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Introduction

Abstract
Introduction: Cancer stem cells .
(CSCs) are very important for '3‘ ot
colorectal cancer (CRC) because # y oo
they help the cancer start, spread, ’ ﬁw"’@ = @W

. . P N ) o e —
and metastasise. This makes them a T ?%@%‘. S ot ;IM'
key target for making better cancer | I -T & g:::mmm AR
treatments. This study explores the cnt;scmé}c;.ﬂm.s \ O -
effects of chrysin on the CSCs in o o (ﬁ Coll Viabiyy
the SW480 cell line to examine its %*%, i
potential impact on key signalling /
pathways involved in cell survival and o® b
proliferation, shedding light on its Q‘%os
therapeutic potential in colon cancer. ki

Methods:  Chrysin's  cytotoxicity

was assessed on CD44" CSCs using an MTT test. The AnnexinV/PI test was used to evaluate
the apoptotic effects. The expression levels of Caspase-3 as well as Ki-67 were also investigated
using flow cytometry. The scratch assay was used to assess cell migration. ROS production was
determined using the DCFH-DA.

Results: In the following of the MTT assay, 75 UM of chrysin was selected for further experiments.
The findings indicated that chrysin significantly enhanced apoptosis in CD44* SCs with the
percentage of 35.49+0.81 %. The Ki-Caspase 3 study revealed a decrease in Ki-67 expression and
an increase in Caspase-3 expression. Moreover, it was indicated that chrysin significantly impeded
wound healing and restricted migration in the treated CSCs. Chrysin was found to increase ROS
generation in the treated cells.

Conclusion: Chrysin effectively induced apoptosis on CD44" CSCs by enhancing Caspase-3
expression and reducing Ki-67 expression, indicating its role in promoting cell death and
inhibiting proliferation. Additionally, chrysin impaired wound healing, restricted cell migration,
and increased ROS generation, highlighting its potential as an anti-cancer agent against CSCs in
CRC via targeting multiple cellular processes.

worldwide.* While survival rates have grown over the

Cancer is the second greatest cause of death worldwide and
asignificant global health issue. The development of cancer
isintimatelyinfluenced by the interaction ofhereditaryand
environmental variables. It is characterized by unchecked
cell multiplication that destroys surrounding tissues.”
Traditional cancer therapies include immunotherapy,
hormone therapy, radiation, chemotherapy, and surgery,
but they frequently have unfavourable side effects.?
Because of metastasis, colorectal cancer (CRC) is the
second most common cause of cancer-related deaths

past few decades due to advancements in radiotherapy
and chemotherapy, over half of these individuals died
within five years of diagnosis due to metastases and
recurrent disease. While much research has been done
on the modifications of essential proteins in a normal cell
that cause CRC, the mechanisms underlying metastasis
are still unclear.® Cancer stem cells (CSCs) play a pivotal
role in CRC by driving tumour growth, metastasis, and
therapy resistance, underscoring their importance as
targets for advancing treatment strategies.® Their peculiar
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ability to self-renew and drive tumour heterogeneity
makes CSCs a significant contributor to recurrence and
metastasis, even after initial treatment success. Targeting
CSCs could enhance therapeutic efficacy by eliminating
the root cause of tumour growth and reducing the risk of
relapse, offering a more effective and durable approach
to CRC management.” Recent studies highlight the
potential of natural compounds to exhibit anticancer
properties and influence cancer cell behaviour. Chrysin is
a naturally occurring flavonoid with prominent biological
effects. Flavonoids are readily absorbed, and foods high
in flavonoids are significant parts of the human diet. It
has been possible to identify about 4000 different forms
of physiologically active flavonoids, which are further
classified into subclasses such as isoflavonoids, flavones,
flavanols, flavanones, anthocyanidins, and flavanols.®

The literature claims that chrysin works by inhibiting
the production of inflammatory markers through a
variety of signalling pathways, including nuclear factor
kappa-light-chain-enhancer of activated B cells (NF-kB),
cyclooxygenase-2 (COX-2), mitogen-activated protein
kinase (MAPK), and Janus kinase-signal transducer
and activator of transcription (JAK-STAT).” Chrysin
also initiates ROS-mediated apoptosis, the appropriate
mechanism for the killing of cancer cells."® However, in
the human CRC cell line HCT-116, chrysin was found to
greatly enhance TNFa-induced apoptosis, an effect linked
to an inhibitory effect on NF-«B activation.

