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Abstract  

 

Non–small cell lung cancer (NSCLC) is leading cause of cancer – related mortality. Resistance 

to existing epidermal growth factor receptor (EGFR) tyrosine kinase inhibitors remains a major 

therapeutic challenge. This study investigates the potential of thirteen 8 – heteroarylated 

quercetin derivatives as EGFR inhibitors using a structure – based molecular docking approach 

integrated with in silico ADMET prediction and drug – likeness assessment. Docking simulations 

were performed against EGFR (PDB ID: 4WKQ) using MOE 2022, with gefitinib serving as the 

reference ligand. ADMET evaluation was conducted using the pkCSM web server, while drug – 

likeness assessment was carried out using SwissADME. The docking results revealed that five 

compounds (2i, 2b, 2m, 2a, and 2c) exhibited more favorable binding affinity than the control 

and formed key hydrogen – bond interactions with resiude Met793, along with additional 

interactions within the ATP – binding site. ADMET and drug – likeness analyses predicted that 

most derivatives complied with Lipinski’s criteria, with compounds 2a and 2m demonstrating 

superior pharmacokinetic profiles, including higher solubility, acceptable intestinal permeability, 

low blood – brain barrier penetration, and low predicted acute toxicity and mutagenicity. Overall, 

these in silico findings identify compounds 2a and 2m as the most promising quercetin – based 

EGFR inhibitor candidates for futher development. 
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Abstrak  

 

Kanker Paru – paru bukan Sel Kecil (KPBSK) adalah penyebab utama kematian terkait kanker. 

Resistensi terhadap penghambat tirosin kinase reseptor epidermal growth factor (EGFR) yang 

ada tetap menjadi tantangan terapi utama. Studi ini menyelidiki potensi tiga belas turunan 

quercetin termodifikasi 8 – heteroaril sebagai penghambat EGFR menggunakan pendekatan 

penambatan molekul berbasis struktur yang terintegrasi dengan prediksi ADMET secara in silico 

dan penilaian kesesuaian obat. Simulasi penambatan dilakukan terhadap EGFR (PDB ID: 4WKQ) 

menggunakan perangkat lunak MOE 2022 dengan gefitinib berperan sebagai kontrol positif. 

Evaluasi ADMET dilakukan menggunakan server web pkCSM, sementara penilaian kesesuaian 

sebagai obat dilakukan menggunakan SwissADME. Hasil penambatan mengungkapkan bahwa 

lima senyawa (2i, 2b, 2m, 2a, dan 2c) menunjukkan afinitas pengikatan yang lebih 

menguntungkan daripada kontrol positif dan membentuk interaksi hidrogen kunci dengan residu 

Met793, bersama dengan interaksi tambahan di dalam situs pengikatan ATP. Analisis ADMET 

dan kesesuaian sebagai obat memprediksi bahwa sebagian besar turunan memenuhi kriteria 

Lipinski, dengan senyawa 2a dan 2m menunjukkan profil farmakokinetik yang lebih unggul , 

termasuk kelarutan yang lebih tinggi, permeabilitas usus yang dapat diterima, penetrasi sawar 

darah – otak yang rendah, serta prediksi toksisitas akut dan mutagenisitas yang rendah. Secara 

keseluruhan, temuan in silico ini mengidentifikasi senyawa 2a dan 2m sebagai kandidat 

penghambat EGFR berbasis quercetin yang paling menjanjikan untuk pengembangan lebih 

lanjut. 
 

Keywords:  Penambatan Molekul, ADMET, EGFR, KPBSK, Turunan Quercetin 

 

 

 

1. Introduction  

 
Lung cancer ranks third after breast and cervical cancers, with 34,783 cases (8.8%) out of a total 
of 396,914 cancer cases in Indonesia. It is also the leading cause of cancer-related mortality, 

accounting for 25,943 deaths (14.1%) out of 183,368 cancer deaths (Sugiharto et al., 2021). 

mailto:bunda_syasfa@yahoo.com
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Lung cancer arises when abnormal cells in the lungs proliferate uncontrollably and disrupt the 

normal structure and function of lung tissue (Amelia et al., 2025). Lung cancer is histologically 
divided into two main categories, non-small cell lung cancer (NSCLC), which represents around 
85% of all cases and small cell lung cancer (SCLC), accounting for approximately 15% (Giaccone 

& He, 2023). Since 2004, activating mutations in the epidermal growth factor receptor (EGFR) 
have been identified as key oncogenic drivers in NSCLC and serve as predictive biomarkers for 

the effectiveness of EGFR tyrosine kinase inhibitor (TKI) therapy. The prevalence of EGFR 
mutations varies among different populations, occuring in about 7 – 37% of NSClC cases in White 
populations and 40 – 60% in Asian patients. These mutations are reported more frequently in 

women, individuals who have never smoked, and patients with adenocarcinoma histology (Le et 
al., 2021).  
 

