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Women worldwide, including in Indonesia, are particularly vulnerable to breast
cancer, which is often detected at advanced stages. Existing treatment approaches have
weaknesses and low success rates, as the drugs used become less effective and cancer
cells can develop resistance. Therefore, we need to innovate to create new anticancer
drug candidates from natural sources like the fingerroot rhizome (Boesenbergia rotunda).
In this study, in silico testing was conducted to predict cytotoxic activity using AutoDock
Vina. The isolation of the rhizome and the synthesis of chalcone derivatives were
performed using green synthesis methods through Williamson ether reactions with
microwave irradiation. Structure identification was carried out using an IR spectrometer
and a *H-NMR spectrometer. In vitro activity was assessed using MTT assays on MCF-7
cells and normal Vero cells. The results showed that the chalcone compounds, Bis-4-
chlorobenzyloxychalcone  and  Bis-4-bromobenzyloxychalcone,  exhibited  better
bioavailability, toxicity, and activity in silico. In vitro, they demonstrated significant
cytotoxic activity compared to tamoxifen against MCF-7 cells and greater selectivity
towards MCF-7 cells compared to normal Vero cells. Therefore, Bis-4-
chlorobenzyloxychalcone and Bis-4-bromobenzyloxychalcone have the potential to be
candidates for anticancer drugs for breast cancer, providing alternative options to reduce
the side effects associated with drug use.
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INTRODUCTION

In Indonesia and in other countries, cancer
has become a public health issue. Cancer is a
non-communicable disease characterized by the
rapid and  uncontrolled  growth  and
development of cells and tissues. This growth
can disrupt the body's metabolism and spread
between cells and tissuest. The most
frightening cancer for women around the
world, including Indonesia, is breast cancer, as
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it is often found at an advanced stage?. About
70% of breast cancer expresses estrogen
receptors (ER). Estrogen receptors can be used
to determine the sensitivity of breast cancer to
anti-estrogen therapy and to assess the
sensitivity of preventive chemotherapy in
patients at high risk for breast cancer®. ER-a is
usually associated with increased cell
proliferation, making it a potential target for the
discovery and development of breast cancer
drugs*. The MCF-7 breast cancer cell line is


http://bpsa.journals.ekb.eg/

one of the adherent cell lines that express alpha
estrogen receptors®.

In breast cancer, the primary treatment is
surgery, which may be accompanied by
chemotherapy or radiotherapy or used alone,
followed by hormone therapy®. However, each
treatment method has its weaknesses, resulting
in a low success rate. Meanwhile, medications
that have been used for a long time gradually
become less effective, and cancer cells tend to
become resistant to anticancer drugs’®.
Therefore, innovation in the development and
discovery of cancer treatments, especially for
breast cancer, must continue in order to obtain
new, effective, safe, and high-quality cancer
drugs. The development and discovery of new
cancer treatments can be derived from natural
substances that act as chemotherapy agents and
enhance the sensitivity of cancer cells, such as
the use of the rhizome of fingerroot
(Boesenbergia rotunda).

Fingerroot  rhizomes  (Boesenbergia
rotunda) have the ability to increase the
number of lymphocytes and specific antibodies,
as well as the ability to kill cancer cells.
Flavanon, flavon, and chalcone are the main
flavonoids found in the extract of fingerroot
rhizomes?®. In the field of synthesis, chalcone
compounds have been widely used to create
various types of heterocyclic compounds, such
as flavones, isoxazoles, benzodiazepines,
pyrazolines and their derivatives, as well as
flavonols. This has led to chalcone analogs and
their derivatives being extensively used as
target molecules in the search for active
compounds as drug candidates, one of which is
for cancer treatment!!. Chalcone has the
potential to be a chemotherapeutic agent due to
its proven strong biological activity; however,
compared to other flavonoid compounds, its
availability in nature is very limited,
necessitating effective synthesis methods®?.
The chalcone compound can be synthesized
from pinostrobin obtained from the isolation of
the rhizome of the fingerroot rhizomes. The
lead compound is structurally modified to
obtain a compound with the desired activity.
With the modification of the structure, it is
hoped that the selectivity and activity of the
drug can be increased while reducing toxicity2.

In this study, an in silico test was
conducted on chalcone compounds and their
derivatives using the estrogen receptor-a with
PDB code: 6CHZ. The next stage is the
synthesis of chalcone from pinostrobin isolated
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from the rhizome of the fingerroot rhizomes.
The purity of the compound was determined
using Thin Layer Chromatography (TLC). If
the TLC results showed a single spot, the
compound was considered relatively pure.
Structure identification was carried out using an
IR spectrometer and a H-NMR spectrometer.
Subsequently, the cytotoxic activity was tested
in vitro using the MTT microculture assay on
MCF-7 cancer cells and normal Vero cells.
This study aims to determine the activity of
chalcone derivatives as candidates for breast
cancer treatment.

