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Abstract
Centella asiatica is an ethnomedicinal herbaceous species that grows abundantly in 
tropical and sub- tropical regions of China, India, South- Eastern Asia and Africa. It is a 
popular nutraceutical that is employed in various forms of clinical and cosmetic treat-
ments. C. asiatica extracts are reported widely in Ayurvedic and Chinese traditional 
medicine to boost memory, prevent cognitive deficits and improve brain functions. 
The major bioactive constituents of C. asiatica are the pentacyclic triterpenoid gly-
cosides, asiaticoside and madecassoside, and their corresponding aglycones, asiatic 
acid and madecassic acid. Asiaticoside and madecassoside have been identified as 
the marker compounds of C. asiatica in the Chinese Pharmacopoeia and these trit-
erpene compounds offer a wide range of pharmacological properties, including neu-
roprotective, cardioprotective, hepatoprotective, wound healing, anti- inflammatory, 
anti- oxidant, anti- allergic, anti- depressant, anxiolytic, antifibrotic, antibacterial, anti- 
arthritic, anti- tumour and immunomodulatory activities. Asiaticoside and madecasso-
side are also used extensively in treating skin abnormalities, burn injuries, ischaemia, 
ulcers, asthma, lupus, psoriasis and scleroderma. Besides medicinal applications, these 
phytocompounds are considered cosmetically beneficial for their role in anti- ageing, 
skin hydration, collagen synthesis, UV protection and curing scars. Existing reports 
and experimental studies on these compounds between 2005 and 2022 have been 
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1  |  INTRODUC TION

Centella asiatica (L.) Urban (also known by its common names; Indian 
pennywort, Gotu Kola) is a medicinal plant belonging to the Apiaceae 
family. This perennial, herbaceous creeper grows in swampy areas 
and is native to the Asian tropical regions of the Indian subcontinent, 
Pakistan, South East Asia, Malaysia, Indonesia, some temperate re-
gions in China, Japan, Korea and Taiwan as well as the equatorial 
belt of South Africa, Madagascar and South- Central America.1,2 C. 
asiatica is rich in pentacyclic triterpene glycosides (also called sapo-
nins or centelloids) and the medicinal efficacy of the plant is mainly 
attributed to these primary active constituents, asiaticoside and 
madecassoside (Figure 1, retrieved from www.ChemS pider.com), 
as well as their respective aglycones (sapogenins), asiatic acid and 
madecassic acid. These triterpene saponins are common secondary 
plant metabolites that are synthesized via the isoprenoid pathway to 
produce a hydrophobic triterpenoid structure (aglycone) containing 
a hydrophilic sugar chain (glycone) which is responsible for the bi-
ological activity of the saponins.3 Other compounds derived from 
the herb include phenolic acids, triterpene steroids, volatile oils, fla-
vonoids, tannins, phytosterols, vitamins, essential oils, amino acids 
and sugars. The saponins and their aglycones are the most abun-
dant pentacyclic triterpenoids in C. asiatica with asiaticoside and 
madecassoside accounting for roughly 8% of the herb dry mass.4,5 
Madecassoside occupies the highest concentration among the trit-
erpene saponins in most C. asiatica extracts.5 However, the quantity 
of triterpene constituents of C. asiatica varies depending on the di-
verse geographical origin, genetic, environmental and growth condi-
tions.1 Table 1 describes different preparations of C. asiatica extracts 
whose compositions include asiaticoside and madecassoside.

Centella asiatica has been used in Ayurvedic medicine in India for 
almost 2000 years with significant use of its neuropharmacological 
properties.6 In Ayurveda, it has been recognized as one of the main 
herbs for revitalizing the nerves and brain cells and has been admin-
istered extensively in treating disorders like depression. C. asiatica 
parts were considered useful in the diseases of the skin, nervous 
system and blood. Although the leaf was initially given importance 
in the traditional pharmacopoeia of India, many modern investiga-
tors have advocated the use of entire plant, root, twigs, leaves and 
seeds in medicine.7 The use of this herb can also be traced back to 
China and other Southeast Asian countries where it was used for 
fever, skin conditions and treating inflammation- related diseases.8,9 
In Assam, this herb has been traditionally used as an antimicrobial 
against gut infections and other gut ailments.10 During the middle 
of the twentieth century, C. asiatica and its alcohol extracts were 
reported to have shown positive results in the treatment of leprosy 
in Western medicine.11

In the last few years, a variety of medicinal herbs and bio-
active compounds extracted from plant sources have exhibited 
therapeutic properties that are beingp currently investigated ex-
tensively for clinical use. A majority of these are native to South 
Asia, South- East Asia and Africa. Extracts from plant species 
including members of the Acanthaceae family (Andrographis pa-
niculata12 and Lepidagathis hyalina13), the Gynura (Compositae) 
genus,14 Syzygium fruticosum,15 Psychotria calocarp,16 Boerhavia dif-
fusa17 and Molineria capitulate18 among others have shown a range 
of ethnopharmacological benefits in treating different ailments. 
The ‘superfood’ photosynthetic bacteria Spirulina platensis19 and 
leaves from the medicinal herb Ophiorrhiza rugosa20 are examples 
of natural anti- inflammatory agents that have been recently seen 

selectively reviewed in this article to provide a comprehensive overview of the nu-
merous therapeutic advantages of asiaticoside and madecassoside and their potential 
roles in the medical future.

K E Y W O R D S
asiaticoside, cardioprotective, Centella asiatica, madecassoside, neuroprotective, skin

F I G U R E  1  Chemical structures of asiaticoside (A) and madecassoside (B)
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to demonstrate pain- suppressing (antinociceptive) activities. The 
phytochemical class of furanocoumarins has proved particularly 
beneficial in the promotion of anti- cancer pathways in leukae-
mia, glioma, breast, lung, renal, liver, colon, cervical, ovarian and 
prostate tumours by regulating a number of cancer- associated cell 
signalling cascades.21 Similarly, coumarin derivatives have shown 
strong anti- cancer activity, particularly in prostate cancer, renal 
cell carcinoma and leukaemia,22 whereas bioactive compounds 
such as flavonoids23 and metabolites of cruciferous vegetables24 
of the Brassicaceae family have shown promising results in induc-
ing anti- tumour effects in colorectal cancer cell lines. Other plant 
compounds including Aglaonema hookerianum25 and the monoter-
penoid alcohol terpineol26 are also seen to display neuroprotec-
tive properties and are being studied for their biological action 
in ameliorating depression and anxiety. To improve the bioavail-
ability of several therapeutic agents extracted from plant sources, 
nanocarrier systems are currently being investigated for medical 
use,27 and advancements in such drug delivery approaches can 
also dramatically benefit the clinical applications of natural com-
pounds like these.

Presently, various aqueous and alcohol extracts of C. asiatica are 
utilized to ameliorate a broad range of diseases and disorders, with 
abundant in vitro and animal studies supporting the therapeutic ac-
tions of asiaticoside and madecassoside in particular.