The epidermal growth factor receptor (EGFR) is one key members of the growth factor receptor 
family that has intrinsic tyrosine kinase activity. Significant overexpression of EGFR and large 

internal deletions are frequently detected in brain tumors, while point mutations and small 
insertion within the kinase domain are more commonly identified in lung cancer. Consequently, 
EGFR and its primary heterodimerization partner, HER2/ERBB2, have emerged as important 

targets in anticancer therapy (Uribe et al., 2021). First-generation EGFR tyrosine kinase inhibitors 
(EGFR-TKIs), gefitinib and erlotinib, have been approved by the United States Food and Drug 

Administration (FDA) for the treatment of NSCLC harboring activating EGFR mutations, 
particularly exon 19 deletions (E746_A750del) and the exon 21 L858R substitution. Patients with 
the L858R mutation generally exhibit favorable clinical responses to both gefitinib and erlotinib; 

however, the duration of efficacy is limited by the emergence of acquired resistance, most 
commonly due to the EGFR T790M mutation, which is found in ~50% of EGFR-mutant NSCLC 
cases (Ibrahim & Uzairu, 2023). The development of resistance to first-generation agents 

prompted the introduction of second- and third-generation EGFR inhibitors. Nevertheless, triple 
mutations such as L858R/T790M/C797S have now been reported in NSCLC, conferring resistance 

even to osimertinib. Given the biological complexity of adenocarcinoma, patients often require 
long-term therapy, and drug resistance is frequently unavoidable (Shama Bhat & Shaik 
Mohammad, 2023).Therefore, it is essential to explore new chemical entities as alternative EGFR 

inhibitors. 
 

Quercetin is a bioflavonoid abundantly found in plants and exhibits significant antitumor activity 
by modulating multiple cellular targets, thereby triggering apoptosis, suppressing proliferation, 
and inhibiting metastasis (Huang et al., 2021). Nevertheless, quercetin has several limitations—

namely low bioavailability, hydrophobicity, extremely limited solubility, and poor permeability—
leading to suboptimal absorption. Consequently, quercetin has garnered wide attention, with 
extensive anticancer research and structural modifications undertaken to overcome these 

shortcomings. In a study by Gao et al.(Gao et al., 2025), 8-heteroarylated quercetin derivatives 
demonstrated strong anticancer activity at micromolar (µmol/L) levels, particularly against 

HCC287 cells, a human non-small cell lung cancer (NSCLC) line (Gao et al., 2025). 
 
Further development of these active scaffolds into viable drug candidates typically requires 

extensive experimental work. The development of new drug candidate generally involves multiple 
laboratory stages, including design, synthesis, characterization, purification, and biological 
evaluation (Putri & Azra, 2025). This conventional approach is often economically inefficient 

because it consumes substantial time, energy, and financial resources and generate considerable 
chemical waste, especially when large series of structurally related derivatives must be 

synthesized and tested (Toni & Azra, 2022). 
 
Given that 8-heteroarylated quercetin derivatives exhibit strong anticancer activity, the next step 

is to ensure that these derivatives achieve superior target engagement and possess acceptable 
drug-like properties. To screen and validate which derivatives interact most effectively with the 

EGFR kinase domain, molecular docking is employed. Molecular docking has become a standard 
tool in drug discovery because it can accurately predict ligand–macromolecule conformations and 
interactions at the binding site. This approach is efficient for estimating the optimal ligand 

orientation on a drug target, saving cost, time, and resources, and it often aligns well with 
experimental data (Mahmudah et al., 2021), while in silico ADMET prediction and Lipinski’s rule 
of five assessment provide an additional filter for selecting derivatives with more favorable 

pharmacokinetic profiles. 
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2.Methodology  

 
2.1. Instrumen and Materials 
 

The study materials comprise 13 8-heteroarylated quercetin derivatives with reported IC₅₀ values 
of a less than 100 against HCC287 cells, as described by Gao et al. (Gao et al., 2025), which can 

be seen in the Table 1. Gefitinib was used as the positive control; both structures were 
from PubChem (https://pubchem.ncbi.nlm.nih.gov/). The target protein was EGFR with PDB ID 
4WKQ, downloaded from the RCSB PDB (https://www.rcsb.org/). 

 
The tools included both hardware and software. The hardware consisted of an Acer laptop 
equipped with an Intel® Core™ i3-8100 CPU @ 3.60 GHz and 4.00 GB RAM (3.8 GB usable). The 

software comprised ChemDraw Professional v16.0 for modeling 2D structures of quercetin 
derivatives; MOE 2022 for molecular docking; BIOVIA Discovery Studio Visualizer (DSV) for 

docking result visualization; the pkCSM web server (https://biosig.lab.uq.edu.au/pkcsm/) for 
ADMET prediction; and SwissADME for Lipinski rule assessment. 
 

2.2. Protein Preparation 

The EGFR target protein was obtained from the RCSB Protein Data Bank (https://www.rcsb.org/) 

with PDB ID 4WKQ. The initial receptor preparation involved removing crystallographic water 
molecules by checking water under ignore, followed by deleting non–amino-acid residues using 
the SEQ tool. Next, the energy minimization threshold was set to an RMS gradient of 0.01 

kcal·mol⁻¹·Å⁻¹. Then, Compute then Protonate 3D was executed and confirmed. The prepared 

protein was saved as an .moe file. 
 
