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Lung cancer, particularly non-small cell lung cancer (NSCLC), remains a major global health challenge, accounting for
85% of cases. Despite progress in immunotherapy targeting mutations like EGFR, MET, and RET, issues such as drug
resistance, high treatment costs, and limited efficacy persist. Drug repurposing has emerged as a promising strategy to
overcome these obstacles. This study investigates the potential of FDA-approved antimalarial drugs as multi-target therapies
for NSCLC. Fourteen antimalarial drugs have been screened using molecular docking, leveraging their established safety
profiles. Mefloquine (MQ), artesunate, artemether, and quinine show strong binding affinities for EGFR, MET, and RET
targets, with MQ exhibiting the most significant interactions. Molecular dynamics (MD) simulations have confirmed MQ’s
stability and favorable binding to these targets, supported by RMSD, RMSF, and Rg analyses. In vitro tests using the
Sulforhodamine B (SRB) assay demonstrate a dose-dependent inhibitory effect of MQ on A549 NSCLC cell proliferation,
with notable reductions in cell viability at concentrations as low as 10 pM. The findings suggest MQ’s potential as a
cost-effective therapeutic candidate for NSCLC treatment, either alone or in combination with other therapies. Further

research is needed to explore MQ’s anticancer mechanisms and optimize its clinical use.
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Lung cancer ranks as the second most commonly
diagnosed cancer worldwide, poses a major health
challenge, with a higher incidence in men than
women. In 2022, lung cancer was responsible for
2.48 million new diagnoses and 1.8 million deaths
globally. This burden is expected to increase, with
projections indicating 4.62 million new cases and
3.55 million deaths by 2050' . Non-small cell lung
cancer (NSCLC) accounts for approximately 85% of
lung cancer cases and includes subtypes such as
adenocarcinoma, squamous cell carcinoma, and large
cell carcinoma. Smoking is the primary risk factor,
along with environmental, genetic, and lifestyle
factors”.  Primary  treatments like  surgery,
radiotherapy, and chemotherapy often face challenges
such as drug resistance and significant side effects,
limiting their effectiveness’.

NSCLC is driven by genetic alterations like
mutations, amplifications, and fusions in genes such as
Epidermal Growth Factor Receptor (EGFR),
Mesenchymal-Epithelial Transition Factor (MET), and
Rearranged during Transfection (RET), which promote

tumor growth and progression. These genes encode
receptor tyrosine kinases critical for cell signaling
and survival®”. EGFR mutations, common in
adenocarcinoma, lead to uncontrolled cell proliferation
and are effectively targeted by tyrosine kinase
inhibitors (TKIs) like gefitinib, erlotinib, and
osimertinib’. MET amplifications and exon 14 skipping
mutations drive tumor growth and metastasis, with
inhibitors like crizotinib and capmatinib blocking these
pathways’. RET fusions and mutations, though less
frequent, are oncogenic drivers addressed by inhibitors
like selpercatinib and pralsetinib®. Advanced targeted
therapies and immunotherapies have shown significant
success in managing NSCLC by disrupting aberrant
signaling pathways’. Despite advancements in NSCLC
treatments, limitations such as severe side effects, drug
resistance, limited effectiveness, and high costs
highlight the need for continued research to develop
safer and more effective therapies.

Drug repurposing, or repositioning, utilizes
approved drugs developed for one condition to treat
other diseases. This approach takes advantage of
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established safety profiles and mechanisms of action,
offering a faster and more cost-effective alternative to
traditional drug discovery'®. Notable examples
include thalidomide, metformin, and aspirin, initially
used for sedation, diabetes, and inflammation, now
successfully repurposed for various cancers'"'%.
Similarly, chemotherapeutic agents like cisplatin,
originally approved for testicular and ovarian cancers,
are being explored for treating lung, bladder, and head
and neck cancers'.

The molecular complexity of NSCLC highlights
the need for therapies targeting multiple pathways to
overcome resistance. Multi-target drugs have the
ability to improve therapeutic effectiveness and
reduce adverse effects, addressing the limitations of
conventional treatments.

In this regard, antimalarial drugs have shown
potential as effective options for cancer treatment due
to their known safety profiles and cost-
effectiveness'*">.  Drugs like chloroquine, an
autophagy inhibitor, and artemisinin, a ROS
generator, have shown encouraging results in
preclinical and clinical studies'®'”. Their repurposing
leverages existing data to expedite the development of
new treatment options, with ongoing research
essential to fully realize their potential in oncology.

