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Potential Anticancer Activity of Alcea rosea and Molecular
Docking of Selected Target Proteins in Liver Cancer Cells
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SUMMARY: The incidence of cancer is rising globally. In this study, the cytotoxic effeéis@d rosed.., hexane seed (ARHS)
extract were examined against liver (HuH-7) and breast (MDA-MB-231) human cancer cell lines, as well as non-cancerous HUVEC cel
line. The ARHS extract displayed dose-dependent cytotoxic effects on HuH-7 and MDA-MB-231 cells, with respgatalad€of 2.39
and 5.67ug/mL. Additionally, the ARHS extract impeded the migration of HuH-7 cells in a time-dependent fashion. Morphological
assessments showed characteristics indicative of apoptosis in the treated cells. ARHS extract induced ROS productioalis. Hiak$-7 ¢
study revealed that the roseahexane extract effectively inhibited HuH-7 cell growth by inducing apoptosis, as evidenced by the changes
in cell and nuclear morphology observed using DAPI and AO/EBr staining. Heptadeca-8,11-dien-1-yl demonstrated the higlgest docki
score, forming three hydrogen bonds with the amino acids ARG-842A, ALA-1050A, and ASP-1052A in the 4ASD receptor. Althsugh it h
potential as an anticancer agent, additional research is needed to expiorévhanticancer efficacy.
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INTRODUCTION

Globally, the prevalence of liver cancer is increasing, Alcearosed.. (Malvaceae) is widely distributed from
posing an ongoing challenge to global health (Ba&igii, the east Mediterranean region to Central Asia. Sometimes
2016; Villanueva, 2019). Annual liver cancer cases afeund in waste places and along roadsides (Fahagnigh,
predicted to reach over 1 million by 2025 (Llowttal, 2016; Singh & Panda, 2005). The medicinal usé.absea
2021). Liver cancer ranked ninth in cancer incidence amoimyolves the utilization of its roots, leaves, seeds, and flowers.
Saudi females and sixth among Saudi males (Saudi Cantae fruits and leaves of the plant contain various compounds,
Registry, 2014). Furthermore, compared to other nationsiimcluding mannose, glucose, sucrose, phellandrene, b-
the Arabian Gulf region, Saudi Arabia and Kuwait exhibiteditosterol, limonene, cyclohexanol, and primary alcohols.
a slightly elevated rate of liver cancer (Alghamdi &Furthermore, seed oil primarily comprises linoleic acid, which
Alghamdi, 2020). is its major constituent (Fahamiyd al, 2016). Several

pharmacological activities of the plants have been reported,

Although chemotherapeutic medicines are successkuch as analgesic, anti-inflammatory, diuretic, and antibacterial
treatments for hepatocellular carcinoma, their side effec(¥Vanget al, 1989; Seyyednejazt al, 2010; Tubat al, 2010;
development of drug resistance, and high toxicity result ishmadi et al, 2012). The plant is also used for cough,
poor clinical outcomes and a high mortality rate (Anwanwaloronchitis, asthma, inflammatory conditions, arthritis, kidney
et al, 2020). Therefore, Alternative treatment options ardisorders, renal calculi, peptic ulceration, chest pain, skin cuts,
required. Numerous published reports indicate the potentidters, burns, boils, abscesses, gastrointestinal disorders and
of using plant extracts as a treatment option for hepatocellutaany more (Fahamiyet al, 2016). The root oh. roseahas
carcinoma. Utilizing natural compounds treatment malyeen used in traditional medicine for a wide range of ailments,
reduce toxicity and minimize side effects (Awgi@l, 2017; including bronchitis, diarrhea, constipation, inflammation,
Lin et al, 2020). severe coughs arahgina (Ahmadet al, 2012).
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Gas chromatography-mass spectrometry (GC—MS) h¥i¢hatman filter paper 1. After separation, each fraction was
been commonly used to identify bioactive secondargoncentrated using a rotary evaporator at 40 °C under reduced
metabolites in plants (Satapué¢ al, 2019). Advanced pressure.
computer-based tools have revolutionized drug discovery by
allowing for the screening of bioactive secondary metabolité€ulture of Cell Lines. HuH-7 cells, representing human
from medicinal plants (Sliwoslkt al, 2014). Computational hepatocarcinoma; MDA-MB-231 cells, representing triple-
prediction models predict pharmacological, pharmacokinetinggative human breast adenocarcinoma; and non-cancerous
and toxicological properties, aiding in selecting promisingdlUVEC cells derived from human umbilical vein
candidates for further research and accelerating pharmaceutaadiothelium, were sourced from the German cell culture
advancements (Loza-Mejét al, 2018). In silico (computer- collection. Subsequently, these cell lines were cultured ina 5
based) techniques are quick and affordable for developing atdCQO, humidified atmosphere at 3T, using Dulbecco's
testing pharmaceuticals. This approach generates insights iModified Eagle Medium (DMEM) supplemented with 10 %
the drug-receptor interactions, enabling predictions of hofetal calf serum from Gibco (USA).
the drug model will interact with target proteins (Bharathi
al., 2014; Lee & Kim, 2019). Cytotoxicity Assays. This study investigated the cytotoxic