Table  1. Structures and IC50 values of 8 - heteroarylated quercetin derivatives reported by 

Gao et al., (2025) 

 
Compound Structure IC50 (𝜇𝑀) 

2a 

 

82.46 

2b 

 

25.40 

2c 

 

63.80 

2i 

 

24.47 

https://pubchem.ncbi.nlm.nih.gov/
https://www.rcsb.org/
https://biosig.lab.uq.edu.au/pkcsm/
https://www.rcsb.org/
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2m 

 

3.20 

3c 

 

11.07 

3d 

 

12.90 

3e 

 

4.87 

3g 

 

98.42 

3i 

 

4.97 

3j 

 

75.48 
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3k 

 

57.40 

3n 

 

13.48 

 

2.3. Ligand Preparation  

The ligands comprised 13 8-heteroarylated quercetin derivatives with reported IC50 values in 

HCC287 cells, together with osimertinib and the native ligand, gefitinib. The 13 derivatives were 
drawn in ChemDraw Professional 16.0 and saved as .sdf files, then transferred into MOE. Gefitinib 
were obtained from PubChem (pubchem.ncbi.nlm.nih.gov) and downloaded in .sdf format. Ligand 

preparation for docking was carried out in MOE by parameterizing each structure to reach a 
minimized energy state: the MMFF94 (modified) force field was assigned, and energy minimization 
was performed to an RMS gradient of 0.01 kcal·mol−1·Å−1. Upon completion, all ligands were 

saved into a molecular database (.mdb). 
 

2.4. Molecular Docking and Visualization  

The docking procedure was performed in MOE. The prepared protein file was opened and the 

binding site was identified using the site finder function in the Compute menu and then applied. 
The selected active site was isolated by atom and backbone, with the options “Select contact 
atoms” and “Select residues in SE” activated, followed by generation of dummy atoms. Docking 

was then carried out using the Dock function in the Compute menu by loading the prepared 
protein and ligand and setting the parameters to use London dG and GBVI/WSA dG as scoring 
functions, Triangle Matcher as the placement method, and Rigid Receptor for refinement. The 

protocol generated 100 poses, from which the five best poses were selected. Redocking evaluation 
was based on the lowest binding energy (score, kcal/mol) and an RMSD value not exceeding 2.0 

Å, and the ligand – receptor interactions were visualized using MOE and BIOVIA Discovery Studio 
Visualizer (DSV). 

 

2.5. In Silico ADMET and Drug – Likeness (Lipinski) Evaluation  

ADMET evaluation was conducted using the pkCSM web server (https://biosig.lab.uq.edu.au/pkc

sm/ prediction). The thirteen 8-heteroarylated quercetin derivatives and gefitinib were exported 
in SMILES format and submitted to pkCSM to obtain ADMET predictions, which were then recorded 
and analyzed. 

 
Lipinski’s rule of five an important role in identifying potential drug candidates by evaluating 

whether a compound exhibits drug– like characteristic (Aini et al., 2022). Lipinski evaluation was 
performed using SwissADME (https://swissadme.ch/). The thirteen 8-heteroarylated quercetin 
derivatives and gefitinib were entered as SMILES strings or drawn directly, then submitted to 

obtain the outputs. The results were recorded and analyzed according to Lipinski’s Rule of Five 
criteria. 

 
3. Results and Discussion 
 

This study investigates the binding propensities of 8 – heteroarylated quercetin derivatives toward 
the EGFR kinase domain in the context of non - small cell lung cancer (NSCLC), bench marking 
against gefitinib, using computer using computer – based molecular docking to facilitate new drug 

design by reducing research costs and accelerating development.  

https://biosig.lab.uq.edu.au/pkcsm/
https://biosig.lab.uq.edu.au/pkcsm/
https://swissadme.ch/
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The best ligand complexes were identified by the docking score, a mathematical scoring 

function that estimates binding affinity, more negative value indicate more favorable binding 
within the same protocol (Aguiar & Camps, 2024). 
As summarized in Table 2, the compounds yielded the following scores: 2i (−9.2084), 2b 

(−9.1251), 2m (−8.9762), 2a (−8.8522), 2c (−8.6402), Gefitinib (-8.1827) and 3c (−7.1155). 
Several compounds specifically 2i, 2b, 2m, 2a and 2c display more negative scores than the 

control positive (Gefitinib), suggesting potentially stronger binding and warranting further 
investigation. 
 

Beyond the docking score, we next evaluated pose accuracy using RMSD (Root Mean Square 
Deviation), a parameter used to assess the similarity between two structures. This similarity is 
quantified as the average distance between corresponding atoms after superposition 

(Hadisoebroto et al., 2025). As shown in Table 2, all compounds exhibit RMSD values below 2.0 
Å, supporting the geometric quality of the poses obtained from docking. In this context, a docked 

complex with RMSD < 2.0 Å indicates that the system places the ligand effectively (Hussein & 
Elkhair, 2021).  
 

Table  2. Molecular docking results of quercetin and osimertinib derivative compounds 

 

Compound Score RMSD Hydrogen Bond Other Amino Acid residues 

2a -8.8522 1.5983 
Met793, Pro794, Leu718, 
Gln791, Thr854, Glu762. 

Leu718, Val726, Lys745, 
Ala743, Leu788, Met766, 

Leu844. 

2b -9.1251 1.4983 

Met793, Lys745, Leu718, 

Pro794, Gln791, Thr854, 
Glu762, Arg841. 

Val726, Ala743, Leu788, 

Gly796, Leu844, Asp855, 
Met766, Lys745, Leu718 

2c -8.6402 1.3357 
Met793, Lys745, Pro794, 

Glu762, Gln791, Pro794 

Leu718, Val726, Leu788, 
Leu792, Leu844, Met766, 

Ala743, Lys745 

2i -9.2084 1.7967 
Met793, Leu718, Pro794, 
Gln791, Glu762, Thr854. 