Here, we investigated the effects of chrysin on CSCs
within the SW480 cell line, as a model of colorectal
cancer. We hypothesise that chrysin exhibits anticancer
effects against CSCs; therefore, we evaluated the apoptotic
population and Caspase-3 expression as an important
apoptotic marker. We also assessed ROS generation
to investigate its contribution to chrysin-mediated
cytotoxicity and apoptosis in CSCs. In addition, a scratch
assay was performed to evaluate the effects of chrysin
on cell migration, providing insights into its potential
anti-metastatic properties in CSCs. Understanding the
impact of chrysin on CSCs could pave the way for novel
therapeutic strategies in CRC therapy, emphasising the
value of natural compounds for improving efficacy and
reducing toxicity in clinical settings.

Materials and Methods

Cell line and reagents

We used the human colorectal cancer model, SW480.
Roswell Park Memorial Institute's (RPMI) 1640 medium
(Gibco, USA) with 10% fetal bovine serum (FBS) and
1% penicillin-streptomycin (Sigma, USA) was used to
culture the SW480 cells. We cultivated the cells at 37°C
in a humidified, regulated environment with 5% CO,.
The medium was changed twice weekly."? After the cells
reached 70-80% confluency, the treatment regimens were
initiated.

CD44* CSCs enrichment by MACS technique

The CD44"cells were isolated and enriched using the
magnetic-activated cell sorting (MACS) approach. To
put it briefly, 0.25% trypsin-EDTA (Gibco, USA) was
used to harvest the cells. After being separated, the cells
were washed and put back into PBS buffer. The next
step involved labelling 1x107 cells with 20 uL of CD44
microbeads (Miltenyi Biotec., Germany) on a rotator set
at 4 °C for 20 minutes. The cells were then enriched using
an LS column (Miltenyi Biotec., Germany) connected to
a Midi-MACS magnet (Miltenyi Biotec., Germany) after
being washed with PBS containing FBS (0.5%). Following
separation, CD44 " cells were extracted as primary CSCs
for further examination.”

Cell viability assay by MTT

We assessed the in vitro cytotoxicity of chrysin by
performing the 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) assay with
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (Sigma Aldrich, USA). Specifically, 96-well
plates were seeded with SW480 cells at a density of 3 x 10°.
Following a 24-hour incubation period, the cells were
subjected to chrysin at different concentrations. The
experimental groups were then given MTT (0.5 mg/mL)
and allowed to incubate for an additional 4 hours at 37
°C. The formazan crystals were then dissolved by adding
dimethyl sulfoxide (DMSO) after the medium had been
removed. At the end, ELISA Reader measured the optical
density at 570 nm. The GraphPad Prism software was
tilized to obtain the IC50 value and the dose-response
curve. The control group consisted of cells that were not
treated."

Apoptosis assay by Annexin V/PI assay

To examine the apoptosis-inducing effect of chrysin on
CD44*CSCs, the annexin V- fluorescein isothiocyanate
(FITC)/propidium iodided (PI) double staining assay
was utilized to assess cell apoptosis ratios. CD44*CSCs
were treated with a dose and time obtained from the
MTT assay. Following 48-hour incubation, the cells
were collected from untreated cells as a control group
and chrysin-treated group, as an experimental group. In
specifics, the cells were taken from each group, washed
with PBS supplemented with 5% FBS, re-suspended in
binding buffer, and then incubated for 15 minutes at room
temperature after being stained with 100 pL of binding
buffer solution containing 5 pL of FITC-conjugated
Annexin V. 5 pL of PI solution was added to 100 pL of
binding buffer after the cells had been washed with
binding buffer. The apoptotic percentage was calculated
by flow cytometry with the FACSCalibur (BD Bioscience,
USA) instrument. FlowJo software version X.0.7 was used

to analyze the acquired data.'>'¢
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Ki-67/Caspase-3 expression assay

Assays for Ki-67/Caspase-3 were performed on both the
experimental and control groups. This was accomplished
by washing 50x10* cells per well with washing buffer
and then incubating them with 0.2% Triton X-100 for
15 minutes. After 30 minutes of staining with a 5 p Ki-
67 antibody solution (BD Biosciences, USA, Cat: 556027),
the cells were subjected to flow cytometry analysis.”
Furthermore, cells from both groups were fixed and
permeabilised using fixation and permeabilisation
solutions (provided in the Kkit), respectively, for the
Caspase-3 assay. Following washing, the cells were labelled
with PE-conjugated anti-Caspase (BD Biosciences, USA,
Cat: 556027) and subjected to flow cytometry analysis.'®*

