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The amplification of tyrosine kinase receptors, specifically fibroblast growth factor receptors and epidermal growth
factor receptors, is primarily observed in various cancers, including bladder and lung cancer. This study aimed to
identify the phytochemical components of Annona muricata leaves and evaluate their anticancer potential. The study
used Q-TOF LC/MS analysis to identify phytochemical components and conducted molecular docking studies to
predict the binding action of quinic acid. The largest peak was found at a retention time of 10.12 (stephabyssine),
followed by 9.97 (procyanidin B2) and 11.83 (quinic acid) minutes, revealing the presence of many phytochemicals.
In molecular docking studies, quinic acid was found to interact with the catalytic residues of LEU 478, ALA 557,
LYS 476, and ALA 559 with hydrogen bonds, indicating hydrophobic interaction with some amino acids in the
hydrophobic pockets of fibroblast-growth factor receptors 3 protein with a docking score of —9.94 Kcal/mol. It also
interacts with the catalytic residues of ASP 831, THR 830, and THR 766 of the epidermal growth factor receptors
proteins with a docking score of —9.103 Kcal/mol. The assessment of anticancer activity was conducted through
the measurement of mitochondrial dehydrogenase activity (3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium
bromide assay). The IC,, for MCF-7, T47D, HCT-15, and PC-3 were found to be 76.64 & 2.56, 142.43 £ 1.86,
42.68 £2.89, and 152.16 + 3.21 pg/ml, respectively. The findings were corroborated by the observed morphological
alterations, including membrane blebbing, cell detachment, and rounded cell morphology in comparison to parental
cells. The phytochemical analysis, including in vitro and in silico studies, identified significant constituents and key
mechanisms of quinic acid as a potential anticancer agent derived from A. muricata leaves.

INTRODUCTION

Bladder cancer is mainly treated by surgery, but the

namely in terms of disease response and survival [1]. The
primary cause of lung cancer fatalities connected to cancer,

high risk of treatment failure in both the advanced and early
stages of the illness has sparked interest in using a mix of
different treatment methods in different clinical situations to
enhance results. Neoadjuvant multi-agent chemotherapy has
shown significant advantages for locally advanced illness,

*Corresponding Author

Pattilthodika Suhail, Department of Pharmacology, Al Shifa College
of Pharmacy, Perinthalmanna, India and Department of Pharmacy,
Annamalai University, Chidambaram, India.

E-mail: ptsuhl @ gmail.com

accounting for 27% of all deaths of cancer. Adenocarcinoma
is the predominant kind of lung cancer. Numerous driving
alterations that facilitate the initiation and progression of
malignant tumors have been identified [2].

The tyrosine kinase receptors, epidermal growth factor
receptors (EGFRs), and fibroblast-growth factor receptors
(FGFRs) possess both intracellular and extracellular tyrosine
kinase domains. FGF receptors mainly include FGFR1, FGFR2,
FGFR3 and FGFR4 [3]. Among the 90 identified genes that
encode proteins with tyrosine kinase activity, receptors including
vascular endothelial growth factor, platelet derived growth
factor, and hepatocyte growth factor are notably associated with
malignant diseases [3]. Numerous physiological processes, such
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as the development of embryos, fetal organogenesis, development
during early life, metabolic balance, and regeneration and repair
of tissue, are influenced by FGFR signaling. Cancer cells may
acquire the abnormal activation of this signaling pathway by
processes such as FGFR family member exon amplification,
fusion, or missense mutations [4].

As transmembrane proteins with intrinsic, non-
permanent enzymatic activity, FGFRs serve a purpose in
normal, cancer-free cells. Adenocarcinoma [5], bladder cancer
[6], colorectal cancer [7], prostate cancer [8], and breast cancer
[8,9] are among the most common malignancies that have
FGFR1 amplifications. To maximize their effectiveness, small
molecule inhibitors and alternative therapeutic approaches
including ligand traps, antibody-based therapies, and RNA/
DNA aptamers should target FGFRs first and foremost [ 10—12].

