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Pemetaan Mekanisme Antikanker Asam Asiatat : Tinjauan
Sistematis Studi Preklinis

Abstrak

Asam asiatat (AA) dari Centella asiatica telah terbukti memiliki aktivitas anti-kanker pada
berbagai sel kanker, namun masih sulit untuk dilakukan penelitian translasi praklinis. Tinjauan
ini bertujuan untuk memberikan landasan ilmiah yang kuat guna meningkatkan potensi
translational research dari terapi anti-kanker berbasis AA. Basis data elektronik yang berasal
dari PubMed, Scopus, dan ScienceDirect dicari dengan menggunakan kata kunci spesifik dan
diskrining dengan metode PRISMA 2020. Terdapat 14 studi yang memenuhi kriteria. Semua
artikel merupakan penelitian in vitro dan 4 diantaranya merupakan penelitian in vitro dan in
vivo, serta 3 artikel disertai studi in silico. Asam asiatat (AA) menunjukkan aktivitas antikanker
yang kuat melalui modulasi jalur pensinyalan utama seperti PI3K/Akt dan NF-kB, yang berperan
dalam menghambat proliferasi, meningkatkan apoptosis, serta menekan invasi dan metastasis
sel kanker. Efek sitotoksik AA bersifat bergantung waktu dan dosis (1-50 yM), dengan toksisitas
minimal terhadap sel normal, sehingga mendukung potensinya sebagai agen antikanker selektif.
Meskipun AA dan turunannya secara konsisten menunjukkan hasil terapeutik yang lebih baik
dibandingkan kontrol, keterbatasan seperti tidak adanya data dosis kontrol dalam beberapa
studi menekankan perlunya penelitian lebih lanjut. Studi mendatang sebaiknya difokuskan pada
validasi in vivo, uji klinis, serta strategi lanjutan seperti sistem penghantaran bertarget dan
pengembangan obat berbasis kecerdasan buatan untuk mengoptimalkan potensi terapeutik AA.

Kata Kunci: asam asiatat, antikanker, mekanisme, in vitro
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1. Introduction

Cancer is a disease marked by cells that have
undergone transformation growing and invading
other body parts. Metastasis can continue to develop
if left untreated and can cause death."? According to
WHO, 7 million new cancer cases are diagnosed, with
a percentage of 50% in developing countries, and 5
million people die of cancer. This number is expected
to continue increasing due to environmental changes
that expose people to carcinogens, pollutants, and
unhealthy lifestyles.® Currently, surgery, radiotherapy,
chemotherapy, immunotherapy, and targeted therapy
are the most prevalent treatments for cancer.*

The mostcommonly utilized chemotherapy medications
over the years have been high-dose chemotherapy
agents, including methotrexate, cisplatin, doxorubicin,
5-fluorouracil, and ifosfamide, among others. While
these treatments aim to increase patient survival rates
and reduce symptoms, some patients may experience
side effects that significantly impact their quality of life.®

Consequently, to enhance cancer therapy, novel
medications with significant effects and low toxicity must
be investigated. Hence, identifying effective anticancer
agents with reduced toxicity is important.® Natural
compounds, such as plant-derived compounds, have
been researched by scientists to discover anti-cancer
agents that can inhibit proliferation, induce apoptosis,
and inhibit cancer development, but with lower toxic
effects.” Asiatic acid/AA, a pentacyclic triterpenoid
extracted from Centella asiatica, exhibits significant
potential as a therapeutic agent.® This compound has
been shown to have pharmacological benefits, such
as anti-inflammatory,® antioxidative,’® anti-tumor,®
neuroprotective,” and accelerate in wound healing'?
properties, as documented in various studies.

AA and its derivatives display anti-tumor effects
across numerous cancer cell lines. AA restricts the
development of cancer in the lungs, brain, ovaries,
and liver.”®™ Although the anticancer effect of AA
have been explored in numerous studies, the findings
remain fragmented and challenging to translate into
coherent preclinical strategies. Existing narrative
reviews underscore the multi-target potential of AA but
also reveal significant methodological heterogeneity,
limited cross-model validation, and a lack of
comprehensive pharmacokinetic and toxicological
data.”™ In light of these gaps, a systematic review is
warranted to synthesize current evidence, evaluate
the consistency of research outcomes, identify key
molecular pathways and associated biomarkers,
and map out unresolved questions in the field. This
review aims to provide a robust scientific foundation
that enhances the translational potential of AA-based

Vol. 13 No. 1 (2026): 47-58

anticancer interventions by consolidating and critically
analyzing available data.

2. Materials and Method

The research question was developed by PICO
framework.16 Does asiatic acid (I) have an anticancer
effect (O) on human cancer cell line (P compared
with other drugs/compounds (C)? The review process
adhered to the PRISMA 2020 guidelines17 as in
Figure 1. This study has already been registered in the
Open Science Framework ( https://doi.org/10.17605/
OSF.IO/VEPCS)

Full-text articles were considered eligible based on
the following criteria: articles published in English in
the last 10 years (2014-2024), research articles on
the effects of AA and/or AA combination and/or AA
derivatives to analyze the latest studies related to
improving the effectiveness of AA-based therapy, and
in vitro experiments in human cancer cells. All letters to
the editor, reviews, and reports that lacked validation
and did not mention the anticancer mechanism of AA
were excluded.

