). Cytochrome P450 (CYP) enzymes, found pri-
marily in the liver, are responsible for drug metabolism thus inhibition
or induction of these are important in the interpretation of drug in-
teractions. This study has revealed that asiaticoside and madecassoside
inhibited two CYP isoforms (CYP2C19 and CYP3A4) out of six isoforms
tested. However, the inhibitory effects of two triterpenes were rela-
tively small compared to IC50 values for known selective inhibitors
tested. This has suggested that both asiaticoside and madecassoside
could cause drug-drug interactions with drugs metabolised by CYP2C19
and CYP3A4.

Moreover, it is indicated in the literature that C. asiatica supple-
ments may have potential to be harmful to the liver and it would be
risky to take it along with other medications that also can harm the liver
(Gotu Kola; Univesity of Maryland Medical Center, 2015). However, no
strong research evidence was found to support this claim. It is also
mentioned that C. asiatica may also cause a synergistic effect when
taken with other diuretics. Further, the possibility of C. asiatica to make
the drugs taken for anxiety stronger, due to its potential of acting as a
sedative is also stated (Gotu Kola; Univesity of Maryland Medical
Center, 2015).

8. Future research directions

Elucidation of chemical profile of C. asiatica seems to have been
adequately researched. However further research on the extraction of
C. asiatica compounds using more efficient techniques and solvent
systems, identification of exact bioactive ingredients based on their
target mechanisms in neuroprotection, assessing their synergistic ef-
fects as well as efficacy levels and safety at these levels will be required.
At the same time, exploring the means to deliver the benefits in stable
matrices and bioavailability of these bioactive compounds in the human
body in adequate concentrations for the target mechanisms, especially
their ability to cross the blood-brain barrier should be further eval-
uated.

As C. asiatica is a popular leafy vegetable in many countries, con-
sumption of it as a functional food with normal diet is a convenient way
to deliver its multifaceted health benefits as well as rich nutritional
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profile. Grasping of therapeutic, nutraceutical and dietary benefits of
this plant would offer a valuable contribution in holistic healthy ageing.
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