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Introduction

Abstract: The high prevalence of cancer must be overcome with prompt and appropriate
prevention and treatment. New drug design is an effort to develop existing drugs, and their
molecular structure and biological activity have been known through structural
modification. It encourages researchers to explore Indonesia's natural resources, especially
plants with anticancer activity, namely by synthesizing chalcone-derived compounds
derived from the isolation of Fingerroot rhizomes (Boesenbergia rotunda). The most common
flavonoid compound found in rhizomes fingerroot plants is pinostrobin. Pinostrobin
compounds and their derivatives are synthesized, resulting in chalcone compounds and
their derivative modifications. The author conducted an in-silico test on pinostrobin
compounds and 19 of their derivatives, chalcone compounds, and 18 derivatives using
estrogenic-o. receptors with PDB codes 3ERD and 1G50. The author hoped that from this
silico test, compounds with more potential as anticancer for breast cancer would be obtained
based on the results of docking with 3ERD and 1G50 receptors and can then be synthesized.
In the results of this study, the compounds Bis-4-bromobenzyoxychalcone and Bis-4-
chlorobenzyloxychalcone are the most appropriate compounds to be synthesized. It is hoped
that in the future, they can be continued with activity tests of these compounds, both in vitro
and in vivo, because these compounds are predicted to have the best activity and do not
have hepatotoxic or other toxicity effects.

Keywords: Breast Anticancer; Chalcone; Cytotoxic Activity; Fingerroot rhizomes
(Boesenbergia rotunda); Structure Modification

sensitivity to anti-estrogen therapy and assess the

Cancer is a disease characterized by abnormal cells
that can develop uncontrollably and attack and move
between cells and tissues of the body (Sulung et al., 2018).
One of the most common types of cancer in women is
breast cancer (Kesuma et al., 2020). Breast cancer, also
known as mammary carcinoma, is a malignant tumour
that grows in breast tissue. The major factors causing
breast cancer are obesity, alcohol consumption, genetics,
and age. Genetic alterations lead to the dysregulation of
several pathways related to cell proliferation and
survival (Widyananda ef al., 2022). Breast cancer
overexpresses estrogen receptors (Er) about 70%. Estrogen
receptors can be used to determine breast cancer
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sensitivity of preventive chemotherapy in patients at
high risk of breast cancer. Er-a is a receptor that is
generally reported to cause an increase in cell
proliferation. Therefore, ER-a is a potential target for
discovering and developing breast cancer drugs
(Nurlelasari et al., 2023). One of the adherent cell lines
that express the alpha estrogen receptor (ER-a) is MCF-
7 breast cancer cells (Reynaldi & Setiawansyah, 2022).
Based on Global Burden Cancer (2020) data, there
are 396,914 new cancer patients in Indonesia, with breast
cancer ranked second at 65,858 (16.6%), and the death
rate from breast cancer in Indonesia is 22,430 people
(9.6%). The prevalence of breast cancer in 5 years (all
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ages) reached 201,143 cases (Effendi et al., 2023). The
high prevalence of cancer must be overcome with
prompt and appropriate prevention and treatment.
Meanwhile, drugs used for a long time are gradually
becoming less effective (Kar, 2007) and cancer cells tend
to resist anticancer drugs (Goldman, 2003; Tartarone et
al., 2013).

The main treatment for breast cancer is surgery
with or without chemotherapy or radiotherapy,
followed by hormone therapy. In patients with hormone
receptor positives, anti-estrogen drugs such as Tamoxifen
are usually used as hormone therapy. Tamoxifen is a
triphenylethylene derivative pharmacologically
classified as a selective ER modulator (SERM) that acts
as an agonist in the uterus but as an antagonist in the
breast (Chang, 2012). However, Tamoxifen has side
effects, where the use of Tamoxifen for more than one
year can cause the onset of endometrial cancer,
hypertriglyceridemia, and liver and fatty liver disease
(Aruminingsih et al., 2015).

