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Abstract Animal bile is popularly used as a traditional medicine in China, and bile acids are
their major bioactive constituents. In the present study, effects of bile extract from crocodile
gallbladder on QBC939 cell growth, cell cycle, and apoptosis were investigated by MTT
assay, inverted microscopy, fluorescence microscopy, transmission electron microscopy,
scanning electron microscopy, PI single- and FITC/PI double-staining flow cytometry, and
western blotting. Our data have revealed that bile extract inhibited cells growth significantly,
and the cell cycle was arrested in G1 phase. Bile extract induced QBC939 cell apoptosis,
which was associated with collapse of the mitochondrial membrane potential and increase of
ROS. In bile extract-treated cells, it was observed that the expression of bcl-2 decreased and
cytochrome c released to cytosol, but the expression of bax remained unchanged. The data
indicated that mitochondrial pathway might play an important role in bile extract-induced
apoptosis in QBC939 cells. These results provide significant insight into the anticarcino-
genic action of bile extract on cholangiocarcinoma cells.
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ROS Reactive oxygen species
Δ<m Mitochondrial transmembrane potential
PI Propidium iodide
FBS Fetal bovine serum
MTT 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide
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HRP Horseradish peroxidase
ECL Enhanced chemiluminescence
TEM Transmission electron microscopy
SEM Scanning electron microscope
Rh123 Rhodamine 123
DCFH-DA 2,7-Dichlorofluorescein diacetate
DCF 2,7-Dichlorofluorescein

Introduction

Animal bile, such as bear bile and snake bile, contain high amounts of bile acids and have
been used as traditional medicines for a long history in China. Both bear and snake bile
solutions were shown to have anti-inflammatory, anticonvulsion, and analgesic effects. It has
been reported that several unconjugated bile acids may play some roles in the development
of intestinal tumors [1]. Meanwhile, these acids showed anticancer activities [2]. It is worth
mentioning that the ursodeoxycholic acid was used for the prevention of gastrointestinal
disorders in patients having various cancers (stomach, colon, lung, breast, and liver) [3]. It
has been evaluated in clinical phase III trial and has statistically significant 39% reduction in
recurrence of adenomas with high-grade dysplasia [4].

Crocodylus siamensis is one of the species of freshwater crocodile that was originally
distributed throughout South East Asia. Now, the crocodile can be farmed with providing a
suitable habitat. Commercial crocodile farms produce hides and meat as major products. Bile
from Alligator mississippiensis was found to contain a mixture of more than 20 bile acids,
bile alcohols, and neutral sterols, such as chenodeoxycholic acid, ursodeoxycholic acid,
cholic acid, allocholic acid, deoxycholic acid, and so on [5]. The contents of C. siamensis
bile extracts are quite similar with snake bile [6]. It is reasonable to think that bile from C.
siamensis also have anticancer activities. Through our research of C. siamensis bile extracts,
we hope to find out whether it has anticancer activity. And if it does, what is the mechanism?

Cholangiocarcinoma (CCA) is an aggressive and lethal cancer arising from the neoplastic
transformation of the epithelial cells that line the intra- and extra-hepatic bile ducts [7]. Its
incidence has been increasing worldwide over the past several decades [8], and it accounts now
for 10–15% of all hepatobiliary malignancies [9]. The prognosis for CCA patients is quite poor
due to the lack of an early diagnosis and the fact that the tumor is relatively resistant to
chemotherapy [10]. Therefore, novel treatment strategies directed against CCA are needed.

In this study, we investigated the inhibitory effects of bile extracts of Siamese crocodile
on the growth of CCA cells in vitro by determining its apoptosis-inducing capabilities and its
potential mechanism.

Materials and Methods

Reagents

Gallbladders of C. siamensis was supplied by Sriracha Tiger Zoo Co., Ltd. in Thailand. 3-
(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT), bisbenzimide (Hoechst
33258), propidium iodide (PI), and rhodamine 123 (Rh123) were purchased from Sigma-
Aldrich Co. (St. Louis, MO, USA). Primary antibodies of bax, bcl-2, cytochrome c, β-actin,
and horseradish peroxidase (HRP)-conjugated secondary antibodies were purchased from
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Santa Cruz Biotechnology, Inc. (CA, USA). All other reagents were of analytical reagent
quality.

Extract of Bile

The bile juice was suspended in distilled water at 4 °C for 24 h. The mixture was centrifuged
at 10,000×g for 20 min at 4 °C using a Sigma Laborzentrifugen refrigerated centrifuge
(Osterode Harz, Germany). The supernatant was collected and dehydrated by using vacuum
freeze-drying method to produce bile powder. And then the bile powder was stored at −20 °C
for further research.

