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					ABSTRACT  

					ARTICLE INFO  

					Garlic (Allium sativum L.) and its derivatives have shown potential in controlling breast cancer,  

					reducing the undesirable side effects of anticancer agents, and increasing their anticancer  

					effectiveness. Computational research was conducted using various methods such as molecular  

					docking using PyRx and molecular dynamic using Desmond, Drug Scan using Lipinski's Rule of  

					Five, and toxicity analysis using the pkCSM website on garlic compound derivatives. The results  

					of molecular docking of 106 compounds showed that Ergosterol exhibited lower free energy at  

					the progesterone (1SQN) (-12.05 kcal/mol) and estrogen receptors (6PSJ) (-10.76 kcal/mol) than  

					tamoxifen (1SQN = -10.00 kcal/mol and 6PSJ = -10.42 kcal/mol). Furthermore, the results of the  

					100 ns molecular dynamic simulation revealed that Naringenin, which binds to the progesterone  

					receptor (1SQN), and Quercetin O-rhamnoside, which binds to the estrogen receptor (6PSJ), were  

					the most stable. Based on the toxicity test results, only the Ergosterol compound was found to be  

					hepatotoxic, while hyperin was toxic according to AMES parameters. Based on the study results,  

					Naringenin and Quercetin O-rhamnoside demonstrated the highest stability, making them  

					potential candidates as breast anticancer agents derived from garlic (Allium sativum L.)  
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					Additionally, this study evaluates the toxicity profiles and drug-likeness  

					of these compounds to ensure better therapeutic potential. By focusing on  

					these aspects, this research seeks to discover garlic-derived compounds  

					that surpass tamoxifen in terms of receptor stability, toxicity, and drug  

					similarity, offering promising candidates for breast cancer treatment.  

					Introduction  

					Breast cancer is the most commonly diagnosed cancer and the  

					leading cause of cancer-related deaths worldwide. In 2020, there were 2.3  

					million new cases and 685,000 deaths attributed to breast cancer.1 In  

					Indonesia, cancer is the primary cause of death, with 396,914 cases  

					reported and 234,511 deaths recorded in 2020. Breast cancer has the  

					highest incidence rate among all types of cancer in Indonesia, accounting  

					for 65,858 cases or 16.6% of all cancer cases reported in 2020.2  

					Materials and Methods  

					Materials and Tools  

					Garlic (Allium sativum L.) and its derivative compounds are potential  

					candidates for controlling breast cancer. Their ability to reduce unwanted  

					side effects of anticancer agents and garlic compounds are also  

					considered to have anticancer effectiveness.3 Several studies have  

					investigated the biological activities of garlic extracts and compounds,  

					including antibacterial, antiviral, antifungal, antiprotozoal, antioxidant,  

					anti-inflammatory, and anticancer properties. Furthermore, the chemical  

					properties of garlic have been extensively studied in the context of cancer  

					The equipment used is software and hardware. The software used are  

					AutodockTools-1.5.7 (The Scripps Research Institute, USA; Version  

					1.5.7, 2019) – Used for molecular docking and validated by re-docking  

					the native ligand into its receptor site, ensuring reliable RMSD values of  

					≤ 2 Å to confirm accuracy;5 Discovery Studio 2021 Client (Biovia,  

					Dassault Systèmes, France; Version 21.1, 2021) – Applied for receptor  

					and ligand preparation, including hydrogen addition and charge  

					treatment.4  

					These findings underscore the potential of garlic-based  

					calculations, essential for high-quality docking results;6  

					Molegro  

					treatments as an effective and safe approach for breast cancer  

					management and treatment.Previous research has primarily focused on  

					the anticancer activity of garlic (Allium sativum L.) against the HER-2  

					receptor (PDB code: 3PP0). However, limited studies have explored its  

					interactions with other critical breast cancer receptors, such as  

					progesterone and estrogen receptors, which play significant roles in  

					breast cancer progression. To address this gap, the current study aims to  

					identify the active compounds in garlic that exhibit stable and effective  

					interactions with progesterone (1SQN) and estrogen (6PSJ) receptors  

					through molecular docking and molecular dynamics simulations.  

					Molecular Viewer (Molegro ApS, Denmark; Version 7.0, 2015) – Used  

					for visualizing and separating receptor-ligand complexes, aiding in ligand  

					7

					preparation and structure validation;  

					Marvin Sketch 22.19.0  

					(ChemAxon, Hungary; Version 22.19.0, 2022) – Utilized for ligand  

					conformation optimization and protonation at physiological pH,  

					enhancing accuracy in molecular modeling; 8 PyRx (SourceForge, USA;  

					Release Year 2010) – A virtual screening tool used for molecular  

					docking, providing automated visualization and ranking based on binding  

					affinity scores; 9 Desmond Schrödinger LLC (Schrödinger, LLC, USA;  

					Academic version, 2021)  

					–

					Employed for molecular dynamics  

					simulations, calculating stability in protein-ligand complexes over 100 ns  

					with specific physiological parameters. Desmond’s accuracy in  

					simulating biological interactions is well-documented10 and in the form  

					of website-based programs such as Protein Data Bank (PDB), PubChem,  

					SAVES, Lipinski Rule of Five and pkCSM (University of Melbourne,  

					Australia; Web-based, 2015) – Used for toxicity prediction by assessing  

					mutagenic, hepatotoxic, and general toxicity parameters. This platform  

					provides reliable estimates for preliminary toxicity evaluation in drug  

					discovery. The hardware used is a laptop with AMD RYZEN 3 7320U  

					specifications with Radeon Graphics (8CPUs),⁓2.4GHz, 8192MB RAM  

					Corresponding author. E mail: ruswanto@universitas-bth.ac.id  

					Tel.: +6282121745574  

					Citation: Silalahi R, Pratita K T A, Ruswanto R. Potential of Garlic (Allium  

					sativum L.) Compounds as Antibreastcancer Candidates: Computational  

					Study. Trop  

					J

					Nat Prod Res. 2025; 9(4): 1519  

					–

					1532  

					https://doi.org/10.26538/tjnpr/v9i4.21  

					-

					1519  

					© 2025 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License  

				

			

		

		
			
				
					
				
			

			
				
					Trop J Nat Prod Res, April 2025; 9(4): 1519 - 1532  

					ISSN 2616-0684 (Print)  

					ISSN 2616-0692 (Electronic)  

					64-bit Operating System Windows 11. The materials used for this  

					research were 106 compounds from garlic plants obtained from Knapsack  

					(http://www.knapsackfamily.com/jamu/top.php) and downloaded from  

					PubChem (https://pubchem.ncbi.nlm.nih.gov/). Progesterone Receptor  

					(1SQN), and Estrogen Receptor (6PSJ) were obtained from the website  

					(http://www.rcsb.org/) Protein Data Bank (PDB).  

