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Abstract: Plant-based drug discovery has drawn the attention of researchers, especially the one used as traditional medicines.
Centella asiatica, a medicinal herb widely distributed throughout the world is popular as a traditional medicine. In Ayurveda, it is
used either alone or as an important ingredient of several formulations for the management of CNS, skin and gastrointestinal
diseases. The aerial parts and roots are used for medicinal purpose, and its chemical constituents have wide therapeutic applications
in areas of antimicrobial, anti-inflammatory, anticancer, neuroprotective, antioxidant, and wound healing activities. Many of its
uses have been proven scientifically, and bioactive ingredients have been validated. Hence, in this narrative review of literature
study we aimed to describe and delineate the therapeutic properties of Centella asiatica and overview on future perspectives are
also highlighted.
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. INTRODUCTION

Centella asiatica (L) urban, synonym Hydrocotyle asiatica, belongs to the family Apiaceae (Umbelliferae). This herb is found
almost all over the world, particularly during rainy season and in damp and marshy areas. It is a popular medicinal plant in several
traditional systems of medicine. In Ayurveda, an Indian system of medicine, this is an important ingredient of several compound
formulations used in the management of central nervous system, skin and gastrointestinal disorders (Sharma, 1981).

It is also used alone and has been considered by Vagbhatt as the best herb for improving memory and intellect. It belongs to the
group of drugs known as medhya rasayanas (psychotropic drugs) and is also known as Brahmi. The literal, meaning of the term,
Brahmi is one which promotes the intellect and that is why many herbs with similar effects are known as Brahmi. This has led to
the popular controversy associated with this herb, as presently two herbs, viz. Centella asiatica and Bacopa monnieri, are used by
the same name of Brahmi in different parts of India. To avoid the confusion, it has been suggested to refer this plant by its other
name mandukaparni, a synonym indicating towards its peculiar leaves (Sharma, 1981). In English this is known as waternavel,
waterpennywort and Indianpennywort.

I1. BOTANICAL OF DESCRIPTION OF CENTELLA ASIATICA

Centella asiatica is a slender trailing herb, rooting at the nodes. It has long, reddish, prostate stem emerging from the leaf axils of
a vertical root stock. Leaves are orbicular, reniform, entire, crenate, glaborous, 1.3-7 cm in diameter. Flowers are sessile, white or
reddish, covered by bracts and 3-6 flowers are arranged in an umbel. Fruits are small, compressed, 8 mm long, mericarps are curved,
rounded at the top, broad and 7-9 ridged. Seeds are compressed laterally. This has a characteristic odour, greyish green colour and
bittersweet taste (Figure 1) (Arora et al 2002).
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Figure 1: Showing whole plant, flowers, seeds and fruit parts of Centella asiatica

With regards of habitat of Centella asiatica, the plant is an indigenous to the warmer regions of both the
hemispheres, including Asia, Africa, Australia, southern United States of America, Central America and
South America. It is especially abundant in the swampy areas of India, up to an altitude of approximately 700
m. It is abundantly found during rainy season (Arora et al 2002).

Taxonomy of Centella asiatica
Kingdom Plantae — Plants

Subkingdom Tracheobionta — Vascular plants
Superdivision Spermatophyta — Seed plants
Division Magnoliophyta — Flowering plants
Class Magnoliopsida — Dicotyledons
Subclass Rosidae
Order Apiales
Family Apiaceae — Carrot family
Genus Centella L. — centella
Species Centella asiatica (L.) Urb. — spadeleaf (USDA 2021)

I11. NUTRIENT COMPOSITION OF CENTELLA ASIATICA

Generally, Centella asiatica are rich sources of minerals (including iron, calcium, potassium, and magnesium) and vitamins,
including vitamins K, C, E, and many of the B vitamins. They also provide a variety of phytonutrients including 3-carotene, lutein,
neoxanthin, and zeaxanthin, which protect human cells from damages and eyes from age-related problems among many other
effects. Macronutrients found in Centella asiatica are mainly proteins, carbohydrates, and fibers. According to three studies done
in the previous decade, the content of nutrients shows relatively close values but in some instances, big variations are also seen (Das
AJ 2011, Hashim P 2011, Joshi K et al 2013).

