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ABSTRACT

Objectives: This study aims to design the 5-O-Benzoylpinostrobin derivative with the most 
potent anti-breast cancer activity along with the most dominant type of receptor for the compound. 
Methods: Molecular docking was performed using AutoDock 4.2.6 on four types of breast cancer 
receptors consisting of estrogen receptors α and β, progesterone receptors, and human epidermal growth 
factor receptor 2 (HER2), both in the form of binding to agonist and antagonist ligands. The parameters 
used were the free energy of binding (ΔG) and the dissociation constant (Ki) as an affinity marker and 
similarity of amino acid residues as interactions similarity indicator. Results: The benzoylpinostrobin 
derivative shows affinities for all receptors, but the highest was shown against HER2 receptors by 
4-Nitro-5-O-benzoylpinostrobin. The ligand provided the most negative ΔG and the lowest Ki toward the 
antagonist form of HER2 with −12.79 kcal/mol and 0.42 nM, respectively. That affinity is 4 times higher 
than lapatinib, which is known as a potent HER2 inhibitor. Interestingly, the ligand has fewer Van der 
Waals interactions with amino acids than lapatinib, but the affinity shown is higher. Conclusion: Based 
on the study result, it can be considered that 4-Nitro-5-O-benzoylpinostrobin was the most potential 
modifications of pinostrobin as anti-breast cancer, especially for HER2-positive breast cancer.

Keywords: Benzoylpinostrobin, breast cancer, human epidermal growth factor receptor 2, molecular 
docking, pinostrobin

INTRODUCTION

Pinostrobin, a flavanone contained in Boesenbergia 
pandurata, is a marker compound for these plants. The 
pinostrobin content is the most abundant in the rhizome 

compared to other secondary metabolites, including other well-
known active metabolites such as pinocembrin and panduratin 
A.[1] Pinostrobin is known to have various pharmacological 
activities and has been proven through laboratory 
tests, including anti-inflammatory,[2] antiproliferative,[3] 
antimicrobial,[4,5] anti-ulcer,[6] and anticancer.[7-10]

Among the various pharmacological potentials, the 
anticancer activity of pinostrobin is one of the most interesting 
and has been studied previously. Research by Sukardiman 
et al.[8] showed that pinostrobin isolated from the B. pandurata 
rhizome had cytotoxic activity against fibrosarcoma in mice 
induced by carcinogens, while the study of Junior[9] shows 
that pinostrobin has a very potent antiproliferative effect 
on breast cancer cells and leukemia. Other studies by Atun 

and Arianingrum[10] also showed that the cytotoxic activity 
of pinostrobin in several breast cancer cells was better than 
the B. pandurata chloroform extract, especially for T47D 
breast cancer cells. Although promising, the development 
of pinostrobin for the treatment of cancer, especially breast 
cancer, is still slow. Even though it has potential, the activity 
shown by pinostrobin is still lower than the breast anticancer 
drugs currently available on the market.

The method that can be done to increase the activity of a 
compound is to design and synthesize derivatives using certain 
functional groups to obtain derivative compounds with higher 
pharmacological activity.[11] The selection of modified groups 
and functional groups that will be added is a vital point in the 
design of derivatives of active metabolites of medicinal plants.[12] 
Determination of functional groups to be added is generally 
based on consideration of the pharmacological activities to be 
achieved, where the functional groups must be synergistic with 
the pharmacological activities of metabolites.[13] In the case of 
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pinostrobin, a functional group with potential cytotoxic activity 
can be added to one of the groups of pinostrobin.

The design and synthesis of pinostrobin derivatives 
to improve anticancer activity have been done before, for 
example, in the study of Poerwono et al.,[14] who reported a 
modification of the addition of the prenyl group to increase 
the cytotoxic activity of the pinostrobin derivative on SK-BR-3, 
MCF-7, PC-3, and Colo-320DM cancer cells. The exciting thing 
is that the previous structural modification was very rarely 
carried out on the only hydroxyl group of pinostrobin. One of 
them that is well known and is widely developed and can be 
added to that position is the benzoyl group. Some studies show 
that benzoyl derivatives from a compound can increase their 
cytotoxic activity compared to parent compounds.[15] Rationally, 
the addition of a benzoyl group to pinostrobin to form a 
5-O-Benzoylpinostrobin derivative is predicted to increase its
cytotoxic activity compared to the parent pinostrobin.

