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ABSTRACT 
 

Estrogen receptor α (ERα) is liable for regulating transcription factors which are an 
important part of hormonal signaling in breast cancer. This study intends to find hit 
compounds that are considered capable of inhibiting ERα by utilizing structure-based 
pharmacophores and molecular docking. Pharmacophore of the original ERα ligand 
(E4D600) has one hydrogen bond acceptor and three hydrogen bond donors which are 
used to select compounds from the Indonesian herbal database. This pharmacophore 
model had an Area under Curve of the Receiver Operating Characteristics (AUC-ROC) 
value is 0.80 and the Goodness of Hits (GH) value is 0.81. The selection process 
generated 330 compounds which proceed to the molecular docking stage to analyze 
their binding energy and interactions to ERα. The results indicated potential hit 
compounds seen from their binding energies in the range -5.42 to -10.01 kcal/mol. four 
of the best compounds including Lig57/(-)-Bidwillon A, Lig47/Quercetin 3-(6''-
galloylgalactoside), Lig197/Multifloroside and Lig83/Erythrabyssin II provide promising 
information for their detailed analysis as ERα inhibitors. 
 
Kata kunci: Estrogen receptor α, Indonesian herbal database, molecular docking, 

pharmacophore.  
 

ABSTRACT 
 

Estrogen receptor α (ERα) bertanggung jawab dalam mengatur faktor transkripsi yang 
berperan penting pada jalur pensinyalan hormonal kanker payudara. Penelitian ini 
bermaksud untuk menemukan senyawa yang dianggap mampu menghambat ERα 
dengan memanfaatkan pemodelan farmakofor berbasis struktur dan penambatan 
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molekuler. Farmakofor Ligan alami ERα (E4D600) memiliki satu akseptor ikatan hidrogen 
dan tiga donor ikatan hidrogen yang digunakan untuk memilih senyawa dari database 
herbal Indonesia. Model farmakofor ini memiliki nilai Area under Curve of Receiver 
Operating Characteristics (AUC-ROC) sebesar 0,8 dan nilai Goodness of Hits (GH) sebesar 
0,81. Penambatan molekuler terhadap 330 senyawa hit bertujuan untuk menganalisis 
energi ikatan dan interaksinya dengan ERα. Hasil penambatan molekuler menunjukkan 
potensi dari senyawa hit berdasarkan energi ikatannya dengan rentang -5,42 hingga -
10,01 kkal/mol. Empat senyawa terbaik di antaranya Lig57/(-)-Bidwillon A, 
Lig47/Quercetin 3-(6''-galloylgalactoside, Lig197/Multifloroside, dan Lig83/Erythrabyssin 
II memberikan informasi yang menjanjikan untuk analisis lebih terperinci senyawa hit 
tersebut sebagai inhibitor ERα. 
 
Keywords: Database Herbal Indonesia, estrogen reseptor α, farmakofor penambatan 

molekuler. 
 
 
Introduction 

Indonesia has a variety of plants 

and compounds that have long been 

used until now to treat various types of 

diseases (Sholikhah, 2016).  Cancer is 

one of the causes of death in Indonesia 

(Tjindarbumi and Mangunkusumo, 

2002). Cancer, one of which can be 

caused by abnormalities of estrogen 

receptor expression(Hua et al., 2018). 

The expression of the estrogen receptor 

can be a parameter for the diagnosis of 

breast cancer (Haque and Desai, 2019). 

Estrogen receptors (ER) are 

mediators of intracellular signaling 

pathways and transcription factors 

involved in many parts of the biological 

system, including cell expansion and 

regulating the central nervous system, 

mammary glands, and reproduction. 

Estrogen receptors consist of 2 types 

encoded by different genes and 

activated by estrogens, namely ERα and 

ERβ (Souza et al., 2017). ERα can be 

found in the breast, bone, and 

reproductive tissue (uterus, ovary). ERα 

plays a role in tumorigenesis and the 

expansion of breast cancer. ERβ is found 

in the prostate, large intestine, immune 

system, cardiovascular system, and 

central nervous system. ERβ can directly 

inhibit the activity and expression of ERα 

(Jia et al., 2015). The most frequent and 

effective treatment given to breast 

cancer sufferers is with a selective 

estrogen receptor modulator (SERM) 

(Grande et al., 2018).  

