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INTRODUCTION
Fisetin is a dietary flavonoid which abundant in 

several fruits and vegetables including onions, strawberries, 
tomatoes, apples, kiwis, persimmons, cucumbers, nuts, 
wins, and grapes [1]. It has been documented to display 
many physiological and pharmacological effects, including 
antioxidant, anti-inflammatory, and neuroprotective properties, 
cardioprotective, anti-diabetic and anticancer effects [2–4]. Due 

to its strong anticancer properties, fisetin has been employed to 
impede viability and trigger apoptosis [5]. Interestingly, it has 
been demonstrated to exhibit significant anticancer properties 
in several forms of cancer such as prostate, breast, pancreatic, 
colon, liver, kidney, oral, stomach, lung, bladder, ovarian, 
cervical, and skin cancer [6]. Nonetheless, the impact of fisetin 
on cholangiocarcinoma (CCA) remains uncertain, and the 
available data are limited.

The anticancer potential of fisetin has been 
validated through various actions, including inhibition of 
cell proliferation, suppression of cell invasion and migration, 
prevention of angiogenesis, and promotion of apoptosis [5,6]. 
Through mechanisms including the suppression of cyclin-
dependent kinases, the inhibition of PI3K/Akt/mTOR signaling 
pathway, the modulation of MAPK, and the regulation of NF-B, 
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ABSTRACT
Fisetin is a plant flavonol that can be discovered in vegetables and fruits and it has been related to certain anticancer 
properties. It may prevent metastasis, reduce tumor cell proliferation, and stimulate apoptosis. Fisetin may inhibit 
cholangiocarcinoma (CCA) cell migration and proliferation; however, its exact actions are still less information. 
The aim of the current study was to examine the actions of fisetin on two types of CCA cells, KKU-100, and KKU-
M452, in terms of their ability to proliferate, undergo apoptosis, and migrate. The fisetin effect on cell growth was 
determined using sulforhodamine B, colony-forming ability, and distribution of cell cycle method. The apoptotic 
induction was explored by acridine orange/ethidium bromide (AO/EB) staining assay. Migratory suppression was 
determined by Transwell migration and Wound healing assay. The mechanism of cell death and apoptosis was 
measured by reactive oxygen species (ROS) generation. Fisetin was significant in suppressing CCA cell viability 
and colony formation during the course of this experiment. Moreover, fisetin significantly potentiated the cisplatin-
induced CCA cells death by determination with a combination index (CI). Additionally, it reduced the CCA cells 
growth through stimulating apoptosis, as seen by a reduction in the viable cell numbers and an increase in apoptotic 
cells. Fisetin also reduced the migration of cancer cells and demonstrated more pronounced effects on KKU-M452 
cells, which are characterized by rapid migration, compared to KKU-100 cells which are characterized by slow 
migration. Moreover, fisetin prompted cell death and apoptosis in CCA cells by stimulating the generation of ROS in 
KKU-100 cells at a dosage of 50 µM. According to these results, fisetin efficiently restricts the growth of both CCA 
cell types by preventing cell proliferation, inducing apoptosis, and stopping migration which are accomplished by 
producing ROS. Therefore, fisetin could be considered as a promising therapeutic approach for targeting CCA cells. 
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tumor cell colonies and stops cell cycle distribution in the S 
phase [13]. Similar to our earlier research, fisetin inhibited the 
proliferation of breast and cervical cancer cells by decreasing 
the level of the cyclin D1 and cyclin E mRNA [14]. For more 
information, fisetin was confirmed to reduce phospho-p65 and 
myelocytomatosis, which decreased CCA cell survival and 
increased the amount of cellular death when combined with 
gemcitabine [15]. 

Despite the considerable number of in vitro studies 
dedicated to exploring the anticancer potential and mechanisms of 
fisetin, its effects on CCA are constrained and lack comprehensive 
information. Therefore, the aim of this investigation was to 
compare the two different CCA phenotypes of KKU-100, which 
exhibit slow growth and migration, with those of KKU-M52, 
which exhibit rapid growth and migration, and to determine the 
inhibitory effects of fisetin on these two CCA cell types.