This study aims to determine the derivative of 
5-O-Benzoylpinostrobin with the highest potential anti-breast
cancer and determine the type of breast cancer receptor that is
most sensitive to the compound. Molecular modeling is carried
out using variations in substituents in the benzoyl group of
the 5-O-Benzoylpinostrobin derivative and the method used to
predict activity is molecular docking. The molecular docking
is an effective method predicted interactions and preferred
orientation when bound of ligand to macromolecular target
to create a stable and preferred complex.[16] Selection of
substituents was carried out based on the Topliss model to
obtain a rational approach considering lipophilic and electronic 
properties.[17] There are three main types of receptors that have 
a significant role in the occurrence of breast cancer consisting
of estrogen (ER) and progesterone receptors (PR) and human
epidermal growth factor receptor 2 (HER2). Overexpression of
all three or one of these receptors is one of the leading causes
of breast cancer.[18] In this study, all three receptors were used
as test receptors.

MATERIALS AND METHODS

Materials

The hardware used is the ASUS A46CB series Ultrabook with 
an Intel™ Core i5-3337U@1.8 GHz and Windows 7 Ultimate 
64-bit SP-1 operating system. The software used is HyperChem
7.5 from Hypercube, Inc., Open Babel 2.4.1 from OpenBabel.
org., AutoDockTools 1.5.6, and AutoDock 4.2.6 software from
The Scripps Research Institute, Inc.[19] Information on three-
dimensional structures of receptor proteins obtained from the
website of Protein Data Banks (http://rcsb.org).

Ligands Preparation

The test ligands used consisted of pinostrobin and also a 
5-O-Benzoylpinostrobin parent and substituted, as shown
in Table 1. The two-dimensional structure was sketched
using HyperChem 7.5 from Hypercube, Inc. with geometry
optimization ab initio basis set 3–21. Optimization was done
by Polak-Ribiere algorithm and RMS Gradient 0.1 kcal/mol.
Optimization with large basis sets was carried out to obtain the 
ideal molecular conformation which approves conformation of
these compounds in nature.[20] The optimized structure then

changes the format from.hin to.pdb using Open Babel 2.4.1 
software.[21] The use of Open Babel makes it very easy to change 
ligands from one format to another without losing their ideal 
conformation.[22] Docking software used was AutoDock 4.2.6 
from The Scripps Research Institute. One of the advantages 
of AutoDock 4 is that it can provide predictive value for the 
dissociation constant (Ki), which can give predictions for the 
in vitro analysis process later. All ligands are then given the 
charge and set torque using AutoDockTools 1.5.6.[23]

Receptors Preparation

Receptors are downloaded in the format. pdb then the unused 
part including water molecules is removed, added non-polar 
hydrogen, given charged, and arranged size and coordinate 
grid using AutoDockTools 1.5.6.[19] The size and coordinates 
of the grid box are adjusted automatically with the ligand 
cocrystal position of each receptor by making the ligand 
position the center of the grid box.[24] Seven protein structures 
are used as receptors consisting of ERα which binds to agonist 
(PDB ID 1QKU) and antagonist (PDB ID 3ERT) ligands, ERβ 
with agonist (PDB ID 5TOA) and antagonist (PDB ID 1L2J) 
ligands, PR with agonist (PDB ID 3D90) and antagonist (PDB 
ID 2OVM) ligands, and also HER2 with antagonist ligand (PDB 
ID 3PP0). All of these receptors are known to have a very 
significant role in the treatment of breast cancer as a target 
of therapy and have been previously investigated as target 

Table 1: The 5-O-Benzoylpinostrobin derivatives test compound

Compounds name Functional group

R1 R2 R3

5-O-Benzoylpinostrobin H H H

2-Chloro-5-O-benzoylpinostrobin Cl H H

3-Chloro-5-O-benzoylpinostrobin H Cl H

4-Chloro-5-O-benzoylpinostrobin H H Cl

2,4-Dichloro-5-O-benzoylpinostrobin Cl H Cl

3,4-Dichloro-5-O-benzoylpinostrobin H Cl Cl

4-Bromo-5-O-benzoylpinostrobin H H Br

4-Fluoro-5-O-benzoylpinostrobin H H F

4-Nitro-5-O-benzoylpinostrobin H H NO2

4-Methyl-5-O-benzoylpinostrobin H H CH3

4-Methoxy-5-O-benzoylpinostrobin H H OCH3

4-Trifluoromethyl 
-5-O-benzoylpinostrobin

H H CF

4-t-Butyl-5-O-benzoylpinostrobin H H (CH3) 3
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receptors for anti-breast cancer compounds. The receptor 
part used is an active site that has a cocrystal ligand, both in 
the form of natural ligand and known agonist or antagonist 
compounds. Especially for HER2 receptors as comparative 
ligands also used lapatinib, a HER2 inhibitor used in clinical 
therapy for HER2-positive breast cancer.