Leu718, Val726, Leu844, 
Leu788, Ala743, Asp855. 

2m -8.9762 1.5708 
Met793, Lys745, Gly719, 
Pro794, Gln791, Glu762. 

Leu718, Leu844, Leu792, 
Leu788, Val726, Phe856, 
Met766, Lys745 

3c -7.1155 1.7764 Glu762, Met793 
Leu718, Val726, Lys745, 

Ala743, Leu844. 

3d -7.0952 1.3721 Glu762, Met793 
Leu718, Val726, Gly719, 

Lys745, Ala743, Leu844. 

3e -7.1424 1.8318 Glu762, Met793 
Leu718, Val726, Lys745, 
Ala743, Leu844. 

3g -7.1473 0.7072 Glu762, Met793, Gly719 
Leu718, Leu844, Ala743, 
Lys745, Val726. 

3i -8.0427 1.2976 
Met793, Lys745, Asn842, 
Csy797 

Leu718, Leu844, Val726, 
Ala743, Met766, Lys745. 

3j -7.9404 1.6755 
Ala743, Lys745, Glu762, 
Asn842, Thr790, Asp855. 

Leu718, Val726, Leu844, 
Met766, Ala743, Lys745. 

3k -7.8809 1.4792 
Ala743, Lys745, Glu762, 

Asn842, Thr790, Asp855. 

Leu718, Val726, Leu844, 

Met766, Ala743, Lys745. 

3n -8.0982 1.6347 

Ala743, Arg841, Asn842, 

Lys745, Leu788, Asp855, 
Thr790, 

Leu718, Val726, Leu844, 
Met766, Lys745. 

Gefitinib  -8.1827 1.5128 Met793, Arg841, Gln791 
Lys745, Met766, Glu762, 
Ala743, Leu844, Leu718, 

Val726. 

 

Hydrogen bonding is a primary determinant of ligand – receptor affinity, the stronger and more 
persistent this interaction, the greater the binding capability between ligand and protein (Hussein 

& Elkhair, 2021). Viewed from Table 2, nearly all compounds form a hydrogen bond with Met793, 
notably 2a, 2b, 2c, 2i, and 2m which exhibit more negative docking scores than gefitinib, 
consistent with ATP – competitive inhibition and strengthened binding. Beyond Met793, these four 

ligand also engage additional polar residues (Figure 1) 2a (Met793, Pro794, Leu718, Gln791, 
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Thr854, Glu762); 2b (Met793, Lys745, Leu718, Pro794, Gln791, Thr854, Glu762, Arg841); 2c 

(Met793, Lys745, Pro794, Glu762, Gln791, Pro794); 2i (Met793, Leu718, Pro794, Gln791, 
Glu762, Thr854); and 2m (Met793, Lys745, Gly719, Pro794, Gln791, Glu762). In the positive 
control, gefitinib binds to Met793, Arg841, and Gln791. In addition to hydrogen bonding, the four 

ligands also establish hydrophobic contacts with other residues, specifically, 2a interact with 
Leu718, Val726, Lys745, Ala743, Leu788, Met766, Leu844; 2b with Val726, Ala743, Leu788, 

Gly796, Leu844, Asp855, Met766, Lys745, Leu718; 2c with Val726, Leu788, Leu792, Leu844, 
Met766, Ala743, Lys745; 2i with Leu718, Val726, Leu844, Leu788, Ala743, Asp855; and 2m with 
Leu718, Leu844, Leu792, Leu788, Val726, Phe856, Met766, Lys745. These contacts create a 

strong nonpolar “enclosure” around the hydrophobic cores of the ligands, reducing solvent 
exposure of nonpolar surface area and thereby lowering the binding free energy. In summary, 
the combination of hydrogen – bond anchoring and a supporting hydrophobic network acts 

synergistically to maintain a tight, stable ligand orientation within the EGFR binding (Ndaghiya 
Adawara et al., 2025) 

 

In parallel with the safety screening, drug – likeness was evaluated using Lipinski’s Rule of Five. 
The rule posits that good oral absorption/penetration is more likely when molecular weight (MW) 
< 500 Da, LogP < 5, Hydrogen – bond donors (HBD) ≤ 5, and hydrogen – bond acceptors ≤ 10 

(Al-Jumaili et al., 2023). As shown in Table 3, only 3g failed to comply because its HBD count 

exceeded 5. 

b) a) 

c) d) 

e) f) 

Figure 1. Visualization 2D 2a (a), 2b (b), 2i (c), 2m (d), 2c (e), Gefitinib 
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Extending the structure – based findings, the ADMET evaluation provides a robust 

pharmacokinetic and safety basis for compound selection. Within the absorption domain, three 
parameters are considered in sequence, water solubility, Caco2 permeability, and P - glycoprotein 
substrate. Aqueous solubility is a key determinant of whether dissolution will limit oral 

bioavailability. In this study, predictions from multiple platforms are mutually consistent, falling 
in the range logS -5.254 to – 2.116 (Didigwu & Nnadi, 2024). According to the Table 4, all 

compounds including gefitinib meet the working criteria for water solubility. 
 
