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Abstract  

Estrogen receptors alpha (ERα) and 
beta (ERβ) is highly expressed in different 
cancer cells. Inhibition of ERs by small 
molecules is a promising approach to 
developing novel anticancer agents amidst 
increased endocrine therapy resistance. A 
heterocyclic molecule, 2-benzoxazolinone (2-
BOA) and its derivatives, found in Acanthus 
ilicifolius leaves, possesses anticancer on 
varied cancer cell types such as HeLa, MCF-
7, A-549, and SW-480. However, the 
mechanism of its cancer cell growth inhibition 
is an enigma. This study aimed to unmask the 
activity of 2-BOA to inhibit the growth of the 
MCF-7 breast cancer cell line via estrogen 
receptors. The modulation mechanism was 
predicted by docking molecular of 2-BOA 
toward ERα (PDB ID: 2JF9) and ERβ (PDB 
ID: 5TOA). Subsequently, the MCF-7 cell 
viability assay was performed to validate the 
in-silico prediction. We preliminary identified 
the presence of 2-BOA in Acanthus ilicifolius 
leaves using high-performance liquid 
chromatography (HPLC). The binding energy 
of 2-BOA on ERα and ERβ exhibited a similar 
score (-6.3 kcal/mol). 2-BOA showed 
inhibition toward the MCF-7 breast cancer cell 
line with IC50 value 35.4 µM. 2-BOA may be 
a potent small molecule inhibitor of the MCF-7 
breast cancer cell growth via estrogen 
receptors 

Keywords: 2-Benzoxazolinone, breast 
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Introduction  

Breast cancer is the cause of the 
highest mortality among 2 million women 
worldwide (1–3). In 2020, breast cancer 
prevalence reached 8 million cases (3). ER is 
the crucial target for treating and preventing 
breast, prostate, colon, and cervical cancer (4–
6). ERα and ERβ are distributed in different 
tissues in which 70% of breast cancer cases 
are ERα positive (7). The increasing rate of 
breast cancer drug resistance, tamoxifen, 
increases the urge to discover novel anti-
cancer agents targeting ER (8). 

A heterocyclic molecule, 2-BOA, and 
its derivatives possess anticancer on varied 
cancer cell types such as HeLa, MCF-7, A-549, 
SW-480, and other cancer cell lines (9). The 2-
BOA ring is the key feature of the structure for 
its activity (10). Acanthus ilicifolius is a 
mangrove plant species native to the coastal 
area stretching from southeast Asia to upper 
south Asia (11). The leaves of Acanthus 
ilicifolius contains steroid, triterpenoid, 
flavonoid, tannin, saponin, and alkaloid (12), 
including α- Amyrin, Acanthicifoline, quercetin, 
and 2-BOA (13). Acanthus ilicifolius extracts 
and fractions are reported to have activity to 
inhibit the proliferation of various cancer cell 
lines (11,13–17). However, none of the reports 
discover the mechanism of inhibition related to 
ER. Thus, we reported our initial study to 
unmask the activity of 2-BOA to inhibit the 
growth of the MCF-7 breast cancer cell line via 
ERs. 



Dhiani et al 

Current Trends in Biotechnology and Pharmacy 
Vol. 17 (4A) 91 - 97, October 2023, ISSN 0973-8916 (Print), 2230-7303 (Online) 
10.5530/ctbp.2023.4s.95 
 

92 
 

 

 

Material and Methods  

Materials 

Materials for molecular docking: The 
3D structure of ERα (PDB:2JF9) and ERβ 
(PDB:5TOA) were retrieved from Protein Data 
Bank (18). The compound 2-BOA (ID: 6043) 
and estradiol (ID: 5757) structures were 
downloaded from Pubchem (10,19). 

Plant materials: Acanthus ilicifolius 
leaves used in this experiment were collected 
from Tritih Kulon village, Cilacap Regency, 
Central Java, Indonesia. The leaves were 
cleaned and dried and the specimen was 
stored in the Pharmaceutical Biology 
Laboratory University Muhammadiyah of 
Purwokerto.  

Materials for MCF-7 cell viability 
assay: MCF-7 cells (ECCAC), DMEM (Gibco), 
Fetal Bovine Serum (FBS) (Gibco) and 1% of 
PenStrep (Gibco), MTT (thiazolyl blue 
tetrazolium bromide) (Sigma-Aldrich), 
Phosphate Buffered Saline (PBS) (in-house 
stock), stop solution (10% SDS in HCl O,1N) 
(in-house stock), 2-BOA (157058, Sigma-
Aldrich), tamoxifen (T2859, Sigma-Aldrich). 