Therefore, the development of new drugs that are
selective and effective is carried out. The development or
design of a new drug is an effort to develop an existing
drug, and its molecular structure and biological activity
are  known  through  structural = modification
(Siswandono, 2016). Synthesizing several derivatives of
the parent compound, identifying the structure, and
testing its biological activity are all methods used in
modifying the structure. Before a compound is
synthesized, it is necessary to predict its molecular
chemical properties, pharmacokinetic properties
(ADMEs), toxicity, and drug interactions with receptors
in a silico manner (Schlick, 2010). It happens because
structural changes will alter the physicochemical
properties of compounds, including lipophilic,
electronic, and steric properties, as well as their
biological activity (Hardjono, 2012; Hardjono et al., 2016).
Molecular modeling is a technique that is currently being
developed (Kesuma et al., 2018). The in-silico approach
has filtered drug candidates from natural ingredient
compounds. In addition, the in-silico approach can also
be used to explain how a natural compound inhibits a
target protein (Nurlelasari et al., 2023).

This encourages researchers to explore Indonesia's
natural resources, especially plants with anticancer
activity, namely by synthesizing chalcone-derived
compounds derived from the isolation of rhizomes
fingerroot rhizomes (Boesenbergia rotunda). Boesenbergia
rotunda belongs to the Zingiberaceae family that grows
in Southeast Asia, India, Sri Lanka, and southern China.
There are bioactive compounds in Boesenbergia rotunda
that are suspected to have anticancer properties
(Widyananda et al, 2022). Fingerroot rhizomes
(Boesenbergia rotunda) can increase the number of
lymphocytes and specific antibodies and kill cancer cells.
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Based on phytochemical screening, rhizome fingerroot
extract contains a lot of flavonoids, alkaloids, and
phenolics (Atun & Handayani, 2017). The most common
flavonoid compound found in the fingerroot rhizomes
plant (Boesenbergia rotunda) is pinostrobin (Parwata et
al., 2014). Most studies show that pinostrobin compounds
function as antivirals, antioxidants, and anticancers
(Charoensin et al., 2010). Pinostrobin compounds and
their derivatives are synthesized to produce chalcone
compounds and their derivative modifications. It occurs
because the availability of chalcone compounds from
natural materials is minimal. A study showed that
chalcone and its derivatives can inhibit estrogen
receptors in breast cancer. In addition, it has been found
that chalcone has antiproliferative activity against MCF-
7 breast cancer cells (Dona et al., 2015).

Based on the description above, in order to obtain
compounds that are estimated to have anticancer
activity in breast cancer, in this study, the author
conducted an in-silico test on pinostrobin compounds and
19 of their derivative compounds, as well as chalcone
compounds and 18 derivative compounds using
estrogen-a receptors with PDB codes: 3ERD and 1G50. It
is hoped that from this in silico test, compounds with
more potential as breast anticancers will be obtained
based on the results of docking against the 3ERD and
1G50 receptors and then can be synthesized.

Method

Materials

In this study, computer hardware with Intel(R)
Core (TM) i7-9700F CPU specifications @ 3.00GHz,
16384MB RAM equipped with Windows 10 Education
64-bit operating system (University of Surabaya) was
used. This study used pinostrobin compounds and 19
derivatives and 18 fibrous chalcone compounds in the
3D form downloaded from MarvinSketch software in
(.mol2) format; Molecular Graphics Laboratory (MGL)
Tools (including AutoDock Vina, AutoDock Tools 4.1, and
Python 2.5.2) which are used for grid centre selection on
protein structures and molecular docking; BIOVIA
Discovery Studio Visualizer to visualize docking results;
estrogen- a receptors are obtained from the Protein Data
Bank (PDB) (https://www.rcsb.org/) in .pdb format
with PDB codes 3ERD and 1G50; and Tamoxifen as a
comparator.
Ligand Preparation

Pinostrobin compounds and their derivatives,
chalcone, and its derivatives are referred to as ligands.
MarvinSketch software is used to draw the ligand
structure in the ligand preparation process.
AutoDockTools 1.5.6 software prepares the ligand and
arranges the grid box exactly where the ligand attaches
to the receptor.
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Receptor Preparation

Estrogen-a receptors with PDB codes 3ERD and
1G50 and Tamoxifen obtained from the Protein Data
Bank (https:/ /www.rcsb.org/). The resolution of these
proteins is 2.03 A and 2.90 A, respectively. The receptor
preparation process is carried out using AutoDockools
1.5.6 software. The method is valid if the RMSD value
obtained is 3A.

