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research continues to validate and expand their applications in contemporary medicine, underscoring
their enduring significance. Centella asiatica, a medicinal plant known for its therapeutic properties
in traditional medicine and increasingly recognized in modern pharmacology for various health
benefits. Madecassoside, stands out as a phytoactive constituent of Centella asiatica, renowned for its
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wide-ranging pharmacological properties, encompassing anti-inflammatory, antioxidant, wound-
healing, and skin-protective effects. The present review illuminates madecassoside's pharmacological
properties and its mechanistic roles, as documented by various researchers.
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Introduction

Plants have served as medicinal treatments for millennia,
rooted in both empirical knowledge and traditional remedies.
They continue to garner significant attention for their efficacy
in managing a spectrum of mild to chronic ailments. Among
these, Centella asiatica, a traditional Chinese herb widely
utilized across Southeast Asia, stands out for its profound
medicinal properties. Madecassoside, a triterpenoid saponin
obtained from Centella asiatica, demonstrates a wide-range of
pharmacological activities such as neuroprotective,
cardioprotective, and hepatoprotective effects, as well as
wound healing, anti-inflammatory, and antioxidant properties.

Additionally, it exhibits anti-allergic, antidepressant,
anxiolytic, antifibroticc, and antibacterial activities.
Madecassoside also has anti-arthritic, anti-tumor, and

immunomodulatory effects. Figure 1 illustrates the chemical
structure of madecassoside.!-3

CHs

Figure 1: Structure of Madecassoside

ISSN: 2250-1177 [151] CODEN (USA): JDDTAO


http://jddtonline.info/
http://dx.doi.org/10.22270/jddt.v14i9.6767
https://crossmark.crossref.org/dialog/?doi=10.22270/jddt.v14i9.6767&amp;domain=pdf
https://orcid.org/0009-0008-1328-8409
https://orcid.org/0009-0009-8149-7664
https://orcid.org/0009-0001-2995-9317
https://orcid.org/0009-0009-6537-9545
https://orcid.org/0000-0002-4936-1320

Sivasankaran et al.

Materials and methods

The information presented here is sourced from PUBMED
databases, google scholar, Web of science, previous published
articles, and pertinent citations, providing a comprehensive
exploration of madecassoside's therapeutic capabilities.

Anticancer effect of madecassoside

Madecassoside has been shown to exhibit significant anticancer
properties, including the ability to induce apoptosis, inhibit cell
proliferation, and suppress metastasis across various cancer
types. Glioma, a predominant form of primary malignant brain
tumor, is distinguished by its abnormal proliferation and
resistance against conventional therapeutic approaches. Renju
et al,* conducted a study to explore the antiproliferative
properties of madecassoside encapsulated alginate-chitosan
nanoparticles (MACNPs) against C6 glioma cells. Their research
demonstrated that MACNPs achieved superior uptake and
intracellular distribution within C6 glioma cells, effectively
inhibiting their proliferation via increased intracellular ROS
production. The study indicated that MACNPs have
considerable potential as a therapeutic agent for treating
glioma. Li et al,> provided compelling evidence that
madecassoside markedly attenuates HGF-induced proliferative
and invasive responses in HepG2 and SMMC-77 cells. Their
findings revealed that treatment with madecassoside led to a
significant down-regulation of COX-2 and PGE2 expression in
these cells under HGF stimulation, underscoring the
compound's potent anti-tumor and anti-invasive effects.

Antioxidant effect of madecassoside

Research has consistently highlighted that Centella asiatica
extracts exhibit a broad spectrum of health benefits, largely
attributed to their antioxidant capabilities. The triterpene
constituents, including asiatic acid, asiaticoside, and
madecassoside, found in Centella asiatica, have demonstrated
potent free radical-scavenging activities and strong reducing
properties.6 Xu et al.,” evaluated the antioxidant potential of
madecassoside by measuring glutathione levels in the
substantia nigra. MPTP (1-methyl-4-phenyl-1,2,3,6-
tetrahydropyridine) treatment significantly reduced GSH
levels, but madecassoside administration notably restored GSH
concentrations compared to the MPTP-treated group. Ling et
al,8 illustrated that madecassoside exhibited significant
antioxidative properties in human melanocytes experiencing
oxidative stress, primarily by triggering autophagy.
Additionally, they posited that madecassoside holds potential
as an effective treatment for vitiligo, a condition predominantly
driven by oxidative stress.

Neuroprotective effect of madecassoside

Ling et al,® explored the neuroprotective effects of
madecassoside, a compound derived from Centella asiatica, in
the context of neurodegeneration induced by protein L-
isoaspartyl methyltransferase (PIMT) deficiency. Their findings
suggest that madecassoside not only enhances circadian
rhythm regulation, particularly in the sleep-wake cycle, but also
promotes synaptic plasticity in PIMT-deficient mice. These
effects hold potential for alleviating anxiety-related symptoms
and cognitive impairments associated with neurodegenerative
conditions. Li et al., 10 demonstrated the neuroprotective effects
of madecassoside in GT1-7 cell lines, revealing that this
compound possesses significant protective properties against
hypoxia-induced cellular damage. Luo et al,!! explored the
neuroprotective potential of madecassoside in a rat model
subjected to focal cerebral ischemia-reperfusion (I/R) injury.
Their findings demonstrated that madecassoside notably
mitigated inflammation and alleviated oxidative stress in the
brain following I/R injury. Treatment with madecassoside
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resulted in a significant reduction in pro-inflammatory
cytokines and the activation of NF-kB p65. These findings
indicate that madecassoside exhibits significant
neuroprotective potential and could serve as an effective
therapeutic agent in reducing damage caused by strokes. Xu et
al,” demonstrated that madecassoside effectively mitigated
early symptoms of MPTP-induced parkinsonism through its
neuroprotective properties. These effects included restoring
dopamine levels, enhancing the Bcl-2/Bax ratio, and
upregulating the expression of BDNF. Sasmita et al.,12 explored
the neuroinflammatory properties of madecassoside in BV2
microglial cells, demonstrating its potential as a potent natural
anti-neuroinflammatory agent. Viswanathan et al, 13 evaluated
the neuroprotective properties of Centella asiatica methanol
extract (CAM), which is rich in triterpenoid saponins, including
asiaticoside and madecassoside. Their study offered substantial
pharmacological evidence that Centella asiatica methanolic
extract served as an effective antioxidant and anti-
inflammatory agent, validating its traditional use in
ethnomedicine for managing oxidative stress and
inflammation.

