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 Estrogen receptor alpha (ERα) is an important therapeutic target in 

hormone-dependent breast cancer, prompting the investigation of natural 

compounds with potential receptor-binding activity. This study aimed to 

evaluate the binding affinities and molecular interaction profiles of six 

bioactive compounds reported in Faloak (Sterculia quadrifida R. Br.) stem 

bark against ERα. Ligand structures were retrieved from PubChem, while 

the three-dimensional structure of ERα was obtained from the Protein Data 

Bank (PDB ID: 3ERT). Molecular docking was performed using PyRx 

version 0.8, and selected binding poses were analyzed using BIOVIA 

Discovery Studio Visualizer. The co-crystallized ligand, 4-

hydroxytamoxifen, was used as the reference ligand. The docking scores 

of the tested compounds ranged from −7.1 to −8.6 kcal/mol, compared 

with −9.5 kcal/mol for 4-hydroxytamoxifen. Catechin-4-ol 3-O-α-L-

rhamnopyranoside exhibited the most favorable docking score among the 

tested compounds and formed interactions with Glu353, Leu387, Met343, 

Leu525, Met421, Phe404, and Leu391. The observed hydrogen-bonding 

and hydrophobic interactions showed similarities to the interaction profile 

of the reference ligand, supporting the prioritization of this compound for 

further investigation. These findings identify catechin-4-ol 3-O-α-L-

rhamnopyranoside as a promising computational candidate for further 

ERα-targeted research. However, molecular docking alone cannot 

establish receptor antagonistic activity or anticancer efficacy. Further 

molecular dynamics simulations and experimental studies are required to 

evaluate binding stability, biological activity, safety, and potential 

therapeutic relevance in breast cancer. 

 

 

 

 

INTRODUCTION 

Breast cancer is a malignant disease characterized by the uncontrolled proliferation of 

cells within breast tissue. The classification of breast cancer is generally determined by the type 

of breast cells undergoing malignant transformation (Feng et al., 2018). According to the latest 

GLOBOCAN report, breast cancer accounted for approximately 2.31 million new cases 

worldwide in 2022 and remains one of the leading causes of cancer-related mortality among 

women globally (Bray et al., 2024). Despite significant advances in diagnosis and treatment, 

breast cancer continues to represent a major public health challenge because of its high 

incidence and mortality. One of the most widely used therapeutic strategies for hormone-

dependent breast cancer involves targeting estrogen signaling pathways. 

Estrogen receptor alpha (ERα) is a nuclear hormone receptor that plays a crucial role in 

regulating cell proliferation, differentiation, and survival in breast tissue (Qi et al., 2002; 

Mutiah et al., 2021; Purwani et al., 2021). According to Mutia et al. (2020), overexpression or 

aberrant activation of ERα has been strongly associated with the development and progression 
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of breast cancer, making this receptor an important molecular target in anticancer drug 

discovery. Tamoxifen, a selective estrogen receptor modulator (SERM), has long been used as 

a standard endocrine therapy for ERα-positive breast cancer. Tamoxifen exerts its therapeutic 

effects through competitive binding to estrogen receptors and predominantly antagonizes 

estrogen signaling in breast tissue, thereby inhibiting estrogen-mediated tumor growth. 

However, despite its clinical effectiveness, tamoxifen exhibits partial agonist activity in 

endometrial tissue. This property has been associated with an increased risk of endometrial 

hyperplasia and endometrial cancer following prolonged use (Hamid et al., 2021). 

Consequently, the identification of novel ERα-targeting compounds with favorable efficacy 

and safety profiles remains an important objective in breast cancer research. 

Natural products have attracted considerable attention as valuable sources of novel 

therapeutic agents because of their structural diversity and broad range of biological activities. 

Indonesia, recognized as a megadiverse country, possesses a rich variety of medicinal plants 

that have long been used in traditional medicine. The use of medicinal plants represents an 

important component of indigenous knowledge that has been passed down through generations 

among Indonesian communities, including those in East Nusa Tenggara (NTT). This traditional 

practice is supported by the diversity of medicinal plant species found in NTT, particularly on 

Timor Island (Matheus, 2019). Among these plants, Faloak (Sterculia quadrifida R. Br.) is 

considered a promising medicinal species with potential pharmacological applications. 

