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ABSTRACT 
 

Breast cancer is a type of cancer that develops in the breast tissues. When some breast cells begin to grow abnormally, breast cancer develops. These cells grow 
and divide at a faster rate than healthy cells and continue to grow, generating a lump or mass. Cancer cells in the breast may spread to lymph nodes or other 
places of the body. The hormone estrogen encourages cancer growth when it binds to the receptor of the targeted protein. The purpose of this study is the 
rational screening of a 15,000 phytochemicals library against the estrogen receptor alpha protein. The library was employed for molecular docking to find the 
binding affinities and simulation analysis of the top-selected compounds. The top four compounds, Mangostenone E, Exiguaflavanone M, Sanggenon A, and 
Flaccidine were identified as direct inhibitors of estrogen receptors as evident from their high binding affinity and occupancy of specific binding sites. 
Mangostenone E was the leading phytochemical that showed a high docking score—15.97 (kcal/mol)—and bonding interaction at the active site of 
Mangostenone E. Leading phytochemicals were subjected to analysis for drug-like properties that further reinforced their validation. Potential molecules 
identified in this study can be considered lead drugs for the treatment of breast cancer. 
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1. Introduction  

Breast cancer is the most frequent type of cancer in women (Parkin, 
2001), and early identification is a critical component of cancer 
treatment effectiveness (Michaelson et al., 2022). Cancer is one of 
the most common causes of death in the modern world, accounting 
for around one-third of all deaths. The condition is extremely 
complicated, multifaceted, and linked to oxidative stress, as is the 
case with most human diseases (Tiwari, 2004). 
The most prevalent type of cancer in women is mammary gland 
cancer, which originates in the gland itself. In developed countries, a 
woman's lifetime chance of developing breast cancer is estimated to 
be between 1 in 7 and 1 in 10. In Catalonia (Spain), the most recent 
estimates indicate that the cumulative lifetime risk of acquiring 
breast cancer is 1 in 11, with a 1 in 33 chance of dying from the 
disease (Gonzàlez et al., 2005). 
Breast cancer affects roughly 10% of females at some point in their 
lives (Feuer et al., 1993). Around 30–40% of these people will die 
from this disease, mostly due to metastases, an irreversible 
condition in most cancers (Kleeff et al., 2016). Breast cancer is one 
of the most significant health issues in our society because of its 
high incidence, complexity, and the financial implications of 
treatment. Over the previous two decades, there has been a 
noticeable decrease in the rate of breast cancer-specific death 
(Clèries et al., 2006).  

Patients' survival rates have been increasing in recent years, which 
might be due to both earlier diagnosis and increased treatment 
efficacy. Western countries have introduced widespread population-
based screening programs during the last thirty years. As a result, the 
disease is being diagnosed at an earlier stage, with higher rates of 
curability (Brocklehurst et al., 2013). Breast cancer treatment has 
improved due to better staging procedures, as well as developments 
in surgery and radiotherapy, which has resulted in higher local 
control rates while decreasing mutilation and the number of side 

effects associated with the disease. Improved systemic treatments 
have resulted in a significant breakthrough in patient outcomes, 
even when the disease is recognized as a systemic disease in its early 
stages (McDonald et al., 2016). Chemotherapy and targeted 
techniques involving hormonal manipulations and anti-Her-2/neu 
medications are mainly used as systemic therapies in curative 
settings. Hormone therapy has the best-documented role in 
adjuvant settings for most patients, as well as the best 
toxicity/efficacy profile (Urruticoechea, 2008). 
The number of molecular factors that are employed recently in 
diagnosis and treatment against breast cancer. Estrogen receptor 
alpha (ER-α) is the most used molecular marker for breast cancer. 
ER-α is a member of the nuclear receptor family that controls 
several physiological processes. Estrogen is the ligand of ER which 
activates the estrogen receptor. Overexpression of ER-α is seen in 
breast cancer (Joy et al., 2001). 
Computer-aided drug discovery is one of the most important 
methods for determining a drug's actions using computational 
structure-based drug discovery, and it is gaining popularity. Physics-
based equations in various software programs were used to study 
how various chemicals interacted with their respective binding sites 
(Podlogar et al., 2001). In several docking studies, breast cancer 
proteins, particularly ER-α, have been targeted in the hope of 
identifying the amino acids that are critical for the interactions in the 
active site in breast cancer. However, this has been unsuccessful. 
The use of medicinal plants and their extracts as a source of 
medication is widespread. Plants are used to make 25 percent of all 
medications in affluent countries, whereas the percentage in 
underdeveloped countries is substantially greater (Joy et al., 2001). 
Phytochemicals are substances found in plants that control the 
disease. This study aimed to find effective bioactive chemicals that 
could be future ER-α inhibitors and potentially prevent breast 
cancer. 
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2. Materials and Methods  
Figure 1: Flowchart of the methodology 