Validation of Docking Protocol

The docking process is preceded by a validation process, with 

the re-docking method using cocrystal ligands which have been 

extracted from receptors as test ligands and ligand cocrystal 

location as the active site.[25] The parameters observed in the 

Table 2: Results of the validation process

PDB 
ID

Cocrystal ligand Grid Box 
Size (Å)

Grid Box 
Position

RMSD (Å) ΔG 
(kcal/mol)

Ki (nM) Amino acid 
residues

Number of 
hydrogen 

bonds

1QKU Estradiol 60×60×60 X: 104.98

Y: 14.819

Z: 23.484

0.716 −10.62 16.35 353-Glu, 388-Met, 
391-Leu, 404-Phe, 
424-Ile, 521-Gly, 
524-His, 525-Leu

3

3ERT 4-Hydroxytamoxifen 60×60×60 X: 30.01

Y: −1.913

Z: 24.207

0.993 −11.83 2.12 343-Met, 346-Leu, 
347-Thr, 350-Ala, 
351-Asp, 353-Glu, 
383-Trp, 387-Leu, 
394-Arg, 421-Met, 
428-Leu, 521-Gly

2

5TOA Estradiol 60×60×60 X: 19.789

Y: 43.343

Z: 15.491

0.727 −11.1 7.35 305-Glu, 336-Met, 
340-Met, 343-Leu, 
346-Arg, 356-Phe, 
376-Ile, 380-Leu, 
472-Gly, 475-His

3

1L2J Tetrahydrochrysene 60×60×60 X: 31.926

Y: 82.682

Z: −11.054

1.431 −11.18 6.38 336-Met, 339-Leu, 
340-Met, 343-Leu, 
346-Arg, 376-Ile, 
380-Ile, 472-Gly, 

475-His

2

3D90 Levonorgestrel 60×60×60 X: −2.577

Y: −7.679

Z: 25.794

0.487 −10.75 13.21 715-Leu, 718-Leu, 
721-Leu, 725-Gln, 
759-Met, 766-Arg, 
890-Tyr, 891-Cys

1

2OVM Asoprisnil 60×60×60 X: −29.026

Y: 52.534

Z: 45.332

1.056 −12.99 0.3 718-Leu, 719-Asn, 
722-Gly, 723-Glu, 
725-Gln, 755-Trp, 

756-Met, 
759-Met, 760-Val, 
766-Arg, 778-Phe, 
797-Leu, 801-Met, 
887-Leu, 890-Tyr, 
891-Cys, 894-Thr

1

3PP0 SYR127063 60×60×60 X: 16.622

Y: 17.394

Z: 26.218

0.89 −10.39 24.07 734-Val, 751-Ala, 
770-Glu, 774-Met, 
785-Leu, 798-Thr, 
799-Gln, 800-Leu, 
801-Met, 849-Arg, 
852-Leu, 862-Thr, 

863-Asp

0

Figure 1: Overlays of redocking (blue) ligands with cocrystal ligands from crystallography (red) at receptors (a) 1QKU, (b) 3ERT, (c) 5TOA, 
(d) 1L2J, (e) 3D90, (f) 2OVM, and (g) 3PP0

dc

g

b

f

a

e
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validation process are root-mean-square deviation (RMSD) of 
each ligand cocrystal at the selected binding site. The RMSD 
score illustrates the average difference in ligand atom position 
redocking with crystallographic results.[26] Docking software is 
preferred to predict results from experimental positions with 
RMSD no more than 2.0 Å. Smaller RMSD shows that the 
position of the redocking result is closer to the crystallographic 
ligand.[27]

Molecular Docking

The main objective of the molecular docking is to identify the 
energetically favorable binding modes of test ligands into the 
target receptor’s binding site.[28] Docking for both test ligands 
performed in the same way as the validation process with 
similar size and position of grid box for each cocrystal ligands. 
To ensure that the test ligand binds to the ideal position for 
each ligand, the binding site orientation is carried out by the 
blind docking method, and the results of all test ligands show 
cavity with the highest affinity equal to the comparative ligand. 
For this reason, the same grid box size is used for the docking 
process with the validation process. Docking search parameter 
used are Lamarckian genetic algorithm with the number of 
genetic algorithm 100 runs, population size 150, the maximum 
number of energy evaluation is medium with 2,500,000, the 
maximum number of generations 27,000, with the default 
docking parameter used for run options. The primary parameter 
used in the docking process was the free energy of binding 
(ΔG), the dissociation constant (Ki), amino acid residues, and 
the number of hydrogen bonds.[29] ΔG and Ki scores determine 
ligand affinity to the receptor in the docking method. The more 
negative ΔG and lower Ki indicated higher ligand affinity toward 
the active site of the used receptor. All test ligand then compared 
with the validation result of cocrystal ligand to determine the 
potency of both test ligands as each receptors inhibitor.[30] The 
amino acid residues of both test ligands for each receptor then 
compared with amino acid residues of cocrystal ligand to assess 
the similarity of interaction between test and cocrystal ligand. 
The more similar amino acid residues are indicating a higher 
probability that the test ligand will have similar activity with 
the cocrystal ligand.[31] The two-dimensional visualization of 
ligand-receptor interactions was performed with Discovery 
Studio Visualizer v.19.1.0.18287 from BIOVIA.