effects of extracts on cancer cell lines using the colorimetric

For an anticancer drug to be considered effective, MTT assay. For the MTT assay, 24-well culture plates were
should be able to eliminate cancer cells while leaving normased, with each well initially seeded witk 3.0* cells and left
cells unharmed selectively. The key to achieving this is fgr 24 h. The wells were treated with varying concentrations
restoring the apoptosis machinery in cancer cells, makiif@, 10, 5.2, 2.5, 1.25, and 0.2%/mL) of different seed extract
apoptosismodulation a promising approach in cancefractions (Fraction 1, 2, 3, and 4) and then incubated for 48 h.
prevention and therapy (Motaglial, 2007). Natural products Control @lls were treated with 0.01 % methanol. In each well,
have shown the potential to provide such templates for induci@O uL of MTT solution was added and incubated for 2 h
apoptosis. Consequently, screening plant extracts for apoptafterwards, the medium was removed, and 100 mL of 0.01 %
inducers is crucial, either in their crude form or as isolateuydrochloric acid in isopropanol was added to solubilize the
compounds (Yangt al, 1998; Choene & Motadi, 2016). formazan crystals. The optical density of the plates was

measured at a wavelength of 550 nm using a plate reader

Thus, this study aimed to investigate cytotoxicity ofChroMate, England). The MTT assay procedure followed a
A. roseaseed extract against liver (HepG2) and breast cana@milar protocol as described by Abutaha (Abutetrel, 2023).
(MDA-MB-231) cells lines, apoptosis, cell migration,
molecular docking, and chemical constituenfofoseaseed Scratch Wound Healing AssayHexane extract ¢k. rosea

extract. (ARHS) was used to assess plant extracts effects on the cell
migration using HuH-7 cells. Six well-plates witkx1%*
MATERIAL AND METHOD cells/mL were seeded and given time to reach 80 %

confluence. PBS was used to wash the cells, anqib tip
Extraction procedure. Alcea roseaseeds were purchasedwas used to make a scratch. The cells were washed with
from a herbal store in Riyadh, Saudi Arabia, and subsequenf§8S, and the unattached cells were removady/tnL of
stored in the herbarium under the voucher BRS-KSU-082. THdRHS extract was added to the cells. Negative control cells
seeds were washed in distilled water before being dried at&@re treated with 0.1 % methanol. An inverted microscope
°C in an oven. A commercial mill was used to grind the plantith a digital camera was used to capture the images. The
material into a coarse powder. The powdered substance (34agts were carried out three times. The scratch width was
was macerated for five days at Z5with periodic shaking in measured at different time intervals (24 and 48 hours) using
300 mL of 85 % ethanol. The resultant mixture was centrifugetde Image J software. The percentage of migration was
at 3000 rpm, and the solvent was concentrated using a rotaafculated using the following formula:
evaporator at 48C (Sadicet al, 2014).

