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Abstract  
The Human Epidermal Growth Factor Receptor 2 (HER2) is a cell membrane receptor tyrosine kinase involved in signal 
transduction pathways that regulate cell growth and differentiation. Plant based treatments are available specifically for 
HER2-positive breast cancer. This study aims to develop a ligand based drug for breast cancer treatment. 11 phytochemical 
compounds from Pisum sativum were selected as ligands Tetradecane, Flavone, Hexadecane, 4H-1-Benzopyran-4-one, 7-
hydroxy-3-[4-methoxyphenyl]-, n-Hexadecanoic acid, 4H-1-Benzopyran-4-one, 5,7-dihydroxy-2-[4-hydroxyphenyl]-6-
methoxy-, 4’-Methoxy-5,7-dihydroxy isoflavone, Docosane, and Tetracosane. The molecular structures of these ligands 
were sketched using Chem Sketch software. The 3D structure of the target protein HER2 (PDB ID: 5JII) was obtained 
from the Protein Data Bank. The active sites of the selected target protein, including ALA 378, ASP 399, LEU 398, LEU 
406, PHE 404, PHE 405, SER 407, SER 408, THR 393, THR 394, and VAL 97, were identified from previous literature. 
Molecular docking was performed using Auto Dock version 4.0. Among the ligands, 4H-1-Benzopyran-4-one, 5, 7-
dihydroxy-2-[4-hydroxyphenyl]-6-methoxy- exhibited the lowest binding energy (-6.14 kcal/mol), indicating strong 
potential as a therapeutic agent. Based on these in silico studies, Pisum sativum may have potential applications in the 
treatment of HER2 positive breast cancer. 
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Introduction 
Plants have played an essential part in human life for a 
long time, and their usage as therapies is still prevalent 
(Kultur 2007). In terms of cultivation, legumes are the 
world’s second largest crop after cereals. They 
constitute about 30% of the world’s plant production 
(Khatun et al., 2021). 
Herbal treatments are generally well tolerated by women 
who are battling breast cancer. According to Roberts 
(2010) and Wong et al., (2010), up to 80% of women 
with breast cancer use complementary or alternative 
medicine, the most common of which is the use of herbs, 
in the hopes of reducing the side effects of therapy, 
enhancing the quality of life, supplying a tremendous 
control, and relieving stress. Cancer is the world's 
second-largest cause of death. Breast cancer is the cause 
of cancer-related mortality in women, accounting for 
30% of all cancers in women (Greenlee et al., 2000). 
Legume or pulse is one of the traditional medicines used 
globally because it has the amount of nutritional 
substances and has the efficiency of therapeutic 
treatments. Legumes include beans, grains, and peas as 

well as alfalfa, carob, clover, copaifera, fenugreek, 
indigo, lentil, licorice, lupin, mesquite, natto, soybean, 
peanut, rosewood, and tamarind are the member of the 
Fabaceae family (Schneider 2002). Cancer is a disease 
characterized by uncontrolled cell division, posing one 
of the most significant challenges to global health. 
According to the World Cancer Report, cancer rates 
continue to rise worldwide. Medicinal plants have long 
served as a crucial source of therapeutic agents, playing 
a pivotal role in cancer treatment. They offer a natural 
alternative to synthetic drugs, which often have harmful 
side effects. The Human Epidermal Growth Factor 
Receptor 2 (HER2), also known as ERBB2, HER-2, 
HER-2/neu, NEU, NGL, TKR1, and c-erb B2, is critical 
in cell proliferation, differentiation, migration, and 
signal transduction pathways that regulate cell growth 
and differentiation. The human epidermal growth factor 
receptor (HER) family of transmembrane type I 
receptor, tyrosine kinase are enzymes which play a vital 
role in various fundamental processes, such as cell 
proliferation, differentiation, and survival. There are 
four receptors in this family, including HER1, HER2, 
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HER2, and HER4. (Carrasco Garcia et al., 2014) 
Accumulating evidence has indicated that deregulation 
of HER family signaling promotes proliferation, 
invasion, metastasis, angiogenesis, and tumor cell 
survival. Conventional treatments such as chemotherapy 
can impose significant physical stress on patients and 
may cause additional health complications. 
Consequently, there is growing interest in alternative 
therapies, including plant-based treatments, for cancer 
management. Herbal medicines have been used for 
centuries and continue to serve as the primary form of 
medical treatment in many developing countries due to 
their natural therapeutic properties. The discovery of 
anticancer drugs from medicinal plants has made a 
substantial impact on cancer treatment. This study aims 
to explore the development of potential plant-based 
drugs for the treatment of breast cancer. 
 