RESULTS AND DISCUSSION

Validation is carried out at the active site of each receptor using 
the cocrystal ligand as a reference to determine the size and 
coordinates of each box.[32] Redocking results from this study 
were provided RMSD score in the range between 0.487 Å 
and 1.431 Å, indicated that each receptor used was valid for 
docking purposes.[33] Visualization of ligand overlays resulting 
from redocking with cocrystal ligands from crystallographic 
results is presented in Figure 1. Overall, the redocking process 
shows results that can be used for the docking process. Other 
parameters observed in the validation process are ΔG, Ki, 
amino acid residues, and the number of hydrogen bonds, 
including size and grid coordinates, as shown in Table 2.

Test ligands were sketched then performed geometry 
optimization using the Hartree-Fock method with basis set 
3–21G. This method was ab initio approximation with a high 

confidence rate for in silico analysis.[34] Docking was performed 
using AutoDock 4.2.6 at each binding site with 100 genetic 
algorithms runs to improve the accuracy of docking results. The 
center of grid box is determined by the blind docking method 
using a large grid box (60 Å × 60 Å × 60 Å) to ensure that the 
binding site used is the one that has the highest suitability for 
each receptor.[29] For each test ligand, one poses with the most 
negative ΔG, and lowest Ki was selected as representatives of 
test ligand.[34] The ΔG and Ki values obtained from docking 
results of all test ligands to each binding sites were compared 
with each other, as shown in Table 3, while the comparison of 
amino acid residues and the number of hydrogen bonds from 
ligands with the highest affinity with references ligands are 
presented in Table 4.

The highest affinity prediction is shown by 4-Nitro-5-
O-benzoylpinostrobin to the HER2 receptor, with an affinity 
predicted to be higher than lapatinib. The main difference 
in the position of the ligand from docking results mainly is 
the 4-Nitrobenzoyl group, which interacts in a different 
position from the position of the entire functional group of 
lapatinib. To facilitate observation, Discovery Studio Visualizer 
v.19.1.0.18287 is used to obtain a two-dimensional ligand-
receptor interaction display. Visualization of the docking results 
for 4-Nitro-5-O-benzoylpinostrobin compared to lapatinib as 
well as pinostrobin, 5-O-Benzoylpinostrobin, and SYR127063 
is presented in Figure 2.

The docking results show some interesting points, but 
before concluding on ligands with the highest affinity for 
each receptor, certain things must be considered. First, both 
ER and PR are hormonal receptors so that they can interact 
with both agonist and antagonist ligands at the same binding 
site. In other words, to assess the affinity of a ligand for ER 
and PR through a docking method, it is necessary to compare 
the affinity with the receptor that binds to the agonist and 
antagonist ligands.[35] Ideally, because ER/PR-positive breast 
cancer results from ER and PR overexpression, the test ligand 
must have a higher affinity as an antagonist than agonist 
ligands. The comparison of Ki value between agonist and 
antagonist ligand, as listed in Table 3, was compared to 
making the assessment. The comparison value higher than 1 
indicates that the ligand tends to be an antagonist than an 
agonist ligand. The higher comparative value indicates higher 
affinity as the antagonist ligand.

At the ERα receptor, this requirement is only fulfilled in the 
compounds 3,4-Dichloro-5-O-benzoylpinostrobin, 3-Chloro-
5-O-benzoylpinostrobin, 4-Bromo-5-O-benzoylpinostrobin, 
and 4-Chloro-5-O-benzoylpinostrobin. Comparison of the 
agonist: Antagonist affinity with the highest value indicated 
by 3,4-Dichloro-5-O-benzoylpinostrobin, with a comparison 
value of 41.01/19.39 = 2.12. These values indicate that 
3,4-Dichloro-5-O-benzoylpinostrobin has a two-fold higher 
tendency as an antagonist than as an agonist ligand. However, 
the Ki antagonist value of 3,4-Dichloro-5-O-benzoylpinostrobin 
is higher than the cocrystal ligand, 4-Hydroxytamoxifen, with 
a comparison value of 19.38/2.12 = 9.14. In other words, 
4-Hydroxytamoxifen is still 9 times more potent as ERα 
antagonist than 3,4-Dichloro-5-O-benzoylpinostrobin. The 
4-Hydroxytamoxifen itself is a drug of choice for the treatment 
of ER-positive breast cancer mainly due to ERα overexpression. 
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Receptors Ligand ΔG (kcal/mol) Ki (nM)

