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Colon cancer is the is the third most common type of cancer, causing death, with a survival rate of 5 years usually
treated with chemotherapy or surgery. Many chemotherz'@c drugs are tested, but they have limitations such as

resistance development, toxicity, limited response i

neéed stages, and a lot of adverse side effects. To combat
exiny ytochemical that has anti-inflammatory, anti-cancer, and anti-

1%2 chemotherapeutic drug for colon cancer. The present study
upregulate the estrogen receptor genes and downregulate c-myc gene,
ic agent and induces the estrogen-mediated pathway on the regulation

*(:\\A\ .
INTRODUCTION

Cancer is a disease characterized by uncontrolled
cell growth, with significant global mortality [1]. In 2023,
approximately 609,820 cancer-related deaths occurred in the
United States, and in 2024, around 2,001,140 new cases are
reported. Lung, stomach, and liver cancers are the most lethal,
among major cancer death occurred due to lung cancer [2]. Colon
cancer, originating from benign polyps, undergoes malignant
transformation over 10-15 years, and its staging involves
assessing tumor characteristics, lymph node involvement, and
metastasis [3]. Early detection through screening methods such
as colonoscopy and Al tools improves polyp identification.
Surgical treatment is primary for resectable colorectal cancer
(CRC), with chemotherapy, radiation, and immunotherapy used
for non-resectable cases, though they can cause significant
side effects and drug resistance [4]. Recent research focuses
on combining natural phytochemicals, such as carotenoids,
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flavonoids, and polyphenols, with synthetic drugs to reduce
adverse effects while targeting cancer stem cells and modifying
the gut microbiome [5]. Vitexin from Vitex negundo, is a glyco
flavonoid that possesses good anticarcinogenic activity against
different cancers, such as endometrial, breast, gastric, lung, liver,
and colon, by inducing apoptosis through various mechanisms.
One such mechanism includes estrogen-mediated pathways,
in which vitexin can act as a selective estrogen receptor (ER)
modulator and induce apoptosis in cancer cells by regulating
the ratio of anti-apoptotic and pro-apoptotic gene (Bcl-2 &
Bax) expressions [6]. Various studies have proven the binding
efficiency of glyco flavanoids on ERs, both ERa and ER, on the
regulation of Alzhemiers’s disease, reproductive problems, and
neurotoxicity [7]. Estrogenic role of glyco flavanoids activates
ERa and ERB, leads to intracellular signalling pathways, and
is responsible for the changes in cellular behavior [8]. Limited
information is available on the protective effect of vitexin in
CRC, mediated by ERs, and the complex role of apoptotic
and pro-apoptotic genes in colon cancer progression. An
experimental trial was carried out to check the estrogenic role
of vitexin on ER and its associated role on cancer control in
order to highlight the potential therapeutic strategies of vitexin
for improving CRC treatment [9].
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MATERIALS AND METHODS

Cell maintenance

The human HCT116 colon adenocarcinoma cells were
purchased from the National Centre for Curative Sciences in
Pune, India. The cells were cultured using Dulbecco’s Modified
Eagle Medium (DMEM) supplemented with 10% fetal bovine
serum, and 1% penicillin-streptomycin maintained at 37°C,
5% CO,. Once the cells reach 75%-80% confluence, allowed
to wash with phosphate buffered saline (PBS) (pH:7.4), after
removing the media, harvested with 0.25% Trypsin-EDTA, and
seeded to reach the required density under the same incubation
condition [10].

Cytotoxicity assay

Cell cytotoxicity ~ was tested by  the
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium (MTT)
assay. The MTT enters into the mitochondria in the viable cells
and is reduced to purple-coloured formazan crystals, which are
insoluble. The cells were solubilized with dimethyl sulfoxide,
and released as solubilized formazan reagent was measured
spectrophotometrically at 570nm. Different concentrations
(1-25 pg/ml) of vitexin (Natural remedies, Bangalore, India)
were dissolved in methanol were treated with HCT116 for
cytotoxicity assay. Methanol was used as control. The optical
density was measured at 570nm on a microplate reader. The
50% inhibitory concentration (IC,)) of the drug was calculated
from the dose-response curves [11].

P\
Cell migration assay X}Q

Cells grown in DMEM media

ith C ence in
edia was removed,
gach well to control

6 well plate, were used for migration as§
added 250 pl of 5 pg/ml of mitomycin
the proliferation. Incubated the plate for 2’ hours at 37°C and 5%
CO,. Removed the medium with mitomycin C. After washing
the cells with PBS, a scratch was created on monolayer cells
with a 10 ul tip across the center of the well, along the axial
of tip should be perpendicular to the bottom of the well. The
cells were viewed under a phase contrast microscope. About
100,000 cells were used in a 6-well plate was treated with
drug at respective concentrations. The culture dish was placed
in an incubator, and the image was captured every 12 hours.
The images were taken using an inverted microscope at 40X
magnifications. The wound images were viewed and analysed
by ImagelJ software. For wound closure calculation, the scratch
width was measured using the software, considering the center
of the scratch in every picture, from the scratch wall. The
percentage of the wound open area was calculated by dividing
the scratch area at 12, 24, and 36 hour time points by the scratch
area at 0 hour time point [12].

The wound closure area percentage was calculated
using the following formula:

—on A

A

% Wound Closure = ‘ 100
t=0h

where A _ | — Initial wound area; A, _

at time point.

