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Introduction

Cholangiocarcinoma (CCA) is a cancer of the biliary 
epithelial cells that caused chronic inflammation induced 
by a liver fluke infection (Opisthorchis viverrini) (Huether 
et al., 2007). In Thailand, there is a high prevalence rate of 
CCA has been estimated as being up to 87.7 per 100,000 
in males and 36.3 per 100,000 in females (Tawarungruang 
et al., 2021) and incidence rate of  biliary tract cancer 
(BTC) as 38.6 per 100,000 population, where over 80% 
of BTC was CCA (Charonpongsuntorn et al., 2019). This 
cancer is a one of major public health problems in the 
Southeast Asian countries, leading cause of death in the 
northeastern region of Thailand (Boueroy et al., 2017). In 
comparison, the worldwide age-standardized incidence 
rate of CCA was 53.4 per 100,000 population in males 
and 18.5 in females from 2010 – 2012 (Tawarungruang 
et al., 2021). Aspirin, a non-steroidal anti-inflammatory 
drug (NSAIDs), has been demonstrated to decrease lipid 
synthesis, resulting in not only a reduction in fatty acid 
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and phospholipid production but also an inhibition of cell 
proliferation (Yang et al., 2017). Despite this, long-term 
usage of aspirin has harmful side effects, including 
internal organ hemorrhage. Aspirin irreversibly blocks 
the formation of thromboxane A2 in platelet aggregation 
(Warner et al., 2011). Nowadays, ibuprofen, naproxen, 
and diclofenac have been widely used to replace aspirin, 
with similar effects but lower adverse effects (Warner et 
al., 2011). These medications suppress cyclooxygenases 
(COX-1 and COX-2), which are enzymes that synthesizes 
prostaglandins that promote inflammation (Pantziarka 
et al., 2016). However, information about the effects of 
ibuprofen, naproxen, and diclofenac on CCA and their 
mechanisms of action has been limited. Accordingly, 
the researchers are interested in learning more about the 
preliminary effects of these drugs on cell proliferation, 
lipogenesis, and the mechanisms that affect to CCA cells 
proliferation. The findings could help the development of 
future CCA prevention-related research.
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Meterials and Methods

Cell Culture
The current study was based on two human intrahepatic 

CCA cell lines; namely KKU-M139 and KKU-213B, all 
of which were established from the CCA patients residing 
in opisthorchiasis endemic areas in Northeastern Thailand 
at the department of pathology, faculty of medicine, Khon 
Kaen University. KKU-M139 was derived from a patient 
with squamous carcinoma and KKU-213B from patients 
with moderately differentiated adenocarcinomas.  All cell 
lines were cultured in Ham’s F12 containing100 U/ml 
penicillin and 100 µg/ml streptomycin and supplemented 
with 10% fetal bovine serum at 37°C under 5% CO2 in 
incubator (Namwat et al., 2011). Hydrogen peroxide 
(H2O2) was used to induce CCA cells apoptosis, and the 
death cell control was heated to a 55oC for 90 minutes.

Chemicals 
CCA cells were treated with ibuprofen (sigma-aldrich, 

product no. I4883), naproxen (sigma-aldrich, product 
no. 46482), and diclofenac sodium salt (sigma-aldrich, 
product no. D6899) in low doses of 500 µM and high 
doses of 2 mM.

Cell viability assay 
The MTT assay (3-(4,5-dimethylthiazol-2yl)-2,5-

diphenyltetrazolium bromide) was used to determine the 
cytotoxicity of drugs on CCA cells. Cells were seeded on 
96-well plates (2×104 cells/well) and treated with various 
concentrations of ibuprofen, naproxen and diclofenac (0-2 
mM) for 8 hours. The culture medium was subsequently 
removed and 100 µl incompleted-medium containing 
MTT dye (0.25 mg/ml at final volume) was added. The 
treated cells were further incubated for 4 hours. After 
removed medium solution, formazan crystals were 
dissolved with 100 µl DMSO. The solution was measured 
at 540 nm by using the microplate reader (EZ read 2000 
microplate reader, biochrom, Holliston, Germany). The 
percentage of cell viability versus the drug concentrations 
was plotted as previously reported estimating the drug 
concentrations necessary to inhibit cell proliferation by 
50% (IC50).