Macronutrient and mineral contents of Centella asiatica are summarized in Table 1 and Table 2. Generally, the herb is low in
protein (2.4%), carbohydrate (6.7%), and fat (0.2%). Centella asiatica has been reported to contain about 87.7% moisture, 5.4%

insoluble dietary fiber, and 0.49% soluble dietary fiber, and 17.0 mg/100 g phosphorus, 14.9 mg/100 g iron, and 107.8 mg of
sodium.
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Table 1: Macronutrient Percentage of Centella asiatica (mg/100g)

Protein Carbohydrate Fiber Moisture Fat Study
- 6.70 1.60 87.70 0.20 Hashim (2011)
2.40 - 5.92 84.60 - Joshi and Chaturvedi (2013)
9.94 51.92 18.33 84.37 - Das (2011)

Table 2: Mineral Content of the Centella asiatica (mg/100 g)

Na K Ca mg P Fe Study
21.00 - - - 32.00 5.60 Hashim (2011)
107.80 34.00 174.00 87.00 17.00 14.86  Joshi and Chaturvedi (2013)
- - 1.06.00 - 370.00 32.00 Das (2011)

Values of the nutrient composition suggest that Centella asiatica is a good source of dietary fibers which is a significantly important
nutrient component. Dietary fiber intake provides many health benefits. A generous intake of dietary fiber reduces risk of developing
coronary heart disease, stroke, hypertension, diabetes, obesity, and certain gastrointestinal disorders, and provides many other health
benefits (Anderson JW et al 2009). Total calories in 100 g of Centella asiatica are 37.0 kcal (Hashim P 2011). In general, Centella
asiatica ca contains a high concentration of potassium (345 mg) and calcium (171 mg). Potassium intake reduces the risk of stroke,
kidney stones, renal damages, and many heart-related problems. Calcium is also an important structural component of bone.
Adequate calcium intake throughout childhood and adolescence is needed to achieve maximum bone mass in young adulthood
which is an important determinant of bone mineral status in later life. Centella asiatica can be used as a nonexpensive nutritional
source of both potassium and calcium. However, mineral content of the different morphotypes of Centella asiatica can drastically
vary. Centella asiatica is also rich in vitamin C (48.5 mg/100 g), B1 (0.09 mg/100 g), B2 (0.19 mg/100 g), niacin (0.1 mg/100 g),
carotene (2649 pg/100 g), and vitamin A (442 pg/100 g) (Hashim P 2011, Joshi K et al 2013).

IV. PHYTOCHEMISTRY AND BIOACTIVE COMPOUNDS OF CENTELLA ASIATICA

Centella asiatica has long been used as folklore medicine for the treatment of a variety of diseases. Chemically it has been identified
leading to therapeutic properties. Asiatic acid, asiaticoside, and madecassoside form the major -constituents responsible for
pharmacological value apart from being rich in flavonoids and terpenoids (Roy et al 2013). Centelloid was term given for different
constituents of secondary metabolites produced by plant which mainly comprised of pentacyclic triterpenoid saponins (James and
Dubery 2009). P-cymene-(44%) along with other volatile compounds was found to be in a prominent amount in the essential oil of
Centella asiatica on analysis with gas chromatography-mass spectrometry (GC-MS) (Francis and Thomas 2016). Centellin, asiatic,
and centellicin were isolated from the aerial part of the plant, and further, their structures had been determined using 2D nuclear
magnetic resonance technique (Siddiqui et al 2007). From plant extracts using high-performance liquid chromatography to identify
bioactive compounds, madecassoside, asiaticoside, madecassic acid, and Asiatic acid were found in the significant amount (Inamdar
et al 1996). A quantitative estimation of triterpenoids showed highest asiaticoside content (6.42%) in leaf samples collected in
Mangoro region (Randriamampionona et al 2007). New triterpene and a saponin, 20,3f3,23-trihydroxyurs-20-en-28-oic acid and
2a,3P,23-trihydroxyurs-20-en-28-oic acid O-a-I-rhamnopyranosy-(1—4)-0-B-dglucopyranosyl (1—6)-O--d glucopyranosyl
ester, have been isolated from the aerial part of Centella asiatica, and their structures were determined using spectral methods (Yu
et al 2007).

Centella asiatica is considered as an enriched source of different active compounds as shown in Table 3. The main active
compounds of Centilla asiatica are pentacyclic triterpenes (asiatic acid, madecassic acid, asiaticoside and madecassoside) (Puttarak
and Panichayupakaranant 2012).
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Table 3: Main active compounds of Centella asiatica

Main
Groups

Active Compounds

References

Terpenoids

Phenols

Triterpenes, asiaticoside,
centelloside, madecassoside,
brahmoside, brahminoside (saponin
glycosides), asiaticentoic acid,
centellic acid, centoic acid,
madecassic acid, terminolic acid
and betulic acid.