MATERIAL AND METHODS

Materials

The materials used in the in silico testing
phase are active compounds derived from the
rhizome of Boesenbergia rotunda, specifically
chalcones and their derivatives, whose
structural images were created using the
MarvinSketch application, along with the
estrogen receptor-a. coded as PDB 6CHZ, and
the comparative compound tamoxifen, which
was downloaded from the Protein Data Bank
site (PDB).

The materials used in the isolation of
compounds,  synthesis, and  structural
confirmation stages are key ginger powder
(Boesenbergia rotunda) which has been
determined at the Materia Medica Laboratory
in Batu; n-Hexane p.a. (E.Merck, Germany);
Ethyl acetate p.a. (E.Merck, Germany);
methanol; pinostrobin (compound isolated from
fingerroot rhizome powder); Chalcone (2,6-
dihydroxy-4-methoxychalcone)(compound
synthesized from pinostrobin); 4-chlorobenzyl
chloride (TCI, America); 4-bromobenzyl
chloride (TCI, America); NaOH p.a. (E-Merck,
Germany); Tetrabutylammonium chloride p.a.
(E-Merck, Germany); Chloroform (E-Merck,
Germany); and anhydrous MgSOa.

The materials used in the in vitro test
include the compound 2,6-dihydroxy-4-
methoxychalcone and its two derivatives
substituted with 4-Cl (Bis-4-
chlorobenzyloxychalcone) and 4-Br (Bis-4-
bromobenzyloxychalcone) from  synthesis;
Tamoxifen; MCF-7 cell culture and Vero cells;
DMEM culture media; MI99 culture media;
Fetal Bovine Serum (FBS); Phosphate Buffer
Saline (PBS); DMSO; Trypsin; Penicillin-
Streptomycin, Fungizone; MTT  (3-(4,5-
dimethylthiazolyl-2)-2,5-diphenyltetrazolium



bromide) 0.5 mg/mL, SDS 10% in 0.1 N HCI.

Tools and Equipments

The tools used for in silico testing include
computer hardware with specifications of an
Intel(R) Core (TM) i7-9700F CPU @ 3.00GHz,
16384MB RAM, equipped with the Windows
10 Education 64-bit operating system
(University of Surabaya), AutoDock Vina and
AutoDockTools 1.5.6  programs;  PyRx
program; MarvinSketch program; Lipinski Rule
of Five website; pkCSM website; and BIOVIA
Discovery Studio Visualizer.

The tools used for isolation, synthesis, and
structural confirmation are glassware, Rotary
Evaporator; Waterbath; Corning Hot Plate
P351; Fisher-John Electrothermal Mel-Temp;
Thin Layer Chromatography UV; Thin Layer
Chromatography Plate; Thin Layer
Chromatography Chamber; IR
Spectrophotometer (Agilent); and H-NMR
Spectrometer 400 MHz. (Jeol).

The in vitro testing was conducted at the
Parasitology Laboratory, Faculty of Medicine,
Gadjah Mada University, Special Region of
Yogyakarta, Indonesia, 55281. The equipment
used for in vitro testing includes a CO;
incubator; LAF (Gelman Sciences);
micropipettes of 20, 200, and 1000 pL along
with blue and yellow tips; test tubes; vortex;
96-well microplate; conical tube; inverted
microscope (Zeiss 451235); hemocytometer;
cell counter; and ELISA reader (Bio-Rad).

In Silico

In the in silico testing stage, a ligand
preparation process was conducted beforehand,
where the chemical structure of chalcone and
its derivatives was depicted in 2D and
converted into 3D using MarvinSketch
software and saved in a format (.mol2). (Fig. 1)
shows the results of the structural modification
carried out using the Topliss approach.
Modifications were made to chalcone
compounds and their derivatives, along with
the comparison compound tamoxifen. Next, the
receptor preparation process is carried out,
where the estrogen receptor-a. with PDB code
6CHZ and tamoxifen are obtained from the
Protein Data Bank (https://www.rcsb.org/). The
receptor preparation process was carried out
using AutoDockTools 1.5.6 software.

The next step is to perform docking, but
first, a working folder needs to be prepared
containing autogrid4.exe and autodock4.exe, as

well as the receptor and ligand in .pdbgt format
that have been prepared. Molecular docking
was performed using AutoDock Vina and
Autodock Tools 1.5.6, and then executed using
the Command Prompt (CMD). The Pyrx
software was also used in this research and can
be downloaded from (https://pyrx.sourceforge.-
io/). BIOVIA Discovery Studio Visualizer
(DSV) software is used to visualizi the docking
results of ligand binding with amino acids on
the receptor in 2D and 3D. The prediction of
toxicity and bioavailability of compounds is
carried out through the pkCSM website
(https://biosig.lab.ug.edu.au/pkcsm/);  website
(http://www.scfbioiitd.res.in/software/drugdesi
gn/lipinski.jsp) is used for analyzing the
lipophilic properties of compounds based on
Lipinski’s Rule of Five.

