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Abstract

Seven compounds were isolated from ethyl acetate extract of Alcea rosea and were examined for their
cytotoxicity against HCT116 and HT29 colon cancer cells. It was found that two compounds (C4 and C5)
exhibited strong anti-colon cancer activities. These two compounds were used to study their properties
that include MTT activity, colony formation activity, wound healing activity, spheroid formation activity,
DAPI-PI staining, acridine-orange and ethidium bromide staining, ROS measurement, and rhodamine-123
staining in both HCT116 and HT29 colon cancer cells. Both the compounds showed significant increase
in apoptosis as visualized by DAPI-PI and AO-ETBR staining. The induction of apoptosis was further
confirmed by the expressions of cleaved PARP and caspase 3. ROS generation and its effect on MMP
were measured by staining cells with DCFH-DA and Rhodamine. Expression levels of EMT associated
markers like Cyclin D1, Slug, Vimentin, and E-Cadherin were also studied. Both the compounds down
regulate protein levels of Slug, Cyclin D1, and Vimentin in a concentration-dependent manner. Eeffect of
C4 and C5 compounds on key signaling protein like Wnt3a, Notch1, and Shh were evaluated. Additionally,
mMRNA levels of these genes were also analyzed. C4 exhibited the best binding affinity when docked with
Shh and Wnt3a and Notch1. Similarly, C5 exhibited - 8.8, -8.2 and -7.6 kcal-mol-1 with Shh, Wnt3a and
Notch1. The present findings provide insight and immense scientific support and integrity to a piece of
indigenous knowledge. However, validation in living organisms is necessary before progressing to
clinical trials and advancing it into a marketable pharmaceutical product.

Introduction

Colorectal cancer (CRC) has complex molecular and clinical features. The most prevalent variant of CRC,

making up around 95% of cases, is adenocarcinoma?®. It develops from the glandular cells that line the
colon or rectum. This disease is impacted by both hereditary and environmental factors. Understanding
the genes involved in CRC is crucial for unraveling the molecular mechanisms underlying tumorigenesis,
which may be crucial for developing targeted therapies. The wnt/B-Catenin pathway is reported to be
involved in the initiation, progression, and metastasis of CRC. Aberrant upregulation of this pathway
through genetic alterations leads to transcriptional activation of downstream target genes involved in
proliferation, survival, as well as buildup of B-catenin levels in cells. On the other hand, the NOTCH
pathway is important in the progress and evolution of CRC. NOTCH signaling controls a large number of
biochemical activities viz., cell fate determination, proliferation, and differentiation. The signaling
mechanism is highly conserved and is concerned with cell-to-cell communication and tissue
development. It is triggered by exchange of NOTCH receptors (NOTCH1-4) on neighboring cells with
ligands (DLL1-4 and JAGGED1/2)"°. The Hedgehog (Hh)/GLI pathway has become known as a major
character in CRC initiation and progression. The Hh/GLI pathway modulates an array of biological
activities e.g., cell differentiation, cell growth as well as tissue patterning. The Hh/GLI signaling
mechanism is vital in tissue homeostasis and embryonic development. It is induced by the attaching of

Hedgehog ligands (Desert Hh, Indian Hh, and Sonic Hh) to the PTCH (Patched) receptor’4.
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Surgery and chemotherapeutic interventions are the most commonly used methods for the treatment of
colon cancer. However, the development and identification of plant derived compounds which are
capable of killing or inhibiting transformed cells promoting carcinogenesis without inducing toxic effects

or being toxic to the normal cells are of utmost significance?®. Thus, supplements derived from plants
are receiving due recognition as the most potent approach to lessen the burden of colorectal cancer-

associated mortality3.