 

2.1. Preparation of Protein: 
From the Protein Data Bank, (RCSB PDB, http://www.rcsb.org) we 
obtained the crystal structure of breast cancer with the PDB ID: 1a52 
(Berman et al., 2000). After that, Discovery Studio 2019 was used to 
remove water molecules and heteroatoms and add polar hydrogens 
to the ER-α crystal structure in preparation for docking simulations. 

2.2. Preparation of Compound Bank:  
A library of 15,000 drug-like molecules was collected from ZINC 
PubChem, Mdpi, and PubChem databases, and their structures were 
downloaded. Before docking, these structures were optimized using 
the Gaussian 09 software using the B3LYP/6-31g basis set, which 
was then used to dock them (Frisch et al., 2016). The Molecular 
Operating Environment (MOE) performed all computational 
operations, including ligand and protein synthesis and molecular 
docking (Vilar et al., 2008). 

2.3. Molecular Docking Studies: 
The docking procedure was confirmed by redocking co-crystallized 
ligands into the protein structure using the MOE. Molecular docking 
studies are useful in determining the conformations and interactions 
that a ligand can have with a protein of interest (Venkatesan et al., 
2010 and Alamri et al., 2021). The MOE found the active pocket on 
the receptor protein molecule. The MOE software was used to 
screen a library of 15,000 phytochemicals against the ER-α protein 
interaction residues. The MOE software used the “Triangular 
Matcher” technique to verify correct ligand confirmation before 
using it as the default ligand insertion approach (Vilar et al., 2008). 
The London dG scoring algorithm in MOE was utilized to rescore 
simulated poses. The phytochemicals with the top and best 
conformations were identified once docking was completed based 
on their root mean square deviation (RMSD) values and S-score 
binding affinity. The MOE LigX tool was used to analyze and 
interpret two-dimensional plots of ligand-receptor interactions. The 
MOE was also used to make 3-D images of protein-inhibitor 
complexes. 

2.4. Drug Toxicity Prediction:  
The absence of toxicity of the chosen compound is regarded as a 
significant element in the selection of a component as a potential 
therapeutic (Segall and Barber, 2004). The current study examined 
the screened compounds’ toxicity, including carcinogenicity, 
cytotoxicity, and mutagenicity. The Protox tool was used to assess 
the compounds' toxicity (Kumar et al., 2018 and Sadeghi et al., 
2020).  

2.5. Pharmacological Evaluation of the Chosen Compounds: 
The evaluation of the pharmacological properties of the finalized 
compounds is the most critical and significant step in the in silico 
study process. The Lipinski parameter was used to investigate the 
compounds. The selected components met the Lipinski parameter's 
requirements and were tested for adsorption. The Lipinski 
characteristics of the selected components were assessed using the 
SwissADME database at http://www.swissadme.ch/index.php) 
(Yalcin, 2020).  

2.6. Molecular Dynamics Simulation: 
Moleculary dynamics (MD) simulation is a successful in 
silico method for studying the dynamic behavior and stability of 
protein-ligand complexes under various conditions (Komanduri et 
al., 2000). Molecular dynamics simulation of the best ligand poses 
was performed using the Desmond v3.6 program to verify the 
docking performance, as mentioned earlier (Srivastava et al., 2021). 
The TIP3P solvent model was used in conjunction with an 
orthorhombic designed boundary box. By introducing Na + salt, the 
OPLS-2005 forcefield was used to counter the process. A hybrid 
algorithm of gradient descent and LBFGS algorithms was used to 
decrease the protein-ligand system (Blessy and Sharmile, 2015 and 
Sweke et al., 2020). After docking, the MD simulation was run at 
100 ns on Desmond for early confirmation of the protein-ligand 
complexes. 