Cell Culture and Treatment

QBC939 cells were provided by Professor Shu-Guang Wang from Southwest Hospital, the
Third Military Medical University, Chongqing, China. The cells were cultured in RPMI-
1640 medium supplemented with 10% FBS, 100 U/ml of ampicillin, and 100 μg/ml of
streptomycin sulfate at 37 °C in a humidified atmosphere under 5% CO2.

Cell Viability Assay

Cell proliferation was assessed by MTT method [11].

Hoechst 33258, Transmission Electron Microscopy (TEM), and Assessment of Cell Cycle
and Apoptosis by Flow Cytometry

These studies were performed as previously described [12].

Scanning Electron Microscope (SEM)

Cells were fixed in 2.5% glutaraldehyde for 2 h at 4 °C, stained in 1% osmium tetroxide for
2 h at 4 °C, dehydrated using gradient alcohol, dried at the critical point, gold evaporated,
and observed using a scanning electron microscope (JSM-6390; JEOL Ltd., Japan).

Reactive Oxygen Species (ROS)

Cells were incubated with 10 μM 2, 7-dichlorofluorescein diacetate (DCFH-DA) at 37 °C
for 15 min. DCF fluorescence was detected by flow cytometry. The fluorescence was
measured at excitation 488 nm and emission 525 nm.

Mitochondrial Transmembrane Potential (Δ<m)

Cells were incubated with 10 μg/ml rhodamine 123 (Rh123) at 37 °C for 30 min. The
changes in Δ<m were analyzed by flow cytometry, with the single beam at 488 nm
excitation wavelength and 530 nm emission wavelength.

Western Blotting Analysis

Cells were lysed in RIPA buffer [10 mM Tris (pH 7.4), 150 mM NaCl, 0.5% NP-40, 0.1%
SDS, 0.1% deoxycholate, 1 mM PMSF, 2 mM sodium fluoride, and 1 mM sodium
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orthovanadate] for 40 min. Cell fractionation was performed with a mitochondria/cytosol
fractionation kit (BioVision, USA). Samples (15–20 μg) were subjected to 10–15% SDS–
PAGE gel and transferred onto polyvinylidene difluoride (PVDF) membranes (Millipore,
Bedford, MA, USA), which were then incubated with specific primary antibodies. Blots
were then incubated with horseradish peroxidase-conjugated secondary antibodies and
detected using ECL system (Pierce Co., USA).

RNA Extraction and Quantitative Real-Time PCR

Total RNAwas extracted from cells using the RNAiso plus Kit (Takara, Japan) following the
manufacturer’s instructions and reverse-transcribed in 20 μl total volume using the SYBR
PrimeScript RT-PCR kit. The process of reverse transcription was 37 °C for 15 min (reverse
transcription reaction) and one cycle at 85 °C for 5 s (denaturation of reverse transcriptase).
The synthesized cDNA was stored at −80 °C. The mRNA levels for bax, bcl-2 in each
sample were determined by a quantitative real-time PCR. The primers used for real-time
PCR were as follows: bax primers (forward 5′-TTTGCTTCAGGGTTTCATCC-3′ and
reverse 5′-CAGTTGAAGTTGCCGTCAGA-3′); bcl-2 primers (forward 5′-ACTT
GTGGTCCAGATAGG-3′ and reverse 5′-CGACTTCGCCGAGATGTC-3′). β-Actin (inter-
nal standard) primers (forward 5′-CATGTACGTTGCTATCCAGGC-3′ and reverse 5′-
CTCCTTAATGTCACGCACGAT-3′). Real-time quantitative PCR was performed using
the SYBR PrimeScript RT-PCR Kit in accordance with the manufacturer’s instruc-
tions. Then, PCR was carried out in a Rotor-Gene 6000 (Corbett Research, Australia)
according to the following protocol: 30 s at 95 °C, one cycle; 10 s at 95 °C and 40 s at 57 °C,
45 cycles. Fluorescence was detected at the annealing stage of each cycle. A melting
curve was generated during the reactions to check for the possibility of primer–dimer
formation. The 2−△△Ct method was used to calculate the relative mRNA level of each
gene.

Caspase 3 Activity Assay

Caspase 3 activity in the treated QBC939 cells was assayed according to the caspase
3 colorimetric assay kit (Kaiji Bio Co., Nanjing, China). Cells were lysed by
incubation with cell lysis buffer on ice for 1 h, and then centrifuged at 10,000×g
for 1 min. Enzymatic reactions were carried out in a 96-well microplate. To each
reaction sample, 50 μl cell lysate was incubated with substrate for 4 h at 37 °C
before measurement of the absorbance at 405 nm. Two additional controls, one
without cell lysate and the other without substrate, were included. Total protein was
determined by the Coomassie brilliant blue method.

