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ABSTRACT

Background: Ferulic acid (F), a hydroxycinnamic acid (4-hydroxy-3-
methoxycinnamic acid), is one of the primary phenolic acids found in apples. F has
potential biological activity, such as antioxidant, anti-inflammatory, and anticancer
properties. Objective: The present study aimed to purify F from Iraqi Apple petioles
crude extract and investigate the effect of F on cell viability in (human colon cancer
cell/ SW480, human hepatocyte carcinoma/ Hep G2, adenocarcinoma of the
stomach/ AGS, and human lung adenocarcinoma/ A549), beside the normal cell line
(Human Embryonic Kidney/HEK 293). Methodology: F was determined
quantitatively and qualitatively in different aerial parts for Iragi apple (Malus
domestica), cv.” Ibrahimi” included leaves, petioles, and stems extracts. Petioles
represented a rich source of F, which was isolated and purified by preparative
HPLC. Various analytical characterization methods confirmed the chemical
structure of the isolated Ferulic acid (F2): Melting point, High-performance Liquid
Chromatography (HPLC), Carbon Hydrogen and Nitrogen elemental analyses
(CHN), and Identification by Fourier-transform infrared spectroscopy (FTIR).
Cytotoxicity was evaluated using MTT assay after exposure to escalating doses
(500, 250, 125, 62.5, 31.25, and 15.625) pg/ml of F and Cisplatin (standard
chemotherapy) against cancer cell lines and normal cell line. Results: About 0.952 g
F2 was obtained from 14.086 g apple petioles (6.8%). The MTT test results showed
that the purified F2 possessed significant anticancer activity on all cancer cell
lines. Conclusion: Results suggested that purified F2 from Iragi apple petioles has
potential cytotoxicity, which may benefit human health.

Keywords: Malus domestica, Petiole, Ferulic acid, Anticancer.
https://doi.org/10.24126/jobrc.2025.19.2.847

INTRODUCTION

Cancer is the second leading cause of death worldwide, after cardiovascular diseases (1). Cancer, a
multifaceted and heterogeneous disease, is a substantial health obstacle for humans (2). Despite notable progress in
medical science, pharmaceutical chemistry, and cell biology, the prevalence and death rates of cancer persistently
increase worldwide, frequently considered untreatable (3). It is projected that the global cancer rate will experience a
substantial rise from 2020 to 2040, with approximately 28.4 million additional cancer cases anticipated in 2040 (4).
Crucial lifestyle factors that lead to the onset of cancer include, but are not limited to, the consumption of
carcinogens through foods, exposure to solar radiation, smoking, alcohol consumption, and lack of physical
exercise. Many of these factors can be altered, suggesting that cancer can be avoided by adopting an appropriate
lifestyle (5). Around half a century ago, Michael B. Sporn first proposed the concept of cancer prevention and
introduced the word "chemoprevention." Tumorigenesis inhibition is the utilization of non-toxic substances to
prevent or reverse the progression of tumor formation (6).
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Pharmacotherapy (Chemotherapy) is a widely used global treatment for cancer. It involves using several
substances, including platinum-containing compounds like carboplatin, oxaliplatin, and cisplatin (7). Approximately
half of cancer patients undergo cisplatin treatment (8). Unfortunately, cisplatin has many negative aspects, such as
inducing harmful effects on the patient's healthy tissues (neurotoxicity, nephrotoxicity, hepatotoxicity, ototoxicity,
haematological toxicity, gastrointestinal toxicity, and cardiotoxicity) and the emergence of cisplatin resistance in
cancer cells during treatment (9). Consequently, it significantly reduces the patient's quality of life. It requires a
reduction in the amount of this medication or maybe stopping it completely, which lowers the effectiveness of
anticancer treatment (10). In addition, the diverse composition of cancer poses a significant challenge in developing
efficient anticancer treatments. This frequently leads to chemotherapy ineffectiveness or increased treatment
resistance, ultimately culminating in cancer resurgence (11).