Molecular Docking of 2-BOA to ERα and 
ERβ:  
Protein and ligand preparation 

The crystal 3D structures were 
removed from ligands and water associated. 
The polar hydrogen atom and Kollman 
Charges were also added to the protein 
structure. The structure was then saved as 
.pdbqt file and input as a macromolecule input 
in PyRx-Vina for molecular docking. 

The ligands were prepared by adding 
the hydrogen atom and Gasteiger partial 
charges on the structure using AutodockTools 
1.5.7. The ligand structure was then also 
saved in .pdbqt file. 

Molecular docking and visualization. 

Molecular docking of 2-BOA to ERα 
(PDB:2JF9) and ERβ (PDB:5TOA) was 
performed in PyRx-Vina 0.8 tools. The ligand 
optimization was performed in the Open 
Babel, a built-in program in PyRx-Vina. 
Molecular docking method validation was 

performed by redocking the native ligand 
estradiol by gridbox setting for ERα docking is: 
center; X: 69.4570, Y: 39.0027, Z: 16.8174; the 
dimension (Å); X: 19.4816, Y: 25.1583, Z: 
22.0685, and for ERβ docking is set on: center; 
X: 13.8898, Y: 42.7567, Z: 16.8528; the 
dimension (Å); X: 51.7320, Y: 26.6124, Z: 
30.1712. Analysis of the amino acid residue of 
ERα and ERβ, which interact with 2-BOA was 
performed by PLIP tools. 

MCF-7 Cell Viability Assay 

MCF-7 cell was cultured in DMEM 
(Gibco) supplemented with 10% Fetal Bovine 
Serum (FBS) (Gibco) and 1% of PenStrep 
(Gibco). The MCF-7 cell was cultured at 37°C 
in the incubator with 5% CO2 to reach 70-80% 
confluency to be used in the experiment. The 
MTT assay was performed according to 
previous standard protocols reported 
elsewhere with some modifications (20). The 2-
BOA was prepared to reach a series of final 
concentrations ranging from 100 µM to 0.10 
nM, and all compounds were prepared in 
triplicate. After incubation of the compounds to 
the 5000 cells on each well in a 96-well plate, 
incubation was performed at 37°C in the 
incubator with 5% CO2 for 24 hours before the 
MTT solution was added. After adding the stop 
solution, the plates were left overnight at room 
temperature before the absorbance was read 
on the microplate reader (Epoch-Biotek) at 595 
nm wavelength. DMSO was included in the 
experiments as a control, with 1% DMSO as 
the highest final concentration. The same set 
of plates without cells (as a blank) was also 
measured its absorbance to correct the sample 
absorbance. Finally, the % cell availability was 
calculated using the formula: 

% cell viability =  
Absorbance sample − Absorbance  blank

Absorbance control DMSO
 x 100% 

Identification of 2-BOA 
Acanthus ilicifolius leaves subfraction 

was prepared from column fractionation of its 
ethyl acetate fraction of Acanthus ilicifolius 
leaves ethanolic extract using a gradient 
elution of solvent mixture n-hexane: ethyl 
acetate: ethanol with different ratios. Each 
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band appeared on the column was collected, 
and the solvent evaporated under vacuum. 

Identification of 2-BOA on subfraction 
number 3 (SF-3) was initially checked using 
Thin Layer Chromatography (TLC) and further 
analyzed by High-Performance Liquid 
Chromatography (HPLC). The TLC system 
HPLC system used in the experiment was: 
Shimadzu Prominence-i LC-
chromatograph equipped with a PDA 
detector, a column oven and an autosampler 
(Shimadzu, Kyoto, Japan), Column: 
Shimadzu, shim-pack VP-ODS (250mm x 
4,6mm i.d), Software: LabSolutions 
(Shimadzu, Kyoto, Japan) using C
mobile phase MeOH/EtOAc: 8/2, temperature 
30°C, and flow rate 1 mL/min.  

 
Results and Discussion 

2-BOA binding to ERα and ERβ

Molecular docking analysis showed 
that 2-BOA binds to ERα and ERβ (Figure: 1). 
All models generated by Autodock Vina tools 
built in PyRx 0.8 showed the binding affinity 

(a) 

(b) 

 

Figure: 1. The three-dimensional structure visualization of 2
ERα is displayed in green, ERβ in tosca, and 2
zoomed in 12 Å and showed the amino acid residue involved in the interaction.
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BOA binding to ERα and ERβ 

Molecular docking analysis showed 
BOA binds to ERα and ERβ (Figure: 1). 