Caco2 permeability together with predicted human intestinal absorption is used to anticipate oral 

uptake across the intestinal epithelium. Operationally, compounds with higher Caco2 values 
(practical benchmark > 0.90) are expected to exhibit favorable intestinal absorption (Alvarez et 
al., 2023), in line with the Tabel 4, 2a, 2c, 2i, 2m and gefitinib meet this criterion. P – glycoprotein 

or p – gp, an ATP – binding cassette efflux transporter, reduces intracellular drug concentrations 
by pumping xenobiotics out of cells, it is broadly distributed across tissues, abundant in the 

adrenal gland and clearly expressed in brain endothelial cells where it contributes to the blood – 
barrier (Vottero, 2021). ADMET predictions indicate whether a compound is likely to be a substrate 
or inhibitor of P – gp. In this data set, 2a, 2b, 2c, 2i, 2m, 3j, 3k, and 3n not predicted to be P – 

gp substrates, whereas gefitinib (the positive control) is predicted to be a P – gp substrate. In the 
distribution parameter, we evaluated VDss, fraction unbound (Fu), and BBB permeability. Volume 

of distribution at steady state (VDss) is the theoretical volume in which the administered dose 
must be uniformly distributes to yield the same concentration as in blood plasma. Higher VDss 
indicates a greater proportion of drug residing in tissues rather than plasma. Predicted values are 

considered low when below – 0.15 log L/Kg (VDss < 0.71 L/Kg) and high when above 0.45 log 
L/Kg (VDss > 2.81 L/Kg) (Vottero, 2021). In our data set, only gefitinib exhibits a high VDss. The 
Fraction unbound (Fu) estimates the proportion of compound not bound to plasma proteins 

(Vottero, 2021). In this set, Fu generally falls within 0.15 – 0.45 (Hemalatha Nakka et al., 2025). 
According to Table 4, 2a, 2b, 2c, 2i, 2m, 3i, 3j, 3k, and 3n meet this criterion, whereas gefitinib 

shows a value fer below the desired range, indicating stronger protein binding and a smaller free 
fraction. The blood – brain barrier (BBB) is the microvasculature of the central nervous system 
that protects the brain from exogenous compounds and regulates the movement of molecules, 

ions, and cells between blood and neural tissue (Didigwu & Nnadi, 2024). For lug targeted 
anticancer agents, lower BBB permeability is preferable (logBBB < - 1). BBB permeability 

predictions estimate whether a drug can cross the barrier into the central nervous system (CNS), 
operationally, logBBB > 0.3 indicates efficient bain penetration (Alvarez et al., 2023). Based on 
the table, Gefitinib has a BBB value above -1. Nevertheless, low brain permeability also implies 

reduced exposure within the CNS and fewer related adverse effects, which is advantageous for a 
CNS target such as EGFR in the lugs (Alvarez et al., 2023). 
 

Table  3. Results of the lipinski's Rule of Five Evaluation 

 

Compound Molecular Weight (g/mol) 
H - bond 
acceptors 

H - bond 
donors 

Log P 

2a 449.45 8 0 0.7 

2b 479.48 9 0 0.8 

2c 467.44 9 0 1.07 

2i 499.51 8 0 1.6 

2m 499.51 8 0 1.6 

3c 397.31 9 5 0.01 

3d 397.31 9 5 0.01 

3e 397.31 9 5 -0,48 

3g 395.32 9 6 0.59 

3i 429.38 8 5 0.59 

3j 429.38 8 5 0.59 

3k 429.38 8 5 0.59 

3n 429.38 8 5 0.59 

Gefitinib 446.90 7 1 2.82 
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Adverse drug reactions are often triggered by drug – drug interaction arising from inhibition of 
major cytochrome P50 (CYP) isoenzymes. CYPs are membrane – bound hemoproteins located 
predominantly in the smooth endoplasmic reticulum of hepatocytes. Enzyme inhibition occurs 

when two co – administered drugs follow the same biotransformation route and thus compete at 
enzyme’s catalytic site. A more potent inhibitor will dominate and disrupt the biotransformation 

of the competing drug, decreasing is metabolic clearance and increasing its serum concentration, 
consequently, toxicological risk rises, particularly for drugs with a narrow therapeutic index, such 
as chemotherapeutics (Beck et al., 2021). In our prediction panel for CYP1A2, CYP2C9, and 

CYP3A4, the result indicate: for CYP1A2, compounds 2i, 2m, 3g, 3i, 3j, 3k, and 3n are predicted 
no to be inhibitors; for CYP2C9, compounds 3c, 3d, 3e, 3g, 3i, 3k and 3n are predicted not to be 
inhibitors; and for CYP3A4, compounds 3c, 3g, 3i, 3j, 3k, and 3n are likewise predicted not to be 

inhibitors. As the positive control, gefitinib is predicted no to inhibit CYP2C9 only, while showing 
potential inhibition of CYP1A2 and CYP3A4. 

 
The consistent non – inhibitor status across all three isoforms for compounds 3g, 3i, 3k and 3n 
suggest a comparatively cleaner DDI risk profile than the other candidates. 