In (Fig. 1), the values of the R group

can be found in (Table 1).

0. CH,
N

He ™ CHy

B
Fig. 1: Structure of Chalcone Compound (A)
and Comparative Compound
Tamoxifen (B).
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Table 1: The Chemical Structure of The
Chalcone Compound.

Compound

No. Position R Name

Bis-4-
1. 4 Cl | Cholorbenzyloxy
chalcone

Bis-4-
2. 4 Br | Bromobenzyloxy
chalcone

Isolation of Pinostrobin Compound

A total of 2 kg of fingerroot rhizome
powder was extracted using 20 L of n-hexane
solvent through maceration three times.
Evaporate the remaining solvent using a rotary
evaporator at low pressure until the volume
reaches 1/3 of the initial volume, then use a
water bath until coarse crystals are obtained.
After that, a recrystallization process was
carried out by dissolving the coarse crystals in
hot methanol solvent and cooling it in a
refrigerator for 24 hours until crystals formed.
The crystals that have formed were washed
with hot methanol four times, then left to stand
at room temperature. After that, filter the
crystals and dry them to produce calcium
crystals'®. Characterization of purity testing
was carried out using Thin  Layer
Chromatography (TLC) and melting point
determination’®, and identify the chemical
structure using an IR Spectrophotometer and a
400 MHz 'H-NMR Spectrophotometer.

Synthesis of Chalcone Compounds

A 12.5 N NaOH solution is made in a
glass beaker. The steps for making it can be
done by weighing 50 grams of NaOH.
(1.250mmol). After that, add 100 mL of
distilled water, and stir until homogeneous.
Pipette 2 mL of the prepared 12.5 N NaOH
solution using a syringe, then transfer it into a
round-bottom flask. After that, add 0.2 grams
(0.74 mmol) of Chalcone and 0.28 mL (2.22
mmol) of 4-chlorobenzyl chloride and 0.46 mg
(2.22 mmol) of 4-bromobenzyl chloride. Add
0.01 grams (0.025 mmol) of
Tetrabutylammonium  chloride. Heat the
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mixture in the microwave for 10 minutes at a
power level of 200 watts. Purity
characterization was carried out using Thin
Layer Chromatography (TLC) and melting
point determination, while the identification
and confirmation of the structure of the isolated
and synthesized compounds were performed
using IR Spectrophotometry and a 400 MHz
'H-NMR Spectrometer®-t’,

In Vitro

In determining the cytotoxic activity of
chalcone derivatives and the comparison
compound tamoxifen, an in vitro cell growth
inhibition test was conducted using MCF-7
cancer cells and normal Vero cells. The first
step is to grow all cell cultures in a 96-well
plate and incubate them in a CO; incubator for
24 hours. After that, each culture well was
supplemented with chalcone derivatives and the
reference compound tamoxifen at various
concentrations and incubated again. Next, the
media in the plate is discarded, and the plate is
rinsed using 100 pL of PBS, which is then
discarded. In the next step, 100 uL of 0.5
mg/mL MTT reagent was added to the
microplate, followed by incubation for 4
hours®®. Then, into each well, 100 uL of 10%
SDS in 0.01 N HCI was added to stop the MTT
reaction. This is done so that the formazan
crystals formed after incubation can dissolve.
Next, the microplate is wrapped in paper and
incubated for 24 hours at a temperature of
37°C. After that, the absorbance was read with
an ELISA reader at a wavelength of 595 nm,
and the fraction of live cells was calculated®®.
Probit analysis is used to calculate the ICso
values of the reference compound tamoxifen
and chalcone derivatives for normal Vero cells
and MCF-7 cells.

Statistical Analysis

The percentage of viable cells in the in
vitro cytotoxicity test was analyzed using probit
regression to obtain the ICso value. Probit
analysis was conducted using SPSS version 27.
(Table 3) shows the number of observations
and the difference in data in standard deviation
(as one example).



Table 2: Binding Energy and Interaction Binding between Chalcone Derivatives and Receptors.

Binding ) )
Ligands Energy Interaction Binding Amino Acid
(kcal/mol) Residues
ey e 25 Arg 394; Glu 353;
‘ e Sn Gly 420; Gly 521;
28 I Leu 349; Met 388;
10.07 - - Thr 347; Met 421;
Pinostrobin ’ A His 524; Phe 404;
o Ala 350; lle 424,
i Leu 387; Leu 346;
Leu 525; Leu 391,
— i Met 343; Trp 383
e Arg 394; Asp 351,
B Gly 420; Gly 521;
- s o o~ Avit Leu 384, Phe 404,
} Thr 347; His 534;
. e Glu 353; Met 343;
Chalcone - T Trp 383; Leu 525;
&y Ala 350; lle 424;
e RS Leu 387; Leu 346;
A5t Leu 349; Leu 391;
—— Leu 428; Met 388;
= Met 421
L\ Lj?&'m s Arg 394; Asp 351;
,,,,, _ A8 0 . Leu 384; Met 522;
- N “* | Phe 404; Thr 347
Bis-4- ! Trp 383; Tyr 526;
Chlorobenzyl . L Glu 353; Met 421;
oxychalcone o @ @ G Leu 525; Met 343;
@ Leu 346; Ala 350;
. Leu 349; Leu 387;
Leu 391; Leu 428;
SR Leu 536; Met 388;
— — e Met 528
[ Pvion [ Ak
Pi-Sigma l:l Pi-Alkyl
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Table 2: Continued.
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LEU LEU
A:a02 A:384