Among the many activities of these two phytochemicals of inter-
est, the most widely used ones are neuroprotective, wound- healing 
and skin- protective properties. Asiaticoside can alleviate neuronal 
damage,28 shows anti- anxiety effects29 and can behave as an anti- 
depressant- like agent.30 Madecassoside and asiaticoside are impli-
cated in the treatment of hypoxic– ischaemic injuries in the brain31,32 
and are incorporated into the treatment of various neurodegen-
erative disorders like Alzheimer's and Parkinson's diseases.33,34 
Furthermore, these compounds have collagen- stimulating, hydrat-
ing, scar and burn- healing properties,35,36 resulting in their popular-
ity in both clinical and cosmetic contexts. These triterpene saponins 
are also confirmed to play a significant role in improving organ in-
juries or damage, repressing inflammation and oxidative stress, 
protecting against bacterial, fungal and parasitic infections,10,37,38 
exhibiting chemotherapeutic effects,39 as well as regulating var-
ious immune responses. Hence, they are strong candidates for 

TA B L E  1  Different preparations of C. asiatica extracts containing asiaticoside and madecassoside.

Extraction 
solvent Plant part(s) Preparation method Main composition

Highest triterpene 
saponin component

Region of 
plant sample 
collection References

Ethanol Arial parts Response surface 
methodology, 
Dynamic maceration

Madecassoside, 
asiaticoside, 
madecassic acid and 
asiatic acid

Madecassoside Thailand 148

Fresh and 
dried 
leaves

Microwave- assisted 
extraction, Vacuum 
microwave- assisted 
extraction

Asiatic acid, asiaticoside, 
madecassic acid, 
madecassoside and 
phenolics

Asiatic acid Thailand 149

Fresh leaves Microwave- assisted 
extraction

Phenolics, flavonoids and 
triterpenoids

Asiaticoside India 150

Methanol Fresh leaves Soxhlet extraction Asiaticoside, madecassic 
acid, madecassoside, 
asiatic acid

Asiaticoside Madagascar 151

Methanol/
water

Dried plant Ultrasonic extraction 
or sonication, 
Soxhlet extraction, 
Microwave- assisted 
extraction

Asiatic acid, asiaticoside 
and madecassoside

Madecassoside China 152

Dried, leaves Ultrasonic extraction or 
sonication

Asiatic acid, asiaticoside, 
madecassoside, 
madecassic acid

Asiaticoside Madagascar 153

Ethanol/
water

Fresh and 
dried 
leaves

Maceration Madecassoside, 
asiaticoside, 
madecassic acid, 
asiatic acid, phenolics

Madecassoside Thailand 154

Methanol, 
ethanol, 
deionized 
water

Dried leaves, 
nodes, 
petioles 
and roots

Subcritical water 
extraction

Asiatic acid, asiaticoside Asiaticoside Indonesia 155
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natural- based pharmacology. This review describes the broad range 
of pharmacological benefits of these phytocompounds, illustrating 
their potential in clinical applications for a number of diseases and 
disorders (Figure 2).

2  |  NEUROPROTEC TIVE AND 
PSYCHOAC TIVE PROPERTIES

Neurological disorders accounted for approximately 9·0 million of 
total worldwide deaths in 2016 (including people with disabilities). 
The steepening global burden of these diseases with ageing popula-
tions poses an increasing challenge in treatment and rehabilitation, 
urging the need for effective developments in medication and thera-
peutic strategies.40 The most extensively studied medicinal benefits 
of asiaticoside and madecassoside are their neurotherapeutic prop-
erties. These two active compounds extracted from C. asiatica are 
seen to shield the brain against neurodegenerative disorders and 
cognitive deficits, enhance memory and learning, alleviate symp-
toms of depression and anxiety and exhibit overall protection over 
the central nervous system.

To be clinically effective, administered neurotherapeutic drugs 
must be able to cross the blood– brain barrier (BBB). The blood– 
brain barrier (BBB) is a continuous endothelial membrane within 
the brain micro- vessels where the brain endothelial cells are sealed 
by tight junctions, characterizing low paracellular and transcellular 
permeability.41 It behaves as a complex, regulatory interface that is 
interlinked with the rest of the Central Nervous System (CNS) and 
peripheral tissues; it dynamically adapts to the needs of the CNS, 
responds to physiological changes41 and controls the exchange be-
tween blood and the cerebral tissue to maintain brain homeostasis 
as well as to block the entry of toxic substances.42– 44

The disruption of the BBB is involved in the pathophysiology of 
various neurological diseases such as Alzheimer's disease (AD),45 
and traumatic brain and spinal cord injuries.46 Treating CNS diseases 
requires therapeutics that can cross and sufficiently interact with 
the BBB. Many pharmaceuticals are rendered ineffective against 
neurological disorders because they fail to penetrate the BBB, not 
because they lack insufficient potency.47 This limits the medical ben-
efits of several types of CNS drug delivery.48,49 A study by Hanapi, 
Nur Aziah et al. investigated the extent of BBB permeation by C. 
asiatica compounds using primary porcine brain endothelial cells 
(PBECs) as a model. The experiment demonstrated the remarkably 
high capability of the tested phytocompounds in crossing the BBB, 
with asiaticoside showing the highest permeability, followed by 
madecassoside. Notably, the compounds also showed higher per-
meability coefficient values than donepezil, a drug commonly used 
for AD.43

The complexity of the BBB membrane provides possible routes 
for disease manifestation as well as for a wide range of drug- delivery 
approaches. The disruption of the BBB has been repeatedly at-
tempted as a strategy for drug administration. However, techniques 
that disrupt an intact BBB for delivering a targeted drug require 

meticulous monitoring, as this process can simultaneously allow the 
entry of toxic circulating substances and microbial pathogens into 
the cerebral tissue, which is normally shielded by the BBB.42 Other 
consequences of BBB damage and loss of integrity include reduced 
cerebral blood flow, impaired hemodynamic response, dysregulated 
molecular and ionic flux, impaired transporter function and leakage 
of plasma proteins, which can all result in multiple paths of com-
plications involving neuronal dysfunction, neuroinflammation and 
neurodegeneration.50 In the same study using primary porcine brain 
endothelial cells, asiaticoside and madecassoside were proved to be 
efficient in crossing the BBB at a high rate without exerting any toxic 
effects, and while preserving the BBB tight junction integrity, mak-
ing them desirable neurotherapeutics.

