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ABSTRACT 
 Cholangiocarcinoma (CCA), a bile duct cancer, is a significant health problem in 

Thailand. The major obstacle in CCA treatment is having no effective therapeutic regimen, 

particularly for late-stage disease. The potent effects of curcumin on CCA have previously been 

documented, but the application of curcumin has been limited by its solubility and stability. 

Therefore, this study used liposomes, a well-known drug delivery vehicle, to transport curcumin 

for enhancing its efficacy. Deoxycholic acid (DCA), a secondary bile acid that has its receptors 

located on bile duct cells, was selected for the preparation of liposome-mediated curcumin 

delivery by the thin-film hydration method. The efficacy of DCA-formulated curcumin-

containing liposomes (dLip/Cur) on two CCA cells, KKU-213A and KKU-213B, were compared 

with curcumin-containing liposomes (Lip/Cur) and curcumin alone by determinations of cell 

proliferation and apoptosis. The results demonstrate that IC50s of dLip/Cur in CCA cell lines 

were lower than those of other regimens. The growth inhibitory effect of dLip/Cur was partly 

due to the promotion of caspase-dependent apoptosis. Altogether, the usefulness of DCA-

formulated liposomes as an anti-cancer delivery system for CCA treatment is suggested herein. 

It might be useful as a novel vehicle for CCA treatment in the future. 
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1. Introduction  
Cholangiocarcinoma (CCA) is an 

epithelial cancer originating from bile duct 

lining cells. CCA is the second most common 

primary hepatic malignancy. The increasing 

incidence of newly diagnosed patients is 

considered a public health problem worldwide, 

which would contribute significant effects on 

both health and economic issues.1 The major 

limitations of CCA diagnosis and treatment 

are lack of specific disease markers and 

effective treatment regimens. These would 

lead to disease progression and high 

mortality. The pathogenesis of CCA remains to 

be explored but the major contributing factors 

are exclusively related to chronic inflammation 

such as primary sclerosing cholangitis, 

hepatolithiasis, and hepatobiliary fluke 

infection (commonly referred to as 

Opisthorchis viverrini, Ov).2-4 Hence, alleviation 

of chronic inflammation might provide benefits 

to CCA patients.  

The standard treatment for CCA is 

surgical removal; however, this would be of 

benefit only for a resectable cancer. For those 

who are in the advanced stages of the disease, 

adjunct therapies including chemotherapy, 

radiotherapy, and targeted therapy are suggested; 

however, the serious side effects and high 

toxicity against normal cells are still a major 

concern. Curcumin has been well studied 

worldwide for its anticancer effects in many 

types of cancer such as B cell lymphoma,5 

colon cancer6 and breast cancer.7 In CCA, 

functional significance of curcumin has been 

established. Curcumin inhibits CCA cell growth 

and induces apoptosis through NF-κB-,  STAT-

3- and caspase-dependent pathways.8,9 This 

suggests potent effects of curcumin on 

inflammation-related CCA. However, the 

major obstacles in curcumin usage are poor 

solubility and instability in a less acidic 

environment.10 Thus, the development of a 

curcumin delivery system to enhance the 

efficacy of curcumin by improving target 

specificity might provide an opportunity for 

CCA treatment. 

Liposomes are a drug delivery vehicle 

that is widely used to potentiate drug transport 

to a target site. Their amphipathic property 

provides a superior benefit to entrap medications 

with a wide range of physicochemical and 

biophysical properties. Phospholipid and 

cholesterol compositions are physiologically 

compatible. The lipid bilayer vesicle resembles 

the lipid bilayer and offers a large capacity for 

intravesicular drug loading.11,12 Different types 

of liposomes have been developed, ranging 

from conventional liposomes, hydrophilic 

polymer coated liposomes to ligand-targeted 

liposomes.13,14 Deoxycholic acid (DCA) is a 

secondary bile acid, which can bind to a G-

coupled protein receptor, TGR5 (or GP-BAR1, 

or M-BAR) located on CCA cells.15 The 

increased expression of TGR5 has been reported 

and the clinical significance in advanced CCA 

demonstrated.15 The therapeutic advantages of 

bile acids have provided opportunities for 

treatment development against hepatobiliary 

diseases such as cholestatic and metabolic 

liver diseases, and cancers.16 Moreover, DCA-

modified liposomes are a novel carrier for an 

anticancer drug. DCA-modified epirubicin-

containing liposomes have revealed their 

advantages for breast and melanoma treatment 

in vitro and in vivo,17 adding further support 

that DCA can bind to the G-coupled protein 

receptor TGR5 (or GP-BAR1, or M-BAR) 

located on CCA. Hence, the development of 

DCA-modified liposomes for curcumin delivery 

to CCA might offer clinical benefits and is of 

interest in the current study. 

