
   MMP2-1 

Study of Anti-Cancer Activity of Citral Against Cholangiocarcinoma Cell Lines 
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ABSTRACT 

This study aimed to investigate the anti-cancer activity of citral against CCA cell lines, KKU-M213 and 

HuCCA-1. The cytotoxicity of citral was determined by using MTT assay and the IC50 at 24 hours was 71.90 and 

94.43 μM, respectively. The IC50 was used in further experiments. Clonogenicity of CCA cell lines was also 

observed by using a clonogenic assay. At 0.25-fold of IC50 in KKU-M213, the colony formation was slightly 

promoted at 6.75% when compared to that of control. However, at 0.5 fold of IC50 in HuCCA-1 was effectively 

inhibited colony formation up to 42.29% But in Flow cytometer analysis, none of the KKU-M213 treatment 

showed significant increase in a number of the apoptotic cells whereas HuCCA-1 at 94 μM, the amount of 

early apoptotic cells increased by 5.5% when compared to that of control. This result might be associated 

with the low dose concentration we used. Anyway, these findings need further experiments to prove that citral 

might serve as good alternative means for CCA treatment. 

 

บทคัดยอ 

การศึกษาครั้งน้ีมีวัตถุประสงคเพ่ือตรวจสอบฤทธ์ิตานมะเร็งของ Citral กับเซลลมะเร็งทอนํ้าดี 2 ชนิด ไดแก KKU-

M213 และ HuCCA-1 ความเปนพิษตอเซลลของ Citral ไดถูกวิเคราะหดวย MTT assay และหาคา IC50 ท่ี 24 ช่ัวโมงคือ 71.90 

และ 94.43 μMตามลําดับ และไดตรวจสอบ colony formation ของเซลลมะเร็งทอนํ้าดดีวยวิธี clonogenic assay ท่ี 0.25 

เทาของ IC50 ใน KKU-M213 พบวาเปอรเซ็นต colony formation เพ่ิมข้ึนเล็กนอยท่ี 6.75% เมื่อเปรียบเทียบกับกลุมควบคมุ 

อยางไรก็ตามท่ี 0.5 เทาของ IC50 ใน HuCCA-1 สามารถยับยั้งเปอรเซ็นต colony formation ไดอยางมีประสิทธิภาพถึง 

42.29% อยางไรก็ตามในการวิเคราะห Flow cytometer ไมพบวา KKU-M213 เกิด apoptosis เพ่ิมข้ึนอยางมีนัยสาํคัญแต

อยางใด ในขณะท่ี HuCCA-1 ท่ี citral ความเขมขนท่ี 94 μM ปรมิาณของเซลลในระยะ early apoptotic เพ่ิมข้ึนเพียงเล็กนอย

ท่ี 5.5% เมื่อเปรียบเทียบกับกลุมควบคุม ผลดังกลาวอาจจะเก่ียวของกับการใชความเขมขนของ citral ท่ีต่ําเกินไป อยางไรก็ตาม

การตองมีการทดลองเพ่ิมเตมิเพ่ือพิสูจนวา Citral สามารถรกัษามะเร็งอยางไดผล 
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Introduction 

Cholangiocarcinoma (CCA) is a type of malignant neoplasm caused by the mutation of the epithelial 

cells from the bile duct. CCA is the second most common malignant liver tumor after hepatocellular carcinoma 

(HCC). Its incidence is still increasing worldwide. However, the cause of cancer has not entirely understood. 

Most of the risk factors appear to be linked with chronic inflammation of biliary epithelium. The exposure of 

several industrial toxins contaminated in the wastewater such as phenols, cresol, and naphthenic acids has 

been hypothesized as a source of the increasing incidence rate in Western countries, whereas liver flukes 

infestation plays a significant role in the southeast and eastern Asia. Especially in Thailand where It has the 

highest incidence rate of CCA in the world due to liver flukes infection; Opisthorchis viverrini. The incidence 

occurs in many parts of the country mainly in the northeast region.  