PubMed, Scopus, and ScienceDirect databases
were electronically searched in April 2024 using the
following keywords (Table 1). Two reviewers (LRA
and DFS) examined the studies that met the criteria.
The third reviewer, YSW, was consulted if there is any
disagreement.

The included studies’ quality was evaluated with the
QUIN tool. Each criterion is scored separately as
follows: 2 indicates that the requirement is adequately
specified; a score of 1 signifies that the requirement is
inadequately specified; 0 is assigned if the requirement
is not specified; and a score of 0 is also assigned if
the requirement is not applicable, in which case it is
excluded from the requirements. The scores were then
summed and grouped into categories of high, medium,
or low risk based on a predefined scale, specifically:
scores above 70% were classified as low risk of bias,
scores between 50% and 70% as medium risk of bias,
and scores below 50% as high risk of bias, according
to the following formula.:

(Total Score % 100)
(2 x number of criteria applicable)

Final score =
The quality of each study is presented in Table 2.8

3. Result

There are 14 studies that meet the inclusion and
exclusion criteria. All research was conducted in

vitro; four studies were carried out both in vitro and
in vivo, and three studies were carried out in silico.
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[ Identification of studies using databases and registers ]

Records identified from the
following*:
PubMed (n=32)
Sciencedirect (n=3417)
Scopus (n=261)
Total (n=3710)

¥

] [ Identification

Records screened
(n=542)

+——| (n=510) by non-relevant title and

Screening

Full-text articles assessed for
eligibility
(n=26)

— % | Reason:This did not meet the inclusion

Reports of the included studies
(n=14)

G )|

Records taken out before the screening
process.

Records with duplicate entries were
successfully eliminated (n = 0).

The records identified as ineligible by
automated systems consisted of 417
entries.

Records excluded

abstract

Excluded full-text articles: 12

and exclusion criteria.

Figure 1. PRISMA Flowchart for Screening Protocols

Syntheses of AA derivatives have been developed and
successfully enhanced the anticancer activity of AA.
All included in vitro studies are described in Table 3,
while in vivo studies are described in Table 4.Previous
research on the target molecules of AA against cancer
cells has been conducted using in silico studies, and
the results have shown that the target aligns with the
mechanisms by which AA hinders cancer progression.

4. Discussion

In recent years, numerous studies have detailed
the potential of C. asiatica for ulcers, large wounds,
neuroprotection, dermatology, and cosmetology
medicine. One of the primary ingredient in Centella
asiatica, which has also demonstrated a variety of
biological activities, is Asiatic Acid.?° Asiatic acid
(AA) is the most important saponin compound
in C. asiatica and naturally occurs in the form of
pentacyclic triterpenoids. This compound displays
a variety of biological benefits, which encompass
anti-inflammatory, anticancer, antidiabetic, wound
healing, hepatoprotective, antioxidant, antiviral, and

Table 1. Enumerates the various terms used in the literature search.

neuroprotective characteristics. AA is the aglycone
form of asiaticoside with a molecular weight of 488.70
kD, formed through the hydrolysis of the sugar
moiety from the asiaticoside molecule in an acidic
environment.62232

Based on the results above, AA can inhibit cancer
by inhibiting proliferation, inducing apoptosis, and
inhibiting migration, invasion, and metastasis.

4.1. Asiatic acid to inhibit the proliferation

Tumor cells exhibit characteristics such as interference
with growth signals, loss of cell proliferation control,
evasion of apoptosis, and the ability to invade and
metastasize.?"** The proliferative ability of cancer
cells depends on and is regulated by the cell cycle.
It is a strictly regulated process that is important for
the growth and normal functioning of cells. When
a disorder occurs, it becomes a hallmark of cancer
development. Cell cycle dysregulation also leads to
increased genome instability. This further intensifies
the abnormal behavior of cancer cells and accelerates

Database Keyword Result
PubMed (asiatic acid[Title/Abstract] AND (y_10[Filter]) AND (((cancer cell*[Title/Abstract]) OR 32
(cancer in vitro[Title/Abstract]) OR (cancer cell line[Title/Abstract]) AND (y_10[Filter]))
Scopus "asiatic acid" AND "cancer cell" OR "in vitro" 261
ScienceDirect "asiatic acid"AND"cancer cell"OR"cancer in vitro" 3,417
Total 3,710
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QUIN Tool

(Quality Assessment Tool for In Vitro Studies)