2.1  |  Neurodegenerative diseases

Progressive, debilitating conditions which bring about the eventual 
degradation of neuronal cells are classified as neurodegenerative 
diseases. The most widely studied neuroprotective applications of 
asiaticoside and madecassoside are their immunomodulatory ef-
fects on AD and Parkinson's Disease (PD). Both diseases are pro-
gressive and involve neuronal loss and damage to neuronal circuits. 
AD pathogenesis is mainly identified by extracellular aggregates of 
amyloid β (Aβ) peptides and the formation of intracellular neurofibril-
lary tangles.51 Most patients with AD are diagnosed at a stage where 
neuropathologic lesions have already developed, resulting in cogni-
tive deterioration and memory difficulties.52 Individuals affected by 
PD suffer major degeneration to the dopamine- transmitting neu-
ronal network in their midbrain, causing serious harm to the motor 
cortical regions of the brain before they are met with debilitating 
movement abnormalities such as gait impairment, rest tremor and 
poor coordination.53

Age- related alterations in the brain microenvironment gradually 
led to increased BBB permeability and leakiness, neuronal degen-
eration, production of reactive oxygen species (ROS) and inflam-
mation.54– 56 Oxidative stress is triggered by a state of imbalance 
between ROS (chemically reactive species such as hydrogen perox-
ide (H2O2) and hydroxyl radicals (OH·)) and antioxidants. Excess ROS 
accumulation or reduced antioxidant levels can directly hamper neu-
ronal synaptic activity and neurotransmission.8,57 Oxidative stress is 
associated with a number of inflammatory and degenerative pathol-
ogies and is a significant biomarker common to the pathophysiology 
of both AD and PD.55,58

The triterpene compounds obtained from aqueous or ethanolic 
extracts of C. asiatica, which majorly include asiatic acid, asiaticoside 
and madecassoside, are proven to exhibit high levels of free radical- 
scavenging capacity and strong reducing potential. Aggregated Aβ- 
induced ROS generation and subsequent neurotoxicity are critical to 
the pathogenesis of AD; administration of C. asiatica extracts into 
PC12 pheochromocytoma cells and human IMR32 neuroblastoma 
cells bearing Aβ- induced oxidative stress have resulted in overall 
antioxidant activity. The mechanism of this action is via modulation 
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of the antioxidant defence system and direct elimination of uncon-
trolled ROS production by C. asiatica extracts.59 Studies indicate 
that the antioxidant activity of C. asiatica extracts is largely at-
tributed to its active triterpene constituents, especially asiaticoside 
and asiatic acid. An experiment checking for their activity against 
Parkinson's used rodent models treated with MPTP (a neurotoxin 
that destroys dopaminergic neurons and induces ROS formation) to 
demonstrate the action of C. asiatica extracts in enhancing brain an-
tioxidants, decreasing lipid peroxidation and providing neuroprotec-
tion against MPTP toxicity.60 In the aforementioned study by Hanapi 
et al.,43 madecassoside, in particular, was observed to protect PBECs 
against H2O2- induced oxidative stress. Similar protective action of 
madecassoside has been identified in endothelial cells, as detected 
in H2O2- treated human umbilical vein endothelial cells (HUVECs). 
Madecassoside treatment reduced the effects of oxidative stress 
on the endothelial cells, primarily by prevention of lipid peroxida-
tion and inhibition of pro- apoptotic factors which were otherwise 
upregulated as a response to elevated ROS levels. In addition, the 
compound preserved brain mitochondrial function.

Chronic neuroinflammation is another distinct biomarker ob-
served at the early stages of neurodegenerative disease. Increasing 
concentrations of pro- inflammatory cytokines aggravate both AD 
and PD pathogenesis by stimulating neurotoxic plaque formation and 
Aβ depositions in AD patients, as well as causing neurodegenerative 

lesions in PD. These conditions lead to synaptic dysfunction and 
gradual neuronal death.8 Hafiz et al. have characterized the thera-
peutic potential of raw extract of C. asiatica (RECA) by simultane-
ously demonstrating the anti- inflammatory as well as the antioxidant 
activities of RECA in LPS- stimulated microglial cells. Exposure of 
neurons and oligodendrocytes to LPS subjects them to elevated 
inflammation (due to potent pro- inflammatory cytokines including 
NO, PGE2 and TNF- α) and overwhelming oxidative stress as a re-
sult of perpetual overactivation of the microglia. RECA displayed 
strong anti- inflammatory activity by suppressing the inflammatory 
mediators in a concentration- dependent manner; however, despite 
the highest triterpene constituent of RECA being characterized to 
be madecassoside, followed by asiaticoside, the anti- inflammatory 
action seen in this study was instead attributed to the comparatively 
lower madecassic acid content. At the same time, the high propor-
tions of madecassoside in RECA were proven to be responsible for 
restoring antioxidant activity in the microglia as well as suppress-
ing intracellular ROS generation, hence reversing the LPS- induced 
oxidative damage. Similar properties were observed in vivo using 
LPS- treated Sprague Dawley rats, where administration of RECA 
significantly prohibited or restored oxidative stress and neuroin-
flammation. In addition, RECA exhibited curative and protective 
properties against AD by attenuating acetylcholinesterase activity 
both in vitro as well as in the LPS- injected rodent models of AD.61

F I G U R E  2  Various pharmacological attributes of asiaticoside and madecassoside
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Aβ1– 42 deposition is retained in the brains of AD patients and is 
involved in the initiation of fibrillar deposition of amyloid- beta pep-
tides in the brain. A study by Hossain, Shahdat et al. demonstrated 
the amyloidogenesis- inhibitory action of asiaticoside using fluo-
rescence correlation spectroscopy, where asiaticoside was seen to 
block Aβ1– 42 fibrillation in the early stages. In addition, a previous 
study by the same team has also accounted for the role of madecas-
soside in inhibiting Aβ1– 42 fibrillation as well as improving memory 
loss of AD model rats.33

Another prominent manifestation in AD patients has reduced lev-
els of the neurotransmitter acetylcholine (ACh) in the brain cortex and 
hippocampus. Thus, a favourable therapeutic target for AD would be 
the inhibition of acetylcholinesterase enzyme (AChE) which is respon-
sible for the hydrolytic breakdown of ACh. Orhan et al. demonstrated 
that ethanolic extract of C. asiatica (with 10.78% content of asiaticoside 
and madecassoside) exhibited roughly 50% inhibition against AChE, in-
dicating that this strong neuroprotective activity can be attributed to 
the high concentrations of triterpene saponins in the extract.62

Asiaticoside- treated MPTP rat models of Parkinsonism have 
shown preservation of dopaminergic neurons by inhibiting MPTP- 
induced neurotoxicity and also maintaining the metabolic balance 
of dopamine, protecting against locomotor dysfunction, prevent-
ing oxidative damage and upregulation of Bcl- 2 expression while 
simultaneously reducing levels of pro- apoptotic protein Bax. Most 
significantly, asiaticoside tackled oxidative stress by reducing the 
production of malondialdehyde (MDA) levels which induce ox-
idative damage to proteins and lipids involved in PD, and also in-
creased the expression of the potent antioxidant glutathione (GSH). 
Furthermore, the high Bcl- 2/Bax ratio accounts for reduced ROS 
generation and higher GSH- stabilized antioxidant activity via the 
action of Bcl- 2, thus contributing to enhanced resistance against 
MPTP- induced Parkinsonism.63 Similar mechanism of action had 
been observed in an earlier study using MPTP- treated mice where 
asiaticoside administration prevented oxidative damage to the neu-
rons and protected against Parkinson's toxicity specifically by block-
ing Bax- mediated neuronal death and promoting Bcl- 2 expression.64