 
Table  4. Absorption, Distribution Prediction 

 
Table  5. Metabolism, Excretion and Toxicity Prediction 

 
compoun

d 
Parameters 

metabolism Excretion Toxicity 

CYP1A
2  

inhibito
r 

CYP2C
9  

inhibito
r 

CYP3A
4  

inhibito
r 

Total 
clearance  

(Log 
ml/min/kg) 

AMES 
toxicity 

Oral rat acute  
toxicity  

(LD50) 
(mol/kg) 

Hepatotoxici
ty 

2a Yes Yes Yes 0.659 No 2,483 No 

2b Yes Yes Yes 0.998 No 2,552 Yes 

2c Yes Yes Yes 0.872 No 2,467 Yes 

2i No Yes Yes 0.634 No 2,613 Yes 

compound Parameters 

Absorption Distribution 

Water solubility (Log  

mol/L) 

Caco2 permeability  

(Log Papp  
in 10-6 cm/s) 

P-gp  VDss (human)  

(Log L/kg) 

Fraction  

unbound  
(human)  

(Fu) 

BBB  

permeability  
(Log BB) 

2a -3.524 1.3 No 0.342 0.238 -1.274 

2b -3.55 0.515 No 0.115 0.208 -1.489 

2c -3.415 1.351 No 0.071 0.214 -1.484 

2i -3.412 1.325 No -0.238 0.338 -1.303 

2m -3.258 1.301 No -0.243 0.348 -1.319 

3c -3.003 0.482 Yes -0.605 0.121 -2.061 

3d -3.002 0.439 Yes -0.539 0.143 -2.061 

3e -2.999 0.507 Yes -0.545 0.139 -2.083 

3g -2.923 0.4 Yes -0.564 0.121 -2.037 

3i -2.963 0.456 Yes -1.293 0.233 -1.83 

3j -2.949 0.324 No -1.398 0.253 -1.837 

3k -2.933 0.322 No -1.265 0.247 -1.894 

3n -2.922 0.478 No -1.122 0.272 -1.88 

Gefitinib -4.124 1.246 Yes 1.08 0.111 -0.738 
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2m No Yes Yes 0.581 No 2,573 No 

3c Yes No No 0.513 No 2,567 Yes 

3d Yes No Yes 0.508 No 2,597 Yes 

3e Yes No Yes 0.51 No 2,594 No 

3g No No No 0.584 No 2,63 No 

3i No No No 0.27 No 2,601 Yes 

3j No Yes No 0.249 No 2,858 Yes 

3k No No No 0.179 No 2,589 Yes 

3n No No No 0.31 No 2,554 Yes 

Gefitinib Yes No Yes 0.937 No 2.859 Yes 

 

Clearance (CL) is a key pharmacokinetic parameter that describes drug elimination. Total 
clearance (CL_tot) reflects the efficiency with which a drug is removed from the body and is crucial 
for determining dosing intervals (Fijałkowska & Jurowski, 2025). In general, the faster a molecule 

is eliminated, the higher its CL_tot, which can reduce the tendency for accumulation. As shown 
in Table 5, 2b exhibits the highest CL_tot at 0.998, followed by 2c (0.872), 2a (0.659), and 2i 

(0.634). For comparison, gefitinib as the positive control has CL_tot of 0.937. 
 
The Ames test is a standard assay used to evaluate the mutagenic potential of a compound using 

specific bacterial strains. A positive result indicates mutagenicity and therefor, potential 
carcinogenicity, whereas a negative result suggests no mutagenic activity under the test 

conditions (Al-Jumaili et al., 2023). In this study, all compound produced negative Ames results, 
indicating they are non – mutagenic based on this assay. A common approach to estimate acute 
toxicity and compare the relative toxicity of compounds is the median lethal dose (LD50). LD50 is 

defined as the single administered dosed of a chemical that causes death in 50% of the test 
animals in a group. In the present work, LD50 was predicted (mol/kg) using a model developed 
from > 1000 chemicals evaluated in rats (Alifiansyah et al., 2024). For acute oral toxicity, values 

in the range 2,000 < LD50 ≤ 5,000 indicate low toxicity (Rogério et al., 2022). In the Table 5, all 

candidate compounds exhibited predicted LD50 values > 2,000 mol/kg, consistent with acute oral 
toxicity. Based on the modeling results, compounds 2a, 2m, 3e, and 3g are predicted to be non 
– hepatotoxic. Overall, the hepatotoxicity predictions indicate that none of the selected ligands 

pose a significant risk to liver function under the applied modeling conditions, thereby supporting 
their suitability for further drug development (Srinivasan et al., 2025).  
 

4. Conclusion  

Molecular docking of thirteen 8-heteroarylated quercetin derivatives identified several potential 

EGFR inhibitors for NSCLC. Compounds 2i, 2b, 2m, 2a, and 2c showed stronger predicted binding 
affinity than gefitinib and formed key hydrogen bonds with MET793 within the ATP-binding pocket, 
indicating stable interactions.  

In silico ADMET analysis suggested favorable drug-likeness, particularly for compounds 2a and 
2m, which exhibited good solubility, accepted intestinal permeability, low BBB penetration, and 

low predicted toxicity.  

Overall, compounds 2a and 2m emerged as the most promising quercetion based EGFR inhibitor 

candidates for NSCLC, although further validation through in vitro and in vivo studies is required. 

 

 

References  

Aguiar, C., & Camps, I. (2024). Molecular Docking in Drug Discovery: Techniques, Applications, 

and Advancements. https://doi.org/10.26434/chemrxiv-2024-gmhtx 

Aini, N. S., Kharisma, V. D., Widyananda, M. H., Murtadlo, A. A. A., Probojati, R. T., Turista, D. 

D. R., Tamam, M. B., Jakhmola, V., Yuniarti, E., Aziz, S. Al, Ghifari, M. R., Albari, M. T., 
Mandeli, R. S., Ghifari, M. A., Purnamasari, D., Oktavia, B., Lubis, A. P., Azra, F., Fitri, F., … 
Zainul, R. (2022). In Silico Screening of Bioactive Compounds from Garcinia mangostana L. 