Reference Score Risk
1 2 3 4 5 6 7 8 9 10 1" 12

20 2 2 1 2 2 - 1 2 - 2 2 2 90% Low
2 2 2 1 2 2 - 1 2 - 1 2 2 85% Low
5 2 2 1 2 2 - 1 2 - 1 2 2 85% Low
22 2 2 1 2 2 - 1 2 - 1 2 2 85% Low
= 2 2 1 2 2 - 1 2 - 1 2 2 85% Low
2 2 2 1 2 2 - 1 2 - 1 2 2 85% Low
% 2 1 0 2 2 - 0 2 - 0 1 2 60%  Medium
% 2 2 1 2 2 - 1 2 - 1 2 2 85% Low
2 2 1 1 2 2 - 1 2 - 0 1 2 70% Medium
2 2 2 1 2 2 - 1 2 - 1 2 2 85% Low
2 2 1 1 2 2 - 1 2 - 1 2 2 80% Low
" 2 2 1 0 2 - 1 2 - 1 2 2 75% Low
30 2 2 1 0 2 - 1 2 - 1 2 2 75% Low
31 2 2 1 2 2 - 1 2 - 1 2 2 85% Low

Note: 1. Clearly defined objectives; 2. Explanation of the detailed process for determining a sample size is explained 3. A detailed account of the sampling method is provided. 4. Details of
comparison group; 5. Detailed overview of the methodological approach; 6. Details of the operator; 7. Randomization; 8. Method of outcome measurement; 9 Outcome assessor

details; 10. Blinding; 11. Statistical analysis details; 12. Display of the findings.

the development of cancer.®* All of these effects and
changes are influenced by proteins that regulate the
cell cycle, such as cyclins, CDKs, and CDK inhibitors.
These proteins have a crucial function in regulating the
transition phase of the cell cycle.®

AA can suppress cell growth and halt cell division in
a specific phase. AA inhibits cell proliferation in the
G2 phase in osteosarcoma based on flow cytometry
assay.*® This finding is in line with other studies such
as in bone invasive-SCC, AA can induced arrest in the
G2/M phase, while the decline occurs in the S phase.*
Another research found that cell cycle progression was
arrested in the G1-S phases following the treatment
of AA in human cervical adenocarcinoma, human
glioblastoma, and human breast adenocarcinoma
cell lines.® These data showed that AA inhibited
proliferation by arresting cells in the G1-S and S-
G2/M phases.

In addition to changes to the cell cycle distribution,
changes also occur in proteins that regulate the cell
cycle, such as inhibiting the binding between cyclin
E-Cdk2, cyclin D3-Cdk4/6,%® cyclin D1, p15, and pRb.
Treatment with AA affects cell cycle protein expression
levels, such as C-MYC, which acts as an oncogene.
C-myc and PCNA expression levels are reduced after
treatment with AA %'

AA derivatives have a more effective antiproliferative
effect than AA. Compound 14 significantly

downregulated the levels of cyclin D3 and slightly
decreased the levels of cyclin E. It also increased the
amounts of proteins that bind to and inhibit the cyclin
complexes. All these alterations result in cell cycle
arrest.?® The mechanism of AAin inhibiting proliferation
is illustrated in Figure 3.

4.2. Asiatic acid induces apoptosis

One of the most common targets for cancer
treatment is to induce apoptosis via extrinsic and
intrinsic pathways. Ligand-gated death receptors in
transmembrane, such as the TNF-a receptor, trigger
the activation of caspase-8 and caspase-3, thus
starting apoptosis through the extrinsic pathway.'®In
intrinsic pathway, activation of the Bcl-2 family on the
mitochondrial membrane increases the permeability
of the outer mitochondrial membrane and decreases
the mitochondrial membrane potential, ultimately
triggering apoptosis. It can trigger the production of a
pro-apoptotic protein, activate caspase-3, and obstruct
the anti-apoptotic proteins of the Bcl-2 family, ultimately
leading to apoptosis.*®

