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Abstract: Plant-derived anti-cancer agents have been of considerable interest due to their promising effectiveness with low side effects. Asiatic acid, the main

constituent of the medicinal plant Centella asiatica (L.) Urban, has a wide range of biological properties such as antioxidant, anti-inflammatory and anti-cancer
activities. Cholangiocarcinoma (CCA), which is a malignant tumor of bile duct epithelium, is one of the leading cancers in Southeast Asia, notably the northeast
of Thailand where the liver fluke, Opisthorchis viverrini predominates. Many in vitro and in vivo studies have provided evidence supporting that oxidative stress
induced by chronic inflammation is involved in CCA genesis with aggressive clinical outcomes. This study was performed to evaluate the cytotoxic effects of asia-
tic acid on two human CCA cell lines (KKU-156 and KKU-213). Cell viability was determined by a sulforhodamine B (SRB) assay. Morphological changes of the
cells were observed by microscopy. Cell apoptosis was detected by flow cytometry using annexin V and propidium iodide (PI) staining. Messenger RNA (mRNA)
expression levels of BAX, BCL2 and Survivin/BIRCS were analyzed by real-time polymerase chain reaction (PCR). It was found that asiatic acid efficiently sup-
pressed CCA cellular viability via induction of apoptosis. In addition, the occurrence of asiatic acid-induced apoptosis was confirmed by microscopic observation
of apoptotic vesicles, down-regulation of anti-apoptotic genes (BCL2 and Survivin/BIRCS) and increased early and late apoptotic cells. Our results showed the
chemotherapeutic activities of asiatic acid, suggesting the anti-cancer properties of this compound should be clinically assessed and its supplementation may lead
to an improvement of survival of CCA patients.
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Introduction biliary tract disease. However, the 5-year survival rate
is still poor, with 60 to greater than 90% post-operative
The northeast of Thailand, which includes Khon recurrence rates (7, 8). At present, CCA treatments in-
Kaen Province, has the highest prevalence of the liver cluding chemotherapy and radiation therapy are not suf-
fluke, Opisthorchis viverrini, infection and the highest ficiently effective. The use of fluorouracil (5-FU), gem-
incidence of cholangiocarcinoma (CCA — cancer of the citabine or capecitabine, either alone or in combination
bile ducts) worldwide (1). Infection of O. viverrini is with a platinum analogue (i.e., oxaliplatin or cisplatin)
associated with the custom(s) of consuming raw, fer- has been suggested for CCA treatment. Nevertheless,
mented or partially cooked fresh-water fish, notably those regimens have yielded low response rates (9-
fish belonging to the Cyprinid family, which contains 11). Additionally, elderly patients with CCA are likely
the infective life cycle stage called metacercariae. After to refuse chemotherapy, surgery and radiation therapy,
ingestion, the metacercariae excyst in the duodenum but instead seek out other treatment options, e.g., her-
whereupon they migrate to the hepatobiliary tracts bal remedies. Therefore, there is an urgent need to find
where they become egg-producing adult worms (2). The alternative ways to prevent and treat this silent killer
International Agency for Research on Cancer (IARC) disease and, hence, improve the quality of life of the
has classified O. viverrini as a Group 1 carcinogen (i.e., people, notably poverty-stricken people in the northeast
carcinogenic to humans), which represents a direct risk of Thailand and elsewhere in Southeast Asia where O.
factor for CCA development (3). Chronic inflammation viverrini is distributed.
and oxidative stress caused by O. viverrini has been The use of plant-derived compounds, known as phy-
shown to be implicated in the pathogenesis of CCA (2, tochemicals, in cancer prevention and treatment can
4-6). CCA is one of the most difficult diseases to dia- be beneficial by eliminating or reducing side-effects
gnose and treat because signs and symptoms of early associated with the chemo-radio therapy. Triterpenoids,
stage are subtle and non-specific. Most patients pre- a group of polyhydroxy aromatic compounds isolated
sent with advanced stages of the disease, leading to a from diverse medicinal plants, have shown to possess
poor prognosis and a very high mortality rate. Cure is numerous biological activities (12-14). Asiatic acid
possible with surgical resection of patients with initial (Figure 1), a pentacyclic triterpenoid derived from the
stages of CCA, who do not have underlying liver or medicinal herb Centella asiatica (L.) Urban, has been
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Figure 1. Chemical structure of asiatic acid.

demonstrated to exhibit numerous beneficial effects,
such as wound healing, anti-inflammatory, neuroprotec-
tive, anti-diabetic, anti-oxidative and anti-cancer activi-
ties (15-21).