Bis-4-
Bromobenzyl
oxychalcone

LEU
A28

MET
Ai528

TRP
:383

ILE
A:a24

METhGLY (LEVS
A:388A 521 229

MET
A:3a3

LEUL
A:39A:54

P HE
A:a04

ARG
A:394

LEU
A:387

ALA
EU A:350
1540

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

THR
A:347 0

Ar346

—

10 s, -
Tamoxifen

ARG
A:394

PHE
A:a04

& Arg 394; Asp 351;

e, Glu 353; Gly 521;
His 524; lle 424;
Leu 354; Leu 384;
Leu 391; Met 343;
Met 421; Trp 383;
Thr 347; Phe 404;
Ala 350; Leu 346;
Leu 349; Leu 387;
Leu 428; Leu 525;
Met 388

5 ALY

AAAAAAA

RESULTS AND DISCUSSION

In Silico

The values of binding energy and ligand
binding with amino acids can be seen in (Table
2). The binding energy value of chalcone and
its derivatives can predict the activity of the
compounds. The smaller the binding energy
value of a compound, the greater its potential
activity, and the ligand-receptor bond is
stable®®. The binding energy values for each
compound, Bis-4-Chlorobenzyloxychalcone
and Bis-4-Bromobenzyloxychalcone, are -
10.68 kkal/mol and -11.63 kkal/mol,
respectively, which are lower than those of
Tamoxifen (-10 kkal/mol). Based on the
ligand's interaction with amino acids, it can be
predicted that the more hydrogen bonds and
steric interactions (Van der Waals and
hydrophobic) there are between the ligand and
the receptor, the more stable the bond between
the ligand and the receptor will be?. The
compound and its derivatives interact with the
ER-a receptor, and the interaction occurs
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through steric binding (Van der Waals and
hydrophobic) at the amino acids Arg 394; Asp
351; Gly 420; Gly 521; Leu 384; Phe 404; Thr
347, Leu 384; Met 522, Trp 383; Tyr 526, Glu
353, Leu 402, and Leu 540. Meanwhile, the
tamoxifen comparator binds to the ER-o
receptor through hydrogen bonds at the amino
acid THR 347 and steric interactions (Van der
Waals and hydrophobic) at the amino acids Arg
394; Asp 351; Glu 353; Gly 521; His 524; lle
424; Leu 354; Leu 384; Leu 391; Met 343; Met
421; Trp 383; Thr 347. Therefore, it can be
concluded that chalcone and its derivatives can
interact with the ER-a receptor due to their
ability to from bonds with the same residues
amino acids as tamoxifen, including Arg 394;
Asp 351, Gly 521, Leu 384, Trp 383, and Thr
347.

Isolation of Compounds

From 2 Kg of the simplicia powder of the
rhizome of fingerroot rhizomes (Boesenbergia
rotunda), 10.50 grams (0.525%) of pinostrobin
crystal isolate was obtained, which is in the



form of white crystals with a yield of 0.525%
and a melting point of 99.5 - 100.7°C. After
that, the characterization of the compound was
carried out to confirm whether the isolated
compound was pinostrobin or not. The
characterization process was conducted by
determining the chemical structure of the
compound using IR and *H-NMR methods.
There are five different types of vibrations in
pinostrobin's IR spectrum, according to
Siswandono, et al. (2018)?2. The first is the —
OH phenolic vibration type, which is at 3464
cm™3. The second is the —C=0 ketone vibration
type, which is at 1699 cm™. The third and
fourth are the —C=C aromatic vibration types,
which are at 1661 cm™ and 1598 cm™3, and the
fifth and sixth are the —C-O vibration type.
Based on the obtained IR spectrum data,
specific functional groups characteristic of
pinostrobin were identified. The phenolic OH
group appeared at 3058 cm™ (C4), while the
aliphatic ether bond from methoxy (C2) and the
cyclic bond in ring C were observed at
wavelengths of 1284-1034 cm™. The =C-H
aromatic bond was detected at 2972-2912
cm™, and the C=C aromatic bond appeared at
1638-1526 cm™. Therefore, it can be
concluded that the isolated compound is
pinostrobin. This conclusion is based on the
similarity of the peak patterns and wave
numbers of the isolated compound with those
of pinostrobin. The IR spectrum can be seen in
(Fig. 2 (A)).