Faloak (Sterculia quadrifida R. Br.) is an indigenous plant widely distributed in NTT, 

particularly on Timor Island. For generations, local communities have traditionally used Faloak 

stem bark to manage various diseases and health conditions. Ethnomedicinal reports indicate 

that Faloak bark has been used for its antimicrobial, antimalarial, hepatoprotective, and anti-

inflammatory properties, as well as for enhancing stamina and managing gastrointestinal 

disorders and lower back pain (Siswadi et al., 2016; Tenda et al., 2017). According to Saragih 

and Siswadi (2019), flavonoids are predominant constituents of Faloak stem bark and exhibit 

strong antioxidant activity, highlighting their potential as natural antioxidant agents. 

Furthermore, flavonoids have been reported to exert protective effects against various diseases, 

including cardiovascular disorders, cancer, and other degenerative conditions (John et al., 

2014; Ojha et al., 2018). Internationally, S. quadrifida is known as the orange-fruited kurrajong 

and has traditionally been used by Aboriginal communities in Australia for wound healing, 

mosquito-repellent applications, eye infections, and insect bites (Riwu et al., 2022). 

Several studies have highlighted the medicinal potential of Faloak because of its diverse 

secondary metabolites and associated biological activities. In addition to its traditional uses, 

Faloak has demonstrated antioxidant properties that may be relevant to the investigation of 

degenerative diseases, including diabetes mellitus, hepatitis, and cancer (Darojati et al., 2022). 

The presence of these bioactive constituents makes Faloak an attractive candidate for further 

investigation in drug discovery and development. Meanwhile, advances in computational 

approaches have accelerated the early stages of drug discovery. Among these approaches, in 

silico methods have become increasingly important for predicting potential compound–target 

interactions and prioritizing candidate molecules for subsequent experimental investigation. 

Molecular docking is a commonly employed computational technique in virtual 

screening and structure-based drug discovery (Ethica, 2019). It enables researchers to predict 

the preferred binding pose of a ligand within a receptor-binding site and estimate ligand–
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receptor interactions using docking scores or predicted binding affinities (Zhang et al., 2022). 

More favorable docking scores, which are often represented by more negative values, may 

indicate stronger predicted ligand–target interactions within a given docking protocol (Naufa 

et al., 2022). Molecular docking can also provide information about amino acid residues 

involved in ligand binding, thereby facilitating the identification of potentially important 

molecular interactions. However, docking results represent computational predictions and do 

not independently establish binding stability, receptor modulation, or biological activity. 

Despite growing evidence supporting the pharmacological potential of Faloak, studies 

investigating the interactions of its bioactive compounds with estrogen receptor alpha remain 

limited. Therefore, this study aimed to evaluate the predicted binding affinities and molecular 

interaction profiles of selected bioactive compounds from Faloak stem bark against ERα using 

molecular docking. The findings are expected to provide preliminary computational evidence 

for prioritizing Faloak-derived compounds for further investigation as potential ERα-targeting 

candidates in breast cancer research.  

 

METHOD 

Ligand Preparation 

The ligands used in this study were selected bioactive compounds identified from the stem bark 

of Faloak (S. quadrifida), namely (+)-catechin 7-O-beta-D-xyloside, catechin-4-ol 3-O-alpha-

L-rhamnopyranoside, epicatechin 5-O-beta-D-glucopyranoside-3-benzoate, icaceine, 

procyanidin C1, and quercetin 7-rhamnoside. Three-dimensional structures of all ligands were 

retrieved from the PubChem database (https://pubchem.ncbi.nlm.nih.gov) and downloaded in 

Structure Data File (.sdf) format. The selected compounds were chosen based on their reported 

occurrence in Faloak stem bark and their potential biological activities. 

Protein Preparation 

The target macromolecule employed in this study was Estrogen Receptor Alpha (ERα), a 

protein closely associated with the development and progression of hormone-dependent breast 

cancer. The crystal structure of ERα was obtained from the Protein Data Bank (PDB) under 

accession code 3ERT. The protein structure was downloaded in Protein Data Bank (.pdb) 

format. Protein preparation was conducted prior to molecular docking to ensure the accuracy 

of ligand–receptor interaction predictions. The preparation process included the removal of 

water molecules and separation of the co-crystallized native ligand from the receptor structure. 