Molecular Docking

In docking, it is necessary to prepare a working
folder containing autogrid4.exe and autodock4.exe, as
well as receptors and ligands in the pdbgt format that
have been prepared. In this study, molecular docking
was carried out using Molecular Graphics Laboratory
(MGL) Tools software, including AutoDock Vina,
AutoDock Tools 4.1, and Python 2.5.2, after which it was
run using Command prompt (CMD). Pyrx software was
also used in this study and can be downloaded via
https:/ /pyrx.sourceforge.io/. BIOVIA Discovery Studio
Visualizer (DSV) software is used to visualize the results
of docking ligand bonds with amino acids on receptors
in 2D and 3D.

Prediction of Physicochemical Properties and Toxicity of
Compounds

Prediction of compound activity is carried out
through the PASS Online (Prediction of Activity Spectra
for Substance) website
https:/ /www.way2drug.com/PASSOnline/index.php;
pkCSM (Predicting Small-Molecule Pharmacokinetic and
Toxicity Properties Using Graph-Based Signature)
website https:/ /biosig.lab.ug.edu.au/pkcsm/
conducted to predict toxicity and bioavailability;
http:/ /www.scfbio-
iitd.res.in/software/drugdesign/lipinski.jsp website is
used for the analysis of lipophilic properties of
compounds based on Lipinski's Rule of Five, and
website https:/ /tox.charite.de/protox3/# is used to
view toxicity doses and toxicity classes using Profox
online tools.
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Result and Discussion

According to Praditapuspa et al., (2021), the
potency and selectivity of compounds can be enhanced
through structural modification. Several methods can be
used to design potent and selective compounds, one of
which is in silico methods. Optimizing activity,
geometry, and reactivity before experimental synthesis
is a key advantage of this approach. This can help
shorten the synthesis process, which requires significant
time and cost. To enhance its anticancer activity, the
structure of pinostrobin was modified by adding acyl
groups. The choice of substituents depends on how
lipophilic, electronic, and steric properties change. In
this study, several initial stages in the development of
new drugs have been conducted. These stages are based
on the principles of rational drug discovery and
development (Praditapuspa et al., 2021).

In a previous study conducted by Mass et al. (2022),
chalcone was used as a pharmacophore, which was
synthesized into  Dihydropyrimidone Chalcone
compounds and subsequently confirmed using H-NMR
Spectroscopy, resulting in 10 compounds derived from
Dihydropyrimidone Chalcone. After that, 3 of the
obtained compounds were tested in silico through
molecular docking with the ER a receptor using Protein
Data Bank (PDB) code 6CHZ and ER-p1 using PDB code
30LS. The results showed that the best binding energy
value was observed for ER a with PDB code 6CHZ. The
in silico study indicated that the 3 compounds located at
the active site of ER-a have the potential to act as
antagonistic molecules that can disrupt cell proliferation
processes . Therefore, this study will focus on the
development of new breast cancer drugs, starting with
molecular docking against ER-a using PDB code 6CHZ
(Mass et al., 2022).

Figure 1 and Table 1 show the chemical structure of
pinostrobin compounds and their derivatives, chalcone
compounds and their derivatives, and tamoxifen
comparator compounds.

<)

Figure 1. Pinostrobin compound (a), Chalcone Compound (b) and Tamoxifen Comparator Compound
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Table 1. Chemical structure of pinostrobin and chalcone derivatives