The 'H-NMR spectrum of the isolated
compound revealed a double doublet
multiplicity at chemical shifts (5) of 2.851-
3.089 ppm and 5.414 ppm. These ppm values
are characteristic of pinostrobin. A chemical
shift was also observed at 12.01 ppm,
corresponding to the hydrogen bonded to the
phenolic OH group. The formation of hydrogen
bonds caused the chemical shift to appear in the
downfield region (low field). Based on the
obtained data, it was concluded that the
hydrogen at 2.82 ppm and 3.09 ppm is adjacent
to the hydrogen at 5.42 ppm, and vice versa.
The IR spectrum can be seen in (Fig. 3 (A)).
Based on the H-NMR analysis, it was
determined that the isolated compound is
pinostrobin and can be used in the synthesis of
chalcone derivatives.

Synthesis of Chalcone Compounds

The synthesis procedure refers to the green
synthesis method through a modified
Williamson ether reaction using microwave
irradiation with a Phase-Transfer Catalyst.
(PTC). The synthesis was carried out by
reacting pinostrobin  with  4-chlorobenzyl
chloride and pinostrobin with 4-bromobenzyl
chloride.

Bis-4-Chlorobenzyloxychalcone

Melting points 124.8-126.3°C. 1R, v
max(cm-1):  2920-2853 (=C-H Aromatic);
1597 (C=C Aromatic); 1207-1103 (C-O Ether).
The IR spectrum can be seen in (Fig. 2 (B)).
!H-NMR (Chloroform-D, 400 MHz). & 3.93 (s,
2H); 6 5.04 (s, 5H); 5 6.18 (s, 3H); & 7.23 (s,
3H); 6 7.34 (d, 1H); 5 7.40 (m, 6H); 6 7.47 (m,
4H). The H-NMR spectrum can be seen in
(Fig. 3 (B)).

Bis-4-Bromobenzyloxychalcone

Melting points 102.8-103.9°C. IR, v
max(cm-1):  2922-2853 (=C-H Aromatics);
1617 (C=C Aromatics); 1203-1101 (C-O Eter).
The IR spectrum can be seen in (Fig. 2 (C)).
!H-NMR (Chloroform-D, 400 MHz). §3.85 (s,
3H); 85.08 (t, 4H); 86.36 (s, 2H); 86.89 (d,
1H); 67.45 (m, 7H); 6 7.62 (m, 6H); 87.75 (m,
1H). The *H-NMR spectrum can be seen in
(Fig. 3 (C)).

Based on the IR spectrum data, it was
concluded that the two synthesized compounds
are the desired chalcone derivatives, as they
exhibit peak patterns and wave numbers similar
to those of chalcone. The substitution of 4-
chlorobenzyl and 4-bromobenzyl resulted in the
replacement of the phenolic OH group with a
C-O ether bond. Identification was carried out
using 'H-NMR at a frequency of 400 MHz.

Based on the 'H-NMR analysis of each
synthesized compound, no chemical shift was
observed at 12.02 ppm, indicating the
successful formation of Bis-4-chlorobenzyl
oxychalcone and Bis-4-bromobenzyl
oxychalcone. However, in Bis-4-bromobenzyl
oxychalcone, residual pinostrobin or impurities
from the solvent used were still detected.
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In Vitro

The summary results of the ICsp values for
the test compounds and the comparator against
MCEF-7 cells and normal Vero cells can be seen
in (Table 4). According to the National Cancer
Institute (NCI), a sample with an 1Cso value of
< 30 pg/ml is said to have very active cytotoxic
activity. Meanwhile, a sample with an ICsg
value > 30 pg/ml and < 100 pg/ml is said to
have fairly active cytotoxic activity, while a
sample with an ICsp value > 100 pg/ml is
considered inactive or lacking cytotoxic
activity?®. (Table 4) shows the ICs values of
the test compounds Bis-4-
Chlorobenzyloxychalcone and Bis-4-
Bromobenzyloxychalcone on MCF-7 cells,
which are 60.891 pg/mL (0.117 mM) and
53.115 pg/mL (0.087 mM), respectively,while
the reference compound tamoxifen has an ICsg
value of 1.460 pg/mL (0,002 mM). Based on
the results obtained, it can be concluded that
the compounds Bis-4-
Chlorobenzyloxychalcone and Bis-4-
Bromobenzyloxychalcone exhibit fairly active
cytotoxic activity, while the comparative
compound tamoxifen shows very active
cytotoxic activity against MCF-7 cells. In
normal Vero cells, the ICso value of Bis-4-
Chlorobenzyloxychalcone was obtained at
1749.631 pg/mL (3.368 mM), the ICso value of
Bis-4-Bromobenzyloxychalcone was 697.511
pg/mL (1.146 mM), and the ICso value of the
reference compound tamoxifen was 1.472
pg/mL. Based on the results obtained, it can be
concluded that the compounds Bis-4-
Chlorobenzyloxychalcone and Bis-4-
Bromobenzyloxychalcone exhibit fairly active
cytotoxic activity, while the comparative
compound tamoxifen shows very active
cytotoxic activity against normal Vero cells.