Phytochemicals are comprehensively being explored globally for their potential health benefits, including
their role in the treatment of CRC. They possess diverse properties that can contribute to the prevention

and treatment of CRC*. Alcea rosea L. belongs to the Malvaceae family and is used to treat renal and
uterine inflammation, gastrointestinal infections with diarrhea and vomiting, renal and urethra infections,

hepatitis, malaria, arthritis, and snake bites in folk medicine®’. The plant has a variety of biological
functions which include anticancer®?, antiurolithiatic, diuretic, anti-inflammatory, hepatoprotective®’,

analgesic and antibacterial activities>®. In the present study anti colorectal cancer potential of A. rosea
was investigated. Chromatographic and spectroscopic methods were used of identify bioactive
compounds of the experimental plants. Molecular mechanism and signaling pathways involved in anti-
CRC effect of the isolated metabolites were also investigated.

Results
MTT assay

Out of seven compounds isolated from ,gEA, the C4 and C5 showed significant effect on cell viability
(Fig. 1). The IC50 values of these two compounds were found to be 74.71 and 128.1 pg/ml, respectively
for HCT cells (Fig. 1A-G). The effect of these two compounds was further analyzed on HT29 and SW480
cell lines. The IC50 values of C4 were evaluated to be 129.0 and 131.4 pg/ml, respectively, whereas the
values for C5 were 168.4 and 225.8 ug/ml, respectively (Fig. 1J, K).

C4 and C5 induce apoptosis in CRC cell lines

The apoptotic nature of these potential isolates was assessed in CRC cell lines. A significant increase in
apoptosis was observed as visualized by DAPI-PI and AO-ETBR staining (Fig. 2, 3). This induction of
apoptosis by C4 and C5 in HCT116 and HT29 cell lines was further confirmed by the extent of cleaved
PARP and cleaved caspase-3 (Fig. 4). Administration of C4 to HCT116 cells and HT29 cells led to 3.7 and
3.6 fold increase in cleaved PARP and 2.5 and 3." fold increase in cleaved caspase-3, respectively.
Similar trend was observed 3.1 and 2.9 fold increase in cleaved PARP and 2.3 and 2.6 fold increases in
cleaved caspase-3, respectively.

Effect of C4 and C5 on ROS and MMP of CRC cell lines
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ROS generation and its effect on MMP were measured by staining cells with DCFH-DA and Rhodamine-
123 (Rh-123) respectively (Fig. 5). An increase in ROS generation by 1.88 and 1.89-fold was observed in
HCT116 and HT29 cell lines by C4, respectively (Fig. 5A). Similarly, C5 showed 1.72 and 1.70 fold
increase in ROS generation in HCT116 and HT29 (Fig. 5A). C4 and C5 induced decrement in MMP in
HCT116 (2.1 and 1.9 folds, respectively) and HT29 cells (3.2 and 2.3 folds, respectively) was also
observed (Fig. 5B).

Effect of C4 and C5 on Colony, spheroid formation and cell migration in CRC cell lines

C4 and C5 exhibited a significant reduction in colony forming potential of CRC cells (Fig. 6). C4 reduced
the colony formation to 80.18% and 72.22% in HCT116 and HT29 cells, respectively, as compared to
untreated cells. Reduction was found to be 66.06% and 55.56%, respectively on treating the cells with
C5. Concomitant with these findings, decreased spheroid forming potential in HCT116 and HT29 cells
upon treatment with C4 and C5 was also observed (Fig. 7). The effect of C4 and C5 on the wound
healing potential was also investigated (Fig. 8). Post 48 hours of treatment with C4, more than 92%
reduction in cell migration of both colon cancer cell lines was observed as compared to untreated cells.
Similarly, post 48 hours of treatment with C5, 84.74% (HCT116 cells) and 77.26% (HT29) reduction in cell
migration. Thus, C4 exhibited more potent anti-wound healing potential as compared to compound C5

Effect of C4 and C5 on EMT associated markers in CRC cell lines

The effect of C4 and C5 compounds on the expression levels of EMT associated markers like Cyclin D1,
Slug, Vimentin, and E-Cadherin was determined (Fig. 9). The expression of cyclin D1, Slug and vimentin
was found to be decreased in the range 1.3-2.9 in CRC cell lines due to administration of C4 and C5
(Fig. 9E, F). On the other hand, C4 and C5 induced increase in the levels of E-cadherin in both the cancer
cell lines was seen (Fig. 9G, H).

