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Introduction

Cholangiocarcinoma (CCA) is a deadly cancer of 
the biliary epithelium, that arise from mutation of the 
epithelial cells lining the biliary ducts (Fava and Lorenzini, 
2011; Gatto et al., 2010). It is an important health problem 
worldwide, especially in many Asian countries (Gores, 
2003; Sripa and Pairojkul, 2008; Shin et al., 2010; Sripa et 
al., 2011). In the Thailand’s northeastern region there is the 
highest incident rate of cholangiocarcinoma in this area, 
where the local population consume raw freshwater fish 
or uncooked fish contaminated with metacercarial cysts 
of liver fluke (Opisthorchis viverrini). The liver fluke has 
been reported for its associated with cholangiocarcinoma 
(Haswell-Elkins et al., 1994). Among the remedies for 
CCA, the chemotherapy using 5-fluorouracil (5-FU) is 
relatively incompetent for the treatment (Hejna et al., 
1998). The cancer combination treatments for CCA using 
chemotherapy and radiotherapy might cause serious side 
effects (sirica, 2005). Accordingly, for this and other 
types of irremediable cancer, alternative cancer treatments 

Abstract

Background: Betulinic acid (BA), a pentacyclic triterpene glycoside extract from guava (Psidium guajava Linn.) 
leaves, displays a variety of biological activities which exhibit cancer therapeutic properties associated with cancer 
growth inhibition in various kinds of human cancer cells including brain, breast, colorectal, cervical, lung and prostate 
gland. However, the effects on human cholangiocarcinoma cells have not previously been reported. Current study, we 
evaluated the activity of BA against human cholangiocarcinoma (HuCCA) cells. Methods: The cytotoxicity analysis 
was measured by using MTT assay on HuCCA and BHK-21 cells. Analysis of apoptosis was evaluated by using 
staining with Hoechst 33342 and quantitative real-time PCR. Results: The BA (50-800 µg/mL) significantly reduced 
the viability of HuCCA cells in a dose-dependent action with 50% inhibitory concentration (IC50) of 92.45 µg/mL at 24 
h. It also induced apoptosis signaling pathway, such as nuclear chromatin condensation and fragmentation. Quantitative 
real-time PCR analysis demonstrated that BA increased p53, Bax and caspase-3 expression whilst it decreased Bcl-2 
expression in the HuCCA cells in a dose dependent manner. Conclusion: BA can inhibit the HuCCA cell viability and 
induce apoptosis of neoplastic cells. This study indicates that BA has effective treatment for cholangiocarcinoma in 
vitro. Consequently, BA may be used as a novel therapeutic agent for the treatment of cholangiocarcinoma in the future.

Keywords: Betulinic acid- guava leaves (Psidium guajava Linn.)- apoptosis- cholangiocarcinoma cell

RESEARCH ARTICLE

Effect of Betulinic acid Extraction from Guava (Psidium 
guajava Linn.) Leaves Against Human Cholangiocarcinoma 
Cells

without side effects have been extensively sought after. 
Various extracts of natural products and herbal plants have 
been found to be a medically useful source for cancer 
(Battle et al., 2005). The medicinal plants display their 
biological and pharmacological activities against cancers 
and have been used as therapeutic agents (Gertsch et al., 
2003; Koehn and Carter, 2005; Mann, 2002). Various 
plants derived from natural products may promote are 
capable of using as anticancer drugs, among which are 
plant triterpenoids compound (Rita et al., 2009).