3. Results 

3.1. Structural Retrieval: 
The three-dimensional structure of estrogen receptor alpha was 
retrieved from the PDB database having PDB IDs: 1a52 as shown in 
Figure 2. The structure was chosen as a target because it has a higher 
resolution than other PDB structures. The resolution of 1a52 was 
2.8 Å. The structure was optimized and then used as a receptor.  

Figure 2: 3D visualization of the Estrogen Receptor Alpha 

 

3.2. Molecular Docking: 
This section involves the results obtained through docking the 
receptor protein structures with the phytochemicals library using 
MOE software. Ten different conformations were obtained for each 
compound. All these compounds’ conformations were sorted based 
on binding affinity (S score), RMD values, and bonding interaction 
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with the active sites of the protein. The top four compounds 
Mangostenone E, Exiguaflavanone M, Sanggenon A, and Flaccidine 
were selected from each receptor protein for further analysis based 
on the lowest S value. These selected compounds have shown 
strong interactions with the binding pockets of the proteins and 
have minimum binding energies with the scoring function of each 
docked ligand as shown in Table 1.  

Table 1: Detailed interactions and docking scores of the top four bioactive phytochemicals against 
Estrogen Receptor Alpha along with the reference drug 

PubChem 
ID 

Compound 
Name Compound Structure Docking 

Score 
RMSD 
Value 

Interacting 
Residues 

11495983 Mangostenone E 

O

OH

HO

O

OH

O

HO

OH

 

-15.97 1.41 Arg A394 
IIe A386 

42607846 Exiguaflavanone 
M 

O

O

OH

HO

HO

OH
OH

 

-14.66 1.33 Lys A449 
Pro A324 

156707 Sanggenon A 

O

OH

O

O OHOHO
 

-14.02 1.31 
Leu A327 
Arg A394 
TrpA393 

44260021 Flaccidine 
O

O

OO

O

O

HO

OH

O

 

-11.84 2.47 Arg A394 
Lys A 449 

3.3. Receptor-Ligand Interaction: 
The ligand interactions of these top four compounds were checked 
with the receptor protein. The LigX tool was used to analyze the 2D 
plots of receptor-ligand interactions with the highest docked 
complexes to check their interactions. 
When the integral-alpha-6 protein was docked with the ready-to-
dock library of 15,000 phytochemicals, the Mangostenone E docked 
complex showed good interaction. It was ranked at the top due to its 
lowest docking score of -15.97 kcal mol-1 and has shown potential 
interactions with Arg A394 and IIe A386. Exiguaflavanone M, which 
was ranked next to the Mangostenone E, and showed interactions 
with Lys A449 and Pro A324 with a binding score of -14.66 kcal mol-

1 as shown in Figure 3. 
Figure 3: Docked Mangostenone E and Exiguaflavanone M with Estrogen Receptor Alpha side chains 

atoms of Arg A394, IIe A386, Lys A449, and Pro A324 making hydrogen bonds. Docked poses of 
compound highlighting the most active residues of a protein’s binding pocket 

 

Moreover, Sanggenon A demonstrated the binding affinity of -14.02 
kcal mol-1 and interaction with the sites Leu A327, Arg A394, and 
TrpA393. Flaccidine showed strong binding with Arg A394 and Lys 
A449 via hydrogen bonds, having a docking score of -11.84 kcal 
mol-1 as shown in Figure 4. All top four compounds showed great 
potential with the active site of the receptor protein. 

Figure 4: Docked Sanggenon A & Flaccidine with Estrogen Receptor Alpha side chains atoms of Leu 
A327, Arg A394, Trp A393 Arg A394, and Lys A 449 making hydrogen bonds. 