C4 and C5 targets CRC related signaling pathways

Our next step was to evaluate the effect of C4 and C5 compounds on key signaling protein levels in
colorectal cancer cell lines. It was observed that C4 and C5 significantly reduced the protein levels of
Wnt3a, Notch1, and Shh. HCT116 and HT29 cells showed a significant decrement of 2.7 and 3.0 folds,
respectively, due to C4 treatment whereas C5 resulted in a 1.7 and 1.5 folds, respectively, decrease in
protein levels of Wnt3a (Fig. 10A,B). Levels of Notch1 (Fig. 10C, D) and Shh (Fig. 10E, F) also decreased
as compared to the control with better results being shown by C4. Concomitant with these changes in
protein levels we observed a significant decrease in mRNA levels of these genes when treated with C4
and C5 for 24 hours (Fig. 11).

Molecular Docking
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C4 and C5 were docked against protein targets of Wnt3a (7DRT), Notch1 (5FMA) and Shh (3HO5). The
compounds with the least binding energy (kcal/mol) and root mean square deviation (RMSD)
conformation were considered as the most suitable pose for docking. The results of binding energies for
docking experiments are shown in Table 1. C4 produced the binding energy of - 9.1, - 8.5, - 9.8 kcal/mol
when docked with Wnt3a, Notch1, and Shh, respectively. Similarly, C5 showed binding energy of - 8.2, -
7.6 and - 8.8 kcal/mol when docked with Wnt3a, Notch1, and Shh, respectively. In-silico analysis of these
two compounds were discretely interacted with three target proteins viz., Wnt3a, Notch1 and Shh and the
2D and 3D interactions exhibiting good docking scores (Fig. 12). It was observed that C4 exhibited
markedly best docking score of - 9.8 against Shh as compared with C5 which showed docking score of
- 8.8. The side chain residues of Wnt3a [chain A (GIn75, GIn78, Cys88 and Thr90)], Notch1 [chain A
(Arg176, GIn177 and Asp178)] and Shh [chain H (Lys45, Glu53, Ser135, Tyr174, Glu176 and His182)]
formed hydrogen bonds with C4. Similarly, the side chain residues of Wnt3a [chain A (Arg82, Thr296,
Asp305 and Cys307)], Notch1 [chain A (Cys182, Lys185, Gly187, Cys189 and Gly193)] and Shh [chain H
(Glu89, Arg123, Asp147, Arg153 and Ala179)] formed hydrogen bonds with C5 (Fig. 12, Table 2).

Table 1
Binding energies of C4 and C5 (kcal/mol) with Wnt3a, Notch1 and
Shh.
Drugs Proteins
Wnt3a Notch1 Shh

Compound4 -9.1kcal/mol - 8.5kcal/mol - 9.8kcal/mol
Compound5 - 8.2kcal/mol -7.6kcal/mol - 8.8 kcal/mol

Table 2
Number of hydrogen bonds formed by C4 and C5 with Wnt3a, Notch1 and Shh.

Drugs Proteins
Wnt3a Notch1 Shh

Compound  Chain A =5 (GIn75, Chain A =5 (Arg176, Chain H =6 (Lys45, Glu53,

4 GIn78, Cys88, and GIn177 and Asp178) Ser135, Tyr174, Glu176 and
Thr90) His182)

Compound  Chain A =5 (Arg82, Chain A =6 (Cys182, Chain H =6 (Glu89, Arg123,

5 Thr296, Asp305 and Lys185, Gly187, Cys189 Asp147, Arg153 and
Cys307) and Gly193) Ala179)

Discussion

Colorectal cancer is a multifaceted disease affected by, environmental and genetic factors, standing as a
significant public health challenge. Environmental elements, including dietary habits and lifestyle

choices, further modulate CRC risk'. High fat and low fibre rich diet, sedentary lifestyles, and
inflammatory bowel diseases increase susceptibility to CRC. This disease is intricately linked to
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inflammation, acting as a crucial driver in its onset and advancement. The intricate relationship between
inflammatory processes and the progression of CRC involves the initiation of diverse signaling pathways,
including but not limited to STAT3 and NF-kB, further enhancing the oncogenic potential of colorectal
cells?. Recent research underscores interventions addressing both the cancer and the underlying
inflammatory conditions for a more comprehensive approach to treatment 23