Psidium guajava Linn. Guava belongs to the order of 
Myrtales, a family of Myrtaceae.  Guava has been well 
known as an essential plant as well as a native medicinal 
plant in tropical and subtropical countries, including in 
Taiwan, Hawaii, Thailand, Philippines and Malaysia 
(Chen et al., 2007; Anand et al., 2016). Several parts of the 
plant has been used extensively in the indigenous system 
of medicine and which includes many remedial uses, such 
as anti-allergy, antianxiety, anti-convulsant, anti-diarrheal, 
anti-diabetic, anti-inflammatory, antimicrobial, 
anti-nociceptive, antioxidant, anti-spasmodic, anti-septic 
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and antitussive treatment (Sanda et al., 2001; Peng et al., 
2008). Phytochemistry has been studied in many parts of 
plants, which ensured in the isolation and identification 
of different terpenoids, flavonoid and tannins (Tanaka 
et al., 1992; Lozoya et al., 1994; Meckes et al., 1996). 
Meanwhile, guava (Psidium guajava L.) leaves contain 
phenolic, flavonoid, tannins and triterpene (Gutierrez 
et al., 2008). Guava leaves extract has been previously 
reported for its ingredient triterpenoids compound, which 
has been characterized as betulinic acid (Ghosh et al., 
2010).

Betulinic acid (BA) is pentacyclic triterpene, which 
can be extracted from many plant species, such as 
numerous amounts of BA in the outer bark of a diversity 
of plant species, e.g. Betula alba and Betula pendula 
(Alakurtti et al., 2006; Gomathi et al., 2014). It is a natural 
product, which displays several biological effects, for 
example, antibacterial, anti-inflammatory, antiparasitic, 
antiviral and anticancer activity (Einzhammer and Xu 
2004; Simone 2008; Wojciech et al., 2006). Moreover, 
BA has been demonstrated to suppress cancer growth 
(Fulda 2009). It has been exhibited anticancer curative 
effect in human cancers, such as brain tumors, cervical 
cancer, head and neck squamous carcinoma, leukemia, 
neuroectodermal tumors (Gomath et al., 2014), breast 
carcinoma (Tiwari et al., 2014), colorectal carcinoma 
(Jung et al., 2007), glioblastoma (Jeremias et al., 2004), 
lung carcinoma (Hsu et al., 2012), melanoma (Jeremias 
et al., 2004) and prostrate carcinoma (Rabi et al., 2008). 
However, the effect of BA on human cholangiocarcinoma 
cells has not formerly been determined. Used as 
remedies, BA from guava leaves can be used as natural 
remedies for diabetes, cardiovascular disease, obesity 
and atherosclerosis (Yadau et al., 2010). However, BA 
extracted from guava leaves has not been studied for 
its roles against cancer inhibition. In this study, we 
investigated the effect of BA extracted from guava leaves 
on human cholangiocarcinoma (HuCCA) cell viability 
and apoptosis in vitro. To our knowledge, this is the first 
report of its mechanism associated with the inhibition of 
HuCCA cell growth of BA extracted from guava leaves.

Materials and Methods

Chemicals and reagents
Dulbeco’s modified Eagle’s medium (DMEM) 

and fetal bovine serum (FBS) were purchased from 
Gibco (Carlsbad, USA). Dimethyl sulfoxide (DMSO), 
3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium 
bromide (MTT), Hoechst 33342, 5-fluorouracil (5-FU) 
were purchased from Sigma Inc. (St, Louis, Mo, USA). 
GENEzol reagent was purchased from (Geneaid biotech, 
Geneaid, Taiwan). RNeasy Mini Kit was purchased from 
Qiagen (Hilden, German). iScriptTM cDNA synthesis 
kit and iTaq green supermix system was purchased 
from Bio-Rad (Richmand, CA, USA). The other 
common reagents were obtained from the Department of 
Chemistry, Faculty of Science, Mahidol University and the 
Monitoring and Surveillance Center for Zoonotic Diseases 
in Wildlife and Exotic Animals, Faculty of Veterinary 
Science, Mahidol University Thailand.

Cell culture 
Human cholangiocarcinoma (HuCCA) cell lines 

CL6 courtesy were provided by Associated Professor 
Dr. Adisak Wongkajornslip, the Department of 
Pharmacology, Faculty of Medicine Siriraj Hospital, 
Mahidol University. Baby hamster normal kidney 
(BHK-21) fibroblast cell line was obtained from the 
Monitoring and Surveillance Center for Zoonotic Diseases 
in Wildlife and Exotic Animals, Faculty of Veterinary 
Science, Mahidol University. The cells were cultured in 
Dulbecco’s Modified Eagle Medium (DMEM), containing 
10% fetal bovine serum (FBS) in which antibiotics were 
added (penicillin 100 IU/mL, streptomycin 100 µg/mL). 
All cell lines were routinely maintained at 37°C in an 
incubator with 95% humidity and 5% CO2.