By activating crucial oncogenic pathways like the
Ras-Raf-Mek and PI3KAkt-mTOR pathways, the downstream
signaling of EGFR has been identified as a crucial factor in the
development of cancerous phenotype. The continual activation
of the receptor is very necessary for cancer cells with EGFR-
activating mutations to keep them malignant [9]. Consequently,
substantial efforts have been dedicated to the development of
EGFR inhibitors, often using chemicals that interact with either
the ATP or the enzyme-substrate binding region to suppress
tyrosine kinase phosphorylation.

Annona muricata Linn. (4. muricata) includes a
variety of bioactive elements that might be candidates to inhibit
several anti-apoptotic proteins. It has been suggested that
this tropical plant can encourage apoptosis in several cancer
cell types [13—16]. Acetogenins and other bioactive chemical
classes, as well as alkaloids, control this activity. For instance,
in hepatocellular carcinoma (HepG2) cells, acetogenins have
been demonstrated to cause apoptotic cell death by inhibiting
mitochondrial complex I [17,18]. This research was done to
evaluate the anticancer activity of A. muricata leaves using in
silico and in vitro experimental models, considering the demand
for innovative antitumor agents.

METHODOLOGY

Plant collection

Annona muricata leaves samples were gathered from
different parts of western ghats like Malappuram (11.0510°-
N, 76.0711°-E), Wayanad (11.6994°-N, 76.0773°-E),
Nelliyampathy areas (10.5354°-N, 76.6936°-E) and verified by
the Scientist from Division of Pharmacognosy, Arya Vaidyasala,
Kottakkal, Malappuram, Kerala, India. A dried plant specimen
was kept in the Herbarium of Centre for Medicinal Plant
Research, Arya Vaidyasala, Kottakkal (No. 10045).

Plant extract preparation

After being cleaned with distilled water, the leaves
were oven dried at 60°C before being crushed into a coarse
powder with a diameter of about 1 mm. A conical flask
containing 100 g of ground material, and 500 ml of 96% ethanol
was shaken intermittently for 72 hours. The resultant extract
was evaporated at 50 rpm and 40°C using a rotary evaporator,
the obtained concentrated extract was then protected from

deterioration by being kept in a refrigerator at 4°C until it was
needed again.

Q-TOF LC/MS analysis

The phytochemicals present in the ethanolic extract of
the A. muricata leaves (EAML) were initially identified [19],
and their identities were then validated by Q-TOF LC-MS. The
analysis was then carried out using Mariner Bio spectrometry,
which is fitted with a binary pump. An ESI source-equipped
Q-TOF mass spectrometer (Agilent 1260 Infinity I) was
connected to the HPLC. A 140°C source temperature was
selected for full-scan operation from m/z 100 to 1,200. For the
analysis, a Phenomenex 5 p C8 HPLC column (150 x 2 mm)
was employed. Ethanol was the solvent, while formic acid was
0.3%. The overall flow rate of solvent delivery was 0.1 ml/
minute. [socratic elution was employed to operate the solvent.
The positive ion technique was used to acquire the MS spectra
[20,21].

Protein and ligand structure retrieval and molecular docking

The X-ray crystal structures of FGFR (PDB ID:
4K33) and EGFR (PDB ID: 1M17) were downloaded from the
PDB (https://www.rcsb.org/), while the chemical structure of
quinic acid was retrieved from Pub-Chem database (https://
pubchem.ncbi.nlm.nih.gov). Protein development Wizard in
Epik version 3.4 processed the protein structure, facilitating the
development of the crystal structure for ionization, hydrogen
bond optimization, heterogeneous state formation, protonation,
completion of missing loops and side chains (utilizing Prime),
and overall minimization. The receptor grid generation panel
of Glide version 6.9 produced the grid around active sites. The
default grid size was 20 A, with grid points preserved along
the x, y, and z axes. All docking and scoring calculations were
conducted using Glide version 6.9 inside Schrodinger Maestro
version 10.4. In this work, the active site of the protein was
configured to adapt to 5 A for the ligand suitably. The simulation
period was 25 nanoseconds.