Plant-based compounds are very well known to reduce colon cancer in many ways. Medicinal plants
contain many bioactive compounds such as flavonoids, polyphenols etc. which can reduce tumor cell
proliferation by several mechanisms, such as blocking cell cycle checkpoints and promoting apoptosis®.
Traditional medicines have been used globally to treat cancers because of their anti-cancer effects,
antioxidant properties, anti-inflammatory properties, anti-mutagenic effects, and anti-angiogenic
effects>®. A. rosea, a folklore medicinal herb has been used to treat various diseases like inflammation,
gastrointestinal infections, renal and urethra infections, hepatitis, malaria, arthritis. This work has been
undertaken in response to our preliminary work where Alcea rosea ethyl acetate extract has
demonstrated anti-inflammatory, antimicrobial and cytotoxic effects against CRC cells, preventing
further cell division while simultaneously triggering apoptosis. The extract modulated the key signaling
pathways involved in CRC development, including the Wnt/B-catenin and PI3K/Akt pathways’. In this
backdrop, 7 compounds were isolated from ,gEA and analyzed these compounds on colorectal cancer
cell lines by MTT assay and observed that two compounds (C4 and C5) showed strong anticancer
activities and we further analyzed these two compounds on various crucial parameters in colon cancer
including key signaling pathways.

The Wnt3a gene plays a pivotal role in CRC, influencing key cellular processes through the Wnt signaling
pathway. Dysregulation of Wnt3a, often characterized by over-expression, activates downstream targets

like B-catenin, fostering uncontrolled cell proliferation and tumor development®®. This aberration is
prevalent in a significant proportion of CRC cases, underscoring Wnt3a's clinical significance in

tumorigenesis'®. Our study revealed a notable dose-dependent decrease in both mRNA and protein
levels of Wnt3a in both HCT116 and HT29 cells following treatment with C4 and C5 isolated from the

ethyl acetate extract of A. rosea. Various researchers have documented that many plant compounds

mediate anti-cancer effect by decreasing Wnt3a protein and mRNA levels'!1213,

The Notch1 gene plays a pivotal role in CRC progression, influencing crucial cellular processes like cell
fate determination and viability'*'°. Disruption of Notch signaling, primarily mediated by Notch1, is
implicated in both CRC initiation and metastasis'®. This is due to Notch1's involvement in maintaining
the delicate balance of intestinal homeostasis and its dysregulation in CRC development®. Aberrant

Notch1 signaling contributes to uncontrolled cell growth and enhanced viability of cancerous cells'’. Our
study revealed a notable dose-dependent decrease in both mRNA and protein levels of Notch1 in both
HCT116 and HT29 cells following treatment with C4 and C5. Compelling evidence from recent studies
paints a promising picture of diverse plant metabolites, including curcumin from turmeric, geniposide
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from gardenia, and betulinic acid from white birch, exhibiting anti-colorectal cancer properties by down-
regulating Notch1 signaling at protein as well as mRNA levels'819:20,

The highly conserved Sonic hedgehog (Shh) signaling cascade critically regulates colorectal cancer
development, influencing crucial cellular processes like proliferation and differentiation. Shh signaling
maintains the delicate balance of intestinal stem cell renewal and differentiation, ensuring healthy tissue
homeostasis?'. However, dysregulation of this pathway has emerged as a key driver in CRC initiation and
progression?%23. Emerging research highlights the crucial function of Shh alterations in colorectal
tumorigenesis. Studies reveal that Shh over expression and aberrant activation of downstream effectors
like Gli1 contribute to uncontrolled cell growth, enhanced survival, and tumor formation in CRC'>%4. C4
and C5, which exhibited a remarkable dose-dependent reduction in both Shh protein and mRNA levels in
both HCT116 as well as HT29 cells. Driven by the need for diverse Shh inhibitors, our study investigated
A. rosea, a relatively unexplored plant, for the isolation of novel compounds (C4 and C5) with anticancer
and Shh-suppressing potential, which may be a promising for colorectal cancer treatment.