The low ICsp value of chalcone derivatives
compared to the reference drug (Tamoxifen) is
due to Tamoxifen having a higher affinity for
ER-alpha, a more specific mechanism of action,
more efficient cellular penetration, and more
optimal molecular interactions. Meanwhile,
Bis-4-Chlorobenzyl oxychalcone and Bis-4-
Bromobenzyl oxychalcone may exhibit
biological activity, but their mechanism of
action might be less specific to ER-alpha,

requiring higher doses to achieve the same
effect and necessitating further development.
The lower 1Cso value of chalcone derivatives
compared to the reference drug (Tamoxifen) is
because Tamoxifen has a higher affinity for
ER-alpha, a more specific mechanism of action,
more efficient cell penetration, and more
optimal molecular interactions.

Meanwhile, Bis-4-
Chlorobenzylideneacetone and Bis-4-
Bromobenzylideneacetone may have biological
activity, but their mechanisms of action might
be less specific to ER-alpha, requiring higher
doses to achieve the same effect and further
development.

The Selectivity Index (SI) is a selectivity
parameter used to measure the safety of a drug.
If calculated using the formula:

.. _ IC5p normal cell
Selectivity Index= ICey cancer cells 1)

A selectivity index value greater than 2
indicates that a sample has cytotoxic activity
against cancer cells without affecting normal
cells®, Based on the Selectivity Index data,
tamoxifen has an Sl value of 1.008, while the
compounds  Bis-4-Chlorobenzyloxychalcone
and Bis-4-Bromobenzyloxychalcone have Sl
values of 28.733 and 13.132, respectively.
Based on this, it can be concluded that the
reference compound tamoxifen is not selective
towards cancer cells and normal cells, whereas
the compounds Bis-4-
Chlorobenzyloxychalcone and Bis-4-
Bromobenzyloxychalcone are selective. In
other words, the synthesized compounds (Bis-
4-Chlorobenzyloxychalcone and Bis-4-
Bromobenzyloxychalcone) can be wused as
alternative  therapies for breast cancer.
However, in terms of their activity, the
compounds  Bis-4-Chlorobenzyloxychalcone
and Bis-4-Bromobenzyloxychalcone are only
classified as moderately active. Therefore, the
compounds  Bis-4-Chlorobenzyloxychalcone
and Bis-4-Bromobenzyloxychalcone can be
used as alternative options because they have a
good Selectivity Index, which can reduce the
side effects caused by the use of the drug.
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Table 3: Cytotoxic Test of Bis-4-Chlorobenzyloxychalcone on MCF-7 Cells.

Bis-4-Chlorobenzyloxychalcone
No. Concentration Absorbance Lé\éil?sg gzﬁg ICso
(ng/mL) | Il | Il |Average| SD (%) %) | (Wo/mb)
1 6.25 0.398 | 0.679 | 0.654 | 0.577 |0.156| 77.004 | 22.996
2 12.5 0.396 | 0.468 | 0.457 | 0.440 |0.039| 55526 | 44.474
3 25 0.406 | 0359 | 0.379 | 0381 |0.024| 46.255| 53.745| .. .op
4 50 0.325 | 0.349 | 0.398 | 0.357 |0.037| 42.483| 57.517
5 100 0.263 | 0.391 | 0.429 | 0.361 |0.087 | 43.059 | 56.941
6 200 0.349 | 0.621 | 0.348 | 0.439 |0.157 | 55.369 | 44.631

Table 4: 1Cs Values of the Test and Comparison Compounds for MCF-7 and Vero Cells and Their

Selectivity Index Values.

ICs0 MCF-7 Cells | 1Cso Vero Cells
Compounds Selectivity Index (SI)
pg/mL | mM pg/mL | mM
Bis-4-chlorobenzyloxychalcone | 60.891 | 0.117 | 1749.631 | 3.368 28.733
Bis-4-bromobenzyloxychalcone | 53.115 | 0.087 | 697.511 | 1.146 13.132
Tamoxifen 1.460 0.002 1.472 - 1.008
Conclusion this research can provide broad benefits and

The compound Chalcone and its two
derivatives,  Bis-4-Chlorobenzyloxychalcone
and Bis-4-Bromobenzyloxychalcone, exhibit
significantly higher cytotoxic activity against
MCF-7 cells in vitro compared to Tamoxifen.
Additionally, Bis-4-Chlorobenzyl-oxychalcone
and Bis-4-Bromobenzyl-oxychalcone
demonstrate greater selectivity towards MCF-7
cells than normal Vero cells.