Extraction and isolation of betulinic acid
One kilogram of guava leaves were percolated with 

2.0 L of 70% ethanol for 72 h twice at room temperature; 
the ethanol fraction was combined and evaporated in a 
vacuum chamber to give crude ethanol extract, which 
weighed 151.21 g. The extract was dissolved in water 
and extracted with n-butanol. The organic fraction was 
evaporated in a vacuum chamber to give the crude 
extract of guava leaves. The crude extract of guava 
leaves (10.1 g) was separated by Si-Gel CC (SiO2 300 g, 
ethyl acetate-hexanes, MeOH-ethyl acetate and MeOH 
gradients) to give fraction A1–A5. Fraction A4 (2.1 g) 
provided BA (341.00 mg) after two consecutive Si-gel CC 
(CH2Cl2-hexanes gradients), followed by recrystallization 
with CH2Cl2-MeOH.

BA was isolated as white crystals with dichloromethane 
in methanol, m.p. 278-279°C. Its EIMS showed [M]+ peak 
at m/z 456 which established the molecular formula of 
C30H48O3. The FTIR spectrum has exhibited hydroxyl at 
υmax 3451 cm-1 and exomethylene at υmax 3060, 880 
and C=O stretching of carboxylic acid at 1,639 cm-1. 
The 1H NMR (500 MHz) spectrum (Figure 1A) showed 
the presence of methine proton on the carbon connected 
to oxygen in the structure which was indicated by the 
multiplet at δ 3.50 (1H, t, H-3), two olefinic protons at 
δ 4.84 (1H (s)) and δ 4.95 (1H (s)).The signal revealed 
signals for five tertiary methyl at 0.80 (H-25), 1.10 (H-24), 
1.14 (H-26), 1.20 (H-27) and 1.20 (H-23). This compound 
was proved to possess an isopropenyl group by the signal 
of a vinylic methyl at δ 1.78 (s), and the olefinic methylene 
protons at δ 4.80 (brs, H-29a) and 4.95 (brs, H-29b). These 
data indicated a pentacyclic triterpenoid of betulinic acid, 
confirmed by comparison with previously published data. 
The 125 MHz 13C-NMR spectrum (Figure 1B) of this 
compound exhibited thirty signals for thirty carbons. The 
DEPT spectra (Figure 1C) indicated the present of the 
presence of six methyl carbons, ten methylene carbons, six 
methine carbons, six quaternary carbons and one carbonyl 
carbon. BA has been verified by the comparison of their 
physical properties and spectroscopic data with the data 
previously reported in the literature (Baek et al., 2010; 
Ghosh et al., 2010).

BA: white crystalline from methanol – dichloromethane, 
m.p. 278-279 oC (Lit 282 oC); FT-IR (KBr) υmax = 3,451 
(O-H stretching), 2942, 1639 (C=O stretching), 1,453, 
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NM_003217), Bcl-2 (accession NM_021960), caspase-3 
(accession NM_001354782), and GAPDH (accession 
NM_001256799) using Primer Blast Program (Ye et al., 
2012). The following specific primers (Pacific Science 
Co., Ltd.) were used in table 1. The conditions were as 
follows: the amplification primary incubation at 95°C 
for 10 min, 40 cycles of denaturation at 95°C for 10 min, 
annealing at 60°C for 1 min, and extension at 60°C for 1 
min. The sequences of these PCR products were harvested 
by direct sequencing. Each amplicon was cloned into the 
PGEM®-t Vector (Promega, Madison, WI, USA) in order 
to establish standard curves for target cDNA. The mRNA 
level was informed as the ratios of the copy numbers of 
target cDNA to GAPDH cDNA. The ratio of fold alter in 
gene exposition level between the treatment and control 
cells is defined to identify the up down control of gene 
exposition.