This study explores the potential of FDA-approved
antimalarial drugs as multi-targeted therapeutics for
NSCLC by examining their interactions with key
molecular targets. Integrating computational methods
like molecular docking and dynamic simulations with
experimental validation, the research aims to evaluate
their efficacy and mechanisms of action.

Materials and Methods

Data collection and preparation

In this study, 14 FDA-approved antimalarial drugs
were obtained from the DrugBank database
(www.drugbank.ca). The 2D structures of these drugs
were drawn using ChemDraw Pro 21.0 software and
subsequently converted into 3D structures with
Chem3D 21.0 software, then saved in pdb format.
Energy minimization was carried out utilizing the
CHARMmMm force field in Discovery Studio Client
(DSC) version 4.1.

Molecular docking and validation

The three-dimensional X-ray crystal structures of
the target proteins EGFR (PDB:1M17, resolution = 2.60
A), cMET (PDB:4R1Y, resolution = 2.00 A), and

RET (PDB:4CKlJ, resolution = 1.65 A) complexed
with  4-anilinoquinazoline  inhibitor  (erlotinib),
pyridazinone derivatives, and adenosine, respectively,
were extracted from the Protein Data Bank (PDB)
(https://www.rcsb.org/pdb) in .pdb format. The
protein structures were imported into BIOVIA
Discovery Studio and processed by removing the co-
crystal ligand, water molecules, and phosphate ions,
and adding polar hydrogens and Kollman charges
utilizing AutoDock Tools 4.1.1. The optimized
proteins were stored in .pdbqt format and then loaded
into Autodock Software for molecular docking
analysis'®. The binding pocket of the target protein
was decided using a precomputed grid as mentioned:

For PDB IM17: X = 22.013690, Y = 0.252828,
Z = 52.794034; grid size 35 x 35 x 35 A.

For PDB 4R1Y: X = 22.581507, Y = 27.876582,
7 =103.241687; grid size 40 x 40 x 40 A.

For PDB 4CKJ: X = 26.492158, Y = 10.737579,
Z =10.237158; grid size 40 x 40 x 40 A.

First, the docking procedure was validated by
removing the inhibitor from the complex and
subsequently redocking it into the active site.
The RMSD between the redocked ligand and the
co-crystallized ligand was then calculated"*
Following validation, all 14 ligands were prepared
and docked using AutoDock Vina and PADRE &
PERL IDE for multiple docking. The binding poses
were clustered and ranked according to their binding
affinities. The docking models obtained were
visualized using BIOVIA Discovery Studio software,
and the key active site residues involved in the
interaction were studied.

Molecular dynamic simulation

A 100 ns molecular dynamics (MD) simulation
was performed using the GROMACS 2018.1 software
package. The energy minimization of the selected
protein-ligand complexes, as well as the standard
drugs with the target proteins, was carried out using
the GROMOS 54a7 force field. Structural topologies
for the ligand complexes were generated using the
PRODRG web server. The system was simulated in
an SPC water model within a cubic box. To neutralize
the system, sodium (Na+) and chloride (Cl-) ions
were introduced, replacing water molecules and
ensuring proper periodic boundary conditions. The
system was equilibrated at a temperature of 300 K and
a pressure of 1 atm. The Nose-Hoover thermostat and
Martyne-Tobias-Klein barostat were employed to
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maintain consistent temperature and pressure during
the 100 ns simulation. Key parameters, including
RMSD, RMSF, and radius of gyration (Rg), were
analyzed based on the MD simulation trajectories”".

Anticancer evaluation

MQ was obtained from Sigma-Aldrich. The
cytotoxicity of the compound was evaluated using the
SRB assay”. In this assay, the A549 NSCLC cell line
was plated into 96-well plates at a density of 5,000 cells
per well. After allowing the cells to adhere overnight,
they were exposed to varying concentrations of the
compound (1-60 uM) for 48 hours. Following the
treatment, cold trichloroacetic acid was added to halt
the assay. The cells were fixed with trichloroacetic acid
for 60 min at 4°C. After discarding the supernatant, the
plate was washed five times with water and allowed to
air dry. Subsequently, the cells were stained with 0.4%
(w/v) SRB in 1% acetic acid for 20 min at room
temperature. After five washes with a 1% acetic acid
solution, the bound dye was solubilized in 10 mM tris
base solution. The optical density was measured at
540 nm, and cell viability was calculated.