Accumulated evidence has shown the anti-cancer
activities of asiatic acid against various types of cancer
cell lines, including breast cancer, colon cancer, prostate
cancer, lung cancer, melanoma, hepatoma, glioblastoma
and ovarian cancer cells. Different mechanisms have
been reported to account for the anti-cancer action of
asiatic acid. For instance, asiatic acid has been reported
to induce S-G2/M phase cell cycle arrest and apoptosis
of human breast cancer cell lines via activation of extra-
cellular signal-regulated kinase and p38 mitogen-acti-
vated protein kinase (MAPK) pathways (22). Asiatic
acid-induced apoptosis in human melanoma cells is me-
diated by reactive oxygen species (ROS) generation and
BAX/BCL2 regulation (23), and can promote the apop-
tosis of human hepatoma and malignant glioma cells
through increasing intracellular Ca?* levels (24, 25).
In colon cancer cells, asiatic acid has been reported to
inhibit cell growth and induce apoptosis via mitochon-
dria-dependent pathway by increasing mitochondrial
membrane permeability and cytochrome c release (26).
Asiatic acid could also perturb the endoplasmic reticu-
lum and alterations in calcium homeostasis to induce
cell death of prostate cancer cells (27) and it has been
demonstrated to promote the pro-apoptotic effects in
human ovarian cancer cells via the suppression of PI3K/
Akt/mTOR signaling cascades (28). In lung cancer
cells, asiatic acid inhibited cell proliferation and caused
cell death mainly through a mitochondrion-mediated
pathway. This triterpene also significantly decreased
weight and tumor volume in a mouse xenograft model
of lung cancer (29). Asiatic acid-induced apoptosis has
been proposed to be associated with the modulation of
cell cycle progression and induction of apoptosis by tar-
geting multiple molecules, e.g., NF-xB, p38 MAP and
ERK kinases, caspases, PARP and BCL2/BAX in the
aforementioned cancer types (22-28).

One of the significant hallmarks of cancer cells
is to evade apoptosis — a process of programmed cell
death. Deregulation of apoptotic pathways is thought to
be a significant factor in development and progression
of cancer cells. Alterations in the expression of pro-
teins which can either promote or prevent apoptotic cell
death such as BCL2, BAX and Survivin/BIRCS5 can be
used for the detection of apoptosis. In the present study,
cytotoxicity effects of asiatic acid on two human CCA
cell lines (KKU-156 and KKU-213) were evaluated by
sulforhodamine B (SRB) assay, morphological obser-

vations and flow cytometry. Messenger RNA (mRNA)
expression levels of three genes, including BAX, BCL2,
and Survivin/BIRC5 were determined by means of real-
time polymerase chain reaction (PCR).

Materials and Methods

Cell cultures

Two human CCA cell lines, KKU-213 and KKU-
156, were obtained from Cholangiocarcinoma Research
Institute (CARI, Khon Kaen University, Thailand). Both
cell types were cultured in Ham’s F-12 medium (Invi-
trogen, CA, U.S.A.) supplemented with 10% fetal calf
serum, 100 U/ml penicillin and 100 g/ml streptomycin
(complete media) at 37 °C in a humidified atmosphere
of 5% CO,. A subculture was performed when the cells
reached the confluent stage and the media were changed
every two days.

Asiatic acid solution preparation

Asiatic acid (Sigma-Aldrich, MO, U.S.A) was dis-
solved in 100% dimethyl sulfoxide (DMSO) to obtain
2 x 10* uM stock solution, aliquoted and stored at -20
°C until used. An aliquot of the stock solution (2 x 10*
uM) was diluted 100-fold with complete media to make
200 puM asiatic acid containing 1% DMSO, which was
subsequently diluted 2-fold to with complete media to
make 100 pM asiatic acid containing 0.5% DMSO.
Each concentration of asiatic acid was prepared by
diluting with complete media containing 0.5% DMSO.
Final concentration of DMSO was adjusted to 0.5% in
all conditions.

Sulforhodamine B (SRB) cell cytotoxicity assay

CCA cell lines (3 x 10° cells in 100 pl/well) were
seeded into 96-well plates for 24 h. Both KKU-213 and
KKU-156 cells were treated with various concentrations
(20-55 uM) of asiatic acid in complete media containing
0.5% DMSO in triplicate for 24 and 48 h. Cell images
were taken by an inverted microscope (Zeiss Axiovert
40 CFL) every 24 h. Cytotoxicity was determined using
SRB assay (30, 31). Cells were washed with ice-cold
phosphate-buffered saline (PBS), fixed by adding 100
uL of chilled 10% trichloroacetic acid (TCA) in PBS to
each well and incubated at 4 °C for 24 h. After remo-
val of the TCA, cells were washed with deionized water
three times and dried at 60 °C for 30 min. The cells were
then incubated with SRB (50 pl per well, 0.4% in 1%
acetic acid) in the dark for 45 min at room tempera-
ture. The SRB was removed, and the wells washed three
times with 1% acetic acid (200 pl) to remove excess
stains. The plate was then allowed to dry at 60 °C for 30
min. A volume of 200 pl of Tris-base (10 mM, pH 10.5)
was added to each well, followed by incubation for 1
h at room temperature with gentle shaking. The absor-
bance was determined spectrophotometrically at 540
nm using an ELISA microplate reader (Sunrise, Tecan
Austria GmbH). Asiatic acid concentrations required
to inhibit 50% cell growth (IC,)) were calculated from
concentration-effect curves after linear regression ana-
lysis.