Wound-healing assay to determine the effect of chrysin
on the cell migration

A wound-healing assay was performed to clarify the effect
of chrysin on the migration of SW480 cells. The cells were
cultured in 6-well plates (4 x 10° cells/well) until reaching
a 90% confluent monolayer. A sterile micropipette tip
was used to manually make a scratch in the middle of
the well. To get rid of any cellular debris, the wells were
then cleaned with PBS. Chrysin was then administered to
the cells, and at various intervals (0, 24, and 48 hours),
cell migration was observed. In summary, an inverted
microscope (KRUSS, MBL-3200) was used to measure
the wound area's breadth at a 10X magnification. Image]
software was used to quantify regions free of cells. Each
condition was independently replicated three times and
assessed in triplicate. The obtained results are expressed
as the percentage of cell migration, calculated as follows:
[wound area at 0 time-wound area at 48 hour]/wound
area at 0 time * 100 = Cell migration%.

Measurement of ROS levels

The ROS technique was employed to assess the induction
rate of intracellular free radicals by measuring the
fluorescence intensity of 2°,7’-dichlorodihydrofluorescein
diacetate (DCFH-DA) using FACS flow cytometry.
DCFH-DA is a non-labelled, oxidation-sensitive
fluorescent probe commonly used to assess ROS levels.
Within cells, ROS oxidises the non-fluorescent DCFH
to generate DCF, which emits green fluorescence.
CD44*CSCs were cultured and treated in the same
manner described in previous experiments. Following
this, treated and untreated cells were exposed to 500 uL of
DCFH-DA (10 uM in PBS) for 2 hours at 37 °C in a CO,
incubator. The cells were then detached, washed twice
with PBS, and resuspended in 500 uL of PBS, and their
fluorescence intensity was measured by flow cytometry
with FACSCalibur (BD Bioscience, USA) instrument.*

Statistical analysis
The data were assessed using GraphPad Prism version

8. After a one-way analysis of variance (ANOVA),
post hoc Tukey's tests were used to identify significant
differences between the groups. *P<0.05 was the cutoff
point for statistical significance. Three iterations of each
experimental procedure were conducted.

Results

Growth inhibitory effect of chrysin on SW480 cells
SW480 cells were treated with varying concentrations of
chrysin to assess the cytotoxic potential of chrysin. An MTT
assay was performed to evaluate cell viability and identify
the optimal dose of chrysin. After 48 hours of exposure to
different concentrations of chrysin, cell proliferation was
quantified using the MTT method. The dose-response
curve in Fig. 1 shows a concentration-dependent reduction
in cell viability. From these results, the IC50 value of chrysin
was calculated to be 77.15+5.4 uM. Subsequently, 75 uM
of chrysin was selected for further experiments to assess its
effects on cancer cell growth.

Chrysin enhanced apoptotic cell population in SW480
Cells

To determine the apoptotic effects of chrysin in SW480
cells, an Annexin V/PI double staining assay was
performed using flow cytometry. After 48 hours of
treatment protocols, the cells were harvested and subjected
to analysis. Fig. 2 depicts the contour diagram illustrating
Annexin V/PI flow cytometry analysis of SW480 cells. As
shown, the percentage of apoptotic cells was 35.49+0.81
% in SW480 cells exposed to chrysin (*P <0.05) compared
to non-treated cells.

Investigation of Ki67-Caspase 3 assessment following
treatment with chrysin

Ki-67 expression revealed that chrysin had a major impact
in inhibiting the proliferation of SW480 cells. It was
demonstrated that the downregulation of Ki-67 in SW480
was caused by the chrysin treatment condition. At the
conclusion of the 48-hour treatment period, SW480 cells'
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Fig. 1. A dose-response curve illustrating the inhibitory effect of Chrysin
on SW480 cells, generated using GraphPad Prism software. The data
was derived from MTT assays performed after 48 hours of chrysin
treatment. Cells were treated with different concentrations ranging from
10 to 200 uM of chrysin.
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Fig. 2. Flow cytometric analysis of apoptosis in SW480 cells following chrysin treatment. (a) Dot plot showing flow cytometry results for apoptosis induced by
48 hours treatment with 75 uM chrysin. (b) Bar graph quantifying apoptotic cells. Data represented as the mean +SD from triplicate experiments. Significant

differences are indicated by *P<0.05.

Ki-67 percentage was 79.1%, while control cells' score
was 99.5% (Fig. 3) (*P<0.05). Additionally, a caspase-3
analysis was used to evaluate another facet of SW480 cells'
death after they were treated with chrysin. According to
these findings, the experimental group's caspase-3 level
rose 2.02 times (Fig. 3).