Nephroprotective effect of madecassoside

Yuan et al,1* assessed the protective potential of
madecassoside in countering nephrotoxicity caused by
cisplatin and found that it significantly alleviated renal tubular
damage, likely by inhibiting MAPK signaling pathway
activation, suggesting its potential as a therapeutic agent for
acute kidney injury. Su et al,, 15 carried out an in-depth study on
how madecassoside alleviates nephrotoxicity caused by
doxorubicin, utilizing both in vivo and in vitro methods by
exposing HK-2 cells and a murine model to the compounds.
Their findings demonstrated that madecassoside treatment
effectively mitigates renal toxicity in tumor bearing animals
undergoing doxorubicin therapy. This is achieved through the
preservation of renal function, restoration of antioxidant
enzyme activity, and suppression of apoptotic and
inflammatory markers.

Anti-diabetic effect of madecassoside

The progressive decline in 8 cell function and mass is a critical
factor in type 2 diabetes mellitus. Tan et al.,,16 explored the anti-
hyperglycemic effects of madecassoside in experimentally
induced diabetic rats, demonstrating that madecassoside has
an antidiabetic effect linked to the preservation of B-cell
structure and function. Further investigations by Tan et al.,”
revealed that madecassoside directly protects a 3 cell line (INS-
1E) from various harmful agents, enhancing cell viability and
function under conditions typically associated with type 2
diabetes. Elhassan et al,18 explored the effects of
madecassoside and catalpol on insulin sensitivity in pancreatic
INS-1E cells, suggesting that both compounds markedly
increased the expression of p-IRS-1, Akt, and p-Akt proteins,
while also significantly enhancing insulin secretion in response
to high glucose levels.

Anti-inflammatory effect of madecassoside

Li et al.,19 elucidated that madecassoside exhibited a powerful
anti-inflammatory effect in models of collagen-induced
arthritis, primarily by inhibiting the expression of key pro-
inflammatory mediators such as COX-2 and IL-6, while
concurrently enhancing IL-10 expression. Won et al,20
investigated the anti-inflammatory effects of madecassic acid
and madecassoside, compounds derived from Centella asiatica,
in lipopolysaccharide stimulated RAW 264.7 murine
macrophage cells. Their research revealed that both
compounds significantly inhibited the production of key
inflammatory mediators, including nitric oxide (NO),
prostaglandin E2 (PGE2), tumor necrosis factor-alpha (TNF-

CODEN (USA): JDDTAO



Sivasankaran et al.

alpha), interleukin-1 beta (IL-1beta), and IL-6. Mogbel et al.,21
examined the protective properties and underlying
mechanisms of madecassoside in the treatment of
osteoarthritis, revealing that madecassoside inhibited the NF-
kB signaling pathway. This inhibition reduces IL-1f induced
inflammation in chondrocytes, highlighting its promising
therapeutic potential for managing osteoarthritis. Lu et al.,22
investigated the clinical effectiveness of madecassoside in the
treatment of gouty arthritis and hyperuricemia, finding that it
significantly alleviates paw swelling and joint inflammation in
murine models of gouty arthritis. Additionally, madecassoside
significantly reduced the expression of neutrophil cytosolic
factor 1, caspase-1, and NLRP3 in models of peritoneal
inflammation triggered by MSU. Shen et al. 23 investigated the
anti-inflammatory and skin hydration properties of
madecassoside. Their findings showed that madecassoside
effectively reduced the expression of IL-1f and TLR2, and also
inhibited the nuclear translocation of NF-kB in P. acnes-
stimulated THP-1 human monocytic cells. These effects are
crucial for maintaining skin homeostasis and barrier function.
Lu et al.,2* explored a novel transdermal delivery system using
a nanoemulsion to co-deliver Paeonol and madecassoside,
demonstrating its potential to enhance skin barrier repair and
anti-inflammatory efficacy, thereby offering a promising new
strategy for developing advanced skincare products for
sensitive skin. Du et al.,?5 investigated the ability of
madecassoside to prevent AB25-35-induced inflammation and
autophagy, finding that it significantly reduced the production
of inflammatory cytokines like TNF-a and IL-6. Their results
suggested that madecassoside protected neural cells from these
effects through the class III PI3K/Beclin-1/Bcl-2 pathway. Jung
et al, 26 examined the impact of madecassoside on ultraviolet-
induced inflammation through a co-culture model of
keratinocytes and melanocytes. Their study revealed that
Madecassoside markedly reduced UV-induced melanogenesis
by inhibiting PAR-2 expression and its related signaling
pathways, including COX-2, PGE2, and PGF2q, in keratinocytes.