MATERIALS AND METHODS

Cells and culture
Two CCA cell lines, KKU-100 (Slow proliferation and 

migration) and KKU-M452 (Rapid proliferation and migration), 
were graciously supplied by the Faculty of Medicine at Khon 
Kaen University. Two cells were grown in DMEM media with 
10% fetal bovine serum, 1% antibiotics, and a humidified 5% 
CO2 environment.

therefore, fisetin causes cell death and inhibits cell proliferation 
in various types of cancer cells [7,8]. In addition, fisetin prompts 
apoptosis through diverse mechanisms, including the inhibition 
of cyclooxygenase-2, the suppression of the EGFR pathway, 
the stimulation of the caspase cascade, and the modulation 
of mitochondrial function [5]. Furthermore, fisetin triggers 
autophagy in cancer cells by suppressing the mTORC1 and 2 
signaling [9]. Fisetin has also been documented to diminish the 
migratory and invasive capabilities of lung cancer cells through 
alteration of the ERK signaling pathway [10]. Fisetin is highly 
effective against a variety of cancer cells and is involved in a 
wide range of mechanisms, according to the data collected, but 
CCA cells have limited knowledge.

CCA or bile duct epithelial carcinoma which one 
of the most leading causes of cancer-correlated mortality in 
Thailand [11]. Due to its resistance to treatment, propensity for 
local and distant invasion, rapid growth, fast metastasis, and 
poor prognosis, CCA is one of the most aggressive kinds of 
cancer [12]. Alternative therapeutic approaches are urgently 
needed. Fisetin may be the greatest option to investigate in CCA 
as there is now no effective treatment for the disease. Studies 
have demonstrated that fisetin provides beneficial effects in 
combating gastrointestinal tract cancer, including stomach, 
colon, and liver cancer, and it may also be helpful against CCA 
[6]. According to studies, fisetin inhibits liver cancer cells 
from proliferating and migrating, which results in decreased 

Figure 1. Growth inhibitory effect of fisetin on CCA cells. (A-B) KKU-100 and KKU-M452 cells (1 × 104 cells/well) were treated with fisetin (0–250 µM) for 24–72 
hours. The cancer cells death was determined by SRB assay and expressed as a percentage of control cells. (C) KKU-100 cells (500 cells/well) were exposed to fisetin 
(0–250 µM) for 24 hours and cultured further for 15 days. After incubation period, the colonies were fixed, stained, and counted. *Statistical difference from control 
cells (p < 0.05).
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Figure 2. Effects of the fisetin, cisplatin and in combination with cisplatin, on proliferation in KKU-100 and KKU-M452 cells. (A-B) KKU-100 and KKU-M452 
cells (1 × 104 cells/well) were treated with cisplatin (0–50 µM) for 24 hours. The cancer cells viability was determined by SRB assay and expressed as a percentage 
of control cells. (C-D) Two CCA cells were exposed to fisetin (0–50 µM) with or without 10 µM cisplatin for 24 hours and measured cell viability with SRB 
assay. (E-F) Chou-Talalay method Fa-CI plot of fisetin plus cisplatin. CI was plotted on the y-axis as a function of effect level (Fa) on the x-axis to evaluate drug 
synergism. CI <1, CI = 1 and CI >1 refers to synergism, additivity and antagonism, respectively. Data are represented as mean ± SE (n = 3), *p < 0.05 versus 
fisetin treatment alone. 

Cytotoxic assay
1 × 104 CCA cells were plated into 96-well culture 

plates and cultivated for overnight. Fisetin (0–250 µM) was 
applied to cells in increasing concentrations for the three 

specified times (24, 48, and 72 hours), and the cytotoxic effects 
were measured by the sulforhodamine B (SRB) method. In 
brief, the media was discarded, the cells were treated with 10% 
trichloroacetic acid for fixation and then exposed to a 0.4% 
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SRB solution for staining for 1 hour at room temperature. The 
cells were then solubilized in 10 mM Tris base buffer, and an 
optical density was read by spectrophotometer at 540 nm. 

In combination assay between fisetin with anticancer 
drug, cisplatin, was explored by SRB assay. Briefly, the CCA 
cells were incubated with 0–50 µM fisetin, 0–50 µM cisplatin, 
and fisetin (0–50 µM) in combination with anticancer drugs 
cisplatin (10 µM) for 24 hours. Next, the cells were exposed to 
SRB, solubilized, and read the absorbance at 540 nm. 

Colony formation assay

6-well plates containing 500 cells per well of KKU-
100 cells were plated and grown overnight. The cells were 
incubated with fisetin (0–250 µM), after which they were 
switched to fresh full DMEM media and continued to be 
cultured for an additional 15 days. The colonies underwent a 
process of washing, fixation, and staining with a 0.3% crystal 

Table 1. CI analysis of fisetin and 10 mM cisplatin.