Tamoxifen, toremifene, 

raloxifene, and arzoxifene are SERM 

groups that block estrogen from 

occupying with its receptor. the group 

has many problems including side effects 

such as stroke, heart disease, coronary 

events, bone fractures, low 

bioavailability, mutations that cause a 

high risk of breast cancer recurrence, 

and even death (Kucinska et al., 2016; 

Piperigkou and Karamanos, 2020; Dai 

and Wu, 2011; Zheng et al., 2020). This 

study aims to identify Indonesian natural 

compounds that have the potential to 

inhibit estrogen receptors by utilizing 
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virtual screening techniques along with 

the development of science and 

technology. 

Virtual screening is a computer-

aided drug design technique (CADD) in 

drug discovery that utilizes 

pharmacophores ligand information to 

obtain active compounds (ligand-based 

drug design) (Makrynitsa et al., 2018). 

The structure-based drug design 

included in CADD namely molecular 

docking (Batool, Ahmad, and Choi 2019) 

was also applied in this study to explore 

and analyze the binding energy and 

orientation of the hit compound on the 

estrogen receptor. 

 

Material and Methods 

Pharmacophore modeling and data base 

screening  

LigandScout Advanced 4.3 

(Wolber and Langer, 2005) was used to 

build a pharmacophore model of the 

E4D600 structure which is a native ligand 

from ERΑ (PDB ID: 1SJ0). The 

pharmacophore model generated was 

validated against 626 active compounds 

and 20773 decoys obtained from the 

Directory of Useful Decoys: Enhanced 

(DUD-E) (http://www.dude.docking.org/) 

(Mysinger et al., 2012).  The best 

pharmacophore model chosen had 

features with one hydrogen bond 

acceptor and three hydrogen bond 

donors (Figure 1).  These features are 

then used for screening compounds in 

the Indonesian Herbal database 

(http://herbaldb.farmasi.ui.ac.id/). 

Molecular docking simulation 

All hit compounds were 

subjected to molecular docking 

simulation using iDock software. iDock is 

a software under the apache 2.0 license 

which is available free of charge and 

open source (Li, et al., 2012) to ERα. ERα 

protein was downloaded from protein 

data bank (PDB ID: 1SJ0) 

(http://www.rcsb.org/pdb/). The protein 

was prepared by removing water 

molecules, added polar hydrogen, and 

the Kollman charge using AutoDockTools 

1.5.6 software (Morris et al., 2009; Arba 

et al., 2018; Arba et al., 2018). The active 

site of the protein was regulated by 

copying the position of native ligands 

with coordinates center x = 30.660, 

center y = -1.067 dan center z = 23,464. 

The grid box size used is 40 x 40 x 40 Å 

with point spacing 0.375 Å. The results of 

molecular docking are then visualized 

using Discovery Studio Visualizer. 

 

Result and Discussion 

The pharmacophore model was 

chosen must fulfill the AUC-ROC and GH 

score criteria greater than or equal to 

0.5. The best pharmacophore model was 

generated had features with one 

hydrogen bond acceptor and three 

hydrogen bond donors (Figure 1). The 

pharmacophore model fulfills the 

validation requirements with a Goodness 

of Hits (GH) value is 0.81 and an Area 

Under Curve value of the Receiver 

Operating Characteristic (AUC-ROC) is 

0.80 (Figure 2). AUC-ROC values close to 

1 indicate the good pharmacophore 

model and could be distinguishing 

between active and decoy compounds. 
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Further, screening against the 

Indonesian Herbal database (1379 

molecules) employing the validated 

pharmacophore model retrieved 330 hit 

molecules.  

The interactions of 330 hit 

compounds were analyzed using 

molecular docking results based on their 

binding energy and conformation to 

ERΑ. Validation of the molecular docking 

process was achieved by obtaining a root 

mean square deviation (RMSD) value 

from the overlay between the 

crystallographic conformation of the 

native ligand (E4D600) and the docking 

result are 0.6252 Å (Figure 3).  