Madecassoside also exhibits similar properties, as seen in another 
study where the compound prevented early signs of Parkinsonism in 
MPTP- treated rats by reversing the depletion of dopamine, upregu-
lating antioxidant activity and increasing the Bcl- 2/Bax ratio.34

2.2  |  Brain and spinal cord injury

The majority of strokes are due to cerebral ischaemia, which is one of 
the leading causes of disability and death. Acute ischaemic strokes are 
considered thrombo- inflammatory diseases and are primarily treated 
by rapid re- establishment of blood flow (recanalization) of occluded 
cranial vessels. However, infarcts can grow despite successful recanal-
ization, leading to serious damage known as cerebral ischaemia/reper-
fusion injury or CIRI.65 Zhang et al. evaluated the effects of asiaticoside 
in vitro as well as in vivo using rat models for cerebral ischaemia/rep-
erfusion injury. Asiaticoside successfully reversed nervous function 

injury, brain oedema, cell apoptosis, infarct size, apoptosis- related 
protein expressions, inflammation and oxidative stress, and also in-
creased cell survival by blocking the NOD2/MAPK/NF- κB signalling 
pathway.66 Madecassoside exerts robust protection against cerebral 
ischaemia– reperfusion (I/R) injury as seen in a study by Luo et al. 
Madecassoside shows similar mechanistic actions of anti- oxidative, 
anti- inflammatory and anti- apoptotic activity against I/R injury by at-
tenuating microglia- mediated neuroinflammation via the inhibition of 
the TLR4/MyD88/NF- κB signalling pathway.67 Other studies verify 
the role of asiaticoside and madecassoside in checking cerebral ischae-
mic injury, particularly hypoxic- ischaemia. Asiaticoside has previously 
shown a protective effect on ischaemia- hypoxia neural cells in- vitro 
and promotes ischaemia- hypoxia nerve cell survival rate by upregulat-
ing anti- apoptotic protein Bcl- 2, reducing cell apoptosis by suppress-
ing pro- apoptotic factors Bax and caspase- 3. Asiaticoside can further 
inhibit lactate dehydrogenase release by ischaemia- hypoxic cells and 
inhibit membrane lipid peroxidation, thereby preventing damage to 
neuronal membranes and blocking ischaemia- associated neuron ne-
crosis.32 Hypoxia stimulates alterations in calcium ion concentration 
which in turn stimulates the mitochondrial apoptotic pathway, hence 
activating the production of reactive oxygen species, resulting in 
hypoxic– ischaemic- induced brain damage (HIBD). Asiaticoside has 
been proven useful in preventing HIBD- induced apoptosis, lowering 
the production of pro- inflammatory cytokines and repairing brain 
neuron injury and oxidative damage in a dose- dependent manner via 
the TLR4/NF- κB/STAT3 pathway. This is a significant development in 
the clinical treatment of neonatal hypoxic– ischemic encephalopathy 
(HIE) which is a serious risk for neonatal death.68

Spinal cord injuries (SCI) are traumatic and frequently cause neuro-
logical dysfunction. SCIs can lead to changes in brain structure and brain 
function by inducing nerve damage as well as causing long- term com-
plications like paralysis and neuropathic pain.69 A key event in mediat-
ing cellular response to spinal cord injury is inflammation. Asiaticoside 
treatment has proven to significantly reduce the expression of the 
pro- inflammatory marker TNF- α in spinal cord tissue, as revealed by 
low TNF- α levels in the serum of SCI- induced rats in a reported study. 
Moreover, the triterpene functioned by blocking the apoptosis of spinal 
cord neurons and enhancing neuronal survival, thereby promoting re-
covery.70 Luo et al. investigated the beneficial actions of asiaticoside in 
SCI rat models. The results attested to the neuroprotective properties 
of asiaticoside in attenuating SCI which prevented oxidative damage, 
nitric oxide activity and the production of pro- inflammatory cytokines. 
Furthermore, asiaticoside also inactivated the p38- MAPK signalling 
pathway, which when expressed leads to the destruction of the blood– 
spinal cord barrier.71 Hence asiaticoside in particular can be considered 
a major therapeutic compound in treating SCI, although the effects of 
asiaticoside on neurological pain remain to be fully elucidated.

2.3  |  Anxiety and depression

Generalized anxiety disorder (GAD) is a highly disabling mental 
health condition and is frequently aggravated further due to other 
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psychiatric disorders, such as major depressive disorder (MDD), 
panic disorder, somatic symptom disorders and personality disor-
ders. The development of anxiety disorders includes an interac-
tion of psychosocial factors such as childhood adversity, stress or 
trauma, along with genetic vulnerability, which manifests into neu-
robiological and neuropsychological dysfunctions. GAD often pre-
cedes depression, another prevalent mental condition that depletes 
the quality of life and is associated with sustained stress, marked 
distress and medical comorbidity. Several neurobiological markers 
of these conditions have been established and continue to be re-
viewed, and the commonly used forms of treatment at present are 
psychological therapy (eg: cognitive behavioural therapy), pharma-
cotherapy, or a combination of both. However, GAD and depression, 
along with associated mental disorders, remain largely marginalized 
and are frequently overlooked and undertreated in primary care, 
leading to poor treatment outcomes. Moreover, the adverse side- 
effects of antidepressants and anti- anxiety (anxiolytic) medications 
remain to be fully illustrated.72– 74 The lack of fully effective thera-
peutic approaches towards GAD and depression facilitates the need 
for alternative avenues of treatment, including those of natural ori-
gin, that can be achieved by incorporating medicinal plant extracts 
into primary care routines.

A 70% hydroethanolic extract of C. asiatica has previously shown 
promising anxiolytic properties in a clinical study where it attenu-
ated anxiety- related disorders, stress phenomenon and correlated 
depression in GAD patients.75 Further examination of C. asiatica as 
an anxiolytic agent proves its efficiency in ameliorating the patho-
logical stress manifested due to anxiety. Wanasuntronwong, Aree 
et al. used a standardized extract of C. asiatica (ECa 233) to eval-
uate its anti- anxiety effects on acutely stressed as well as chron-
ically stressed mice. The therapeutic action of Eca 233 was found 
comparable to a well- known anxiolytic drug, diazepam. With spe-
cific respect to the two major triterpenoids, asiaticoside and made-
cassoside, there was significant relief from anxiety- induced stress, 
however, there was no such distinct effect on other well- defined 
physiological markers of chronic stress like body weight or serum 
corticosterone.76

A recent study also implicates the significance of asiaticoside, 
among other candidate drugs, as an emerging anti- depressant.77

A potential neurobiological target in depression is inflam-
mation.78 Depression- associated neuroinflammation activates 
pro- inflammatory cytokines and thereby increases neuronal suscep-
tibility to damage, affects serotonin synthesis and metabolism, alters 
neuronal apoptosis, and impairs neurogenesis and neuroplasticity. 
Inflammatory cytokines also regulate monoamine neurotransmitter 
metabolism by inhibiting neurotransmitter synthesis (serotonin, nor-
epinephrine and dopamine) with studies suggesting that cytokines 
are involved in serotonin depletion in the CNS.79 A recent study 
highlights the anti- inflammatory properties of asiaticoside in treat-
ing depression in chronic unpredictable mild stress mouse models; 
asiaticoside administration can reverse depressive- like behavioural 
patterns, increase the levels of monoamine neurotransmitters, and 
inhibit hippocampal inflammation. The observed antidepressant- like 

effect is believed to occur by regulation of the cAMP/PKA signalling 
pathway to inhibit NF- κB-  and NLRP3- mediated inflammation.30