Various terpenoids: -
caryophyllene,

trans B-farnesene and germacrene
D (sesquiterpenes), a-pinene and
B-pinene

Flavonoids: kaempferol,

kaempferol-3-0-B-d-glucuronide,
castilliferol, quercetin, quercetin-
3-0-B-d-glucuronide, castillicetin,
apigenin, rutin, luteolin, naringin

Phenylpropanoids: rosmarinic acid,
chlorogenic acid, 3,4-di-o-caffeoyl
quinic acid, 1,5-di-o-caffeoyl
quinic

acid, 3,5-di-o-caffeoyl quinic acid,
4,5-di-o-caffeoyl quinic acid,
isochlorogenic acid

Tannin: tannin, phlobatannin

(Barnes et al 2007), (Jamil et al 2007)

(Barnes et al 2007), (Jamil et al 2007)

(Bhandari et al 2007, Zheng and Qin 2007, Chong and Aziz
2013)

(Chong and Aziz 2013)

(Chong and Aziz 2013)

V. PHARMACOLOGICAL ACTIVITIES OF CENTELLA ASIATICA
Centella asiatica has been significantly drawn the attention of scientific groups in the recent years as it has multiple usages in the
treatment of ailments. In Figure 2, major pharmacological usage in the treatment of ailments has been outlined followed by its
detailed description.
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Figure 2: Pharmacological activities of Centella asiatica
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Anticancer Activities

On A549 and PC9/G lung cancer, cell line inhibitory concentration 50 (ICso) values of A-3 were 26.03 + 2.47 and 25.57 + 0.51,
respectively, due to the presence of asiatic acid as major component (Wang et al 2013). Against the cell lines of human breast cancer
(MDA MB-231), mouse melanoma (B16F1), and rat glioma (C6), the aqueous extract of Centella asiatica had shown inhibitory
activity with 1Csq values of 698, 648, and 1000 pg/mL respectively (Pittella et al 2009). The methanolic extract of Centella asiatica
(Linn) showed inhibitory effect on MCF-7 cell lines, and induced apoptosis in MCF-7 cells as indicated by nuclear condensation,
increased annexin staining, loss of mitochondrial membrane potential, and induction of DNA breaks was identified by TUNEL
reactivity (Babykutty et al 2009). The effect of Centella asiatica juice was checked on human HepG2 cell line using MTT assay,
and it showed cytotoxic effects on tumor cells in a dose-dependent manner. At a concentration above 0.1% of juice, a higher amount
of DNA damage and apoptotic cell death was observed on human HepG2 cell line (Hussin et al 2014).

Asiatic acid was evaluated for antiproliferative effect in lung cancer cells using MTT assay. Oral administration of asiatic acid
inhibited weight and tumor volume significantly in lung cancer xenograft model (Wu et al 2017). In another study, asiatic acid
showed induced apoptosis and decreased viability in human melanoma SK-MEL-2 cells in a dose-dependent manner (Park et al
2005). Asiatic acid derived from Centella asiatica showed antiproliferative effects on RPMI 8226 cells. It decreased the expression
levels of focal adhesion kinase (FAK), and the probable mechanism of asiatic acid may be related to the inhibition of signal
transduction mediated by FAK (Zhang et al 2013). Asiatic acid, asiaticoside, and madecassic acid was the major composition of
titrated extract of Centella asiatica, and asiaticoside reduces melanogenesis in B16F10 mouse melanoma by checking tyrosinase
MRNA expression (Kwon et al 2013). In long-term culture at a concentration of 8 ug/ml, partially purified fractions inhibited the
growth of mouse lung fibroblast (L-929) cells (Babu et al 1995). Reduction of up to 50% in viability was observed in ovarian cancer
cells treated with 40 ug/ml concentration of asiatic acid, and it also showed cell cycle arrest at the GO/G1 phase and increased
apoptosis by 7-10 folds (Ren et al 2016). Induction of apoptosis was observed in A-549 cell line due to presence of asiatic acid
which helped in regulation of miR-1290, BCL2 protein level, and cell cycle regulation (Kim et al 2014).