In the dynamic arena of cancer research, in silico molecular docking has emerged as a powerful
computational tool, spearheading the fight against CRC. This innovative technique, fuelled by the
precision of algorithms, simulates the intricate interplay between small molecules, potential drug heroes,
and their protein partners within cancer cells?®. By dissecting this molecular ballet, in silico docking
unlocks a wealth of insights, predicting how effectively these molecules might bind and interact with
their target proteins. Armed with its ability to decipher binding affinities and interaction modes, it
empowers researchers to design novel drugs or refine existing ones with pinpoint accuracy, paving the
way for more targeted and potent therapeutics?®. In the present study, C4 exhibited the best binding
affinity, mediated by a high-affinity binding interaction with Shh, when docked with Wnt3a followed by
when docked with Notch1. Similarly, C5 exhibited the best docking affinity, mediated by a high-affinity
binding interaction with Shh, Wnt3a followed by Notch1. Previously, Elengoe and co-workers
documented that Allicin exhibited a binding affinity of -4.968 kcal-mol™ " when docked with p53,
Epigallocatechin-3-Gallate exhibited a binding score of -6.490 kcal-mol~ ! when docked with APC, and
Gingerol showed binding affinity of -6.034 kcal-mol™ ' when docked with EGFR?’. Our observations
indicate that C4 and C5 show superior docking affinities with Shh and Wnt3a, followed by NotchT,
compared to the findings of Elengoe et al. This suggests that C4 and C5 possess potent anti-colorectal
cancer activity.

Materials and methods
Plant material collection and extraction

The seeds of A. rosea were collected from different geographical locations of Kashmir Valley, India in the
month of April 2020. A voucher specimen (KASH-Bot/ku/AR-707-1A) was deposited in the herbarium at
the (COPT) Centre of Plant Taxonomy, Department of Botany, University of Kashmir. The seeds were
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shade-dried and pulverized to powder by utilizing an electric grinder. The powdered sample (5.3 kg) was
successively extracted using soxhlet (60°C — 85°C) with various solvents for 72 h to obtain hexane (,zH),
ethyl acetate (,gEA), ethanol (,zE), methanol (,gM) and aqueous (4zAQ) extracts. These extracts were
filtered and dried using rotary evaporator. Thereafter, the acquired dried extracts were stored at 4°C in
the refrigerator till further use. Purification of compounds from the active extracts was carried through
column chromatography and structure elucidation of the isolated compounds was done by HRMS, NMR,
and RP-HPLC 729,

MTT assay

With minimal alterations, the MTT assay was performed according to the protocol described by Yang®®.
The human colon cancer cell lines HCT116, HT29, and SW480 were procured from the NCCS (National
Centre for Cell Science), Pune, India and were cultured in DMEM with additional supplements of 100
ug/ml penicillin, 10% heat-inactivated FBS, and streptomycin 100 ug/ml (Mediatech, Herndon, VA).
Optimal growth conditions for the cultures were achieved in a Galaxy 170 R CO2 incubator (New
Brunswick), precisely maintaining 5% C02, 95% relative humidity, and 37°C. All the cell lines used in this
experiment were between 3-20 passages. Seven pure compounds obtained from column
chromatography of A. rosea Ethyl Acetate extract (,gEA) was solubilized in dimethyl sulfoxide (DMSO),
the overall quantity of DMSO utilized equaled or fell below 0.1% of the cell growth media volume. In these
assessments, HT29 (3500 cells/well), HCT116 cells (2,500 cells/well), and SW480 (2500 cells/well) were
planted in plates with 96 wells. Following a 24-hour period, different concentrations (18.67-56.45 ug/ml)
of pure compounds were applied to the cells in each well. The medium of cell growth was changed with
a volume of 100 pl of recently prepared media 24 and 48 hours after treatment. After 72 hours, the cell
growth media were replenished with 100 pl of fresh media with 50 ug of MTT. Following the period of
incubation at 37°C for 4 hours in a CO, incubator, MTT-containing media was withdrawn, and the reduced
formazan dye was completely dissolved in each well by introducing 100 pl of DMSO. Followed by gentle
mixing, an ELISA microplate reader was used to measure the absorbance at a wavelength of 570nm.