 CCA has a high mortality rate because it does not show specific symptoms until It reaches invasion 

and metastasis which are considered as late stages of cancer. The most potential treatment for CCA is surgical 

resection. Unfortunately, less than 30% of CCA patients can undergo this tumor surgery and it also has a high 

risk of recurrence. Adjuvant therapy such as chemotherapy, radiotherapy or chemoradiation are usually used 

in post-surgery, but they still give poor result to prevent tumor recurrence. Undeniably, the newer alternative 

way is a major challenge in cancer research for CCA. 

 Presently, the use of herbal medicine becomes popular. Traditional medicines, which are used from 

generation to generation, are claimed to cure various kinds of illnesses. Despite ancestor knowledge 

accumulated over the years, scientific supporting documentation on the safety and efficacy of most herbal 

products is still lacking. Their mechanism of action is poorly understood. Many studies reported the anti-cancer 

activity of several herbs, for example, eugenol, piperine, galangin, and citral. 

Citral, it is a monoterpenoid naturally found in lemongrass, lemon myrtle, and Litsea citrate, etc. It is 

a popular ingredient of beverages, food, fragrances, cosmetic and pharmaceutical products. Several scientific 

studies report the potential of citral as an anti-cancer agent against various human cancer cell lines. Citral can 

induce cell death, upregulate apoptotic proteins while downregulating survival proteins, promote cancer cell 

cycle arrest, induce ROS production, and intercalation between DNA. However, the anti-cancer potential of 

citral in CCA has not been presented. So our objective is to determine the anti-cancer effects of citral in 

cholangiocarcinoma cell lines by examining the effects of citral on cell cytotoxicity, apoptosis and the 

downstream targets which we expected be beneficial for the development of alternative ways to improve the 

treatment of CCA. 

 

Objective 

1. To evaluate the cytotoxic effect and apoptosis-inducing activity of citral in CCA cell lines. 

2. To examine the molecular mechanism underlying the anti-cancer activities of citral in CCA 

cell lines. 
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Number of colonies counted 

Number of cell plated 

PE of treated sample 

PE of control 

Methods 

 MTT assay 

 After cells were trypsinized and counted, CCA cells were seeded into 96-well plate at a cell density 

of 5×103 cells in 200μl per well and incubated for 24 hours at 37°C with 5% CO2 in a humidified incubator. 

The next day after incubation, the culture medium was discarded and replaced by fresh culture medium with 

various concentrations of citral (0, 10, 20, 40, 80, and 160 μM) to each well. Control cells were treated with 

0.1% DMSO in the culture medium. After 0, 24, 48, 72 hours of incubation, all culture medium were removed 

and 200μl of 0.5 mg/ml MTT solution dissolved in fresh culture medium was added to each well then 

incubated for 4 hours at 37°C. At the end of incubation, removed culture medium. Insoluble formazan was 

solubilized in 150μl DMSO. At last, the absorbance of solubilized formazan was measured at 540nm by using 

the MutiscanEX microplate reader. This experiment was independently performed in triplicates. 

 Clonogenic assay 

 After monolayer cells were trypsinized and counted, CCA cells were seeded into a 6-well plate 

at a cell density of 1×103 cells in 2ml per well. Subsequently, the drug experiment was performed. 

Control cells were treated with 0.1% DMSO in culture medium then incubated for 24 hours. After that, 

all experiment wells were changed to fresh medium with 10% heat-inactivated FBS and incubated for 

7 days (1 week). After the long period of incubation, the plate was taken outside to begin fixation and 

staining of colonies. First, removed the medium above the cells and rinsed carefully with PBS once. 

Second, the cells were fixed with 2-3ml acetic acid/methanol (1:7v/v) in a fume hood for 5 minutes 

hereafter were washed with PBS one time. Third, 0.5% crystal violet in dH2O was used to stain the cells 

for 30 minutes. Then the dye was rinsed off with tap water. Finally, plates with colonies were left outside 

to dry in normal air at room temperature. 

Plating efficiency and Surviving fraction were calculated by the following equations: 

 

  Plating efficiency (PE) =                                       × 100 

 

  Surviving fraction (SF) =                                       × 100 

 Annexin V and PI Staining 

 CCA Cells were seeded into a 6-well plate at a density of 3×105 cells per well and incubated 

for 24 hours at 37⁰C and 5% CO2. After incubation, cells were treated with various concentrations of 

citral for 24 hours. 0.1% DMSO-containing culture medium was used as a control. After incubation, the 

culture medium was removed and cells were washed with PBS, trypsinized and centrifuged at 3,000 

rpm, 4⁰C for 5 minutes. Then, cells were washed with cold PBS, centrifuged twice and resuspended in 

500 μl of Annexin V binding buffer (10 mM HEPES, 140 mM NaCl, and 2.5 mM CaCl2, pH 7.4). 