Results

Anti-proliferative Effects of Bile Extract on QBC939 Cells

QBC939 cells were treated with 31.25, 62.5, 125, 250, 500, and 1,000 μg/ml bile
extract for 24, 48, or 72 h. Cell viability was detected by the MTT method. As shown
in Fig. 1, bile extract had a significant time- and dose-dependent inhibitory effect. The
inhibitory rate of 250 μg/ml on QBC939 cells at 48 h counted to 64% compared with
control.
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Morphological Changes of QBC939 Cells

Under the optical microscope, QBC939 cells are adherent cells with the morphology
of fibroblasts, spindle and polygon in shape. After being exposed to 200 μg/ml bile
extracts for 48 h, cells were generally smaller in size, and cell clone numbers
decreased obviously (Fig. 2a). When cells were stained with Hoechst 33258, the
structure of apoptotic bodies, a classic character of apoptotic cells, was found in bile
extract-treated cells (Fig. 2b).

After being exposed to 200 μg/ml bile extract for 48 h, under the TEM, the cells
showed early changes in apoptosis with cytoplasm blebbing (Fig. 2c). When observed
by SEM, the control group showed numerous microvilli over the surface of the cells.
Bile extract-treated cells showed heavy shrinkage of the cell body and blebbing of the
membrane surface. The surface of many cells became relatively smooth without
obvious microvilli (Fig. 2d).

Bile Extract Induced Cell Cycle Arrest and Apoptosis of QBC939 Cells

Cell cycles of QBC939 cells treated with bile extract for 48 h showed an accumula-
tion of cells in G0/G1 phase in a dose-dependent manner from 33.71% (control) to
65.71% (200 μg/ml) (Fig. 3a). Meanwhile, we measured the cells using Annexin V-
FITC and PI double-staining flow cytometry. Apoptotic cells were localized in the
lower right quadrant of the dot-plot graph as shown in Fig. 3b. The proportion of
apoptotic cells in 0, 100, 200, and 300 μg/ml bile extracts-treated cells were 0.99%,
20.93%, 11.10%, and 8.18%, respectively.

Bile Extract-Induced Cell Apoptosis was Associated with the Collapse of the Mitochondrial
Membrane Potential and the Increase of ROS

We investigated whether the generation of intracellular ROS is part of the mechanism by
which bile extracts induced apoptosis of QBC939 cells. Treatment with 0, 100, 200, and
300 μg/ml bile extract for 24 h resulted in a dose-dependent increase in ROS level compared
with control (Fig. 3c).

To further elucidate the mechanism of bile extract-induced apoptosis in QBC939 cells,
we detected the alterations in Δ<m by flow cytometry. As shown in Fig. 3d, we observed a
hypofluorescence peak (reduction of Rh123 staining) after administration of bile extract for
48 h, and it became more manifest with the increasing concentration of bile extract.
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Fig. 1 Growth inhibitory effects
of bile extract on QBC939
cells. Exponentially growing
QBC939 cells were treated
with different concentrations of
bile extract for different time
periods. The cell growth
inhibition was analyzed by MTT
assay
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Effect of Bile Extract on the Expression of Cytochrome c, bax, bcl-2, and the Activity
of Caspase 3

In order to understand more about the molecular mechanism of apoptosis in QBC939 cells
after bile extract treatment, we examined the effect of bile extract on bax, bcl-2 mRNA and
protein expression. The results showed that bile extract down-regulated bcl-2 mRNA and

(A)

(C)

(D)

(B)

Fig. 2 Morphological changes in
the QBC939 cells after exposure to
different concentrations (0 or
200 μg/ml) bile extract for
48 h. a Morphological changes
captured using ordinary inverted
microscopy without any staining
(magnification ×100). b
Morphological changes captured
using fluorescence microscopy
with Hoechst 33258 staining
(magnification ×400). c Morpho-
logical changes captured using
transmission electron microscope
(magnification ×1,000).
d Morphological changes captured
using scanning electron micro-
scope (magnification ×5,000)
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protein expression, whereas the bax mRNA or protein expression remained unchanged,
leading to an increase in the bax/bcl-2 ratio (Fig. 4a, b). In addition, we investigated the
expression of cytochrome c. After treatment with bile extract, the amount of cytochrome c in
the mitochondria of the cells was decreased, but the amount of cytochrome c in the cytosol
was increased (Fig. 4a), suggesting that the cytochrome c was released from mitochondria.

Fig. 3 Effect of bile extract on cell cycle distribution and apoptosis in cholangiocarcinoma cells. a Effect of
bile extract on QBC939 cell cycle distribution. Cell cycle analysis using flow cytometry with PI staining
showing DNA histograms of QBC939 cells. b Flow cytometry analysis for the apoptotic death of QBC939
cells. c Effect of bile extract on ROS generation. QBC939 cells were treated with different concentrations of
bile extract for 24 h. d Effect of bile extract on the Δ<m of QBC939 cells. The increase in Rh123
hypofluorescence indicated the decrease in Δ<m
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Meanwhile, the activity of caspase 3 increased significantly in QBC939 cells after treated
with bile extract for 48 h (Fig. 4c).