The prepared protein structure was subsequently used as the docking receptor. 

Molecular Docking Simulation 

Molecular docking simulations were performed using PyRx version 0.8. The docking 

process involved the interaction between each test ligand and the prepared ERα receptor. 

Multiple binding conformations (poses) were generated during docking, and the most favorable 

pose was selected based on the lowest binding free energy (ΔG). 

Binding affinity values obtained from docking simulations were used as indicators of 

ligand–receptor interaction strength. More negative binding energy values indicate stronger 

and more stable interactions between the ligand and receptor. 

Interaction Analysis 

The best docking poses obtained from PyRx were further analyzed using BIOVIA 

Discovery Studio Visualizer. Both two-dimensional (2D) and three-dimensional (3D) 

https://pubchem.ncbi.nlm.nih.gov/
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interaction analyses were conducted to identify amino acid residues involved in ligand binding 

and to characterize the types of molecular interactions formed, including hydrogen bonds and 

hydrophobic interactions. 

 

RESULTS AND DISCUSSION  

Structural Characteristics of Estrogen Receptor Alpha 

The Estrogen Receptor Alpha (ERα) structure used in this study consisted of a single 

protein chain (Chain A) and contained a co-crystallized native ligand, namely 4-

hydroxytamoxifen. The presence of a native ligand is particularly important in molecular 

docking studies because it serves as a reference for evaluating ligand binding orientation and 

validating docking results. In addition, the ERα crystal structure exhibited a resolution of 1.90 

Å. According to structural biology standards, protein structures with crystallographic 

resolutions below 2.0 Å are generally considered suitable for molecular docking studies 

because they provide a highly accurate representation of atomic coordinates within the active 

site (Sarmoko et al., 2023). Therefore, the selected ERα structure was deemed appropriate for 

investigating the binding behavior of Faloak-derived compounds. 

 

 

 

 

(a) (b) (c) 

Figure 1. Three dimensional structures of the target protein and native ligand. (a) Protein 

structure prior to preparation; (b) protein structure after preparation; (c) native ligand 4-

hydroxytamoxifen. 

 

Molecular Docking Analysis 

Molecular docking generated several binding poses representing potential interactions 

between the ligands and amino acid residues of the target protein. The best pose was selected 

based on the lowest (most negative) binding affinity value, as this indicates a more stable 

interaction between the ligand and the receptor. The selected pose of each ligand was 

subsequently analyzed using BIOVIA Discovery Studio Visualizer to evaluate the interaction 

profile. The analyzed parameters included binding affinity values and the types of interactions 

formed between the ligands and amino acid residues of the receptor. The results of the binding 

affinity and amino acid residue interaction analyses are presented in the following table. 
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Table 1. Results of molecular docking of faloak plant compounds with receptors 

Ligand 
Binding Energy 

(ΔG) (kkal/mol 

Amino Acid Interactions 

 

4-hydroxytamoxifen -9,5 Met421, Leu384, Leu 525, Phe 404, 

Met388, Leu391, Leu346, Glu353, Leu349, 

Leu387, Ala350, Met343. 

(+)-catechin 7-O-beta-D-xyloside -7,6 Glu353, Met343, Leu525 

Leu346, Ala350, Arg394. 

catechin-4-ol 3-O-alpha-L-

rhamnopyranoside 

-8,6 Leu387, Glu353, Met343 

Leu525, Met421, Phe404 

Leu391, Trp383. 

epicatechin 5-O-beta-D-

glucopyranoside-3-benzoate 

-7,6 Met421, Met388, Leu346, Leu387, Trp383, 

Ala350, Leu525, Asp351. 

icaceine -7,9 Leu525, Trp383. 

procyanidin C1  -8,2 Glu380, Thr460, Leu525, Tyr526, Met522, 

Asn519, Cys381. 

quercetin 7-rhamnoside -7,1 Leu387, Met388, Arg394, Leu384, Ala350, 

Leu346, Leu525, Met522, Met343, Thr347. 