3  |  DERMATOLOGIC AL AND WOUND - 
HE ALING PROPERTIES

Several natural compounds are utilized in treating skin defects and 
wounds, as a topical medicine for acne or scars, or for cosmetic pur-
poses. Different extracts (TECA, TTFCA, ethanolic and methanolic) 
of C. asiatica as well as its individual triterpene constituents asiati-
coside, madecassoside, asiatic and madecassic acid, have shown sig-
nificant applications in the treatment of dermatoses and skin lesions 
such as excoriations, burn injuries, cutaneous scars (hypertrophic 
scars and keloid scars), eczema, as well as in the healing process of 
skin wounds.80 Asiaticoside is also a popular phytocompound cur-
rently used in anti- ageing agents.

3.1  |  Skin diseases

Atopic dermatitis (or atopic eczema) is one of the most common al-
lergic inflammatory skin diseases and is caused by abnormal immune 
responses associated with skin barrier dysfunction.81

The pharmacological effects of C. asiatica on 
2,4- dinitrochlorobenzene (DNCB)- induced skin inflammation has 
been tested using in vitro and in vivo models of atopic dermatitis, 
and the results illustrated strong protective activity of C. asiatica ex-
tract whereby it inhibited pro- inflammatory cytokines to effectively 
suppress dermatitis symptoms, most significantly the reduced infil-
tration of immune cells into dermal tissue. This immunosuppressive 
action may be attributed to the anti- allergic and anti- inflammatory 
properties of its constituent compounds.82

Madecassoside has been implicated as a promising treatment for 
the skin condition vitiligo, an acquired pigmentary disorder of the 
skin and mucous membranes that is characterized by chronic and 
progressive loss of melanocytes from the epidermis and the follicu-
lar reservoir. Evidence shows that oxidative stress caused by H2O2 
is a major contributor to the onset and progression of vitiligo.83 An 
experimental study to test the effects of C. asiatica on oxidative 
stress in human melanocytes demonstrated that madecassoside can 
protect the mitochondrial structure against ROS overproduction 
and attenuate the overall oxidative damage in melanocytes via the 
activation of autophagy.84

Another prevalent skin disorder of concern is acne. Hydration 
and anti- inflammation are considered crucial steps in maintaining 
skin homeostasis and barrier function; however, these can be com-
promised by the development of acne, a chronic dermatologic disor-
der characterized by major pathophysiological factors of increased 
seborrhea, hyperkeratinization of the pilosebaceous unit and inflam-
mation caused by the skin commensal Propionibacterium acnes.85 
Madecassoside is confirmed to significantly protect the skin against 
acne inflammation by inhibiting the production of pro- inflammatory 
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cytokines, IL- 1β and TLR2, released by P. acnes in P. acnes- stimulated 
THP- 1 human monocytic cells. Moreover, madecassoside can nota-
bly enhance skin hydration and moisturization both in vitro and in 
vivo, proving to be both medically and cosmetically beneficial.36

3.2  |  Skin ageing and UV protection

Cutaneous ageing is influenced by both intrinsic factors (chrono-
logic ageing) and environmental damage, majorly UV radiations from 
the sun (photoaging).86 The effects of skin ageing (sagging, wrinkle 
formation) are most prominent in the superficial dermis and epider-
mis. Topical treatments using madecassoside87 and asiaticoside.88,89 
show improvements in hyperpigmentation,88,90 photoaging skin, cel-
lulite and striae91 and periocular wrinkles.87,89,92

3.3  |  Wounds, burn injuries, and scars

Wound healing is a dynamic process and the healing process 
starts immediately after a skin injury, taking months to complete.93 
Asiaticoside and madecassoside show unique pharmacological prop-
erties of wound healing and have been extensively tested in vitro 
and in vivo, although there are few verified studies on humans. The 
wound- healing mechanism of standardized C. asiatica extracts ECa 
233 has been assessed by investigating its effects on the migration of 
a human keratinocyte cell line (HaCaT) using scratch wound- healing 
assay. Keratinocyte migration was significantly enhanced by ECa 
233 in a concentration-  and time- dependent manner. The observed 
wound- healing activity of ECa 233 occurs via the activation of FAK, 
Akt and MAPK- dependant signalling pathways.94 Other controlled 
studies have further confirmed the role of asiaticoside and made-
cassoside in enhancing wound healing and diminishing hypertrophic 
and keloid scars.95 Keloid is an excessive dermal scar occurring in 
response to skin injuries. While hypertrophic scars do not spread 
beyond the site of injury, keloid scars extend beyond the original 
wound edges and invade the adjacent normal dermis due to exten-
sive production of extracellular matrix, especially collagen, caused 
by overproduction of cytokines and growth factors. Keloids are inva-
sive in nature and characterized by the migratory behaviour of over-
active fibroblasts.93 They are associated with signalling pathways 
like transforming growth factor- beta 1 (TGF- β1), mitogen- activated 
protein kinase (MAPK) and insulin- like growth factor- I (IGF- I), which 
can be regulated by phytochemicals like asiaticoside and madecas-
soside.95 Madecassoside has been seen to suppress the migration 
of keloid- derived fibroblasts (KFs) as observed in madecassoside- 
treated fibroblasts taken from human earlobe keloids. To migrate, 
a cell must develop morphological polarity, continuously protrude 
a single lamellipodium and then polarize in the direction of migra-
tion through organized actin polymerization. Madecassoside can di-
rectly reduce the cytoskeletal protein actin expression of KFs and its 
mechanism of action is by inhibiting the activity of some (not all) of 
the several intracellular molecules that are responsible for abnormal 

keloid migration, including the significant, concentration- dependent 
reduction of phosphorylated Akt, PI3K and p38 of KFs and the re-
pression of actin- depolymerization- associated p- cofilin/cofilin.96

The overexpression of growth differentiation factor- 9 (GDF- 9) in 
keloids enhances the proliferation, migration and invasion of keloid 
fibroblasts due to the phosphorylation of Smad 2/3 proteins through 
activation of the MAPK pathway. Asiaticoside is capable of inhibiting 
this invasive growth of KFs by inhibiting the GDF- 9/MAPK/Smad 
pathway.97

Despite available treatment options for keloid scars such as a 
combination of medical and surgical therapies, the reoccurrence 
rate is still high.93 This prompts clinical treatments to explore natural 
therapeutic options as well, taking into consideration the efficacy 
of asiaticoside and madecassoside in successfully treating scars. 
Interestingly, the effects of the mentioned phytochemicals on re-
ducing fibroblast migration do not extend to repressing collagen 
production, which is also over- expressed in keloid scar formation. 
Instead, asiaticoside and madecassoside prove cosmetically useful 
by inducing the production of collagen and thus preventing skin- 
ageing, which is caused as a result of low Type 1 collagen secretion 
in the dermis. Asiaticoside can induce type I collagen synthesis via 
the activation of the TGF- β receptor I kinase- independent Smad sig-
nalling.98 Both asiaticoside and madecassoside have been observed 
to stimulate collagen production in the context of burn wound 
healing.35