Statistical analysis
Data of cell viability and quantitative real-time PCR 

were presented as mean ± SD from three independent 
experiments. Statistical analysis was performed using by 
GraphPad Prism program version 8.0.1 (244) software. 
Analysis of variance (ANOVA) with Bonferroni post-test 
were used to compare the differences between the treated 
group and control group. P-values < 0.05 was considered 
statistically significant.

Results 

Cytotoxicity of BA on HuCCA and BHK-21
After the treatment with BA for 24 h, the cell viability 

of HuCCA cells were decreased in the dose dependent 
manner from 50 to 800 µg/mL when compared with 
control group (Figure 2A). The average concentration of 
50% inhibitory concentration (IC50) on HuCCA cells were 
92.45 µg/mL. On the other hand, BHK-21 cells treated 
with BA at the concentration 50-800 µg/mL were higher 
than 50% cell viability (Figure 2A). This result exhibited 
low toxicity to normal cells. Moreover, the viability of 
HuCCA cells treated with BA was compared to 5-FU. The 
result indicated that the treatment with the BA and 5-FU 
has the similar effects on the decrement of HuCCA cell 
viability (Figure 2B).

BA induce apoptosis in HuCCA cells
In order to evaluate the nuclear morphological changes 

of treated cells, the analysis was performed by Hoechst 
33342 staining. The comparison between the BA treated 
HuCCA cell group and the control group was performed. 
The result showed the treated cells are characterized as 

1,376, 1,299, 1,047, 1,022, 959, 881; EIMS m/z (% 
relative intensity): 456 (M+, 4), 411 (25), 381 (8), 248 
(39), 219 (15), 203 (55), 189 (100).  Optical rotation:  +8° 
(c 0.1, pyridine).

Cytotoxicity analysis
The HuCCA cells and BHK-21 cells were seeded at 

into 96 wells tissue culture plate and incubated under 5% 
CO2 at 37 °C for 24 h. Afterward, the cell were incubated 
for 24 h with BA and 5-FU at various concentrations (50, 
100, 200, 400, 800 µg/mL) control (0 ug/mL) for each 
compound. Next, the medium was removed from each 
well. 100 µL of MTT solution (0.5 mg/mL) was added into 
each well and the solution was incubated for 4 h at 37°C 
under the darkness (Christy et al., 2007). Then 100 µL 
of DMSO was added into each well to solubilize the blue 
formazan products and incubated for 5 min in the dark 
at room temperature. The absorbance of the sample was 
determined spectrophotometrically at OD 490 nm using 
a microplate reader (Bio-Rad, Hercules, CA). The results 
were used to evaluated 50% inhibition concentration 
(IC50). The cytotoxicity was determined by the MTT assay. 
The testing was done for three independent experiments.

Nuclear Morphology assay   
The nuclear morphological changes correlative with 

apoptosis was analyzed by nuclear staining Hoechst 
33342 (Sigma-Aldrich Co., St. Louis, MO, USA). After 
treatment with BA, HuCCA cells were fixed in cold 
methanol and acetic acid (3/1, v/v) at 4°C overnight. Later 
on, the cells were stained with Hoechst 33342 for 30 min 
in dark. Next, they were washed with PBS, mounted with 
80% glycerol in PBS and assessed under a fluorescent 
microscope.

Quantitative real-time polymerase chain reaction for 
gene expression

Total RNA from HuCCA cells were extracted 
using GENEzol reagent (Geneaid biotech, Taiwan) 
and isolated using RNeasy Mini kit (Qiagen, German): 
one microgram of total RNA was treated with DNase 
I (Invitrogen, USA). The total RNA was converted to 
cDNA using iScriptTM cDNA synthesis Kit (Bio-rad, 
USA) according to manufacturer’s protocol. Quantitative 
real-time PCR using define the exposition levels of Bcl-2, 
Bax, caspase-3 and GAPDH were performed in Luna® 
Universal qPCR Master Mix (New England BioLabs, 
USA), and was processed in an ABI 7500 Real-time 
PCR system (Applied Biosystems, Foster City, CA). The 
specific primers were designed according to the full cDNA 
sequence of p53 (accession   KY907142), Bax (accession 

