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Identification of Allium cepa compounds as Promising Inhibitors 

against Lung Cancer: An in-Silico Study 

Fatmah Hazza Alsharif*   

 

ackground: Lung cancer is one of the primary causes of cancer-related deaths, and treatment options 

for advanced-stage disease remain restricted. Overexpression of the epidermal growth factor receptor 

(EGFR) has been linked to the development of certain cancers. Double-mutated EGFR is an important 

oncogenic protein in many lung cancer instances. Allium cepa, a common condiment herb, is known for its 

medical and pharmacological benefits.  

Methods: The bioactive compound of A. cepa was obtained from the LOTUS database in ‘sdf’ format, and then 

converted into ‘pdbqt’ format. The prepared compounds library was screened against the double-mutated 

EGFR using the insilico tool PyRx 0.8 to determine the binding conformations with the lowest binding 

energies.  

Result: Eighteen compounds were found to strongly bind with the EGFR protein and have lower binding 

energy than the cocrystal ligand, with the top five hits being LTS0258243, LTS0042303, LTS0058192, 

LTS0104946, and LTS0145270. The Asn842, Asp855, Lys745, Met790, Gln791, Leu792, Met793, Ala743, 

Leu844, Leu718, Val726, Thr854, and Phe723 residues of EGFR were important in binding to these hit 

compounds. In addition, these compounds have good drug-like properties.  

Conclusion: The compounds LTS0258243, LTS0042303, LTS0058192, LTS0104946, and LTS0145270 can be 

used as EGFR inhibitors to manage lung cancer. However, additional experimental studies are required to 

validate these compounds as EGFR inhibitors. 
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Introduction 

Lung cancer is the most common cause of cancer-

related death in North America and other affluent 

countries. The 2020 special report on lung cancer 

describes it as the most often diagnosed cancer and the 

leading cause of cancer mortality in Canada, 

accounting for more deaths than colorectal, pancreatic, 

and breast cancers combined. In 2020, an estimated 

30,000 Canadians will be diagnosed with lung cancer, 

with 21,000 expected to die from it. Globally, the 

cancer burden is anticipated to double by 2050, with 

lung cancer remaining the most common [1]. 

Epidermal growth factor receptor (EGFR) is a 

transmembrane receptor tyrosine kinase protein found 

in normal epithelial, mesenchymal, and neurogenic 

cells. Its overexpression is associated with the 

development of a variety of malignancies, including 

non-small cell lung cancer (NSCLC) [2,3]. EGFR 

expression in NSCLC is linked with shorter survival, 

increased lymph node metastases, and reduced 

chemosensitivity [4,5]. Targeting activating mutations 

in the EGFR tyrosine kinase has resulted in great 

success in the treatment of lung cancer, a common 

malignancy and the main cause of cancer-related 

fatalities [6]. This study focuses on the double-mutated 

EGFR protein, which is an important therapeutic target 

in lung cancer [7-9]. 

Modern therapeutic options are based on a disease's 

biological origin. Historically, natural remedies were 

employed to treat or reduce illnesses. Advances in 

research and technology led to the discovery of 

macromolecules involved in illnesses, guiding chemists 

to design and synthesis more effective bioactive 

chemicals. However, bringing a drug to market requires 

multiple steps, hurdles, and significant resources, with 

annual expenses reaching $2.8 billion between 2009 

and 2018 [10]. To solve these economic and time 

problems, new techniques are required. Computer-

Aided Drug Design (CADD) has become a crucial tool 

for drug discovery and development. Both academics 

and pharmaceutical firms utilize CADD to find and 

optimize bioactive molecules. CADD has been used to 

find or optimize many medications at various stages of 

development [11-13]. 

Allium cepa, a popular condiment herb, is recognized 

for its various medicinal and pharmacological 

properties. This high-fiber perennial herb from the 

Amaryllidaceae family contains folic acid, vitamin B6, 

magnesium, calcium, potassium, phosphorus, and 

other vitamins and minerals. It possesses antibacterial, 

anticancer, antidiabetic, antioxidant, antiplatelet, 

antihypertensive, antidepressant, neuroprotective, 

anti-inflammatory, and antiparasitic effects [14,15]. 