Results and Discussion

The main objective of this study is to investigate the
potential of antimalarial medications drugs as
repurposed therapies for the treatment of NSCLC. For
this, we extracted 14 FDA-approved antimalarial drugs
from the DrugBank database (www.drugbank.ca) and
screened them using docking studies against multiple
NSCLC targets EGFR, MET, and RET proteins. Given
that these FDA-approved drugs have already been
validated through preclinical and clinical trials for
patient safety, we bypassed further in silico drug-
likeness filtering. Based on the binding energy, four
drugs artesunate, artemether, mefloquine, and quinine
exhibited better/comparable binding energy against all
three targets compared to reference drugs. Based on the
intermolecular interaction between the selected drugs
and binding site residues of EGFR, MET, and RET
proteins, we identified one ligand that exhibited the
highest binding energy and strongest amino acid
interactions with all three target proteins. The top-
performing ligand was then subjected to MD
simulation and assessed for cytotoxic efficacy against
the NSCLC cell line.

Initially, the generated grid for each target protein
was validated by removing the co-crystallized ligand
and then re-docking it into the protein’s binding site
to obtain the RMSD valueThe redocking process is

represented in Fig. 1. The RMSD values between the
co-crystallized ligand and the re-docked ligand were
1.4223 A (Fig. 1A), 1.279 A (Fig. 1B), and 0.348 A
(Fig. 1C), respectively. These values indicate a good
alignment between the docked pose and the co-
crystallized structure, confirming that the docking
procedure is reproducible, reliable, and that the
generated grid accurately represents the binding site.

Subsequently, all antimalarial drugs were docked
using the same validation protocol and grid box
settings against the three targets, and the results are
presented in Table 1. The binding free energy of the
antimalarial drugs ranged from —6.6 to —10.4 kcal/mol
across the three targets. For comparison, the binding
free energy of the co-crystallized ligand inhibitors for
PDB IDs 1M17, 4R1Y, and 4CKJ were —7.3 kcal/mol,
—8.7 kcal/mol, and —7.6 kcal/mol, respectively.

In the context of binding energy, most of the drugs
demonstrated good binding affinity to EGFR
compared to the reference drug erlotinib, with the
exceptions being chloroquine, hydroxychloroquine,
primaquine, proguanil, and sulfadoxine. On the other
hand, only four drugs—artesunate, atovaquone,
mefloquine, and quinine—showed comparable or
better binding affinity to MET compared to the
reference pyridazine derivatives. Similarly, most
drugs exhibited a stronger binding affinity to RET
compared to the reference drug adenosine, except
chloroquine, hydroxychloroquine, primaquine, and
sulfadoxine. Importantly, the four drugs—artesunate,
atovaquone, mefloquine, and quinine—demonstrated
favorable binding energy across all three selected
targets. Consequently, these drugs were further
examined in detail for their interacting amino acids.

Protein-ligand interactions are central to many
biological processes and drug discovery efforts.
Understanding the binding affinity, specificity, and
stability of these complexes is crucial for developing
effective therapeutic agents. This knowledge is vital for
designing effective and selective therapeutic agents.
The interaction of erlotinib with EGFR, pyridoxine
derivatives with MET, and adenosine with RET is
depicted in Fig. 2 and the amino acid interactions of the
four selected drugs are shown in Table 2.

Based on a detailed analysis of binding energy and
amino acid interactions of the selected drugs against all
three targets, MQ emerged as the only compound
exhibiting superior binding energy and the highest
degree of amino acid residue interactions compared to
the other drugs. Consequently, MQ was selected for
further in-depth investigation.



LONE et al.: MEFLOQUINE AS MULTI-TARGETED THERAPEUTIC 733

Fig. 1 — Superimposed structures of re-docked ligand (blue) and co-crystallized ligand conformations (green) within the active site of A.
EGFR (PDB: 1M17); B. MET (PDB: 4R1Y); and C. RET (PDB: 4CKJ).