Plant-based therapies are commonly utilized in traditional medicines (12). Specific botanical remedies exhibit
significant efficacy in treating and preventing extremely lethal cancers (13, 14). Drugs containing plant secondary
metabolites as the main active components have been employed to treat human diseases (15).

F is the predominant phenolic acid found in plant cell walls and is abundant in vegetables, fruits, and grains
(16). Fis present in a free form or bound to hydroxy acids in vegetables and fruits or hemicellulosic polysaccharides
in grains; it is classified as a hydrophobic phenolic compound because of its poor solubility in water(17, 18).

It has been characterized as a powerful antioxidant by effectively eliminating free radicals and improving the
cellular stress response by activating Cytoprotective mechanisms (19). Previous studies have shown that F has the
potential to be used as a treatment for various disorders, including skin disease (20), Alzheimer's disease (21),
diabetes mellitus (22), cardiovascular diseases (23), anti-angiogenic (24), antimicrobial (25), anti-inflammatory (26),
wound healing (27), cholesterol-lowering(17), radioprotective properties (20) and anticancer properties (28). For
these benefits, it is widely used in the cosmetic, food, and pharmaceutical industries (29).

The extraction of F from natural plant sources is crucial for industrial production. Having plant material that
contains the necessary components can lower the overall cost of processing. There has been a new upsurge in
scientific curiosity about F. The increasing interest in this compound can be ascribed to its indispensable anticancer
efficacy, rendering it a very interesting field of investigation for future research. Apple parts, specifically apple peel,
pomace, and other aerial parts, are a cost-effective and plentiful source of polyphenols (30, 31) . This study presents
the process of isolating, characterizing the structure, and identifying F from the petioles of M. domestica in
Irag.Consequently; we aim to investigate the antioxidant activity and cytotoxicity of Ferulic acid on four cancer cell
lines. Additionally, we will compare F with cisplatin (the traditional chemotherapy anticancer drug). This study aims
to gain greater knowledge of the bioactivity of Ferulic acid derived from Iragi M. domestica and provide supporting
evidence. So far, no prior documentation exists regarding the isolation of Ferulic acid from apples cultivated in Iraqg.

METHODOLOGY
Plant material Collection and Preparation of Samples

In November 2022, during the early winter season, the aerial parts (leaves, petioles, and stems) of Iragi M.
domestica were collected from a privately owned orchard in the Ala'bara region of Diyala Governorate, Irag. The
specific cultivar was named "lbrahimi”. Dr Sukina Abbas, a senior Taxonomist from the University of Baghdad
Herbarium, identified the plant. The aerial parts of the plant, which were in good health and fresh, were cleaned and
then dried in the air for various durations: 15 days for the leaves, 20 days for the petioles, and 25 days for the stems.
The drying process occurred at room temperature, with sufficient airflow, and in a shaded area. The dried materials
were ground to a fine powder by a two-step procedure involving (manual) grinding followed by (electrical) grinding
and employed for extraction.

Extraction Procedure

Each dried aerial part, including leaves, petioles, and stems, was separately treated with 500ml of 70%
ethanol through a process called triple cold maceration. This process included immersing them for 24 hours while
sometimes stirring and filtering the mixture. The marc underwent two more macerations in 70% ethanol, each
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lasting 24 hours. The maceration process was repeated up to three times, and the resulting filtrate was combined.
The filtrate underwent a final desiccation process utilizing a rotary evaporator at 40°C. As a result, highly
concentrated dry extracts were formed, which were then weighed and stored at 4°C until they were available for use.
Marc was ejected(32, 33).