					(http://biosig.unimelb.edu.au/pkcsm/predictin) to estimate chemical  

					toxicity.16  

					Results and Discussion  

					Receptor Analysis and Preparation  

					Receptor analysis is the first step in the docking process, which involves  

					analyzing the progesterone receptor with the PDB code 1SQN and the  

					estrogen receptor with the PDB code 6PSJ for breast cancer. The structure  

					of each receptor (Figure 1) was downloaded from the Protein Data Bank  

					(PDB) and saved in .pdb file format. Then the following analysis was  

					carried out using PROCHECK, Verify 3D, and ERRAT.The first analysis  

					is to check the structural stereochemical properties of the receptor that  

					will be used. The program used is PROCHECK via the website  

					https://www.ebi.ac.uk/thornton-srv/databases/pdbsum/.  

					Receptor Analysis and Preparation  

					Receptor analysis was carried out by examining the PDB protein profile  

					with  

					the  

					receptor  

					PDB  

					code  

					on  

					the  

					website  

					(https://www.ebi.ac.uk/thornton-srv/databases/pdbsum/). Selected breast  

					cancer receptors were downloaded via the Protein Data Bank (PDB)  

					website (http://www.rcsb.org/) in .pdb format. Next, the water molecules  

					and conformers are removed, followed by separating the receptor from  

					the native ligand using the Molegro Molecular View application,  

					followed by the preparation of the receptor and ligand by adding  

					hydrogen and charge using the Discovery Studio 2021 Client application,  

					then saving in PDB format.11  

					Table 1: Grid Box Coordinates and RMSD Validation Results  

					Method Validation  

					Grid Box  

					PDB  

					RMSD (Å)  

					To assess the validity of the docking method, the AutoDockTools  

					application was employed to re-dock the native ligand to its receptor after  

					it was separated. The receptors were composed of grid boxes with sizes  

					and coordinates that were tailored to match those of the native ligand. The  

					outcome of this process was determined by calculating the Root Mean  

					Square Deviation (RMSD) in angstroms (Å), whereby a value of ≤ 2 Å  

					was considered acceptable.12  

					X

					Y

					Z

					1SQN  

					6PSJ  

					25.869 1.417  

					-2.357 0.53  

					22.724 -27.633 -2.077 0.63  

					Table 2: Molecular Docking Results of the 5 Best Test  

					Compounds Based on Bond Energy  

					Ligand Preparation  

					Ligand compounds were downloaded via PubChem. Then, conformation  

					and protonation optimization at pH 7.4 will be carried out using Marvin  

					Sketch. This procedure is carried out on all compounds from the garlic  

					plant, which are then stored in .mol2 format.13  

					Receptor Compound  

					∆G (kcal/mol) KI (μM)  

					1SQN  

					Native ligand (NDR)  

					-10.68  

					-10.00  

					-12.05  

					-10.06  

					14.84  

					46.54  

					1.59  

					42.38  

					213.98  

					278.97  

					385.15  

					72.49  

					22.95  

					1.48  

					Tamoxifen  

					Ergosterol  

					Tetracycline  

					Molecular Docking  

					PyRx is a virtual software software for computational drug design that  

					screens complex libraries for drug targets. PyRx also includes automated  

					visualization capabilities essential for structure-based drug design.  

					Molecules are docked and placed based on energy score and RMSD. The  

					best molecules are selected for further study. All ligands are subjected to  

					docking via PyRx, and the resulting molecular complexes are ordered  

					based on their binding affinity, with the lowest energy being assigned the  

					highest priority.14 the collected results are then compiled, visualized, and  

					analyzed using the Discovery Studio Visualizer tool.15  

					Quercetin O rhamnoside -9.10  

					Hyperin  

					-8.94  

					Naringenin  

					Native ligand (29S)  

					Tamoxifen  

					-8.75  

					6PSJ  

					-13.83  

					-10.42  

					-10.76  

					Ergosterol  

					Quercetin O rhamnoside -9.49  

					110.71  

					157.65  

					370.97  

					399.37  

					Gentamicin  

					Apigenin  

					Naringenin  

					-9.15  

					-8.78  

					-8.73  

					Molecular Dynamics  

					The docking results are used to calculate the stability of the protein-ligand  

					binding relationship in molecular dynamics simulations. Several factors,  

					including changes in compound conformation, water molecules, cofactor  

					ions, compound protonation, and solvent entropy, influence molecular  

					dynamics simulation results. The structure of the best candidate garlic  

					compound for breast cancer receptors was determined using molecular  

					dynamics simulations using Desmond Schrödinger LLC software. The  

					TIP3P water model simulates physiological ion concentrations using 0.15  

					M NaCl. Molecular dynamics simulations were carried out in an  

					orthorhombic box with buffer dimensions of 10 Å × 10 Å × 10 Å at a  

					temperature of 300 K and 1.01325 bar using the NPT ensemble (constant  

					temperature and constant pressure ensemble). Each simulation was run  

					for 100 ns with a recording interval of 1.2 ps.16  

					(a)  

					(b)  

					Figure 1: Structure of (a) Progesterone Receptor (1SQN) (b)  

					Estrogen Receptor (6PSJ)  

					Ligand-based drug-likeness screening (Drug scan)  

					A drug Scan was carried out on the best garlic compounds. The analysis  

					was carried out taking into account the rules of good medicine (Lipinski's  

					Rule of Five), including lipophilicity ˂ 5, molecular weight ˂ 500 g/mol,  

					hydrogen bond donor ˂ 5, molar refraction between 40-130 and hydrogen  

					bond acceptor ˂ 10. These parameters can be determined using the  

					website http://www.scfbioiitd.res.in/software/drug design/lipinski.jsp.17  

					PROCHECK provides the model-predicted stereochemical quality and  

					analyzes the overall model geometry, residue by residue.18,19 The  

					parameters used to determine the ideal quality of a protein structure based  

					on the Ramachandra plot are more than 90% of the amino acid residues  

					in the most favored region and less than 0.8% in the disallowed area.20-25  

					The Ramachandra receptor plot analysis results, illustrated in Figure 2,  

					reveal that the progesterone and estrogen receptors exhibit a high  

					percentage of amino acid residues in the most favored regions, with  

					values of 94.9% and 94.8%, respectively. Additionally, the amino acid  

					residues in the additional allowed regions for progesterone and estrogen  

					receptors are found to be 4.9% and 5.2%, respectively.  