Table 1 — Structures and binding energies of the antimalarial drugs against EGFR (PDB 1M17), MET (PDB 4R1Y), and

RET (PDB 4CKJ)
S. No. Drugs Structure Binding energy (kcal/mol)
EGFR MET RET
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Table 1 — Structures and binding energies of the antimalarial drugs against EGFR (PDB 1M17), MET (PDB 4R1Y), and

RET (PDB 4CKJ) (Contd.)
S. No. Drugs Structure Binding energy (kcal/mol)
EGFR MET RET
1 Artemether - -8.2 -8.1 -8.0
2 Artesunate 8.7 8.7 8.3

3 Atovaquone : Cl 9.7 8.7 -10.3

4 Chloroquine Cl N -6.6 -6.8 -7.4
X
18

5 Doxycycline OH O OHOHO e) -7.8 73 7.9
™
OH
o
O N
6 Hydroxychloroquine Cl —6.6 —6.8 -7.3
H

(Contd.)
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Table 1 — Structures and binding energies of the antimalarial drugs against EGFR (PDB 1M17), MET (PDB 4R1Y), and

RET (PDB 4CKJ) (Contd.)
S. No. Drugs Structure Binding energy (kcal/mol)
EGFR MET RET
7 Lumefantrine -8.2 -7.4 -8.6
8 Mefloquine -9.1 -93 -10.4
9 Primaquine —6.8 7.2 -7.2

10 Proguanil Cl -6.9 -7.3 -7.9
S JJes
— Z
N N H

11 Pyrimethamine Cl -7.9 -6.9 -7.6
NH,
X
—
N NH,
12 Quinine -7.4 -8.7 -8.5

(Contd.)
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Table 1 — Structures and binding energies of the antimalarial drugs against EGFR (PDB 1M17), MET (PDB 4R1Y), and
RET (PDB 4CKJ)
S. No. Drugs Structure Binding energy (kcal/mol)
EGFR MET RET
13 Sulfadoxine ~o -7.0 8.1 7.4
N* o\
|
N NH
0=8=0
NH,
14 Tafenoquine H | -1.7 -7.8 -9.1
N o
HZN/\/\(
F
I © F
Z F
~o
MET742
(a) (b) PHE
A:699 THR
A830
Ads
ares e a¥h et

VAL
A:702

VAL1092

TYR1230

ARC1208

\ ] von der Wos - o
[ Corvontons My ogen bond W o soes
[ Carbon Hrrogmn bond 0 e
B A [

k‘:W.
Fig. 2 — Amino acid interacting residues with 3D and 2D representation of co-crystallized ligands. A, B. Erlotinib with EGFR (PDB
IM17); C, D. Pyridazine derivative with MET (PDB 4R1Y). (Contd.)
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Fig. 2— Amino acid interacting residues with 3D and 2D representation of co-crystallized ligands. E, F. Adenosine with RET (PDB 4CKl).

Table 2 — 2D amino acid interaction of selected FDA approved antimalarial drugs with EGFR (PDB ID: 1M17), MET (PDB ID: 4R1Y),
RET (PDB ID: 4CKJ)

Table 2A — 2D amino acid interaction of selected FDA approved antimalarial drugs with EGFR (PDB ID: 1M17)

Sr. No. Drug Amino acid interaction 2D interaction
Hydrogen bonding  Hydrophobic Miscellaneous
interactions interactions
1 Artesunate THRS30, VAL702, -
LYS721 LEUS820, ALE,
ALA719 - o
A";gg A:820 %
A:B17
MET —, !
A:769 o N
GLN (0 —a ey
7 AA%Q lw/ —0
L VS,
) R -
5 -
il
Gly
A738

Interactions

[] ven der viaals [ Ak
B conventional Kydrogen Bond

2 Atovaquone THRA830, VAL702, LYS721
ASP831, LEUR20,
THR766 ALA719,
LEU694,
LEU764,
LYS721 8

A:830
Interactions
[ van der waals [ PrDonor Hydrogen Bond
I conventional Hydrogen Bond [ Ayl
B Frcation [ Fealt

(Contd.)
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Table 2 — 2D amino acid interaction of selected FDA approved antimalarial drugs with EGFR (PDB ID: 1M17), MET (PDB ID: 4R1Y),
RET (PDB ID: 4CKJ) (Contd.)