Subsequently, cells were stained with 1μl of 1 mg/ml PI and 0.15 mg/ml Annexin V-FITC and further 

incubated at room temperature for 5 minutes in the dark before being analyzed with flow cytometry. 
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Statistical Analysis 

 All data were presented as mean ± standard deviation (SD) from three independent 

experiments. Comparisons of data between groups were done with unpaired t-test and ANOVA. An 

associated probability (P) of ≤ 0.05 was considered as significant. 

 

Result 

 Previous studies showed anti-tumor activities of citral in various human cancer cell lines, 

although a study in cholangiocarcinoma was still undiscovered. Here, we hypothesized that citral is 

cytotoxic to CCA cell lines. The cytotoxic effects of this compound were examined by MTT and 

Clonogenic assay. 

 For MTT assay, the results showed that citral significantly decreased the proliferation of all CCA 

cell lines in a dose- and time-dependent manner. Also, a similar trend was found in MMNK-1. (Figure 1) 

The proliferation of all cell lines was not inhibited by treatment with 0.1% DMSO. The 50% growth 

inhibitory concentrations (IC50) were determined at 24, 48, 72 hours (Figure 2) and summarized in (Table 

1) At 24 hours, the result showed that IC50 values of citral in KKU-M213 and HuCCA-1 were 71.90 ±1.15 

and 94.43±1.09 μM. At 48 hours, the results were 57.11±1.24 and 75.06±1.11 μM. At 72 hours, the results 

were 50.20±1.27 and 58.92±1.17 μM, respectively. The IC50 in each cell lines at 24 hours was used in 

further experiments. In the following experiment, a dose-response effect on the clonogenic growth of 

CCA cell lines was measured. Plating efficiency and surviving fraction of each cell lines were calculated 

in (Table 2). 0.25 fold of IC50 concentration slightly increased percentage of colony formation in KKU-

M213 as 106.75% ±3.46 when compared to that of control and 0.5 fold of IC50 concentration also 

increased as 115.64% ±32.92 but the change was not significant when compared with control. As for 

HuCCA-1, only 0.5 fold of IC50 concentration significantly decreased the percentage of colony formation 

to 57.71±18.01. Lastly, the colony formation of MMNK-1 does not affect by low concentration of citral (Figure 

3). To verify the result from the previous experiment that citral contributes to cell apoptosis, CCA cells were 

treated with 0.25-fold IC50, 0.5-fold IC50, and IC50 concentration of citral for 24 hours. In the KKU-M213 cell line, 

Control did not induce an apoptosis effect (the combination of apoptosis in the cell did not exceed 5%). As 

for the experimental treatment, the graph showed sight of increase apoptosis in a dose-dependent manner. 

However, none of them showed a significant increase in apoptotic cell populations when compared to that 

of control. (Figure 4) HuCCA-1 at low concentration did not show a significant increase in apoptotic cell 

populations. Interestingly, at 94 μM citral, the treatment showed a significant increase in the early apoptotic 

cell (Figure 5) 

 

Discuss and conclusion 

 Citral is a monoterpenoid with chemical nomenclature of 3, 7-Dimethyl-2, 6-octadienal. It is a key 

component of the lemon-scented essential oils extracted from several herbal plants. It has been abundantly 
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investigated for bioactive potentials such as anti-microbial, anti-viral, anti-inflammatory, anti-cancer cell survival 

and proliferation, and induce cell apoptosis. In this study, the MTT assay showed that citral inhibits the growth 

of KKU-M213 and HuCCA-1 in a dose- and time-dependent manner. CCA cell lines are more sensitive to citral 

when compare the IC50 of other cell lines such as breast cancer cell line, (MCF-7, the IC50 at 48 hours is 180 

μM) (Chaouki, 2009), and colon cancer cell lines (HCT116 and HT29, the IC50 at 24 hours are 145.32 and 

181.21 μM) (Sheikh, 2017) 

 Notably, some chemical compounds may not cause a dramatic decrease in cell survival or directly 

involve triggering in cell death pathways, but these compounds may affect long-term cell survival or cell 

proliferation by inhibiting genes regulating cell-survival, the cell cycle, DNA replication/DNA repair, and oxygen 

levels. These compounds are said to have cytostatic effects. Thus, we performed clonogenic assay. 