Annexin-V/propidium iodide (PI) staining assay
CCA cell lines (1 x 10° cells in 2 ml/well) were
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plated into 6-well plates for 24 h. Cells were treated
with 35, 40 and 45 pM asiatic acid for 24 h. Cells were
washed three times with ice-cold PBS and harvested by
trypsinization. Cell pellets were stored at -70 °C until
used. The Annexin-V-FLUOS Staining Kit (Roche Ger-
many) was used for the detection of apoptotic cells. Ac-
cording to the manufacturer’s instructions, cells (KKU-
156 or KKU-213) were seeded in six-well plates at 8.0
x 10* cells/well and maintained at 37 °C in humidified
5% CO, environment for 48 h. Cells were treated with
various concentrations of asiatic acid (35, 40 and 45
uM) and incubated for 24 h. Cellular suspensions were
harvested, centrifuged at 2000 rpm at 4 °C for 5 min
and washed three times with ice-cold PBS. Following
centrifugation and removal of supernatant, cell pellets
were resuspended in 100 pl of HEPES buffer with 2 ul
of annexin-V-fluorescein solution and 2 pl of PI solu-
tion. After incubation for 10 min, in the dark, at room
temperature, cells were analyzed by flow cytometry on
a Becton Dickinson FACSCanto II Flow Cytometer.

Quantification of BCL2, BAX and Survivin/BIRCS
mRNA levels by real-time polymerase chain reaction
(PCR)

CCA cell lines (1 x 10° cells in 2 ml/well) were pla-
ted into 6-well plates for 24 h. Cells were treated with
20 uM asiatic acid for 24 h (KKU-213) and 48 h (KKU-
156). Cells were washed three times with ice-cold PBS
and harvested by trypsinization. Cell pellets were stored
at -70 °C until used. Total RNA was isolated from cell
pellets with TRIzol® reagent (Invitrogen, CA, U.S.A.)
according to the manufacturer’s protocol. RNA quality
was assessed using a NanoDrop ND-2000 spectropho-
tometer (NanoDrop Technologies, DE, U.S.A.). Total
RNA (2 pg) was converted to cDNA using High-Ca-
pacity cDNA Reverse Transcription Kit (Applied Bio-
systems, CA, U.S.A). Real-time PCR was conducted by
using ABI-7500 Real-Time PCR system (Applied Bio-
systems, CA, U.S.A.). Primer and probe sequences for
real-time detection of BAX (catalog no. Hs00180269-
ml), BCL2 (catalog no. Hs00608023-ml), Survivin/
BIRCS (catalog no. Hs04194392-s1) and endogenous
control gene ACTB (catalog no. Hs99999903-ml)
mRNA were purchased from Applied Biosystems. Real-
time PCR was performed by using human Tagman pre-
developed assay reagents (Applied Biosystems, CA,
U.S.A.). Relative mRNA expression levels were ana-
lyzed with a cycle threshold (Ct) in the linear range of
amplification to B-actin as an internal control.

Statistical analysis

Statistical analysis was performed using the SPSS
software version 17.0 (IBM Corporation, U.S.A.). Le-
vels of mMRNA expressions were compared by Student’s
t-test. A p<0.05 was considered as statistical signifi-
cance.

Results

Cytotoxicity of asiatic acid on cholangiocarcinoma
cell lines

The cytotoxic effect of asiatic acid on KKU-156 and
KKU-213 CCA cells was determined using the SRB
method. The principle of SRB assay is based on the abi-