Against SARS-CoV-2 via Tetra Inhibitors. Pharmacognosy Journal, 14(5), 575–579. 
https://doi.org/10.5530/pj.2022.14.138 



348 
 

Alifiansyah, M. R. T., Herdiansyah, M. A., Pratiwi, R. C., Pramesti, R. P., Hafsyah, N. W., Rania, 

A. P., Putra, Ju. E. R. P., Cahyono, P. A., Litazkiyyah, ., Muhammad, S. K., Murtadlo, A. A. 
A., Kharisma, V. D., Ansori, A. N. M., Jakhmola, V., Ashok, P. K., Kalra, J. M., Purnobasuki, 
H., & Pratiwi, I. A. (2024). QSAR Of Acyl Alizarin Red Biocompound Derivatives Of Rubia 

Tinctorum Roots And Its ADMET Properties As Anti - Breast Cancer Candidates Against Mmp 
-9 Protein Receptor: In Silico Study. Food Systems, 7(2), 312–320. 

https://doi.org/10.21323/2618-9771-2024-7-2-312-320 

Al-Jumaili, M. H. A., Siddique, F., Abul Qais, F., Hashem, H. E., Chtita, S., Rani, A., Uzair, M., & 
Almzaien, K. A. (2023). Analysis and prediction pathways of natural products and their 

cytotoxicity against HeLa cell line protein using docking, molecular dynamics and ADMET. 
Journal of Biomolecular Structure and Dynamics, 41(3), 765–777. 

https://doi.org/10.1080/07391102.2021.2011785 

Alvarez, M. R. S., Grijaldo, S. J. B., Nacario, R. C., Rabajante, J. F., Heralde, F. M., Lebrilla, C. B., 
& Completo, G. C. (2023). In silico screening-based discovery of inhibitors against 

glycosylation proteins dysregulated in cancer. Journal of Biomolecular Structure and 
Dynamics, 41(5), 1540–1552. https://doi.org/10.1080/07391102.2021.2022534 

Amelia, W., Yusriana, Y., & Ningsih, R. W. (2025). Pengaruh Terapi Progressive Muscle Relaxation 
(Pmr) Terhadap Fatigue Pada Pasien Kanker Paru Di Rsup Dr. M.Djamil Padang. 
Pengembangan Ilmu Dan Praktik Kesehatan, 4(3), 200–211. 

https://doi.org/10.56586/pipk.v4i3.478 

Beck, T. C., Beck, K. R., Morningstar, J., Benjamin, M. M., & Norris, R. A. (2021). Descriptors of 

Cytochrome Inhibitors and Useful Machine Learning Based Methods for the Design of Safer 
Drugs. Pharmaceuticals, 14(5), 472. https://doi.org/10.3390/ph14050472 

Didigwu, O., & Nnadi, C. (2024). Theoretical Drug-likeness, Pharmacokinetic and Toxicities of 
Phytotoxic Terpenoids from the Toxic Plants-Phytotoxins. Tropical Journal of Natural Product 
Research, 8(10). https://doi.org/10.26538/tjnpr/v8i10.31 

Fijałkowska, O., & Jurowski, K. (2025). First multifaceted ADME profile of ACP-105 (CAS: 
1048998-11-3): a novel non-steroidal selective androgen receptor modulator used as doping 

in sports—integrative in silico toxicological studies for clinical and forensic toxicology 
purposes. Archives of Toxicology, 99(12), 5047–5063. https://doi.org/10.1007/s00204-
025-04170-5 

Gao, J.-W., Zhao, Y.-P., Shi, Y.-J., & Liu, C.-F. (2025). Expeditious assembly of N-heteroaryl 
substituted quercetin derivatives as potent anticancer agents. Journal of Molecular Structure, 

1320, 139736. https://doi.org/10.1016/j.molstruc.2024.139736 

Giaccone, G., & He, Y. (2023). Current knowledge of small cell lung cancer transformation from 

non-small cell lung cancer. Seminars in Cancer Biology, 94, 1–10. 
https://doi.org/10.1016/j.semcancer.2023.05.006 

Hadisoebroto, G., Effendi, S., Azzahra, Y. Al, & Sari, L. F. (2025). Analisis Molecular Docking 

Senyawa Aktif Tanaman Kumis Kucing (Orthosiphon stamineus B.) terhadap Reseptor 
Carbonic Anhydrase II sebagai Kandidat Obat Antihipertensi. JOURNAL OF 

NONCOMMUNICABLE DISEASES, 5(1), 29–52. 
https://doi.org/http://dx.doi.org/10.5236/jond.v5i1.1349 

Hemalatha Nakka, Rasajna G, Siva Naga Durga Prasad A, Avinash P, Varshini N, Pavani Nooka 

Rathnam G, & Jyoshna I. (2025). Phytochemical Analysis, In Silico Drug-likeness, and 
ADMET Profiling of Bioactive Compounds from Methanolic Extract of Ixora coccinea Using 

GC-MS. Journal of Pharma Insights and Research, 3(5), 059–067. 
https://doi.org/10.69613/7n7tef68 

Huang, K.-Y., Wang, T.-H., Chen, C.-C., Leu, Y.-L., Li, H.-J., Jhong, C.-L., & Chen, C.-Y. (2021). 