 

Receptors and ligands interact selectively based on the binding energy generated during 

ligand-receptor complex formation. A ligand with a lower binding energy is generally 

considered to have greater potential due to its stronger affinity for the target receptor. Binding 

energy represents the energy associated with the interaction between a ligand and its target 

receptor (Wulandari et al., 2023). Based on the molecular docking results, the native ligand, 4-

hydroxytamoxifen, exhibited a substantially lower binding free energy than the six compounds 

isolated from faloak, with a value of −9.5 kcal/mol. The binding free energy values of the tested 

faloak compounds were as follows: (+)-catechin 7-O-β-D-xyloside (−7.6 kcal/mol), catechin-

4-ol 3-O-α-L-rhamnopyranoside (−8.6 kcal/mol), epicatechin 5-O-β-D-glucopyranoside-3-

benzoate (−7.6 kcal/mol), icaceine (−7.9 kcal/mol), procyanidin C1 (−8.2 kcal/mol), and 

quercetin 7-rhamnoside (−7.1 kcal/mol). Among these compounds, catechin-4-ol 3-O-α-L-

rhamnopyranoside demonstrated the most favorable interaction with estrogen receptor alpha 

(ERα), as indicated by its relatively low binding free energy compared with the other five tested 

compounds. Furthermore, its binding free energy value was the closest to that of the native 

ligand. These findings suggest that bioactive compounds from faloak possess promising 

potential as candidates for breast cancer therapeutic agents. 

Analysis of Amino Acid Residue Interactions 

Visualization of docking results was performed using Discovery Studio Visualizer to 

investigate the molecular interactions established between each ligand and ERα. Interaction 

analysis provides valuable information regarding ligand stabilization within the receptor 

binding pocket and may contribute to the prediction of biological activity. 
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Figure 2. 4-hydroxytamoxifen best interacts with ERα 

 

 

Figure 3. (+)-catechin 7-O-beta-D-xyloside best interacts with ERα 

 

 

Figure 4. catechin-4-ol 3-O-alpha-L-rhamnopyranoside best interacts with ERα 

 

 

Figure 5. epicatechin 5-O-beta-D-glucopyranoside-3-benzoate best interacts with ERα 
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Figure 6. icaceine best interacts with ERα 

 

 

Figure 7. procyanidin C1 best interacts with Erα 

 

 

Figure 8. quercetin 7-rhamnoside best interacts with Erα 

 

Visualization of amino acid residue interactions (Figures 2–8) was performed to examine 

the molecular docking results, particularly the interactions between estrogen receptor alpha 

(ERα) and the test ligands derived from faloak (S. quadrifidaI) compounds. The chemical 

interactions formed during molecular docking can be used as indicators of the stability of the 

ligand–receptor complex. Furthermore, similarities in the interaction patterns between the test 

ligands and the native ligand within the target receptor suggest that the active compounds may 

possess inhibitory activity with strong binding affinity toward the receptor (Shofi, 2021). 

Based on the molecular docking results presented in the table, the interactions between 

the tested compounds and ERα were predominantly hydrophobic, accompanied by several 

hydrogen bond interactions involving specific amino acid residues. Hydrogen bonds were 

observed for (+)-catechin 7-O-β-D-xyloside and catechin-4-ol 3-O-α-L-rhamnopyranoside 

through the residue Glu353, as well as for quercetin 7-rhamnoside through Arg394. Glu353 is 

recognized as a key residue within the ERα binding pocket because it plays an important role 

in stabilizing the ligand–receptor complex through hydrogen bond formation. In addition, 

several compounds also interacted with Ala350, which contributes to the stability of ligand 

binding within the receptor active site. 
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Hydrophobic interactions were generally observed with residues Leu346, Leu387, 

Leu525, Met343, Met388, and Met421. The similarity of binding residues between the tested 

compounds and the native ligand, 4-hydroxytamoxifen, indicates a comparable interaction 

pattern within the ERα binding pocket. (+)-Catechin 7-O-β-D-xyloside exhibited interaction 

similarities with the native ligand at residues Glu353, Met343, Leu346, Ala350, and Leu525. 