Percentage of migration = (Distance at 0 h-Distance at 48 h)/
Fractionation. The evaporated extract was suspended ifDistance at 0 K100
distilled water (500 mL) and was poured into a separating
funnel, and fractionated by liquid-liquid extraction usingAssessment of Cell MorphologyCells were cultivated on
hexane (fraction 1), chloroform (fraction 2), and ethyl aceta@4-well plates and exposed to ARHS extract at O tagl®L
(fraction 3). The remaining aqueous extract was evaporatedncentrations for 24 h, either with or without treatment.
until completely dried and then suspended in methanol. ThMorphological alternations were photographed with the help
soluble methanol extract was filtered (fraction 4) usingf a digital camera (Leica, Germany).
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Fluorescence Microscopy Molecular docking. The possible interaction between GC-
MS detected compounds and the protein targets, including
DAPI staining. HuH-7 cells (5% 10¢ cells/mL) were seeded 1CP3, 202F, 1M17, 4ASD, 4QVF,1SVC, 4XCU, 4C612,
in a 24-well plate and incubated at 37 for 24 h. The cells BMC, 4XI3, 5KIR, 2Q7K, 20H4, 4LQM, 2AR9 (Table I).
were treated with fig/mL of ARHS extract and incubated for Each protein target was retrieved from the Protein Data Bank
24 h. Treated and vehicle control cells (0.1 % methanol) wef@ww.rcsb.org/pages/policigsTo predict the interaction
rinsed with PBS and fixed using ice-cold ethano).6% between each ligand and its corresponding protein target,
diamidino-2-phenylindole (DAPI, igml-1) was used to look virtual screening tools such as AutoDock Vina 1.1.2 were
for nuclear damage or chromatin condensation. The fluorescemiployed. PyMOL 2.5 was utilized to construct the
images were captured using a fluorescence microscopeeractions between the ligands and target proteins.
(EVOS, USA). Additionally, the investigation of the three-dimensional (3D)
and two-dimensional (2D) visualization of the ligand and its
Dual Acridine Orange (AO)/Ethidium Bromide Staining  corresponding protein target interactions was carried out using
(EB). HuH-7 cells (5% 10* cells/mL) were seeded in a 24-PLIP (Protein—Ligand Interaction Profiler).
well plate and incubated at 3T for 24 h. The cells were
treated with fug/mL of ARHS extract and left for 24 h. The Statistical Analysis. The obtained data are displayed as the
cells were stained with AO/EB solutionu@/mL) for 2 min  meant SD, the experiments were carried out in triplicate and
in the dark. Similar treatment was used for vehicle contr@tudent's t-test to assess significance between groups. Results
cells (0.1 % methanol). The fluorescent images were captunedre considered significant when p < 0.05.

using a fluorescence microscope (EVOS, USA). Table I. Apoptotic proteins with PDB ID.
. ~ SNO PDBID Target
DCFH-DA ROS Assay.To evaluate the production of reactive1 2BMC  Aurora-2

oxygen species (ROS), a dichlorofluorescein diacetate (DCFB- ~ 4C61  Jak2 Kinase

: : : 4XCU Fibroblast growth factor receptor 4 (VEGFR-4)
DA) assay was conducted. The oxidation of DCFH in cell 1SVC  Nuclear factor kappa-B (NF-KB)

result; in the production of dichlorpfluorescein. Huh-7 cellg AQVF  Bck2-like protein 1

were incubated with ARHS extract in a 24-well plate for 24 kg 4ASD  Vascular endothelial growth factor receptor 2 (VEGFR-2)
as reported in the previous sections. Post-treatment peridd, ~1M17  epidermal growth factor receptor

cells were incubated with DCFH-DA for 30 min at 32. & 202 Apoptosis regulator Bel-2

T i 1CP3 Apopain
Similar treatment was used for vehicle control cells (0.1 %,  4xi3 homodimer Estrogen receptor

methanol). Cells were resuspended in p00Oof PBS and 11 5KIR  human COX-2 protein

imaged with a fluorescent microscope (EVOS, USA). 12 2QrK  prostate cancer receptor
13 20H4 vascular endothelial growtttor 2 (VEGFR-2)

14 4LQM Epidermal Growth Factor Receptor
Gas chromatography-mass spectrometry (GC-MS) 15 2AR9  caspase 9

analysis.The ARHS extract from seeds was analyzed using
the Perkin-Elmer Clarus 680 system (Perkin-Elmer, INCRESULTS