According to some studies, AA can cause apoptosis via
the intrinsic pathway. The compound AA enhanced the
expression of BAX, BAD, cleaved-PARP and cleaved
caspase-3 while decreasing the expression of PARP
and Bcl-2.2° In addition, AA upregulates p53 and Bax
expression but downregulates Bcl2, cyclin E, B, Cdc2,
and Cdc25 expression in bone-invasive carcinoma.%
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AA Dose and Cancer cell Results Mechanism Reference
Control Group
AA(0-160uM) MCF-7/DOXR(doxorubicin- oAA increased the sensitivity eROS production induces apoptosis, 1
Tamoxifen resistant breast cancer) of doxorubicin-resistant MCF- accompanied by a decrease in ATP
Paclitaxel 7 cells levels and a readjustment of the adaptive
immune system
eThe AMPK, PD-L1, and NF-«B
transcriptional pathways
elncrease drug sensitivity by improving
P-gp function.
AA (0-50 pM) Human normal kidney cells eAA50uM inhibit cell viability = Prevent metastasis by targeting MMP- 2
(HK2) and human renal cancer eDecreased number of cell 15 and blocking ERK 1/2 and p38MAPK
cells ( 786-0, A-98, Caki-1, and migration, transcriptional and kinase activity
ACHN) translational MMP-15
AA (0-55 pM) Human  osteosarcoma cell eProliferation inhibition by time elInduction of apoptosis and inhibition of 21
lines 143B, MG63, and human and concentration-dependent proliferation-related proteins.
normal cell lines HEB (human but with little inhibitory effectin eRegulate the PI3K/AKT and NF-
brain astrocyte), HS5 (human normal human cells kB signaling pathways to prevent
bone marrow stromal cell), eReduce proliferation protein cell migration, invasion, and cancer
LO2 (human normal liver cell) , (PCNA and c-myc) development.
and HK2 (human renal cortical elIncrease apoptosis rate in the
proximal tubule epithelial cell) early and late phases
elncrease expression levels
of Bac, Bad, cleaved PARP,
cleaved caspase 3, and
reduced BCI2
edecrease the expression level
of EMT-related proteins and
increase  E-cadherin,reduce
ECM-related protein
AA (0-100 uM) Human Tongue Cancer Cell Line esuppressed the viability and eTrigger  apoptosis through the 2
DMSO (Tca8113) colony-forming activity, and mitochondrial pathway by elevating
increased cell apoptotic death calcium levels and activating Calpain,
with an IC50 40°uM while also activating the Grp78 IRE1a/
eThe anti-apoptotic BCI-2 JNK pathway.
level was lowered and the pro-
apoptotic Bax and Cleaved
Caspase-3 levels were
elevated.
eActivation of AA results in
elevated intracellular calcium
levels and increased calpain
expression.
eIncreased Grp78 & P-IRE1a
and JNK levels
Compund 14 of Human cervical cancer (HelLa) oAll fluorinated derivatives eDisruption of membrane asymmetry =
AA derivatives Human colon cancer (HT-29, of AA were successfully leads to phosphatidylserine (PS)
in concentration MCF-7, Jurkat, PC-3, MIA synthesized and showed translocation from the inner to the outer
0.67uM, 1.34uM  PaCa-2, and A375) improved antiproliferative cell membrane, ultimately resulting in
and 2,68 uM non-tumoral human fibroblasts ~ activity compared to cisplatin, apoptosis.
(BJ). except compound 1. eThe cell cycle is halted by the increased
DMSO 0,5% eCompounds 2 and 3 showed production of p21cip1/waf1 and p27kip1,
significant increases in their which can bind and inhibit the cyclin E/
antiproliferative activities. Cdk2 and cyclin D3-Cdk 4/6 complexes.
eCompound 9-16 showed eInduce apoptosis in the extrinsic and
higher activity than AA intrinsic pathways
eEsterification of the C23
hydroxy cluster with a lipophilic
substituent  increased the
antiproliferative activity,
whereas it was decreased by
hydrophilic substituents.
eCompounds 11, 12, and
14 displayed higher activity
levels than AA. Compound 14
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AA (0-1000
nmol/L,10-100
pmol/L)
DMSO 0.05,
ETOH 2,5%,
250 pmol/L
cholesterol

neuroblastoma cells

Synthesis of 10
components of
AA

Gefitinib,
Adriamycin

AA (5-80 pmol/l),
TGF-B1(10ng/ml) (A549)

HepG2

Sythetisized new Human Cancer KB, HepG2, SK-

derivatives AA LU-1, NIH/3T3 cell line
isolated from C.

asiatica

Ellipticine

AA (0-80 M), Human lung cancer cell lines
5-FU (A549 and H1299)

AA (25-100 uM)  Human hepatocellular

carcinoma (HepG2)

AA (0-50 pg/ml)
(SW480 and HCT116)

Differentiated SH-SY5Y

and SGC-7901 cell lines.

The human lung cancer cell line

Human colon cancer cells

displayed the highest activity
level with a low IC50 value,
showing greater selectivity
toward cancer cells than non-
tumor fibroblasts.

eCompound 14 inhibits
proliferation by arresting cell
cycle at the GO/G1 phase and
triggering apoptosis.

eExposure to AA may slightly
improve the viability of cells
previously treated with
cholesterol, but this increase is
not significant.

eThe duration of exposure
to AA and cholesterol affects
the cell viability, with longer
exposure to cholesterol(96h)
reducing the positive effect of
AA on cell viability.

eCompounds 16 and 114
showed more potency than
the control drugs gefitinib and
adriamycin

o AA decreased cell viability in
a dose-dependent manner
eInhibited TGF-B1-induced
EMT,

eDecreases in B-catenin and
p-GSK-3B protein expression
levels, as well as N-cadherin,
vimentin, and Snail, were
observed.
eincreased
expression levels

Ecadherin

e Twenty-four new compounds
(4-22, 25, 26, and 28-30) and
four new compounds (2, 23,
24, and 27) were successfully
synthesized

eCompounds 9, 12, and 15-17
can induce apoptosis

eAA-induced ROS production
was elevated and mitochondrial
dysfunction was triggered
eInduce programed cell
death morphologically, affect
apoptosis-related proteins and
inhibit proliferation in a dose-
and time-dependent manner

o AA caused HepG2 apoptosis
in a concentration-dependent
manner at 24 h and 100 uM AA
induced rapid apoptosis at 6 h.