The effects of DCA-formulated curcumin- 

containing liposomes (dLip/Cur) on CCA 

proliferation and apoptosis were investigated 

in CCA cell lines. Curcumin solution (Cur) and 

curcumin-containing liposomes (Lip/Cur) were 

used for comparison purposes. The underlying 

mechanism related to dLip/Cur-induced apoptosis 

was revealed. Altogether, the information from 

the current study might provide the opportunity 

for anti-CCA targeted treatment. 

 

2. Materials and Methods  
2.1 Cell culture 
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Two human CCA cell lines, KKU-213A 

and KKU-213B, were previously established 

from Ov-associated CCA tissues from Thai 

patients.18 Cell lines were obtained from the 

Japanese Collection of Research Bioresources 

Cell Bank, Osaka, Japan. Cells were cultured 

with DMEM (Wako Pure Chemical Industries, 

Osaka, Japan), supplemented with 10% fetal 

bovine serum (FBS) (HyClone Laboratories, 

Inc., UT, USA), 100 U/ml penicillin and 100 

µg/ml streptomycin. Cells were incubated at 

37ᵒC under a 5% CO2 atmosphere. 

2.2 DCA-formulated curcumin 

Liposomes were formulated by the thin-

film hydration method.19 Twenty-five mg DCA 

was added to generate DCA-modified liposome. 

Each preparation was evaporated and rehydrated 

by adding 10 ml of 0.1 M sodium chloride 

solution. The liposomes obtained were further 

sonicated on ice to reduce the particle size. To 

generate curcumin-containing liposome, 5 mg 

of curcumin (Merck, Darmstadt, Germany) was 

added to each formulation. After that Lip/Cur 

and dLip/Cur were filtrated through a 0.45 µm 

cellulose membrane to remove non-

encapsulated curcumin particles. The ratios of 

phosphatidylcholine : DCA : curcumin were 0 

mg : 0 mg : 5 mg (Cur; standard solution), 100 

mg : 0 mg : 5 mg (Lip/Cur; formulation 

control), and 100 mg : 25 mg : 5 mg (dLip/Cur; 

tested formula). The concentrations indicated 

in this study refer to the curcumin concentration 

in each formulation analyzed by entrapment 

efficiency (%EE) using a direct method.   

Briefly, curcumin-entrapped liposomes were 

solubilized in methanol then filtrated to be 

analyzed by HPLC. The area under the curve 

(AUC) of each curcumin formulation was 

calculated compared to the curcumin standard 

solution. 

2.3 MTT assay 

The effect of Cur, Lip/Cur, and dLip/Cur 

on cell number was determined in KKU-213A 

and KKU-213B cell lines by measuring 

mitochondrial dehydrogenase activity using 

3-[4,5,-dimethylthiazol-2-yl]-2,5-diphenyl tetra-

zolium bromide (MTT) as the substrate.20 

Briefly, 104 cells/well of 96-well plates were 

incubated with 10, 25 and 50 µM Cur (as 

control) and 10, 25, 50, 75 and 100 µM Cur for 

Lip/Cur, or dLip/Cur, for 24 h. All curcumin 

formulations were dissolved in complete 

DMEM for the required concentrations. Then 

MTT solution was added onto cells to reach a 

final concentration of 0.5 mg/mL and the cells 

were incubated for an additional 2 hours. 

Afterwards, formazan crystals were dissolved 

with 0.04 N HCl in isopropanol. The 

absorbance was measured at 570 nm using a 

microplate reader (Multiskan; Thermo Fisher 

Scientific, Inc., MA, USA). The OD570 of 

untreated samples was adjusted to 100%. 