USA). This system was equipped with an Elite-5MS capillary

column made of fused silica. The dimensions of the colunirhe yield of the crude extract.Upon extraction 34 grams of
were 30 m in length, 25@m in diameter, and 0.25m in  A. roseaseed powder with 85 % ethanol, the resulting extract
thickness. Pure helium (99.99 %) served as the carrier ggielded the following fractions: 2.5 mg from hexane (Fraction
with a continuous flow rate of 1 mL per min. The spectral), 700 mg from chloroform (Fraction 2), 4.5 mg from ethyl
detection in the GC-MS analysis used an electron ionizatiagsetate (Fraction 3), and 637 mg from methanol (Fraction 4).
method with high ionization energy of 70 electron volts (eV),

a scan time of 0.2 s, and fragments in the range of 40 to BD@otoxicity of hexane extract on cancer cell linesAll

m/z. The injected volume waslL, with a split ratio of extracts and control were assessed for their cytotoxicity on
10:1, and the injector temperature was consistentijuh-7 (human hepatoma) and MDA-MB-231 (breast
maintained at 250C. The column oven temperature wasadenocarcinoma) cells, and HUVEC (human umbilical
initially set at 5¢°C for 3 min, and then gradually increasedein endothelial cell). Fraction 1 was the only potent extract,
at a rate of 10C per min until it reached 28C. Finally, and its IC50 values on Huh-7, MDA-MB 231, and HUVEC
the temperature was ramped up to 300and held for 10 were 2.39, 3.44, and 563/mL, respectively. However, the
minutes. The phytochemical constituents were identified byexane extract showed a less cytotoxic effect on non-cancer
comparing them with the spectral database of verifiazkll lines HUVEC. After 24 h of incubation, the cell lines tested
compounds stored in the National Institute of Standards aexhibited dose-dependent mortality in response to the extract's
Technology (NIST) library varying concentrations (0-3&y/mL) (Fig. 1).
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Fig. 2. The nuclear changes seen in cells after treatment with fraction
1 of A. rosea HuH-7 cells treated with ARHS extract Af rosea
seeds for 24 h were seen under a fluorescence microscope following
nuclear staining with DAPI.

Cell Viability %

study, we used DAPI staining to highlight the changes related

Concentration (ng/mL) to Apoptosis in Huh-7 cells treated with the hexane extract of
Fig. 1. The results of viability assessments conducted on thrBe roseaseeds, as shown in Figure 2. Upon treatment,
different cell lines: Huh-7 and MDA-MB-231 (both cancer cellnoticeable morphological alterations associated with apoptosis,
lines) and HUVEC cells (a non-cancerous cell line). The viabilitihcluding margination of the nucleus, nuclear fragmentation,
of these cells was examined followaing treatment with the fractiofhg chromatin condensation Figure 2 (indicated by white
1 (A roseaseed). arrows), were seen in the Huh-7 cells.

Fraction 1 induces apoptosisMost anticancer medications AO/EtBr staining can be used to detect changes in the
in clinical oncology exploit the apoptotic mechanism to triggeucleus of apoptotic cells. This technique is commonly used
cancer cell death (Reed, 2006). Huh-7 cells were used to stygexplore apoptosis mechanisms and evaluate the efficacy of
the role of apoptosis in hexane-induced cytotoxicity sincgnticancer drugs that induce apoptosis in cancer cells. The
hexane extract was the only active extract. The Ligh{0 dye can permeate living cells and stain their nuclei green,
microscopic study of cells treated withu/mL of hexane while EB can only penetrate dead cells and stains their red
extract for 24 h shown characteristics of apoptotic changggclei. Therefore, viable cells display intact green nuclei, while
like rounding and detachment of CEIIS, unlike the control (O.%Crotic cells exhibit br|ght orange round nuclei. Ear|y
% methanOD. DAPI, a nuclear Stain, emits blue ﬂuoresceng%optotic cells present with br|ght green fragmented and
when viewed under a fluorescence microscope. In our curr@i§ndensed nuclei, whereas late apoptotic cells show red
fragmented and condensed
Blangsd Treates! Sl nuclei. In this study, AO/

EB staining was
performed, and it revealed
intact green nuclei in
control cells, while treated
cells displayed red
fragmented and condensed
nuclei after 24 hours of
treatment (Fig. 3). Thus,
r _ ' 2~

Control

the microscopic analysis
suggests that the hexane
extract-induced cell death
in Huh-7 cells was
primarily due to apoptosis.