Colony Formation Assay

We examined the effect of compounds 4 and 5 on the colony forming potential of CRC cell lines HCT116
and HT29. Initially, cellular entities were seeded in six-well plates®*, at a density ranging from 1000 to
1500 cells per well. Following 48-hour incubation, fresh media containing the respective compounds
were added. The examination was conducted over a span of 14 to 18 days, with regular medium and
compound replenishment every three days to maintain treatment efficacy. Colonies were monitored
using an inverted microscope until they reached a substantial size. Once achieved, the colonies
underwent fixation using 3.7% paraformaldehyde solution (in PBS) and were subjected to staining with
crystal violet at a concentration of 0.05%. Images of the plates were captured, and colony counting was
performed utilizing the Imaged application. Each cell category and compound treatment were
independently replicated three times to ensure reliability.

Wound Healing Assay
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To evaluate the migratory behavior of HCT116 and HT29 cell lines in the presence or absence of
compounds, cells were seeded in a 12-well plate until they reached 70% confluency and then permitted
to adhere overnight. Afterward, we created uniform wounds in the cell monolayer using scratch inserts.
Following 24-hour incubation, with gentle precision, the embedded scratch inserts were carefully
extracted, and subsequently rinsed with PBS. To quantify cell migration, the cells were fixed using 3.7%
paraformaldehyde and images of the cells were captured. The cell movement into the wound site was
analyzed using the ImageJ software3°.

Spheroid Formation Assay

HCT116 and HT29 cells were planted as an individual-cell dispersion, with 2500 cells per well, onto
ultralow attachment 6-well plates. The culture medium used was DMEM/F12 enhanced with B27
supplement and SingleQuot™. After overnight incubation, the cells were treated with compounds C4
(18.67-32.25 ug/ml) and C5 (32.02-42.1 ug/ml) and maintained in culture for 14 days. The resulting cell

spheres were visualized utilizing a phase-contrast inverted microscope from Nikon3®.

DAPI/PI staining

HCT116 and HT29 cells were exposed to compounds C4 and C5 for duration of 48 hours. Subsequently,
the cells were fixed using 4% paraformaldehyde followed by 2X PBS washing. To visualize cell nuclei,
DAPI was used, while dead cells were identified using propidium iodide (PI) staining. The stained cells

were then examined under a Floid™ Cell Imaging System (Thermo Scientific, USA)%’.

Acridine orange and ethidium bromide staining

DNA-binding dyes, acridine orange (AO) and ethidium bromide (EtBr) were used for this assay. HCT116
and HT29 cells were initially seeded in a 12-well plate and then incubated at 37°C with 5% CO, for 24
hours. Subsequently, the cells were exposed to compounds C4 and C5 and further incubated for 48
hours. For staining, a mixture of AO (100 pg/mL) as well as EtBr (100 ug/mL) in 1x PBS was applied to
each well, followed by a 5-minute incubation at room temperature. The stained cells were then visualized
under a Floid™ Cell Imaging System (Thermo Scientific, USA)38.

Measurement of Reactive Oxygen Species

The impact of isolated compounds was evaluated on the accumulation of reactive oxygen species (ROS)
in HCT116 and HT29 cells. In 12-well plates cells were cultured and exposed to aforementioned
compounds for duration of 48 hours. To visualize ROS levels, the cells were stained with 10 uM DCFH-DA
for duration of 30 minutes in a dark environment. Subsequently, by using the Floid™ Cell Imaging Station
(Thermo Scientific, USA) to observe the fluorescence corresponding to ROS the cells were captured®®.
The images were then analyzed in Image-J software for the determination of changes in ROS.