Oil red O staining 
Oil red O staining was performed according to the 

protocol. To illustrate, cells were seeded in 24-well plates 
(2 × 104 cells/well), incubated overnight and treated with 
2mM of ibuprofen, naproxen and diclofenac for day 1 and 
day 3. Cells were washed with phosphate buffer saline 
(PBS) and fixed with 10% formalin. The stained cells 
were visualized by the light microscope and photographed 
using an inverted microscope (Olympus). 

Observations on the histological changes
Cell suspensions (2×104 cells/well) were seeded in 

24-well plates and incubated for 24 hours at 37°C in a 
humidified 5% CO2 atmosphere. Then the cells were 
treated with various concentrations of ibuprofen, naproxen 
and diclofenac (500 µM and 2 mM) for 48 hours and 
incubated at 37°C in a humidified 5% CO2. Cells were 

visualized by bright field inverted microscope and 
photographed using a ZEISS microscope.

Fluorescence microscopy assays
The cells were treated with high doses of ibuprofen, 

naproxen, and diclofenac (2mM) before being incubated 
for 24 hours. Untreated cells, apoptosis cells, death cells, 
and drug-treated cells were all incubated with Annexin 
V-FITC/PI (5 μl each) before being analyzed under a 
fluorescent microscope (magnification, x200; Olympus 
IX73). 

Lipid measurement
The cells (1×105 cells/dish) were treated with 2mM 

ibuprofen, naproxen and diclofenac for 72 hours. The 
untreated control cells and the drugs-treated cells were 
harvest with trypsin/EDTA and placed into a tube. The 
cells suspension was analyzed using Beckman Coulter 
AU680 analyser for measured cholesterol and triglyceride 
levels.

Caspase activity assay
The Caspase-Glo 3/7 Assay (Promega, Madison, 

USA) was used for detection of active caspases 3 and 
7. The assay was performed as recommended by the 
manufacturer. The CCA cells (2x104 cells/well) were 
seed in 96 well plate and treated with 2 mM ibuprofen, 
naproxen and diclofenac for 24 hours. Apoptotic cells 
control was induced by 750 µM H2O2 and primary necrosis 
cell control was heated to 55oC 90 minutes, for 24 hours. 
The untreated control cells and the drugs-treated cells were 
added 100 μl of Caspase-Glo 3/7 Reagent to each well and 
then analyzed under a luminescence multiple microplate 
reader (BMG, CLARIO Star).

Annexin V-FITC/PI detection
Treated CCA cells were stained using the FITC 

Annexin V Apoptosis Kit (cat 556547, BD Pharmingen) 
according to the manufacturer’s, cells were cultured 
in 96-well plates (2×104 cells/well) and treated with 
2 mM ibuprofen, naproxen and diclofenac. Apoptotic 
cells control was induced by 750 µM H2O2 and primary 
necrosis cell control was heated to 55oC for 90 minutes. 
The cells were then subjected to incubation for 24 hours 
and visualized under a fluorescence microscope (LED 
fluorescence Olympus lX73) and analyzed under a 
fluorescence multiple microplate reader (BMG, CLARIO 
Star).

Statistical analysis
All data were expressed as mean ± SEM and 

mean ± SD of three independent experiments. We analyzed 
for significant differences between groups by two-way 
ANOVA using GraphPad prism statistical software, 
version 9. Statistical significance was indicated by * 
p<0.05, ** p<0.01, *** p<0.001 and **** p<0.0001 



Asian Pacific Journal of Cancer Prevention, Vol 23 1353

DOI:10.31557/APJCP.2022.23.4.1351
Effects of NSAIDs in CCA Cell Lines

Oil red O in cytoplasm of CCA cells. After treatment of 
KKU-M139 and KKU-213B cells with 2 mM ibuprofen, 
naproxen and diclofenac and observed under microscope 
at day 1 and day 3. There was no difference in Oil red 
O staining patterns between ibuprofen, naproxen and 
diclofenac-treated KKU-M139 and KKU-213B cells when 
compared with their control group at day 1 and day 3 after 
treatment (Figure 3 and Figure 4). 