Gene name Forward primer Reverse primer
p53 GAACAGCTTTGAGGTGCGTG AGAGGAGCTGGTGTTGTTGG
Bax TCCCACCAGGCTTCATTCAC CAGAGGGAGCAAAGCATCCA
Bcl2 TGCAGGTGTTGCTGGAGTAG GCTAGGTTGCTAGGGTGCAA
caspase3 GCTCATACCTGTGGCTGTGT ACACCCACCGAAAACCAGAG
GAPDH GTCAAGGCTGAGAACGGGAA AAATGAGCCCCAGCCTTCTC

Table 1. Primer Sequence Used for Quantitative Real-Time Polymerase Chain Reaction
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nuclear chromatin condensation and fragmentation which 
indicates nuclear damage in the treated cells (Figure 3B) 
whereas the control group shows uniform staining nuclei 

(Figure 3A). Using the nuclear morphological changes 
indicative of apoptosis. This result suggests that BA could 
induce apoptosis in HuCCA cells.

Figure 1. NMR Spectrum of Betulinic Acid Extracted from Guava (Psidium guajava Linn.) Leaves. (A) The H1 NMR 
(500 MHz), (B) The 13C NMR spectrum (125 MHz) and (C) The DEPT-135 and DEPT-90.

Figure 2. The Effect of BA on the Cell Viability by MTT Assay Examined at 24 h. (A) Cell viability of HuCCA and 
BHK-21 cell lines after treatment with BA. (B) Cell viability of HuCCA cells after treatment with BA compared with 
5-FU. All values are presented in mean ± SD, *** p < 0.001.
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Effect of BA on gene expression
The expression levels of Bax, Bcl-2, caspase-3 and p53 

in BA treated HuCCA cells were measured by Quantitative 
real-time PCR. The results showed that the treatment with 
BA increase p53, Bax and caspase-3 levels (Figure 4A, 4B 
and 4C) but decreased Bcl-2 levels in HuCCA cells in a 
dose-dependent manner when compared with the control 
group (Figure 4D). These resulted in an increasing ratio 
of Bax/Bcl-2 in the BA treated group in a dose-dependent 
manner (Figure 5). In all values obtained, statistically 

significant differences were found when compared to the 
control group (p<0.05).

Discussion

BA is a natural product that is isolated from many 
plant species. Guava (Psidium guajava Linn.) leaves 
are one of the plants contains that BA. This substance 
exerts several biological effects, such as antibacterial, 
anti-inflammatory, antiparasitic, antiviral and anticancer 

Figure 3. Apoptosis Involved Nuclear Condensation and Fragmentation on HuCCA Cells. After 24 h treatment with 
BA was stained with Hoechst 33342 and measured by fluorescence microscopy at 40x magnification. (A) Control 
and (B) BA treatment group. White arrows show condensed and fragmented nuclei as the characteristic of apoptosis.

Figure 4. Gene Expression in HuCCA Cells after BA Treatment for 24 h. Gene expression levels of (A) p53, (B) Bax, 
(C) Caspase-3, and (D) Bcl-2 were examined and compared with untreated group. *** p < 0.001.
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activity (Einzhammer and Xu 2004; Simone 2008: 
Wojeiech et al., 2006). Meanwhile, there has been no 
previous reports about the cancer inhibition effect of BA 
isolated from guava leaves. This is the first report for the 
effect of guava leaves extract on the inhibition of human 
cholangiocarcinoma cells. 