Hepatoprotective effect of madecassoside

Choi et al.27 explored the impact of madecassoside on primary
hepatocytes subjected to palmitate and in the livers of mice fed
a high-fat diet, revealing that madecassoside -effectively
decreased lipogenic lipid accumulation, apoptosis, and
endoplasmic reticulum stress in hepatocytes. This suggests that
madecassoside may alleviate obesity-related hepatic steatosis
via an AMPK/autophagy-dependent mechanism, highlighting
its potential as a promising treatment for hepatic steatosis.
Wang et al., 28 conducted a study to explore the protective role
of madecassoside in acute liver failure triggered by
lipopolysaccharide and D-galactosamine in mouse model. Their
research demonstrated that madecassoside notably elevated
the levels of heme oxygenase and antioxidants by enhancing the
activity of nuclear factor E2-related factor 2 in response to LPS-
induced liver damage. These results suggest that
madecassoside could be a promising therapeutic candidate for
treating lipopolysaccharide and D-galactosamine-induced liver
injury, with the potential to be developed into a
hepatoprotective drug for acute liver failure. Li et al.,5 revealed
that madecassoside profoundly inhibited proliferation and
invasion in liver cancer cells. This suppression was
orchestrated through the PKC-cMET-ERK1/2-COX-2-PGE2
signaling axis, highlighting the compound's potent regulatory
effects on these pathways.

Wound healing effect of madecassoside

Liu et al.,29 explored the impact of madecassoside on the healing
of burn wounds, proposing that its effectiveness in wound
repair is a key reason for the traditional use of Centella asiatica
in treating burns. Their findings suggested that
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madecassoside’s wound-healing property is attributed to its
antioxidant activity, promotion of collagen production, and
enhancement of angiogenesis. Hou et al.;30 evaluated the wound
healing capability of madecassoside, revealing that
madecassoside stimulated collagen synthesis, reduced
oxidative stress in wounds, and promoted vasodilation. They
also noted that madecassoside supported cell proliferation and
growth in animal models. Rachpirom et al.3! explored the
wound healing potential of madecassoside. Their study
highlighted the extract's strong anti-inflammatory properties,
including the inhibition of nitric oxide, and its ability to
promote wound healing through processes like cell
proliferation, migration, and collagen synthesis in human
dermal fibroblast cells. Kim et al.,32 highlighted the synergistic
protective effects of madecassoside combined with rosmarinic
acid in Hs68 cells against UVB-induced photoaging. Their
findings propose that these natural compounds are promising
candidates for anti-aging and skin care interventions, with
significant potential applications in both the cosmetic and
pharmaceutical industries. Park33 reported that Centella
asiatica and its triterpene, madecassoside, showed therapeutic
effects on dermatological conditions like acne, burns, atopic
dermatitis, and wounds. These effects are mediated through
NF-xB, TGF-B/Smad, MAPK, Wnt/B-catenin, and STAT
pathways. Liu et al,3* observed that PECE-modified
madecassoside liposomes significantly improved wound
healing in second-degree burns in a rat model compared to
unmodified madecassoside liposomes. Their study suggested
that the modified liposomes exhibited superior surface
adhesion and healing performance. Li et al.,35 carried out a split-
face, double-blind, randomized controlled trial to evaluate the
efficacy and safety of a novel non-steroidal cream in
comparison to a hospital-made emollient for aiding wound
healing post-fractional CO2 laser treatment. Their study
revealed that a B5 cream, formulated with madecassoside, 5%
panthenol, and copper-zinc-manganese, significantly expedited
the healing of minor laser-induced wounds, while only
producing mild and transient side effects. Li et al.,3¢ ingeniously
developed madecassoside-loaded liposomes using a double-
emulsion technique, significantly enhancing transdermal
delivery and optimizing wound healing efficacy. Their research
suggests that this advanced liposomal formulation offers a
promising pharmaceutical strategy for enhancing the
therapeutic potential of madecassoside in wound care
applications. Changsan et al,37 investigated the clinical
effectiveness of a polymeric spray film formulated with Centella
asiatica extract, which includes triterpenes such as asiatic acid,
madecassic acid, asiaticoside, and madecassoside, in treating
acute wounds. Their findings indicated that the polymeric
spray film was advantageous as a treatment for acute wounds,
as it significantly accelerated the healing process without
causing any adverse effects. Swatdee et al.,38 conducted a
comprehensive assessment of a topical spray specifically
formulated with Centella asiatica extract, focusing on its
effectiveness in treating excision wounds in rats. The triterpene
content analysis of the extract revealed concentrations of
asiatic acid (0.12%), madecassic acid (0.54%), asiaticoside
(0.25%), and madecassoside (1.02%). The results
demonstrated that the formulation was non-irritating in the rat
model and led to complete wound closure within 14 days in an
in vivo excision wound healing model.

Cardioprotective effect of madecassoside

Li et al.,39 explored the potential of madecassoside to mitigate
myocardial reperfusion injury in a rabbit heart model. They
found that pretreatment with madecassoside significantly
attenuated the reduction in superoxide dismutase activity,
notably lowered levels of malondialdehyde, C-reactive protein,
and cardiomyocyte apoptosis, while also upregulating Bcl-2
expression. These findings indicate that madecassoside confers
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protection against myocardial ischemia-reperfusion injury,
primarily by inhibiting lipid peroxidation, enhancing
superoxide dismutase (SOD) activity, and exerting potent anti-
inflammatory and anti-apoptotic effects. Similarly, Biian et al.,40
investigated madecassoside's protective role against
myocardial ischemia-reperfusion injury in vivo. Their study
corroborated that madecassoside offers cardioprotection,
likely attributed to its apoptotic and anti-inflammatory
functions, along with its ability to enhance SOD activity. Cao et
al.,*1 assessed the therapeutic impact of madecassoside on
cardiac dysfunction in a rat model of sepsis induced by
lipopolysaccharide (LPS). Their findings indicated that
madecassoside inhibited LPS-induced production of tumor
necrosis factor-alpha (TNF-a) by blocking the ERK1/2, p38, and
NF-kB pathways in cardiomyocytes. This suggests that
madecassoside may possess cardioprotective effects in the
context of LPS-mediated sepsis.