lity of SRB, a bright-pink aminoxanthene dye posses-
sing two sulfonic groups, to bind to basic amino acids
of the cellular proteins, enabling measurement of whole
protein content which is proportional to cell number.
The survival of KKU-156 and KKU-213 cells following
treatment with increasing concentrations of asiatic acid
for 24 and 48 h was assessed (30). KKU-123 and KKU-
156 cells were incubated with either culture media
containing 0.5% DMSO (control; 0 uM asiatic acid) and
20-55 uM asiatic acid in culture media containing 0.5%
DMSO. DMSO at 0.5% concentration did not have any
cytotoxic effect to the control cells. The cytotoxic re-
sults showed that asiatic acid significantly inhibited the
proliferation of both human CCA cells lines, i.e., KKU-
156 (Figure 2a) and KKU-213 (Figure 2b), in a dose-
and time-dependent manner. The essential asiatic acid
concentrations to achieve the half-maximal inhibitory
concentrations (IC, ) in KKU-156 cell line were 39.7 (+
0.6) and 21.2 (= 0.4) uM at exposure time of 24 h and
48 h, respectively. In the case of KKU-213 cells at 24 h
and 48 h, IC, values were 44.6 (+ 0.8) and 28.7 (+ 0.3)
uM, respectively. Both cell lines showed the same trend
of IC,, values; however, KKU-156 seemed to be more
sensitive to asiatic acid treatment than KKU-213, which
was consistent with the asiatic acid-induced cellular
morphological change observed (Figure 2c¢ and 2d).
After treatment of asiatic acid, both human CCA cell
lines (i.e., KKU-156 and KKU-213) displayed a charac-
teristic change of apoptosis, i.e., augmented apoptotic
vesicles (32). KKU-156 cells were found to undergo
apoptosis by exposure to lower concentrations of asiatic
acid at 40 uM (24 h) and 20 uM (48 h; Figure 2c), in
comparison to KKU-213 cell line, which could trigger
induction of apoptosis at 45 uM (24 h) and 35 uM (48
h; Figure 2d).

KKU-156

KKU-213
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Figure 2. Cytotoxicity of asiatic acid on cholangiocarcinoma
(CCA) cell lines. (a) Asiatic acid at different concentrations inhi-
bited the proliferation of KKU-156 human CCA cells in a dose-
and time-dependent manner; (b) Asiatic acid at different concen-
trations inhibited the proliferation of KKU-213 human CCA cells
in a dose- and time-dependent manner. Cell growth inhibition of
asiatic acid was determined using SRB assay. Both CCA cells were
exposed to 0-55 pM of asiatic acid at 24 h (m) and 48 h (A ). Apop-
totic vesicles were observed under an inverted microscope after
treating cells with various concentrations of asiatic acid for 24 or
48 hin (c) KKU-156 and (d) KKU-123 cell lines. Arrows in (c) and
(d) indicated exemplified apoptotic vesicles. Magnification, x 100.
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Analysis of apoptosis by flow cytometry

To further evaluate the ability of asiatic acid to in-
duce apoptosis in KKU-156 and KKU-213 CCA cells,
flow cytometric analysis was performed using annexin
V/PI staining. Annexin V is a protein that binds to phos-
phatidylserine residues, which are present predomi-
nantly in at the inner leaflet of the plasma membrane.
In apoptotic cells, the translocation of phosphatidylse-
rine from the inner to the outer surfaces can be detected
by staining with fluorochrome-conjugated annexin V.
Using annexin V in combination with propidium ido-
dide (PI), a cellular DNA dye, can distinguish live cells,
early apoptotic cells, late apoptotic cells and necrotic
cells (33). As shown in Figure 3, following asiatic acid
treatment, flow cytometric results revealed that apop-
tosis was induced in a dose-dependent manner in both
CCA cell lines, particularly at asiatic acid concentration
of 45 uM. In the case of KKU-156 cell line (Figure 3a),
the percentage of early apoptotic cells (the lower right
quadrant; Q4; annexin V-positive and PI-negative cells)
and late apoptotic cells (the upper right quadrant; Q2;
annexin V-positive and Pl-positive cells) were aug-
mented from 4.3% in untreated cells to 19.5%, 27.0%
and 70.2% at asiatic acid concentration of 35, 40 and
45 uM, respectively. Similarly, in asiatic acid-treated
KKU-213 cells (Figure 3b), the total population of early
and late apoptotic cells was found to be increased from
8.9% in untreated cells to 9.9%, 35.8% and 86.4% for
cells subjected to 35, 40 and 45 uM of asiatic acid treat-
ment, respectively. These results showed the ability of
asiatic acid to induce apoptosis in human CCA cells.

Effects of asiatic acid on apoptosis-related gene ex-
pression of CCA cell lines

Changes in mRNA expression levels of three apop-
tosis-related genes (BAX, BCL2, and Survivin/BIRCS)
in human CCA cell lines during asiatic acid treatment
were investigated by real-time PCR. The mRNA ex-
pression levels of BAX tended to be increased after 48 h
treatment with 20 pM asiatic acid in KKU-156 cells as
well as after 24 h treatment with 20 uM asiatic acid in
KKU-213 cells, in compared with that in untreated cells
(Figure 4). On the other hand, in both CCA cells, the
mRNA expression levels of BCL2 and Survivin/BIRC5
significantly decreased after 24 h or 48 h treatment with
20 uM asiatic acid. These findings showed that the treat-
ment of asiatic acid against CCA cell lines affected the
balance of pro- and anti-apoptotic signaling pathways
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Figure 3. The apoptotic cells were detem{{ned by flow cy{ometry
using annexin V (X-axis)/PI (Y-axis) staining in (a) KKU-156 and
(b) KKU-213 cell lines. Results shown are representative of two
reproducible independent experiments. The lower right quadrant