All models generated by Autodock Vina tools 
built in PyRx 0.8 showed the binding affinity 

ranging from -6.3 to -5.3 kcal/mol. This binding 
affinity was higher than estradiol (
kcal/mol). This was supported by the analysis 
using PLIP tools, which showed the amino acid 
residue interaction of ERα and ERβ with 2
BOA (Table: 1). There are more 
interactions occurred between estradiol to ERα 
and ERβ than 2-BOA. Phi-stacking interaction 
was likely to increase the energy binding 
affinity between estradiol to ERα and ERβ, 
which was absent in 2-BOA. Interestingly, 2
BOA showed interaction with ERα and ERβ in 
their homolog sequences of amino acid 
residue, except for isoleucine (ILE386) in ERα 
and valine (VAL338) in ERβ (see Figure:
ERα and ERβ sequence alignment). It means 
that 2-BOA interacted with ERα and ERβ, even 
though the interaction was weaker than the 
native ligand (estradiol).  

2-BOA inhibit the MCF-7 cells growth

The breast cancer cell line MCF
viability assay of 2-BOA exhibited that 2
reduces the cell viability started from 
concentration 10-3 M (Figure: 3). Non
linear regression analysis based on log

 

 
 

dimensional structure visualization of 2-BOA binds to ERα (a) and ERβ (b). 
ERα is displayed in green, ERβ in tosca, and 2-BOA in yellow. The binding site of 2
zoomed in 12 Å and showed the amino acid residue involved in the interaction. 
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5.3 kcal/mol. This binding 
affinity was higher than estradiol (-11.0 
kcal/mol). This was supported by the analysis 
using PLIP tools, which showed the amino acid 
residue interaction of ERα and ERβ with 2-
BOA (Table: 1). There are more hydrophobic 
interactions occurred between estradiol to ERα 

stacking interaction 
was likely to increase the energy binding 
affinity between estradiol to ERα and ERβ, 

BOA. Interestingly, 2-
with ERα and ERβ in 

their homolog sequences of amino acid 
residue, except for isoleucine (ILE386) in ERα 
and valine (VAL338) in ERβ (see Figure: 2 for 
ERα and ERβ sequence alignment). It means 

BOA interacted with ERα and ERβ, even 
tion was weaker than the 

7 cells growth 

The breast cancer cell line MCF-7 
BOA exhibited that 2-BOA 

reduces the cell viability started from 
M (Figure: 3). Non-  

regression analysis based on log (inhibitor)  

BOA binds to ERα (a) and ERβ (b). 
BOA in yellow. The binding site of 2-BOA is 
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Table: 1. Amino acid residue interaction of ERα and ERβ with 2

Compound name Type of interaction

Estradiol  
(Native ligand) 

Hydrophobic 
Interactions

Hydrogens Bonds

π-Stacking 
Interactions

2-Benzoxazolinone Hydrophobic 
Interactions

Hydrogens Bonds

 

 

Figure: 2. Sequence alignment ERα and ERβ retrieved from uniprot.org. The blue color displays 
the amino acid sequence homology between ERα and ERβ.
 

versus dose-response curve using GraphPad 
Prism 9.5 resulted that 2-BOA IC50 is 
35.4µM. The hormonal breast cancer drug 
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Amino acid residue interaction of ERα and ERβ with 2-BOA based on PLIP analysis
Type of interaction ERα  ERβ

Amino acid 
residue 

Distance (Å) Amino acid 
residue 

Hydrophobic 
Interactions 

LEU346 
LEU349  
ALA350  
TRP383  
LEU384  
LEU387  
PHE404  
LEU428 
HIS524 
LEU525 
LEU525 

3.96 
3.79 
3.68 
3.73 
3.61 
3.92 
3.54 
3.60 
3.90 
3.59 
3.82 

LEU298 

LEU339 

LEU343 

PHE356 

ILE373 

ILE376 

LEU380 

Hydrogens Bonds GLU353  
ARG394 

2.98 
2.84 

GLU305 

ARG346 

HIS475 

Stacking 
Interactions 

PHE404 4.94 PHE356 

Hydrophobic 
Interactions 

PRO324 
GLU353  
MET357 
ILE386 

3.73 
3.73 
3.68 
3.54 

PRO277 

GLU305 

MET309 

VAL338 

Hydrogens Bonds GLU353 
ARG394 

3.24 
2.36 

GLU305 

ARG346 

ERα and ERβ retrieved from uniprot.org. The blue color displays 
the amino acid sequence homology between ERα and ERβ. 