Identification and Quantification of Ferulic acid by HPLC Method

HPLC analysis was conducted to identify Ferulic acid in Ethanolic extracts (Leaves, stems, and petioles) of
Iragi M. domestica. Quantitative estimation was carried out using liquid chromatography ( equipment SHIMADZU,
Japan), the column was ODS-C18 (250 mmx 4.6 mm 1.d.), particle size S5um, the flow rate was 0.8 ml/min, room
temperature, column pressure was 8.9, the Injection Volume was 20 pl, and the mobile phase was 0.1% Acetic acid
20% (A) and Methanol 80% (B), and detection wavelength was UV-Vis at A 254nm, at the Ministry of Science and
Technology, the Department of Environmental and Water Research, Irag, Baghdad.
Isolation and purification of proposed Ferulic acid from the crude leaves extract by preparative HPLC
(PHPLC)

A Ferulic acid was isolated from the ethanolic extract of the petioles performed according to conditions
(34) by HPLC equipment( SHYKAM, Germany), the column was ODS-C18 (250 mmx 4.6 mm l.d.), particle size
Sum, the flow rate was 1.0 ml/min, column temperature(25 + 1°C), the Injection Volume was 0.1 ml, and the
mobile phase was = Methanol 70% (A), water 25%(B), and formic acid 5% (C), filtered and degassed before use,
and detection wavelength was UV-Vis at A 280 nm, at the Ministry of Science and Technology, the Department of
Environmental and Water Research, Iraq, Baghdad. A fraction collector collects the target peak from the time of its
appearance until it’s near or almost end. The proposed Ferulic acid was subjected to a final drying process using a
rotary evaporator at a temperature of 40°C. This resulted in the formation of powder concentrate dried proposed
Ferulic acid, which was subsequently weighed and kept at a temperature of 4°C until ready for use. The
identification and purity of the target compound (proposed Ferulic acid) were checked using chromatographic
(HPLC), spectroscopic (FT-IR), Melting point, CHN analysis, ‘HNMR and **C NMR spectra. The isolated Ferulic
acid is symbolized as F2.

Structural Identification and characterization of the proposed Ferulic acid (F2)
F2 was identified by using different identification methods as follows:

Identification by HPLC
The purity of F2 was checked using HPLC and the same conditions previously discussed in previous above step.

Melting point
The melting point of F2 was evaluated using electrothermal melting point equipment within the Environmental
and Water Research Department of the Ministry of Science and Technology, Iraq, Baghdad.

Identification by Fourier Transforms Infrared (FT-IR) Spectroscopy

The functional groups in F2 were detected using Fourier transform infrared spectroscopy (FTIR) with apparatus
(BRUKER, USA). The KBr method was utilized to transform the sample into pellets for examination. FTIR analysis
is a spectroscopic method employed to determine the absorption spectrum of a material inside the infrared region,
especially within the wavelength band of 400-4000 cm™. The samples were analyzed to determine the structure and
molecular composition of the compounds by measuring the absorbance of infrared light energy at various
wavelengths(35). The analysis was carried out within the Environmental and Water Research Department of the
Ministry of Science and Technology, Iraq, Baghdad.

CHN Elemental Analysis

The CHN analysis approach precisely measures the carbon, hydrogen, and nitrogen elemental composition of
F2 sample. Analyzed with the PERKIN-ELMER 2400 CHN analyzer. The oxygen percentage is calculated by
subtracting the combined percentage of carbon (C) and hydrogen (H) from the total percentage (36).
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Cytotoxicity assay of isolated Ferulic acid from Iragi M.domestica petioles by MTT test

For evaluating the cytotoxicity of F2 obtained from the Iragi M. domestica petioles. The MTT test is widely
used to assess the cells viability exposed to compounds that might have cytotoxic effects. The MTT test is quick,
efficient, and economical in vitro technique employed to quantify the number of viable cells by evaluating their
capacity to transform a yellow (tetrazolium salt) into a purple (formazan molecule) (37).

Cell culture

The cancer cell lines utilized in this study were human colon cancer cell (SW480), human hepatocyte carcinoma
(Hep G2), adenocarcinoma of the stomach (AGS), and human lung adenocarcinoma (A549). The human embryonic
kidney cell line is the normal Human Embryonic Kidney (HEK 293). These cell lines were incubated in a humid
environment at 37 °C in CO, incubator. The RPMI-1640 medium was supplemented with 100 U/mL of
streptomycin, 100 pg/mL of penicillin and fetal bovine serum(10%) (38).