(Q4) indicates early apoptotic cells and the upper right quadrant
(Q2) represents late apoptotic cells.
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Figure 4. Effects of asiatic acid on the mRNA expression levels of
apoptosis-related genes including BAX, BCL2 and Survivin/BIRCS
in KKU-156 and KKU-213 cell lines, following 48 h or 24 h asia-
tic acid treatment, respectively. Asterisk (*) represents p<0.05 by
Student's t-test.

towards apoptosis via down-regulation of anti-apopto-
tic genes. Moreover, after treatment with 20 uM asiatic
acid, increases in BAX/BCL2 ratios were observed in
both cell line types. The BAX/BCL?2 ratios were deter-
mined to be 3.3 and 1.6 in the case of KKU-156 and
KKU-213 cell lines, respectively.

Discussion

The main finding of our study was that asiatic acid
inhibited the growth of human CCA cells. In both CCA
cell lines, IC, values obtained in our study are in the
same range with those previously reported in other can-
cer cell types, e.g. skin, breast and lung, all with IC_,
values ranging from 8-80 uM (26-29). KKU-156 cells
showed higher sensitivity and lower IC,  values than
KKU-213 cells when they were treated with asiatic
acid. The different IC_ in the two different cell lines
may be due to differences in cell characteristics and
distinct target sites of action as reported in the case
human glioma cells (34). It is well established that
asiatic acid treatment can affect cancer cell growth by
inducing apoptosis in many cell lines (23, 26). In this
study, we found that asiatic acid induced apoptosis as
clearly shown by increased apoptotic cells detected by
flow cytometry using annexin V/PI staining. The dif-
ferent responses detected using flow cytometry based
on annexin-V/PI staining were related to microscopic
observation of apoptotic vesicles. Our results confirmed
that asiatic acid possesses potent growth inhibitory and
pro-apoptotic effects against both types of CCA cell
lines. In both normal and cancer cells, cell survival and
death are delicately controlled by an intricate balance
between anti-apoptotic and pro-apoptotic regulators.
Molecular analyses were performed to confirm the dif-
ferential expression of apoptosis-regulatory proteins,
including BAX, BCL2 and survivin/BIRCS. Following
asiatic acid treatment, real-time PCR showed that there
was a slight increase in the expression of the pro-apop-
totic molecule BAX while there was a significant de-
crease in the expression of the anti-apoptotic molecules
BCL2 and Survivin/BIRC5. Moreover, the ratio of BAX/
BCL?2 of each cell line was significantly elevated after
exposure to asiatic acid. Changes in expression levels of
genes involved in regulation of apoptosis indicate that
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asiatic acid induced apoptotic cell death. The asiatic
acid-induced apoptosis in CCA can be mediated through
alteration of the BAX/BCL? ratio and down-regulation
of BCL2 and Survivin/BIRCS, and growth suppression
by asiatic acid can be due to apoptosis. Our results for
CCA cells are in concordance with the previous findings
that showed variations of response of apoptosis regula-
tors BCL2, BAX and Survivin/BIRCS to asiatic acid,
for instance in human leukemia, human melanoma and
human breast cancer cells (22, 23, 35).

Chronic inflammation and oxidative stress was found
to play a key role in CCA carcinogenesis via the induc-
tion of DNA damage and cell proliferation, leading
to CCA initiation and promotion in animal models by
infection with liver fluke (36-38). Moreover, oxidative
stress is also involved in CCA progression with poor
prognosis and metastasis status of the patients (39, 40).
On the other hand, asiatic acid has been shown to have
an anti-oxidative effect due to the presence of several
hydroxyl groups, an olefin group and a carboxylic acid
group (41). Due to its abilities to decrease inflammatory,
reduce oxidative stress and induce apoptosis in cancers,
asiatic acid which have shown in this study to possess
anti-CCA activity may be a good candidate for treatment
of this fatal cancer caused by chronic inflammation with
liver flukes and oxidative stress. A number of studies
have indicated that plant-derived products manifest
potent anti-cancer potential via their anti-proliferative
and pro-apoptotic effects on CCA, such as curcumin,
luteolin, quercetin and EGCG, and B-eudesmol by re-
gulating different signaling modulators, e.g. NF-xB and
STAT3, involved in tumor development and progression
(42-45). Interestingly, in this study, for the first time, we
evaluated the anti-cancer activity of asiatic acid on this
type of cancer.