					Toxicity Prediction  

					The toxicity of garlic compounds was determined using the pkCSM  

					online tools website. The best garlic compound structures are translated  

					into SMILES format. In this SMILES format, compounds are processed  

					using  

					the  

					online  

					tool  

					pkCSM  

					1520  
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					Table 3: Analysis of Molecular Docking Results of Progesterone Receptors  

					Hydrophobic Bond  

					Compound  

					Hydrogen Bond  

					Quantity Amino Acid Residues  

					Native  

					(NDR)  

					Tamoxifen  

					ligand MET A:759 a  

					10  

					10  

					11  

					5

					MET A: 756a, CYS A: 891 a, PHE A: 795, LEU A: 718 a, TYR A: 890, LEU A:  

					797, VAL A: 760, LEU A: 715, MET A: 801 a, LEU A: 887  

					-

					CYS A:891 a, GLN A: 725, ARG A: 766, LEU A: 718 a, MET A: 759, MET A:756  

					a, VAL A: 760, MET A: 801 a, LEU A: 797, LEU A:887  

					Ergosterol  

					CYS A:891  

					LEU A: 721, PHE A: 778, MET A: 759, LEU A: 718*, LEU A: 763, MET A:801  

					a, LEU A:887, VAL A:760, MET A:756*, LEU A:797, PHE A:905  

					Tetracycline  

					ARG A:766, GLN A:725, ASN  

					A:719  

					MET A:756  

					CYS A: 891 a, LEU A:887, MET A: 756 a, VAL A: 760, MET A: 909  

					Quercetin  

					rhamnoside  

					Hyperin  

					O

					10  

					VAL A:760, LEU A: 887, MET A: 801 a, PHE A: 778, LEU A: 797, CYS A: 891  

					a, TYR A:890, LEU A: 721, MET A:759, LEU A:718  

					ARG A:766, GLN A:725  

					ARG A:766, MET A:759 a, ASN  

					A:719, LEU A: 887  

					5

					3

					MET A: 801, PHE A: 778, LEU A: 718 a, PHE A: 905, CYS A: 891 a  

					Naringenin  

					PHE A: 778, LEU A: 763, CYS A: 891 a  

					a indicate the same interaction as native ligand.  

					Table 4: Analysis of Molecular Docking Results of Estrogen Receptors  

					Hydrophobic Bond  

					Compound  

					Hydrogen Bond  

					Quantity Amino Acid Residues  

					a

					a

					Native  

					(29S)  

					ligand ARG A:394 , HIS A:524 , 13  

					GLU A:353, GLY A: 521  

					LEU A: 354, TRP A: 383, LEU A: 346 a, LEU A: 525, ILE A: 424, LEU A: 384, MET  

					A: 388, LEU A: 387, LEU A: 391, PHE A: 404 a, TRP A: 383, ALA A: 350 a, LEU A:  

					354  

					Tamoxifen  

					-

					9

					ALA A: 350 a, LEU A: 349, LEU A: 387, LEU A: 346 a, LEU A: 525, LEU A: 384,  

					ILE A: 424, LEU A: 391, PHE A: 404 a  

					Ergosterol  

					Quercetin  

					rhamnoside  

					Gentamicin  

					Apigenin  

					-

					6

					8

					LEU A: 345, TRP A:383, LEU A: 525, LEU A: 387, ALA A: 350, LEU A: 536  

					GLY A: 521, LEU A: 346 a, PHE A: 404 a, MET A: 388, LEU A: 384, LEU A: 387,  

					LEU A: 525, ALA A: 350 a  

					O

					ARG A:394 a, THR A:347  

					-

					4

					7

					PHE A: 404 a, LEU A: 346 a, LEU A: 525, ASP A: 351  

					LEU A: 525, LEU A: 384, ILE A: 424, LEU A: 391, PHE A: 404 a, LEU A: 387, MET  

					A: 388  

					a

					ALA A:350, ARG A:394 ,  

					HIS A:524 a  

					Naringenin  

					ARG A: 394 a, HIS A:524 a,  

					LEU A:387, LEU A:346  

					7

					ALA A: 350a, LEU A: 391, PHE A: 404a, ILE A: 424, LEU A:384, LEU A: 525, GLY  

					A: 521  

					Table 5: Average Receptor-Ligand RMSD and RMSF Values  

					Average  

					Receptor  

					Compound  

					RMSD (Å)  

					3.065  

					RMSF (Å)  

					1.299  

					Native ligand (NDR)  

					Tamoxifen  

					3.809  

					1.516  

					Ergosterol  

					Tetracycline  

					2.809  

					3.757  

					1.288  

					1.242  

					Progesterone  

					(1SQN)  

					Quercetin O rhamnoside  

					2.959  

					1.485  

					Hyperin  

					Naringenin  

					2.915  

					2.705  

					1.230  

					1.320  

					Native ligand (29S)  

					3.442  

					1.507  

					Tamoxifen  

					Ergosterol  

					Quercetin O rhamnoside  

					Gentamicin  

					Apigenin  

					3.461  

					3.510  

					2.643  

					2.870  

					3.663  

					3.818  

					1.251  

					1.267  

					1.244  

					1.101  

					1.631  

					1.468  

					Estrogen (6PSJ)  

					Naringenin  

					Table 6: Drug Scan Results for Best Test Compounds  

					Parameter  

					Molecular Hydrogen  

					Weight Donor  

					<500g/mol < 5  

					Hydrogen  

					Acceptor  

					< 10  

					1

					9

					Log  

					P

					/

					Molar  

					No  

					Compound  

					Lipophilicity Refraction  

					< 5  

					7.33  

					-2.49  

					2.42  

					-0.05  

					40 - 130  

					123.48  

					105.58  

					130.63  

					77.14  

					1.  