No. Senyawa  Posisi R Nama Senyawa
1. - - 5-O-benzylpinostrobin
2. 4 Cl 5-O-(4-chloro-benzyl)pinostrobin
3. 34 2Cl1 5-O-(3,4-dichloro-benzyl)pinostrobin
4. i Cgi 5-O-(3-trifluoromethyl-4-chloro-benzyl)pinostrobin
5. i I\? gz 5-O-(3-trifluoromethyl-4-nitro-benzyl)pinostrobin
6. 4 CF; 5-O-(4-trifluoromethyl-benzyl)pinostrobin
7. 4 Br 5-O-(4-bromo-benzyl)pinostrobin
8. 4 I 5-O-(4-iodo-benzyl)pinostrobin
9. 2,4 2C1 5-O-(2,4-dichloro-benzyl)pinostrobin
10. 4 NO» 5-O-(4-nitro-benzyl)pinostrobin
11. 3 Cl 5-O-(3-chloro-benzyl)pinostrobin
12. 2 Cl 5-O-(2-chloro-benzyl)pinostrobin
13. 2 OCH;s 5-O-(2-methoxy-benzyl)pinostrobin
14. 4 F 5-O-(4-fluoro-benzyl)pinostrobin
15. 4 C(CHs) 5-O-(4-tert-butyl-benzyl)pinostrobin
16. 3 CFs 5-O-(3-trifluorometil-benzyl) pinostrobin
17. 3,5 2Cl1 5-O-(3,5-dichloro-benzyl)pinostrobin
18. 4 CH3 5-O-(4-methoxy-benzyl)pinostrobin
19. 4 NH> 5-O-(4-amino-benzyl)pinostrobin
20. 4 OH 5-O-(4-hydroxy-benzyl)pinostrobin
21. - - 2-6-dibenzyloxykalkon
22. 4 Cl Bis-4-chlorobenzyloxychalcone
23. 3,4 Cl Bis-3,4-dichloro-benzyloxychalcone
24. i Cgi Bis-3-trifluoromethyl-4-chloro-benzyloxychalcone
25. i I\(Ij gz Bis-3-trifluoromethyl-4-nitro-benzyloxychalcone
26. 4 CFs Bis-4-trifluoromethylbenzyloxychalcone
27. 4 Br Bis-4-bromobenzyloxychalcone
28. 4 I Bis-4-iodobenzyloxychalcone
29. 2,4 2C1 Bis-2,4-dichlorobenzyloxychalcone
30. 4 NO; Bis-4-nitrobenzyloxychalcone
31. 3 Cl Bis-3-chlorobenzyloxychalcone
32. 2 Cl Bis-2-chlorobenzyloxychalcone
33. 2 CH; Bis-2-methoxybenzyloxychalcone
34. 4 F Bis-4-fluorobenzyloxychalcone
35. 4 C(CHoa) Bis-4-tertbutyl-benzyloxychalcone
36. 3 CFs Bis-3-trifluoromethyl-benzyloxychalcone
37. 4 CH3 Bis-4-methoxy-benzyloxychalcone
38. 4 NH> Bis-4-amino-benzyloxychalcone
39. 4 OH Bis-4-hydroxy-benzyloxychalcone
40. Comparative Compund Tamoxifen

Prediction of Physicochemical Properties and Toxicity of
Compounds

Pinostrobin  compounds and 19 derivatives,
chalcone compounds and 18 derivatives, and tamoxifen
comparative  compounds  were predicted for
physicochemical properties based on the Lipinski Rule
of Five (RO5). It prevents the compound's failure when
it is developed into a drug due to low permeation or
absorption. The Lipinski Rule of Five has requirements
consisting of its molecular weight not exceeding 500 Da,
the log value of the octanol/water partition coefficient

(log P) is not more than 5, the donor's H-bond (HBD),
expressed by the number of O-H and N-H groups, must
be less than 5; and the H-bond of the acceptor (HBA),
expressed by the number of O and N atoms, must be less
than 10. The results of the Lipinski Rule of Five
predictions are presented in Table 2. Based on the data
obtained, it was concluded that several compounds
derived from pinostrobin and chalcone did not meet the
requirements of the Lipinski Rule of Five.
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Table 2. In silico prediction of the physicochemical property parameters of Pinostrobin derivatives, Chalcone, and
comparator compounds using the pkCSM online tool. MW = Molecular Weight; LogP = Logarithm of the
Octanol/Water Partition Coefficient; RB = Rotation Bonds; HBA = Hydrogen Bond Acceptors; HBD = Hydrogen

Bond Donors; PSA = Polar Surface Area.