Likewise, catechin-4-ol 3-O-α-L-rhamnopyranoside showed similar interactions at residues 

Leu387, Glu353, Met343, Leu525, Met421, Phe404, and Leu391. These similarities suggest 

that both compounds may possess favorable binding affinity toward ERα. 

Epicatechin 5-O-β-D-glucopyranoside-3-benzoate interacted with residues Met421, 

Met388, Leu346, Leu387, Trp383, Ala350, and Leu525, most of which are hydrophobic 

residues located within the receptor binding pocket. In contrast, icaceine interacted only with 

Leu525 and Trp383, resulting in a lower number of interactions compared with the other 

compounds. A lower number of interactions may affect the stability of the resulting ligand–

receptor complex. Unlike the other compounds, procyanidin C1 exhibited an interaction pattern 

involving residues outside the major ERα binding pocket, namely Glu380, Thr460, Tyr526, 

Met522, Asn519, and Cys381. This finding suggests that the binding position of procyanidin 

C1 may not be fully located within the principal binding pocket of the receptor. Meanwhile, 

quercetin 7-rhamnoside interacted with residues Leu387, Met388, Arg394, Leu384, Ala350, 

Leu346, Leu525, Met522, Met343, and Thr347. The interactions with Arg394 and Ala350 

indicate the potential contribution of both polar and hydrophobic interactions to the 

stabilization of the ligand–receptor complex. 

Comparison of Interaction Patterns with the Native Ligand 

Most of the tested compounds exhibited interaction patterns similar to those of the native 

ligand, 4-hydroxytamoxifen, particularly at residues Glu353, Leu346, Ala350, Leu387, and 

Leu525. These similarities indicate that the compounds derived from S. quadrifida may bind 

within the ERα binding pocket and therefore have potential for development as breast cancer 

therapeutic candidates targeting estrogen receptor alpha inhibition. According to Rahmadani et 

al. (2024), the presence of hydrogen bond interactions with residues Glu353 or Arg394 is 

indicative of antagonistic activity against ERα. Hydrophobic interactions also suggest that the 

compounds possess the ability to penetrate biological membranes, thereby facilitating effective 

binding to ERα. In addition, π-sigma interactions, including π-alkyl and π-sulfur interactions, 

contribute to strengthening ligand binding within the receptor binding site (Ruswanto et al., 

2024). Test ligands are predicted to exhibit strong binding affinity toward the target receptor 

when they are capable of forming hydrogen bonds and interacting with amino acid residues 

located in the receptor active site. The strength of these interactions can be evaluated by 

comparing the amino acid residue interaction patterns of the test ligands with those of the native 

ligand. Similarities in the amino acid residues involved in ligand–receptor interactions indicate 

the potential of the ligands to exert effective receptor inhibition (Iktiarani et al., 2024). 

Therefore, compounds derived from S. quadrifida may serve as promising candidates for breast 

cancer therapy due to their similarities in amino acid interaction profiles with the native ligand. 

 

CONCLUSION  

This study demonstrated that selected bioactive compounds from Faloak (Sterculia 

quadrifida R. Br.) stem bark exhibited favorable predicted interactions with estrogen receptor 
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alpha (ERα), an important molecular target in hormone-dependent breast cancer therapy. 

Among the investigated compounds, catechin-4-ol 3-O-α-L-rhamnopyranoside exhibited the 

most favorable docking score (−8.6 kcal/mol) and showed similarities in its interaction profile 

to the co-crystallized ligand, 4-hydroxytamoxifen. The compound interacted with several 

amino acid residues within the ERα binding site, including Glu353, Leu387, Met343, Leu525, 

Met421, Phe404, and Leu391. 

Overall, the findings suggest that bioactive compounds derived from Faloak stem bark, 

particularly catechin-4-ol 3-O-α-L-rhamnopyranoside, represent promising computational 

candidates for further investigation as ERα-targeting compounds. However, molecular docking 

alone cannot establish receptor antagonism or anticancer efficacy. Further molecular dynamics 

simulations and experimental studies are required to evaluate binding stability, receptor-

modulatory activity, biological efficacy, safety, and potential therapeutic relevance in breast 

cancer.  
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