Table 2A — 2D amino acid interaction of selected FDA approved antimalarial drugs with EGFR (PDB ID: 1M17)

Sr. No. Drug Amino acid interaction 2D interaction
Hydrogen bonding ~ Hydrophobic Miscellaneous
interactions interactions
3 Mefloquine THR766, PHEG699, ASP831 P
ALA719 VAL702, @ A A:831 PHES
LEU694’ A:742 A:764 I..YS
LEUS20, A
LEU764, Aizos
LYS721, \ P £on
MET742 [
5
%
4 LEU
LB ATh A'694
A:719 0
THR
) A769
A5es
B Fisign:
[ Ayt
[ rram
4 Quinine THR766, LEUS820, - M
ASP831 ALA719, [
LEU694, LEU. (U ALA
VALT02, A768 Akl A:719 5,
LYS721, s
ARGS17, ) AN %
CYS773 1 ‘ ,
-
‘ VAL
- A702
ASP
[ 2 A831 A7
ApngEg A/-}g%
B Fisiom:
d 1 Am
[ prai
Table 2B — 2D amino acid interaction of selected FDA approved antimalarial drugs with MET (PDB ID: 4R1Y)

1 Artesunate MET1160, TYR1230, - P
TYR1159, METI1211, G5 1222
GLY1085 ALA1221 aisy A a3k

At Ades, - A:1208
ALA
A:1108
S B
A\ \ MQ
e} d/%
e ) | Al
A:IlLaE%lE‘éO AR36
5163 . g
APRQ,  Ad0ss Afi3Ea
LYS
Aill61

(Contd.)
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Table 2 — 2D amino acid interaction of selected FDA approved antimalarial drugs with EGFR (PDB ID: 1M17), MET (PDB ID: 4R1Y),
RET (PDB ID: 4CKJ) (Contd.)

Table 2B — 2D amino acid interaction of selected FDA approved antimalarial drugs with MET (PDB ID: 4R1Y)

Sr. No. Drug Amino acid interaction 2D interaction
Hydrogen bonding  Hydrophobic Miscellaneous
interactions interactions
2 Atovaquone TYR1230, TYR1230, METI211 .
ASN1209 ALA1226, A:1084 VAL
A:1092 LEU
ALAI1221, Py D
METI1211 A:1085 ALY
0\
/ ALA
A:1226
TYR A:A152PZZ
4 % alZs
D Ad%
Aﬁ%%B A:1209
== —
] Carbon Hydrogen Bond I i Stacked
] Proonor Hydrogen Bond [ praky
3 Mefloquine ARG1086 TYR1230, ASN1209, P
METI1211, ARG1208, Aﬁsz'\é@ﬁsﬁz A1226
ALAI1221, MET PRO1158 ) ALA
A:1221 ARG
1160, LEU1157, o i
LEU1140, ATR -
ALA1108, ver A7
VAL1092 AN y A:1160
‘ LEU
A1140
F I
ASP MET AAos L
AllBA oy 1 Adaln
A:1085 VAL
AT A:1092
A:1086
ILE
A:1084
Snkaradi .
I FiFiStacked
B o
4 Quinine TYRI1230 TYR1230, METI1211 P
METI211, A
< ALA
ﬁiiggéz A e ATRo A T -
LEUT157, wi% aiGEe attio A
VAL1092, T _ .
ALAT1108 - o
b o
Atle7 v
: Asp AT685 Al1108
0
[] carbon Hydrogen Bond 1 s
[] Fener Hydrogen Bond ] pram
[ Fsuifur

(Contd.)
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Table 2 — 2D amino acid interaction of selected FDA approved antimalarial drugs with EGFR (PDB ID: 1M17), MET (PDB ID: 4R1Y),

Sr. No. Drug

RET (PDB ID: 4CKJ)
Amino acid interaction

Hydrogen bonding
interactions

Hydrophobic
interactions

Miscellaneous

2D interaction

Table 2C — 2D amino acid interaction of selected FDA approved antimalarial drugs with RET (PDB ID: 4CKJ)