MTT assay

The SW480, Hep G2, AGS, A549, and HEK 293 cell lines were initially seeded at a density of 1 x 10* cells
per well. Subsequently, the plates were carefully transferred to a CO, incubator and adhered overnight. The
following day, the medium was replaced with a fresh medium 100 pl that contained varying concentrations (500,
250, 125, 62.5, 31.25, and 15.625) pg/ml of F 2, as well as control samples. In addition, Cisplatin (Accord, Ireland)
was used for the positive control. The cells were subsequently placed in an incubator for 24 hours. Afterwards, the
medium was removed and replaced with 100 pl of an MTT solution containing 0.5 mg/ml. The cells were
subsequently cultured for 4 hours at 37 °C. Afterwards, the MTT solution was extracted and substituted with 100 ul
of dimethyl sulfoxide (DMSO) in every well. The plate was placed in an incubator at 37°C and subjected to
continuous agitation for 15 minutes. Ultimately, absorbance was measured using a microplate reader configured to a
specific wavelength of 570 nm(39). The experiment was performed three times. To determine the fraction of live
cells, we compared the absorbance values of cells treated with F2 and Cisplatin to those of untreated control cells.
Cell viability percentage was calculated using the equations outlined by Al-Shammari (40).

o Average absorbance of treated cells
Percent cell viabilty = X 100
Average absorbance of untreated cells

Percent cell inhibition = 100 — Percent cell viabilty

Statistical Analysis
The Statistical Analysis System- SAS (41) program was used to detect the effect of difference factors in study
parameters. Least significant difference-LSD was used to significant compare between means in this study (P<0.05).

RESULTS

Ferulic acid concentration in different aerial parts of the apple

The concentration of F quantified by HPLC in the apple aerial parts is shown in (Table 1). Highly varied
concentration ranges of F were found in the results; the highest concentration of F detected was in the petioles at
0.248mg/g DW and the lowest in the stems at 0.014mg /g DW. The retention times of standard and extracts are
shown in (Figure 1).

Table (1): The retention time and Concentration of Ferulic acid identified by the HPLC analysis in the different aerial parts.

Ferulic acid Ret. Time for Standard Ret. Time for extract Concentration (mg /g
DW)
leaves 11.563 11.546 0.015
stems 11.563 11.547 0.014
petioles 11.563 11.475 0.248
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Figure (1): HPLC chromatogram of mixed standard solution, (A) ferulic acid Standard, (B) leaves, (C) stems, and (D) petioles.
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Isolation and purification of ferulic acid from the crude petioles extract by PHPLC

According to HPLC results, the presence of F was documented in the extracts of M. domestica by comparison
with Rt values of the Ferulic acid standard. (F) In the extract of petioles isolated by PHPLC, the PHPLC
chromatogram of the petioles extract exhibited several peaks corresponding to various compounds based on their
retention times. One of these peaks, F, had a retention time of 5.08 min, which was identified by comparison with
the F standard with a retention time of 5.00 min. The target peak was collected by a fractions collector from the time

of its appearance until its descendants, as shown in (Figure 2).
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1 232 2451.59 300.12 20.00 20.00 0.15
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3 5.08 98542.22 904.58 50.00 50.00 0.30
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Figure (2): PHPLC chromatogram for Ferulic acid standard (A) matched with petioles extract (B).
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Identification and characterization of the proposed Ferulic acid
Additional investigation was performed utilizing the following procedures to verify the identity of F2.