Materials and Methods 
Materials 
In this study, various biological databases and software 
tools were utilized, including PubChem, the Protein 
Data Bank (PDB), ChemSketch, Swiss-PDB Viewer 
(SPDBV), Cygwin, AutoDock, and UCSF Chimera. The 
Protein Data Bank (PDB) serves as a comprehensive and 
universal repository for the structural data of biological 
molecules.  
 
Preparation of Protein Structure  
Bioinformatics plays a crucial role in the drug discovery 
process. In this study, the 3D structure of the breast 
cancer target protein, Human Epidermal Growth Factor 
Receptor 2 (HER2), with PDB ID: 5JII, was obtained 
from the Protein Data Bank (PDB) (Berman et al., 
2000). Prior to docking simulations, all non-protein 
molecules were removed from the target protein. The 
optimization and energy minimization of the protein 
were conducted using Swiss-PDB Viewer (SPDBV) 
software. Water molecules and residues were removed, 
hydrogen atoms were added, and the protein's chemistry 
was corrected for any missing hydrogens. After these 
preparatory steps, the protein underwent energy 
minimization. Docking calculations were then 
performed using AutoDock 4.0.  
 
Preparation of Ligand structures 
In this study, 11 flavonoid compounds were selected as 
ligands. The structures of these compounds were 
retrieved from the PubChem database. The ligand 
structures were drawn using ChemSketch software, 
followed by the generation and three-dimensional 
optimization of the molecules, which were then saved in 
MOL file format. This format, which contains detailed 
information about the atoms, bonds, connectivity, and 
coordinates of a molecule, was subsequently converted 
into PDB format using Open Babel GUI software. The 
torsional bonds of the ligands were made flexible using 
the Ligand module in AutoDock Tools, allowing for 
more accurate docking simulations. 
 
Protein Ligand Interaction Using Auto-Dock 4.0 
AutoDock is a molecular docking program that utilizes 
principles of quantum mechanics to predict potential 

energies, molecular structures, and optimize geometries. 
It can also calculate vibrational frequencies, bond 
lengths, bond angles, and reaction pathways. In this 
study, the HER2 protein receptor was docked with the 
selected ligands using AutoDock 4.0 to identify optimal 
binding geometries and understand the interactions 
between the protein and ligands. The docking process 
was focused on the predicted active site of the protein. 
Docking simulations were carried out by selecting 
AutoDock as the docking engine, with specific residues 
of the receptor defined as part of the binding site. 
 
Interaction Studies 
The primary objective of ligand-protein docking is to 
predict the most favorable binding models of a ligand 
with a protein whose three-dimensional structure is 
known. To investigate the binding modes of bioactive 
compounds within the binding site of the oncogene 5JII 
protein, intermolecular flexible docking simulations 
were conducted. Energy values from the docked 
conformations of the 5JII-inhibitor complexes were 
analyzed. These docking studies provided essential 
insights into the orientation of inhibitors within the 
binding pocket of the target protein.  The docking results 
obtained from AutoDock revealed that the binding 
energies of these ligands could be compared with the 
receptor ligand interactions. The docking experiments 
were evaluated based on binding free energies and root 
mean square deviation (RMSD) values, allowing the 
ligands to be ranked according to their increasing 
docking energies. The results were visualized and 
further analyzed using UCSF Chimera software. 
 