Other pharmacological effect of madecassoside

Mando et al,*2 conducted an in-depth investigation into the
antidepressant properties of principal compounds found in
Centella asiatica, specifically focusing on its triterpene
including madecassoside. Their research underscores the
potential of madecassoside and asiaticoside to alleviate
depressive symptoms by positively influencing behavior and
modulating the hypothalamic-pituitary-adrenal (HPA) axis in a
zebrafish model subjected to chronic unpredictable stress.
Additionally, in silico analysis further corroborated these
findings. Liu et al.,*3 assessed the impact of madecassoside (MC)
on depressive behavior in mice and its effects on monoamine
oxidase (MAO) activity across different brain regions in rats.
Their findings substantiate the hypothesis that madecassoside
exerts its antidepressant effects by inhibiting MAO activity,
with a more pronounced effect observed following acute
administration compared to chronic use, although the
underlying mechanisms warrant further exploration. Cho et
al.** explored the role of madecassoside in modulating lipid
metabolism within visceral adipocytes, focusing on its potential
for obesity treatment through mechanisms of browning,
lipolysis, and lipogenesis. Their results demonstrated that
madecassoside promoted thermogenic browning and enhances
lipolysis while suppressing adipocyte lipogenesis, indicating its
potential as a therapeutic agent for obesity management. Sun et
al. > investigated the anti-obesity effects of madecassoside and
its underlying mechanisms. Their study revealed that
madecassoside inhibited weight gain in obese diabetic mice,
reduced triglyceride levels, suppressed mesenteric fat
lipogenesis, promoted epididymal fat lipolysis, and enhanced
fatty acid oxidation. Additionally, madecassoside appeard to
facilitate mesenteric fat browning and activate mitochondrial
function in both brown and mesenteric fat tissues. Shan et al., %6
demonstrated the protective effect of madecassoside in vitro
against cisplatin- and hypoxia-reoxygenation-induced injury in
renal tubular epithelial cells, and in vivo in a model of acute
kidney injury (AKI) in mice. Their results suggested that
madecassoside served as a potential therapeutic agent for AKI,
possibly through the JNK/c-JUN signaling pathway. Arora et
al,*” analyzed the impact of triterpenes in Centella asiatica
extract on antioxidant properties, cholinesterase inhibition and
anti-amnesic effects. Their study revealed that the methanolic
extract (CAE) demonstrated exceptional efficacy in scavenging
free radicals, inhibiting cholinesterase activity, and
ameliorating scopolamine-induced amnesia. Interestingly, the
triterpene-free  fraction (CAE-FF) displayed stronger
antioxidant activity compared to the triterpene-enriched
fraction (CAE-EF), indicating that triterpenes alone do not
account for the extract's full range of bioactivities. Wang et al.,48
discovered that madecassoside prevented osteoporosis caused
by estrogen deficiency by inhibiting RANKL-induced
osteoclastogenesis. Their study showed that madecassoside
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inhibited the formation and function of osteoclasts in a dose-
dependent  manner  without causing  cytotoxicity.
Madecassoside achieved this by blocking Ca2+ oscillations and
the NF-kB and MAPK pathways, and its efficacy in preventing
bone loss was confirmed in an ovariectomized mouse model,
highlighting its potential as a treatment for osteolytic bone
diseases. Yu et al,% found that madecassoside significantly
reversed histological damage in rats with adjuvant-induced
arthritis, showcasing its remarkable therapeutic potential.
Their findings suggested that madecassoside exerted anti-
rheumatoid arthritis (RA) activity through suppression of NF-
kB/MMP-13 pathway. Dou et al.50 explored how adrenergic
and cholinergic nerves affect the impact of madecassoside in
the context of rheumatoid arthritis. Their research concluded
that madecassoside potentially ameliorated collagen-induced
arthritis through a partial modulation of the peripheral
cholinergic system. Lin et al.,5! examined the protective effects
of madecassoside from Hydrocotyle sibthorpioides against
cognitive impairment induced by D-galactose in mice. They
found that madecassoside mitigated cognitive decline primarily
by reducing oxidative stress, improving synaptic plasticity, and
restoring cholinergic function, suggesting its potential as a
preventive agent for cognitive impairment. Lu et al.,52
performed an extensive analysis of the protective function of
madecassoside in experimental pulmonary fibrosis. Their study
demonstrated that madecassoside ameliorated oxidative
damage and inflammation in the early stages following
bleomycin  (BLM) instillation, suppressing TGF-B1
overexpression and collagen synthesis while promoting
collagen degradation through an enhanced MMP1/TIMP1 ratio.
Consequently, madecassoside shows promise as a candidate for
pulmonary fibrosis treatment. Bian et al.,’3 showed the
protective efficacy of madecassoside against oxidative stress-
induced injury in endothelial cells. Their study indicated that
madecassoside shielded HUVECs from oxidative damage, likely
by inhibiting cell apoptosis through the preservation of
mitochondrial membrane integrity and downregulation of
caspase-3 and p38 MAPK activation.

Conclusion

In conclusion, the longstanding use of plants in medicine,
founded upon empirical knowledge and traditional practices,
continues to be a focal point in healthcare due to their
demonstrated effectiveness across a wide range of ailments.
Madecassoside emerges as a noteworthy triterpenoid saponin,
showcasing a plethora of pharmacological activities. Its
documented neuroprotective, cardioprotective, and anti-
inflammatory properties, among others, underscore its
potential  therapeutic value. As research expands,
madecassoside holds promise for future therapeutic
applications, further validating the rich legacy of plant-based
medicines in modern healthcare.