Molecular docking on all hits to 

ERα resulted in conformations and 

binding energies in the interval of -5.42 

to -10.01 kcal/mol. The binding energies 

of hit molecules were comparable to 

that of the ligand antagonist 4-D (-11.81 

kcal/mol). Some interactions observed 

from the conformation of E4D600 

include interactions with hydrogen 

bonds with residues Gly521, His524, 

Leu387, Glu353, and Arg394. The 

conformation also has interactions with 

Leu384, Leu349, Met421, and Leu354. It 

is known that His524, Leu348, and 

Met421 are important residues on the 

ERα active site (Kim et al., 2004).  

Based on the binding energies 

and conformations, four best-docked hit 

molecules were selected. They were 

Lig57 or (-)-Bidwillon A (E = -10.01 

kcal/mol), Lig47 or Quercetin 3-(6''-

galloylgalactoside (E = -10.00 kcal/mol), 

Lig197 or Multifloroside (E = -9.87 

kcal/mol), and Lig83 or Erythrabyssin II 

(E = -9.69 kcal/mol). Figure 4 shows the 

chemical structures of the four best 

docked hit molecules.  

 

 

 
Figure 1. 3D pharmacophore model 

composed of one hydrogen 
bond acceptor (red line) and 
three hydrogen bond donor 
(green lines) features 

 

 

 

 
Figure 2. The Area under Curve (AUC) of 

Receiver Operating 
Characteristic (ROC) curve 
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Figure 3. The superimposed 3D 

conformations of both 
experimental (purple) and 
docked (blue) experiments with 
green dash line represent the 
hydrogen bond 

 

The interaction of Lig47 or 

Quercetin 3-(6''-galloylgalactoside) with 

ERΑ was supported by hydrogen bonds 

with Glu353 and Gly521 residues, while 

hydrophobic interactions were observed 

with Leu384, Leu387, His524, Leu525. 

Leu349. In Lig57 or (-)-Bidwillon A, the 

interaction with ERα was dominated by 

hydrophobic interactions with residues 

Glu353, His524, Leu384, Leu387, Leu525, 

Leu349. 

Hydrogen bonds in Lig197 or 

Multifloroside interact with Gly420, 

Gly521, Ile424 residues, as well as in 

Lig83 or Erythrabyssin II interact with 

Glu353, Arg394, Ile424, Leu387 residues 

on the active site of ERα. Hydrophobic 

Interactions with residues His524, 

Leu525, Leu384, and Met421 were 

observed in both ligands. All hit 

compounds can interact with important 

residues on the active site of ERΑ. Figure 

5 shows the conformation and 

interactions of the four best docked hit 

molecules. 

 

 
Figure 4. The chemical structures of the four best docked hit molecules 
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Figure 5. The binding orientation of Quercetin 3- (6''-galloylgalactoside), (-)-Bidwillon A, 

Erythrabyssin II, and Multifloroside in the active site of ERα 
 

Conclusion 

This study was effectively able to 

identify potential estrogen receptor 

inhibitors from the Indonesian herbal 

database which contained 1379 

molecules. This illustrates that all the 

best compounds were able to occupy 

the active site of ERα as showed by 

molecular docking simulations. The 

binding energy of four best hits      

(Lig57/(-)-Bidwillon A, Lig47/Quercetin 3-

(6''-galloylgalactoside), 

Lig197/Multifloroside and 

Lig83/Erythrabyssin II), were comparable 

with native ligand E4D600. It represents 

their potential to inhibit ERα and to be 

considered in the further experimental 

study. 

 

Reference 

Arba, M., Yamin, S. Ihsan, and D.H. 
Tjahjono. 2018. “Computational 
Approach toward Targeting the 
Interaction of Porphyrin 
Derivatives with Bcl-2.” Journal 
of Applied Pharmaceutical 
Science 8 (12). 
https://doi.org/10.7324/JAPS.20
18.81208. 