Rhodamine-123 Staining Assay (MMP)
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The membrane potential of the mitochondria was evaluated using Rhodamine 123. Aforementioned CRC
cells were cultured on plates having 24-wells and exposed to compounds C4 and C5 for 48 hours. After
treatment, the cells were stained using Rhodamine-123 at a concentration of 10 yM for duration of 15
minutes at a temperature of 37 °C in the absence of light. Subsequently, the cells were rinsed three
times with 1x PBS and alterations in the potential of the mitochondrial membrane were visualized using
the FLoid™ Cell Imaging Station (Thermo Scientific, USA). Furthermore, post-staining, the intensity of
fluorescence was quantified utilizing Image-J software for the determination of changes in MMP4°.

Quantitative reverse transcription polymerase chain
reaction (RT-qPCR)

HCT and HT29 cells were seeded on 6cm dishes followed by treatment with compounds C4 and C5 for
48 hrs. Post-treatment cells were collected at 1X ice-cold PBS and total RNA was isolated utilizing TRIzol
reagent. The complimentary first strand cDNA was synthesized using a revert aid cDNA synthesis kit.
After that, the relative mRNA levels of the interesting genes were determined by performing gPCR using
SYBR Green 2X PCR master mix (Thermo™ USA) in a light cycler 480-11 (ROCHE).

Western Blotting and Cell Lysis

Following the methodology outlined by Nile and coworkers*', HCT116 and HT29 cells subjected to C4
and C5 compounds and were rinsed two times with PBS cooled on ice, gathered in small centrifuge
tubes, and subjected to lysis using NP-40 lysis buffer kept at low temperature (20% glycerol, 1% Nonidet
P-40, 20 mM Tris-HCI, 150 mM NaCl, pH 7.4,5 mM NaF, 1 mM phenyl methyl sulfonyl fluoride, and a
protease inhibitor cocktail 10 pl/ml of lysis buffer, and 2 mM EDTA for a duration of 30 minutes. The
lysed cells were centrifuged, and the resulting supernatant was collected and preserved at -80 -C for
future utilization. Equivalent amounts of protein (30-100 pg), as quantified by the Bradford method, were
segregated using 10—15% SDS-PAGE, depending upon the size of the target protein. Prior to transferring
proteins, the PVDF membrane was initially treated with methanol for activation and subsequently
washed with double-distilled water. This was succeeded by the transfer of proteins onto it by semidry
transfer method utilizing semidry transfer apparatus (Hoefer TE77XP, USA). The transfer buffer
comprised of 3 different buffers viz cathode (pH 9.4), anode-I (pH 10.4), and anode-ll (pH 10.4). The
blocked membrane was left overnight to incubate with a primary antibody, which was diluted in a 3% BSA
solution at a temperature of 4 °C. On the following day, the membrane underwent three washes with a
washing buffer containing 0.05% Tween-PBS and was then subjected to incubation with a secondary
antibody. The membrane underwent an additional three washes and was then subjected to the detection
of signals utilizing Licor equipment. Quantitative analysis for all the blots was conducted through
densitometry using ImageJ software.

Molecular Docking Study

The Protein Data Bank RCSB (https://www.rcsb.org/) was used to acquire the structures of selected
proteins viz., Wnt-3a, SHH, Notch-1 in PDB format. Structures of isolated compounds from A. rosea ethyl
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acetate extract were obtained from PubChem online (https://pubchem.ncbi.nim.nih.gov/), and each
compound was converted to PDBQT file format using AutoDock tools (1.5.6)*? and Discovery studio
2021 (BIOVIA)*3, resulting in an input Journal Pre-proof 9 compound/ligand file for docking study in
AutoDock Vina. For the aforementioned compounds, 54 maximal conformations were created in the
BIOVIA Discovery studio. Auto Dock tools version 1.5.6 was employed to calculate the docking score for
relevant ligand and protein interactions. After docking, the optimal poses were screened by looking at
binding energy (kcal/mol) and cluster number. BIOVIA Discovery Studio Visualizer was used to
investigate both hydrophobic and hydrophilic molecular interactions.