References

1. Sun B, Wu L, Wu Y, Zhang C, Qin L, Hayashi M, Kudo M, Gao M, Liu T.
Therapeutic Potential of Centella asiatica and Its Triterpenes: A
Review. Front Pharmacol. 2020;11:568032.
https://doi.org/10.3389/fphar.2020.568032 PMid:33013406
PMCid:PMC7498642

2. Arribas-Lépez E, Zand N, Ojo O, Snowden M], Kochhar T. A
Systematic Review of the Effect of Centella asiatica on Wound
Healing. Int ] Environ Res Public Health. 2022;19(6):3266.
https://doi.org/10.3390/ijerph19063266 PMid:35328954
PMCid:PMC8956065

3. Gohil K], Patel A, Gajjar AK. Pharmacological Review on Centella
asiatica: A Potential Herbal Cure-all. Indian ] Pharm Sci.
2010;72(5):546-556. https://doi.org/10.4103/0250-474X.78519
PMid:21694984 PMCid:PM(C3116297

CODEN (USA): JDDTAO


https://doi.org/10.3389/fphar.2020.568032
https://doi.org/10.3390/ijerph19063266
https://doi.org/10.4103/0250-474X.78519

Sivasankaran et al.

4. Renju K, Gayathri V, Sabulal B. Biocompatible madecassoside
encapsulated alginate chitosan nanoparticles, their anti-
proliferative activity on C6 glioma cells. Carbohydrate Polymer
Technologies and Applications. 2021;2, 2666-8939.
https://doi.org/10.1016/j.carpta.2021.100106

5.LiZ YouK, LiJ, Wang Y, Xu H, Gao B, Wang ]. Madecassoside
suppresses proliferation and invasiveness of HGF-induced human
hepatocellular carcinoma cells via PKC-cMET-ERK1/2-COX-2-
PGE2 pathway. Int Inmunopharmacol. 2016;33:24-32.
https://doi.org/10.1016/j.intimp.2016.01.027 PMid:26851630

6. Bandopadhyay S, Mandal S, Ghorai M, Jha NK, Kumar M, Radha,
Ghosh A, Prockéw ], Pérez de la Lastra JM, Dey A. Therapeutic
properties and pharmacological activities of asiaticoside and
madecassoside: A review. ] Cell Mol Med. 2023;27(5):593-608.
https://doi.org/10.1111/jcmm.17635 PMid:36756687
PMCid:PM(C9983323

7.Xu CL, Qu R, ZhangJ, Li LF, Ma SP. Neuroprotective effects of
madecassoside in early stage of Parkinson's disease induced by
MPTP in rats. Fitoterapia. 2013;90:112-118.
https://doi.org/10.1016/j.fitote.2013.07.009 PMid:23876367

8. Ling Y, Gong Q, Xiong X, Sun L, Zhao W, Zhu W, Lu Y. Protective
effect of madecassoside on H202-induced oxidative stress and
autophagy activation in human melanocytes. Oncotarget.
2017;8(31):51066-51075.
https://doi.org/10.18632/oncotarget.17654 PMid:28881630
PMCid:PM(C5584231

9. Ling Z, Zhou S, Zhou Y, Zhong W, Su Z, Qin Z. Protective role of
madecassoside from Centella asiatica against protein L-
isoaspartyl methyltransferase deficiency-induced
neurodegeneration. Neuropharmacology.2024;246:109834.
https://doi.org/10.1016/j.neuropharm.2023.109834
PMid:38181970

10. Li SQ, Xie YS, Meng QW, Zhang ], Zhang T. Neuroprotective
properties of Madecassoside from Centella asiatica after hypoxic-
ischemic injury. Pak ] Pharm Sci. 2016;29(6):2047-2051.
https://pubmed.ncbi.nlm.nih.gov/28375122

11.Luo Y, Yang YP, Liu ], et al. Neuroprotective effects of
madecassoside against focal cerebral ischemia reperfusion injury
in rats. Brain Res. 2014;1565:37-47.
https://doi.org/10.1016/j.brainres.2014.04.008 PMid:24735651

12. Sasmita AO, Ling APK, Voon KGL, Koh RY, Wong YP. Madecassoside
activates anti neuroinflammatory mechanisms by inhibiting
lipopolysaccharide induced microglial inflammation. Int ] Mol
Med. 2018;41(5):3033-3040.
https://doi.org/10.3892/ijmm.2018.3479 PMid:29436598

13. Viswanathan G, Dan VM, Radhakrishnan N, Nair AS, Rajendran Nair
AP, Baby S. Protection of mouse brain from paracetamol-induced
stress by Centella asiatica methanol extract. ] Ethnopharmacol.
2019;236:474-483. https://doi.org/10.1016/j.jep.2019.03.017
PMid:30872170

14.Yuan H, Zhao Y, Li S, Qin ], Yu X. Madecassoside ameliorates
cisplatin-induced nephrotoxicity by inhibiting activation of the
mitogen activated protein kinase pathway. Environ Toxicol.
2023;38(7):1473-1483. https://doi.org/10.1002 /tox.23777
PMid:37087747

15.SuZ, Ye], Qin Z, Ding X. Protective effects of madecassoside against
Doxorubicin induced nephrotoxicity in vivo and in vitro. Sci Rep.
2015;5:18314. https://doi.org/10.1038/srep18314
PMid:26658818 PMCid:PM(C4677317