glo. MW Log P RB HBA HBD PSA (A?)
enyawa

1. 270,284 3,1073 2 4 1 116,125
2. 394,854 5,6341 5 4 0 168,170
3. 429,299 6,2875 5 4 0 178,473
4. 462,851 6,6529 5 4 0 187,031
5. 473,403 5,9077 6 6 0 191,381
6. 428,406 5,9995 5 4 0 176,728
7. 439,305 5,7432 5 4 0 171,734
8. 486,305 5,5853 5 4 0 177,128
9. 429,299 6,2875 5 4 0 178,473
10. 405,406 4,8889 6 6 0 172,520
11. 172,520 5,6341 5 4 0 168,17
12. 394,854 5,6341 5 4 0 168,17
13. 390,435 4,9893 6 5 0 169,345
14. 378,399 5,1198 5 4 0 162,032
15. 416,517 6,2782 5 4 0 183,326
16. 428,406 5,9995 5 4 0 176,728
17. 429,299 6,2875 5 4 0 178,473
18. 374,436 5,28912 5 4 0 164,232
19. 375,424 4,5629 5 5 1 163,207
20. 376,408 4,6863 5 5 1 162,661
21. 450,534 6,7493 10 4 0 199,605
22. 519,424 8,0561 10 4 0 220,211
23. 588,314 9,3629 10 4 0 240,818
24. 655,418 10,0937 10 4 0 257,935
25. 676,522 8,6033 12 8 0 266,634
26. 586,528 8,7869 10 4 0 237,328
27. 608326 8,2743 10 4 0 227,34
28. 702,326 7,9585 10 4 0 238,129
29. 588,314 9,3629 10 4 0 240,818
30. 540,528 6,5657 12 8 0 228,911
31. 519,424 8,0561 10 4 0 220,211
32. 519,424 8,0561 10 4 0 220,211
33. 510,586 6,7665 12 6 0 222,562
34. 486,514 7,0275 10 4 0 207,936
35. 562,75 9,3443 10 4 0 250,524
36. 586,528 8,7869 10 4 0 237,328
37. 450,534 6,7493 10 4 0 199,605
38. 519,424 8,0561 10 4 0 220,211
39. 588,314 9,3629 10 4 0 240,818
40. 655,418 10,0937 10 4 0 257,935

In Silico Predictions, Activity and Toxicity

The results of the in-silico test prediction of
pinostrobin compounds and their derivatives, as well as
chalcone with their derivatives on estrogen-a receptor
targets (PDB codes: 3ERD and 1G50), are presented in
Table 3. Based on the data obtained in the table, it is
concluded that the binding energy values of pinostrobin
compounds and their derivatives and chalcone and its
derivatives can be predicted in their compound activity.

Several compounds have more binding energy
values when compared to pinostrobin and chalcone

compounds in the 3ERD PDB code, namely in
compounds number 2, 3,4,5,7,8,9,11,12,15, 16, 22, and
27. Compound number 27 (Bis-4-
bromobenzyloxykalkon) is the compound that has the
best binding energy value of -10.77 kcal/mol.
Compound number 27 has a smaller binding energy
value when compared to pinostrobin compounds (-8.73
kcal/mol), chalcone compounds (-9.96 kcal/mol), and
tamoxifen comparator compounds (-8.61 kcal/mol).
There are several compounds with more binding
energy values when compared to pinostrobin and
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chalcone compounds in the PDB code 1G50, namely in
compounds number 2, 3,7,9, 11, 12, 13, 15, 16, 17, 18, 22,
and 27. Compound  number 22  (Bis-4-
chlorobenzyloxykalkon) is the compound that has the
best binding energy value of -11.01 kcal/mol.
Compound number 22 has a smaller binding energy
value when compared to pinostrobin compounds (-8.75
kcal/mol), chalcone compounds (-10.04 kcal/mol), and

October 2024, Volume 10 Issue 10, 8117-8126

tamoxifen comparator compounds (-5.65 kcal/mol). The
smaller the binding energy value of a compound, the
greater its activity potential and stable ligand-receptor
binding. The selected compounds are compounds
number 22 and 27, namely Bis-4-
chlorobenzyloxykalcone and Bis-4-
bromobenzyloxykalcone. The compound was chosen
because it does not cause hepatotoxic effects.