1QKU 2-Chloro-5‑O-benzoylpinostrobin −11.34 4.9

3-Chloro-5‑O-benzoylpinostrobin −11.2 6.16

4-Nitro-5‑O-benzoylpinostrobin −10.66 15.33

5‑O-Benzoylpinostrobin −10.65 15.53

Co-crystal (Estradiol) −10.62 16.35

2,4-Dichloro-5‑O-benzoylpinostrobin −10.62 16.55

4-Methoxy-5‑O-benzoylpinostrobin −10.44 22.08

4-Fluoro-5‑O-benzoylpinostrobin −10.36 25.26

4-Methyl-5‑O-benzoylpinostrobin −10.1 39.26

3,4-Dichloro-5‑O-benzoylpinostrobin −10.08 41.01

4-Bromo-5‑O-benzoylpinostrobin −10.03 44.67

4-Chloro-5‑O-benzoylpinostrobin −9.98 48.68

4-Trifluoromethyl-5‑O-benzoylpinostrobin −9.89 56.21

4-t-Butyl-5‑O-benzoylpinostrobin −9.59 93.96

Pinostrobin −7.97 1450

3ERT Co-crystal (4-hydroxytamoxifen) −11.83 2.12

3,4-Dichloro-5‑O-benzoylpinostrobin −10.52 19.38

3-Chloro-5‑O-benzoylpinostrobin −10.24 31.25

4-Methoxy-5‑O-benzoylpinostrobin −10.21 32.72

2,4-Dichloro-5‑O-benzoylpinostrobin −10.16 35.89

4-Bromo-5‑O-benzoylpinostrobin −10.14 37.01

4-Chloro-5‑O-benzoylpinostrobin −10.08 40.65

4-Methyl-5‑O-benzoylpinostrobin −10.07 41.23

2-Chloro-5‑O-benzoylpinostrobin −10.01 46.21

4-t-Butyl-5‑O-benzoylpinostrobin −9.91 54.66

4-Nitro-5‑O-benzoylpinostrobin −9.75 71.66

4-Trifluoromethyl-5‑O-benzoylpinostrobin −9.48 112.79

5‑O-Benzoylpinostrobin −9.47 114.24

4-Fluoro-5‑O-benzoylpinostrobin −9.45 117.51

Pinostrobin −7.21 5150

5TOA Co-crystal (Estradiol) −11.1 7.35

3-Chloro-5‑O-benzoylpinostrobin −9.27 160.65

2,4-Dichloro-5‑O-benzoylpinostrobin −9.25 166.34

2-Chloro-5‑O-benzoylpinostrobin −9.92 179.04

5‑O-Benzoylpinostrobin −9.09 217.65

4-Methoxy-5‑O-benzoylpinostrobin −8.97 264.58

4-Methyl-5‑O-benzoylpinostrobin −8.71 411.57

4-Fluoro-5‑O-benzoylpinostrobin −8.71 412.52

4-Trifluoromethyl-5‑O-benzoylpinostrobin −8.6 497.47

4-Bromo-5‑O-benzoylpinostrobin −8.38 716.93

4-Chloro-5‑O-benzoylpinostrobin −8.29 831.23

4-Nitro-5‑O-benzoylpinostrobin −8.14 1080

Pinostrobin −7.85 1770

3,4-Dichloro-5‑O-benzoylpinostrobin −7.69 2300

4-t-Butyl-5‑O-benzoylpinostrobin −7.26 4760

Table 3: Comparison of ΔG and Ki values from docking results

(Contd...)
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Receptors Ligand ΔG (kcal/mol) Ki (nM)