 

3.4. Drug-Likeness: 
A drug scanning was performed via the Molinspration server to 
evaluate the drug-likeness properties of the top compounds. 
Lipinski’s Rule of Five was used as a standard. This rule illustrates 
the significant properties of the drugs like pharmacokinetics 
properties, interactions with metabolism in the human body, and 
excretion. Selected compounds displayed zero-violations according 
to Lipinski’s five rules and exhibited considerable drug-like 
properties, i.e., molecular weight (Table 2). 

Table 2: Interacting compounds examined for the Lipinski rule of five by molinspiration 
Compound 

I’D 
Molecular Weight 

(g/mol) 
Number of Hydrogen Bond 

Acceptor 
Number of Hydrogen 

Bond Donor miLogP 

11495983 444.48 8 5 4.18 
42607846 442.51 7 5 5.55 

156707 436.46 7 3 4.60 
44260021 442.42 9 2 3.32 

3.5. Pharmacological Evaluation/Drug Toxicity: 
The Swiss ADME and ADMETsar tools were utilized to forecast 
different types of pharmacokinetic features. The ADME and toxicity 
of the top therapeutic candidate molecules can be predicted using 
pharmacokinetic variables as shown in Table 3. The ADMET 
properties of derived phytochemicals are important for both targets. 
Because of poor pharmacokinetic qualities and toxicity, many 
medications do not involve this mechanism in their development. 
Early drug discovery relies on high-performance and quick ADMET 
profiling tests to identify active lead compounds. The ADMET 
profiling revealed that none of the candidate compounds had any 
absorption negative effects. 

Table 3: ADMET profiling of Estrogen Receptor Alpha (includes drug-like properties such as 
absorption, metabolism, and toxicity) 

Compounds IDs 11495983 42607846 156707 44260021 
Gastro-Intestinal Absorption Low Low High High 

Blood-Brain Barrier No No No No 
P-glycoprotein-substrate No No No No 

CYP1A2 Inhibitor No No No No 
CYP2C19 Inhibitor No No Yes No 
CYP2C9 Inhibitor No No Yes Yes 
CYP2D6 Inhibitor Yes No No No 
CYP3A4 Inhibitor No Yes Yes Yes 

Toxicity 
Carcinogens Non-Toxic Non-Toxic Non-Toxic Non-Toxic 

Cytotoxicity Non-Cytotoxic Non-
Cytotoxic Non-Cytotoxic Non-Cytotoxic 

Mutagenicity No No No No 
Rat Acute Toxicity (LD50) 3.62 mol/kg 2.00 mol/kg 2.50 mol/kg 2.58 mol/kg 
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3.6. MD Simulation: 
Docking analysis was performed to choose the best pose where the 
ligand can bind strongly with the receptor. Moreover, MD 
simulation was performed to determine the interaction patterns of 
ligands with the target protein Estrogen Receptor Alpha. Real-time 
MD simulation was performed by Desmond. In Desmond, the 
system builder used an overt aqueous medium to bring the 
complexes to the least energy level followed by the complex 
minimization step. The whole simulation process runs on three real-
time simulations at 100 ns. Each of these simulations explicated the 
interaction patterns and stability of the complexes in terms of 
protein ligands RMSD and RMSF. RMSD was calculated during 100 
ns simulations for each complex. The RMSD was used as a function 
of time for the best ligands (Mangostenone E and Exiguaflavanone 
M) with Estrogen Receptor Alpha protein. 

3.7. Root Mean Square Deviation: 
The RMSD results revealed that MD simulation was equilibrated, 
and conformational changes varied between 1.2 Å and 2.1Å for 
Mangostenone E/ ER-α; these conformational changes are tolerable 
for small globular protein as shown in Figure 5A. These RMSD 
results signify that estrogen receptor alpha did not undergo large 
conformational changes. The RMSD plot of the Exiguaflavanone M/ 
ER-α suggested that it showed a minor deviation of 0.75 Å up to 50 
ns after that it becomes stable during simulation with respect to the 
protein binding pocket as shown in Figure 5B.    
Figure 5(A,B): Statistical investigation of the intermolecular stability and dynamics of the two ER-α 

protein complexes using molecular dynamics simulations. The stability of the compounds is 
indicated by the Root Mean Square Deviation (A) Mangostenone E/ ER-α complex (B) 

Exiguaflavanone M/ ER-α complex. 