. — Wound area

Free radical scavenging assay

Different concentrations of vitexin were added with 1
ml of 0.1 mM 2,2-diphenyl-1-picrylhydrazyl (DPPH) dissolved
in methanol, kept in the dark for 30 minutes, and the UV/
VIS spectrophotometric absorbance was measured at 523 nm.
Standard and blank were processed simultaneously [13]. The
scavenging activity was calculated using the following formula:

% Scavenging Activity = (Acontrol - Asample)/Acontrol x 100

where Asample - Absorbance of the test sample;
Acontrol-Absorbance of the control.

Lipid peroxidation

Lipid peroxidation was assessed by thiobarbituric acid
(TBA) assay, which measures malondialdehyde levels. Vitexin-
treated cells were washed, treated with TCA and centrifuged.
The supernatant was mixed with TCA and TBA, incubated at
95°C, and cooled. Butanol was added and separated. Absorbance
was measured at 530 nm to evaluate lipid peroxidation [14].

Total antioxidant capacity

The ferric-reducing antioxidant power (FRAP) assay

evaluates tofal antioxidant capacity (TAC) by reducing Fe** to

mue Fe*-(2,4,6-Tri(2-pyridyl)-s-triazine) (TPTZ)

sured at 593 nm. The FRAP reagent was prepared

a 10:1:1 ratio of acetate buffer, TPTZ, and FeCl..

ample solutions, diluted in methanol and water, are incubated
ith the reagent for 30 minutes [15].

Apoptotic assay

An acridine orange (AO) - propidium iodide (PI) mixture
was used to stain cells, the live cells omit green fluorescence, while
the dead cells omit red fluorescence when cells are excited with
the proper light source. The cells were seeded with a confluency
of 3,000 cells in a 35 mm dish and incubated for 24 hours. The
cells were treated with 7.8 pug/ml of vitexin. After 24 hours of drug
exposure, the media was removed, and 100 ul of AO/PI stain was
added to the plate. The number of viable and non-viable cells at
the end of treatment was observed using an inverted fluorescent
microscope [16].

RNA isolation, cDNA synthesis, and quantitative PCR (qPCR)
analysis

HCT116 colon cancer cell lines (3 x 10° cells) were
treated with vitexin (IC, ) for 48 hours. At the end of 48 hours
treatment, the RNA extraction was carried out by the trizol
method. The quantity and the purity of the RNA were tested in
ananodrop spectrophotometer. Reverse transcription reactions
were carried out for the production of cDNA Revert Aid First
Strand ¢cDNA Synthesis Kit. Genes specific for estrogen
receptor-beta (ER-B), cellular myc (C-myc), interleukin-6
(IL-6), interferon-gamma (INF-y), and tumor necrosis
factor-a (TNF-a) were selected for the expression analysis.
Quantitative reverse transcription-polymerase chain reaction
was performed with high carboxy rhodamine Amplicon
SYBR Green Master Mix and specific primers of target genes.
Gene-specific forward and backward primers are designed for
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Table 1. The forward and reverse primer to certain genes.

120
Genes  Forward primers (5’-3) Reverse primer (5'-3") 200 } I
ER B TGGG- GGTGTGTTCTAGCGATCTTG g \I
CACCTTTCTCCTTTAG s 80 I
o
C-myc AAGCTGAGGCACA- GCTTGGACAGGTTAGGAG- S 60 \
CAAAGA TAAA ) 1
IL6 ACCTCGAAACAG- AGATGCCGTCGAGGATGTA § 40 \I
CATCTGAC &
20
IFN-y  ATGTCCAACGCAAAG- ACCTCGAAACAGCATCTGAC
CAATAC 0 —— =
TNF-o GAACTTGGAGGGCTAG- CAGCGAGTCCTTCTCACATT © 2 4 6 8 10 2 1 16 18 20
GATT Concentration pg/ml
B-actin  GCTCGTCGTCGACAAC- CAAACATGATCTGGGT- . . o . .
GGCT CATCTTCTC Figure 1. The HCT 116 cells were treated with vitexin with different

concentrations for 24 hours, and growth inhibition was determined by MTT.

the gene amplification reaction. Expression values for gPCR
products were processed along with the housekeeping gene
B-actin as a reference gene, and ratios relative to non-treated
samples were generated. The relative expression fold change
was calculated by the 2-AACt method [17]. The used primer
sequences are given in Table 1.

plotted against the concentration of vitexin. From the graph,
the IC,, of vitexin was calculated on the treatment of vitexin
at different concentrations based on serial dilution. Methanol
was considered as a baseline control that has low cytotoxicity
effects in the cells compared with the vitexin-treated groups.
While evalu ing the cytotoxicity, the vitexin-treated group
Docking analysis shows a %nt effect compared with control. The results

The autodock was performed using estrogen receptor-a f %{ showed that the cell death is concentration-
e

(ER-a)) (B subunit), ER-B (B subunit), and G-protein coupled
estrogen receptor (GPER) as a protein target and vitexin

a ligand. The protein structure file was downlogded
databases like the Protein Data Bank, and the prﬂ:I c

. The increased concentration of vitexin decreases
iferation of HCT116 cells. The 50% growth inhibitory
ncentration of vitexin was found to be 7.8 pg/ml (Fig. 1).

d Aft . ; lecules. t J Cell migration assay
was prepared, Al Temoving water Tiorecthes =en The migration was analyzed on HCT116 cell lines

atoms were added. The prepared protein-stiu e saved . . SR
in PDBQT file after assigning Gastei Marfes” The ligand treated with different concentrations of vitexin in time intervals
vitexin structure was prepared using EMSKETCH tool of 0, 24, and 36 hours by scratch wound assay viewed under an
The grid was set up with the measurement of 40 x 40 x 46 inverted phase contrast microscope. Compared with the control
A° centred on the active site of protein for better facilitation of the qell mlgrz.mon.was obseEV od 1ndthe t}rleated gr (;up, but fast T;ld
ligand binding. The docking input files for docking procedure maximum migr ation was o Serve in the contro group over the

period. In the test group, the different concentrations of vitexin

include the protein, the ligand, and the grid were used for the . . L
active docking in AutoDock 4.2. The Lamarckian Genetic were treated and examined under a microscope, and the migration
rate was calculated at the end of 24 and 36 hrs intervals. The