In vitro anticancer activity

The breast cancer cell lines (MCF 7, T47D), colorectal
cancer cell lines (HCT-15), and prostate cancer cell lines
(PC3), are supplied by National Centre for Cell Science. Cell
lines were maintained in dulbecco’s modified eagle medium
supplemented with 10% foetal bovine serum, along with
100 g/ml of streptomycin and penicillin (100 U/ml). The
environmental parameters for all cell cultures were maintained
at 37°C, with 5% CO,, air of 95%, and 100% relative humidity.
Anticancer activity of EAML was assessed using an 3-(4,
5-dimethylthiazol-2-yl)-2,  5-diphenyltetrazolium bromide
(MTT) assay with these cell lines, and untreated cells were
used as control [22]. A 12-well plate containing medium was
inoculated with approximately 1 x 10° cells incubated for 24
hours at 37°C. The cells were subjected to different extract
concentrations while maintaining consistent temperature
and duration. Each well was treated with 100 pl of MTT and
subsequently incubated for a duration of 4 hours. One ml
solubilization solution comprising isopropanol, HCI, and Triton
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Figure 1. Presents of phytochemicals in 4. muricata leat from Q-TOF LC/MS
analysis with retention time.

X 100 was employed to dissolve the dark blue formazan crystals
through ceaseless aspiration and re-suspension. The absorbance
of the colored product was measured at 570 nm. The study
of cytotoxicity included an analysis of the ratio of the treated
cell population that perished in comparison to the untouched
control, as demonstrated by their relative absorbance analyzed
via the MTT assay. Three experiments were conducted with
duplicate runs, yielding equivalent outcomes and the values are
expressed as mean + standard error (n = 3).

To investigate the alterations in morphological
characteristics, MCF-7 cells have been prepared and incubated
for 24 hours. Following extract, the specimens underwent
washing and were subsequently stained using a solution that
included both acridine orange (AO) and ethidium bromide
(EB). The level of fluorescence detected in the cells was
assessed using a fluorescence microscope and ocular lens. The
cells were subsequently pelleted, subjected to three washes, and
then stained with AO and EB. The subsequent phase involved
observing the cells using a fluorescent microscope equipped
with 20X objectives.

Absorption, distribution, metabolism, excretion, and toxicity
(ADMET) prediction

To evaluate the ligands’ physiological activity, it is
essential to analyze their ADMET characteristics. The QikProb
tool, version 3.0, developed by Schrodinger, was used to assess
the ADMET properties of the ligands.

RESULTS AND DISCUSSION

Q-TOF LC/MS analysis

Initial phytoconstituent investigations indicated the
presence of flavonoids and glycosides in the EAML. Figure 1
displays the significant chemicals discovered using Q-TOF LC-
MS analysis. The largest peak was found at a retention time
of 10.12 (stephabyssine), followed by 9.97 (procyanidin B2)
and 11.83 (quinic acid) minutes. The m/z readings reveal the
presence of many phytochemicals, including quinic acid (191
m/z), among others.

Table 1. Docking score and RMSD value of quinic acid on FGFR3
(PDB ID: 1E8W), and EGFR (PDB ID: 1M17) proteins.

Docking score (Kcal/mol)
4K33 1M17
Quinic acid -9.94 -9.103 0.196

Compound RMSD(A")

Quinic acid, a significant natural cyclitol, is present
in a variety of well-known healthful foods, including fruits,
vegetables, tea, and coffee [23]. According to biological
research, quinic acid can chelate transition metals and has anti-
inflammatory, antioxidant, and antimutagenic properties [24].

Molecular modeling study

Molecular modeling and dynamics of quinic acid
were conducted on FGFR3 and EGFR, which are implicated in
several malignancies, including bladder and lung cancer [25].
These enzymes initiate several signaling cascades implicated
in the aetiology of bladder and lung cancer [25]. The docking
procedure was confirmed by redocking the native ligand to
FGFR3 (PDB ID: 4K33) and EGFR (PDB ID: 1M17). The
root mean square deviation (RMSD) of the ligand was found
to be under 2 A, suggesting that the employed technique was
effectively validated [26,27]. The binding energy of quinic acid
is shown in Table 1.