Anti-inflammatory Activities

Anti-inflammation is widely used methodology in experimental oncology which helps to examine the inflammation defensive
potential of natural products (betulinic acid, a-amyrin acetate, lupeol acetate, oleanolic acid, and ursolic acid) and synthetic entities
(Sultana et al 2012). Terpenoid is major constituents among secondary metabolites secreted by plants. It helps to cope up stress
condition and supports defense activities. Plants with medicinal properties are rich in these compounds such as ceramide and
different forms of terpenoids (Prakash 2017). Pentacyclic triterpenoid and saponins are collectively known as centelloids. Among
different constituents, triterpenoid saponins were mainly expected to be responsible for therapeutic actions (James and Dubery
2009). Hypotonicity-induced human red blood cell membrane breakdown was inhibited by Centella asiatica. At different
concentrations, membrane stabilization was observed for diclofenac sodium and methanolic extracts, and at a dose of 2000 pg/ml,
maximum membrane stabilization of Centella asiatica extracts was noticed to be 94.97% (Chippada et al 2011). At concentration
of 2 mg/kg, the Centella asiatica extract showed moderate anti-inflammatory property on prostaglandin E2-induced inflammation
in a dose-dependent manner (Somchit et al 2004). In another study, the aqueous and alcoholic extract of Centella asiatica showed
46.31% and 71.18%, respectively, inhibition of edema after 3 hrs, while the standard ibuprofen showed an inhibition of 66.66%
(George et al 2009). At the 4™ and 5™ hrs, after A-carrageenan (Carr) supplementation, the asiatic acid reduced paw edema by
regulation of catalase, superoxide dismutase (SOD), and glutathione in the liver tissue (Huang- et al 2011). In another study,
measurement of paw size was taken before carrageenan injection and then 1, 2, 3, and 4 hrs after carrageenan injection. It was
observed that the methanolic extract showed significant inhibition, and the highest inhibition was at 3 hrs at 200 mg/kg dose which
was slightly lower than indomethacin effect (Saha et al 2013).

Antidepressant Activities

Compared to diazepam Centella asiatica possesses antianxiety effect but has no effect on behavioral despair (Bhavna and Jyoti
2011). Total triterpenes and imipramine from Centella asiatica were evaluated for antidepressant activity using forced swimming
test, the result showed a reduction in stillness duration and regulated amino acid levels (Chen et al 2003). In another study, decrease
in corticosterone level in serum and enhanced 5-HT, NE, DA and their metabolites 5-HIAA and MHPG in rat brain were observed
(Chen et al 2005). Standardized extract showed a reversal of physiological and behavioral changes following OBX-induced
depression in rats (Kalshetty 2012). Forced swim test was performed in male Sprague-Dawley rat treated with asiatic acid and
midazolam+asiatic acid, significant result was observed in the ration of open-arm time, maximum speed, and time spent in the
asiatic acid group and the midazolam+ asiatic acid group (p<0.05) (Ceremuga et al 2015).

Antidiabetic Activities

Antidiabetic properties of leaves extract of Centella asiatica was evaluated in alloxan-induced rat by administering extract at a
concentration of 250, 500, and 1000 mg/kg after 3 hrs of ingestion reduction in blood glucose level was noticed by 32.6%, 38.8%,
and 29.9%, respectively (Rahman et al 2012). Effect of ethanol extract was tested in streptozotocin (50 mg/kg)-induced Wistar rats.
Studying the serum glucose, urea cholesterol, lipid, liver glycogen level, and body weight, the antidiabetic activity of extract at
concentration of 200 mg/kg was noticed (Gayathri et al 2011). In a study, lower inhibitory activities of a-amylase of Centella
asiatica extract and rutin were observed when compared to acarbose and an anti-diabetic drug (Supkamonseni et al 2014). Extract
of Centella asiatica led to reducing blood glucose level in dose-dependent manner by 29.4%, 32.8%, 33.6%, and 35.7%,
respectively, at doses of 50, 100, 200, and 400 mg per kg body weight (Haque et al 2013). In alloxan-induced rats, reduction in
blood glucose level was observed at a dose level of 50 mg/kg b.wt. of Centella asiatica juice (Rahman et al 2012). The effect of
intestinal disaccharides and alpha amylase was inhibited, and lowered glucose absorption was observed when supplemented with
plant extract (Kabir et al 2014). Long-term administration of plant extract reversed the blood glucose level to normal in obese
diabetic rat (Maulidiani et al 2016). Asiatic acid was found to reduce blood glucose level in Goto-Kakizaki (GK) rat by enhancing
fibrosis of islets in diabetes which plays a vital role in the prevention of islets dysfunction (Wang et al 2015). In diabetic Wistar rat
model, asiatic acid showed to preserve and restore beta cell mass (Liu et al 2010).
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Antioxidant Activities