In conclusion, this study showed that asiatic acid
could inhibit proliferation and induce apoptotic cell
death in human CCA cell lines, KKU-213 and KKU-
156, as evidenced by: (i) observation of the increased
apoptotic vesicles (ii) in vitro cytotoxic study (iii) flow
cytometry and (iv) decreasing the expression levels of
anti-apoptotic signaling molecules BCL2 and Survivin/
BIRCS. Our findings provide evidence that the natural
product asiatic acid is a promising anti-tumor agent
against CCA, suggesting the anti-cancer properties of
this compound should be clinically assessed and its sup-
plementation may lead to an improvement of survival in
CCA patients.

Acknowledgments

This study was granted by Faculty of Medicine, Khon
Kaen University, Thailand (Grant number IN60259)
and the Cholangiocarcinoma Research Institute, Khon
Kaen University research grant to C.S. We would like to
acknowledge Prof. Ross H. Andrews for editing the ma-
nuscript via Publication Clinic KKU, Thailand. We also
would like to express our gratitude to Prof. W. Bruce
Turnbull for useful comments and English language
editing on our manuscript.

Interest conflict
The authors declare no conflict of interest.

Author’s contribution

C.S. conceived, designed and performed the experi-
ments; R.T., W.K. and N.A. performed the experiments;
P.P. contributed reagents/materials; C.S and R.T. ana-
lyzed and interpreted the data; C.S. wrote the paper; all
authors contributed to the final approval of manuscript.

References

1. Srivatanakul P, Ohshima H, Khlat M, Parkin M, Sukaryodhin S,
Brouet I, et al. Opisthorchis viverrini infestation and endogenous
nitrosamines as risk factors for cholangiocarcinoma in Thailand. Int
J Cancer. 1991;48:821-5.

2. Sripa B, Kaewkes S, Sithithaworn P, Mairiang E, Laha T, Smout
M, et al. Liver Fluke Induces Cholangiocarcinoma. PLoS Med.
2007;4:€201. doi:10.1371/journal.pmed.0040201.

3. Kaewpitoon N, Kaewpitoon SJ, Pengsaa P, Sripa B. Opisthorchis
viverrini: the carcinogenic human liver fluke. World J Gastroenterol.
2008;14:666-74.

4. Parkin DM. The global health burden of infection-associated can-
cers in the year 2002. Int J Cancer. 2006;118:3030-44.

5. Sithithaworn P, Yongvanit P, Duenngai K, Kiatsopit N, Pairojkul
C. Roles of liver fluke infection as risk factor for cholangiocarci-
noma. J Hepatobiliary Pancreat Sci. 2014;21:301-8.

6. Thanan R, Oikawa S, Hiraku Y, Ohnishi S, Ma N, Pinlaor S, et
al. Oxidative stress and its significant roles in neurodegenerative
diseases and cancer. Int J Mol Sci. 2014;16:193-217.

7. Malhi H, Gores GJ. Cholangiocarcinoma: Modern advances in
understanding a deadly old disease. J Hepatol. 2006;45:856-67.

8. Hyder O, Hatzaras I, Sotiropoulos GC, Paul A, Alexandrescu S,
Marques H, et al. Recurrence after operative management of intrahe-
patic cholangiocarcinoma. Surgery. 2013;153:811-8.

9. Eckmann KR, Patel DK, Landgraf A, Slade JH, Lin E, Kaur H, et
al. Chemotherapy outcomes for the treatment of unresectable intra-
hepatic and hilar cholangiocarcinoma: A retrospective analysis. Gas-
trointest Cancer Res. 2011;4:155-60.

10. Okusaka T, Nakachi K, Fukutomi A, Mizuno N, Ohkawa S, Fu-
nakoshi A, et al. Gemcitabine alone or in combination with cisplatin
in patients with biliary tract cancer: a comparative multicentre study
in Japan. Br J Cancer. 2010;103:469-74.

11. Valle J, Wasan H, Palmer DH, Cunningham D, Anthoney A, Ma-
raveyas A, et al. Cisplatin plus gemcitabine versus gemcitabine for
biliary tract cancer. N Engl J Med. 2010;362:1273-81.

12. Han N, Bakovic M. Biologically Active Triterpenoids and Their
Cardioprotective and Anti- Inflammatory Effects. J Bioanal Biomed.
2015;s12. doi:10.4172/1948-593X.S12-005.

13. Parmar SK, Sharma TP, Airao VB, Bhatt R, Aghara R, Chavda
S, et al. Neuropharmacological effects of triterpenoids. Phytophar-
macol. 2013;4:354-72.

14. Yadav VR, Prasad S, Sung B, Kannappan R, Aggarwal BB. Tar-
geting inflammatory pathways by triterpenoids for prevention and
treatment of cancer. Toxins. 2010;2:2428-66.