Table 3. In silico prediction of anticancer activity and toxicity against the ER-a receptor of Pinostrobin derivatives,
Chalcone, and comparator compounds using AutoDock Vina and PyRx (*), pkCSM (**), and Protox online tool (***)

Activity Toxicity

SNei.yawa Bmdl(x&g(ﬁ:gg}];. Binding Energy* Ames Hepa- Skin LDso Class***
3ERD). (Kode PDB: 1G50) Toxicity** totoxicity** Sensitization** Acute**

1 -8.73 -8.75 No No No 2147 5
2 -8.82 -8.79 No No No 2507 5
3 -9.3 -9.13 No Yes No 2635 5
4 -9.21 -8.59 No Yes No 2816 5
5 -8.86 -8.15 No Yes No 2553 5
6 -8.43 -8.75 No Yes No 2721 5
7 -8.99 -8.76 No Yes No 2516 5
8 -8.92 -8.44 No No No 2530 5
9 -9.45 -9.18 No No No 2636 5
10 -8.63 -8.42 Yes Yes No 2480 5
11 -9.16 -9.38 No No No 2510 5
12 -9.23 -9 No No No 2542 5
13 -8.7 -8.82 Yes No No 2675 5
14 -8.33 -8.64 No No No 2676 5
15 -9.09 -9.08 No Yes No 2492 5
16 -8.9 -9.12 No Yes No 2725 5
17 -8.56 -9.08 No Yes No 2606 5
18 -8.68 -8.8 No No No 2446 5
19 -8.02 -8.45 No Yes No 2725 5
20 -8.26 -8.24 No Yes No 2606 5
21 -9.96 -10.04 No Yes No 2048 5
22 -10.46 -11.01 No No No 2198 5
23 -5.96 -8.04 No No No 2312 5
24 -3.16 -5.48 No Yes No 2500 5
25 0.8 -5.48 Yes No No 2543 5
26 -5.26 -5.9 No Yes No 2400 5
27 -10.77 -10.55 No No No 2198 5
28 -5.78 -6.43 No No No 2224 5
29 -7.74 -7.94 No No No 2373 5
30 -4.87 -6.94 Yes Yes No 2518 5
31 -8.86 -9.34 No No No 2211 5
32 -7.62 -8.56 No No No 2235 5
33 -7.73 -7.65 No No No 2363 5
34 -9.13 9.7 No No No 2395 5
35 -3.21 -5.34 No Yes No 1952 4
36 -6.51 -8.12 No Yes No 2382 5
37 -6.67 -8.17 No No No 2754 5
38 -8.07 -7.92 No No No 2346 5
39 -7.82 -8.26 No Yes No 3210 5
40 -8.61 -5.65 No Yes No 2671 5

The compound's toxicity can be determined by
conducting an Ames Toxicity test. This test was carried
out using bacteria to assess the compound's mutagenic

potential. Compounds can be mutagenic and act
carcinogenic when the test results are positive. The data
obtained in Table 3 concluded that several pinoistrobin-
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derived compounds, chalcone-derived compounds, and
tamoxifen comparator compounds are predicted to be
non-mutagenic —chalcone-derived compounds.
However, compound numbers 10, 13, 25, and 30 showed
positive test results, so it was said that the compound
was mutagenic. In addition, Table 3 shows that all
compounds derived from pinostrobin and chalcone and
comparator compounds do not cause skin sensitisation.
In silico tests and toxicity classification of compounds
based on the Globally Harmonized System (GHS) using
the Protox online tool were conducted on toxicity per
liquid in rodents (LDso) of pinostrobin and chalcone
derivative compounds. The data in Table 3 shows that
several compounds derived from pinostrobin and
chalcone have LDsg values in rodents between 1952 and
3210 mg/kg. This value is included in the toxicity class
group of 5 GHS, meaning the compound has a low acute

October 2024, Volume 10 Issue 10, 8117-8126

toxicity effect. However, in Table 3, compound number
35 has an LDso value of 1952 mg/kg and is included in
the toxicity class of 4 GHS, meaning the compound's
toxicity is relatively low.