Control

Fig. 3. illustrates the results of AO/EB staining performed on Huh-7 cells to detect apoptosis induced by
treatment with fraction 1 frorA. roseaat a ug/mL concentration. In the vehicle control group, the cells

exhibit uniform green fluorescence. However, the apoptotic cells display distinct characteristics in the
experimental group (treated with the extract). The nuclei of these apoptotic cells are stained with a yellow-
green fluorescence and appear concentrated in a crescent or granular pattern on one side of the cells.
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Fraction 1 increases the production of ROS in Huh-7 Control Treated
cells.To examine the influence of ARHS extract on reactiv:
oxygen species (ROS), we employed DCFH-DA staining
Huh-7 cells were subjected to DCFH-DA staining to asse:
changes in intracellular ROS levels following 24 h o
treatment with fraction 1. The fluorescent micrograph
revealed that treatment with fraction 1 resulted in

pronounced increase in DCF-fluorescence intensity withi
Huh-7 cancer cells, indicating an enhanced generation
intracellular ROS triggered by the ARHS extract (Fig. 4).
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fg: Fig. 5. Effect of fraction 1 oA. roseaseeds on the migration of

: ; ' Huh-7 cells. (A): The wound closure potential of Huh-7 cells was
Control Treated evaluated by creating a scratch in both treated and control wells.

Fig. 4. Representative images of DCFH-DA assay showing RO®ages of the fraction 1-treated Huh-7 cell monolayers were

generation in Huh-7 cells after exposure to fraction A.absea Captured using an inverted light microscope at 24-hour and 48-

seed (A) Control, (B) Treated. B: Measurement of fluorescendwur intervals. (B): Quantitative analysis of Huh-7 cell migration

intensity of ROS in fraction 1-treated cells. Values were expressatier treatment with fug/mL of fraction 1. The percentage of cell

in mear:SD of three independent experiments. The asterisk (*) (Rigration used to depict the results. Values were expressed in

0.05) shows a statistically significant difference. meartSD of three independent experiments. The asterisk (**) (P
0.05) shows a statistically significant difference.

Scratch assayln the control wells, the cells migrated andsc—Ms analysis. To identify the biologically active
completely covered the scratched area within 48 h, achieviggmpounds, present in fraction 1 &f rosea gas

full confluence. However, upon treating the cells witlthromatography-mass spectrometry (GC-MS) analysis was
fraction 1 (Fig. 5), the migration of cells was significantlyperformed. A total of 11 compounds were detected (Table I1).
inhibited. The InthItOI‘y effect on Huh-7 cell migl’a’[ion byThe major Compounds were nonanoic acid (184 %)’ 9’12_
fraction 1 was analyzed at a concentration pgMnL, and  octadecadienoic acid (17.6 %), 1,3,5-trimethyl benzene (14.6
the results were reported as a percentage of cell migratiog), 9,12-octadecadien-1-ol (14 %) and 2-hydroxy-1
Treatment with fraction 1 led to a time-dependent reductigiexadecanoic acid (12.07 %). The presence of these
in the migration of Huh-7 cells. The percentage of cellompounds in the ARHS extract may contribute to its
migration was significantly lower in the presence of th@emonstrated anticancer activity.

ARHS extract compared to the negative control (p<0.05)

after 24 and 48 h of treatment. These findings suggest th@lecular docking: This study employed a molecular docking
fraction 1possesses antimetastatic potential, likely attributggproach to predict the potential target proteins for the twelve
to Its cytotoxic activity. compounds identified by GC-MS analysis (Figs. 6 and 7). The
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liver proteins available in the Protein Data Bank (PDB) w¢  2aRg ‘ S0
used for this purpose. Molecular docking is a computatio  4LaM -

technique that uses computational methods to predict 20H4 -

complex structure formed between a ligand and a recej Zscl’:l;: b
||
|

We conducted molecular docking simulations to gain insig 43 |

into the interactions between the proteins 1SVC, 1CP3, 1NV 2 1cp3 1 = 5100

2AR9, 2BMC, 20H4, 202F, 2Q7K, 4ASD, 4C61, 4LQNE 202F - , 1

4QVF, 4X13, 4XCU, and 5KIR with different ligands. Table @ ™17 —

displays the binding energies (kcal/mol) of all the com ourd #ASP

play 9 9 POUIEY 4avr -

detected. The best Molecular docking scores recorded  4gyc .