 
Arba, Muhammad, Andry Nur-Hidayat, 

Slamet Ibrahim Surantaadmaja, 



PHARMACY: Jurnal Farmasi Indonesia                                                          p-ISSN 1693-3591 
(Pharmaceutical Journal of Indonesia)                                                          e-ISSN 2579-910X 
 Vol.17 No. 02 Desember 2020: 343-351 

 

349 
 

and Daryono H. Tjahjono. 2018. 
“Pharmacophore-Based Virtual 
Screening for Identifying Β5 
Subunit Inhibitor of 20S 
Proteasome.” Computational 
Biology and Chemistry 77: 64–
71. 
https://doi.org/10.1016/j.compb
iolchem.2018.08.009. 

 
Batool, Maria, Bilal Ahmad, and Sangdun 

Choi. 2019. “A Structure-Based 
Drug Discovery Paradigm.” 
International Journal of 
Molecular Sciences 20 (11). 
https://doi.org/10.3390/ijms201
12783. 

 
Dai, Xue, and Jie Wu. 2011. “Selective 

Estrogen Receptor Modulator: 
Raloxifene.” Journal of 
Reproduction and Contraception 
22 (1): 51–60. 
https://doi.org/10.1016/S1001-
7844(12)60007-8. 

 
Grande, Fedora, Bruno Rizzuti, Maria A. 

Occhiuzzi, Giuseppina Ioele, 
Teresa Casacchia, Fabrizio 
Gelmini, Rita Guzzi, Antonio 
Garofalo, and Giancarlo Statti. 
2018. “Identification by 
Molecular Docking of 
Homoisoflavones from Leopoldia 
Comosa as Ligands of Estrogen 
Receptors.” Molecules 23 (4): 1–
14. 
https://doi.org/10.3390/molecul
es23040894. 

 
Haque, Md Moquitul, and Kartiki V. 

Desai. 2019. “Pathways to 
Endocrine Therapy Resistance in 
Breast Cancer.” Frontiers in 
Endocrinology 10 (August): 1–7. 
https://doi.org/10.3389/fendo.2
019.00573. 

Hua, Hui, Hongying Zhang, Qingbin Kong, 
and Yangfu Jiang. 2018. 
“Mechanisms for Estrogen 
Receptor Expression in Human 
Cancer 11 Medical and Health 
Sciences 1112 Oncology and 
Carcinogenesis 06 Biological 
Sciences 0604 Genetics.” 
Experimental Hematology and 
Oncology 7 (1): 1–11. 
https://doi.org/10.1186/s40164-
018-0116-7. 

 
Jia, Min, Karin Dahlman-Wright, and Jan 

Åke Gustafsson. 2015. “Estrogen 
Receptor Alpha and Beta in 
Health and Disease.” Best 
Practice and Research: Clinical 
Endocrinology and Metabolism 
29 (4): 557–68. 
https://doi.org/10.1016/j.beem.
2015.04.008. 

 
Kim, Seongkon, Jane Y. Wu, Elizabeth T. 

Birzin, Katalin Frisch, Wanda 
Chan, Lee Yuh Pai, Yi Tien Yang, 
et al. 2004. “Estrogen Receptor 
Ligands. II. Discovery of 
Benzoxathiins as Potent, 
Selective Estrogen Receptor α 
Modulators.” Journal of 
Medicinal Chemistry 47 (9): 
2171–75. 
https://doi.org/10.1021/jm0342
43o. 

 
Kucinska, Malgorzata, Maria Dolores 

Giron, Hanna Piotrowska, Natalia 
Lisiak, Walter H. Granig, 
Francisco Javier Lopez-Jaramillo, 
Rafael Salto, Marek Murias, and 
Thomas Erker. 2016. “Novel 
Promising Estrogenic Receptor 
Modulators: Cytotoxic and 
Estrogenic Activity of 
Benzanilides and 
Dithiobenzanilides.” PLoS ONE 



PHARMACY: Jurnal Farmasi Indonesia                                                          p-ISSN 1693-3591 
(Pharmaceutical Journal of Indonesia)                                                          e-ISSN 2579-910X 
 Vol.17 No. 02 Desember 2020: 343-351 

 

350 
 

11 (1): 1–16. 
https://doi.org/10.1371/journal.
pone.0145615. 