In this study, compounds number 22 and 27 (Bis-4-
chlorobenzyloxykalcone and Bis-4-
bromobenzyloxychalcone) were selected by considering
the compounds that are predicted to have the highest
cytotoxic activity and are not toxic. The energy binding
value of each of these compounds is -11.01 kcal /mol and
-10.77 kcal/mol. These compounds were chosen because
they do not have hepatotoxic or other toxicity effects.
The two selected compounds can later be synthesized
further. 3-D images of estrogen receptor targets- a PDB
codes 3ERD and 1G50 with pinostrobin and chalcone
derivative compounds and tamoxifen compounds as
comparisons can be seen in Figure 2 and 3.

()

Figure 2. 3-D description of alpha estrogen receptor (ER- a) target 3ERD code with the compound ligands Bis-4-
bromobenzyloxychalcone (a), pinostrobin (b), chalcone (c), and Tamoxifen (d)

(a) (b)

(d)

Figure 3. 3-D description of alpha estrogen receptor (ER-a) target 1G50 protein code with the compound ligands Bis-4-
chlorobenzyloxychalcone (a), pinostrobin (b), chalcone (c), and Tamoxifen (d)

(a) (b)

Met
mrt s WEL Gy
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© ‘ @

Figure 4. Visualization of the 2-D binding site on target estrogen receptor alpha (ER-a) code 3ERD with the compound ligands
Bis-4-bromobenzyloxychalcone (a), pinostrobin (b), chalcone (c), and Tamoxifen (d)
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Figure 5. Visualization of the 2-D binding site on target estrogen receptor alpha (ER-a) code 1G50 with the compound ligands
Bis-4-chlorobenzyloxychalcone (a), pinostrobin (b), chalcone (c), and Tamoxifen (d)

Ligand-receptor interactions

Table 4. Ligan-Receptor Interactions

involve
interactions between molecules, including Van der

various

Waals, hydrogen bonds, sigma bonds, and others.
Ligand-receptor interactions can be seen in Table 4.

Kode PDB Senyawa

Asam Amino

Jenis Interaksi

Bis-4-
bromobenzyloxykalkon

Pinostrobin

3ERD

Kalkon

Tamoxifen

Bis-4-
chlorobenzyloxykalkon

Pinostrobin

1G50

Kalkon

Tamoxifen

Arg 394; Glu 353; Gly 521; Leu 349; Leu 384;
Leu 402; Leu 540; Phe 425; Thr 347; Trp 383;
Val 418; Ile 424; Leu 346; Leu 387; Leu 525; Met
388; Met 421; Phe 404; Ala 350; His 524; Leu
391; Leu 428; Met 343; Met 528

Arg 394; Gly 521; His 524; Leu 349; Leu 388;
Leu 540; Met 342; Met 388; Met 522; Thr 347;
Trp 383; Met 343; Glu 353; Phe 404; Ala 350; Ile
424; Leu 346; Leu 387; Leu 391; Leu 525; Met
421

Arg 394; Glu 353; Gly 521; Leu 384; Leu 540;
Phe 404; Phe 425; Thr 347; Trp 383; Leu 346;
Leu 387; Leu 428; Leu 525; Met 343; Met 421;
Ala 350; His 524; Ile 424; Leu 391; Met 388; Met
528

Asp 426; His 516; His 524; Ile 424; Glu 523; Gly
420; Met 427; Glu 423; Lys 520

Arg 394; Glu 353; Gly 521; Met 421; Met 528;
Thr 347; Met 343; Ala 350; His 524; Met 388;
Phe 404; Leu 346; Ile 424; Leu 349; Leu 384;

Leu 387; Leu 391; Leu 428; Leu 525

Arg 394; Glu 353; Gly 521; Leu 346; Leu 349;
Met 343; Met 388; Phe 404; Phe 425; Thr 347;
Leu 387; Leu 525; Met 421; His 524; Ala 350; Ile
424; Leu 384; Leu 391; Leu 544; Met 522; Trp
383

Arg 394; Glu 353; Gly 521; Leu 402; Leu 540;
Phe 404; Phe 425; Thr 347; Trp 383; His 524;
Leu 525; Leu 346; Met 421; Ala 350; Ile 424; Leu
349; Leu 384; Leu 387; Leu 391; Leu 428; Met
343; Met 388