response curve using GraphPad 
BOA IC50 is 

35.4µM. The hormonal breast cancer drug 

tamoxifen used as a positive control, showed 
the activity to decrease the MCF
with IC50 8.1 µM.  
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BOA based on PLIP analysis 

ERβ 

Amino acid Distance 
(Å) 

3.64 

3.98 

3.86 

3.81 

3.48 

3.76 

3.84 

2.98 

3.71 

3.24 

5.09 

3.60 

3.85 

3.72 

3.50 

3.61 

3.10 

 
ERα and ERβ retrieved from uniprot.org. The blue color displays 

tamoxifen used as a positive control, showed 
the activity to decrease the MCF-cell viability 
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2-BOA identified in Acanthus ilicifolius 
leaves subfraction 

It is reported that BOA is one of the 
compounds found in Acanthus ilicifolius
Thus, we identified the presence of 2
Acanthus ilicifolius subfraction by TLC and 
HPLC identification. Ethyl acetate fraction was 
separated by solvent mixtures with polarity 
variation by applying several ratios to achieve 
a gradient concentration of n-hexane: ethyl 
acetate: ethanol. Subfraction number 3 (SF
had the same spot (spot number 5), which 
showed the same Rf as synthetic 2

Figure: 3. The log concentration (M) versus 
dose-response (%) curve of the 2
toward MCF-7 cell viability. Experiments were 
performed in triplicate, and data are presented 
as mean ± SEM. Tamoxifen was used as a 
positive control. 

Figure: 4. TLC and HPLC profile of SF
acetate fraction of Acanthus ilicifolius
plate, mobile phase: n-hexane:EtOAc (6:4), detected under UV 254nm.
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BOA identified in Acanthus ilicifolius 

It is reported that BOA is one of the 
Acanthus ilicifolius. 
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subfraction by TLC and 
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variation by applying several ratios to achieve 

hexane: ethyl 
n number 3 (SF-3) 

had the same spot (spot number 5), which 
showed the same Rf as synthetic 2-BOA by 

TLC. This evidence was supported by the 
HPLC identification, in which the peak of 
2-BOA was also exhibited in the SF
(Figure: 4.). This indicated that 
ilicifolius could be a potential source of 
compound which shows activity to be 
developed as an anti-breast cancer.

 
Discussion  

2-BOA interaction with ERα and ERβ 
leads to the inhibition of breast cancer cell 
growth. 2-BOA may promote ER
signaling by binding to ERα or ERβ, activating 
the protein downstream involved in the 
RAS/RAF, PI3K, and AKT signaling pathway. 
The activation of these signaling pathways 
modulates the cell cycle, cell growth, 
apoptosis, DAN repair, or angiogenesis, 
which is responsible for cancer progression 
(4,21–24). 2-BOA may also promote ER 
dimerization, which affects the transcriptional 
regulation of cancer-related target genes 
(24,25). 

Conclusion  

Based on the molecular docking 
analysis, 2-BOA established interactio
ERα and ERβ even though the binding affinity 
is weaker than the estradiol (native ligand). 
MCF-7 breast cancer cell viability assay 
revealed that 2-BOA inhibits the MCF

 

The log concentration (M) versus 
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7 cell viability. Experiments were 
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as mean ± SEM. Tamoxifen was used as a 
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Acanthus ilicifolius leaves. TLC condition; static phase: silica gel F254 TLC 
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TLC. This evidence was supported by the 
HPLC identification, in which the peak of  

BOA was also exhibited in the SF-3  
(Figure: 4.). This indicated that Acanthus 

could be a potential source of 
compound which shows activity to be 

breast cancer. 

BOA interaction with ERα and ERβ 
leads to the inhibition of breast cancer cell 

BOA may promote ER-mediated 
signaling by binding to ERα or ERβ, activating 
the protein downstream involved in the 
RAS/RAF, PI3K, and AKT signaling pathway. 
The activation of these signaling pathways 
modulates the cell cycle, cell growth, 
apoptosis, DAN repair, or angiogenesis,  
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dimerization, which affects the transcriptional 
related target genes 
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growth with IC50 35.4 µM. 2-BOA was 
successfully identified in the subfraction of 
Acanthus ilicifolius leaves derived from its 
ethyl acetate fraction. 2-Benzoxazolinone may 
be a potent small molecule inhibitor of the 
MCF-7 breast cancer cell growth via estrogen 
receptors. 
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