Burn wound healing is a complex process involving inflam-
mation, re- epithelialization, granulation, neovascularization and 
wound contraction, and it requires the activity of several biochem-
icals including antioxidants and cytokines. Extensive in- vitro and 
in- vivo studies indicate that C. asiatica is one of the best medici-
nal plants for burn wound- healing activity, with asiaticoside and 
madecassoside proving especially effective.99 Madecassoside has 
significant wound- healing activity based on several mechanisms 
including anti- inflammatory and antioxidative activity, collagen 
synthesis and angiogenesis, contributing greatly to the use of C. 
asiatica herbs as a favourable source for treating burn injuries.100 
Asiaticoside also enhances burn wound healing through the pro-
motion of angiogenesis during skin wound repair.101 Asiaticoside 
and madecassoside are recognized as the main active constituents 
involved in healing burns, whereby orally administrated madecas-
soside shows significantly higher efficiency in the synthesis of 
procollagen, wound- healing speed and wound- healing pattern, as 
observed in vitro in primary skin fibroblasts and in vivo in mice 
that have sustained burn injuries.35 Furthermore, the wound- 
healing activities of sequential hexane, ethyl acetate, methanol 
and water extracts of C. asiatica have been identified in incision 
and partial- thickness burn wound models in rats. All extracts, in-
cluding those containing asiaticoside, madecassoside and asiatic 
acid, showed remarkable enhancement of burn wound healing 
with fully developed epithelialization and keratinization observed 
in all the extract- treated groups. However, asiatic acid was seen 
to perform more efficiently compared to our phytocompounds of 
interest.102
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4  |  OTHER ORGAN- PROTEC TIVE EFFEC TS 
OF A SIATICOSIDE AND MADEC A SSOSIDE

4.1  |  Hepatoprotective properties

Intararuchikul, Thidarat et al. identified that supplementation of the 
standardized extract of C. asiatica (ECa233) protects rat liver against 
rotenone toxicity (a natural pesticide), and ECa233 administration 
prior to rotenone exposure inhibits lipid peroxidation in liver tissue 
and also enhances the expression of catalase endogenous antioxi-
dant enzyme. This hepatoprotective activity can be attributed to 
the antioxidant properties of the constituent triterpenoids in the 
herb.103

An earlier study was carried out on the effect of asiaticoside, 
madecassoside and asiatic acid on cyclophosphamide (CYP)- induced 
hepatotoxicity and immunosuppression in rats. Upon administration 
of the triterpene saponins, the relative weights of immune organs 
were restored to normal in the CYP- treated rats, the production of 
inflammatory cytokines was suppressed, and the previously low lev-
els of antioxidants were restored. Overall, the saponins can protect 
against hepatic damage against immune- mediated liver disease and 
also prevent multiorgan injury.104

Asiaticoside and madecassoside have shown significant protec-
tion against lipopolysaccharide (LPS)/D- galactosamine (D- GaIN)- 
induced acute liver injury in two separate studies. Asiaticoside 
presented anti- inflammatory effects and dose- dependently re-
duced elevated aminotransferases, hepatocytes apoptosis and 
caspase- 3, as well as improved mortality and liver pathological injury. 
Furthermore, asiaticoside inhibited the expression of TNF- alpha 
and MAPKs to protect against hepatic damage.105 Madecassoside 
exhibited both antioxidative and anti- inflammatory effects in 
LPS/D- GalN- induced hepatic damage in mice. Madecassoside at-
tenuated liver injury by protecting liver function, suppressing the 
production of inflammatory cytokines (TNF- α, IL- 1β and IL- 6), re-
storing/enhancing antioxidant enzyme activity and suppressing 
LPS- stimulated proteins.106 Thus asiaticoside and madecassoside 
are promising hepatoprotective agents for acute liver injury or liver 
failure.

Drug- induced liver injury and acute liver failure (ALF) are often 
caused by accidental overdose and adverse side effects of the drug 
N- acetyl- p- aminophenol (acetaminophen, APAP) which is a popular 
analgesic and antipyretic agent; excessive APAP results in oxidative 
stress in liver tissues due to increase in MDA content and reduction 
in GSH levels, as well as inflammatory cell infiltration and overex-
pression of pro- inflammatory cytokines (such as TNF- α and IL- 1β), ul-
timately leading to hepatoxicity. The observed GSH depletion, MDA 
overproduction and overexpressed inflammatory markers caused 
by APAP have been seen to be reversed by CA- HE50 treatment. 
The antioxidant and anti- inflammatory actions were identified to be 
due to the asiaticoside content present in the extract. Hence, asi-
aticoside is an effective phytochemical in protecting against APAP- 
induced liver injury.107

4.2  |  Pulmonary- protective properties

Pulmonary arteries have thinner walls and less vascular smooth 
muscles than systemic circulation, and one of the factors control-
ling pulmonary blood flow between the lungs and other organs is 
the vascular structure. Low oxygenation or hypoxia in tissues causes 
pulmonary vasoconstriction and if it persists long term, the con-
traction is followed by remodelling of the vasculature, resulting in 
pulmonary hypertension.108 Pulmonary hypertension is associated 
with chronic lung diseases such as chronic obstructive pulmonary 
disease (COPD), cystic fibrosis and bronchopulmonary dysplasia and 
is linked with reduced functioning and poor patient outcomes.109 
Asiaticoside has been found to play a significant role in ameliorating 
hypoxia- induced pulmonary hypertension (PH).

Wang, Xiaobing et al. demonstrated in an earlier study that asi-
aticoside can attenuate the development of PH in hypoxia- induced 
PH rat models by attenuating pulmonary cardiovascular remodelling 
and preventing right ventricular hypertrophy. These results were 
concluded to be most likely mediated by the action of asiaticoside 
in blocking the hypoxia- induced overactivity of the transforming 
growth factor (TGF)- β1/SMAD family member (SMAD) 2/3 signal-
ling pathway as well as inhibiting the aberrant proliferation and mi-
gration of pulmonary arterial smooth muscle cells (PASMCs) which 
is a hallmark of vascular remodelling, by inducing their apoptosis.110 
Research indicates that abnormal endothelial cells (ECs) apoptosis 
and ECs dysfunction are involved in the initiation and progression of 
PH. The same team conducted another study recently to further ex-
plore the effects of asiaticoside on hypoxic pulmonary hypertension 
in rats and in human pulmonary artery endothelial cells (HPAECs) 
but with a special focus on the influence on endothelial cell func-
tion. Hypoxia interferes with NO production causing irregular 
morphology and dysfunction of endothelial cells experiencing PH; 
asiaticoside can activate nitric oxide (NO) production by enhancing 
the phosphorylation of serine/threonine- specific protein kinase/
eNOS, thus preventing ECs from hypoxic PH- induced apoptosis. 
Asiaticoside was also found to restore misadjusted levels of vascu-
lar mediators, preserve EC morphology and function, and protect 
against EC cell injury. In addition, asiaticoside was confirmed to reg-
ulate the PI3K/Akt signalling pathway both in vivo and in vitro to 
promote cell survival and viability.111