1 Artesunate SER811,
GLY731
2 Atovaquone LYS758
3 Mefloquine ASP892,
SER891

LEU730,
LEUSS1

LEU730,
LEUSSI,
VAL738,
ALA756,
ALAS07,
ARGS78

LYS758,
LEUSSI,
VAL738,
VALS804,
ALA756,
TYRS06,
LEU730

LYS758,
GLUS05,
ALAS807

LEU
A:730
Ao LEU TYR
< A881  A:806
i |
o~ ‘ : : ALA
I A:807
GlY ' 02}/
A731 N
ALA
SER A:756
GLY .
agla ALl [
[ Carbon Hydrogen Bond
[ A
VAL
A:804
Lys
A58 g
h:738 ASP
ALA A:892
A:807 LEU
Asgl o @
ALA
A:756
R e S
A:806  /LEU
A:730
GlY ARG
: ASN.  A:878
AT3L - (8T0
GLY
A:810
Interactions
[ won der wanis B Fsigna
[ carbon Hydrogen Bond [ Prlyl
GLU
‘ AEOS AL
788 a2 ‘
SER Al:ggl
a8l y e
ARG
AB78 ¥
ALA
‘ A:807
SP.
e Hé P30
L SER ]
an &3 PR A730
A:732

n der wasis B esigma

jonal Hydrogen Band 1w
yérogen Bond [ pramn
[ Helogen (Fluorine)

(Contd.)
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Table 2 — 2D amino acid interaction of selected FDA approved antimalarial drugs with EGFR (PDB ID: 1M17), MET (PDB ID: 4R1Y),
RET (PDB ID: 4CKJ)

Sr. No. Drug Amino acid interaction 2D interaction
Hydrogen bonding ~ Hydrophobic Miscellaneous
interactions interactions
Table 2C — 2D amino acid interaction of selected FDA approved antimalarial drugs with RET (PDB ID: 4CKJ)
4 Quinine SER891 LEUSSI, = L e
LEU730, LRG A892  LYS ; :
ALA756, 6y -
VAL738, SER A:731 A:891
ALAS807 ' g T
P S A:805
LEU
Aiggl
TYR
A:806
AA AL
3 A6 a3
LEU
A730 4
A:807
MQ, a quinoline analog widely used in  phosphorylation reactions. In contrast, the C-lobe

combination with artemisinin for malaria treatment,
works by inhibiting protein synthesis in Plasmodium
falciparum through binding to the Pf80S ribosomal
subunit®. Recent studies suggest that MQ also shows
strong cytotoxicity and inhibits cell proliferation in
various cancer types. Invivo, it has demonstrated
effective tumor growth suppression, both as a
standalone treatment and in combination with
standard cancer therapies, enhancing their effects™ .
MQ's mechanisms of action include disrupting
autophagy, interfering with lysosomal function,
blocking key signaling pathways, and inhibiting P-
glycoprotein pumps”’**. Given its proven anticancer
efficacy in both lab and animal studies, along with its
low cost and established clinical use, MQ holds
significant promise as an adjunct or primary therapy
in treating solid tumors and blood-related cancers.

Molecular interaction of MQ with EGRF

The crystal structure of the EGFR tyrosine kinase
domain, exemplified by the PDB entry 1M17, reveals
a bilobed architecture that is crucial for its functional
role in cellular signaling. The N-lobe is characterized
by a p-sheet and an alpha helix, which are
instrumental in binding adenosine triphosphate (ATP)
and ensuring its proper orientation during the
activation of the kinase. This structural configuration
is vital for the enzyme's activity, as it facilitates the
precise positioning of ATP for subsequent

houses the catalytic and activation loop, both of
which are essential for regulating kinase activity.
The catalytic loop plays an important role in aligning
ATP for the transfer of phosphate groups during
signal transduction processes. Simultaneously, the
activation loop undergoes conformational changes
upon receptor activation, which enables downstream
phosphorylation events that are crucial for
propagating cellular signaling pathways>~’. Erlotinib,
a prominent EGFR inhibitor, exerts its effects by
binding to the ATP-binding region within the kinase
domain of the receptor. This binding effectively
obstructs ~ATP  access, thereby preventing
phosphorylation and halting EGFR-driven signaling
pathways that may result in uncontrolled cell
proliferation®. An interaction analysis of erlotinib
with EGFR as shown in Fig. 2A illustrates several key
interactions, including a C-H bond with GLN767, pi-
sigma bonds with LEU694, and alkyl interactions
with LYS721, MET742, and LEU764. Additionally,
erlotinib forms pi-alkyl interactions with VAL702,
ALA719, LEU768, and LEU820, further stabilizing
its binding to the receptor. In comparison, mefloquine
exhibits seven significant amino acid interactions with
EGFR, paralleling those of erlotinib (Table 2A).
Beyond these commonalities, mefloquine forms
unique interactions that enhance its binding affinity
and functional potential. Notably, it establishes a
halogen bond with ASP831, an alkyl bond with
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PHE699, and a hydrogen bond with THR766. These
distinctive interactions suggest that mefloquine may
target EGFR in a manner that contributes to its
potential anticancer activity, indicating a promising
avenue for further exploration in cancer therapeutics.