Interestingly, a low concentration of citral decreased almost half of the percentage of colony formation when 

compared to control in HuCCA-1, this suggests that citral might have an inhibitory effect on cell cycle. 

 However, the results of FACS by flow cytometer are not as we expected. Citral did not show 

signs of cell apoptosis which is contradictory to the MTT. This result might be associated with the low dose 

concentration we used. Anyway, these findings need further experiments to prove that citral might serve as 

good alternative means for CCA treatment. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 1 The growth inhibitory effect on KKU-M213 [A], HuCCA-1 [B] and MMNK-1 [C] Cell were treated 

 with various concentration of citral in media containing 10% FBS for 24, 48, 72 hours, 

 respectively. The number of cell survive were determined using MTT assay. Data are 

 expressed as mean±SD from 3 indepentdent experimemts.  

A B 

C 
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Figure 2  Percentage cytotoxicity of citral in KKU-M213 [A], HuCCA-1[B] and MMNK-1 [C] Data are 

 presented as mean±SD of % survival relative to control at various doses of citral obtained 

 from independent experiments, respectively.  

 

Table 1 The IC50 values of citral on CCA and immortalized cholangiocyte cells were determined by  

 the MTT assay. The data are presented as the mean ± SD of three independent experiments 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Cell line 

IC50 (μM) 

24h 48h 72h 

KKU-M213 71.90 ±1.15 57.11±1.24 50.20±1.27 

HuCCA-1  94.43±1.09 75.06±1.11      58.92±1.17 

MMNK-1 87.53±1.19 72.17±1.17 69.22±1.17 

A B 

C 
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Table 2 Clonogenicity of CCA and immortalization human cholangiocyte MMNK-1 after citral treatment 

 for 7 days. The cells were dyed by crystal violet before counting. Values are the mean ±SD 

 of three independent experiments.  

 

Cell 

Line 

KKU-M213 

DMSO 17.5 μM 35 μM 

PE (%) 41.36 ±22.19 43.93 ±23.12 43 ±9.07 

SF (%) 100 106.75±3.46 115.64±32.92 

 

Cell Line 

 

HuCCA-1 

DMSO 23.5 μM 47 μM 

PE (%) 22.87 ±4.82 17.83 ±6.81  13.7±6.32 

SF (%) 100 76.35±17.28   57.71±18.01   

 

Cell Line 

 

MMNK-1 

DMSO 24 μM 48 μM 

PE (%) 25.4 ±8.19 25.27 ±9.58  21±4.36 

SF (%) 100 98.46±5.08 85.26±15.61 

 

PE, plating efficiency; SF, surviving fraction 
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Figure 3 Clonogenicity of CCA and immortalization human cholangiocyte MMNK-1 after citral  

 treatment for 7 days. Values are the mean ±SD of three independent experiments. Statistical 

 significant difference vs control is represented by *, P<0.05. 
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Figure 4 The percentage of apoptosis in KKU-M213 cell lines treated with citral. Cells were treated with 

 different dosages of citral for 24 hours and were subjected to flow cytometry analysis (A). Data 

 from flow cytometry analysis, Y-axis represented the percentage of apoptotic dead cells, while 

 x–axis represented the concentration of citral (B). Each point was calculated as mean ± SEM 

 from three-independent experiments, *p≤0.05 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5 The percentage of apoptosis in HuCCA-1 cell lines treated with citral. Cells were treated with 

 different dosages of citral for 24 hours and were subjected to flow cytometry analysis (A). Data 

 from flow cytometry analysis, Y-axis represented the percentage of apoptotic dead cells, while 

 X–axis represented the concentration of citral (B). Each point was calculated as mean ± SEM 

 from three-independent experiments, *p≤0.05. 

* 

* 
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