Statistical Analysis

All the experiments were performed at least thrice. Statistical significance was determined through one-
way ANOVA, utilizing the capabilities of both Microsoft Excel version 2311 and GraphPad Prism version
10.1.2 software. p-values falling below the threshold of 0.05 were considered statistically significant and
*=P<0.05* =P<0.01,***=P<0.001, and **** = P <0.0001 highly significant.

Conclusion

In light of the experimental findings and the above discussion, we conclude that A. rosea possesses
significant anti-colorectal cancer potential. The lack of documented toxicity associated with Alcea rosea
despite its long-standing use in traditional medicine serves as a testament to its safety. Based on our
study we subjected ethyl acetate extract of Alcea rosea (,zEA) for isolation of active compounds which
yielded 7 fractions out of which only 2 fractions (C4 and C5) exhibited a significant concentration-
dependent inhibitory effect on MTT activity, colony formation activity, wound healing activity, spheroid
formation activity, DAPI-PI staining, acridine-orange and ethidium bromide staining, ROS measurement
and rhodamine-123 staining in both HCT116 and HT29 colon cancer cells. Furthermore, C4 and C5
exhibited a marked reduction in protein and mRNA levels of Wnt3a, Notch1, and Shh. Moreover, protein
levels of Slug, Cyclin D1, and Vimentin were significantly decreased in a concentration-dependent
manner in both HCT116 and HT29 cells. Additionally, the administration of C4 and C5 led to a notable
upregulation of cleaved PARP, cleaved caspase-3, and E-cadherin, as measured by western blot analysis.
We conclude that the constituents present in the ethyl acetate extract of Alcea rosea will serve as best
therapeutic agents against the colon cancer and in future, these compounds will be subjected for their
structural elucidations and their additional in vitro and in vivo experiments will be helpful for validating
and optimizing the findings of this study.

Abbreviations

AR: Alcea rosea, TLC: Thin layer chromatography, MTT: 3-(4,5-Dimethylthiazol-2-yl)-2,5-
Diphenyltetrazolium Bromide, HCT116: human colorectal carcinoma cell line, HT29: Human colorectal
adenocarcinoma cell line, DAPI: 4',6-diamidino-2-phenylindole, CRC: Colorectal cancer, NOTCH:
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Neurogenic locus notch homolog protein, DMSO: Dimethyl sulfoxide, PBS: Phosphate buffer saline, AO:
Acridine orange
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Figure 2

Effect of C4 and C5 induce apoptosis in HCT116 and HT29 cells (DAPI-PI)
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Figure 3

Effect of C4 and C5 compounds induce apoptosis in HCT116 and HT29 cell lines (AO-ETBR).
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(A-D) Efeect of C4 and C5 on Cleaved-PARP and Caspase-3 levels and their relative fold changeS in
HCT116 and HT29 cells.
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Effect of C4 and C5 on ROS (DCFH-DA) and MMP (Rh-123) and their fold change in HCT116 and HT29
cells.
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Figure 6

Effect of C4 and C5 on colony formation in HCT116 and HT29 cells.
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Figure 7

Effect of C4 and C5 on spheroid formation in HCT116 and HT29 colon cancer cell line
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Figure 8

Effect of C4 and C5 on wound healing in HCT 116 and HT29 cells and their relative migration %age.
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(A-H) Effect of C4 and C5 compounds on Cyclin D1, Slug, Vimentin and E-Cadherin proteins and their
relative fold changes in HCT116 and HT29 colon cancer cell lines.
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Figure 10

(A-F) Effect of C4 and C5 compounds on Wnt3a, Notch 1 and Shh signalling proteins and their relative
fold changes in HCT116 and HT29 colon cancer cell lines
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Figure 11

(A-F) Relative fold change in mRNA levels of Wnt3a, Notch1 and Shh in HCT116 and HT29 cells upon

treatment with C4 and C5.
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Figure 12

2D and 3D interactions exhibited by C4 and C5 upon docking with Wnt3a, Notch1 and Shh signalling
proteins.
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