15. Somboonwong J, Kankaisre M, Tantisira B, Tantisira MH.
Wound healing activities of different extracts of Centella asiatica
in incision and burn wound models: an experimental animal study.
BMC Complement Altern Med. 2012;12:103. doi:10.1186/1472-
6882-12-103.

16. Huang GJ, Huang SS, Chiu CS, Chen HJ, Hou WC, Sheu MJ, et
al. Antinociceptive activities and the mechanisms of anti-inflamma-
tion of asiatic acid in mice. Evid Based Complement Alternat Med.
2011;2011. doi:10.1155/2011/895857.

17. Pakdeechote P, Bunbupha S, Kukongviriyapan U, Prachaney P,
Khrisanapant W, Kukongviriyapan V. Asiatic acid alleviates hemo-
dynamic and metabolic alterations via restoring eNOS/iNOS expres-

Cell Mol Biol (Noisy le Grand) 2018 | Volume 64 | Issue 10

32



Chadamas Sakonsinsiri et al.

Asiatic acid inhibited cholangiocarcinoma cells.

sion, oxidative stress, and inflammation in diet-induced metabolic
syndrome rats. Nutrients. 2014;6:355-70.

18. Maneesai P, Bunbupha S, Kukongviriyapan U, Prachaney P,
Tangsucharit P, Kukongviriyapan V, et al. Asiatic acid attenuates re-
nin-angiotensin system activation and improves vascular function in
high-carbohydrate, high-fat diet fed rats. BMC Complement Altern
Med. 2016;16:123. doi:10.1186/s12906-016-1100-6.

19. Zhang W, Men X, Lei P. Review on anti-tumor effect of triter-
pene acid compounds. J Cancer Res Ther. 2014;10 Suppl 1:14-9.
20. Wang X, Lu Q, Yu DS, Chen YP, Shang J, Zhang LY, et al. Asia-
tic acid mitigates hyperglycemia and reduces islet fibrosis in Goto-
Kakizaki rat, a spontaneous type 2 diabetic animal model. Chin J Nat
Med. 2015;13:529-34.

21. Lv H, Qi Z, Wang S, Feng H, Deng X, Ci X. Asiatic Acid Exhi-
bits Anti-inflammatory and Antioxidant Activities against Lipopo-
lysaccharide and d-Galactosamine-Induced Fulminant Hepatic Fai-
lure. Front Immunol. 2017;8:785. doi:10.3389/fimmu.2017.00785.
22. Hsu YL, Kuo PL, Lin LT, Lin CC. Asiatic acid, a triterpene,
induces apoptosis and cell cycle arrest through activation of extra-
cellular signal-regulated kinase and p38 mitogen-activated protein
kinase pathways in human breast cancer cells. J Pharmacol Exp
Ther. 2005;313:333-44.

23. Park BC, Bosire KO, Lee ES, Lee YS, Kim JA. Asiatic acid
induces apoptosis in SK-MEL-2 human melanoma cells. Cancer
Lett. 2005;218:81-90.

24. Lee YS, Jin DQ, Kwon EJ, Park SH, Lee ES, Jeong TC, et al.
Asiatic acid, a triterpene, induces apoptosis through intracellular
Ca2+ release and enhanced expression of p53 in HepG2 human
hepatoma cells. Cancer Lett. 2002;186:83-91.

25. Cho CW, Choi DS, Cardone MH, Kim CW, Sinskey AJ, Rha C.
Glioblastoma cell death induced by asiatic acid. Cell Biol Toxicol.
2006;22:393-408.

26. Tang XL, Yang XY, Jung HJ, Kim SY, Jung SY, Choi DY, et
al. Asiatic acid induces colon cancer cell growth inhibition and
apoptosis through mitochondrial death cascade. Biol Pharm Bull.
2009;32:1399-405.

27. Gurfinkel DM, Chow S, Hurren R, Gronda M, Henderson C, Be-
rube C, et al. Disruption of the endoplasmic reticulum and increases
in cytoplasmic calcium are early events in cell death induced by the
natural triterpenoid Asiatic acid. Apoptosis. 2006;11:1463-71.

28. Ren L, Cao QX, Zhai FR, Yang SQ, Zhang HX. Asiatic acid
exerts anticancer potential in human ovarian cancer cells via sup-
pression of PI3K/Akt/mTOR signalling. Pharm Biol. 2016;54:2377-
82.

29. Wu T, Geng J, Guo W, Gao J, Zhu X. Asiatic acid inhibits lung
cancer cell growth in vitro and in vivo by destroying mitochondria.
Acta Pharm Sin B. 2017;7:65-72.