					2.  

					3.  

					4.  

					Ergosterol  

					Tetracycline  

					Quercetin O rhamnoside  

					Hyperin  

					396  

					443  

					578  

					312  

					1

					6

					8

					5

					14  

					6
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					5.  

					6.  

					7.  

					Apigenin  

					Gentamicin  

					Naringenin  

					268  

					482  

					272  

					1

					16  

					3

					5

					7

					5

					1.22  

					-7.53  

					2.50  

					68.08  

					113.61  

					70.19  

					Table 7: Toxicity Profile of Best Test Compound  

					Toxicity Parameters  

					AMES Toxicity  

					Compound  

					LD50  

					Hepatotoxicity  

					Ergosterol  

					Hyperin  

					-0.104  

					2.601  

					-0.104  

					2.601  

					-0.104  

					2.601  

					-0.104  

					No  

					Yes  

					No  

					No  

					No  

					No  

					No  

					Yes  

					No  

					No  

					No  

					No  

					No  

					No  

					Tetracycline  

					Apigenin  

					Gentamicin  

					Naringenin  

					Quercetin O rhamnoside  

					(a)  

					(b)  

					Figure 2: Ramachandran Plot (a) Progesterone Receptor (1SQN) (b) Estrogen Receptor (6PSJ)  

					The generously allowed regions of the progesterone receptor contain  

					61.3% of residues with an average 3D-1D value >= 0.1. A protein  

					structure is considered good quality if the number of amino acid residues  

					has a 3D/1D profile value of >= 0.1, more than 80%.26-30  

					amino acid residues worth 0.2%, while the estrogen receptor does not  

					contain any residues in this region. Notably, both receptors exhibit 0%  

					amino acid residues in the disallowed region. Additional protein quality  

					analysis was conducted using the ERRAT and Verify3D programs, which  

					are included on the website https://saves.mbi.ucla.edu/. The obtained data  

					from the VERIFY3D program is presented in Figure 3. The results of the  

					VERIFY3D parameter test indicated that the progesterone receptor  

					produced a value of 73.49% of residues, which had an average 3D-1D  

					value of >= 0.1. In comparison, the estrogen receptor had a value of  

					The ERRAT program studies the relative frequency of noncovalent  

					interactions between different types of atoms. ERRAT is a development  

					of the 3D profile technique from the previous VERIFY3D program,  

					which concentrates on the residue and atomic levels. These statistics  

					determine the error function. The two error level lines (95% and 99%)  

					visible in the Figure allow the rejection of areas that exceed the error  

					value. High-resolution structures typically yield values of 95% or  

					more.31,32 The percentage of proteins with calculated values below the  
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					(a)  

					(b)  

					(a)  

					Figure 3: VERIFY3D Results (a) Progesterone Receptor (1SQN) (b) Estrogen Receptor (6PSJ)  

					(b)  

					Figure 4: ERRAT Results from (a) Progesterone Receptor (1SQN) (b) Estrogen Receptor (6PSJ)  

					95% rejection limit for each receptor is 98.337%, and 99.535% is the total  

					ERRAT quality factor value for progesterone and estrogen receptors,  

					respectively, which can be seen in Figure 4.  

					Isolated for separate preparation. To enhance the accuracy of the charge  

					and improve the bond energy, the Biovia Discovery Studio Visualizer  

					application was utilized to add hydrogen and calculate partial atomic  

					charges using the Gasteiger method.36-39  

					The selection of PDB codes for both progesterone and estrogen receptors  

					was carried out using the Research Collaboratory for Structural  

					Bioinformatics (RCSB) Protein Data Bank (PDB) website  

					https://www.rcsb.org/ during the initial stages of receptor preparation.33-  

					Methods Validation  

					Validation is carried out using the pose selection method, a commonly  

					used technique for re-docking compounds with known conformations and  

					orientations into the target active site, usually from a cocrystal structure.  

					The program is considered successful if it can return a pose below a pre-  

					selected Root Mean Square Deviation (RMSD) value from a known  

					35  

					Subsequently, the estrogen receptor was assigned the PDB code 6PSJ,  

					while the progesterone receptor was assigned the PDB code 1SQN. Water  

					molecules and cofactors were removed from the proteins to avoid  

					performance degradation and prevent the production of unreliable  

					molecular docking results. Additionally, native ligands were  
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					against 6PSJ. The grid size used is the default grid size (40x40x40 Å) and  

					spacing 0.375. The coordinates of the grid center point (x, y, z) for each  

					receptor are listed in Table 1. After molecular docking validation, it was  

					discovered that the RMSD values of the re-docked natural ligands were  

					0.53 and 0.63 Å for the progesterone receptor and estrogen sequentially.  

					An overlay visualization of the natural model before and after molecular  

					docking validation is presented in Figure 5.  

					Ligand Preparation  

					Next, ligand preparation was carried out using the ChemAxon Marvin  

					Sketch application. Several steps are carried out; firstly, the ligand will  

					be cleaned in two dimensions to produce the correct bond distance;  

					secondly, protonation is carried out at blood pH 7.4 so that it adapts to  

					the body's pH condition; thirdly, confirmation is carried out using the  

					Merck Molecular Force Field (MMFF94) because it is a field a versatile  

					style that can handle a wide variety of structures well. The application of  

					MMFF94 was carried out because it can help find stable conformational  

					systems. The search for conformations involves changes in molecular  

					geometry and energy minimization. This is often an essential step in  

					reaction modeling research.11,47,48 The final step used is to look for bonds  

					that can rotate and create a torsion tree. This is done to find a place or gap  

					where the ligand can conform when molecular docking is carried out.  

					This is done using the AutoDock Tool application.49  

					(a)  

					Molecular Docking  

					(b)  

					The coordinates of the center point of the grid box and the same grid box  

					size are used during validation. The results obtained are listed in Table 2  

					for the five compounds with the lowest bond energy values, while the  

					complete results for all test compounds are in the supplement.  