Algorithm was repeated for 100 times for obtaining good . L .

results. The ideal ligand interactions with the lowest binding 1Mages clearly showed .the fast migration of the cancer cell lines

energy (AG) were selected from the clusters and used for further in the lower-concentration treated groups. Almost all cells cover
80% = 3% of the scratched area, indicating the concentration

analysis. Best binding poses were analysed with receptor-ligand 4 n he misration of 1Is. Unlik
interaction using Discovery Studios Visualizer 2024 (Dassault used 1s not enough to stop the migration of cancer cells. Unlike

Systemes BIOVIA®, San Diego, CA). The bonding affinity this.resug’ the IC,, Valllue of vitexin proves @ belt(t)‘f; iihzito’/i“"'fy rollle
was calculated, and the results were confirmed with re-docking against the catI}llcer cet }rlntigratlon% on yza (c)iu; Tlf - <700 hc cls
protocol in Autodock [18]. were seen on the scratched area (Figs. 2 and 3). The image shows

cell migration at different time intervals, and the cell migration is
RESULTS inhibited at 36 hours, but it is not inhibited at 24 hours. So, vitexin
at this concentration cannot inhibit cell motility. By comparing
images, it is clear that cell migration is inhibited in 7.8 and 15 pg/

Cell cytotoxicity assay

The MTT assay used to determine cellular viability. ml of vitexin treated on HCT116 cell lines observed in the time
Only viable cells will have active metabolism of converting intervals of 0, 24, and 36 hours.
MTT to purple formazan crystals, which was represented as the
quantitative and sensitive detection towards cell proliferation, Free radicals scavenging assay
measuring the growth of cells with a linear relationship to cell Vitexin showed the strongest percentage of inhibition
activity and absorbance rate. The percentage cytotoxicity was and radical scavenging activity compared with the reference

calculated using the mean of triplicate and SE, which was standard gallic acid. In the DPPH assay, the vitexin at 15 pg/
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17.8 pg/ml

15 pg/ml

Figure 2. Cell migration assay.
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Figure 3. Cell migration assay.

ml shows more than 60% of the scavenging activity. The results
of the hydroxyl free radical scavenging assay showed 98%
scavenging activity at the concentration of 20 pg/ml by vitexin,
which is almost equal to the potential standard free radical
scavenger gallic acid. The HCT116 cancer cells were further
tested with the radical generation, and the scavenging role of
vitexin treated with different concentrations were also tested with
the above-mentioned assay. The results showed that the decreased
percentage may be due to the continuous radical development by
the cancer cells, which was also significantly inhibited by vitexin
at higher concentrations above 15 pg/ml (Fig. 4).

Lipid peroxidation assay

Lipid peroxidation activity on HCT116 cells was
measured using thio barbituric acid reactive substances,
which are used for lipid oxidation and antioxidant activity
in physiological systems. They play a crucial role in
the disruption of redox homeostasis, contribute to the
development of various diseases, and also play a vital role
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Figure 4. Free radical scavenging activity.
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Figure 5. Lipid peroxidation assay.

in maintaining cellular homeostasis through signalling
representation and cell death properties. HCT cell lines
of control and treated groups were taken under different
concentrations of vitexin, which was measured at an
absorbance of 570 nm shows the lipid peroxidation activity
of vitexin at different concentrations (2-20 pg/ml). The lipid
peroxidation was tested with lower to higher concentration
(2-20 pg/ml) in order to understand the dose response
of vitexin at different concentrations against free radical
generation, and from the result, it was evident that, in the
tested concentration of vitexin showed a linear relationship
with scavenging activity (Fig. 5).

Total antioxidant capacity

The antioxidant capacity of vitexin taken in
different concentrations on HCT116 cell lines was carried
out by FRAP assay. The lipid peroxidation and TAC were
tested with lower to higher concentration (2-20 pg/ml) in
order to understand the dose response of vitexin at different
concentrations against free radical generation, and from the
result, it was evident that in the tested range of concentration
shown a linear relationship on scavenging activity. The TAC
was identified as increased by increasing the concentration
of vitexin. This shows that a lower concentration of vitexin
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Figure 6. Total antioxidant capacity assay.

(A)

Figure 7. Apoptosis assay. Apoptotic characteristics on treatment of vitexin in
HCT 116 colon cancer were observed on 24 hours of treatment (A) - Control

viable cells indicated by green fluorescence. (B) and (C) - Early apopug

features, namely, blebbing and chromatin condensation as well as late apopt:
cells were detected after 24 hours of treatment with vitexin indjcaled b ﬁ‘
fluorescence. (D) Late apoptosis and cell necrosis were observ: aNZv hours

of vitexin shown by red fluorescence. 0

can improve the antioxidant capacity, oved in HCT116

colon cancer cell lines (Fig. 6).

Apoptosis assay

The apoptotic assay was done with double staining of
AO/PI, in which the live and dead cells were identified based
on the emission of green and orange fluorescence. As shown in
Figure 7, the untreated HCT116 cancer cells appeared as healthy
green cells with intact nuclei. By treating with IC,  concentration
of vitexin at 24 hours of incubation, a greater number of dead
cells were observed under a fluorescent microscope. The
apoptotic results indicate that the vitexin-treated cells showed
more late apoptotic actions with a reddish-orange appearance,
which is due to the PI-positive band of denatured DNA within
1224 hours and can also induce cancer cell apoptosis through
the relatively early apoptotic appearance of yellowish-orange
fluorescence. The extended prolonged incubation induces the
cellular necrosis and death observed in the HCT116 by AO/PI-
double-stained cells.