The current study displays the decrease in HuCCA 
cell viability in response to the BA which was extracted 
from guava (Psidium guajava Linn.) leaves. However, 
low toxicity of BA in BHK-21 cells was presented. 
Accordingly, the cancer cell viability was arrested by 
BA. Whilst there was less toxic effect than normal cells. 
Furthermore, the results also demonstrated both BA and 
5-FU presents the similar actions on the reduction in 
HuCCA cell viability at the similar concentration, 5-FU 
is one of the chemotherapy used for cancer treatment. 
The previous research showed that 5-FU induces 
cancer cell necrosis, by which the normal cells are also 
affected (Chen et al., 2014). Our data demonstrated that 
apoptosis was induced following the treatment with the 
BA. The growth inhibition effect of BA on HuCCA cells 
was likely to be regulated through apoptosis because 
the cells exhibited the nuclear morphology which is 
typical characteristic of apoptosis including chromatin 
condensation and nuclear fragmentation. Evidently, the 
induction of apoptotic cell after treatment of BA leads 
to the reduction in HuCCA cell viability. In addition, 
the investigation of the expression levels of apoptosis 
involved genes in the BA treated cells showed an increase 
of Bax, caspase-3 and p53 genes whereas, the decrease of 
Bcl-2 gene leading the up-regulation of Bax/Bcl-2 ratio 
was found. In our experiment BA enhanced p53 gene 
expression. p53 is a tumor suppressor gene. The p53 can 
eradicate neoplastic cells which induced apoptosis (Kerr 
et al., 1972). The p53 activates the intrinsic pathway 
through the induction of Bax gene as pro-apoptotic gene 
in Bcl-2 family (Thornborrow et al., 2002; Susan et al., 
2003). The Bcl-2 family are apoptosis controllers, which 
comprise anti-apoptotic gene (Bcl-2, Mcl-1, Bcl-xL) 

Figure 5. Gene Expression in HuCCA Cells after BA Treatment for 24 h. The ratio of Bax and Bcl-2, was examined 
and compared with untreated group. *** p < 0.001.

and pro-apoptotic genes (Bax, Bak, Bad) (Li et al., 
2008). The Bcl-2 family plays an essential role in the 
apoptosis pathway through the mitochondrial pathway 
(Green and Reed, 1998; Oltersdorf et al., 2005). The 
mitochondrial pathway is major induction of destruction 
in mitochondrial via differentiation of Bax/Bcl-2 ratio. 
Enhancing Bax activates the intrinsic apoptotic pathway 
by inducing permeabilization of the outer mitochondrial 
membrane, causes a release of cytochrome C into the 
cytoplasm and subsequently increase of caspase but, 
decrease in Bcl-2 (Li et al., 2008; Tilli et al., 2002; Camin 
et al., 2008). Cytochrome C releasing from mitochondria 
directly stimulates caspase-9 which result in caspase-3 
stimulation. The caspase-3 plays a significant role in 
differentiating the nuclear DNA in apoptotic cells. (Tilli 
et al., 2002; Bras et al., 2005). BA extract from guava 
leaves could activate p53 result in decrease HuCCA cell 
viability via intrinsic apoptosis pathway. This result was 
different from previous studies. BA, which is not extracted 
from guava leaves, will induce growth arrest of ovarian 
carcinoma (A 2780), cervix carcinoma (A 431) and small 
lung carcinoma (POGB) independent of p53 gene (Zuco et 
al., 2002). Therefore, it was obvious that the induction of 
apoptotic cells after BA treatment was a cause of inhibiting 
in HuCCA cell viability. In this experiment, increase of 
p53, Bax, caspase-3 level and decrease of Bcl-2 level, 
result in increase Bax/Bcl-2 ratio in the BA treatment 
group promote HuCCA cells apoptosis. 

In conclusion, our experiment demonstrates that the 
BA from guava leaves potentially inhibit the HuCCA cell 
viability and induce apoptosis in a dose-dependent manner. 
This apoptotic response was found to be correlated with 
the increase in p53 and induce stimulation of pro-apoptotic 
gene (Bax). This gene plays a major role in apoptosis 
pathway through mitochondrial pathway leading to the 
increase in Bax/Bcl-2 ratio and also induce stimulation 
of caspase-3. Consequently, BA from guava leaves 
might be used as an energetic substance as a result of 
its capable viability inhibitors of HuCCA cells and low 
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toxicity to normal cell. Mechanism of BA extract from 
guava leaves in vivo and modify BA structure also awaits 
further determination for development as agent used for 
the cholangiocarcinoma treatment.
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