Fisetin (mM) KKU-100 KKU-M452

Fisetin + 10 mM 
cisplatin

Fisetin + 10 mM 
cisplatin

10 0.35 0.43

25 0.37 0.54

50 0.39 0.59

Note: *CI = 1.00 additive effects; CI<1.00 synergistic effects; CI>1.00 
antagonistic effects. 

Figure 3. Apoptotic induction and cell cycle arrest effect of fisetin on CCA cells. (A and C) KKU-100 and KKU-M452 cells (1 × 104 cells/well) were treated with 
fisetin (0–50 µM) for 24 hours. The apoptotic induction was determined by AO/EB double staining assay. (B and D) CCA cells (2.5 × 105 cells/well) were exposed to 
fisetin (0–50 µM) for 24 hours, stained with PI solution, and then measured the cell cycle by flow cytometry.
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violet buffer. The colonies’ numbers were captured, counted, 
and calculated. 

Acridine orange/Ethidium bromide (AO/EB) double  
staining assay

Two CCA cells were placed in 96-well cultured 
plates (1 × 104 cells/well) for overnight. Fisetin (0–50 µM) 
was incubated in the cells in increasing concentrations for 24 
hours, and the AO/EB test was used to measure the apoptotic 
effects. After discarding the DEME medium, the CCA cells 
were washed with PBS buffer and stained for 15 minutes at 
room temperature with AO and EB (1 µg/ml). Fluorescence 
inverted microscopy was used to capture the apoptotic cells 
(200 × magnification, CKX53, Olympus).

Cell cycle distribution assay
Two CCA cells were placed in 6-well culture plates 

(2.5 × 105 cells/well) for overnight. Fisetin (0–50 µM) was 

added to cells in increasing concentrations for 24 hours, after 
which the distribution of the cell cycle was assessed using a 
flow cytometric method. In brief, the cells were exposed to PBS 
buffer for washing and then incubated with 70% ethanol for 
fixation. Next, the cells were washed many times in distilled 
water before staining with propidium iodide (PI) for 30 
minutes. The flow cytometric method was used to determine 
the cell cycle distribution using BD Accuri C6 Plus software 
(BD Biosciences, CA, USA). 

Transwell migration assay
CCA cells were seeded into the upper chamber (2 × 

104 cells/well) in a serum-free medium with fisetin (0–50 µM) 
for 24 hours, and the lower chamber was added with a complete 
medium. Following a 24-hour incubation period, migrating 
cells at the membrane’s bottom surface were preserved 
with 100% methanol, stained with 2.5% crystal violet, and 

Figure 4. Migratory inhibition of fisetin on CCA cells. (A-B) CCA cells (2 × 104 cells/well) were treated with fisetin (0–50 µM) for 24 hours. The migration was 
determined by Transwell migration assay and expressed as a percentage of control cells. *Statistical difference from control cells (p < 0.05).
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photographed under a light microscope (200x magnification, 
CKX53 Olympus, USA).

Wound healing assay
CCA cells were plated in 24-well culture plates (2.5 × 

105 cells/well) for overnight. The cells were subjected to wound 
creation using 200 l pipette tips while being exposed to fisetin 
(0–50 µM) for 24 hours. Next, the cells were exposed to PBS 
buffer for washing and the closer of the wound was determined 
under a light microscope (40x magnification, CKX53 Olympus, 
USA).

ROS formation assay
6-well plates containing 2.5 × 105 cells/well of CCA 

cells per well were seeded for overnight. The ROS formation 
was assessed using a flow cytometry test after cells were 
exposed to fisetin at increasing doses (0–50 µM) for 24 hours. 
The cells were washed multiple times in distilled water before 
being stained for 30 minutes at 37°C with DCF-DA (25 µM). 
The ROS generation was measured by flow cytometric method 
using BD Accuri C6 Plus software (BD Biosciences, CA, USA). 

Statistical analysis
The aforementioned all of these data were examined 

by using GraphPad Prism 5.0 statistical software (GraphPad 
Software, CA, USA). The mean ± SE were used to represent 
measurement data. A statistically significant difference, 
indicating p < 0.05, was observed when comparing mean values 
across multiple groups using the Student t-test. To evaluate 
the combination index (CI) between fisetin and cisplatin, the 
CI was determined by Chou and Talalay method (Chou, 2010) 
using the CompuSyn software (ComboSyn, Inc., New York, 
NY, USA).