This study aimed to find the natural mutated EGFR 

inhibitor to manage lung cancer. 

Methods 

The crystal structure of the mutated EGFR protein with 

a co-crystallized ligand (PDB ID: 5CAO) was retrieved 

from the Protein Data Bank. The protein structure was 

preprocessed, minimized, and refined using the 

Discovery Studio Visualizer 2020. Preprocessing steps 

included removing crystallographic waters, assigning 

bond orders, and adding missing hydrogens. 

Compound library preparation 

The bioactive compound library was created using data 

from the LOTUS database on A. cepa constituents. 251 

distinct compounds were discovered, each with their 

own chemical structure and molecular properties. The 

compounds were downloaded in .sdf format and then 

processed for virtual screening (VS). 

Virtual Screening 

High-throughput screening is the primary method for 

discovering novel lead compounds in drug 

development. It involves physically testing large 

chemical libraries against a specific biological target. 

VS is a complementary technique that uses 

computational techniques to evaluate large chemical 

repositories to identify molecules that complement 

structurally defined targets. The promising compounds 

are then experimentally validated [16,17]. Receptor-

based methodologies, also known as structure-based 

techniques, seek to understand the interaction 

dynamics between a ligand and its protein to 

distinguish between high affinity and low affinity 

ligands.  

These methods require a 3D target structure 

obtained via X-ray crystallography, NMR, or homology 

modeling. The availability of resolved protein 

structures has led to an increase in the use of receptor-

based methods. Structure-based VS predicts the 

position and orientation of a ligand when it interacts 

with a protein [18]. PyRx 0.8 [19] was used in this study 

for VS (molecular docking) of A. cepa bioactive 

compounds with EGFR to determine the binding 

conformations with the lowest binding energies. 

Results 

Findings from this study show that 100 (89.2%) samples 

the mutant EGFR protein employed in this study had a 

cocrystal ligand in its PDB structure. To validate the 

docking process, the cocrystal ligand was removed and 

re-docked to the EGFR. The results revealed that the 

docked co-crystal ligand binds in the identical EGFR 

binding area as seen in the co-crystal PDB structure 

(Figure 1). This consistency demonstrates the docking 

protocol's ability to accurately predict ligand binding 

orientation in the EGFR protein's binding pocket. 
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Figure 1: Representation of X-ray-bound cocrystal ligand (black) 
and re-docked cocrystal ligand (blue) in the EGFR protein. 

The cocrystal ligand was used as a reference compound, 

exhibiting a binding energy of -8.6 kcal/mol with the 

EFGR protein. Compounds with binding energies more 

negative than the reference ligand were selected as hit 

compounds.  

Consequently, 18 hit compounds were identified with 

binding energies greater than that of the cocrystal 

ligand, indicating stronger binding affinities for the 

EFGR protein (Table 1). Among these 18 compounds, 

the top five (LTS0258243, LTS0042303, LTS0058192, 

LTS0104946, and LTS0145270) were chosen for in-

depth interaction analysis. 

S. No. Compounds Binding energy 

(kcal/mol) 

1.  LTS0258243 -10.6 

2.  LTS0042303 -10.5 

3.  LTS0058192 -10.2 

4.  LTS0104946 -10.1 

5.  LTS0145270 -10.1 

6.  LTS0143926 -9.9 

7.  LTS0200727 -9.9 

8.  LTS0084451 -9.7 

9.  LTS0030362 -9.6 

10.  LTS0161982 -9.4 

11.  LTS0221386 -9.4 

12.  LTS0253498 -9.3 

13.  LTS0125203 -9.1 

14.  LTS0108489 -9.1 

15.  LTS0189353 -9.0 

16.  LTS0196163 -9.0 

17.  LTS0267837 -8.9 

18.  LTS0204085 -8.9 

19.  Cocrystal ligand/inhibitor -8.6 

Table 1: List of top hit compounds having higher binding 
energies than the cocrystal ligand/inhibitor. 