Asiaticoside also protects against lipopolysaccharide (LPS)- 
induced acute lung injury (ALI); the major feature of ALI is uncon-
trolled inflammatory responses in the lung and the NF- κB pathway 
is linked to the cytokines production and regulation of inflammatory 
responses.112 Asiaticoside has been studied to dose- dependently 
reduce LPS- induced pulmonary inflammation by inhibiting inflam-
matory infiltration, histopathological changes, cytokine production 
and LPS- induced pulmonary oedema via down- regulation of the 
NF- κB signalling pathway.113 Similarly, madecassoside exerts anti- 
inflammatory action by downregulating the TLR4/NF- κB signalling 
pathway in LPS- induced acute lung injury, and also protects the 
lungs by repairing LPS- induced pathological damages, lung oedema 
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and alveolar epithelium integrity.114 Another serious lung disease is 
idiopathic pulmonary fibrosis (IPF) which is a chronic, progressive 
interstitial lung disease characterized by the aberrant proliferation 
of fibroblasts, excessive extracellular matrix (ECM) and chronic in-
flammation with poor prognosis; asiaticoside is known to attenuate 
bleomycin- induced pulmonary fibrosis by activating cAMP and Rap1 
signalling pathways, thus inhibiting inflammation and fibrosis in the 
lungs.115 Madecassoside can also treat bleomycin- induced pulmo-
nary fibrosis by preventing the deposition of extracellular matrix, 
achieved mainly through attenuating inflammation and oxidative 
stress in early stages of pulmonary fibrosis as well as repressing col-
lagen overproduction.116

Bronchopulmonary dysplasia (BPD) is another common pulmo-
nary disease seen in premature infants with no effective therapy. 
BPD- associated pathological changes can cause hyperoxia-  induced 
lung injury (HILI) in immature lung tissue, which can be markedly 
attenuated by asiaticoside via anti- inflammation and anti- apoptosis 
pathways in vitro and in vivo.117

4.3  |  Nephroprotective properties

Asiaticoside and madecassoside offer protection against renal dis-
eases as well. Kidney inflammation initiates renal fibrosis, which re-
sults in progressive renal dysfunction and leads to chronic kidney 
disease (CKD) and eventually end- stage renal disease.118 Asiaticoside 
protects against renal fibrosis in vitro and in vivo as observed in a 
recent study.119 Asiaticoside also has a therapeutic role against ne-
phropathy; nephropathy is a microvascular complication of diabetes 
mellitus that often leads to terminal renal failure and is generally 
characterized by structural and functional abnormalities in podo-
cytes including podocyte hypertrophy, effacement and apoptosis.120 
Nephropathy can be inhibited by preventing podocyte injury and by 
ameliorating proteinuria. Asiaticoside treatment can mitigate the 
kidney histological damages induced by nephropathy. Furthermore, 
asiaticoside is seen to reduce urine protein excretion (proteinuria) in 
adriamycin- induced nephropathy rats. Asiaticoside is also observed 
to increase the expression of synaptopodin and decrease desmin ex-
pression in rat models, which restores the expression of cytoskeletal 
proteins in damaged podocytes and subsequently restores normal 
renal morphology. Asiaticoside also helps repair the glomerular fil-
tration barrier of the kidneys which gets compromised in nephro-
pathic progression.121 In another study using a C. asiatica extract, 
one of the major components was asiaticoside and it demonstrated 
several pharmacological effects in diabetic rats such as restoring the 
activities of kidney enzymes involved in glucose and amino acid oxi-
dation in diabetes and protecting diabetic tissues from stress via an-
tioxidant mechanisms to protect against diabetic kidney disease.122 
Asiaticoside is the major constituent of the formula Compound 
Centella, which has proved effective in lowering the urine protein/
creatinine ratio in diabetic rats and can improve the renal pathology 
of diabetic kidney disease by regulating oxidative stress signalling.123 
Madecassoside exhibits nephroprotective properties by protecting 
against nephrotoxicity; the chemotherapeutic drug doxorubicin 

(DOX) results in multi- organ injury including nephrotoxicity, during 
which it induces the apoptosis of Human Proximal Tubule Cells HK- 2 
cells. This DOX- induced cytotoxicity can be suppressed by treating 
with madecassoside, as it inhibits DOX- associated apoptosis and in-
flammation in HK- 2 cells and can be considered for optimizing the 
DOX chemotherapeutic approach.124

5  |  MISCELL ANEOUS AC TIVITIES

Asiaticoside and madecassoside offer numerous other medici-
nal benefits in treating cardiac, pancreatic and colon diseases. 
Various extracts and compounds isolated from C. asiatica are seen 
to lower the occurrence of cardiovascular diseases such as cardiac 
hypertrophy, myocardial ischaemia, atherosclerosis and hyperten-
sion.125 Asiaticoside is reported to protect cardiomyocytes against 
myocardial oxygen– glucose deprivation/reoxygenation (OGD/R) 
injury.126 Madecassoside has a protective effect on isolated rat 
hearts and isolated cardiomyocytes against reperfusion injury in 
vitro, as well as in vivo; it is seen to protect rat models against 
myocardial ischaemia– reperfusion injury- induced infarction 
through its anti- inflammatory, anti- oxidative and anti- apoptosis 
properties.127

Acute pancreatitis is characterized by tissue necrosis. 
Asiaticoside is proved to protect against mild acute pancreatitis 
(MAP) in caerulein- induced MAP models by inhibiting pancreatic 
acinar cells necrosis, ameliorating pancreatitis- associated histo-
pathological changes, and lowering the severity of pancreatic tissue 
injury as well as pancreatitis- associated lung injury in a severe acute 
pancreatitis model.128 Madecassoside improves insulin sensitivity 
in pancreatic cells to promote glucose- stimulated insulin secretion 
(GSIS) and to enhance expression of insulin signalling proteins with-
out any cytotoxic effects, making it a favourable drug compound in 
targeting type 2 diabetes mellitus.129

5.1  |  Anti- inflammatory, anti- allergic and other 
immunomodulatory properties

A majority of the medicinal activity of asiaticoside and madecasso-
side can be attributed to their regulation of inflammatory immune 
responses. As mentioned previously, C. asiatica shows significant im-
munosuppressive action in the context of atopic dermatitis, where it 
suppresses the infiltration of immune cells and controls inflamma-
tion.82 Asiaticoside exhibits anti- inflammatory activity in regulating 
numerous diseases. According to Fong et al., asiaticoside might be a 
potential therapeutic agent for oedema prevention in inflammatory 
diseases like atherosclerosis because it can prevent endothelial bar-
rier dysfunction elicited by the pro- atherogenic cytokine, TNF- α.130 
Asiaticoside also shows protective effects against sepsis- induced 
acute kidney injury by inhibiting inflammation.131