In this investigation, we discovered that the treated 
group had histological abnormalities, particularly in the 
diclofenac-treated group, where shrinking cells were 
discovered. They turn to be star-shape, as opposed to 
the control group, which has the polyclonal shape of cell 
lines. The results of KKU-M139 and KKU-213B cells 
exposed to ibuprofen-, naproxen-, and diclofenac-treated 
group cells displayed retraction cells, star shape cells, 
and separation from the flask bottom after treatment. 
We discovered membrane blebbing, which is a sign of 
cell injury or damage. The number of cells in the treated 
group es was reduced after a high-dose treatment shown 

Results

Cytotoxic effect of ibuprofen, naproxen and diclofenac on 
cell viability KKU-M139 and KKU-213B cells

The cytotoxic effect of ibuprofen, naproxen and 
diclofenac on the viability of CCA cells were assessed 
using MTT assay. A dose-dependent decrease of cell 
viability was observed after treatment with ibuprofen, 
naproxen and diclofenac for 48 hours. The 50 percent 
inhibitory concentration (IC50) of ibuprofen, naproxen 
and diclofenac were 1.87 mM, 2.49 mM and 1.24 mM, 
respectively on KKU-M139 cells (Figure 1), and the IC50 
of ibuprofen, naproxen and diclofenac were 1.63 mM, 
6.95 mM and 1.12 mM for, respectively on KKU-213B 
cells (Figure 2).

Lipid droplets staining and histology on KKU-M139 and 
KKU-213B cell lines

The effects of ibuprofen, naproxen and diclofenac on 
lipogenesis were observed by staining of lipid droplet with 

Figure 2. The Effect of Ibuprofen, Naproxen and Diclofenac on Viability of KKU-213B Cells for 48 Hours. This data 
represents the mean ±SEM of three times independent experiment. Statistically significant differences is indicated: 
*p < 0.05, **p <0.01 when compared with the control group. 

igure 1. The Effect of Ibuprofen, Naproxen and Diclofenac on Viability of KKU-M139 Cells for 48 Hours. This data 
represents the mean ±SEM of three times independent experiment. Statistically significant differences is indicated: 
*p < 0.05 when compared with the control group  
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in Figure 5. 

Fluorescence Microscope
In both cell lines, KKU-M139 and KKU-213B, treated 

group and H2O2 exposed early apoptotic cell death. The 
PI intensity of diclofenac-treated cells was higher than 
ibuprofen and naproxen treatments. Diclofenac caused 
early apoptotic CCA cell death as shown in figure 
6. Meanwhile, 55°C-heated both cells exhibited late 
apoptosis.

Caspase activity assay 
Diclofenac and H2O2 (early apoptosis marker) 

increased caspase 3/7 activity higher than ibuprofen 
and naproxen treated of KKU-M139 cells compared 
with control cells. However, the caspase 3/7 activity of 
H2O2 treatment on KKU-213B cells has higher than the 
others NSAIDs. These findings suggested that diclofenac, 
ibuprofen, and naproxen induced early apoptosis in both 
KKU-M139 and KKU-213B cells via increasing caspase 
3/7 activation. However, CCA cells were heating to 55 oC, 
late apoptosis marker, showed the highest caspase 3/7 

activity in both cells (Figure 7).  

Annexin V-FITC/PI detection
The ratio of Annexin V-FITC/PI on untreated cells, 

ibuprofen-treated, naproxen-treated, diclofenac-treated, 
H2O2-treated and 55oC-heated KKU-M139 cells were 
85.37/14.63, 87.64/12.36, 85.98/14.02, 82.32/17.68, 
88.30/11.70, and 50.81/49.19 respectively. Similarly, 
the ratio of Annexin V-FITC/PI on untreated cells, 
ibuprofen-treated, naproxen-treated, diclofenac-treated, 
H2O2-treated and 55oC-heated KKU-213B cells were 
83.28/16.72, 83.26/16.74, 85.72/14.28, 75.77/24.23, 
89.75/10.25, and 47.88/52.12 respectively. 

Ibuprofen, naproxen, diclofenac and H2O2 showed 
early apoptotic cell death in KKU-M139 and KKU-
213B cell lines, according to observations. However, 
55°C-heated both cells showed late apoptosis/ necrotic 
cell death (Figure 8). 