Growth Suppression in Lung Cancer Cells Harboring EGFR-C797S Mutation by Quercetin. 
Biomolecules, 11(9), 1271. https://doi.org/10.3390/biom11091271 

Hussein, R. K., & Elkhair, H. M. (2021). Molecular docking identification for the efficacy of some 
zinc complexes with chloroquine and hydroxychloroquine against main protease of COVID-

19. Journal of Molecular Structure, 1231, 129979. 
https://doi.org/10.1016/j.molstruc.2021.129979 

Ibrahim, M. T., & Uzairu, A. (2023). 2D-QSAR, molecular docking, drug-likeness, and 

ADMET/pharmacokinetic predictions of some non-small cell lung cancer therapeutic agents. 



349 
 

Journal of Taibah University Medical Sciences, 18(2), 295–309. 

https://doi.org/10.1016/j.jtumed.2022.09.002 

Le, X., Nilsson, M., Goldman, J., Reck, M., Nakagawa, K., Kato, T., Ares, L. P., Frimodt-Moller, B., 

Wolff, K., Visseren-Grul, C., Heymach, J. V., & Garon, E. B. (2021). Dual EGFR-VEGF 
Pathway Inhibition: A Promising Strategy for Patients With EGFR-Mutant NSCLC. Journal of 
Thoracic Oncology, 16(2), 205–215. https://doi.org/10.1016/j.jtho.2020.10.006 

Mahmudah, R., Adnyana, I. K., & Sukandar, E. Y. (2021). Molecular docking studies of α-
mangostin, γ-mangostin, and xanthone on peroxisome proliferator-activated receptor 

gamma diphenyl peptidase-4 enzyme, and aldose reductase enzyme as an antidiabetic drug 
candidate. Journal of Advanced Pharmaceutical Technology & Research, 12(2), 196–208. 
https://doi.org/10.4103/japtr.JAPTR_255_20 

Ndaghiya Adawara, S., Salisu Isa, A., Abubakar Yaro, F., Tijjani, M. A., Tanko Mamza, U., Iji, M., 
Abba sidi, Y., Mukhtar Mohammed, A., Watafua, M., & Musa, H. (2025). Triazolopyrimidine 

Derivatives for Cancer: An In Silico Evaluation of Docking and Pharmacokinetics. J. Chem. 
Tech, 1, 116–125. https://doi.org/10.22034/JCHEMTECH.2025.539505.1016 

Putri, F. E., & Azra, F. (2025). MODELING THE RELATIONSHIP BETWEEN NET ATOMIC CHARGE 

AND THE ACTIVITY OF 4-HYDRAZINYL-6-PHENYLPYRIMIDINE-5-CARBONITRILE 
DERIVATIVES AS ANTI-BREAST CANCER AGENTS. Walisongo Journal of Chemistry, 8(1), 45. 

https://doi.org/10.21580/wjc.v8i1.23867 

Rogério, M. E. F., Chaves, H. V., Pinto, I. R., de Sousa, N. A., Ribeiro, K. A., Monteiro, D. A. M., 
e Silva, A. A. R., Arriaga, Â. M. C., Teixeira, M. V. S., Pimenta, A. T. A., Jorge, R. J. B., Braz, 

H. L. B., de Paulo T. Pinto, V., de Moraes, M. E. A., Girão, V. C. C., & Bezerra, M. M. (2022). 
ADME-Tox Prediction and Molecular Docking Studies of Two Lead Flavonoids From the Roots 

of Tephrosia Egregia Sandw and the Gastroprotective Effects of Its Root Extract in Mice. BIO 
Integration, 3(2). https://doi.org/10.15212/bioi-2021-0035 

Shama Bhat, G., & Shaik Mohammad, F. (2023). Computational Fragment-Based Design of 

Phytochemical Derivatives as EGFR Inhibitors. Chemistry and Biodiversity, 20(8). 
https://doi.org/10.1002/cbdv.202300681 

Srinivasan, S., Naidu Thaddi, B., Subburaj, S., & Subramanian, D. (2025). MEDICINAL PLANT 
BIOACTIVE BETA-CAROTENE AS A LEAD ANTIFUNGAL AGENT AGAINST Rhizopus AND Mucor 

SPECIES. RASAYAN Journal of Chemistry, 18(04), 1879–1885. 
https://doi.org/10.31788/RJC.2025.1849379 

Sugiharto, S., Simanjuntak, R. A. P., & Larissa, O. (2021). KANKER PARU, FAKTOR RISIKO DAN 

PENCEGAHANNYA. Prosiding SENAPENMAS, 613. 
https://doi.org/10.24912/psenapenmas.v0i0.15060 

Toni, N. P. D., & Azra, F. (2022). Modeling the Relationship of Net Atomic Charge with the Activity 
of 5-Aminopyrazole Derivative Compounds as Antioxidants with AM1 Method. EKSAKTA: 
Berkala Ilmiah Bidang MIPA, 23(04), 242–252. https://doi.org/10.24036/eksakta/vol23-

iss04/334 

Uribe, M. L., Marrocco, I., & Yarden, Y. (2021). EGFR in Cancer: Signaling Mechanisms, Drugs, 

and Acquired Resistance. Cancers, 13(11), 2748. https://doi.org/10.3390/cancers13112748 

Vottero, P. (2021). Determination of the binding sites and binding modes of gatastatin and its 

novel derivatives. politecnico di torino. 

  