HPLC
The identification of F2 was carried out by HPLC, comparing its HPLC retention time with that of the

standard. Peak F2 had a retention time of 5.08 min, compared with the Ferulic acid standard with a retention time of
5.00 min, as shown in (Figure 3).
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Result chromatography Table (Uncal - F:\ fraction Ferulic
Reten. Time Area Height Area Height waos Compound
Mo [min] [mAU.s] [mAU] [%] %] [min] Name
1 5.08 1204.09 330.22 100.00 100.00 0.23
Total 1204.09 330.22 100.00 100.00
Figure (3): HPLC chromatogram for proposed Ferulic acid (F2).
Melting point

Table (2) compares the melting point of F2 and the reference melting point.

Table (2): Melting point of isolated proposed Ferulic acid compared to reference melting point

Isolated compound Tested Melting Point °C Reference Melting Point°C Ref.
Ferulic acid 170 -173°C 168 - 172 °C (29)
FTIR

The FT-IR spectrum of the sample indicates the presence of the main functional groups in the structure of
ferulic acid, as shown in Figure (4). The strong and broad band observed at 3,300 cm™" is characteristic of the OH
group in phenolic compounds, while the C-H stretching of the aromatic ring is observed at 3062 cm™'. The bands at
2956, 2927, and 2864 cm ' are assigned to the stretching vibration of C-H aliphatic groups. The band observed at
1735 cm™' corresponds to the carbonyl group (C=0). The bands at 1654 and 1550 cm™" are attributed to (aromatic
C=C), thus confirming the skeleton of F. The stretching band observed at 1328 cm™' is characteristic of the C-H
vibration of the methyl group, and the stretching of the C-O carboxylic acid is visible at 1207 cm™'. Moreover, the
vibration for C-O on the aromatic ring appears at 663 cm™'(42, 43).
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Figure (4): FT-IR spectra of isolated Ferulic acid (F2).

CHN analysis

The CHN analysis approach can accurately quantify the elemental composition of carbon, hydrogen, and
nitrogen in F2 sample. The analysis was conducted using the PERKIN-ELMER 2400 CHN analyzer. Table 3
displays the percentages of (C, H, N) constituents within the examined sample. The findings demonstrate a
significant agreement between the calculated theoretical data and the found experimental data for F2.

Table (3): CHN/O analysis results of proposed Ferulic acid (F2).

Compound C % H % N % O%*
Proposed ferulic acid (F2)/Found 61.11 4.99 0.00 33.90
ferulic acid standard / Calculated 61.80 5.15 —_ 32.96
*Q% was determined by C % and H % from the total composition./ -- = absent

Based on all these results, the target compound (F2) structure was identified as Ferulic acid (F).

Cytotoxic Effects of Ferulic acid (F2) Four Cancer Cell Lines

In vitro, the cytotoxicity potential of F2 was evaluated in SW480, Hep G2, AGS, A549, and HEK 293 cell
lines (Table 4). The effect of cytotoxicity on cell growth was assessed at various concentrations (15.625 — 500
ug/ml), and the results measured the ability of F2-induced inhibition. The results show no cytotoxic effects towards
the F2 treated Noncancerous cell line of HEK-293. In SW480, Hep G2, AGS, and A549 cells, the viability
percentage of cancerous cells decreased with the increasing concentrations of F2. It shows that the cytotoxic effect
of the F2 against cancer cell lines was stronger than the Noncancerous cell line. In vitro, the cytotoxicity potential of
Cisplatin was evaluated in cancer and non-cancer cell lines (Table 5). Our findings indicate that various cells
exhibited varying degrees of sensitivity to the inhibitory action of F2.
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Table (4): The percentage of inhibition per different doses of the isolated Ferulic acid of M. domestica Petioles in
different cell lines