Free radical and reactive oxygen species (ROS) are the main reason behind aging. All organisms have a mechanism to deal with
such reactive groups, free radical scavengers provide protection to the organism. The plant extract obtained from Turkey and India
was compared with a standardized extract of plant obtained from China. The three extract at concentration of 250, 500, 1000, and
2000 pg/mL showed radical scavenging activity for 2,2-diphenyl-1-picrylhydrazyl (DPPH) assay: CA-STD>CA-TR>CA-IND
(Orhan et al 2013). Centella asiatica extract and powder was evaluated for reduction in oxidative stress in Sprague-Dawley rats.
Results showed a decrease in the generation of ROS and oxidative stress in the rats. It was also noted that there was a significant
decrease in SOD level (Hussin et al 2007). Essential oil of Centella asiatica extracted through steam distillation showed to be
excellent antioxidant for food containing lipids. Its activity was quite comparable with the synthetic antioxidant butylhydroxyanisole
(BHA) (Raza et al 2009). Polyphenol, flavonoid, B-carotene, tannin, Vitamin C, and DPPH compounds are readily found in Centella
asiatica contributing to significantly higher antioxidant activity in the herb (Chandrika et al 2015). Crude methanolic extract on
continuous supplementation for 14 days resulted in increase in level of antioxidant enzymes and ascorbic acid level reduced in
lymphoma-bearing mice (Jayashree et al 2003). Extracts of Centella asiatica in different solvents such as chloroform, hexane,
acetone, ethyl acetate, methanol, and water were assessed for antioxidant potential. The DPPH and hydroxyl radical scavenging
activity were tested for methanolic extract which showed the ICsq value of 0.07 mg/ml and 500 pg/ml, respectively (Anand et al
2010).

Woundhealing Activities

An increase in DNA, protein, and collagen content of granulation tissues was observed on supplementation of extract of Centella
asiatica resulting in collagen synthesis and cellular proliferation at wound site (Suguna et al 1996). The extract of Centella asiatica
considerably enhanced the wound breach power in incision model when compared to controls (p<0.001), wound contraction rate
was noticeably enhanced as compared to control wounds (p<0.001), and wounds epithelized faster when treated with an extract of
Centella asiatica (Shetty et al 2006). Rats treated with extract showed a better tensile strength of wound after 7 days of wound
infliction when compared with control (Somboonwong et al 2012). A study on ethanol-induced gastric lesion oral administration
of Centella asiatica (0.05, 0.25, and 0.50 g/kg) before ethanol administration considerably lowered mucosal myeloperoxidase
activity checked gastric lesions formation (58% to 82% reduction) and in a dose-dependent manner (Cheng et al 2000). Fibroblast
division and collagen synthesis were enhanced in wound on treatment with extract of Centella asiatica (Yao et al 2017).

Antimicrobial Activities

Methanol hot extract from Centella asiatica leaves was taken to check the antibacterial activity which was assessed by zone of
inhibition and minimum inhibitory concentration (MIC) value (2 pg/disc) by disc diffusion method. In-vitro antibacterial activity
of the plant extract against Staphylococcus aureus ATCC 25923 and methicillin resistance S. aureus (wild type) showed a zone of
inhibition of 5 mm and 7 mm respectively (Zaidan et al 2005). In a study, it was observed that essential oil extract showed
antibacterial properties against Gram-positive (Bacillus subtilis and S. aureus) and Gram-negative (Escherichia coli, Pseudomonas
aeruginosa, and Shigella sonnei) with MIC values ranging from 1.25 to 0.039 mg/ml (Oyedeji et al 2005). Bacillus cereus and
Listeria monocytogenes 10403S were selected to study the antibacterial activity in Centella asiatica under both normal and osmatic
stress condition. At 95% ethanolic extract, antibacterial activity was enhanced twice under osmotic stress-condition. The MIC of
Centella asiatica was observed to be 16 pl/ml against B. cereus while 8 pl/ml for L. monocytogenes10403S (Pitinidhipat et al 2015).
MS media was used to culture leaf explants, and its antibacterial activity against B. cereus, E. coli, S.-aureus, and P. aeruginosa
was evaluated; methanol extracts of leaf and callus displayed maximum inhibitory effect against the tested organisms (Sekar et al
2011).