RESULTS

Fisetin inhibited cell growth and colony formation
Two CCA cells, KKU-100 and KKU-M452, were 

incubated with fisetin (0–250 µM) for 24–72 hours, respectively, 
to study the fisetin effects on the cell growth of CCA cells. 
Fisetin suppressed cell growth in a concentration- and time-
dependent manner (Fig. 1A and B) with low concentration. The 
IC50 values were 50.10 ± 17.49, 29.17 ± 5.05, and 20.24 ± 1.79 
µM for KKU-100 cells at 24, 48, and 72 hours, respectively, 
along with 166.63 ± 18.63, 53.35 ± 8.32, and 33.46 ± 3.50 µM 
for KKU-M452 cells. 

Next experiment, the KKU-100 cell was employed 
as the model, while KKU-M452 cells were unable to form a 
colony, and this allowed researchers to assess whether fisetin 
controlled the colonies formation of CCA cells. Cells were 
incubated with fisetin (0–250 µM), and another was further 
cultured for 15 days. These findings showed that fisetin inhibited 
KKU-100 cell colony formation with IC50 values of 38.50 ± 
1.39 µM (Fig. 1C). Fisetin showed a potent anticancer impact 
on CCA cells, and for the benefit of the current investigation, 
we will be using doses of fisetin ranging from 10 to 50 µM in all 
studies. Figure 2A–C demonstrated that cisplatin is one of the 
anticancer drugs to treat CCA and caused a reduction of both 

CCA cells viability in a concentration-dependent manner with 
IC50 values were 27.27 ± 2.37 µM and 88.97 ± 21.04 µM for 
KKU-100 and KKU-M452 cells, respectively. In combination 
results of fisetin and cisplatin indicated that fisetin significantly 
potentiated the anticancer effects of cisplatin in each dose of 
fisetin treatment. The IC50 values of fisetin treatment alone 
were 56.68 ± 0.76 µM and 86.72 ± 1.98 µM for KKU-100 and 
KKU-M452 cells, along with fisetin plus cisplatin were 13.34 ± 
0.92 µM and 31.02 ± 2.63 µM. 

The CI was used to examine whether the combination 
treatment of fisetin and cisplatin had synergistic (CI<1), 
additive (CI = 1) or antagonistic (CI>1) actions on CCA 
cells. Fisetin (0–50 μM) plus cisplatin (10 μM) exhibited the 
strongest activity (CI<1) in KKU-100 cells than KKU-M452 
cells (Table 1). Collectively, fisetin enhanced the anticancer 
drug effects, cisplatin, on KKU-100 than KKU-M452 cells.

Fisetin-induced cells apoptosis and cell cycle arrest
First, AO/EB double labeling was modified to assess 

cell apoptosis by morphological analysis in order to determine 
whether fisetin encouraged CCA cells to undergo apoptosis. 

These data demonstrated that, in the untreated group, 
the nuclei of both KKU-100 and KKU-M452 cells displayed 
uniform staining, signifying the presence of intact cell 
membrane morphology in these cells. However, fisetin clearly 
induced the formation of substantial apoptotic bodies in both 
CCA cells when administered at concentrations of 10–50 µM 
after a 24-hour exposure. The highest levels of apoptotic bodies 
were observed at the 25 µM fisetin dose. Fisetin substantially 
caused the CCA cells to die at high doses (50 µM); as a result, 
there were less apoptotic bodies than at 10 and 25 µM. (Figs. 

Figure 5. Migratory inhibition of fisetin on CCA cells. (A-B) CCA cells (2.5 × 
105 cells/well) were scratched and treated with fisetin (0–50 µM) for 24 hours. 
The migration was determined by Wound healing assay and expressed as a 
percentage of control cells. *Statistical difference from control cells (p < 0.05).
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3A and 2C). These results revealed that fisetin significantly 
decreased the rate of CCA cell proliferation in a concentration-
dependent manner, which may be related to an increase in 
apoptosis.

To validate that fisetin triggered CCA cell death and 
apoptosis, an analysis of cell cycle distribution was conducted. 
Fisetin exhibited substantial anticancer effects on both CCA 
cell types; hence, the cell cycle histograms remained unchanged 
at the 10 and 25 µM doses when compared with untreated 
control groups. The dose of 50 µM fisetin robustly triggered 
cell death in CCA cells and resulted in an alteration of the cell 
cycle histogram (Fig. 3B and 3D). 