Lipid measurement 
The cholesterol and triglyceride levels on CCA-treated 

cells were measured by using colorimetric assay. In 

Figure 3. Overview of Oil Red O Staining of KKU-M139 Cell Line with Ibuprofen, Naproxen and Diclofenac with 
Concentrations of 2 mM. (A1, A2): untreated control cell KKU-M139 day1 and day3 (B1, B2): treated with ibuprofen 
day1 and day3 (C1, C2): treated with naproxen day1 and day3 (D1, D2): treated with diclofenac day1 and day3, 
respectively (x40 magnifications)  

Figure 4. Overview of Oil Red O Staining of KKU-213B Cell Line with Ibuprofen, Naproxen and Diclofenac with 
Concentrations of 2 mM. (A1, A2): untreated control cell KKU-213B day1 and day3 (B1, B2): treated with ibuprofen 
day1 and day3 (C1, C2): treated with naproxen day1 and day3 (D1, D2): treated with diclofenac day1 and day3, 
respectively (x40 magnifications) 
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KKU-M139 cells, triglyceride level in untreated control 
group was 11.09 mg/dl, whereas ibuprofen-treated, 
naproxen-treated and diclofenac were, 9.59, 10.71 and 
9.93 mg/dl, respectively. While the cholesterol level in 
the untreated control, ibuprofen-treated, naproxen-treated 
and diclofenac-treated groups were 2.0, 2.12, 2.40, and 
2.16 mg/dl, respectively. This result suggested that the 
triglyceride levels in untreated control group was higher 
than treated-group in KKU-M139 cells. Similarly, in 
KKU-213B cells, the triglyceride level in the untreated 
group was 13.47 mg/dl, while the ibuprofen-treated, 
naproxen-treated, and diclofenac-treated group showed 
11.36, 13.15, and 11.44 mg/dl, respectively. While the 

cholesterol level in the untreated control, ibuprofen-
treated, naproxen-treated and diclofenac-treated groups 
were 2.22, 2.10, 2.18, and 2.31 mg/dl, respectively 
(Figure 9).

The results showed that no difference in lipid droplets 
patterns and the cholesterol levels between treated 
and untreated group. However, in the treated group, 
triglyceride levels were non-significantly decreased. 

Discussion

Ibuprofen and naproxen are the propionic acid 
derivative while diclofenac is a benzene acetic acid 

Figure 5. Histological Changes of KKU-M139 and KKU-213B Cell Lines. (A): Untreated control KKU-M139 
cells. (B): KKU-M139 cells ibuprofen-treated, naproxen-treated and diclofenac-treated group with concentrations of 
500 µM and 2 mM for 48 hours. (C): Untreated control KKU-213B cells. (D): KKU-213B cells ibuprofen-treated, 
naproxen-treated and diclofenac-treated group with concentrations of 500 µM and 2 mM for 48 hours, respectively; 
red arrow: shrinking cell, green arrow: turn to star shape, blue arrow: membrane blebbing, purple arrow: floating cell 
from the flask bottom (x10 magnifications) 



Ratana Leksomboon et al

Asian Pacific Journal of Cancer Prevention, Vol 231356

Figure 6. Annexin V and PI Staining in CCA Cells Treated with 2 mM Diclofenac. 

Figure 7. Caspase 3/7 Activity of CCA Cells Treated with 2 mM Ibuprofen, Naproxen and Diclofenac. This data 
represents the mean ±SD of three times independent experiment. Statistically significant are indicated: ***p <0.001, 
****p < 0.0001 when compared with the control group. 

Figure 8. Fluorescence Intensity of Annexin V and PI Staining in CCA Cell Treated with 2 mM Ibuprofen, Naproxen 
and Diclofenac. (A): KKU-M139 (B): KKU-213B. This data represents the mean ±SD of three times independent 
experiment: **p < 0.01, ***p <0.001, when compared with the control group.  

derivative, they inhibit cyclooxygenase (COX1-2) 
activity and prostaglandin E2 synthesis. Diclofenac 
has well-documented as chemopreventive and 
anti-proliferative properties against cancer cells such as 

colorectal cancer, neuroblastoma, ovarian cancer and other 
cell types of cancer (Pantziarka et al., 2016). In this study, 
we found that the potential of ibuprofen, naproxen and 
diclofenac suppressed the proliferation of KKU-M139 and 
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Figure 9. Cholesterol and Triglyceride Levels of CCA Cells Treated with 2 mM Ibuprofen, Naproxen and Diclofenac. 
Treatment for 3 days (A): KKU-M139 cells (B): KKU-213B cells, treatment for 1 and 3 days. This data represents the 
mean ±SD of three times independent experiment.  