Gene expression analysis

The real-time PCR analysis was carried out to analyse
the ER genes, transcription regulatory genes, and inflammatory
genes, and the changes observed under the treatment of IC,

Table 2. Gene expression analysis.

Genes ACT ACT AACT Fold Regulation
control treated change
ER B 33.30 31.62 -1.686  3.219 Upregulated
C-myc 2943 33.13 3.703 0.076 Downregulated
1L6 29.42 32.00 2.578 0.167 Downregulated
INF y 29.20 34.34 5.133 0.028 Downregulated
TNFa 30.67 33.78 3.109 0.115 Downregulated
3.5
3 B Control M Vitexin
2.5
[}
g
5 2
=
(]}
o 1.5
b
1
" L L I L
0 g =
ERB C-myc IL-6 INF-y TNF-a
= _ Genes

igure8. Gene expression analysis.

Table 3. Binding profile of the estrogen receptors.

Binding profile ER-a ER-f} GPER
Binding energy —6.81 —8.93 —0.73
Ligand efficiency —-0.19 —-0.26 —-0.02
Inhibitory constant 10.22 284.71 293.88
Intermolecular energy —-10.39 —12.51 —6.63
Vander Waals dissolving energy -10.39 —12.51 —6.69
Electrostatic energy 0.0 0.0 0.0
Total internal energy 29.71 29.71 1,510.0
Torsional energy 3.58 3.58 5.97
Unbound energy 29.71 29.71 1,510.0

dose of vitexin on HCT116 cancer cells. The evaluated gene
expression profile was done specifically with apoptosis induction
in cancer cells and showed the relative expression during 12
hours of vitexin treatment. The gene expression analysis shows
the variations of tested genes compared with untreated control.
The fold change values indicate that C-myc, IL-6, INF-y, and
TNF-o are downregulated while ER-f is upregulated in treated
samples compared to control samples (Table 2, Fig. 8).

Docking analysis

In the docking analysis, genetic algorithms are used
for checking the conformational search. Molecular docking
was performed using the Autodock tools 4.2. graphical user
interface, which generates different confirmations of protein
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Figure 9. Molecular docking analysis of vitexin ane-the,ER{(A)sER>er - B subunit,
(B) ER- - B subunit), (C) GPER shows the 3D fimage and teractions of amino
acid residues with vitexin. The dotted lines indicates hydrogen bonds.

ligand complex customized in order from lowest to highest
binding free energy (AG). Docking studies of vitexin on ER-a
(B subunit), ER-B (B subunit), and GPER receptors revealed
distinct binding profiles. On ER-a, vitexin interacts with amino
acids at positions 4, 6, 25, and 87, with a binding energy of
—6.81. For ER-B, binding at positions 1,825, 1,865, 1,875,
1,876, 1,866, and 1,952 showed a binding energy of —8.93.
GPER binding involves positions 192, 195, and 196, with a
binding energy of —0.73. The binding profile of the ERs were
depicted in Table 3; Figure 9.

DISCUSSION

Colon cancer mortality becomes most common in
cancer-related death [19]. Sporadic CRC is the common type of
cancer, but it can also be inherited. Initially, it is caused by the
formation of polyps, which later turn malignant by the activation
of C-myc, KRAS, APC oncogenes, and the inactivation of tumor
suppressor genes like DCC and p53 [20]. CRC risk factors
include a family history of CRC, history of polyps, obesity,
and high-fat diet. Increased consumption of red meat is also
correlated to colon cancer. CRC is generally treated by surgery
and chemotherapy [21]. Surgery is most effective at stages 0,