 

3.8. Root Mean Square Fluctuation (RMSF):  
The complex Mangostenone E/ ER-α study showed RMSF values 
ranging from 1.3 Å to 1.6 Å up to the residues number four 
hundred, as shown in the Figure 6C, while the complex 
Exiguaflavanone M/ ER-α revealed that its value ranges from 0.7 Å 
to 1.0 Å as shown in Figure 6D. 

 

Figure 6(C,D): (C) RMSF plot trajectories of Mangostenone E/ ER-α complex, (D) Exiguaflavanone 
M/ ER-α complex reveals the RMSF plot trajectories 

 

4. Discussion 

Estrogen receptors have been known to play a role in the 
development of a high percentage of breast cancers (Ali and 
Coombes, 2000). Furthermore, the presence of elevated ERα 
receptors in breast epithelium appears to be associated with a 
greater risk of breast cancer, implying that ERα may play a key role 
in the beginning and progression of breast cancer (Tecalco-Cruz and 
Ramírez-Jarquín, 2017). Endocrine therapy does not work for all ER-
positive cancers, and the majority of those that do respond become 
resistant over time (Zhao et al., 2011). Most resistant tumors are ER-
positive and react well to alternative endocrine therapy, indicating 
that ER continues to play a role in breast cancer cell proliferation 
(Skliris et al., 2008). The problem of resistance has led to the search 
for and development of a variety of hormonal medications to block 
ER action, while research into the mechanisms that underpin 
resistance has revealed cellular mechanisms that control ER function 
with ligand binding. 
In silico analysis has changed the drug formation method by the 
effective decrease in the expenditures as compared to the 
conventional drug formation procedure with the advancement in 
the bioinformatics field tools. Software developed by using these 
approaches targets for different drugs (Sliwoski et al., 2014). Due to 
the development in the field of chemoinformatics, in silico 
compound libraries are present even though the modern 
computational methods screened the properties of these 
compounds for drug-likeness (Terstappen and Reggiani, 2001). 
In this study, we used molecular docking for the overexpressed 
proteins against Estrogen Receptor Alpha for structure prediction of 
receptor-ligand complexes even though a protein receptor and 
ligand may be a small compound to attach to a receptor to show its 
activity (Kuntz et al., 1982). Molecular docking studies were 
explored as a tool used for drug discovery and lead optimization of 
those compounds that are attached to the proteins (Levinthal et al., 
1975 and Salemme, 1976). An in silico approach for molecular 
docking is also used to prescreen the virtual compounds database. 
All these protein molecules were docked in the same pocket. Four 
compounds were chosen from a library of 15,000 molecules and the 
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interaction analysis was used to further assess them. Lipinski's Rule 
of Five was applied to all the completed molecules (Chen et al., 
2020). Four completed compounds demonstrated the qualities 
required for a therapeutic candidate. The four compounds had a 
lower docking value and more stable bonding with the 
overexpressed Estrogen Receptor Alpha protein, according to the 
current study. 
In the current studies, the selected compounds showed the best 
docking scores along with closer interactions with the Estrogen 
Receptor Alpha protein as compared to the compounds first 
reported. Our studies showed that a comprehensive and integrated 
approach to the identification of novel inhibitors based on inhibitors 
of the Estrogen Receptor Alpha can serve as a starting point for the 
efficacy of these compounds for the in vitro test target. However, a 
more extensive description of compounds that interrelate is needed 
along with the permitted vibrant conformations over 100 ns MD 
simulations. These approaches are initially used to ensure safer and 
more practical inhibitors for the prevention of breast cancer. 

5. Conclusion 

In the current study, Mangostenone E, Exiguaflavanone M, 
Sanggenon A, and Flaccidine were identified as potential 
phytochemicals exhibiting good binding capability with Estrogen 
Receptor Alpha and found to possess all drug-like properties. Our 
present findings can be useful in designing and developing novel 
compounds with improved inhibitory action against breast cancer. 
However, in vitro and in vivo experimental analyses are strongly 
recommended to test for this study’s effectiveness. 
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