					Figure 5: The 3D overlay visualization of natural ligands (14  

					beta,17 alpha)-17-ethynyl-17-hydroxyestr-4-en-3-one (NDR) (a)  

					and Bazedoxifene (29S) (b) before (yellow) and after (red )  

					validation of molecular docking  

					The molecular docking results showed that the progesterone receptor test  

					compound gave lower results than estrogen. This can be seen in Table 2,  

					which shows the five best test compounds from the results of molecular  

					docking of all test compounds against progesterone and estrogen  

					receptors. In sequence, the best binding energies of the test compounds  

					to the progesterone receptor are Ergosterol, Tetracycline, Quercetin O  

					rhamnoside, Hyperin, and Naringenin, each of which has a binding  

					energy value of -12.05, -10.06, -9.10, -8.94, and -8.75 kcal/mol  

					respectively. Meanwhile, the five best compounds that have the lowest  

					binding energy values to the estrogen receptor are Ergosterol, Quercetin  

					O rhamnoside, Gentamicin, Apigenin, and Naringenin, each of which has  

					a binding energy value of -10.76, -9.49, -9.15, -8.78 and -8.73 kcal/mol.  

					For the Native ligand, the progesterone receptor with Native ligand (14  

					beta, 17 alpha)-17-ethynyl-17-hydroxyestr-4-en-3-one has a binding  

					energy value of -10.68 kcal/mol, while the comparison drug used, namely  

					tamoxifen, has value -10.00 kcal/mol. The molecular docking result for  

					the Native ligand of the estrogen receptor was -13.83 kcal/mol, and  

					tamoxifen produced a value of -10.42 kcal/mol. Based on these results,  

					only Ergosterol and Tetracycline have lower binding energy values than  

					tamoxifen as a comparison drug, and only Ergosterol has a lower value  

					than the Native ligand towards the progesterone receptor.  

					(a)  

					On the other hand, only Ergosterol has a lower binding energy value than  

					Native ligands and tamoxifen to the estrogen receptor. Data on molecular  

					docking results for Native ligand and tamoxifen against both receptors  

					are in Table 3. A low value can be interpreted as a high dissociation  

					constant value, which is a value that takes into account how tightly the  

					ligand binds to the receptor. In other words, the lower the bond energy  

					value indicates the desired bond and a high bond affinity.50 Following the  

					value of binding affinity, the value of the inhibition constant of the five  

					best test compounds also has a similar value order. The Ergosterol  

					compound showed a lower inhibition constant value than the Native  

					ligand and tamoxifen at both receptors. In the progesterone receptor,  

					native ligand and tamoxifen have inhibition constant values of 14.84 and  

					46.54 μM. Meanwhile, the test compound has a value of 1.59, 42.38,  

					213.98, 278.97, and 385.15 μM respectively for the compounds  

					(b)  

					Figure 6: The 2D (left) and 3D (right) Visualization of  

					Compounds (a) Naringenin Against Progesterone Receptors and  

					(b) Quercetin o rhamnoside Against Estrogen Receptors  

					conformation.40 The RMSD value between the crystal and the predicted  

					structure is widely used to confirm whether the short-range docking pose  

					is predicted through docking simulations. RMSD values less than 2 Å  

					were considered valid. RMSD is calculated by calculating the root mean  

					square deviation (RMSD) for each pose concerning its conformation in  

					the crystal structure.41-44, 11 The Lamarckian genetic algorithm (LGA) is  

					also used in the docking parameters. LGA incorporates local search based  

					on traditional genetic algorithms, which makes it more efficient in  

					determining ideal docking positions.45,46 Each receptor was validated by  

					re-docking its native ligand, namely (14beta,17alpha)-17-ethynyl-17-  

					hydroxyestr-4-en-3-one (NDR) against 1SQN and Bazedoxifene (29S)  

					Ergosterol, Tetracycline, Quercetin  

					O

					rhamnoside, Hyperin, and  

					Naringenin. Not much different from the results for the progesterone  

					receptor, the order of inhibition constants for the five best test compounds  

					against the estrogen receptor remains the same namely only the  

					Ergosterol compound has a higher value than the Native ligand and  

					tamoxifen.  
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					Figure 11: The RMSD Naringenin-Progesterone and Quercetin O rhamnoside-Estrogen  

					(a)  

					(b)  

					Figure 12: The RMSF Graph and Contact Residues in Compounds (a) Naringenin-Progesterone and (b) Quercetin O rhamnoside-Estrogen  

					the enzyme; therefore, a lower Ki suggests that a lower inhibitor  

					The five test compounds had an inhibition constant value of 1.48, 110.71,  

					concentration is required to achieve  

					a

					given level of enzyme  

					157.65, 370.97, 399.37 μM for the compounds Ergosterol, Quercetin O  

					rhamnoside, Gentamicin, Apigenin, and Naringenin, respectively. A  

					lower Ki indicates a stronger binding affinity between the inhibitor and  

					inhibition.20,40 The 2D and 3D analysis data of the progesterone receptor  

					shown in Table 3 and Figure 6 shows that the native ligand only makes  
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					one conventional hydrogen bond, namely with the amino acid residue  

					MET A:759, while tamoxifen as a comparison drug does not form  

					conventional hydrogen bonds. For the test compound, naringenin is the  

					compound that forms the most hydrogen bonds, namely four bonds with  

					the amino acid residues ARG A:766, MET A:759, ASN A:719, and LEU  

					A:887. The compound with the highest number of hydrogen bonds, both  

					hydrogen bonds, is tetracyclinee with 3 bonds to the amino acid residues  

					ARG A:766, GLN A:725, and ASN A:719. Furthermore, the hyperin  

					compound was ranked 3rd by forming two hydrogen bonds on the amino  

					acid residues ARG A:766 and GLN A:725. Two other compounds,  

					Ergosterol, and Quercetin O rhamnoside, form 1 hydrogen bond with the  

					respective amino acid residues CYS A: 891 and MET A: 756.  