I, and II of CRC because the cancerous growth is localized
and not spread to other parts of the body. Whereas in stages
IIT and 1V, the cancers have the ability to metastasize to other
parts of the body. At this stage, surgery will not be effective,
so a combination of therapies like chemotherapy, radiation,
and immune therapies is necessary [22]. Chemotherapies have
always been useful in treating CRC, but it comes with lots of
side effects. Also, chemotherapy has been proven to reduce
the quality of life of patients [23]. To combat this problem,
phytomedicine has come into play as a treatment alternative
to different diseases, including CRC. Phytomedicines are
comprised of bioactive compounds derived from plant sources
that have therapeutic potential, has lesser side effects, and
are proven to increase the quality of life in patients [24]. The
current study focused on one such phytocompound, vitexin
obtained from V. negundo, commonly known as the chaste
tree. Vitexin, a flavonoid, is commonly used in the treatment of
arthritis, inflammatory bowl diseases, Alzheimer’s, Parkinson’s
disease, and cancer [25]. Estrogen has three receptors - ER-
a, ER-B, and GPER. To check the binding affinity of ER with
vitexin, the docking analysis was performed [26]. The results
of docking analysis showed the binding energy for ER-f is less
than that for, GPER and ER-a with vitexin. Less binding energy
indicates anf crease in binding affinity of vitexin towards the
reeepto? BRe[*[27]. To study the beneficiary role of vitexin,
the“antioxidant, anti-cancer, and anti-inflammatory properties
on HET116 cell lines were tested with different concentrations
of vitexin under a certain half-proximal rate of inhibitory
concentration. The IC, of vitexin was found to be 7.8 pg/ml.
Initially, cell motility was checked with different concentrations
of vitexin, and the results showed that at 7.8 and 15.0 pg/ml,
the cell migration and motility were inhibited. This indicates
that, at higher concentrations, the cells did not respond to the
treatment. So, the results inferred that higher concentrations
of vitexin may inhibit cell migration on higher animal models
than cell lines. Literature survey shows that phyto compounds
act on certain dose-response relationships, target interactions,
and bioavailability absorption, distribution, metabolism, and
excretion actions exhibiting either beneficial effects enhancing
cellular antioxidant promoting activities, or exerting toxic
cellular damage occurs in higher concentrations, and target
interaction makes a complete inhibition towards lower dosage
of concentration [28]. Additionally, vitexin has increased
lipid peroxidation activity at lower concentrations of vitexin
treatment. This shows that at IC_ and higher concentration has
positive effects on the cell lines. A decrease in lipid peroxidation
reduces the reactive oxygen species (ROS) levels in the cells,
thereby reducing oxidative stress [29]. Vitexin was proven to
have antioxidant capacity, which was confirmed by the FRAP
assay where the ferric content was decreased at a 7.8 ug/ml
level. Antioxidant capacity reduces the ROS levels in the cells
[30], which was also proved by the present study on the free
radicals that were also measured by DPPH assay in the vitexin-
treated HCT116 cells. Percentage inhibition is increased on
vitexin-treated cell lines, which was directly proportional to the
concentration. These exhibit that vitexin has antioxidant and
anticancer properties [31]. Although CRC is not a hormone-
induced cancer, clinical studies and randomized clinical trials
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have shown a protective action of estrogen on colon cancer
[32]. This was because men are at a higher risk for CRC than
women. Though estrogen has three receptors ER-a, ER-f, and
GPER, by docking analysis it was found that ER-f has more
binding affinity with vitexin than the other two receptors. Also,
ER-f has been proven to show a more protective role than the
other two receptors. The current study focuses on treating CRC
with vitexin through an estrogen-mediated pathway [33]. CRC
is associated with inflammatory processes and elevated levels
of the inflammatory markers TNF-a, IFN-y, and IL-6. Stromal
fibroblasts release 1L6, which is then used by immune cells
to trigger STAT3 signalling, thereby promoting tumor growth
[34]. The macrophages produced proinflammatory cytokines
- TNF-a increased its expression in CRC tissues encouraging
the development, invasion, and metastasis of tumors [35].
Furthermore, tumor cell’s immune response is also stimulated
by IFN-y, which causes the tumor cells, monocytes, endothelial
cells, and fibroblasts to activate chemokine receptors CXCL7
and CXCL11, which promote angiogenesis and the development
of tumors [36]. By gene expression analysis, it was found that
ER-B was upregulated in the vitexin-treated sample and the
inflammatory genes IFN-y, TNF-o, and IL-6 were downregulated
[37]. It is also noteworthy that the study revealed a reduction in
the expression of C-myc gene. C-myc is an oncogene that is
also estrogen-induced and lacks an estrogen-responsive region
in its promoter [38]. Various signalling pathways, including
Wnt/B-catenin, PI3K-Akt, Notch, Ras-MAPK, and NF-«kB, are
implicated in the maintenance of cellular homeostasis and t

activation of c-myc [39]. These pathways can be modula
ER-B. The reduction in C-myc levels is a consequence‘of
-p to

inhibition of these pathways by ER-B. The bindi
the gene regulatory region is necessary forthe %@ lation of
the levels of VEGFA, PDGFA, and A NA. HIF1A
expression is impacted by ER-f at beth the transcriptional
and translational stages [40]. These findings demonstrate that
vitexin has phytotherapeutic effects on HCT116 cell lines and
that CRC can be treated via an estrogen-mediated mechanism.
The present investigations were correlated with the previous
proven findings with ERs, through animal and human studies
states that the reduction in the expression of ER-f leads to the
induction of apoptosis in colon cancer [41]. Another interesting
finding also supported the present study, stating that estrogen-
mediated colon cancer control can able to cause significant
modification in the cell cycle progression and apoptotic cancer
prevention [42]. Phytoestrogens are widely distributed in a
variety of natural sources, as they possess close structural
similarity with estrogen, they can easily bind with ERs and do
effective modulations in cancer control without causing any
secondary side effects on cancer treatment. There is no previous
studies have been conducted on the role of vitexin in estrogen-
mediated regulatory pathway in colon cancer, so the findings
of the present work would be helpful to identify the molecular
mechanism of ER-mediated apoptosis in colon cancer.

CONCLUSION

The present proposed work was planned to check
the effectiveness of vitexin on estrogen-mediated regulatory
pathway in colon cancer cells. As a preliminary analysis,

the work was planned with in vitro analysis, and the relative
general parameters were checked. Estrogenic role of glyco
flavonoids modulates ERa and ERP leads to intracellular
signalling pathways and is responsible for the changes in
cellular behavior. No previous studies were conducted on the
role of vitexin in estrogen-mediated regulatory pathway in
colon cancer; therefore, the findings of the present work would
be helpful to identify the molecular mechanism of ER-mediated
apoptosis in colon cancer. Based on the obtained positive
results, further molecular mechanisms will be explored using
in vivo model with respect to ER-mediated cascade pathway on
colon cancer control.

AUTHOR CONTRIBUTIONS

All authors made substantial contributions to
conception and design, acquisition of data, or analysis and
interpretation of data; took part in drafting the article or revising
it critically for important intellectual content; agreed to submit
to the current journal; gave final approval of the version to be
published; and agree to be accountable for all aspects of the
work. All the authors are eligible to be an author as per the
International Committee of Medical Journal Editors (ICMJE)
requirements/guidelines.

s
\ There is no funding to report.