1L2J 4-Nitro-5‑O-benzoylpinostrobin −12.23 1.09

4-t-Butyl-5‑O-benzoylpinostrobin −11.3 5.18

Co-crystal (Tetrahydrochrysene) −11.18 6.38

2-Chloro-5‑O-benzoylpinostrobin −10.94 9.54

4-Methyl-5‑O-benzoylpinostrobin −10.82 11.81

3-Chloro-5‑O-benzoylpinostrobin −10.77 12.74

3,4-Dichloro-5‑O-benzoylpinostrobin −10.75 13.17

4-Chloro-5‑O-benzoylpinostrobin −10.62 16.46

4-Bromo-5‑O-benzoylpinostrobin −10.4 23.97

2,4-Dichloro-5‑O-benzoylpinostrobin −10.33 26.67

5‑O-Benzoylpinostrobin −10.32 27.19

4-Fluoro-5‑O-benzoylpinostrobin −10.2 33.37

4-Trifluoromethyl-5‑O-benzoylpinostrobin −10.2 33.48

4-Methoxy-5‑O-benzoylpinostrobin −10.17 35.18

Pinostrobin −8.37 734.51

3D90 2,4-Dichloro-5‑O-benzoylpinostrobin −11.43 4.19

3,4-Dichloro-5‑O-benzoylpinostrobin −11.3 5.2

4-Nitro-5‑O-benzoylpinostrobin −11.28 5.37

4-Bromo-5‑O-benzoylpinostrobin −11.08 7.59

4-Methyl-5‑O-benzoylpinostrobin −11 8.6

4-Chloro-5‑O-benzoylpinostrobin −11 8.61

4-Methoxy-5‑O-benzoylpinostrobin −10.94 9.63

3-Chloro-5‑O-benzoylpinostrobin −10.85 11.16

2-Chloro-5‑O-benzoylpinostrobin −10.82 11.68

4-Trifluoromethyl-5‑O-benzoylpinostrobin −10.75 13.17

Co-crystal (Levonorgestrel) −10.75 13.21

4-t-Butyl-5‑O-benzoylpinostrobin −10.58 17.42

4-Fluoro-5‑O-benzoylpinostrobin −10.49 20.44

5‑O-Benzoylpinostrobin −10.44 22.4

Pinostrobin −7.82 1840

2OVM Co-crystal (Asoprisnil) −12.99 0.3

4-Nitro-5‑O-benzoylpinostrobin −12.97 0.31

4-t-Butyl-5‑O-benzoylpinostrobin −11.07 7.65

3,4-Dichloro-5‑O-benzoylpinostrobin −10.37 24.95

3-Chloro-5‑O-benzoylpinostrobin −10.07 41.67

4-Methoxy-5‑O-benzoylpinostrobin −10.05 42.91

2-Chloro-5‑O-benzoylpinostrobin −9.92 53.47

4-Bromo-5‑O-benzoylpinostrobin −9.88 56.79

2,4-Dichloro-5‑O-benzoylpinostrobin −9.88 57.18

4-Chloro-5‑O-benzoylpinostrobin −9.85 60.66

4-Trifluoromethyl-5‑O-benzoylpinostrobin −9.73 73.39

5‑O-Benzoylpinostrobin −9.69 78.43

4-Methyl-5‑O-benzoylpinostrobin −9.65 84.31

4-Fluoro-5‑O-benzoylpinostrobin −9.37 134.39

Pinostrobin −7.76 2060

Table 3: (Continued)

(Contd...)
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Receptors Ligand ΔG (kcal/mol) Ki (nM)

3PP0 4-Nitro-5‑O-benzoylpinostrobin −12.79 0.42

4-t-Butyl-5‑O-benzoylpinostrobin −12.38 0.85

Lapatinib −11.97 1.69

3,4-Dichloro-5‑O-benzoylpinostrobin −11.08 7.62

2,4-Dichloro-5‑O-benzoylpinostrobin −10.87 10.72

4-Bromo-5‑O-benzoylpinostrobin −10.77 12.85

4-Trifluoromethyl-5‑O-benzoylpinostrobin −10.47 21.06

3-Chloro-5‑O-benzoylpinostrobin −10.47 21.07

4-Methoxy-5‑O-benzoylpinostrobin −10.43 22.76

4-Chloro-5‑O-benzoylpinostrobin −10.41 23.23

2-Chloro-5‑O-benzoylpinostrobin −10.41 23.42

Co-crystal (SYR127063) −10.39 24.07

4-Methyl-5‑O-benzoylpinostrobin −10.36 25.36

4-Fluoro-5‑O-benzoylpinostrobin −9.93 52.95

5‑O-Benzoylpinostrobin −9.92 53.85

Pinostrobin −8.44 651.87

Table 3: (Continued)

Receptor Amino acid residues Number of hydrogen bonds

Comparative 
ligand

Ligand with the 
highest affinity

Similarity (%) Comparative 
ligand

Ligand with the highest 
affinity

1QKU 353-Glu

388-Met

391-Leu

404-Phe

424-Ile

521-Gly

524-His

525-Leu

-

388-Met

391-Leu

404-Phe

-

521-Gly

524-His

525-Leu

75 3 1

3ERT 343-Met

346-Leu

347-Thr

350-Ala

351-Asp

353-Glu

383-Trp

387-Leu

394-Arg

421-Met

428-Leu

521-Gly

-

346-Leu

347-Thr

350-Ala

-

353-Glu

-

387-Leu

394-Arg

421-Met

-

521-Gly

66.67 2 0

5TOA 305-Glu

336-Met

340-Met

343-Leu

346-Arg

305-Glu

336-Met

-

343-Leu

346-Arg

70 3 1

Table 4: Comparison of amino acid residues and the number of hydrogen bonds

(Contd...)