					(a)  

					(b)  

					Figure 13: Protein-Ligand Contact Graphs (a) Naringenin-Progesterone and (b) Quercetin O rhamnoside-Estrogen  

					(a)  

					(b)  

					Figure 14: Ligand properties of compounds (a) Naringenin-Progesterone and (b) Quercetin O rhamnoside-Estrogen  
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					From these data, it can be seen that the compound naringenin has the most  

					hydrogen bonds even though the bond energy yield and the inhibition  

					constant are in the fifth order; this shows strong data that this compound  

					can form stable bonds as evidenced by the number of hydrogen bonds  

					produced. Apart from that, other compounds can also form hydrogen  

					bonds in the same or more significant number than the native ligand and  

					tamoxifen.  

					Hydrogen bonds typically have a distance of 2.5–3.2 Å and an angle of  

					130–180°. The direction and environment of hydrogen bonds determine  

					their strength. Hydrogen bonds on the inside of proteins are more potent  

					than in areas exposed to solvent. Ionic bonds are also crucial for ligand-  

					protein binding, but their strength is greatly reduced in water because of  

					shielding. Apart from hydrogen bonds, Van Der Wals forces are also  

					formed. The contribution of hydrophobic interactions to protein-ligand  

					binding is usually considered to be proportional to the size of the buried  

					hydrophobic surface during complex formation. Hydrophobic  

					interactions are also considered to be the main driving force of receptor  

					conformational changes upon ligand binding. One of the hydrophobic  

					interactions is the Van Der Waals force.51,39  

					According to the data obtained from 2D and 3D analysis of the estrogen  

					receptor, as presented in Table 4 and Figure 6, it can be inferred that the  

					native ligand of the estrogen receptor establishes four hydrogen bonds  

					with specific amino acid residues, namely ARG A: 394, HIS A: 524, GLU  

					A: 353, and GLY. A: 521. In contrast, tamoxifen does not form any  

					hydrogen bonds. Notably, two of the top five test compounds, Ergosterol,  

					and gentamicin, also lack hydrogen bonds with the estrogen receptor.  

					Conversely, the compound with the highest number of hydrogen bonds is  

					naringenin, which forms four bonds with the ARG A amino acid residue;  

					394, HIS A:524, LEU A:387, and LEU A:346. Similarly, apigenin  

					establishes three hydrogen bonds with the Ala A: 350, ARG A: 394, and  

					HIS A: 524 amino acid residues. Finally, Quercetin O rhamnoside forms  

					two hydrogen bonds with the amino acid residues ARG A:394 and THR  

					A:347. Notably, the data suggests that the amino acid residues ARG  

					A:394 and HIS A:524 are present in each compound that establishes  

					hydrogen bonds.  

					calculated for each period to assess the stability and proper balance of the  

					simulated system. Therefore, high RMSD values will be associated with  

					significant instability related to the conformational changes of the  

					discussed molecules.56,57 In MD simulations, it was found that RMSF  

					showed substantial changes, especially at the N and C ends of the protein.  

					In contrast, minimal changes were seen in the areas where amino acids  

					and ligands interact. These observations indicate that the ligand is more  

					flexible in the terminal region, and the binding site is more stable.58 In  

					other words, lower RMSD and small fluctuations in RMSF are reasonable  

					indications of system stability.59  

					Progesterone Receptor (1SQN)  

					The MD data obtained for the progesterone receptor complex against the  

					ligand are shown in Figure 7. Based on the average RMSD obtained,  

					naringenin is the test compound with the lowest value, 2.705 Å, followed  

					by Ergosterol, Hyperin, Quercetin O rhamnoside, and Tetracycline.  

					Based on the order above, each test apart from naringenin has a value of  

					2.809, 2.915, 2.959, and 3.757 Å. Compared with the Native ligand, 4 of  

					the 5 test compounds have better values because the Native ligand (NDR)  

					value is 3.065 Å. Only the tetracycline compound has a value that is no  

					better than the native ligand (NDR). Meanwhile, when compared with the  

					comparison drug, namely tamoxifen, all test compounds have better  

					values because tamoxifen has a value of 3.809 Å. The average RMSD  

					and RMSF values of the ligand-receptor complex can be seen in Table 5.  

					During the molecular dynamics (MD) simulation, the Quercetin O  

					rhamnoside compound exhibited fluctuations for up to 60 ns, whereas the  

					tetracycline compound only experienced fluctuations for up to 30 ns. The  

					other compounds in the simulation can be considered to have relatively  

					stable MD simulation time courses.  

					Naringenin and hyperin are the two compounds that have the best  

					stability. As a comparison drug, tamoxifen shows fluctuations in the 50  

					to 70 ns while Native ligand shows fluctuations only in the first 20 ns.  

					Next is the analysis of the RMSF data, which can be seen in Figure 8. It  

					can be seen that all the test compounds have fluctuations in the identical  

					amino acid residues. Based on the average RMSF, hyperine is the  

					compound with the lowest average, namely 1.320 Å, followed by  

					Tetracyclin (1.242 Å), third Ergosterol (1.288 Å), Naringenin (1.320 Å)  

					and finally Quercetin O rhamnoside (1.485 Å). Native ligand (NDR) has  

					a value of 1.299 Å, whereas only Hyperin, Tetracyclin, and Ergosterol  

					compounds have better values than Native ligand (NDR). Furthermore,  

					when compared with tamoxifen with a value of 1.516 Å, all test  

					compounds have better values. Tamoxifen has relatively different  

					fluctuations from other compounds at amino acid residue number 162.  