One of the best pieces of evidence for the anti- inflammatory 
activity of these phytocompounds, particularly madecassoside, 
is protection against arthritis. Madecassoside shows further 
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anti- inflammation effects in monosodium urate (MSU)- stimulated 
gouty arthritis and peritonitis. Gout is an inflammatory joint disease 
induced by MSU crystals accumulation, which is accompanied by the 
infiltration of neutrophils into joint spaces. Continued accumulation 
can lead to irreversible damage of the joint tissues and increases the 
risk of chronic inflammation.132 In a study by Lu et al., madecassoside 
suppressed MSU- induced inflammation in mice with gouty arthritis, 
alleviated neutrophil infiltration and inhibited the secretion of pro- 
inflammatory mediators in mice with peritoneal inflammation.133 
Similar anti- inflammatory benefits of madecassoside have been ob-
served in mice with collagen- induced arthritis; Li et al. demonstrated 
that the madecassoside- treated arthritic mice showed improvement 
in the pathological damage to joint tissues, significant suppression of 
the pro- inflammatory molecules COX- 2, PGE (2), TNF- alpha and IL- 
6, as well as upregulation of the anti- inflammatory mediator IL- 10.134 
Madecassoside is also seen to prevent the invasion of rheumatoid 
fibroblast- like synoviocytes in rheumatoid arthritis by suppressing 
the NF- κB pathway- mediated inflammation.135 Furthermore, multiple 
studies verify the role of orally administered madecassoside in pro-
tecting against arthritis by similar action of inhibiting pro- inflammatory 
cytokines and upregulating anti- inflammatory ones.136– 138 In a recent 
study, asiaticoside has been tested as an anti- inflammatory and im-
munomodulatory agent during in vivo implantation of polylactic- co- 
glycolic acid fibrous scaffolds. Electro- spun PLGA fibrous scaffolds 
are currently being tested in tissue engineering for bone, cartilage, 
skin and neural regeneration, as well as for drug delivery systems; 
however, the accumulation of degradation products due to implanta-
tion causes host inflammatory response triggered by the innate im-
mune cells (dendritic cells, mast cells, granulocytes and macrophages) 
which hinders tissue regeneration. Based on varying microenviron-
ments, macrophages can be polarized to form different phenotypes 
(M1 or M2) with different functions; the reversibility of polarization 
has critical therapeutic value, especially in diseases in which M1/M2 
imbalance plays a pathogenic role. Asiaticoside can successfully sup-
press the expression of M1 (inflammatory) macrophages and inhibit 
the production of pro- inflammatory cytokines, while simultaneously 
promoting the expression of M2 macrophages, which consistently 
release anti- inflammatory cytokines. This is crucial in blocking host 
inflammatory response and achieving desirable implantation results, 
and asiaticoside is a favourable option for an anti- inflammatory 
drug.139,140

Asiaticoside also shows antiallergic properties. Mast cells which 
are associated with allergic inflammation, are immune cells that ex-
press a wide variety of membrane receptors involved in both the 
innate and the acquired immune responses. The main receptors are 
FcεRI, Toll- like receptors, complement receptors and IgG receptors, 
which are involved in the activation of mast cells. Mast cells play a 
major role in the response to infections and are the main effectors in 
mediating response to allergens by degranulation and the release of 
histamine, pro- inflammatory cytokines, chemokines and other vaso-
active mediators.141 Asiaticoside can suppress allergic inflammation 
by blocking histamine release and mitigating mast cell degranulation, 
as well as reducing the generation of antigen- induced inflammatory 
factors, via the FcεRI- dependent signalling pathways.142

Furthermore, asiaticoside acts as an anti- inflammatory and anti-
pyretic agent that has been studied to dose- dependently suppress 
lipopolysaccharide (LPS)- induced fever and inflammation in rats, 
presumably by the inhibition of pro- inflammatory mediators (serum 
tumour necrosis factor (TNF)- α, interleukin (IL)- 6, liver myeloperox-
idase (MPO), brain cyclooxygenase- 2 (COX- 2)) and the upregulation 
of liver heme oxygenase- 1 (HO- 1) protein activity (critical in pre-
venting vascular inflammation.)143,144 Taking the abundant evidence 
of anti- inflammatory properties of asiaticoside as well as its regula-
tion of macrophage polarization, mast cell degranulation and fever- 
associated cytokines, more future studies dedicated to the effects 
of this natural extract on other immune responses may be beneficial 
from a clinical perspective.

5.2  |  Antipathogenic activities

Centella asiatica extracts can be considered a favourable option for 
natural anti- virulence drugs that can target the virulence of patho-
gens while maintaining their cell viability, which can help prevent the 
development of pathogenic resistance to antibiotics. The Centella 
triterpenoids can be considered as phytoanticipins against a wide 
range of bacterial, fungal and parasitic agents due to their antimicro-
bial activities, selective cytotoxicity and protective function against 
pathogenic infections.3,145,146

An in vitro study by Vasanth et al. illustrates the effect of asiatico-
side in reducing the production of cholera toxins in different strains 
of Vibrio cholerae, showing promising vibriocidal activity that can be 
incorporated into revised treatments for cholera.10 Oral adminis-
tration of asiaticoside has proved effective in treating the parasitic 
infection of visceral leishmaniasis caused by Leishmania donovani in 
infected mice models. Asiaticoside cleared almost all parasitic bur-
dens in the liver and spleen as well as mediated a switch in the host 
from a Th2-  to a Th1- type immune response, accompanied by induc-
tion of TNF- α- mediated nitric oxide production, which are important 
factors involved in macrophage function in antileishmanial defence 
mechanisms.38 Little evidence exists for anti- viral effects of asiatico-
side or madecassoside extracted from C. asiatica; however, asiatico-
side derived from Hydrocotyle sibthorpioides (Apiaceae) is observed 
to significantly reduce the viral DNA transcription and replication of 
Hepatitis B virus (HBV) without resulting in toxicity.147

6  |  CONCLUSION

A variety of C. asiatica extracts have been extensively used in tra-
ditional medicine due to the wide spectrum of pharmacological ac-
tivities associated with these secondary metabolites. This review 
highlights the activities of asiaticoside and madecassoside, the major 
saponin constituents of C. asiatica extracts, and provides a compre-
hensive view of their range of properties that can be harnessed for 
improving human health. Due to the lack of any reported adverse 
effects of C. asiatica in any clinical studies so far, the plant is catego-
rized as a Class 1 herb (one that can safely be consumed when used 
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appropriately) in the Botanical Safety Handbook. As illustrated in this 
review, research from the past two decades indicates a significant 
potential role for asiaticoside and madecassoside to be incorporated 
into modern treatment strategies, specifically targeting neurologi-
cal and dermatological diseases, as well as offer potent benefits to 
a host of other medicinal and cosmetic requirements. Further re-
search and clinical studies conducted on these compounds can offer 
novel therapeutic options and enhance existing medical knowledge 
through naturally occurring sources.
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