Chrysin inhibits the migration of SW480 cells

Given the critical role of cell migration in cancer metastasis,
a wound-healing assay was conducted to assess the effect
of chrysin on the migration of SW480 cells. The inhibitory
effect of chrysin on migration was presented as the mean
percentage of cell migration rate in the treated and control
groups. As shown in Fig. 4, chrysin treatment impaired
wound healing, indicating reduced cell migration. The
mean percentage of the migration rate in the control and
chrysin-treated groups was calculated 49.25% +7.42%
and 14.99% + 1.56%, respectively (**P<0.01). Our results
confirmed that chrysin effectively slowed the migration
rate in the treated cells.

Chrysin enhances the generation of ROS in the SW480
cell line

Ithas been reported that elevated ROS levels and the loss of
mitochondrial membrane potential have been implicated
in apoptosis. Numerous studies have shown that the
accumulation of ROS, induced by anticancer compounds,
can effectively promote cell death across various cancer
types.?> Thus, we investigated whether chrysin can trigger
ROS production in the SW480 cell line. To confirm
ROS generation within SW480 cells following chrysin
treatment, the DCFH-DA was used. Fig. 5 shows DCF
fluorescent intensity in chrysin-treated cells was two-fold
raised compared to the control group (***P<0.001). The
overall findings suggest that the elevation of intracellular
ROS levels is attributed to chrysin treatment.

Discussion
With a high incidence and mortality rate globally, CRC is

the third most common cause of cancer-related deaths.”
CSCs play a crucial role in the initiation, progression,
and recurrence of CRC. Despite comprising a small
subset within the tumour, they exhibit self-renewal
capabilities, resistance to conventional therapies, and
the ability to differentiate into various cell types, all of
which contribute to tumour heterogeneity. CSCs are
believed to drive tumourigenesis by forming primary
tumours and facilitating metastasis through invading
surrounding tissues.”* In the case of CRC, CSCs are
believed to be located in a specific microenvironment
that supports their maintenance and causes resistance to
chemotherapeutics and radiotherapy compared to non-
stem cancer cells. This resistance is attributed to their
enhanced DNA repair mechanisms, altered drug efflux,
and activation of key survival pathways. The presence of
CSCs in CRC has been correlated with poor prognosis
and a higher likelihood of relapse, highlighting the urgent
need for targeted therapies and novel strategies aimed at
eradicating this subpopulation.”® Research indicates that
certain natural compounds can inhibit the proliferation
of CSCs, thereby potentially improving the overall
effectiveness of cancer treatments.? The evidence suggests
that natural compounds targeting CSCs represent a
promising strategy for enhancing chemotherapy efficacy,
particularly in the context of CRC.” These compounds
not only inhibit tumour growth but also address the
challenges posed by CSCs, which are often responsible for
treatment resistance and metastasis.”® This underscores
the urgent need to develop innovative therapeutic
strategies that target CSCs to improve treatment outcomes
in cancer patients. In response to the growing demand
for anticancer therapies with reduced cytotoxicity and
adverse effects, researchers are increasingly exploring
natural products as novel sources of pharmacologically
active molecules with diverse anticancer mechanisms.”
chrysin, a natural compound with notable therapeutic
benefits, including hepatoprotective, neuroprotective,
anti-inflammatory, and antioxidant properties, holds the
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Fig. 3. Ki-Caspase expression of SW480 cells following chrysin treatment. A-E) SW480 cells were evaluated with Ki-67 through flow cytometry; F-J) Flow
cytometry analysis of caspase-3 in mentioned cells. A and F are selected cell populations; B and G are isotype controls; C and H are control groups; D and
| are SW480 following chrysin treatment. Values are mean+SD from independent experiments (*P<0.05).
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Fig. 4. Analysis of cell migration via scratch assay in SW480 cells. (a) Representative microscopic images show the progression of wound healing at
different time points (0, 24, and 48 hours) after treatment. (b) Bar graph quantifying cell migration. The assay demonstrated that chrysin inhibited migration

of SW480-treated cells more than the control group (**P<0.01).

potential for the treatment of various diseases.” Chrysin's
apoptotic activity and antitumor effects have been
investigated recently, attracting interest in preclinical
and experimental research on many cancer types.*® The
current study clarified the effects of chrysin against the
CSC population in SW480 cells, addressing the lack of
information regarding its impact on this cell line. In this
experimental investigation, we demonstrated the possible
impact of chrysin on CSCs in SW480 cells in relation to
many processes.