The petroleum ether, ethanol, chloroform, n-hexane, and aqueous extract of Centella asiatica showed activity against Aspergillus
niger and C. albicans with a zone of inhibition of 14, 16, 13, 13, and11 mmand 13, 15, 15, 11, and 9 mm, respectively. The control
Ketoconazole (10 pg) showed the inhibition of 12 mm (Dash et al 2011). Ethanolic extract of Centella asiatica was checked for
antifungal activity against Aspergillus flavus, and Penicillium citrinum exhibited the strongest antimold activity (percentage
mycelial inhibition = 26.3 mm) (Dhiman et al 2016). 100% ethanolic extract of Centella asiatica showed a zone of inhibition of
15.4 mm against A. niger (Idris and Nadzir 2017). Following agar well diffusion method, antimicrobial activity was checked for
ethanolic extract of plant against A. niger and Candida albicans, an inhibition of 16 and 15 mm was observed, respectively, while
control ketoconazole (10 pg) gave a inhibition zone of 12 and 10 mm (Dash et al 2011). Against Candida albicans, on an average
5 mm, zone of inhibition was observed while the standard miconazole nitrate showed an inhibition of 20 mm (Sultan et al 2014).

Cognitive Functions

Asiatic acid was found to prevent spatial working memory and reduction of neurogenesis defects in the hippocampal region caused
by 5-FU chemotherapy (Chaisawang et al 2017). Water extract of Centella asiatica was observed to enhance synaptic differentiation
and dendritic arborization with reference to AB which causes cognitive improvement (Gray et al 2017). In a study, Centella asiatica
extract was supplemented for weeks in defined concentration results showed to be effective in the treatment of cognitive function
impairment after stroke (Farhana et al 2016). Asiatic acid has potential to restore the impairment of cell proliferation, spatial working
memory caused by treatment with valproic acid (Umka et al 2016). Water extract helped to improve cognitive function by activation
of antioxidant response gene and mitochondrial biogenesis (Gray et al 2016), normalized calcium homeostasis (Gray et al 2015).
In another study, asiatic acid was found to enhance hippocampal neurogenesis which can serve as potent cognitive enhancer
(Sirichoat et al 2015). Asiaticoside isolated from hydrocotyle sibthorpioides helps in scavenging free radical enhancing activity of
antioxidant enzymes, improving synaptic plasticity, reducing the level of AP, and reversing abrupt changes in AchE activity (Lin
et al 2013). In cognitive-related disorders, mitochondrial dysfunction and oxidative stress have major role, in a study carried out
aluminum-induced cognitive dysfunction and mito-oxidative damage C. asiatica have proved to carry neuroprotective potential
(Prakash and Kumar 2013). The study was done in primary culture of rat cortical neurons to check the activity of subtypes of PLA2,
asiaticoside present in extract inhibited cPLA2 and sPLAZ2 activities (Defillipo et al 2012). On experiment conducted on mice model
oral supplementation of asiatic acid (100 mg/kg), significant improvement in cognitive function was observed in the Morris maze
test and retained glutathione and lipid peroxidation and SOD activity in cortex and hippocampus to control levels (Kumar and
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Prakash 2011). In another study, Centella asiatica proved to have a protective role against D-glucose-induced biochemical,
behavioral, and mitochondrial dysfunction in mice (Kumar et al 2009). Acute administration of asiatic acid was studied on male
Sprague-Dawley rats for memory and learning, treatment at 30 mg/kg of asiatic acid significantly improved memory (Nasir et al
2011). The healing effect of Centella asiatica was observed against colchicine-induced cognitive impairment (Kumar et al 2009)
and lead acetate-induced changes in oxidative biomarkers in the central nervous system (Ponnusamy et al 2008). Cyclic AMP
response element binding protein phosphorylation level was enhanced in primary culture of rat embryonic cortical cells on treatment
with plant extract, thus improving memory function (Xu et al 2008). In another finding, it was found that high dose of plant extract-
enhanced memory and increased N100 constituent amplitude of event-related potential (Wattanathorn et al 2008). In an
intracerebroventricular streptozotocin model of Alzheimer’s disease in rat plant, aqueous extract was found effective in combating
the cognitive deficit and oxidative stress (Veerendra Kumar and Gupta 2003).