2.4 Flow cytometry analysis 

KKU-213A were treated with 50 µM Cur 

and 100 µM Lip/Cur, or dLip/Cur and incubated 

for 6-8 hours. Cells were washed twice with 

phosphate buffered saline (PBS). Apoptotic 

induction was assessed by Muse™ Annexin V 

& Dead Cell Kit (Merck, Darmstadt, Germany) 

following the manufacturer’s instructions. In 

brief, 105 cells were stained with a mixture of 

annexin V-phosphatidyl serine and 7-AAD-

dead cell marker. Stained cells were analyzed 

by Muse™ Cell Analyzer (Merck, Darmstadt, 

Germany). 5x103 acquired cells were gated to 

detect apoptotic cells as annexin V-positive 

(+). 

Activation of caspase-3/7 was 

measured by Muse™ Caspase-3/7 Kit as 

recommended by the manufacturer (Merck, 

Darmstadt, Germany). In brief, 5x104 cells 

were incubated with caspase-3/7-FITC for 30 

minutes, then stained with 7-AAD. The 

stained cells were measured by the Muse™ 

Cell Analyzer (Merck, Darmstadt, Germany). 

3x103 acquired cells were gated to caspase 

3/7-activated apoptotic cells which were 

caspase-3/7 positive (+). 

 

3. Results  
3.1 Cell viability  

The effects of Cur, Lip/Cur, and dLip/Cur 

on KKU-213A and KKU-213B viabilities 

were determined by MTT assay. Curcumin 

concentration of 10, 25 and 50 µM (for Cur, 

Lip/Cur and dLip/Cur) and 75 and 100 µM 
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(for Lip/Cur and dLip/Cur) were added onto 

the CCA cells. Cell viability was observed at 

24 h after treatment. The viability of untreated 

cells was adjusted to 100%. Percent viabilities 

of KKU-213A and KKU-213B are shown in 

Fig. 1. The half maximal inhibitory concentration 

(IC50) was calculated by an equation obtained 

from a linear graph, shown in Table 1. IC50s 

of Cur, Lip/Cur, and dLip/Cur in KKU-213A 

were 40.7, >100 and 32.8 μM, and were >50, 

>100 and 41.8 μM in KKU-213B. The results 

show that dLip/Cur suppressed KKU-213A 

and KKU-213B with higher cytotoxicity than 

Cur and Lip/Cur. 

 
Table 1.  Half maximal inhibitory concentration (IC50) of different curcumin formulations on 

cell viability of KKU-213A and KKU-213B cells at 24 h. 

 

Curcumin 

formulation 

IC50 (μM) 

KKU-213A KKU-213B 

Cur 40.7 >50 

Lip/Cur >100 >100 

dLip/Cur 32.8 41.8 

 

 

Fig. 1. The anti-proliferative effects of 3 curcumin formulations on two CCA cell lines, KKU-213A (A) 

and KKU-213B (B). Cells were treated with various concentrations of curcumin (, Cur), curcumin-

containing liposomes (, Lip/Cur) and DCA-modified curcumin-containing liposomes (◼, dLip/Cur) for 

24 h. The relative cell numbers were determined by MTT assay. The number of untreated cells was set 

as 100%. Data are presented as means  standard deviations (SD) from three independent experiments. 
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3.2 Apoptosis induction 

The growth inhibitory effect of dLip/Cur 

was further studied with a focus on apoptotic 

induction. KKU-213A was selected as a 

representative cell line for investigation. 

Cells were treated with 50 µM of Cur and 

100 µM Lip/Cur or dLip/Cur for 6 hours, 

then apoptotic cells were measured by 

Muse™ Annexin V & Dead Cell Kit and 

Muse™ Cell Analyzer. The percentage of 

apoptotic cells was calculated fromAnnexin 

V positive cells as shown in Fig. 2A. Dot plots 

of dLip/Cur induced KKU-213A apoptosis 

are presented in Fig. 2B. Apoptotic cells 

observed in untreated control, Cur-, Lip/Cur- 

and dLip/Cur-treated cells were 0.28±0.03%, 
6.91±2.12%, 6.8±1.23% and 37.14±2.65%, 

respectively.  

 

3.3 Caspase-3/7-dependent apoptosis 

To demonstrate the involvement of 

caspase 3/7 in apoptosis induction, its activation 

was determined in drug-treated KKU-213A 

by Muse™ Caspase-3/7 Kit and Muse™ Cell 

Analyzer. As shown in Fig. 3, caspase-3/7 

activation was clearly observed in dLip/Cur-

treated KKU-213A when compared to Cur 

treatment. The proportions of caspase 3/7-

activated cells were 5.08±2.43% and 35.12±6.29% 

in Cur- and dLip/Cur-treated cells. The percentage 

of caspase 3/7 activation in dLip/Cur-treated 

cells was 6.9-fold higher than in Cur-treated 

cells. 
 