eInhibits cell growth, colony
formation, and apoptosis and
influences cell cycle in a dose-
dependent manner
eincreased Ecadherin and
Pdcd4  expression levels
and reduced vimentin and
Ncadherin expression
eDecreased expression of
pAkt (Ser473), pPI3K, pmTOR,
pp70S6K, and rapamycin

e AA exerts a protective effect against
cholesterol-induced cell toxicity.

eImprove antitumor activity by binding the
active site of survivin

ePrevent metastasis by inhibiting EMT
through increased E-cadherin and Snail,
N-cadherin, and vimentin expression

eNew compounds can induce apoptosis
by modified amidation of the carboxyl
group and acetylation of the hydroxy and
amino groups

eInduced apoptosis and inhibition of cell
growth via mitochondrial dysfunction

eTriggered cell death through the
mitochondrial release of cytochrome cinto
the cytosol, decreased ATP production
in the mitochondria, and dissipation of
mitochondrial membrane potential.

ePrevent the spread of cancer by
expressing proteins, such as N-cadherin,
E-cadherin, and Vimentin that indicate
epithelial-to-mesenchymal transition
ePdcd4 regulation is achieved via the
PI3K/Akt/mTOR/p70S6K signaling
pathway.

24

25

26

27

28

29
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AA and AA-PMe  Metastatic lymph node eoAA and its derivative AA-PMe

(0- 50 uM) carcinomaSGC7901) suppressed STAT3 activation.
oAA-PMe had lower inhibition
than AA (10-50 uM)
oCell cycle arrest induced in
the GO/G1 phase by AA-PMe
oAA-PMe reduced the number
of invasive cells and inhibited
invasion

AA and AAPMe Human gastric epithelial e|C50 of AA-PMe is much

(1-100 pM) mucosa (GES-1), gastric lower than that of AA

DMSO cancer cell lines (SGC7901 and

HGC27)

eNo significant viability effect
on normal gastric mucosa cells
was observed except at high
concentrations (100 uM)
eBoth AA and its derivative
arrested the cell cycle in the
GO0 / G1 phase and influenced
cell cycle regulator proteins
eAA-PMe induced apoptosis
at a lower concentration than
AA

e|nhibition of migration and

eAA-PMe blocks the JAK2 enzyme,
thereby preventing JAK2 and activation
of STAT3.

e The expression levels of cyclin D1, Bax,
Bcl-2,Cyclin D1, MMP-2, MMP-9 and
c-myc are altered.

eInduced cell cycle arrest by influencing
cell cycle proteins (p15, CDK4, CDKS6,
Cyclin D1, pRb)

elt upregulated the expression of the
proapoptotic protein Bax and gene mRNA
while downregulating the expression of
Bcl-2, c-Myc and caspase-3
edownregulated MMP-9 and MMP-
2 expression to inhibit migration and
invasion

30

31

invasion

ROS overproduction can also cause apoptosis via
both internal and external mechanisms. Furthermore,
ATP serves as an energy source, and tumor cells
need large amounts of ATP to proliferate, survive, and
spread.®® AA increases ROS production, reduces ATP
content, and decreases ER stress by changing cancer
cell metabolism.?

Another pathway influencing cancer cell apoptosis
is the NF-kB pathway. Both proapoptotic and
antiapoptotic genes, including TNFa, c-myc, and the
IL-1B converting enzyme protease, can be upregulated
by NF-kB activation. Studies of DOX-resistant breast
cancer cells have shown that AA can cause cell death
by activating the NF-kB transcription factor indirectly.'

The anticancer action of AA involves the PI3K/Akt/
mTOR/p70S6K pathway, that controls several crucial
biological functions, including cancer cell migration,
apoptosis, and proliferation. Some anticancer
medications block cancer growth and metastasis by
focusing on the PI3K/Akt/mTOR/p70S6K pathway. To
determine the involvement of this pathway, p-PI3K,
p-Akt (Ser473), p-mTOR, and p-p70S6K were among
the key proteins examined.*® Pdcd4 is a downstream
factor of p70S6K that inhibits protein synthesis through
translational suppression, so that p70S6K activity
regulates Pdcd4 expression. Pdcd4 can also inhibit
cancer cell invasion by activating protein-1 activator
(AP-1). After AA treatment, Pdcd4 protein expression
increased. This suggests that AA might suppress
the PI3K/Akt/mTOR/p70S6K pathway, that controls
several crucial biological functions, including cancer

cell migration, apoptosis, and proliferation. Some
anticancer medications block cancer growth and
metastasis by focusing on the PI3K/AkK/mTOR/

p70S6K pathway. To determine the involvement of
this pathway, p-PI3K, p-Akt (Ser473), p-mTOR, and
p-p70S6K were among the key proteins examined.*°