4ASD, 20H4, and 4ASD were -8.1 kcal/mol (4ASD) anc  4xcu 7100

7.8 kcal/mol for 20H4, and 4ASD, respectively. Heptade:  4C81+

8,11-dien-1-yl shows three hydrogen bonds with ARG- 84z  2BMC+

ALA-1050A, and ASP- 1052A amino acids with 4ASI

receptor. Also, the formation of 15 hydrophobic interactic R iR L

with ALU- 840A, VAL-840A, ALA- 866A, LYS- 868A, VAL- Compounds

899A, VAL- 916A ASN- 923A, LEU- 1035A, PHE- 1047A, _. . .

and ARG- 1051A. Similarly, the docking results of Z-1-phenyl'9: 8- Heatmap of molecular docking scores of ligands and target
. . roteins. 1: 1,3,5-trimethyl benzene, 2: Nonanoic Acid, 3: 2,4-bis

7'methyl'?'§'0Ctadllene to 20H4 resulted in eleve ,1-dimethyl ethyl)-phenol,4: 5: Palmitic acid, 5: Ethyl ester-

hydrophobic interactions (LEU- 838A VAL- 846A, ALA- peyadecanoic acid, 6: Heptadeca-8,11-dien-1-yl, 9,12-7:

864A, LYS- 866A, VAL- 914A, LEU- 1033A, PHE- 1045A) octadecadien-1-ol, 8: 9-Octadecenal,9: 2-hydroxy-1 hexadecanoic

with binding energies of -7.8 kcal/mol. The 3D and 2D dockingcid,10: Z-1-phenyl-7-methyl-1,6-octadiene,11: 9,12-

images of 4ASD are represented in Figures 6 and 7. Octadecadienoic acid.

-6.100

-8.100

(!ﬂ,}\

e
Nl o .
{ "’ﬁ: % 1 ~
AN AN ‘

J

Fig. 7. In silico molecular docking of heptadeca-8,11-dien-1-yl and z-1-phenyl-7-methyl-1,6-octadiene compounds with thediver ca

target protein (4ASD and 20H4) based on the binding energy generated by the AutoDock Vina 1.1.2. (A) A close-up vieviagkthe sur
structure of 4ASD and 20H4 with heptadeca-8,11-dien-1-yl and z-1-phenyl-7-methyl-1,6-octadiene binding at the activ@Bite. (B)
structure of heptadeca-8,11-dien-1-yl and z-1-phenyl-7-methyl-1,6-octadiene interacting with 4ASD and 20H4 active site residues
- - Hydrophobic interactioR=  Hydrogen bond.

Table II. Lipinski's properties for compounds identified from fraction A.abseausing GC-MS and assessed by ADMIT web tool.

Sl.  Compound name RT Area  Molecular Log P (<5) H-bond H-bond Lipinski

No % weight donor  acceptor Rule
(<500kD) (<5) (<10)