					In the study of the Progesterone Receptor (1SQN) complex, several  

					significant findings emerged. The molecular dynamics (MD) simulation  

					revealed that among the tested compounds, Naringenin exhibited the  

					lowest average RMSD value (2.705 Å), indicating it as the most stable  

					compound in binding to the receptor compared to other candidates,  

					including the native ligand (NDR) with an RMSD of 3.065 Å, and  

					tamoxifen with an RMSD of 3.809 Å. Additionally, Naringenin formed  

					multiple hydrogen bonds with amino acid residues in the receptor,  

					specifically with ARG A:766, MET A:759, ASN A:719, and LEU A:887,  

					contributing to its stability. In contrast, tamoxifen, used as a comparative  

					drug, did not form conventional hydrogen bonds, indicating a less stable  

					interaction profile than Naringenin. The RMSF analysis further supported  

					Naringenin's stability, with minimal fluctuations observed in the binding  

					site regions, showing consistent binding and minimal deviation  

					throughout the simulation. These results position Naringenin as a leading  

					candidate for further development, as it demonstrated superior interaction  

					stability with the progesterone receptor compared to both the native  

					ligand and tamoxifen.40,59,60  

					Molecular Dynamics  

					Molecular Dynamics (MD) simulations have become a widely used  

					computational tool to study the dynamic behavior of biomolecules at the  

					atomic level. These simulations are based on physical models that  

					describe the interactions between atoms and allow us to predict the  

					movements of individual atoms in a protein or other molecular system  

					over time. MD simulations have greatly expanded our understanding of  

					critical biomolecular processes, such as conformational changes, ligand  

					binding, and protein folding, with the ability to reveal the positions of all  

					atoms at femtosecond temporal resolution. It is important to note that  

					such simulations can also predict how biomolecules will respond (at the  

					atomic level) to perturbations such as mutation, phosphorylation,  

					protonation, or addition or removal of ligands. Data was also obtained  

					regarding the stability of the ligand to the protein in space and time  

					parameters. This can anticipate data from molecular docking results,  

					which only carry out simulations with the position of the receptor not  

					being able to carry out a conformation like a ligand or in other words not  

					being able to carry out a conformation like a ligand or in other words  

					being in an inflexible (rigid) position.44 In the simulation, various  

					parameters were applied to create a realistic representation of the system  

					under consideration. Specifically, the TIP3P solvent model, characterized  

					by a grid size of 10x10x10 Å with orthorhombic shape, was utilized.  

					Additionally, 0.15 M NaCl salt was introduced as anions and cations. The  

					simulation was conducted at a temperature of 300 K, pressure of 1.01325  

					bar, and in the NPT ensemble with a simulation time of 100 ns. Notably,  

					the Transferable Intermolecular Potential 3P (TIP3P) model is a widely  

					used and robust rigid 3-point water model compatible with lipid force  

					fields and frequently applied in biological simulations.44,52,53 the NPT  

					ensemble algorithm was employed to ensure that the simulated  

					environmental conditions were carried out isothermally and isobarically.  

					This algorithm is convenient for most real-life applications, as the  

					pressure and temperature are usually known.54,55  

					Estrogen Receptor (6PSJ)  

					The interaction between the ligand-estrogen receptor complex in Figure  

					9 shows that during the 100 ns simulation, all compounds except  

					Gentamicin showed fluctuations in the first 15 ns. Gentamicin is the  

					compound with the most stable and graph compared to all test  

					compounds, Native ligand (29S) and tamoxifen.  

					Many data can be obtained through molecular dynamic simulations,  

					including RMSD and RMSF. RMSD (Root Mean Square Deviation) is  

					Based on the average root mean square deviation (RMSD), Quercetin O  

					rhamnoside has a lower value than gentamicin. This is due to the lower  
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					fluctuations observed in Quercetin O rhamnoside during the first 15 ns.  

					On the other hand, the network compound showed the highest  

					fluctuations, with variations observed during the first 15 ns and between  

					50 to 80 ns. Tamoxifen, the drug used for comparison, showed  

					fluctuations at 93 ns.  

					In Table 5, a comparison of the average RMSD of the test compounds at  

					the progesterone receptor and estrogen receptor is presented. The data  

					indicates that the value of the estrogen receptor is higher than that of the  

					progesterone receptor. However, it is worth noting that the test compound  

					Figure 15: The Conformations of (a) Naringenin-Progesterone and (b) Quercetin O rhamnoside-Estrogen complexes during simulations  

					Quercetin O rhamnoside shows the lowest value compared to other test  

					compounds for estrogen and progesterone receptors. The test compounds  

					with the lowest values in sequential order were Quercetin O rhamnoside,  

					Gentamicin, Ergosterol, Apigenin, and Naringenin, with sequential  

					values of 2.643 Å, 2.870 Å, 3.510 Å, 3.663 Å, and 3.818 Årespectively.  

					Notably, the values for the native ligand (29S) and tamoxifen are very  

					similar, with respective values of 3.442 Å and 3.461 Å. Consequently,  

					only the Quercetin O rhamnoside and Gentamicin compounds exhibit  

					better values than the native ligands (29S) and tamoxifen.  

					In general, for the RMSF parameters presented in Figure 10, it can be  

					seen that all Native ligand (29S) and Tamoxifen tests have fluctuations in  

					the identical amino acid residues. However, the test compound with the  

					lowest fluctuation was Gentamicin, which had an average value of 1.101  

					Å. If ranked after the Gentamicin compound, the test signals with the  

					lowest values are Quercetin O rhamnoside, Ergosterol, Naringenin, and  

					Apigenin. Each has a value of 1.244, 1,267, 1,468, and 1.631 Å,  

					respectively. Compared with Native ligand (29S) and tamoxifen which  

					have values of 1.507 and 1.251 Å respectively, only the compounds  

					Gentamicin and Quercetin O rhamnoside have better values.  

					The results of the analysis of RMSD and RMSF data from MD  

					simulations for 100 ns carried out on the test compounds for progesterone  

					and estrogen receptors, it can be concluded that for each receptor, which  

					compound can produce the most stable interaction, as proven by the  

					RMSD and RMSF data. The best test compound for each receptor was  

					obtained, and the results are combined in Figure 11 for the best protein-  

					ligand RMSD data for the progesterone and estrogen receptors,  

					respectively. The test compounds generally showed varying results in the  

					stability of these MD simulation interactions. For both receptors, test  

					compounds have better interaction stability than the natural ligament and  

					the comparison drug, tamoxifen. For the progesterone receptor, the  

					compound naringenin emerged as the test compound with the most stable  

					interaction compared to the native ligand (NDR) and tamoxifen.  

					Meanwhile, Quercetin O rhamnoside is the compound with the most  

					stable interaction for the estrogen receptor compared to Native ligand  

					(29S) and tamoxifen. These two things can be proven by the graph and  

					the average RMSD and RMSF values presented previously.  