NFLICTS OF INTEREST

The authors report no financial or any other conflicts
of interest in this work.

ETHICAL APPROVALS

This study does not involve experiments on animals
or human subjects.

DATA AVAILABILITY

All the data is available with the authors and shall be
provided upon request.

PUBLISHER’S NOTE

All claims expressed in this article are solely those
of the authors and do not necessarily represent those of the
publisher, the editors and the reviewers. This journal remains
neutral with regard to jurisdictional claims in published
institutional affiliation.

USE OF ARTIFICIAL INTELLIGENCE (AI)-ASSISTED
TECHNOLOGY

The authors declares that they have not used artificial
intelligence (Al)-tools for writing and editing of the manuscript,
and no images were manipulated using Al.

REFERENCES

1. Siegel RL, Giaquinto AN, Jemal A, Cancer statistics. CA A Cancer J
Clinicians. 2024;74(1):12-49. doi: https://doi.org/10.3322/caac.21820

2. Adigun AO, Adebile TM, Okoye C, Ogundipe TI, Ajekigbe OR,
Mbaezue RN, et al. Causes and prevention of early-onset colorectal
cancer. Cureus 2023;15(9):45095. doi: https://doi.org/10.7759/
cureus.45095


https://doi.org/10.3322/caac.21820
https://doi.org/10.7759/cureus.45095
https://doi.org/10.7759/cureus.45095

008

10.

I1.

12.

13.

14.

15.

16.

17.

18.

19.

Vani and Sivathanu / Journal of Applied Pharmaceutical Science 2025: Article in Press

Doria-Rose VP, Newcomb PA, Levin TR. Incomplete screening
flexible sigmoidoscopy associated with female sex, age, and
increased risk of colorectal cancer. Gut 2005;54(9):1273-8. doi:
https://doi.org/10.1136/gut.2005.064030

Ashique S, Bhowmick M, Pal R, Khatoon H, Kumar P, Sharma
H, et al. Multi drug resistance in Colorectal Cancer- approaches
to overcome, advancements and future success. Advan Cancer
Biol - Metastasis. 2024;1(10):100114. https://doi.org/10.1016/j.
adcanc.2024.100114

Baliyan S, Mukherjee R, Priyadarshini A, Vibhuti A, Gupta A,
Pandey RP, et al. Determination of antioxidants by DPPH radical
scavenging activity and quantitative phytochemical analysis of Ficus
religiosa. Molecules 2022;27(4):1326. doi: https://doi.org/10.3390/
molecules27041326

Huang J, Zhou Y, Zhong X, Su F, Xu L. Effects of vitexin, a natural
flavonoid glycoside, on the proliferation, invasion, and apoptosis
of human U251 glioblastoma cells. Oxid Med Cell Longev.
2022;2:3129155. doi: https://doi.org/10.1155/2022/3129155

Das PK, Saha J, Pillai S, Lam AY, Gopalan V, Islam F. Implications
of estrogen and its receptors in colorectal carcinoma. Cancer Med.
2023;12:4367-79. doi: https://doi.org/10.1002/cam4.5242

Bolt MJ, Oceguera J, Singh PK, Safari K, Abbott DH, Neugebauer
KA, et al. Characterization of flavonoids with potent and subtype-
selective actions on estrogen receptors alpha and beta. Iscience
2024;27(3):109275. doi: https://doi.org/10.1016/j.is¢i.2024.109275
Chaput G, Sumar N. Endocrine therapies for breast and prostate
cancers. Can Fam Physician. 2022;68(4):271-6. doi: https://doi.
org/10.46747/cfp.6804271

Barnum KJ, O Connell MJ. Cell cycle regulation by checkpoints.
Methods Mol Biol. 2014;1170:29-40. doi: https://doi.org/10.1007/978-
1-4939-0888-2 2

Elmore S. Apoptosis: a review of programmed cell de
Toxicol Pathol. 2007;35(4):495-516. doi: ¢ htt i.
org/10.1080/01926230701320337 %
Bobadilla AV, Arévalo J, Sarré E, Byrne HM, Maini %@1 ro T,
et al. In vitro cell migration quantificatiop-met sCpatch assays.
J Royal Society Inter. 2019;16(151 i: https://doi.
org/10.1098/rsif.2018.0709
Lobo V, Patil A, Phatak A, Chandra N. Pree radicals, antioxidants
and functional foods: impact on human health. Pharmacogn Rev.
2010;4(8):118-26. doi: https://doi.org/10.4103/0973-7847.70902
Ayala A, Munoz MF, Arguelles S. Lipid peroxidation: production,
metabolism, and signaling mechanisms of malondialdehyde and
4-hydroxy-2-nonenal. Oxid Med Cell Longev. 2014;2014:360438.
doi: https://doi.org/10.1155/2014/360438

Bai Y, Chang J, Xu Y, Cheng D, Liu H, Zhao Y, et al. Antioxidant
and myocardial preservation activities of natural phytochemicals
from mung bean (Vigna radiata L.) seeds. J Agric Food Chem.
2016;64(22):4648-55. doi: https://doi.org/10.1021/acs.jafc.6b01538
Bhardwaj M, Cho HJ, Paul S, Jakhar R, Khan I, Lee SJ, et al. Vitexin
induces apoptosis by suppressing autophagy in multi-drug resistant
colorectal cancer cells. Oncotarget 2017;9(3):3278-91. doi: https://
doi.org/10.18632/oncotarget.22890

Xu L, Pelosof L, Wang R, McFarland HI, Wu WW, Phue JN, ef
al. NGS evaluation of colorectal cancer reveals interferon gamma
dependent expression of immune checkpoint genes and identification
of novel IFNy induced genes. Front Immunol. 2020;19(11):224. doi:
https://doi.org/10.3389/fimmu.2020.00224

Chen D, Chen Y, Huang F, Zhang X, Zhou Y, Xu L. The underlying
regulatory mechanisms of colorectal carcinoma by combining
Vitexin and Aspirin: based on systems biology, molecular
docking, molecular dynamics simulation, and in vitro study. Front
Endocrinol.  2023;26(14):1147132. doi: https://doi.org/10.3389/
fendo.2023.1147132

Hidalgo-Estevez AM, Stamatakis K, Jimenez-Martinez M, Lopez-
Perez R, Fresno M. Cyclooxygenase 2-regulated genes an alternative

20.