Arg 394; Glu 353; Gly 521; Met 421; Met 528;
Thr 347; Met 343; Ala 350; His 524; Met 388;
Phe 404; Leu 346; Ile 424; Leu 349; Leu 384; Leu
387; Leu 391; Leu 428; Leu 525

Van der Waals, Pi-Sigma,
Pi-Sulfur, Pi-Pi T-shaped,
Alkyl, Pi-Alkyl

Van der Waals, Carbon
Hydrogen Bond, Pi-Anion,
Pi-Sulfur, Pi-Pi T-shaped,
Alkyl, Pi-Alkyl

Van der Waals, Pi-Sigma,
Pi-Sulfur, Alkyl, Pi-Alkyl

Van der Waals, Carbon
Hydrogen Bond, Pi-Sulfur,
Amide-Pi Stacked, Alkyl,
Pi-Alkyl

Van der Waals, Sulfur-X,
Pi-Sigma, Pi-Sulfur,
Amide-Pi Stacked, Alkyl,
Pi-Alkyl

Van der Waals, Pi-Sigma,
Pi-Pi T-shaped, Alkyl, Pi-
Alkyl

Van der Waals, Carbon
Hydrogen Bond, Pi-Sigma,
Pi-Sulfur, Alkyl, Pi-Alkyl

Van der Waals, Sulfur-X,
Pi-Sigma, Pi-Sulfur,
Amide-Pi Stacked, Alkyl,
Pi-Alkyl
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Based on Table 4, the pinostrobin compound in the
3ERD protein code binds as many as 21 amino acids and
has 1 hydrogen bond in MET 343. The bond occurs
between the C atom in pinostrobin and the H atom in the
MET 343 amino acid. The tamoxifen compound in the
PDB code 3ERD binds as many as 9 amino acids and has
2 hydrogen bonds. The bond occurs between the C atom
in Tamoxifen and the H atom in the amino acids GLY
420 and GLU 523. The chalcone compound in the PDB
code 1G50 binds as many as 22 amino acids and has 2
hydrogen bonds. The bond occurs between the O atom
in the chalcone and the H atom in the amino acids HIS
524 and LEU 525. Afliana & Ariyanti (2024) In the
interaction between the ligand and the receptor, there
are many important residues, such as those involved in
hydrogen bonding and hydrophobic interactions, which
are always present in every ligand-receptor interaction.
These interactions play a crucial role in the binding site
area (Afliana & Ariyanti, 2024). Faqiha et al. (2022) stated
that the greater the hydrophobic interaction between
non-polar molecules, the higher the stability of the
ligand binding to the receptor (Ami Fini Faqiha et al.,
2022). Putri et al., (2024) hydrophobic interactions occur
when two nonpolar groups, such as the nonpolar groups
of the ligand and the nonpolar groups of the receptor,
come close together and merge, causing disruption in
the molecular structure of water, which can no longer
form hydrogen bonds with other water molecules. This
disruption can increase entropy and reduce binding
energy, which in turn helps stabilize the ligand-receptor
complex. Hydrophobic interactions play a crucial role in
determining the strength of this interaction. Types of
hydrophobic interactions include pi-pi, pi-alkyl, pi-
sigma, pi-sulfur, pi-anion, and pi-cation interactions
(Putri et al., 2024). Other bonds, such as Van der Waals
involving a hydrophobic group on the test compound
with a hydrophobic group on the receptor, pi-sigma
bonds involving a group that has a pi bond on the test
compound with a group that has a sigma bond on an
amino acid, a stacked amide-pi bond involving an N
atom on a test compound with a group that has a pi bond
on an amino acid, alkyl and pi-alkyl interactions
involving alkyl groups on an amino acid test compound.

Conclusion

The results of this study concluded that the
compounds Bis-4-bromobenzyoxychalcone and Bis-4-
chlorobenzyloxychalcone are the most appropriate
compounds to be synthesized, and it is hoped that in the
future, they can be continued with activity tests of these
compounds, both in vitro and in vivo. This is because
these compounds are predicted to have the best activity
and do not have hepatotoxic or other toxicity effects.
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