Conc. (ug/ml) Means +SE LSD
value
Hep G2 Ab49 AGS SW480 Hek 293
500 29.17 £1.74 74.50 +3.68 84.67 +4.68 90.38 +4.54 | 49.24 +251 9.52 *
A d A b A a A a A c
250 16.07 +0.82 70.83 £2.96 80.34 +4.03 69.69 £3.19 33.11 £1.87 9.05 *
B d AB b A a B b B ¢
125 15.01 +0.78 69.28 £3.05 76.15 +£3.19 43.17 £2.74 | 30.59 +2.04 8.61*
B d AB a AB a C b B ¢
62.5 12.88 +0.83 64.73 £2.57 69.57 £3.62 33.07 £1.93 22.95 +1.37 8.26 *
BC d B a B a D b B ¢
31.25 7.83 £0.52 44.15 £2.09 32.75+1.72 33.93+1.26 14.45 +0.92 7.55*
CD ¢ C a C b D b C c
15.625 2.37 £0.13 7.98 +0.54 11.97 +0.69 28.79 £2.08 12.92 +0.76 6.79 *
DE d D cd D bc D a C bc
0 0.00 +0.00 0.00 +0.00 0.00 +0.00 0.00 +0.00 0.00 +0.00 0.00 NS
E a E a E a E a D a
LSD value 6.92 * 7.75* 8.91* 9.34* 7.86*

Means having with the different big letters in same column and small letters in same row differed significantly. *

(P<0.05).

Table (5): The percentage of inhibition per different doses of the standard chemotherapy (Cisplatin) in
different cell lines

Means +SE
Conc. LSD
(Hg/ml) Hep G2 Ab49 AGS SW480 Hek 293 value
500 48.02 +2.36 65.44 +3.07 60.35 +2.95 65.19 +3.17 19.15 +0.86 8.96 *
A b A a A a A a A c
250 51.71 +2.85 54,76 +2.77 56.44 +2.68 62.71 £2.94 17.02 £0.79 8.562 *
A b B ab AB ab AB a A
125 51.72 +2.69 49.28 +2.63 49.41 +2.71 54.87 +2.36 16.28 £0.62 8.47 *
A a B a B a B a A b
62.5 34.94 +1.86 16.13 +0.95 36.26 +2.04 41.78 +2.83 16.37 £0.75 7.92*
B b C ¢ C ab C a A c
31.25 30.99 +1.57 13.99 +0.68 27.82 +1.57 40.39 +2.16 11.09 +0.62 7.39*
B b C ¢ D b C a A c
15.625 24.10 £1.42 11.76 +0.74 21.42 +1.06 31.18 £1.09 9.91 +0.58 6.88 *
C b C ¢ D b D a A c
0 0.00 £0.00 0.00 £0.00 0.00 £0.00 0.00 £0.00 0.00 £0.00 0.00 NS
D a D a E a E a B a
LSD 8.34 * 951* 8.73 * 8.07 * 7.18*
value

Means having with the different big letters in same column and small letters in same row differed significantly. *

(P<0.05).
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DISCUSSION

The variation in phenolic compounds concentrations and yields in apples can be attributed to factors including
variety, plant parts, environment conditions, maturity, time, and storage conditions and is additionally affected by
the extraction conditions, extraction method (44).In our study, this variation was observed in the difference in F
concentration between different aerial parts) leaves, petioles, and stems).

Extracting important phenolic compounds from plant residues is crucial for creating valuable products from
renewable by-products. F is a functional bioactive compound that can be isolated from agricultural biomass (45, 46,
47). Phenolic compounds, including phenolic acid, are purified through traditional methods such as Extraction by
using precipitation, organic solvents, chromatography, and crystallization, which can increase the concentration of
extracted phenolic compounds by removing unwanted compounds and residual solid particles(48). Chromatography
is a highly effective purification method that yields high purity (49). HPLC is commonly employed to efficiently
separate bioactive compounds and achieve a high recovery rate(50); the principle of separation depends on the
bonds between the chromatographic phases (stationary and mobile phases) and each sample component. The choice
of phases depends on the sample's characteristics (structure, solubility, and polarity) and the target compound for
isolation(51, 52).