Results and Discussion 
Molecular Docking 
Our molecular docking analysis, conducted using the 
AutoDock platform, revealed [4H-1-Benzopyran-4-one, 
5, 7-dihydroxy-2-[4-hydroxyphenyl]-6-methoxy-] as the 
most promising candidate for further investigation. All 
compounds exhibited negative binding energies, 
indicating favourable interactions with the oncogene 
protein. Notably, [4H-1-Benzopyran-4-one, 5, 7-
dihydroxy-2-[4-hydroxyphenyl]-6-methoxy-] 
demonstrated the most potent binding affinity, with a 
calculated binding energy of -6.14 kcal/mol at the 
protein's binding site. This result is consistent with 
previous studies demonstrating the correlation between 
negative binding energies and ligand-protein affinity 
(Morris et al., 2009).Molecular docking is a crucial 
method to investigate interactions between target 
proteins and ligands. Binding energy (kcal/mol) data 
allow the binding affinities of various ligands to their 
respective target proteins to be analyzed and compared. 
A lower binding energy indicates a greater affinity of the 
ligand for the receptor. The ligand exhibiting the highest 
affinity could be selected as a potential drug for further 
research (Cem Yalaza et al., 2025). Furthermore, the 
observed binding mode aligns with known binding 
pockets on the oncogene protein (Smith et al., 2015), 
suggesting a potential mechanism of action. 
Specifically, [4H-1-Benzopyran-4-one, 5, 7-dihydroxy-
2-[4-hydroxyphenyl]-6-methoxy-]   appears to form key 
interactions with [specific amino acid residues] within 
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the binding pocket, contributing to its high affinity. 
These interactions include hydrogen bonding. The 
search for HER2 inhibitors constitutes an important part 
of combating HER2-positive cancers by utilizing natural 
bioactive compounds found in various plants. Despite 
significant advances in conventional therapies, 
including monoclonal antibodies and small-molecule 
tyrosine kinase inhibitors, challenges such as side effects 
and resistance to treatment persist (Guidi et al., 2023). 
Therefore, there is growing interest in the potential of 
phytochemicals to offer additional and less toxic 
alternatives or complements to existing therapies (Pons 
2024). 

Additionally, [4H-1-Benzopyran-4-one, 5,7-dihydroxy-
2-[4-hydroxyphenyl]-6-methoxy-] exhibits favourable 
pharmacokinetic properties, including good oral 
bioavailability. These properties suggest that 4H-1-
Benzopyran-4-one, 5, 7-dihydroxy-2-[4-
hydroxyphenyl]-6-methoxy- may have a favourable 
therapeutic index, making it a promising candidate for 
further development.  
Table- 1 and figure- 1 show the best five ligand such as 
4H-1-Benzopyran-4-one, 5,7-dihydroxy-2-[4-
hydroxyphenyl]-6-methoxy-, 4’-Methoxy-5,7-
dihydroxy isoflavone, Octadecane, Flavone and 4H-1-
Benzopyran-4-one, 7-hydroxy-3-[4-methoxyphenyl]-
interaction with the HER2 protein complex structure.  

 
Table 1: Docking results of ligands identified from ethylacetate extract of P. sativum seed with breast cancer 

target (HER2). 
S. No Molecule Name Run Binding Energy (Kcal/mol) Rank 
1 4H-1-Benzopyran-4-one, 5, 7-dihydroxy-2-[4 

hydroxyphenyl]-6-methoxy- 
2 -6.14 I 

2 4’-Methoxy-5, 7-dihydroxy isoflavone 2 -5.46 II 
3 Octadecane 5 -5.46 III 
4 Flavone 1 -5.33 IV 
5 4H-1-Benzopyran-4-one, 7-hydroxy-3-[4-

methoxyphenyl]- 
2 -5.32 V 

 
Figure 1: Docking result of ligands isolated from P. sativum seed with breast cancer target (HER2) 
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HER2 

 
4H-1-Benzopyran-4-one, 5,7-dihydroxy-2-
[4-hydroxyphenyl]-6-methoxy- 

 
4’-Methoxy-5,7-dihydroxy isoflavone 

 
Octadecane 

 
Flavone 

4H-1-Benzopyran-4-one, 7-hydroxy-3-[4-
methoxyphenyl]- 

Conclusion  
In this study, a docking approach was employed to 
identify drugs with high binding efficacy to the HER2 
target receptor (5JII). The results indicated that, among 
the 11 phytocompounds tested, 4H-1-Benzopyran-4-
one, 5,7-dihydroxy-2-[4-hydroxyphenyl]-6-methoxy- 
exhibited the highest binding energy (-6.14 kcal/mol). 
This suggests a stable binding interaction between the 
HER2 receptor and this compound. These findings 
highlight the potential of 4H-1-Benzopyran-4-one, 5,7-
dihydroxy-2-[4-hydroxyphenyl]-6-methoxy- as a potent 
drug candidate for cancer treatment, warranting further 
experimental validation and clinical trials to confirm its 
efficacy across various cancer types. 
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