 
Li, H, K Leung, and M Wong. 2012. 

“Idock: A Multithreaded Virtual 
Screening Tool for Flexible 
Ligand Docking.” In 2012 IEEE 
Symposium on Computational 
Intelligence in Bioinformatics 
and Computational Biology 
(CIBCB), 77–84. 
https://doi.org/10.1109/CIBCB.2
012.6217214. 

 
Makrynitsa, Garyfallia I, Michail 

Lykouras, Georgios A Spyroulias, 
and Minos-Timotheos 
Matsoukas. 2018. “In Silico Drug 
Design” ELS, no. August: 1–7. 
https://doi.org/10.1002/978047
0015902.a0028112. 

 
Morris, Garrett M, Ruth Huey, William 

Lindstrom, Michel F Sanner, 
Richard K Belew, David S 
Goodsell, and Arthur J Olson. 
2009. “AutoDock4 and 
AutoDockTools4: Automated 
Docking with Selective Receptor 
Flexibility.” Journal of 
Computational Chemistry 30 
(16): 2785–91. 
https://doi.org/10.1002/jcc.2125
6. 

 
Mysinger, Michael M, Michael Carchia, 

John. J Irwin, and Brian K 
Shoichet. 2012. “Directory of 
Useful Decoys, Enhanced (DUD-
E): Better Ligands and Decoys for 
Better Benchmarking.” Journal 
of Medicinal Chemistry 55 (14): 
6582–94. 
https://doi.org/10.1021/jm3006
87e. 

Piperigkou, Zoi, and Nikos K. Karamanos. 
2020. “Estrogen Receptor-
Mediated Targeting of the 
Extracellular Matrix Network in 
Cancer.” Seminars in Cancer 
Biology 62 (July): 116–24. 
https://doi.org/10.1016/j.semca
ncer.2019.07.006. 

 
Sholikhah, Eti Nurwening. 2016. 

“Indonesian Medicinal Plants as 
Sources of Secondary 
Metabolites for Pharmaceutical 
Industry.” Journal of Thee 
Medical Sciences (Berkala Ilmu 
Kedokteran) 48 (04): 226–39. 
https://doi.org/10.19106/jmeds
ci004804201606. 

 
Souza, Paulo C.T., Larissa C. Textor, 

Denise C. Melo, Alessandro S. 
Nascimento, Munir S. Skaf, and 
Igor Polikarpov. 2017. “An 
Alternative Conformation of ERβ 
Bound to Estradiol Reveals H12 
in a Stable Antagonist Position.” 
Scientific Reports 7 (1): 1–11. 
https://doi.org/10.1038/s41598-
017-03774-x. 

 
Tjindarbumi, Didid, and Rukmini 

Mangunkusumo. 2002. “Cancer 
in Indonesia, Present and 
Future.” Japanese Journal of 
Clinical Oncology 32 
(Supplement 1): S17-21. 
https://doi.org/10.1093/jjco/hye
123. 

 
Wolber, Gerhard, and Thierry Langer. 

2005. “LigandScout: 3-D 
Pharmacophores Derived from 
Protein-Bound Ligands and Their 
Use as Virtual Screening Filters.” 
Journal of Chemical Information 
and Modeling. 



PHARMACY: Jurnal Farmasi Indonesia                                                          p-ISSN 1693-3591 
(Pharmaceutical Journal of Indonesia)                                                          e-ISSN 2579-910X 
 Vol.17 No. 02 Desember 2020: 343-351 

 

351 
 

https://doi.org/10.1021/ci04988
5e. 

 
Zheng, Ze Yi, Meenakshi Anurag, 

Jonathan T. Lei, Jin Cao, Purba 
Singh, Jianheng Peng, Hilda 
Kennedy, et al. 2020. 

“Neurofibromin Is an Estrogen 
Receptor-α Transcriptional Co-
Repressor in Breast Cancer.” 
Cancer Cell 37 (3): 387-402.e7. 
https://doi.org/10.1016/j.ccell.2
020.02.003.

 