Molecular interaction of MQ with MET

The pyridazine derivative primarily targets the
ATP-binding pocket of the MET receptor, located
between its N-lobe and C-lobe’®. Its binding is
reinforced through various molecular interactions as
shown in Fig. 2B, with key interactions including
hydrogen bonds formed with critical residues
such as ASN1167, MET1160, and ASP1222, ensuring
a tight association with the receptor. In addition to
these hydrogen bonds, hydrophobic interactions
significantly contribute to the stability of the
compound. These interactions encompass pi-pi
bonding with TYR1230, which enhances the stability
of the aromatic ring; pi-sigma bonding with
MET1211, anchoring the pyridazine derivative more
securely; and alkyl interactions with ARG1208, which
promote non-polar stabilization of the molecule.
Furthermore, pi-alkyl interactions with residues such
as ALA1108, VAL1092, and LEU1157 augment van
der Waals contacts, while pi-anion bonding with
ASP1164 introduces an electrostatic component to the
inhibitor's stability. C-H bonding with MET1160 and
TYR1230 also plays a role, providing additional weak
but significant stabilizing forces to maintain the
inhibitor's position within the binding site.
Collectively, these complex interactions enhance the
inhibitory activity of the pyridazine derivative in the
MET ATP-binding pocket. Similarly, the MQ shares
eight common interactions with the pyridazine
derivative (Table 2B), indicating its effectiveness in
binding to the MET receptor as well. In addition to
these shared interactions, MQ establishes unique
bonds, such as a C-H bond with ARG1086, which
adds further stability, and alkyl interactions with
ALA1221, contributing to its  hydrophobic
stabilization. Furthermore, MQ forms a halogen bond
with both ASN1209 and PRO1158, enhancing the
drug's affinity for the MET receptor through specific
halogen interactions that are critical for binding
stability. These combined interactions illustrate the
structural and functional complexity involved in the
binding of both the pyridazine derivative and MQ to
the MET receptor, emphasizing how they inhibit its
function through multiple stabilizing forces.

Molecular interaction of MQ with RET

Adenosine is likely to bind to a specific region
within the RET receptor, potentially at the interface
between the two monomers or within the active site of
the kinase domain™. Detailed interaction analysis
reveals that adenosine forms key molecular
interactions with the RET structure as shown in
Fig. 2C. These include pi-sigma bonds with residues
VAL738 and LEU881, and pi-alkyl interactions with
ALA756 and LEU730, which help to stabilize the
molecule within the binding pocket. In addition,
hydrogen bonds are formed with critical residues
GLU805 and ALA807, which further reinforce
adenosine’s binding affinity and stabilize its position
in the RET receptor. MQ shares all the same
interactions as adenosine, indicating a similar mode of
binding (Table 2C). However, in MQ interactions
with ALA807 and GLUS80S5 involve halogen bonds
rather than the hydrogen bonds observed with
adenosine, due to the presence of halogen atoms in
MQ’s structure. These halogen bonds add an
additional layer of stability to MQ’s binding. Beyond
these common interactions, MQ also forms unique
bonds, including hydrogen bonds with ASP892 and
SER&91, enhancing its binding affinity. MQ further
engages in alkyl interactions with LYS758, TYR806,
and VALS804, contributing to its hydrophobic
stabilization within the RET binding site. This
combination of shared and wunique interactions
highlights MQ’s strong binding to the RET receptor,
reinforcing its inhibitory potential.

Further, MD simulations of MQ with EGFR, MET,
and RET were conducted to investigate the stability
and conformational dynamics of these drug-target
complexes under physiological conditions. These
simulations allowed for the observation of molecular
interactions over time, offering insights into how MQ
binds and stabilizes these critical NSCLC-related
targets. Parameters such as RMSD, RMSF, and Rg
were analyzed to assess the stability and flexibility of
the complexes.