30. Skehan P, Storeng R, Scudiero D, Monks A, McMahon J, Vis-
tica D, et al. New colorimetric cytotoxicity assay for anticancer-drug
screening. J Natl Cancer Inst. 1990;82:1107-12.

31. Roe S, Gunaratnam M, Spiteri C, Sharma P, Alharthy RD,
Neidle S, et al. Synthesis and biological evaluation of hybrid acri-
dine-HSP90 ligand conjugates as telomerase inhibitors. Org Biomol
Chem. 2015;13:8500-4.

32. Elmore S. Apoptosis: A Review of Programmed Cell Death.

Toxicol Pathol. 2007;35:495-516.

33. Vermes I, Haanen C, Steffens-Nakken H, Reutelingsperger C.
A novel assay for apoptosis. Flow cytometric detection of phos-
phatidylserine expression on early apoptotic cells using fluorescein
labelled Annexin V. J Immunol Methods. 1995;184:39-51.

34. Rahman AA, Jamal ARA, Harun R, Mokhtar MN, Ngah WZW.
Gamma-tocotrienol and hydroxy-chavicol synergistically inhibits
growth and induces apoptosis of human glioma cells. BMC Com-
plement Altern Med. 2014;14:213. doi:10.1186/1472-6882-14-213.
35.WuQ, LvT, ChenY, Wen L, Zhang J, Jiang X, et al. Apoptosis of
HL-60 human leukemia cells induced by Asiatic acid through modu-
lation of B-cell lymphoma 2 family proteins and the mitogen-activa-
ted protein kinase signaling pathway. Mol Med Rep. 2015;12:1429-
34.

36. Yongvanit P, Pinlaor S, Bartsch H. Oxidative and nitrative DNA
damage: key events in opisthorchiasis-induced carcinogenesis. Para-
sitol Int. 2012;61:130-5.

37. Pinlaor S, Ma N, Hiraku Y, Yongvanit P, Semba R, Oikawa S, et
al. Repeated infection with Opisthorchis viverrini induces accumu-
lation of 8-nitroguanine and 8-oxo-7,8-dihydro-2'-deoxyguanine in
the bile duct of hamsters via inducible nitric oxide synthase. Carci-
nogenesis. 2004;25:1535-42.

38. Pinlaor S, Hiraku Y, Ma N, Yongvanit P, Semba R, Oikawa S,
et al. Mechanism of NO-mediated oxidative and nitrative DNA da-
mage in hamsters infected with Opisthorchis viverrini: a model of
inflammation-mediated carcinogenesis. Nitric Oxide. 2004;11:175-
83.

39. Thanan R, Pairojkul C, Pinlaor S, Khuntikeo N, Wongkham C,
Sripa B, et al. Inflammation-related DNA damage and expression of
CD133 and Oct3/4 in cholangiocarcinoma patients with poor pro-
gnosis. Free Radic Biol Med. 2013;65:1464-72.

40. Armartmuntree N, Murata M, Techasen A, Yongvanit P, Loilome
W, Namwat N, et al. Prolonged oxidative stress down-regulates Ear-
ly B cell factor 1 with inhibition of its tumor suppressive function
against cholangiocarcinoma genesis. Redox Biol. 2018;14:637-44.
41. Jew SS, Yoo CH, Lim DY, Kim H, Mook-Jung I, Jung MW,
et al. Structure-activity relationship study of asiatic acid derivatives
against beta amyloid (A beta)-induced neurotoxicity. Bioorg Med
Chem Lett. 2000;10:119-21.

42. Kittiratphatthana N, Kukongviriyapan V, Prawan A, Senggunprai
L. Luteolin induces cholangiocarcinoma cell apoptosis through the
mitochondrial-dependent pathway mediated by reactive oxygen spe-
cies. J Pharm Pharmacol. 2016;68:1184-92.

43. Prakobwong S, Gupta SC, Kim JH, Sung B, Pinlaor P, Hiraku
Y, et al. Curcumin suppresses proliferation and induces apoptosis
in human biliary cancer cells through modulation of multiple cell
signaling pathways. Carcinogenesis. 2011;32:1372-80.

44. Aneknan P, Kukongviriyapan V, Prawan A, Kongpetch S, Sripa
B, Senggunprai L. Luteolin arrests cell cycling, induces apoptosis
and inhibits the JAK/STAT3 pathway in human cholangiocarcinoma
cells. Asian Pac J Cancer Prev. 2014;15:5071-6.

45. Senggunprai L, Kukongviriyapan V, Prawan A, Kukongviriya-
pan U. Quercetin and EGCG Exhibit Chemopreventive Effects in
Cholangiocarcinoma Cells via Suppression of JAK/STAT Signaling
Pathway. Phytother Res. 2014;28:841-8.

Cell Mol Biol (Noisy le Grand) 2018 | Volume 64 | Issue 10

33