Docking study on FGFR3 proteins

In early-phase trials, 10% of patients with FGFR
mutations demonstrated significant benefits from FGFR-
targeted therapies; however, the overall response rates
remained largely inadequate, despite promising preclinical
study outcomes. In clinical trials, FGFR amplification that do
not result in alterations in protein expression, the activation
of alternative signaling pathways, the development of
secondary drug-resistant FGFR mutations, and/or intratumoral
heterogeneity, including FGFR-independent subclones, have
impeded the effectiveness of FGFR-targeted therapies [28]. In
this study, quinic acid was found to interact with the catalytic
residues of LEU 478, ALA 557, LYS 476, and ALA 559 with
hydrogen bonds, indicating hydrophobic interaction with some
amino acids in the hydrophobic pockets of FGFR3, as shown
in Figure 2. The calculated binding energy of quinic acid was
—9.94 Kcal/mol, indicating its interaction with FGFR3 proteins
and anti-bladder cancer activity [28].

Docking study on EGFR proteins

The Ras-Raf-Mek and PI3K-Akt-mTOR pathways,
associated with proliferation, survival, invasiveness, metastatic
spread, and tumor angiogenesis, are two essential oncogenic
pathways activated by EGFR downstream signaling,
significantly contributing to the malignant phenotype [29].
Cancer cells harboring EGFR-activating mutations exhibit
complete reliance on sustained receptor activation for the
preservation of their malignancy [30]. The hydrogen bonding
interactions between the ligand and EGFR protein are
illustrated in Figure 3. The quinic acid was found to interact
with the catalytic residues of ASP 831, THR 830, and THR 766
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Figure 2. The estimated binding geometry of quinic acid on the active site of FGFR3, (A and B) 2D and 3D structures of interaction.
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Figure 3. The estimated binding geometry of quinic acid on the active site of EGFR, (A and B) 2D and 3D structures of interaction.

proteins. It also showed a better docking score of —9.103 Kcal/
mol, indicating better anticancer activity [30].

Anticancer activity

Various growth factors can engage with each other and
be influenced by numerous phytoconstituents, which may also
either activate or suppress cytokine signaling pathways. Like
genistein, a phytoestrogen that inhibits the PI3K/AKT signaling

pathway in MCF-7 cells, may trigger apoptosis [18,31,32]. The
AKT signaling pathway also suppresses the activity of NF-kB in
prostate cancer cells [33]. The EAML at varying concentrations
demonstrated anticancer activity against the breast cancer cell
lines MCF-7 and T47D in the MTT assay, yielding IC, values of
76.64 +2.56 and 142.43 + 1.86 pg/ml, respectively, compared
to the control (untreated cell lines). Figure 4 illustrates the dose-
dependent cytotoxicity observed against the colorectal cancer
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Figure 4. Annona muricata leaf extract shown anticancer efficacy on MCF-7, T47-D, HCT-15,
and PC-3 cell lines using the MTT test. The values are expressed as mean + standard error (n = 3).

cell line HCT-15 and the prostate cancer cell line PC3, with
IC,, values recorded at 42.68 £ 2.89 and 152.16 + 3.21 pg/ml,
respectively, compared to the control (untreated cell lines).

Figure 5 illustrates significant morphological changes
in the experimental group, including shrinkage, detachment,
membrane blebbing, and twisted form, which are absent in the
control group. The control displayed a standard undamaged
cellular architecture, and visual representations were captured
using a Biorad Fluorescent microscope. In the process of
apoptotic labeling, living cells display green fluorescence and
retain a characteristic nuclear structure. Cells in the initial stages
of programmed cell death exhibit fragmented nuclei and show
yellow fluorescence alongside condensed chromatin. In the
later phases of apoptosis, cells display an orange fluorescence
attributed to condensed or fragmented chromatin, leading to
cell nuclei that are consistently stained red/orange.