The interacting residues of EGFR protein with the top 

five compounds (LTS0258243, LTS0042303, 

LTS0058192, LTS0104946, and LTS0145270) and 

cocrystal ligand/inhibitor has been represented in 

figure 2 and table 2.  

The structure and H-bonding residues of top five 

compounds (LTS0258243, LTS0042303, LTS0058192, 

LTS0104946, and LTS0145270) has been depicted in 

table 2.  
 

 
Figure 2: Interacting residues of EGFR protein with the top five 
compounds LTS0258243, LTS0042303, LTS0058192, 
LTS0104946, and LTS0145270 as well as the cocrystal 
ligand/inhibitor. 

Compounds Structure Interacting amino acids 

residues 

H-bonding 

residues 

LTS0258243 

 

Asn842, Asp855, 

Arg858, Lys745, 

Met790, Gln791, 

Leu792, Met793, 

Gly796, Ala743, Leu844, 

Leu718, Val726, Thr854, 

and Phe723 

Gln791, 

Met793, and 

Asn842 

LTS0042303 

 

Gln791, Met793, 

Leu792, Leu844, Ala743, 

Leu718, Met790, 

Gly719, Lys745, Asp855, 

Thr854, Cys797, Arg841, 

Asn842, Phe723, and 

Val726 

Arg841, 

Asn842, and 

Gln791 

LTS0058192 

 

Gly719, Leu792, 

Met793, Leu844, 

Gln791, Met790, 

Thr854, Met766, 

Arg841, Asn842, 

Asp855, Arg858, 

Phe723, Lys745, Val726, 

Leu718, and Ala743 

Thr854, 

Asn842, and 

Asp855 

LTS0104946 

 

Met793, Gly796, Pro794, 

Phe723, Lys745, 

Asp855, Phe856, 

Thr854, Glu762, 

Met766, Val726, 

Met790, Ala743, 

Leu844, Leu718, 

Gln791, and Leu792 

Thr854, and 

Met793 

LTS0145270 

 

Phe723, Leu844, Ala743, 

Gly796, Leu718, Val726, 

Met793, Leu792, 

Met790, Gln791, 

Met766, Gly719, 

Thr854, Arg841, 

Asp855, and Asn842 

Asn842 

Table 2: Interacting residues as well as H-bonding residues of 
top five compounds LTS0258243, LTS0042303, LTS0058192, 
LTS0104946, and LTS0145270 with EGFR protein. 

The top five compounds (LTS0258243, LTS0042303, 

LTS0058192, LTS0104946, and LTS0145270) had 

excellent molecular characteristics. The possibility that 

a substance is a natural product goes from -5 (less 

likely) to 5 (very likely). The top five compounds 

(LTS0258243, LTS0042303, LTS0058192, LTS0104946, 

and LTS0145270) had ratings of 1 or +1, indicating a 

strong preference for characteristics similar to those of 

natural products. Furthermore, Lipinski's Rule of Five 

revealed a comprehensive profile of these hits, 

measuring the drug's chemical structure to predict its 
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oral bioavailability, and they all satisfied the criteria 

with no violations (Table 3). 