Fisetin decreased cells migration
To further validate the impact of fisetin on the 

motility of CCA cells, wound healing and Trans-well 
migration methods were performed. The outcomes from 
both the Trans-well migration (Fig. 4A–B) and wound 
healing (Fig. 5A–B) assays indicated that fisetin effectively 

suppressed the migration of KKU-M452 and KKU-100 cells 
when compared with the untreated group. Two experiments 
confirmed that fisetin exerted a more pronounced effect 
on KKU-M452 cells characterized by rapid migration, as 
opposed to KKU-100 cells which exhibited slower migration. 
According to this information, fisetin dramatically reduced 
the ability of CCA cells to migrate.

Fisetin increased ROS generation
To determine if fisetin influences ROS generation in 

CCA cells and whether the initiation of fisetin-induced cell 
death is mediated by ROS, the intracellular ROS production in 
control and treatment cells was observed using a fluorescent 
probe (DCF-DA). The results indicated that fisetin led to a 
substantial increase in ROS production in KKU-100 cells, 
reaching approximately 50% at a dose of 50 µM, in contrast to 
around 20% in KKU-M452 cells (Fig. 6A–B). These findings 
imply that the cell death and apoptosis activated by fisetin in 

Figure 6. ROS generation of fisetin on CCA cells. (A-B) CCA cells (2.5 × 105 cells/well) were treated with fisetin (0–50 µM) for 24 hours. The cells were stained 
with DCF-DA, ROS generation was determined by flow cytometry and expressed as a percentage of control cells. *Statistical difference from control cells (p < 0.05).
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two CCA cells might be attributed to the increased production 
of ROS.

DISCUSSION
CCA is marked by a notable resistance to conventional 

chemotherapy [16] and a new alternative treatment is urgently 
needed. Presently, we tested the effectiveness of fisetin, a 
nontoxic flavonoid molecule, against two different types of CCA 
cells, KKU-100 with slow growth and migration and KKU-M452 
with rapid growth and migration, in order to overcome the 
limitations of existing chemotherapy regimens. This study 
showed that fisetin greatly promoted cell death, increased 
apoptosis, and decreased migration through the generation of 
ROS levels. KKU-100 cells, which are characterized as having 
slow proliferation and migration, are more sensitive to the 
antiproliferative actions of fisetin than are KKU-M452 cells, 
which are described as having rapid growth and migration. In 
contrast, KKU-M452 cells were more sensitive to the migratory 
inhibitory effects of fisetin than KKU-100 cells. These findings 
showed that fisetin substantially induced apoptosis, migratory 
inhibition, and cell death in both CCA cells. 

In numerous investigations and mechanisms, the 
impact of fisetin on the proliferation of cancer cells has been 
described. Fisetin exhibits minimal cytotoxicity towards normal 
cells at doses that are extremely cytotoxic to cancer cells, and 
it also stimulates cell cycle arrest at several phases [5]. Such as 
in breast MCF-7 and cervical HeLa cancer cells, fisetin induced 
both cancer cell death with low IC50 values of 267.10 ± 48.96 and 
140.97 ± 22.92 µg/ml, respectively [14]. In our first report about 
fisetin on CCA cell growth, we introduced two distinct CCA 
cell lines and used the SRB assay to confirm the cytotoxicity 
of fisetin at various doses. Fisetin inhibited the growth and 
proliferation in both CCA cells, achieving this effect at doses 
corresponding to IC50 values were 50.10 ± 17.49 and 166.63 
± 18.63 µM for KKU-100 and KKU-M452 cells at 24 hours 
incubation period, respectively. With the correlation of gastric 
cancer cells, treatment with fisetin (10–20 µM) encouraged the 
inhibition of growth by stimulating apoptosis and cancer cell 
cycle arrest at G2/M stages [17]. Numerous findings suggested 
that fisetin stimulated cell cycle arrest at G1 and G2/M phase 
[18] and G2/M arrest in prostate and colon cancer cells [19], 
respectively. The fisetin strongly activated apoptosis was 
described through the stimulation of morphological alterations 
in cells that are indicative of apoptosis through the production 
of caspase 3 and 7 activities [20].