Pratama, et al.: Novel 5-O-Benzoylpinostrobin derivatives as anti-breast cancer

http://www.tjps.pharm.chula.ac.th208  TJPS 2019, 43 (4): 201-212

Receptor Amino acid residues Number of hydrogen bonds

Comparative 
ligand

Ligand with the 
highest affinity

Similarity (%) Comparative 
ligand

Ligand with the highest 
affinity

356-Phe

376-Ile

380-Leu

472-Gly

475-His

356-Phe

376-Ile

-

-

475-His

1L2J 336-Met

339-Leu

340-Met

343-Leu

346-Arg

376-Ile

380-Leu

472-Gly

475-His

336-Met

339-Leu

340-Met

343-Leu

346-Arg

376-Ile

380-Leu

-

475-His

88.89 2 1

3D90 715-Leu

718-Leu

721-Leu

725-Gln

759-Met

766-Arg

890-Tyr

891-Cys

715-Leu

-

721-Leu

725-Gln

759-Met

766-Arg

-

-

62.5 1 0

2OVM 718-Leu

719-Asn

722-Gly

723-Glu

725-Gln

755-Trp

756-Met

759-Met

760-Val

766-Arg

778-Phe

797-Leu

801-Met

887-Leu

890-Tyr

891-Cys

894-Thr

-

719-Asn

722-Gly

723-Glu

-

755-Trp

756-Met

759-Met

760-Val

766-Arg

778-Phe

-

801-Met

-

-

891-Cys

-

64.71 1 1

3PP0 (SYR127063 
as comparative 
ligand)

798-Thr

799-Gln

800-Leu

801-Met

849-Arg

852-Leu

734-Val

-

-

-

-

798-Thr

38.46 0 0

Table 4: (Continued)

(Contd...)
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Receptor Amino acid residues Number of hydrogen bonds

Comparative 
ligand

Ligand with the 
highest affinity

Similarity (%) Comparative 
ligand

Ligand with the highest 
affinity

862-Thr

863-Asp

-

-

-

849-Arg

852-Leu

-

863-Asp

3PP0 (Lapatinib as 
comparative ligand)

726-Leu

728-Ser

729-Glu

734-Val

751-Ala

753-Lys

774-Met

785-Leu

796-Leu

798-Thr

799-Gln

800-Leu

801-Met

804-Gly

805-Cys

849-Arg

850-Asn

852-Leu

862-Thr

863-Asp

864-Phe

726-Leu

728-Ser

729-Glu

734-Val

-

753-Lys

-

-

796-Leu

798-Thr

-

-

-

-

-

849-Arg

850-Asn

852-Leu

-

863-Asp

-

52.38 0 0

Table 4: (Continued)

However, resistance to 4-Hydroxytamoxifen is currently a 
problem in its use in therapy.[36]

Exciting results are shown in the ERβ receptor, where 
all test ligands have a higher affinity as the antagonist than 
agonist ligands. Comparison of the agonist: Antagonist 
affinity with the highest value indicated by 4-Nitro-5-O-
benzoylpinostrobin, with a comparison value of 1080/1.09 
= 990.83. These values indicate that 4-Nitro-5-O-
benzoylpinostrobin has almost a 1000 times higher tendency 
as an antagonist than as an agonist ligand. Compared to 
the cocrystal ligand, in this case, tetrahydrochrysene, the 
Ki antagonist value of 4-Nitro-5-O-benzoylpinostrobin has 
a comparison value of 6.38/1.09 = 5.85, which means that 
4-Nitro-5-O-benzoylpinostrobin is almost 6 times fold more 
potent than tetrahydrochrysene as an ERβ antagonist. These 
results indicate that 5-O-Benzoylpinostrobin derivatives 
tend to have a higher affinity for ERβ than ERα. This result 
is fascinating because the most promising ER-ligands for 
clinical use are those eliciting an ERβ-selective activation.[37] 
The 4-Nitro-5-O-benzoylpinostrobin itself meets particular 

requirements; hence, it is very promising to be used in the 
treatment of ER-positive breast cancer.