Apoptosis plays a substantial role in eliminating cancer
cells, including CRC. Studies have shown that natural
compounds like chrysin can effectively elicit apoptosis in
cancer cells.’ This apoptotic effect is primarily mediated
by the activation of the intrinsic pathway, which involves

the activation of key enzymes like caspase-3. Caspase-3,
a critical executioner caspase, facilitates the breakdown
of cellular components, leading to apoptotic cell death.
Chrysin has been found to elevate caspase activity, thereby
promoting apoptosis and inhibiting cancer progression.*

Bahadori et al reported that chrysin effectively inhibited
the proliferation of CT26 colon cancer by inducing
apoptosis through the intrinsic apoptotic pathway, which
was confirmed by increased caspase-3 and caspase-9
activity and elevated Bax expression.”> Numerous studies
have demonstrated that chrysin exhibits significant
inhibitory effects on cell proliferation while promoting
apoptosis in CRC cell lines. In this regard, Zhang et
al demonstrated that the combination of chrysin and
apigenin effectively inhibited cell growth, migration, and

Biolmpacts. 2025;15:31073 |5
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Fig. 5. Evaluation of the effect of chrysin on ROS production using DCFH-DA staining. SW480 cells were incubated with 75 pM of chrysin for 48 h.
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(A) Representative results as the purple line identifies unstained cells; the red line specifies untreated cells (control) and the blue line denotes chrysin-
treated cells. (B) ROS formation was compared with non-treated (control) cells. Data represented as the mean+SD. Significant differences are indicated

by ***P<0.001.

invasion while enhancing apoptosis in CRC models in
CRC cell lines.* Our findings align with previous studies
demonstrating that chrysin exerts its anticancer effects
by enhancing apoptosis induction and modulating key
molecular markers. In addition, we observed an increase
in caspase-3 activity, a hallmark of apoptosis, and a
concurrent reduction in Ki-67, as a proliferation marker.
This reinforces the potential of chrysin as a natural
therapeutic agent for targeting colon cancer cells through
apoptosis-driven mechanisms.

It has been revealed that the ability of anti-cancer
agents to induce apoptosis relies on ROS production.
A disproportionate increase in ROS levels can elicit
apoptosis in cancer cells. ROS and mitochondria play a
crucial role in this process, as elevated ROS levels enhance
the permeability of mitochondrial membranes, leading to
the release of cytochrome C. These events subsequently
activate caspase, a process influenced by direct or indirect
ROS-mediated mechanisms.* The production of ROS by
cancer cells can be measured using DCFH-DA, which
is then converted to DCF in the presence of peroxides.
Elevated levels of ROS can induce apoptosis through both
intrinsic and extrinsic pathways. In the intrinsic pathway,
ROS causes mitochondrial dysfunction and the release
of cytochrome c, resulting in caspase activation and
apoptosis. In the extrinsic pathway, ROS activates death
receptors on the cell surface, similarly triggering apoptosis.
Therefore, excessive ROS plays a critical role in initiating
both apoptotic pathways.** A common flavonoid that
triggers apoptosis via intrinsic mitochondrial mechanisms
is chrysin. In different cancer cells, it activates caspase-9
and caspase-3, enhances DNA fragmentation, alters
mitochondrial membrane potential, and encourages the
expression of pro-apoptotic proteins.””* In the present
study, chrysin treatment can promote ROS production in
the SW480 cell line, as a model of CRC. The generation
of ROS is pivotal to the antitumour effects of chrysin,

as it induces oxidative stress, disrupts mitochondrial
function, triggers apoptosis, and modulates key signalling
pathways. These properties position chrysin as a
promising candidate for CRC therapy.

Conclusion
In this project, we reported the apoptotic and anti-
metastatic effects of chrysin on CSCs in SW480, a CRC
model. Chrysin exhibited significant cytotoxic activity,
enhanced apoptotic-related events, and increased ROS
generation. In addition, cell migration was mitigated in
the cells exposed to chrysin treatment. These findings
highlight chrysin's potential as a therapeutic agent
targeting both the metastatic and survival mechanisms
of CRC. However, to validate its efficacy as a natural
agent for treatment modalities of human CRC, further
investigation through human clinical trials is essential.
This study does have certain limitations, though.
Only in vitro tests were conducted; additional animal
research is required to confirm chrysin's efficacy in vivo.
Furthermore, the results of this study only focused on
CD44+CSCs; next research should examine how chrysin
affects other kinds of CSCs. Additionally, there is a dearth
of information on the validation of chrysin's function in
examining various signalling pathways. Hopefully, we
will be able to create a new study to investigate it in a later
study.
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