In silico ADME prediction

Lipinski’s rule of five asserts that a chemical
molecule demonstrating pharmacological or biological activity
possesses five chemical and physical properties that enhance
its effectiveness as an oral therapeutic agent in humans.
The rule elucidates molecular attributes, including ADME,
which are essential for a drug’s pharmacokinetics inside
the human body. Due to its high throughput and low cost,
ADME modeling has drawn the attention of pharmaceutical
researchers for the drug development process [34]. Various
physicochemical properties were calculated, including
the octanol/water partition coefficient, water/gas partition
coefficient, brain/blood partition coefficient, donor hydrogen
bond count, acceptor hydrogen bond count, and percentage
of human oral absorption. These physicochemical properties
are given in Table 2. The quinic acid ADME findings showed
significant results in close accordance with the QikProp rule
and Lipinski’s rule of five.

Figure 5. The photomicrograph displays the morphological changes in MCF-7
cells resulting from EAML treatment (Control pg/ml (A), 200 pg/ml (B), and
300 pg/ml (C) for 24 hours). The images illustrate that the extract treatment
leads to shrinkage, separation, membrane blebbing, and altered morphology
when compared to the control group. The letters D, E, and F denote MCF-7
cancer cells subjected to extract at concentrations of 200 and 300 pg/ml over
a period of 24 hours. The cells were subsequently stained with a combination
of dyes AO/EB and analyzed through fluorescence microscopy. Cells in the
early stages of programmed cell death exhibit nuclei with fractures and yellow
fluorescence due to constricted chromatin, while those in the later phases
display orange fluorescence because of condensed or shattered chromatin.

Tomlinson et al. [34] were the first to describe FGFR3
mutations in bladder cancer. The extracellular domain of
FGFR receptors comprises a hydrophobic signal peptide at the
amino-terminal position, followed by three Ig-like domains,
a hydrophobic transmembrane domain, and an intracellular
tyrosine kinase domain. FGFs attach to extracellular Ig-like
domains II and III, serving as ligands for FGFRs, which triggers
downstream signaling [35].

The data revealed that quinic acid may downregulate
the core protein levels and exhibit possible binding activity
with associated target proteins. Numerous studies have
shown EGFR mutations as a significant predictive biomarker
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Table 2. Physicochemical properties of quinic acid.

Compound QPlogP0/w' * QPlogPw * QPlogKp *

QPlogBB* *

DonorHB * AccptHB *  Percent Human Oral Absorptio*

Quinic acid —0.56 21.231 -4.867

-3.135 7 11.95

89.835

*The phytochemical properties include octanol/water partition coefficient, water/gas partition coefficient, brain/blood partition coefficient, donor hydrogen bond

count, acceptor hydrogen bond count, and percentage of human oral absorption.

for EGFR tyrosine kinase responsiveness [36]. Patients
with adenocarcinoma tumors, female gender, little cigarette
smoking exposure, and Asian ethnicity have enhanced
responses to EGFR TK inhibitors because of the increased
prevalence of activating EGFR mutations in this cancer group
[22,37]. Further studies are needed to confirm the mechanism
of action.

CONCLUSION

The study explored the interaction between bioactive
compounds from A. muricata leaves and EGFR proteins,
revealing the presence of poly ketones as key components.
In this investigation, a total of six bioactive metabolites were
speculatively discovered, and from this, quinic acid showed
inhibitory action on FGFR3 and EGFR proteins by forming
hydrogen bonds. Most of these interactions occurred via
hydrophobic amino acid residues. In the in vitro evaluation of
anticancer activity, the extract showed a markable effect with
IC, values, MCF-7-76.64 +2.56, T47D-142.43 + 1.86, HCT-15-
42.68 + 2.89, and PC3-152.16 + 3.21 pg/ml, respectively. The
study’s findings were corroborated by observed morphological
alterations, including membrane blebbing, cell separation, and a
rounder cell shape in comparison to parental cells. This research
elucidates the anticancer profile screening of A. muricata
leaves. To investigate the mechanism of action or the potential
for clinical trials, more research is required.

LIST OF ABBREVIATIONS

ADMET, absorption, distribution, metabolism,
excretion, and toxicity; AO, acridine orange; EAML, ethanolic
extract ofthe 4. muricataleaves; EB, ethidium bromide; EGFRs,
epidermal growth factor receptors; ESI, electrospray ionization;
FGFRs, fibroblast-growth factor receptors; Ig, immunoglobulin;
MTT, 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium
bromide; PDB, protein data bank; RMSD, root mean square
deviation.
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