21.

22.

23.

24.

25.

26.

avenue to the development of new therapeutic drugs for colorectal
cancer. Front Pharmacol. 2020;29(11):533.
Lynch ML, Brand MI. Preoperative evaluation and oncologic
principles of colon cancer surgery. Clin Colon Rectal Surg.
2005;18(3):163—73. doi: https://doi.org/10.3389/fphar.2020.00533
Brierley J, Gospodarowicz M, O’Sullivan B. The principles of
cancer staging. Ecancermedicalscience 2016;24:10, doi: https://doi.
org/10.3332/ecancer.2016.ed61. eCollection 2016
Ijaz MU, Tahir A, Ahmed H, Ashraf A, Ahmedah HT, Muntean L,
et al. Chemoprotective effect of vitexin against cisplatin-induced
biochemical, spermatological, steroidogenic, hormonal, apoptotic
and histopathological damages in the testes of Sprague-Dawley rats.
Saudi Pharm J. 2022;30(5):519-26. doi: https://doi.org/10.1016/j.
j8ps.2022.03.001
Keum N, Giovannucci E. Global burden of colorectal cancer: emerging
trends, risk factors and prevention strategies. Nat Rev Gastroenterol
Hepatol. 2019;16(12):713-32. doi: https://doi.org/10.1038/s41575-
019-0189-8
Mustapha M, Mat Taib CN. Beneficial role of vitexin in Parkinson’s
disease. Malays J Med Sci. 2023;30(2):8-25. doi: https://doi.org/10.21315/
mjms2023.30.2.2
Williams C, DiLeo A, Niv Y, Gustafsson JA. Estrogen receptor beta as
target for colorectal cancer prevention. Cancer Lett. 2016;372(1):48—
56. doi: https://doi.org/10.1016/j.canlet.2015.12.009
Almeida M, Laurent MR, Dubois V, Claessens F, O’Brien CA,
Bouillon R, et al. Estrogens and androgens in skeletal physiology
and path@physiology. Physiol Rev. 2017;97(1):135-87. doi:https://
52/physrev.00033.2015
n hou Y, Zhong X, Su F, Xu L. Effects of vitexin, a natural

o dgi
7. a
ayonoid glycoside, on the proliferation, invasion, and apoptosis

28.

29.

30.

31.

32.

33.

34.

35.

36.

f human U251 glioblastoma cells. Oxid Med Cell Longev.
2022;2:3129155. doi: https://doi.org/10.1155/2022/3129155
Chen S, Li X, ZhangJ, LiL, Wang X, Zhu Y, et al. Six mutator-derived
IncRNA signature of genome instability for predicting the clinical
outcome of colon cancer. J Gastrointest Oncol. 2021;12(5):2157-71.
doi: https://doi.org/10.21037/jgo-21-494
Kurutas EB. The importance of antioxidants which play the role in
cellular response against oxidative/nitrosative stress: current state. Nutr
J.2016;25(15):71. doi: https://doi.org/10.1186/s12937-016-0186-5
Fiorillo C, Quero G, Longo F, Mascagni P, Delvaux M, Mutter D.
Capsule endoscopy versus colonoscopy in patients with previous
colorectal surgery: a prospective comparative study. Gastroenterol
Res. 2020;13(5):217-24. doi: https://doi.org/10.14740/gr1309
Lo EK, Lee JC, Turner PC, EI-Nezami H. Low dose of zearalenone
elevated colon cancer cell growth through G protein-coupled
estrogenic receptor. Sci Rep. 2021;11(1):7403. doi: https://doi.
org/10.1038/541598-021-86788-w
Rawtluszko-Wieczorek AA, Lipowicz J, Nowacka M, Ostrowska K,
Pietras P, Blatkiewicz M, et al. Estrogen receptor p affects hypoxia
response in colorectal cancer cells. Biochim Biophys Acta Mol
Basis Dis. 2024;1870(1):166894. doi: https://doi.org/10.1016/].
bbadis.2023.166894
Waldner MJ, Foersch S, Neurath MF. Interleukin-6--a key regulator
of colorectal cancer development. Int J Biol Sci. 2012;8(9):1248-53.
doi: https://doi.org/10.7150/ijbs.4614
Kobelt D, Zhang C, Clayton-Lucey 1A, Glauben R, Voss C, Siegmund
B, et al. Pro-inflammatory TNF-a and IFN-y promote tumor
growth and metastasis via induction of MACCI1. Front Immunol.
2020;27(11):980. doi: https://doi.org/10.3389/fimmu.2020.00980
Jacenik D, Beswick EJ, Krajewska WM, Prossnitz ER. G protein-
coupled estrogen receptor in colon function, immune regulation
and carcinogenesis. World J Gastroenterol. 2019;25(30):4092—104.
doi:https://doi.org/10.3748/wjg.v25.130.4092
Lu L, Zhang Q, Shen X, Zhen P, Marin A, Garcia-Milian R, et al.
Asparagine synthetase and G-protein coupled estrogen receptor
are critical responders to nutrient supply in KRAS mutant