16. Tan SC, Rajendran R, Bhattamisra SK, Krishnappa P, Davamani F,
Chitra E, Ambu S, Furman B, Candasamy M. Effect of
madecassoside in reducing oxidative stress and blood glucose in
streptozotocin-nicotinamide-induced diabetes in rats. ] Pharm
Pharmacol. 2023;75(8):1034-1045.
https://doi.org/10.1093/jpp/rgad063 PMid:37402616

17. Tan SC, Rajendran R, Bhattamisra SK, Krishnappa P, Davamani F,
Chitra E, Ambu S, Furman B, Candasamy M. Protective effects of
madecassoside, a triterpenoid from Centella asiatica, against
oxidative stress in INS-1E cells. Nat Prod Res. 2024:1-8.
https://doi.org/10.1080/14786419.2024.2315499

ISSN: 2250-1177 [155]

Journal of Drug Delivery & Therapeutics. 2024; 14(9):151-156

18. Elhassan SAM, Candasamy M, Ching TS, Heng YK, Bhattamisra SK.
Effect of madecassoside and catalpol in amelioration of insulin
sensitivity in pancreatic (INS-1E) B-cell line. Nat Prod Res.
2021;35(22):4627-4631.
https://doi.org/10.1080/14786419.2019.1696794
PMid:31797687

19.Li H, Gong X, Zhang L, et al. Madecassoside attenuates
inflammatory response on collagen-induced arthritis in DBA/1
mice. Phytomedicine. 2009;16(6-7):538-546.
https://doi.org/10.1016/j.phymed.2008.11.002 PMid:19135346

20. Won JH, Shin JS, Park HJ, et al. Anti-inflammatory effects of
madecassic acid via the suppression of NF-kappaB pathway in
LPS-induced RAW 264.7 macrophage cells. Planta Med.
2010;76(3):251-257. https://doi.org/10.1055/s-0029-1186142
PMid:19774506

21. Mogbel SAA, He Y, Xu L, et al. Rat Chondrocyte Inflammation and
Osteoarthritis Are Ameliorated by Madecassoside. Oxid Med Cell
Longev. 2020;2020:7540197.
https://doi.org/10.1155/2020/7540197 PMid:32089778
PMCid:PMC7023724

22.LuX, Zeng R, Lin ], Hu ], Rong Z, Xu W, Liu Z, Zeng W.
Pharmacological basis for use of madecassoside in gouty arthritis:
anti-inflammatory, anti-hyperuricemic, and NLRP3 inhibition.
Immunopharmacol Immunotoxicol. 2019 Apr;41(2):277-284.
https://doi.org/10.1080/08923973.2019.1590721
PMid:31084401

23.ShenX, Guo M, Yu H, Liu D, Lu Z, Lu Y. Propionibacterium acnes
related anti-inflammation and skin hydration activities of
madecassoside, a pentacyclic triterpene saponin from Centella
asiatica. Biosci Biotechnol Biochem. 2019;83(3):561-568.
https://doi.org/10.1080/09168451.2018.1547627
PMid:30452312

24.LuW, Luo D, Chen D, et al. Systematic Study of
Paeonol/Madecassoside Co-Delivery Nanoemulsion Transdermal
Delivery System for Enhancing Barrier Repair and Anti-
Inflammatory Efficacy. Molecules. 2023;28(13):5275.
https://doi.org/10.3390/molecules28135275 PMid:37446936
PMCid:PMC10343821

25.Du B, Zhang Z, Li N. Madecassoside prevents AB(25-35)-induced
inflammatory responses and autophagy in neuronal cells through
the class 11l PI3K/Beclin-1/Bcl-2 pathway. Int Immunopharmacol.
2014;20(1):221-228.
https://doi.org/10.1016/j.intimp.2014.02.036 PMid:24631516

26.JungE, Lee JA, Shin S, Roh KB, Kim JH, Park D. Madecassoside
inhibits melanin synthesis by blocking ultraviolet-induced
inflammation. Molecules. 2013;18(12):15724-15736.
https://doi.org/10.3390/molecules181215724 PMid:24352025
PMCid:PMC6290557

27. Choi SW, Cho W, Oh H, Abd El-Aty AM, Hong SA, Hong M, Jeong JH,
Jung TW. Madecassoside ameliorates hepatic steatosis in high-fat
diet-fed mice through AMPK/autophagy-mediated suppression of
ER stress. Biochem Pharmacol. 2023;217:115815.
https://doi.org/10.1016/j.bcp.2023.115815 PMid:37741512

28.Wang W, Wu L, Li Q, Zhang Z, Xu L, Lin C, Gao L, Zhao K, Liang F,
Zhang Q, Zhou M, Jiang W. Madecassoside prevents acute liver
failure in LPS/D-GalN-induced mice by inhibiting p38/NF-kxB and
activating Nrf2/HO-1 signaling. Biomed Pharmacother. 2018
Jul;103:1137-1145.
https://doi.org/10.1016/j.biopha.2018.04.162 PMid:29715757

29.LiuM, Dai Y, Li Y, et al. Madecassoside isolated from Centella
asiatica herbs facilitates burn wound healing in mice. Planta Med.
2008;74(8):809-815. https://doi.org/10.1055/s-2008-1074533
PMid: 18484522

30. Hou Q, Li M, Lu YH, Liu DH, Li CC. Burn wound healing properties
of asiaticoside and madecassoside. Exp Ther Med.
2016;12(3):1269-1274. https://doi.org/10.3892 /etm.2016.3459
PMid:27588048 PMCid:PMC4997909

31. Rachpirom M, Pichayakorn W, Puttarak P. Preparation,
development, and scale-up of standardized pentacyclic
triterpenoid-rich extract from Centella asiatica (L.) Urb. and study
of its wound healing activity. Heliyon. 2023;9(7):e17807.