1 1,3,5-trimethyl berene 5.84 14.6 120.090 3587 0 0 Accepted

2 Nonanoic acid 8.79 184 158.130 3.366 2 1 ccépted

3  24-bis(1,1-dimethylethyl)-phenol 11.48 38 206.170 4832 1 1 ccepted

4  Palmitic acid 1522 g2 256.240 6.732 1 2 Accepted

5 Ethyl ester-hexadecanoic acid 15.37 38 284.270 7448 0 2 Accepted

6 Heptadeca-8,11-dien-1-yi 16.06 23 344.270 5.988 2 2 Accepted

7  9,12-octadecadien-1-ol 1638 14.0 266.260 6.848 1 1 Accepted

8 9-octadecenal 17.00 32 266.260 6.665 0 1 Accepted

9  2-hydroxy-1 hexadecanoécid 1863 12.07 345.320 4.880 4 4 cdepted

10 Z-1-phenyl-7-methyl-1,6-octadiene 1948 103 200.320 5.064 0 0 ccepted

11 9,12-octadecaelnoic acid 19.67 17.6 280.240 6.652 1 2 Accepted
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DISCUSSION prevented the migration of Huh-7 cells. This indicates that
the inhibitory properties of ARHS extract on Huh-7 cell
Despite significant advancements in basic researchigration were likely attributed to its cytotoxicity. To validate
and clinical investigations, cancer remains the leading caube occurrence of oxidative stress induced by the ARHS
of death globally (Singh & Panda, 2005). The incidence &faction, we examined the production of reactive oxygen
malignancies can be reduced through early detection asgkcies (ROS) in Huh-7 cells. This is significant because
chemoprevention. Safe and effective chemotherapeutiapoptotic effects often correlate with oxidative stress
must be developed because the side effects of existifMartindale & Holbrook, 2002).
chemotherapeutics lower the quality of patient life. Even
though research has been done on natural therapies for cancer As shown in Figure 4, fraction 1 increased the
treatment, a complete and effective chemotherapeutic agarttacellular ROS production in Huh-7 after 30 min of
has yet to be discovered (Puetial, 2019; Sedighét al, incubation with DCFH-DA. The findings of this study are
2019). consistent with earlier research that indicated that botanical
extract treatment elevated the production of ROS in cancer
The importance of plant extracts in cancer treatmenells. (Abhyankaet al., 2010; Isaet al., 2013; Kazberulet
lies in their potential to offer alternative and complementam., 2022). According to several reports, evidence suggests
therapeutic options. Many plant extracts have been foundttat elevated levels of reactive oxygen species (ROS) can
contain bioactive compounds with anticancer propertielgad to apoptosis and increase the sensitivity of cancer cells
including the ability to inhibit cell proliferation, induce to chemotherapy treatments (Ste@l., 2023).
apoptosis, and prevent metastasis. These natural compounds
may provide new treatment strategies with fewer side effects Molecular docking is a robust computational
than conventional chemotherapy drugs while enhancing ttechnique that analyses interactions and binding energies
efficacy of existing treatments (Liet al., 2020). between atherapeutic molecule and its target. This approach
Additionally, plant extracts may help overcome drugrovides valuable insights into discovering new drugs and
resistance, a significant challenge in cancer therapy, byeir potential efficacy (Tufait al, 2021). Combining this
targeting multiple signalling pathways and cellular processessilico method with in-vitro analysis offers a practical base
(Ullah, 2008). This study investigated the effect8.abbsea for drug testing in experimental animals (&ral, 2020).
extracts on cell cytotoxicity using MTT assay and cell andlhe binding efficiency of different compounds with most
nuclear morphology. Cell morphology changes werkver cancer proteins investigated was promising. However,
studied to examine the mechanism of cell death brought tire current study reveals that among various liver cancer
by fraction 1. Observing morphological changes in apoptotmroteins, two compounds, heptadeca-8,11-dien-1-yl, and Z-
cells is crucial for determining Apoptosis (Stewart, 1994)1-phenyl-7-methyl-1,6-octadiene, demonstrated the best
Fraction 1-treated Huh-7 cells revealed classic characteristigteraction with 20H4 and 4ASD, with binding energies of
of apoptosis, including rounding of cells, shrinkage of cells7.8 kcal/mol for 20H4 and -8.1 kcal/mol for 4ASD,
and condensation of cytoplasm, as demonstrated througtspectively. Protein-ligand interactions are crucial in
microscopic study. These morphological changes identifying the potential mechanisms by which a ligand binds
apoptotic cells have previously been documented (Watllie to its target and exerts its pharmacological effects
al., 1981; Ezhilarasast al, 2019). Fluorescence microscopy(Thavamaniet al, 2016). Heptadeca-8,11-dien-1-yl was
also showed apoptotic effects of extracts, which wefeund to bind with 4ASD with the lowest free energy
consistent with the morphological abnormalities. Hexaneompared to other liver cancer proteins. This suggests it may
extract-treated cells revealed altered cellular morphology sfimulate apoptotic proteins in liver cancer cells, acting as
Huh-7 cells, which was also observed by DAPI stainingn effective anticancer agent. However, additional research
Apoptotic cells have smaller nuclear areas and increasecheeded to clarify the interaction mechanisms between the
DAPI brightness due to chromatin condensation. A dual A@bmpounds, the target proteins and the practicality of using
EB staining assay further confirmed the apoptosis inductiamese inhibitorsn vivo andin vitro.

The metastasis of cancer cells to vital organs remains ~ Adverse effects resulting from drug toxicity often
a critical obstacle in cancer treatment and is accountable émntribute to the failure of drugs during the clinical trial stage
over 90 % of cancer-related deaths (Weinberg & HanahgBunet al, 2022). The compounds in the preparation had a
2000; Steeg, 2006). The successful targeting of highgood investigational new drug following Lipinski's rule of
metastatic cancer cells is required to develofive. Lipinski's Rule of Five is a set of guidelines used in
chemotherapeutic anticancer agents. The investigatidrug discovery to predict a compound's oral bioavailability.
findings showed that the ARHS extract successfullyhe criteria include molecular weight, hydrogen bond donors
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