Pdcd4 is a downstream factor of p70S6K that inhibits
protein synthesis through translational suppression,
so that p70S6K activity regulates Pdcd4 expression.
Pdcd4 can also inhibit cancer cell invasion by activating
protein-1 activator (AP-1). After AA treatment, Pdcd4
protein expression increased. This suggests that AA
might suppress the PI3K/Akt/mTOR/p70S6K pathway
by increasing Pdcd4 expression. Rapamycin is an
mTOR inhibitor. When cancer cells were treated
with AA, there was a further decrease in mTOR and
p70S6K expression, as well as a further increase in
Pdcd4 expression compared with untreated cells. By
suppressing this pathway, AA can reduce proliferation,
induce apoptosis, and modulate the expression of
EMT-associated proteins, thereby showing potential
as an anticancer agent in colon cancer.’® Studies in
human ovarian cancer cells have shown that AA has
antiproliferative effects and triggers apoptosis by
blocking the PI3K-Akt-mTOR signaling pathway.*'

In addition to the induction of apoptosis through
mitochondria, excessive stress on the ER can lead to
cell apoptosis. Cells respond to endoplasmic reticulum
stress through various sensors and pathways. If this
stress is not resolved, cell apoptosis will occur. The
mechanism begins with an accumulation of unfolded
protein (UPR) in the ER, disrupting cell homeostasis.*?
The three main sensor proteins in the ER, namely
IRE1a, PERK, and ATF6, can detect and respond
to ER stress. These sensors transmit information
about the status of protein folds in ER to the cytosol
and the nucleus to restore protein homeostasis. The
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Animal Model

AA Dose and Delivery

Results

Ref.

Five-week-old male C. B17/SCID mice
injected with 786-O RCC cells in tail vein
1 x 106 of ACHN cells

BALB/c nude mice (female, 18 + 2 g)
were injected with 60pl of 143B cells (2 x
107) in tibial plateau of the mice

Male BALB/cANNCjr nu/nu mice (20-
25 g, 8 weeks old) injected with 2x106
Tca8113 cells in the flank region
subcutaneously until volume tumor ~100
mm3

Female C57BL6/J mice (6-8 weeks
old injected subcutaneously in the right
flanks with LLC cells (1x107 cells/mL) for

AA (0, 25, 50 mg/kg) by oral gavage
(100 pl/mice) twice a week for 45 days

AA at concentrations of 20, 35, and 50
mg/kg, intragastric, once every 2 days
for 21 days

intraperitoneally injected once per day
with AA in 0.1% DMSO (15 mg/kg/d)
and 0.1% DMSO only as a control for
4 weeks

AA (50 and 100 mg/kg) (i.g.) every day
for 13 days

Decreased expression of cell proliferation
marker Ki-67, MMP15, p-ERK, and
pp38MAPK compared with the control group

AA can reduce tumor size and reduce PCNA,
p-AKT, p-P65, Bcl-2 and Vimentin expression.
Reduced tumor cell density and change in
cell morphology showed nuclear pyknosis and
nuclear fragmentation.

No change in the heart, liver, and kidney
tissues

AA treatment significantly reduced tumor
volume and weight compared with the control
group.

TUNEL staining revealed more apoptotic tumor
cells in AA-treated mice.

AA suppressed tumor growth and proliferation
in a dose-dependent manner.
AA  maintains body weight

better than

20

21

22

28

3 days

5-fluorouracil

mechanism of action of the sensor protein includes:
IRE1a is activated by misfolded protein binding or BiP
dissociation from the sensor when there is ER stress.
IRE1a governs various cellular pathways, including
JNK, p38, ERK, and NF-kB,%4* modulating distinct
cellular responses independently of XBP1. When
activated, PERK activates p-elF2a, which induces the
expression of CHOP and promotes apoptosis. When
ER stress happen, ATF6 is relocated to the Golgi
apparatus, where it is subsequently processed by S1P
and S2P. It releases its transcription factor cytosolic
domain to activate genes encoding chaperone
proteins, XBP1, ERAD components and also there
is an increase in intracellular calcium levels. The rise
in calcium activates proteases and calpain, which
break down pro-caspase-12 into caspase-12, thereby
triggering apoptosis mediated by ER stress. Through
Asiatic Acid

(AA)

- i o ok
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Ca™

this mechanism, AA increases intracellular calcium
ion levels in tongue cancer. AA also increases calpain
expression, a protease activated by calcium. Increased
calcium and calpain levels contribute to apoptosis
induced by AA .22

Furthermore, AA increases the expression of Grp78, a
marker for ER stress, and IRE1a/JNK signaling, which
is linked to the control of ER stress-induced apoptosis.
Grp78 separates from IRE1a during ER stress, enabling
IRE1a to interact with ASK1 and TRAF2. This IRE1a
complex triggers JNK, then triggers pathways leading
to mitochondrial death. The release of cytochrome
C is triggered by lower expression levels of the anti-
apoptotic protein Bcl-2 and higher expression levels of
the pro-apoptotic protein Bax. Caspase-9 is activated
in the cytoplasm due to an interaction with cytochrome
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Figure 2. Asiatic acid induces apoptosis and inhibits invasion, migration, and metastasis
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C, which then leads to the activation of caspase-3,
ultimately starting the apoptotic process.??