CODEN (USA): JDDTAO


https://doi.org/10.1016/j.carpta.2021.100106
https://doi.org/10.1016/j.intimp.2016.01.027
https://doi.org/10.1111/jcmm.17635
https://doi.org/10.1016/j.fitote.2013.07.009
https://doi.org/10.18632/oncotarget.17654
https://doi.org/10.1016/j.neuropharm.2023.109834
https://pubmed.ncbi.nlm.nih.gov/28375122/
https://doi.org/10.1016/j.brainres.2014.04.008
https://doi.org/10.3892/ijmm.2018.3479
https://doi.org/10.1016/j.jep.2019.03.017
https://doi.org/10.1002/tox.23777
https://doi.org/10.1038/srep18314
https://doi.org/10.1093/jpp/rgad063
https://doi.org/10.1080/14786419.2024.2315499
https://doi.org/10.1080/14786419.2019.1696794
https://doi.org/10.1016/j.phymed.2008.11.002
https://doi.org/10.1055/s-0029-1186142
https://doi.org/10.1155/2020/7540197
https://doi.org/10.1080/08923973.2019.1590721
https://doi.org/10.1080/09168451.2018.1547627
https://doi.org/10.3390/molecules28135275
https://doi.org/10.1016/j.intimp.2014.02.036
https://doi.org/10.3390/molecules181215724
https://doi.org/10.1016/j.bcp.2023.115815
https://doi.org/10.1016/j.biopha.2018.04.162
https://doi.org/10.1055/s-2008-1074533
https://doi.org/10.3892/etm.2016.3459

Sivasankaran et al.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

ISSN: 2250-1177

https://doi.org/10.1016/j.heliyon.2023.e17807 PMid:37539271
PMCid:PMC10395139

Kim M, Heo H, Hong S, Lee ], Lee H. Synergistic Effect of
Madecassoside and Rosmarinic Acid Against Ultraviolet B-Induced
Photoaging in Human Skin Fibroblasts. ] Med Food.
2023;26(12):919-926. https://doi.org/10.1089/jmf.2023.K.0201
PMid:37976111

Park KS. Pharmacological Effects of Centella asiatica on Skin
Diseases: Evidence and Possible Mechanisms. Evid Based
Complement Alternat Med. 2021;2021:5462633.
https://doi.org/10.1155/2021/5462633 PMid:34845411
PMCid:PMC8627341

Liu M, Chen W, Zhang X, et al. Improved surface adhesion and
wound healing effect of madecassoside liposomes modified by
temperature-responsive PEG-PCL-PEG copolymers. Eur ] Pharm
Sci. 2020;151:105373.
https://doi.org/10.1016/j.ejps.2020.105373 PMid:32450220

Li W, Yu Q, Shen Z, et al. Effects of a cream containing
madecassoside, 5% panthenol, and copper-zinc-manganese on
improving postlaser resurfacing wound healing: A split-face,
randomized trial. Dermatol Ther. 2020;33(4):e13533.
https://doi.org/10.1111/dth.13533

Li Z, Liu M, Wang H, Du S. Increased cutaneous wound healing
effect of biodegradable liposomes containing madecassoside:
preparation optimization, in vitro dermal permeation, and in vivo
bioevaluation. Int ] Nanomedicine. 2016;11:2995-3007.
https://doi.org/10.2147/IJN.5105035 PMid: 27486319
PMCid:PMC4962759

Changsan N, Srichana T, Atipairin A, Sawatdee S. Wound healing
efficacy of a polymeric spray film solution containing Centella
asiatica leaf extract on acute wounds. ] Wound Care.
2023;32(Sup12):S22-S32.
https://doi.org/10.12968/jowc.2023.32.Sup12.522
PMid:38063299

Sawatdee S, Choochuay K, Chanthorn W, Srichana T. Evaluation of
the topical spray containing Centella asiatica extract and its
efficacy on excision wounds in rats. Acta Pharm. 2016;66(2):233-
244. https://doi.org/10.1515/acph-2016-0018 PMid:27279066

Li GG, Bian GX, Ren JP, Wen LQ, Zhang M, Lii QJ. Protective effect of
madecassoside against reperfusion injury after regional ischemia
in rabbit heart in vivo. Yao Xue Xue Bao. 2007;42(5):475-80

Bian GX, Li GG, Yang Y, Liu RT, Ren JP, Wen LQ, Guo SM, Lu QJ.
Madecassoside reduces ischemia-reperfusion injury on regional
ischemia induced heart infarction in rat. Biol Pharm Bull. 2008
Mar;31(3):458-63. https://doi.org/10.1248/bpb.31.458
PMid:18310910

Cao W, Li XQ, Zhang XN, Hou Y, Zeng AG, Xie YH, Wang SW.
Madecassoside suppresses LPS-induced TNF-alpha production in
cardiomyocytes through inhibition of ERK, p38, and NF-kappaB
activity. Int Inmunopharmacol. 2010;10(7):723-9.
https://doi.org/10.1016/j.intimp.2010.03.015 PMid:20381648

Mando Z, Mando H, Afzan A, Shaari K, Hassan Z, Mohamad Taib
MNA, Zakaria F. Biomarker triterpenoids of Centella asiatica as
potential antidepressant agents: Combining in vivo and in silico
studies. Behav Brain Res. 2024;466:114976.
https://doi.org/10.1016/j.bbr.2024.114976 PMid:38599249

Liu MR, Han T, Chen Y, Qin LP, Zheng HC, Rui YC. Effect of
madecassoside on depression behavior of mice and activities of

[156]

44,

45.