While at PR receptors, this requirement is only fulfilled 
on 4-Nitro-5-O-benzoylpinostrobin and 4-t-Butyl-5-O-
benzoylpinostrobin. Comparison of the agonist: Antagonist 
affinity with the highest value indicated by 4-Nitro-5-O-
benzoylpinostrobin, with a comparison value of 5.37/0.31 = 
17.32. These values indicate that 4-Nitro-5-O-benzoylpinostrobin 
has a seventeen-fold higher tendency as an antagonist than 
agonist ligand. This value is almost similar to the Ki antagonist 
value of the cocrystal ligand, in this case, asoprisnil with a 
comparison value of 0.3/0.31 = 0.97, indicating that 4-Nitro-
5-O-benzoylpinostrobin is almost as potent as asoprisnil as 
a PR antagonist. These results complement the previous 
analysis, which also placed 4-Nitro-5-O-benzoylpinostrobin as 
a 5-O-Benzoylpinostrobin derivative with the highest potential 
as an ER antagonist, especially ERβ. Overexpression in ER and 
PR itself often occurs together. Therefore, ligands that have 
antagonist activity on both are very potential to be developed 
in the treatment of ER/PR-positive breast cancer.[38]
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Especially for HER2 receptors which are known not 
to have agonist ligands, ligand affinity is determined based 
on the comparison of Ki values against cocrystal ligand and 
HER2 antagonists that have been used clinically, in this case, 
lapatinib. In line with the ER and PR results, 4-Nitro-5-O-
benzoylpinostrobin also shows the highest affinity as a HER2 
antagonist. Compared to cocrystal ligand SYR127063 and 
lapatinib, the Ki value of 4-Nitro-5-O-benzoylpinostrobin has a 
comparison value of 24.07/0.42 = 57.31 and 1.69/0.42 = 4.02, 
respectively. In other words, 4-Nitro-5-O-benzoylpinostrobin is 
predicted to have an affinity 4 times higher than lapatinib. 
This value is relatively high, considering that lapatinib is a 
synthetic drug designed specifically to inhibit the receptor 
signal processes by the adenosine triphosphate-binding pocket 
of the HER2.[39] These results further emphasize the potential 
of 4-Nitro-5-O-benzoylpinostrobin as anti-breast cancer not 
only with overexpression of ER/PR but also HER2.

Observation of amino acid residues from docking results, 
as presented in Table 4, also shows impressive results. In line 
with the predictions of affinity obtained, the comparison of 
amino acid residues also showed a higher level of similarity 
to the antagonist compared to the agonist form in ERβ and PR 
but lower in ERα. These results support previous predictions 
that the best affinity ligand of the two receptors, 4-Nitro-5-
O-benzoylpinostrobin, has an antagonist affinity for the two 
receptors. While on HER2, 4-Nitro-5-O-benzoylpinostrobin 
showed a higher level of similarity to lapatinib than SYR127063. 
However, the level of similarity shown is only around 50%. 
Interestingly, 4-Nitro-5-O-benzoylpinostrobin has fewer Van 
der Waals interactions with amino acids than lapatinib, but 
the affinity shown is higher. This is unique considering that 

usually, the number of Van der Walls interactions is directly 
proportional to the affinity shown,[40] especially since 
lapatinib has a higher molecular mass than 4-Nitro-5-O-
benzoylpinostrobin while the comparison of the number of 
hydrogen bonds between 4-Nitro-5-O-benzoylpinostrobin and 
the comparative ligand shows that the test ligand has fewer 
hydrogen bonds than the comparable ligands, except for the 
antagonist form of PR and HER2.

Especially on HER2, 4-Nitro-5-O-benzoylpinostrobin 
shows a novel interaction that is not shown by lapatinib to 
HER2. Visual observation in Figure 2 confirms the interaction 
of the 4-Nitrobenzoyl group in a position not shown by 
either lapatinib or by 5-O-Benzoylpinostrobin. This is unique, 
considering that the benzoyl group of 5-O-Benzoylpinostrobin 
is in a very different position from the 4-Nitrobenzoyl group. 
The presence of a 4-nitro substituent has a significant effect on 
the affinity of the 5-O-Benzoylpinostrobin derivative against 
HER2, given the predicted 4-Nitro-5-O-benzoylpinostrobin 
affinity is much higher than 5-O-Benzoylpinostrobin.

CONCLUSION

This research has succeeded in designing the highest 
potential 5-O-Benzoylpinostrobin derivative as anti-breast 
cancer, 4-Nitro-5-O-benzoylpinostrobin, with the main 
target being antagonists of HER2. Besides, the compound 
also has the potential as an ER, especially ERβ and PR 
antagonist, although it is lower than HER2. Analysis of the 
amino acid interactions of these compounds with HER2 also 
shows a novel interaction of the 4-Nitrobenzoyl, which was 
not shown by lapatinib, thus opening the chance for the 

Figure 2: Two-dimensional comparison of docking results from pinostrobin (a), 5-O-Benzoylpinostrobin (b), 4-Nitro-5-O-benzoylpinostrobin 
(c), lapatinib (d), and cocrystal ligand SYR127063 (e) at human epidermal growth factor receptor 2 binding site

cb

d

a

e
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development of new HER2 antagonists with 4-Nitro-5-O-
benzoylpinostrobin as the template. This study shows that 
the novel 5-O-Benzoylpinostrobin derivative, specifically 
4-Nitro-5-O-benzoylpinostrobin, is very feasible to be 
synthesized and tested in the in vitro stage with appropriate 
cancer cell lines.
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