AA and its derivatives act as anticancer agents in
gastric cancer through the STAT3 pathway. Once
activated, STAT3 undergoes several changes,
including phosphorylation of tyrosine residues,
dimerization (the merging of two molecules), binding
to DNA, and activation of transcription (the process
of making RNA copies of DNA). STAT3 activation is
mediated by interaction with JAKs and TYK2 (a non-
JAK tyrosine kinase). Under normal conditions, STAT3
phosphorylation is temporary. However, STAT3 is
continuously activated in many tumor cells, indicating
aberrant STAT3 signals and plays a role in tumor
formation.830

Numerous gene products critical for angiogenesis,
cell motility, and cell survival and proliferation are
among the downstream targets of STAT3. Substances
that suppress STAT3 activation could be effective in
preventing and treating cancer as STAT3 plays an
impostant role in the growth and metastasis of cancer
cells 3044

Morphological changes also characterize apoptosis.
The administration of AA derivative compounds
induced significant morphological changes in
HelLa cells compared to normal cells, as observed
with Hoechst 33258 staining. The cell underwent
morphological changes, including cell shrinkage,
chromatin condensation, a decrease in the number
of adherent cells, cell membrane rupture, and nuclear
fragmentation.® In colon carcinoma, the cells became
smaller and pyknotic, the cytoplasm more condensed
and swollen of organelles.” The mechanism of AA-
induced apoptosis is illustrated in Figure 2.

4.3.Asiatic acid inhibited migration, invasion, and
metastasis

Metastases are often found in advanced stages of
cancer and are associated with a poor prognosis for
patients.3® AA prevents renal carcinoma migration and
invasion by decreasing the activity of the p-ERK/p-p38
MAPK pathway, which subsequently reduces MMP-15
regulation. MMPs, such as MMP-9 and MMP-2, are
associated with metastasis because of their ability to
degrade collagen and other ECM proteins. In renal cell
carcinoma, the inhibition of MMP-9 can decrease cell
invasion and lead to the breakdown of collagen IV in
the basement membrane. This breakdown makes it
possible for cancer cells to pass through the basement
membrane, which encourages tumor invasion and
metastasis. MMP-2 is important for patient prognosis.
In addition, MMP-1,-3,-7, and MMP-15 are considered
viable targets for slowing the growth of cancer.*®

Mitogen-activated protein kinases, such as p38

Vol. 13 No. 1 (2026): 47-58

MAPK,JNK1/2 and ERK1/2 have the potential to target
the progression and spread of cancerous tumors and
are being investigated as possible cancer treatments.
AA downregulates the expression of ERK1/2, JNK1/2,
and p38MAPK in renal and nasopharyngeal cancer
cells.2032

AAinhibits EMT in lung cancer and osteosarcoma cells
by increasing E-cadherin expression and reducing
Snail, N-cadherin, and vimentin expression. E-cadherin
is a protein that binds to calcium and is essential for
maintaining the integrity of the network structure.
Decreased E-cadherin expression indicates EMT.
N-cadherin is a protein that can cause morphological
changes that increase cell motility and aggressiveness
when expressed in epithelial cells. This protein is
often upregulated in cancer cells to promote tumor
invasion. The transcription factor Snail can initiate
EMT by downregulating E-cadherin expression, which
in turn can induce EMT and enhance the invasive
characteristics of cancer cells. Vimentin functions as
a protein which modulates cell adhesion and migration
through its interaction with other adhesion proteins.
Reduced vimentin levels can impair the migratory
capacity of cells.8%4647 |n addition, AA also influences
these proteins in lung cancer cells induced by
TGF-B1, which is a factor that can induce EMT.?® The
mechanism by which AA inhibits migration, invasion,
and metastasis is shown in Figure 2.

4 .4.Concentration, dose, combination, and derivatives
of asiatic acid for effective anticancer

The effective and cytotoxic dose of AA varies between
40 uM and greater than 50 uM. The higher the dose of
AA, the lower the cell viability. Exposure to AA for more
than 24 hours decreased cell cancer viability. The
longer the exposure to AA, the less the dose required.
This is supported by several studies that show the ICso
ranges from 50 pM.20:212648 Smaller doses of AA (15-25
MM) are effective enough to reduce cell viability and
inhibit proliferation in colon cancer cells.?’ As an ideal
cancer therapy goal, AA exhibits low toxicity to normal
cells.?!

Various chemical modifications are performed on
specific functional groups in the AA molecule to affect
its anticancer activity. The synthesis methods used
include esterification.