Hepatoprotective Activities

Effect of methanolic extract of Centella asiatica was evaluated in Type 2 diabetes mellitus, hepatic concentrations of interleukin-
1B, MCP-1, and tumor necrosis factor alpha in diabetic control rats orally treated with deionized water, group were reduced to 68%,
75%, and 63% of normal control rats orally treated with deionized water values, respectively (Oyenihi et al 2017). In
dimethylnitrosamine-induced liver injury Centella asiatica noticeably enhanced fibrosis of liver tissues by mass periportal, bridging
necrosis, intralobular degeneration, and focal necrosis (Choi et al 2016). On INH-treated albino rats, Centella asiatica (100 mg/kg
bw) dose was found effective to improve liver histology (Ghosh et al 2017). In cyclophosphamide (CYP)-induced hepatotoxicity
in rats, Centella asiatica triterpene saponins regulated hepatic function by restoring cytokine production (Duggina et al 2015).
Hepatoprotective activity of plant extract was checked against CCls-induced liver injury, and the extract showed hepatoprotective
activity most probably due to the presence of asiaticoside (14.5%) in the extract (Antony et al 2006). The functional group of asiatic
acid was modified at C2, C3, C23, and C28. Compound 9 showed hepatoprotective effects against GalN-induced hepatotoxicity
(66.4% protection at 50 uM) and moderate hepatoprotective activities against CCl4-induced hepatotoxicity (20.7% protection at 50
uM) (Jeong et al 2007). Asiatic acid protects liver injury by onset of Smad7-dependent inhibition of TGF-beta/Smad-assisted
fibrogenesis (Tang et al 2012). Conventionally, used plants to get rid of liver dysfunction might, therefore, could be potential source
for new hepatoprotective compounds for development as pharmaceutical entities (Rajalingam et al 2016).

Neurodegenerative Disorders (NDD)

Description of Neurodegenerative Disorders: Neurodegenerative diseases represent a major threat to human health. These age-
dependent disorders are becoming increasingly prevalent, in part because the elderly population has increased in recent years
(Heemels, 2016). Examples of neurodegenerative diseases are Alzheimer's disease, Parkinson's disease, Huntington's disease,
amyotrophic lateral sclerosis, frontotemporal dementia and the spinocerebellar ataxias. These diseases are diverse in their
pathophysiology — with some causing memory and cognitive impairments and others affecting a person's ability to move, speak and
breathe (Abeliovich and Gitler, 2016; Canter et al., 2016; Taylor et al., 2016; Wyss-Coray, 2016).

Risk factors of Neurodegenerative Disorders: Virtually every review article on NDDs cites age as a significant risk factor for
developing these disorders. For example, Alzheimer’s disease is rare in individuals younger than 50 but prevalence begins rising
an additional 0.5% per year after age 65, increasing to about 8% per year after age 85. Similarly, rare before the sixth decade of
life, Parkinson’s disease prevalence may be as high as 2% for individuals over age 65, increasing every year thereafter. Recent
evidence suggests that the accumulation of senescent nervous system cells, a natural consequence of aging, may predispose
individuals toward developing NDDs or accelerate progression of these diseases once they take hold. Investigating the link between
senescence and NDDs has been hindered by the lack of universal markers for senescent neuronal cells. Age is not the only risk
factor for Parkinson’s, as the lifetime risk for developing the disease is 4.4% for men and 3.7% for women. A recent paper suggested
that “sex might constitute an important factor for AD (Alzheimer’s disease) patient stratification and personalized treatment.” Sex
differences related to immune responses to neurodegeneration, affecting both susceptibility and disease progression, are also
apparent in multiple sclerosis, which women develop more frequently than men, but which progresses more slowly and less
frequently in females. Similarly, a 2018 article reviewing nearly 300 papers on sex differences and cognitive decline in Alzheimer’s
disease confirmed that women “are at significantly higher risk of developing” Alzheimer’s, and that their cognitive outcomes were
poorer than men’s. Moreover, the degree to which underlying health issues such as obesity, cardiovascular disease, and lifestyle
factors affect the course of various dementias also varies by sex. While females are at greater risk for developing Alzheimer’s, men
are more susceptible to vascular dementia. The underlying mechanisms of these differences are still unknown. Part of the answer
might lie in the physiological differences in gray matter composition that persist between the sexes from birth throughout life.
Females have a higher gray matter density than men but significantly lower gray matter volume and mass, and these differences
prevail in all relevant regions of the brain (Angelo DePalma 2021).