4. Discussion 

The higher potency of dLip/Cur over 

Cur is similar to that of DCA-modified 

liposomes containing paclitaxel,21 sorafeni22 

or epirubicin17 compared to chemotherapeutic 

agent alone. Previous studies of DCA-

modified anticancer drug-loaded liposomes 

have suggested that the higher toxicity of 

DCA-modified liposomes is due to the 

enhanced cellular uptake. However, the 

advantages of DCA-modified liposome and 

dLip/Cur in CCA were first reported in the 

current study. 

The percentage of apoptotic cells in 

dLip/Cur treatment was approximately 5 

times higher than for curcumin alone. 

Curcumin-induced apoptosis in this study 

was similar to that of a previous report.9 DCA 

induced apoptosis has been reported 

elsewhere,23,24 but the effects of DCA on 

TGR5 and transcriptional factor activation 

might hint at growth promoting effects rather 

than apoptosis induction.25,26 The strong 

apoptosis inducing effect of dLip/Cur was 

similar to that of other DCA-modified 

liposomes,21,27,28 but greater potency is 

reported herein when compared to another 

study in breast cancer cells.21 Paclitaxel 

loaded DCA micelles induced 2-fold higher 

apoptotic cell death than those treated with 

free paclitaxel in MCF-7 cells.21 The stronger 

apoptosis induction might be promoted by 

the higher of TGR5 in CCA cells,15 and the 

requirement of TGR5 for cholangiocyte 

proliferation.29 

The curcumin-induced caspase-3-

dependent apoptotic pathway has been 

reported in several cancer cells, including 

CCA.9,30,31 Moreover, activation of caspase-

3, -8, -9 and PARP cleavage were reported in 

curcumin-treated CCA cells.9 In the current 

study, the percentage of caspase-3/7-activated 

cells was less than the percentage of annexin 

V positive cells. This might imply the involvement 

of a caspase-independent apoptosis pathway 

in dLip/Cur-treated CCA cells.32,33 However, 

strong caspase 3/7 activation in dLip/Cur 

suggests caspase-dependent apoptosis as a 

major pathway.
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Fig. 2. dLip/Cur induces apoptosis in KKU-213A cells. Cells were treated with Cur (0 and 50 M), 

Lip/Cur, and dLip/Cur (0, 50, 75 and 100 M) for 6 h, and apoptotic cells were stained by Muse™ 

Annexin V & Dead Cell Kit and analyzed by Muse™ Cell Analyzer. (A) Apoptotic cells are Annexin V-

positive. Percentages of apoptotic cells are presented as mean  SD from three independent experiments 

for a Cur (0 M), Lip/Cur, and dLip/Cur (100 M). (B) Percentages of early apoptotic, late apoptotic and 

dead cells are demonstrated. Early apoptotic cells are Annexin V-positive (+)/7-AAD-negative (-); late 

apoptotic cells are Annexin V-(+)/7-AAD-(+); dead cells are Annexin V-(-)/7-AAD-(+). The statistical 

significance is shown as follows: *p<0.05. 

5. Conclusion 
The growth inhibition and caspase-

dependent apoptosis induction of DCA-

formulated curcumin-containing liposome 

(dLip/Cur) on CCA cells has been reported 

in the current study. The effects were 

stronger than those of curcumin alone (Cur) 

and curcumin-containing liposome (Lip/Cur). 

dLip/Cur effectively inhibits CCA cell viability  

and induces caspase-dependent apoptosis. 

Altogether, the results suggest that DCA-

modified liposomes are a candidate delivery 

system for poorly soluble agents and that 

dLip/Cur is a potential regimen for CCA 

treatment. However, additional studies in 

vivo and on the effects of DCA in CCA cell 

apoptosis are required. 
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Fig. 3. dLip/Cur induced caspase 3/7 activation in KKU-213A cells. Cells were treated with 50 µM Cur, 

or 100 µM dLip/Cur for 6 h and caspase 3/7-activated cells were quantified by Muse™ Caspase-3/7 

staining and Muse™ Cell Analyzer. Percentages of caspase 3/7-activated cells equal the percentages of 

caspase 3/7-FITC-positive cells. 
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