Apoptosis is a form of programmed cell death, 
typically marked by specific morphological features and 
energy-dependent biochemical processes. This study found that 
after both CCA cells were exposed to fisetin for 24 hours, 10–50 
M fisetin significantly activated apoptotic bodies than untreated 
control groups. The transmission and execution of apoptotic 
signals necessitate the activity of a cascade of caspases [21]. 
In cervical cancer cells, fisetin stimulated the high levels of 
pro-apoptotic genes and protein expression, including APAF1, 
Bad, Bax, Bid and BIK along with suppression of anti-apoptotic 
genes, including Bcl-2, BIRC8, MCL-1, XIAP/BIRC4, Livin/
BIRC7, clap-2/BIRC3. Significantly, the abovementioned 
variations subsequently resulted in increased levels of caspase 

3, 8 and 9 levels, which activated the cancer cells apoptosis 
[22]. In combination between fisetin and cisplatin (anticancer 
drug) showed the potentiated effects between two compounds 
with upregulation of Bax pro-apoptotic and caspases 3 and 9 
gene expression [23]. Fisetin modulates the apoptotic and anti-
apoptotic protein or gene expression in several cancer cells, 
which finally leads to the cancer cells apoptosis as well as CCA 
cells. 

For the next effects of fisetin on CCA cells, we focus 
on migratory suppression. Less is known about the precise 
association between fisetin and CCA migration. In advanced 
cancer stages, cancer cells frequently migrate or metastasize 
to form a secondary tumor. Fisetin dramatically reduced the 
migration of both CCA cells in studies of wound healing and 
the Trans-well migration assay, which were similar to fisetin’s 
suppression of breast cancer cell migration [14]. Matrix 
metalloproteinases (MMP) 2 and MMP 9 gene expression and 
enzyme activity are suppressed, according to reports on the 
mechanism of action [24]. MMPs are crucial participants in the 
mechanisms underlying tumorigenesis, angiogenesis, invasion, 
and metastasis [25]. Numerous natural compounds and herbal 
remedies have been shown to reduce the expression of MMPs, 
resulting in a significant reduction in migratory capability [26]. 
For example, Piper nigrum reduced migration in a rat model by 
reduction of the MMP 2, MMP 9 levels, and vascular endothelial 
growth factor [27]. It has been confirmed that Cratoxylum 
formosum, a Thai vegetable, suppressed both gene and protein 
expression of MMP 2 and MMP 9 [28]. In summary, these results 
collectively indicated that fisetin attenuates the migration of 
CCA cells, consequently diminishing tumor advancement and 
migration. In deep mechanism of fisetin on CCA migration was 
more interesting in the future in vivo study. 

Elevated intracellular ROS levels lead to the death 
and apoptosis of cancer cells [29] such as multiple myeloma, 
liver, oral, skin and oral cancer cells. ROS and mitochondria 
play an important role in instigating apoptosis in pathological 
situations, that is, the accumulation of ROS within cancer cells 
frequently initiates mitochondrial impairment, elevates caspase 
three levels, and ultimately induces apoptosis in cancer cells 
[30]. According to this study, fisetin stimulated intracellular 
ROS production in both types of CCA cells, but had a 
noticeable effect on KKU-100 cells than KKU-M452 cells. 
Likewise, fisetin activates apoptosis in lung cancer through 
the production of ROS levels, which stimulates mitochondrial 
dysfunction, apoptosis and DNA fragmentation [31] via 
suppression of ERK1/2 and NF-κB pathways [31]. Moreover, 
fisetin also caused endoplasmic reticulum (ER) stress-induced 
production of mitochondrial ROS generation and Ca2+, with 
the involvement of MAPK signaling [31]. ER stress related 
to ROS formation is involved in the activation of apoptosis 
and autophagy [32]. The ROS scavenger molecule N-acetyl 
cysteine decreased fisetin-activated apoptosis in multiple 
myeloma and oral cancer cells [33,34]. The association between 
ROS signaling and fisetin-induced apoptosis in CCA cells will 
undergo further investigation. According to the findings, large 
amounts of ROS generation may be able to control how fisetin 
accelerated CCA cell death, lowered cell viability, and triggered 
apoptosis, which in turn caused mitochondrial malfunction and 



104 Buranrat et al. / Journal of Applied Pharmaceutical Science 15 (02); 2025: 096-105

the caspase cascade to be induced in cancer cells. ROS may 
cause CCA cell death and apoptosis. 

CONCLUSION
The current research is an initial investigation into the 

anticancer properties of fisetin and the mechanisms that led to 
the apoptosis and death of CCA cells. Taken together, according 
to the available research, fisetin has anticancer effects in human 
CCA cells by reducing the possibility of cell growth, death, and 
migration. Moreover, fisetin may exert its function in inhibiting 
CCA cells through the elevation of intracellular ROS levels. 
According to our discoveries, fisetin has the potential to be 
regarded as a promising option for the treatment of CCA.
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