MD simulation of EGFR-MQ complex

For EGFR (PDB ID: 1M17), the RMSD analysis
(Fig. 3A) demonstrated that both, erlotinib (inbuilt
ligand, IN), and MQ achieved stability after 20 ns,
maintaining consistent behavior throughout the
simulation. The average RMSD values were 1.17 A
for the inbuilt ligand and 0.84 A for MQ, indicating
stable binding. RMSF analysis ((Fig. 3B), assessing
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Fig. 3 — MD simulation of EGFR (PDB ID:1M17)-MQ complex
A. RMSD; B. RMSF; and C. Rg

protein residue flexibility, showed reduced mobility at
the binding site upon ligand binding, with average
RMSF values of 0.23 A and 0.22 A for the IN and
MQ, respectively. Additionally, a decreasing trend in
Rg wvalues (Fig.3C) for both ligands suggested
increased protein compactness, signifying structural
stabilization induced by ligand binding. These
findings confirm that MQ formed stable and robust
interactions within EGFR's active site.

MD simulation of MET-MQ complex

For MET (PDB ID: 4R1Y), RMSD plots (Fig. 4A)
demonstrated stabilization of all ligands after 10 ns,
with average RMSD values of 0.22 A and 0.32 A for
the pyridazinone derivative (inbuilt ligand, IN) and
MQ, respectively. RMSF analysis (Fig. 4B) yielded
comparable mean values for both ligands, while
the Rg plots (Fig. 4C) suggested that mefloquine
displayed a stability profile akin to the inbuilt ligand,
highlighting its potential as a MET inhibitor.

MD simulation of RET-MQ complex
For RET (PDB ID: 4CKlJ), RMSD plots (Fig. 5A)
indicated that both adenosine (inbuilt ligand, IN) and
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Fig. 6 — Inhibition of non small cell lung cancer cell (A549)
proliferation by mefloquine in vitro. Relative cell viability (% of
the PBS control) is presented as the mean =+ standard error of the
mean (SEM). Error bars represent the SEM (n=3). *P<0.05,
**¥p<0.001.

MQ reached stability after 10 ns, with similar RMSD
values maintained until the end of the simulation.
RMSF values averaged 0.10 A for IN and 0.09 A for
MQ (Fig. 5B), reflecting consistent interactions.
Rg plots (Fig. 5C) further confirmed comparable
stabilization profiles for both ligands.

Biological evaluation

In this study, we investigated the effects of MQ on
the proliferation of the A549 NSCLC cell line using
the Sulforhodamine B (SRB) assay*’. A549 cells were
treated with increasing concentrations of MQ, and cell
viability was assessed following a 48-hour of
incubation period. The SRB assay, which quantifies
cellular protein content as an indirect measure of cell
density, was employed to assess the cytotoxic impact
of MQ on the cancer cells. As illustrated in Fig. 6,
MQ exhibited a dose-dependent inhibitory effect on
A549 cell growth. The viability of the cells decreased
progressively with increasing concentrations of the
drug compared to the untreated control group. At a
concentration as low as 10 uM, a significant reduction
in cell viability was observed, highlighting the
potency of MQ in suppressing the growth of
NSCLC cells. This marked decrease suggests that MQ
may disrupt essential cellular processes involved in
cancer cell proliferation, making it a promising
therapeutic candidate for further investigation in
NSCLC treatment. Furthermore, the dose-dependent
nature of this inhibition aligns with previous findings
on MQ’s activity against various cancer cell lines,
suggesting that it may act through a conserved
mechanism of cytotoxicity. These results warrant
additional studies to elucidate the specific molecular

pathways involved in MQ’s anti-cancer effects and
to explore its potential in combination with other
therapeutic agents.

Conclusion

Lung cancer continues to be a major global health
issue, with NSCLC making up the majority of cases.
Despite advancements in treatment, current modalities
face limitations such as drug resistance, significant side
effects, and high costs. Repurposing FDA-approved
drugs presents an innovative strategy to address these
challenges, offering cost-effective and efficient
therapeutic options. This study identified MQ as a
promising  candidate = for NSCLC therapy,
demonstrating superior binding affinity and stability
with EGFR, MET, and RET proteins through
molecular docking and dynamic simulations. MQ’s
dose-dependent cytotoxicity against A549 cells further
supports its potential as an effective anti-NSCLC
agent. Its established clinical use, low cost, and multi-
targeted activity underscore its value in overcoming the
limitations of current treatments. These findings
highlight MQ as a potential standalone or adjunct
therapy for NSCLC, paving the way for further research
into its molecular mechanisms and combinatory
therapeutic strategies to improve clinical outcomes.
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