Neuroprotective Activities of Centella asiatica: Neuroprotection aspect of Centella asiatica mainly involves enzyme inhibition,
prevention of amyloid plaque formation in Alzheimer’s disease, dopamine neurotoxicity in Parkinson’s disease, and reducing
oxidative stress (Orhan 2012). Water extract of Centella asiatica was evaluated on the activity of subtypes of phospholipase A2
(PLAZ2) in primary cultures of rat cortical neurons, asiaticoside present in extract inhibited cPLA2 and sPLA2 activities (Defillipo
et al 2012). In male Sprague-Dawley rats, improved learning and memory were observed on acute administration of asiatic acid
(Nasir et al 2011). Neuroprotective potential of modern medicine constituents of the plant includes asiatic acid, madecassic acid,
and brahmaside as well as flavonoids madecassoside and madesiatic acid (Thomas and Thomas 2015). Centella asiatica was
explored for neuroprotective effect on cell death and cognitive irregulation in aluminum-treated rat. Significant improvement in
memory performance, oxidative defense was observed on chronic administration of Centella asiatica (Prakash and Kumar 2013).
The plant is known to utilize neuroprotective effects by attenuating the changes in an animal model such as pathological
neurobehavioral and neurochemical properties. Phosphoinositides-assisted cytodynamics and synaptic function show the
neuroprotective effects of asiaticoside in the rat which includes mode of ROT-infused hemiparkinsonism (Gopi et al 2017).
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Centella asiatica and compounds such as flavonoids, celastrol, trehalose, lycopene, sesamol, resveratrol, and curcumin has gained
a lot of interest for their therapeutic potential. Table 4 summarizes some of the commonly used natural compounds for their
neuroprotective effect.

Table 4: Natural compounds with neuroprotective effect

Medicinal . .
S. No. Plants/Compounds Constituents Applications References
Asiaticoside, Inhibit the 3-NP induced (Choudhary et el
1 Centella asiatica madecassoside, depletion Protects against 2013,  Shinomol
extract asiatic and mitochondrial dysfunction and  Muralidhara
madecassic acids induced by 3-NP 2008)
Naringin; Inhibit nitric oxide synthase (Choudhary et el
2 Flavonoids Hesperidin; Scaveng ROS & reactive 2013, Lopez-Lopez
Kaempferol; nitrogen species et al 2004)
Inhibit pro-inflammatory
cytokines  production, NO
Tripterygium L synthase peroxidation of lipid (Choudha_ry et el
3 . . Triptolide . 2013, Allison et al
wilfordi Ability to attenuate loss of
. . 2001)
dopaminergic  neurons &
dopamine depletion
Sesamum Protect against (Hsu et al 2008,
4 . . Sesamol neuroinflammation in Choudhary et el
indicum Linn ;
hippocampus neurons 2013)
Inhibits the enzymatic activity
of acetylcholine
esterase.
Helps in maintaining the level
Convolvulus .
. ) of various mRNA —
5 pluricaulis - (Bihaqi et al 2011)
receptors such as Ml
extract
receptors, nerve growth-factor
tyrosine kinase A receptor,
choline acetyl
transferase
VI. SUMMARY

The findings of this review of literature delineated that the Centella asiatica finds widespread use in several traditional
systems of medicine with an array of health-care applications. It is widely accepted that plant has got neuroprotective activities
and helpful in brain improvement. Plants have proved to bear low toxicity and higher efficacy in clinical treatment with
prominent activities such as anticancer, antibacterial, antifungal, anti-inflammation, neuroprotection, antioxidant, wound
healing, and antidepressant as mentioned above.

VIl. FUTURE PERSPECTIVES

With wide range of pharmacological potentials of Centella asiatica has been frequently used as medicine in Indian Herbal
Pharmacopoeia, the German Homeopathic Pharmacopoeia, European Pharmacopoeia and the Pharmacopoeia of the People’s
Republic of China. Owing to the high therapeutic potential, it is of high demand in pharmaceutical industries which escorts to its
overexploitation resulting in the relapsing of the population of Centella asiatica to a precarious level that a ban on its collection
from their natural habitat has been recommended. Centella asiatica, thus recognized as threatened medicinal herb is endemic to
Western Ghats of South India. Thus, it has become imperative to develop alternative approaches for its conservation, in order to
protect it from the verge of extinction. In-vitro culture technique offers a viable tool for the mass propagation of plant and
conservation of rare, threatened and endangered germplasm.
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