46.

Journal of Drug Delivery & Therapeutics. 2024; 14(9):151-156

MAO in different brain regions of rats. Zhong Xi Yi Jie He Xue Bao.
2004;2(6):440-4. https://doi.org/10.3736/jcim20040611
PMid:15539023

Cho W, Hong M, Mobarak EH, Birdal O, Lim MC, Jung MS, Hong SA,
Jeong JH, Jung TW. Madecassoside modulates lipid metabolism in
visceral adipocytes: exploring the browning, lipolysis, and
lipogenesis mechanisms for potential obesity treatment. ] Pharm
Pharmacol. 2024;76(7):834-841.
https://doi.org/10.1093/jpp/rgae042 PMid:38588466

Sun B, Hayashi M, Kudo M, Wu L, Qin L, Gao M, Liu T.
Madecassoside Inhibits Body Weight Gain via Modulating SIRT1-
AMPK Signaling Pathway and Activating Genes Related to
Thermogenesis. Front Endocrinol (Lausanne). 2021;12:627950.
https://doi.org/10.3389/fendo0.2021.627950 PMid:33767670
PMCid:PMC7985537

Shan RR, Yu JT, Zhang SF, Xie MM, Hou R, Xie CY, Dong ZH, Yang Q,
Hu XW, Dong YH, Zhang Y, Luo XF, Cui ZY, Liu XY, Xie YC, Wen ]G,
Liu MM, Jin ], Chen Q, Meng XM. Madecassoside alleviates acute
kidney injury by regulating JNK-mediated oxidative stress and
programmed cell death. Phytomedicine. 2024;123:155252.
https://doi.org/10.1016/j.phymed.2023.155252 PMid:38056145

47. Arora R, Kumar R, Agarwal A, Reeta KH, Gupta YK. Comparison of

three different extracts of Centella asiatica for anti-amnesic,
antioxidant and anticholinergic activities: in vitro and in vivo
study. Biomed Pharmacother. 2018;105:1344-1352.
https://doi.org/10.1016/j.biopha.2018.05.156 PMid:30021372

48. Wang Q, Yao L, Xu K, et al. Madecassoside inhibits estrogen

deficiency-induced osteoporosis by suppressing RANKL-induced
osteoclastogenesis. ] Cell Mol Med. 2019;23(1):380-394.
https://doi.org/10.1111/jcmm.13942 PMid:30338925
PMCid:PMC6307845

49.Yu WG, Shen Y, Wu JZ, Gao YB, Zhang LX. Madecassoside impedes

50.

51.

52.

53.

invasion of rheumatoid fibroblast-like synoviocyte from adjuvant
arthritis rats via inhibition of NF-xB-mediated matrix
metalloproteinase-13 expression. Chin ] Nat Med.
2018;16(5):330-338. https://doi.org/10.1016/S1875-
5364(18)30064-5 PMid:29860993

DouY, Luo], Yu], Xia Y, Dai Y. Cholinergic system is involved in the
therapeutic effect of madecassoside on collagen-induced arthritis
in rats. Int Inmunopharmacol. 2019;75:105813.
https://doi.org/10.1016/j.intimp.2019.105813 PMid:31404889

Lin X, Zhang S, Huang R, et al. Protective effect of madecassoside
against cognitive impairment induced by D-galactose in mice
[published correction appears in Pharmacol Biochem Behav.
202;200:173086. doi: 10.1016/j.pbb.2020.173086]. Pharmacol
Biochem Behav. 2014;124:434-442.
https://doi.org/10.1016/j.pbb.2014.07.014 PMid:25106808

Lu GX, Bian DF, Ji Y, Guo JM, Wei ZF, Jiang SD, Xia YF, Dai Y.
Madecassoside ameliorates bleomycin-induced pulmonary
fibrosis in mice by downregulating collagen deposition. Phytother
Res. 2014;28(8):1224-31. https://doi.org/10.1002/ptr.5120
PMid:24458872

Bian D, Liu M, Li Y, Xia Y, Gong Z, Dai Y. Madecassoside, a
triterpenoid saponin isolated from Centella asiatica herbs,
protects endothelial cells against oxidative stress. ] Biochem Mol
Toxicol. 2012;26(10):399-406.
https://doi.org/10.1002/jbt.21434 PMid:22829481

CODEN (USA): JDDTAO


https://doi.org/10.1016/j.heliyon.2023.e17807
https://doi.org/10.1089/jmf.2023.K.0201
https://doi.org/10.1155/2021/5462633
https://doi.org/10.1016/j.ejps.2020.105373
https://doi.org/10.1111/dth.13533
https://doi.org/10.2147/IJN.S105035
https://doi.org/10.12968/jowc.2023.32.Sup12.S22
https://doi.org/10.1515/acph-2016-0018
https://doi.org/10.1248/bpb.31.458
https://doi.org/10.1016/j.intimp.2010.03.015
https://doi.org/10.1016/j.bbr.2024.114976
https://doi.org/10.3736/jcim20040611
https://doi.org/10.1093/jpp/rgae042
https://doi.org/10.3389/fendo.2021.627950
https://doi.org/10.1016/j.phymed.2023.155252
https://doi.org/10.1016/j.biopha.2018.05.156
https://doi.org/10.1111/jcmm.13942
https://doi.org/10.1016/S1875-5364(18)30064-5
https://doi.org/10.1016/S1875-5364(18)30064-5
https://doi.org/10.1016/j.intimp.2019.105813
https://doi.org/10.1016/j.pbb.2014.07.014
https://doi.org/10.1002/ptr.5120
https://doi.org/10.1002/jbt.21434