Molecular properties and 

molecular descriptors 

LTS025

8243 

LTS004

2303 

LTS005

8192 

LTS010

4946 

LTS014

5270 

Total atom number 35 34 33 30 29 

Heavy atom number 23 22 23 20 19 

Bond count 25 24 25 22 20 

Number of carbons  16 15 15 15 13 

Minimal number of rings 3 3 3 3 2 

Maximal number of rings 4 4 4 4 2 

NP-likeness score  1 1.02 1.04 1 1.01 

Alogp 2.74 2.01 1.34 3.03 2.19 

Alogp2 7.53 4.06 1.8 9.16 4.81 

Apol  41.7755 40.0155 39.4839 37.0779 34.3599 

Bpol  17.9085 17.9085 14.7641 13.8061 13.8061 

Eccentric Connectivity Index 

Descriptor  

420 354 379 338 312 

Fmf Descriptor  0.6957 0.6818 0.6957 0.8 0.7368 

Fsp3  0.0625 0.1333 0.0667 0 0 

Fragment Complexity 

Descriptor  

863.07 834.07 719.08 644.05 558.06 

Petitjean Number  0.4545 0.5 0.5 0.5 0.5 

Lipinski’s Rule (Failures) 0 0 0 0 0 

WienerPathNumber 1136 942 1072 788 746 

Xlogp  3.338 1.426 0.95 3.668 2.061 

Zagreb Index  124 122 128 108 96 

TopoPSA  120.36 116.45 144.52 90.9 107.22 

Table 3: Molecular properties and descriptors of top five 
compounds LTS0258243, LTS0042303, LTS0058192, 
LTS0104946, and LTS0145270. 

Discussion 

Cancer is a leading cause of death worldwide, with lung 

cancer being the most common and deadly type [20,21]. 

Despite various chemotherapeutic options, drug 

resistance in lung cancer remains a major challenge, 

requiring the development of new, effective treatments 

[22]. Plant-based medicines are widely used in many 

nations [23,24]. Considering that double-mutated EGFR 

is a key oncogenic protein in many lung cancer cases 

[6,25], this study focuses on screening of bioactive 

compounds from A. cepa against the 3D structure of 

double-mutated EGFR to identify potential strong-

binding molecules. Among them, 18 compounds were 

found to strongly bind with the EGFR protein and have 

lower binding energy than the cocrystal ligand, with 

the top five hit compounds being LTS0258243, 

LTS0042303, LTS0058192, LTS0104946, and 

LTS0145270. 

The hit compounds LTS0258243, LTS0042303, 

LTS0058192, LTS0104946, and LTS0145270 form 

several H-bonding with the EGFR amino acid residues. 

The Asn842 was the common H-bonding residue of 

EGFR with LTS0258243, LTS0042303, LTS0058192, and 

LTS0145270. In addition, LTS0104946 was H-bonded 

with Thr854, and Met793 residues of EGFR.  

The Phe723, Lys745, Glu762, Asp855, Thr854, 

Met766, Val726, Leu844, Cys775, Gly719, Gly796, 

Leu718, Met793, Leu792, Ala743, Gln791, Met790, and 

Lys745 residues of EGFR were found to important in 

binding with cocrystal ligand. Interestingly, he hit 

compounds LTS0258243, LTS0042303, LTS0058192, 

LTS0104946, and LTS0145270 were also observed to 

interact with most of these EGFR residues.    

In docking investigations, it is usually critical to seek a 

ligand that can bind effectively to the protein, with 

binding energy serving as a metric for better binding 

[26,27]. The free energy of binding is used to determine 

the strength of an interaction between a ligand and a 

protein complex [28-30]. The lowest binding energy is 

the result of the ligand's effective binding to the active 

site of the protein [31,32]. A higher (negative) binding 

energy indicates an efficient interaction between ligand 

and protein. Notably, the hit compounds LTS0258243, 

LTS0042303, LTS0058192, LTS0104946, and 

LTS0145270 had a robust interaction with the EGFR, 

with a high binding energy compared to the cocrystal 

ligand, indicating that these compounds might be 

potential EGFR inhibitors. 

Lung cancer is among the primary causes of cancer-

related mortality. Double-mutated EGFR is a major 

oncogenic protein in many lung cancer patients. This 

study screened the bioactive compounds in A. cepa 

against the double-mutated EGFR. The compounds 

LTS0258243, LTS0042303, LTS0058192, LTS0104946, 

and LTS0145270 were tightly bound to the EGFR and 

have a lower binding energy than the cocrystal ligand. 

In addition, these compounds exhibit strong drug-like 

characteristics and can be employed as EGFR inhibitors 

to manage lung cancer.   
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