Acknowledgement

The author would like to express his deep
gratitude to the Faculty of Pharmacy,
University of Surabaya, for the support and
facilities provided during this research. In
addition, the author expresses deep appreciation
and gratitude to the Directorate of Research,
Technology, and Community Service Grant
Program of the Ministry of Education, Culture,
Research, and Technology
(Kemendikbudristek) -  Master's  Thesis
Research Grant for the 2024 Fiscal Year (grant
number 9906), for the support and funding
provided. Thank you to the colleagues involved
for their cooperation and helpful contributions
in completing this article. The author hopes that

304

contribute to the development of science in
medical chemistry.

REFERENCES

1. S. Ketut, S. L. Made and K. Kartika,
"Kanker Payudara: Diagnostik, Faktor
Risiko dan Stadium", Ganesha Med J,
2(1), 2-7 (2022).

2. N. Sulung, R. Yananda and A. Adriani,
"Determinan Kejadian Ca Mammae Di
Poli Rawat Jalan Bedah Rsud Dr. Achmad
Mochtar", J Endur, 3(3), 575 (2018).

3. M. E. H. Hammond, D. F. Hayes, M.
Dowsett, et al., "American society of
clinical oncology/college of American
pathologists guideline recommendations
for immunohistochemical testing of
estrogen and progesterone receptors in
breast cancer (unabridged version)", Arch
Pathol Lab Med, 134(7), e48-72 (2010).

4. N. Nurlelasari, A. Widyana, E. Julaeha, et
al., "Studi In Silico Aktivitas Senyawa
Steroid Terhadap Antikanker Payudara
Menggunakan Estrogen Alfa (ER-a)",
ALCHEMY J Penelit Kim, 19(1), 44
(2023).


https://pubmed.ncbi.nlm.nih.gov/?term=Hayes+DF&cauthor_id=20586616
https://pubmed.ncbi.nlm.nih.gov/?term=Dowsett+M&cauthor_id=20586616
https://pubmed.ncbi.nlm.nih.gov/?term=Dowsett+M&cauthor_id=20586616

10.

11.

12.

13.

14.

15.

M. A. Reynaldi and A. Setiawansyah,
"Potensi anti-kanker payudara tanaman
songga (Strychnos lucida R.Br): Tinjauan
interaksi  molekuler terhadap reseptor
estrogen-a. in silico”, Sasambo J Pharm,
3(1), 30-35 (2022).

H. Pasiowan, A. Agung and A. Diartama,
"Perbandingan penggunaan bolus dan
tanpa bolus dalam radioterapi
pascamastektomi pada kanker payudara”,
8, 3749-3755 (2024).

A. Kar, Medicinal Chemistry, 4th ed. New
Delhi:  New Age International Ltd
Publisher, (2007).

B. Goldman, "Multidrug Resistance: Can
New Drugs Help Chemotherapy Score
Against Cancer?”, JNCI J Natl Cancer
Inst, 95(4), 255-257(2003).

A. Tartarone et al., "Mechanisms of
resistance to EGFR tyrosine kinase
inhibitors gefitinib/erlotinib and to ALK
inhibitor crizotinib"”, Lung Cancer, 81(3),
328-336 (2013).

S. Atun and S. Handayani, "Fitokimia
Tumbuhan  Temukunci  (Boesenbergia
rotunda): Isolosi, Identifikasi Struktur,

Aktivitas Biologi, dan Sintesis Produk
Nanopartikelnya", Yogyakarta: K-Media,
(2017).

R. Dona, N. Frimayanti, I. Ikhtiarudin, F.
Maulana and N. T. Silalahi, "Studi In
Silico , Sintesis , dan Uji Sitotoksik
Senyawa P-Metoksi Kalkon Terhadap Sel
Kanker Payudara MCF-7", J Sains Farm
Klin, 6(3), 243-249 (2019).

S. M. Villa, J. Heckman and D.
Bandyopadhyay, "Medicinally Privileged
Natural Chalcones: Abundance,
Mechanisms of Action, and Clinical

Trials", Int J Mol Sci, 25(17), 9623
(2024).
Siswandono, "Kimia Medisinal, Edisi

kedua", 5(2), 114-126 (2016).
Siswandono, R. Widyowati, A. Suryadi, T.
Widiandani and D. Prismawan, "Molecular
modeling, synthesis, and gsar of 5-o-
acylpinostrobin derivatives as promising
analgesic agent”, Rasayan J Chem, 13(4),
2559-2568 (2020).

J.  Young, "True Melting Point
Determination”, Chem Educ, 18(2), 208
(2013).

16.

17.

18.

19.

20.

21.

22.

23.

24,

D. L. Pavia, G. M. Lampman and G. S.
Kriz, "Introduction to Spectroscopy",
Third. USA, (2009).

J. McMurry, "Fundamentals of Organic
Chemistry”, 7th ed. USA: Brooks/Cole
Cengage Learning, (2011).

D. Kesuma, Siswandono and A.
Kirtishanti, "Molecular Docking and
Biological Activity of N-(4-Methoxy)-
Benzoyl-N’-Phenylthiourea and  N-(4-
Trifluoro)-Benzoyl-N’-Phenylthiourea As
Anti-Breast Cancer Candidates”, Rasayan
J Chem, 15(2), 1503-1508 (2022).