To ascertain the structure of the synthesized derivative,
various spectroscopic techniques, such as Infrared
(IR) spectroscopy and Mass Spectrometry (MS), are
used to determine the molecular mass and fragment
structure. Nuclear Magnetic Resonance Spectroscopy
(NMR) is used to detect characteristic signals from
hydrogen and carbon atoms, indicating the presence of
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specific functional groups, such as fluorine, imidazole,
or nitrile.3

Other studies that developed AA derivatives found that
synthesized derivatives have better anticancer effects
than the original AA. Two derivative compounds
showed excellent antitumor activity against liver and
gastric cancers with low ICso values. This suggests
the potential of the new compound as an anticancer
agent. Even compound 16, in particular, showed
activity comparable to Adriamycin, a chemotherapy
drug frequently used.*®

The synthesis of AA derivatives yields compounds
that are 3.5 times more potent than AA and cisplatin
in terms of their effect on HelLa cells.? In addition to
having cytotoxic effects, AA also has a protective effect
against irritant-induced neuroblastoma cells, such
as H:20:, rotenone, glutamate, and cholesterol.?* AA
derivatives demonstrated significant cytotoxic activity
with ICso from 0.67 to 37.39 uM. The five compounds
exhibited the strongest cytotoxic activity against all
cancer cell lines, but only moderate cytotoxicity against
noncancerous NIH/3T3 cells. This suggests that the
new compound has a selective target effect on cancer
cells.

The acetylation of amino and hydroxyl groups, along
with other chemical changes, significantly increases
the cytotoxicity of the examined cell types. The
transformation of carboxyl groups at position 28 (28-
COOH) at AA to amides also increases cytotoxicity,
whereas compounds 25 and 26, whose carboxyl
groups are missing, show only moderate cytotoxicity.
Therefore, certain modifications to the chemical
structure of ursan triterpenoids can enhance their
effectiveness in cancer treatment.?”

N-(2a,3B,23-acetoxyurs-12-en-28-oyl)-I-proline methyl
ester (AA-PMe) has also been developed by structural
modification. The increase in anticancer activity better
than AAmay be due to increased solubility in water and
optimization of the hydrophilic-lipophilic balance. The
proline methyl ester and acetic group in AA-PMe may
exert a synergistic effect that enhances its anticancer
activity.

The ICso level of AA-PMe for gastric cancer cells is 5
MM, which is significantly lower than that of AA at a
concentration of 50 uM. However, neither AA-PMe nor
AA substantially affects the viability of normal gastric
epithelial cells. Additionally, normal human embryonic
kidney cells exhibit relatively little toxicity to AA-
PMe, suggesting that the compound has remarkable
selectivity against tumor cells relative to normal cells.
This is critical for the development of effective and safe
anticancer drugs.®

Vol. 13 No. 1 (2026): 47-58

4.5. Asiatic acid as a molecular target for an anticancer
agent

Several studies have verified the main target of AA
treatment as anticancer, using molecular docking with
AutoDock. The PI3K/AKT and NF-kB core targets were
examined in relation to AA molecules. The findings
indicated the minimal binding energy of the bonds
between AA and PIK3CA, PIK3CG, AKT1, AKT2,
P65, and IKKB. More stable bonds and higher contact
chances are found when ligands and receptors have
lower binding energies. Overall, the binding energy
was less than -5.0 kJ-mol-1, suggesting that both
receptors and ligands had potent binding properties.
AA inhibits osteosarcoma cells by targeting the NF-kB
and PI3K/AKT pathways.?2

In the osteosarcoma cells, AA decreased gene
expression in the NF-kB and PI3K/AKT signaling
pathways. To confirm the pathway’s efficacy, we
investigated the activators of the PI3K/AKT pathway,
such as SC79 and activators of the NF-kB pathway,
like PMA. These findings imply that both activators
can partially counteract the inhibitory effects of
AA on osteosarcoma. In conclusion, AA can stop
osteosarcoma progression by blocking the PI3K/AKT
and NF-kB signaling pathways. 2

5. Conclusion

Asiatic acid (AA) exhibits promising anticancer
properties across diverse cancer cell types by
modulating key molecular pathways such as PI3K/
Akt and NF-kB. These mechanisms contribute to the
inhibition of cell proliferation, induction of apoptosis,
and suppression of invasion and metastasis. AA
demonstrates time- and dose-dependent cytotoxicity
(1-50 pM) with minimal toxicity to normal cells,
supporting its potential as a selective anticancer agent.
Although AA and its derivatives consistently show
superior therapeutic outcomes, limitations such as
missing control dose data in several studies highlight
the need for more rigorous experimental designs.

To fully realize AA's therapeutic potential, future
research should focus on in vivo validation,
pharmacokinetic profiling, and clinical translation.
The development of targeted delivery systems and
exploration of synergistic effects with existing therapies
may enhance efficacy. Additionally, integrating omics
technologies and Al-driven drug discovery could
accelerate the identification of optimized AA derivatives
with improved potency and selectivity.
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