F is an efficient scavenger of free radicals of both reactive nitrogen species and reactive oxygen species (RNS
and ROS, respectively. The antioxidant activity of F is attributed to its chemical structure (unsaturated side chain
and phenolic nucleus ), which contributes to forming resonance compounds (17, 23). Previous research has
demonstrated that F is a potent antioxidant, protecting DNA against oxidative damage and inhibiting lipid
peroxidation by decreasing oxidative stress (53).In our study, the activity of F in the cell line conditions was also
assessed. The biocompatibility of F was tested in vitro using the SW480, Hep G2, AGS, A549, and Hek-293 as
model cells in a cytotoxicity study.

F, a type of natural antioxidant, has shown cytotoxic effects in several types of cancers, either when used alone
or in combination with other bioactive chemicals and can inhibit the expression and function of cytotoxic enzymes,
such as inducible nitric oxide synthase, caspases, and cyclooxygenase-2 (54, 55). F considerably induces apoptosis
by enhancing the activity caspase-3 (activation of caspase-3 in the apoptosis pathway) in cancer cells, inhibits cell
migration, inhibiting and preventing metastasis, and suppresses cancer cell proliferation(23). The possible adjuvant
effect of F in cancer therapy can be attributed to its ability to activate cytoprotective enzymes and suppress cytotoxic
mechanisms(28).

Our data is Similar to a previous study conducted by Choi et al. (56), who showed that F(500 pg mL—-1)
significantly decreased the cancer cells' viability HepG2 but did not induce any toxicity on 3T3-L1 and NIH-3T3
normal cells. (26) Proposed that F exhibits toxicity that varies depending on the cell type and should be utilized
carefully. Two separate studies have demonstrated that the antitumor properties of F against cervical carcinoma
cells(human Caski and Hela cervical cancer cells) (28) and osteosarcoma cells (57) were associated with induction
of apoptosis and GO/G1 cell-cycle arrest (F performs its antitumor activity by interference in the cell cycle). In
addition, studies have demonstrated that F suppresses cellular functions and increases oxidative DNA damage in
HelLa and ME-180 human cervical cancer cells(58). Another study performed on intestinal cells (Caco2) showed a
significant effect of F at a concentration of 10 and 20 mg L—1(59). There is much evidence about the anticancer
activity of F, and it has been shown to promote cytotoxicity against various tumour cell lines, including human
glioblastoma (U87MG) (60), prostate cancer(61), colon cancer (62), and breast cancer(23).

In the present study, HepG2 cells are resistant to Cisplatin, It has been proven that cancer cells develop
several mechanisms that protect them from the cytotoxic effect of cisplatin, such as changes in DNA damage repair
mechanisms or changes in the function of membrane transporters (7, 63). This problem resulted in intense searches
to increase the effectiveness of cisplatin and overcome the mechanisms of cell resistance. Recent studies indicate
that such methods may include combined therapy of cisplatin and radiotherapy, as well as a combination of cisplatin
with compounds of plant origin and other drugs (64). F significantly inhibits SW480, Hep G2, AGS, and A549
cancer cells. This study provides a preclinical theoretical basis for utilizing F as a potential therapy for cancer cells.
Finally, Ferulic acid's various sources and pharmacological activities have led to new drug development derived from apples.
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CONCLUSION

Apples are among the most widely grown and consumed fruits worldwide. Ferulic acid is a vital compound
found in apple trees. This compound is crucial for enhancing human health because of its strong antioxidant, anti-
inflammatory, and anticancer activities. In this study, we successfully purified F from apple petioles by PHPLC. The
structural and physicochemical characterization using Melting point, HPLC, FTIR, CHN elemental analyses, and
NMR revealed that the purified compound was ferulic acid. The MTT assay demonstrated increased antiproliferative
activity of F compared to Cisplatin (standard chemotherapy) against SW480, Hep G2, AGS, and A549 cancer cell
lines. Our results confirmed the F, which could increase cytotoxicity and anticancer potential. In conclusion, petioles
are a potent source of ferulic acid that can be extracted, isolated, and used as an antioxidant and anticancer.
Experimental findings and pre-clinical data serve as a basis for developing potential natural drugs.
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