https://doi.org/10.3389/fphar.2020.00533
https://doi.org/10.3332/ecancer.2016.ed61
https://doi.org/10.3332/ecancer.2016.ed61
https://doi.org/10.1016/j.jsps.2022.03.001
https://doi.org/10.1016/j.jsps.2022.03.001
https://doi.org/10.1038/s41575-019-0189-8
https://doi.org/10.1038/s41575-019-0189-8
https://doi.org/10.21315/mjms2023.30.2.2
https://doi.org/10.21315/mjms2023.30.2.2
https://doi.org/10.1016/j.canlet.2015.12.009
https://doi.org/10.1152/physrev.00033.2015
https://doi.org/10.1152/physrev.00033.2015
https://doi.org/10.1155/2022/3129155
https://doi.org/10.21037/jgo-21-494
https://doi.org/10.1186/s12937-016-0186-5
https://doi.org/10.14740/gr1309
https://doi.org/10.1038/s41598-021-86788-w
https://doi.org/10.1038/s41598-021-86788-w
https://doi.org/10.1016/j.bbadis.2023.166894
https://doi.org/10.1016/j.bbadis.2023.166894
https://doi.org/10.7150/ijbs.4614
https://doi.org/10.3389/fimmu.2020.00980
https://doi.org/10.3748/wjg.v25.i30.4092
https://doi.org/10.1136/gut.2005.064030
https://doi.org/10.1016/j.adcanc.2024.100114
https://doi.org/10.1016/j.adcanc.2024.100114
https://doi.org/10.3390/molecules27041326
https://doi.org/10.3390/molecules27041326
https://doi.org/10.1155/2022/3129155
https://doi.org/10.1002/cam4.5242
https://doi.org/10.1016/j.isci.2024.109275
https://doi.org/10.46747/cfp.6804271
https://doi.org/10.46747/cfp.6804271
https://doi.org/10.1007/978-1-4939-0888-2_2
https://doi.org/10.1007/978-1-4939-0888-2_2
https://doi.org/10.1080/01926230701320337
https://doi.org/10.1080/01926230701320337
https://doi.org/10.1098/rsif.2018.0709
https://doi.org/10.1098/rsif.2018.0709
https://doi.org/10.4103/0973-7847.70902
https://doi.org/10.1155/2014/360438
https://doi.org/10.1021/acs.jafc.6b01538
https://doi.org/10.18632/oncotarget.22890
https://doi.org/10.18632/oncotarget.22890
https://doi.org/10.3389/fimmu.2020.00224
https://doi.org/10.3389/fendo.2023.1147132
https://doi.org/10.3389/fendo.2023.1147132

37.

38.

39.

40.

Vani and Sivathanu / Journal of Applied Pharmaceutical Science 2025: Article in Press

colorectal cancer, Int J Cancer. 2025;156(1):52—68. doi: https://doi.
org/10.1101/2023.05.05.539577

Yamane K, Toumazou C, Tsukada Y1, Erdjument-Bromage H, Tempst
P, Wong J, et al. JHDM2A, a JmjC-containing H3K9 demethylase,
facilitates transcription activation by androgen receptor. Cell
2006;125(3):483-95. doi: https://doi.org/10.1016/.cell.2006.03.027
Katz TA. Potential mechanisms underlying the protective effect of
pregnancy against breast cancer: a focus on the IGF pathway. Front
Oncol. 2016;6:228. doi: https://doi.org/10.3389/fonc.2016.00228
Hu K, Babapoor-Farrokhran S, Rodrigues M, Deshpande M, Puchner
B, Kashiwabuchi F, et al. Hypoxia-inducible factor 1 upregulation
of both VEGF and ANGPTLA4 is required to promote the angiogenic
phenotype in uveal melanoma. Oncotarget 2016;9:7(7):7816-28.
doi: https://doi.org/10.18632/oncotarget.6868

Lee SH, Park YK, Lee DJ, Kim KM. Colonoscopy procedural
skills and training for new beginners. World J Gastroenterol.
2014;20(45):16984. doi: https://doi.org/10.3322/caac.21820

-

0\"0

41.

42.

009

Qiu 'Y, Waters CE, Lewis AE, Langman MJS, Eggo MC. Oestrogen-
induced apoptosis in colonocytes expressing oestrogen receptor. J
Endo. 2002;174:369-77. doi: https://doi.org/10.1677/joe.0.1740369.
Chimento A, De Luca A, Avena P, De Amicis F, Casaburi I, Sirianni R,
et al. Estrogen receptors-mediated apoptosis in hormone-dependent
cancers. Int J Mol Sci. 2022;23(3):1242. doi: https://doi.org/10.3390/
ijms23031

How to cite this article:
Vani S, Sivathanu B. Regulation of estrogen receptor-mediated
apoptosis by vitexin in human colorectal carcinoma cells. J

Appl Pharm Sci. 2025. Article in Press.
http://doi.org/10.7324/JAPS.2025.261688

&



https://doi.org/10.1101/2023.05.05.539577
https://doi.org/10.1101/2023.05.05.539577
https://doi.org/10.1016/j.cell.2006.03.027
https://doi.org/10.3389/fonc.2016.00228
https://doi.org/10.18632/oncotarget.6868
https://doi.org/10.3322/caac.21820
https://doi.org/10.1677/joe.0.1740369
https://doi.org/10.3390/ijms23031
https://doi.org/10.3390/ijms23031