					The Naringenin-Progesterone and Quercetin O rhamnoside-estrogen  

					complexes have relatively similar average RMSD values. This shows that  

					these two test compounds have relatively stable MD simulation  

					interactions without experiencing much fluctuation. To see more about  

					how these two test compounds interact during MD simulations, RMSF  

					Protein Fluctuation data from amino acid residues in contact with the  

					ligands of Naringenin-Progesterone and Quercetin O rhamnoside-  

					Estrogen are also displayed, as shown in Figure 12.  

					The 31 amino acid residues make contact with Naringenin-Progesterone,  

					namely ASN-705, SER-712, LEU-715, LEU-718, ASN-719, LEU-721,  

					GLN-725, MET-756, MET-759, VAL-760, LEU-763, ARG-766, TYR-  

					777, PHE-778, SER-793, PHE-794, LEU-797, MET-801, GLY-862,  

					LEU-887, TYR-890, CYS-891, THR- 894, GLN-897, SER-898, LEU-  

					901, VAL-903, GLU-904, PHE-905, PRO-906, as well as MET-909 via  

					binding. Meanwhile, Quercetin O rhamnoside-Estrogen has 28 amino  

					acid residues that make contact, namely GLU-330, MET-342, MET-343,  

					LEU-346, THR-347, LEU-349, ALA-350, GLU-353, TRP-383, LEU-  

					384, LEU-387, MET-388, LEU-391, ARG-394, PHE-404, MET-421,  

					ILE-424, PHE-425, GLY-521, HIS-524, LEU-525, MET-528, LYS-529,  

					ASN-532, VAL-533, VAL-534, LEU-536, and SER-537 interact with  

					each other through hydrogen bonds, hydrophobic bonds, ions, and water  

					bridges, as shown in Figure 13.  

					The next data analysis that can be carried out is to look at several  

					parameters related to the nature of the ligand, namely ligand RMSD, the  

					radius of gyration (rGyr), intramolecular hydrogen bonds (intraHB),  

					molecular surface area (MolSA), solvent accessible surface area (SASA),  

					and polar surface area (PSA). Data on ligand properties can be seen in  

					Figure 14. In Naringenin-Progesterone, the RMSD of the ligand tends to  

					be stable during the simulation process. There were small fluctuations at  

					30 – 40 ns and 80 to 100 ns. The radius of gyration, MolSA, and PSA  

					remained stable during the simulation, with no fluctuations.  

					Meanwhile, significant fluctuations occurred at 79 ns for SASA and  

					returned to stability after that. One intraHB bond is formed during the  

					simulation, and the process fluctuates statically. In Quercetin O  

					rhamnoside-Estrogen, RMSD liga, radius of gyration MolSA, and  

					intraHB have the same fluctuation pattern, namely at 60 ns, there is an  

					increase in fluctuation in value, which then remains stable again. IntraHB  

					only occurs once in 60 ns. The remaining parameters, SASA and PSA,  

					remain stable throughout the simulation.  

					In addition, changes in the conformation of the Naringenin-Progesterone  

					and Quercetin-Orhamnoside-Estrogen complexes can also be seen from  

					the MD simulation results. Figure 15 shows the conformational changes  

					in the groove during 100 ns MD simulations, starting from 0, 20, 40, 60,  

					80 to 100 ns. This conformational change shows that during the MD  

					simulation, there was a conformational change from the beginning of the  

					MD simulation to the end of the simulation.  

					In the analysis of the Estrogen Receptor (6PSJ) complex, Quercetin O-  

					rhamnoside emerged as the compound with the most stable binding  

					interactions, with an average RMSD of 2.643 Å, lower than both the  

					native ligand (29S) at 3.442 Å and tamoxifen at 3.461 Å. The MD  

					simulation indicated that Quercetin O-rhamnoside maintained steady  

					binding with minimal fluctuations, showing consistent interactions with  

					the receptor's amino acid residues ARG A:394 and THR A:347. This  
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					stability, supported by multiple hydrogen bonds and favorable  

					hydrophobic interactions, highlights Quercetin O-rhamnoside's  

					suitability as a promising candidate for estrogen receptor targeting in  

					breast cancer therapy. Gentamicin also displayed notable stability but  

					with fewer hydrogen bonds than Quercetin O-rhamnoside, positioning  

					the latter as the primary candidate due to its higher interaction consistency  

					and stability throughout the simulation.53,57,61  

					estrogen receptors, with potential for refined therapeutic applications  

					after further toxicity and efficacy studies.  
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					Ligand-based drug-likeness screening (Drug scan)  

					Authors’ Declaration  

					Drug scan is a term used to describe the similarity of a compound to an  

					oral drug. Lipinski's Rule of Five is commonly used to evaluate drug  

					scans.62 The results of Lipinski's rule analysis can be seen in Table 7.  

					Lipinski's rule of five helps distinguish drug-like compounds from non-  

					drug compounds. It estimates the high probability of success or failure  

					due to pharmacological similarity to compounds that meet two or more  

					criteria. Lipinski's Rule of Five includes a molecular weight of not more  

					than 500 g/mol, an octanol/water partition coefficient (Log P) calculated  

					to be less than 5, a hydrogen bond donor of no more than 5, a hydrogen  

					bond acceptor of no more than ten and a molar refractivity between 40-  

					130.63  

					In the Ligand-Based drug-likeness screening (Drug scan), significant  

					findings highlighted that while several compounds showed promising  

					interactions with cancer receptors, only a few met the criteria of Lipinski's  

					Rule of Five for drug-likeness. Notably, Naringenin and Apigenin  

					complied with all parameters, including molecular weight below 500  

					g/mol, hydrogen bond donors under 5, hydrogen bond acceptors under  

					10, and log P values within the acceptable range, making them optimal  

					candidates for oral administration. In contrast, compounds such as  

					Gentamicin and Quercetin O-rhamnoside failed to meet all parameters  

					due to their higher molecular weights and hydrogen bond donor/acceptor  

					counts, which could limit their bioavailability and effectiveness as orally  

					administered drugs. This analysis underscores Naringenin and Apigenin's  

					potential as lead candidates with favorable drug-likeness profiles for  

					further breast cancer therapeutic development.57,64  

					The authors hereby declare that the work presented in this article is  

					original and that any liability for claims relating to the content of this  

					article will be borne by them.  
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