D. Kesuma, A. Kirtishanti, C. H. A.
Makayasa and I. G. A. Sumartha,
"Anticancer activity of N-(4-t-

butylbenzoyl)-N’-phenylthiourea:
Molecular  docking, synthesis, and
cytotoxic activity in breast and cervical
cancer cells", J Pharm Pharmacogn Res,
11(2), 208-215(2023).

D. Kesuma, Siswandod, B. T. Purwanto
and S. Hardjono, "Uji in silico Aktivitas
Sitotoksik dan  Toksisitas  Senyawa
Turunan N - ( Benzoil ) - N ’ - feniltiourea
Sebagai Calon Obat Antikanker"”, J Pharm
Sci Clin Res, 1-11 (2018).

N. Frimayanti, R. Dona and T. Solihin,
"Molecular Docking Study of Chalcone
Analogue Compounds with Hydroxy and
Methoxy Subtituents as Bcl-2 Inhibitors",
Chempublish J, 7(1), 31-41 (2023).
Siswandono, R. Widyowati, T.
Widiandani, "Modifikasi Struktur Turunan
Asil Pinostrobin dan Hubungan Kuantitatif
Struktur-Aktivitas  Analgesik  Terhadap
Mencit (Mus musculu)", 2018, Universitas
Airlangga

W. A. Paputungan, H. Rotinsulu and P. V.
Y. Yamlean, "Standardisasi Parameter
Spesifik Dan Uji Aktivitas Antikanker
Terhadap Sel Kanker Kolon ( Widr )",
6(3), 189-199 (2017).

M. Rashidi, A. Seghatoleslam, M.
Namavari, et al., "Selective cytotoxicity
and apoptosis-induction of Cyrtopodion
scabrum extract against digestive cancer
cell lines”, Int J Cancer Manag, 10(5),
€8633 (2017).

305



Maria Claudya, et al.

Bull. Pharm. Sci., Assiut University, Vol. 48, Issue 1, 2025, pp. 295-306.

vl agheal! 3 pudid @
bseh ansle L S

L pien g3 b A g3y (o Al guadal) () gSILGY cliidial Ailpansl) Ail) Jpaas
éﬂ\ Ola_ed Baliaa Jal gaS I gfi g

— Ujlagu s g ) — "l S Wluga gl = *TlaguuS A = 'Lagls Ll
Mlbial Uil Ll

bwsigis] 3 YY1 gm0 LT yguw Axolor Wl Al (s licl Wil 5 gt Lod ol |
(WWEPN ) PR WO &L ) g FYPY JYSWIR FTPY YN PR 0 TR WS T WL gt Ve U WOST [P WP & [ IO
(FWWEPI ) P O RS g PYPY PV P 1Y QOO PN S TR - WUgP- WET'CE SN | A PRRRR | 1KV [ [P

Lgillad Cana (o Adlall 30l (3 ke 5lad L Aedfia ) ye 8 48liS) o0y Lo Llle il 5 (gl
O Ailda >l DAl Sy LS Ao ld 8 deadiall 4y 0] a3 oz ladl) ¥ ana (galidls)
O U puall 3aliae 45 50Y 3ajan il yo skl HISEN) (5 )5 puiall (e A L L) A glia ) ghat
L;a}_u\; oAl ¢l yal ?3 ‘-'A.,...\Jﬂ\ PRYY ‘?A sty QAJ;LLM‘}JU_M.I Z\A}jgj d'.'a.az\:u_).xk las
G835 A ag )l e &3 LS. AutoDock Vina gl pladiuly (o slall Sl blially gull
g syl aladiul 4 A (sl y CDeli jue o padd) Gadanl) 35k aladiuly o SILEN Culinie
b leas el sead) ot adY) Cad Slea alasiinly A8LesSl Al s 5 N L g5 Sl
LOA e MTT i) aladiuly o pidall Ll ani 2y .0 g9yl owdalinall (g 963 i 50
Jdl Lgan 1858 el 98 ¢ 0 sSILE oSl i ga gy f— Sl 5 (s8I aSsl Jag 518
Lt gale Usla e Ualis < pedal ad  yiadd) 8 Wl ogalal) @l jlaa) b e Ualin g ddan g
Vero LAl 45 i MCF-7 WA slad ) 48l& g « MCF-7 WA aca (s alill 45 Hlia
Logaal s8I (S by S g g 8 (AU 5 O 6SILE S 5l i gy IS £ - AU Gl ¢ Ul Apapdal)
DLV Jlil Ay <l g Lae cdill Gl yud Baliae Ay 90K aad e LeSy ) e 3l

gl 3 a1 aladiuly ddag yall duilal)

306