Discussion

Apoptosis, which plays an important role in the development and tissue homeostasis of
eukaryotes, is a normal form of cell death characterized by a series of morphologic changes.
Induction of apoptosis is a highly desirable goal of preventive strategies for cancer control [13].

In this study, the treatment of QBC939 cells with bile extract resulted in the inhibition of
cell growth in a time- and dose-dependent manner. There were significant morphological
changes in QBC939 cells after exposure to bile extract. Our further experiments showed that
apoptosis induction and cell-cycle progression blockage were equally responsible for the
inhibition of the tumor cell growth. The control of cell-cycle progression in cancer cells is
considered an effective method to stop or slow down tumor growth. Many anticancer agents
arrest the cancer cell cycle at the G1, S, and G2/M phase [14]. The current study found that
the bile extract caused cell-cycle arrest in the G1 phase.

(C) 

0

1

2

3

4

5

0 100 200 300

Concentration (µg/ml)

C
as

p
as

e 
3 

ac
ti

vi
ty

(O
D

40
5/

m
g 

p
ro

t.
) 48 h

0

0.4

0.8

1.2

bax bcl-2R
el

at
iv

e 
m

R
N

A
 e

xp
re

ss
io

n

control

bile extract 

(B)

(A)
Fig. 4 Apoptosis induced by bile
extract involved mitochondrial
caspase-dependent pathway in
cholangiocarcinoma cells. a Effect
of bile extract on the expression of
cytochrome c, Bax, and Bcl-2 in
QBC939 cells. QBC939 cells were
treated with 200 μg/ml bile extract.
b Bax and Bcl-2 mRNA expres-
sion in QBC939 cells by treatment
with 200 μg/ml bile extract for 48
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housekeeping geneβ-actin, and the
data are presented as the percent
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β-actin gene expression from con-
trol. c Effect of bile extract on cas-
pase 3 activity in QBC939 cells.
The cells were treated with diffe-
rent concentrations of bile extract
for 24 or 48 h and analyzed for
caspase 3 activity
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There are several signaling pathways that lead to the activation of apoptotic
machinery [15]. Two major apoptotic pathways have been identified in mammalian
cells. One is the intrinsic pathway and another is the extrinsic one [16, 17]. The
intrinsic pathway involves the cell oxidative stress that triggers the mitochondria-
dependent pathway, resulting in the induction of decreased mitochondrial membrane
potential, cytochrome c release from mitochondria into cytosol. This release of
cytochrome c in turn activates caspase 9. Caspase 9 can then go on to activate
caspase 3 and caspase 7, which are responsible for destroying the cell [17]. Our data
showed that bile extract induced a loss of mitochondria membrane potential and the
release of cytochrome c to cytosol. Meanwhile, caspase 3 activity was increased
significantly in QBC939 cells. The data suggested that apoptosis induced by the bile
extract involved mitochondria-mediated mechanism.

In induced apoptosis, interactions between bax and bcl-2 proteins on mitochondria
have been postulated to associate with apoptotic pathways [18]. The ratio of bax/bcl-2
determines survival or death following apoptotic stimulus. In the present work, bile
extract decreased bcl-2 mRNA and protein expression, while the mRNA or protein
expression of bax remained unchanged, leading to an increase in the bax/bcl-2 ratio.
The work suggests that the apoptosis under the bile extract treatment was by regu-
lating the ratio of bax/bcl-2.

ROS are products of normal metabolism and xenobiotic exposure, and depending on their
concentration, ROS can be beneficial or harmful to cells and tissues. At physiological low
levels, ROS function as “redox messengers” in intracellular signaling and regulation,
whereas excess ROS induce oxidative modification of cellular macromolecules, inhibit
protein function, and promote cell death. Various pathologies can result from oxidative
stress-induced apoptotic signaling that is consequent to ROS increases and/or antioxidant
decreases [19]. It has been shown that the accumulation of ROS could cause the loss of
Δ<m [20]. ROS generation is believed to mediate Δ<m reduction [21], which in turn
causes the release of cytochrome c and initiates the apoptotic cascade. In the present study,
the results indicated that bile extract could induce the accumulation of ROS production and a
decrease of Δ<m. The data offered the proof that ROS might play an important role in bile
extract-induced cancer cell apoptosis.

In conclusion, this study indicates that the crocodile bile extract have potent antitumor
activity toward QBC939 cells in vitro. The results suggest that the bile extract might be a
promising candidate for the treatment of QBC939 cells. Although the molecular mechanism
for bile extract-induced cancer cell apoptosis is poorly understood, cytochrome c and bcl-2
might be involved. Further studies are needed to examine its possibility as a lead compound
for development of novel antitumors.
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