KKU-213B cells. Moreover, aspirin can inhibit the growth 
of hepatocellular carcinoma cells (Yang et al., 2017) and 
human intrahepatic CCA cells (KKU-213B). Therefore, 
aspirin inhibits the migration and induces apoptosis via 
G0/G1 arrest on KKU-213B cells (Boueroy et al., 2017).

In the previous study, ibuprofen inhibited survival 
of bladder cancer cells (Khwaja et al., 2004). Naproxen 
suppressed chondrocyte cells proliferation and 
prechondrocytic precursor cell differentiation (Karaarslan 
et al., 2018).  

High rate of lipid uptake and lipogenesis are frequency 
found in cancer cells (Menendez & Lupu, 2007). The 
abnormal of lipogenesis enhances development of 
hepatocellular carcinoma (Patterson et al., 2011). Our 
experiments were investigated lipogenesis and lipid 
deposition by colorimetric assay and Oil red O staining, 
respectively in CCA cells. The results showed that 
ibuprofen, naproxen and diclofenac may not be able 
to significantly suppress lipogenesis and lipid droplets 
deposition in KKU-M139 and KKU-213B cell lines. 
The numbers of lipid droplet in the cytoplasm were 
not significantly different as well. It has been reported 
that CCA might receive lipid for membrane synthesis 
through exogenous fatty acid uptake (Li et al., 2016). 
Our data are inconsistent with the previous study showing 
aspirin reduced lipogenesis in hepatocellular carcinoma 
(HCC) (Yang et al., 2017), suggested that it might be 
having different mechanisms of ibuprofen, naproxen 
and diclofenac on cell viability and different affecting in 
deferent cancer cell types. 

In addition, this technique can determine the 
proliferation reducing of these drugs that may cause cell 
injury or cell damage using histological study. When 
observed KKU-M139 and KKU-213B cell lines under 
the bright field inverted microscope and fluorescence 
microscope, the result found that it was significantly 
different histological changes when compared with 
untreated group of KKU-M139 and KKU-213B cell 
lines. Our data which recorded images under inverted 
light microscopy after ibuprofen, naproxen and diclofenac 

treatment showed star shape cells that caused by cell 
retraction and detachment on the bottle surface. The 
treated cell occurred membrane blebbing like a typical of 
cell injury or cell damage especially in diclofenac-treated 
cells. Furthermore, Caspases 3/7 activity and AnnexinV/PI 
staining were used to confirmed cell apoptosis. The results 
demonstrated that these drugs had slightly effects on both 
cell lines. Nevertheless, according to several examinations, 
there was no dose-dependent effects on CCA cells. The 
ratio of apoptotic cell death was measured using Annexin 
V and PI to validate the findings. In addition, the result 
of caspase 3/7 is comprised of the findings of Annexin 
V and PI detection, according to the caspase test activity 
assay. Ibuprofen and naproxen exhibited a lower caspase 
3/7 activity than diclofenac on KKU-M139 and KKU-
213B cells. Moreover, aspirin induced cell cycle arrested 
in the G0/G1 phase in cholangiocarcinoma (HuCCT1) 
(Shi et al., 2021). 

Although they have the anti-inflammatory properties, 
more studies are still needed. The differences in outcomes 
could be shown by a different active component in these 
medications. CCA is a sort of chronic inflammation caused 
by a liver fluke, according to this study’s findings. An 
optimum dose of these NSAIDs in the early stages of 
infection may be able to reduce CCA inflammation.

However, there are some limitations to this study, 
including the lack of instructional tools, a verification 
check, and timing. Because a global coronavirus 
pandemic is one of the reasons for the need to adapt 
procedures that are appropriate for time and equipment. 
As a result, the method of this research is suitable for the 
period. Moreover, further experimental studies require 
to investigation.

In conclusion, the present results suggest that ibuprofen, 
naproxen and diclofenac can inhibit proliferation of 
KKU-M139 and KKU-213B cells lines that could 
contribute to the anti-proliferation of CCA. There is no 
significant inhibition in lipogenesis determined by Oil 
red O staining and colorimetric assay. The results of 
histology changes, both of them showed a typical of cell 
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injury or cell damage in high dose treatment especially in 
diclofenac. However, the Annexin V/PI showed apoptosis 
characteristic and the difference by caspase assay was still 
not statistically significant. Consequently, these drugs 
could be alternative drugs for anti-proliferation agent 
of CCA cells. Further study on the knowledge of the 
mechanisms of CCA cell lines proliferation suppression.
by these drugs should be continually evolved. 
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