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Abstract: Chalcone compounds are aromatic ketones and enones that have been found to have several activities, such as
antimalarial, antioxidant, anti-inflammatory, anticancer, antiviral, anti-HIV, antifungal, antihyperglycemic, and
carboxygenase inhibitors. A ligand's bioactivity can be predicted through in-silico tests using molecular docking. Molecular
docking studies are conducted to study the interaction between ligand and receptor and identify the receptor's active site that
matches the ligand when the ligand and receptor bind in a stable complex. This study can be a preliminary test before
conducting in vitro and in vivo tests. This narrative review aims to analyze information on the bioactivity of chalcone-derived
compounds and their derivatives through an in silico molecular docking approach in the form of binding affinity values and
amino acid residues that bind. The method used is a literature study of 13 research articles found through the Semantic Scholar
and Springer Link databases. The review results showed that the new compounds derived from chalcone compounds have a
good range of bioactivity, as seen from the binding affinity values, which show lower values when compared to other test
ligands and referenced ligands. The functional groups that have an important role in the interaction between ligands and
proteins between ligands and receptors are triazole, methoxy, amine, halogen, carbonyl, hydroxyl, and thiol groups bound to
the reactive structure of the o, unsaturated ketone aromatic ring in the structure of the chalcone compound. The compounds
that show promising activity can be further investigated as new drug candidates.
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of conjugated double bonds with unsaturated a and B double
bonds in their structure [6]. The number of conjugated
double bonds in the chalcone structure can affect its bond
energy because it will weaken when more conjugated double
bonds occur. In addition, chalcone compounds have
localized = electron systems in both aromatic ring Systems
[7]. These activities are influenced by functional groups
bound to the reactive structure of the o, unsaturated ketone
aromatic ring that connects the two rings [5]. In general,
chalcones of natural origin have substitution groups such as
hydroxyl, methyl, and pernil but also exist as dimers (bi-
chalcones), dihydrochalcones, and glycosides [2].

Introduction

Chalcone compounds or 1,3-diphenylprop-2-en-1-
one is an aromatic ketone and enone formed from various
biological agents and can be considered the main precursor
of flavonoid and isoflavonoid compound biosynthesis in
plants [1]. These compounds are widely available in nature
and plants, bacteria, fungi, and others. Chalcone derivatives
can be derived from plants and also through synthesis [2].
Many experiments on the synthesis of chalcone have been
carried out in the laboratory. Synthesis can be done through
several reactions, such as Claisen-Schmit condensation of
aromatic aldehyde compounds and aliphatic aldehydes or
ketones [3].

Chalcones are useful in the structure of natural
products such as phloretin, cynamaclurin, hemoloktanin,
sakuranet, ergodicity, homoeriodictyol, and others.
Chalcones react highly on flavones, flavones, and
dihydroflavonols, so these compounds are of great interest
for research as drug precursors [4]. Chalcones have been
found to have several activities, such as antimalarial,
antioxidant, anti-inflammatory, anticancer, antiviral, anti-
HIV, antifungal, antihyperglycemic, and carboxygenase
inhibitors [5].

Chalcones are one of the most diverse flavonoid
classes and are easily cyclized so that skeletal modifications

Figure 1. Chalcone Compound Structure
(https://pubchem.ncbi.nlm.nih.gov/)

In addition, proteins are essential for living organisms

can occur to form an isomer [2]. Chalcones consist of open-
chain flavonoids with two aromatic rings connected by
carbonyl groups or three unsaturated carbons [4]. A
characteristic feature of chalcone compounds is the presence
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involved in various biological processes. Proteins can be
enzymes, signalling components, transporters, storage
constituents, etc. Proteins can bind to other molecules with
high specifications and affinity to achieve certain functions.
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Besides being influenced by the shape of the binding side,
the bonding of proteins with other molecules or so-called
ligands is also influenced by their amino acid residues.
Protein bonding with these ligands plays a role in drug
development [8]. A drug is a small molecule that can bind to
specific biological targets such as proteins, ion channels, and
enzymes. The bond can be predicted through the molecular
docking approach.

Structure-based computational drug design methods
such as molecular docking have been commonly used in
medicinal chemistry [9]. Molecular docking is used in silico
studies as a first step in drug development through
computational models. Molecular docking is a method of
matching two molecules through a tether in 3D space. The
molecular docking approach will predict the orientation,
affinity value, and interaction between a test ligand or drug
candidate and its biomolecular targets, such as proteins,
carbohydrates, and nucleic acids at the binding site [10].

The molecular docking method is performed to study
the interaction between ligand and receptor and identify the
receptor's active site that matches the ligand and when the
ligand and receptor bind in a stable complex. The result
obtained from molecular docking is the binding energy used
in predicting a molecule's potential or ability as a drug
candidate. In addition, information about the strength and
stability of the bonding complex can also be known [11]. The
merits of this approach are twofold: firstly, it is a highly
efficient method of reducing the time and financial outlay
required for drug discovery [8]. Secondly, molecular
docking can be used as a preliminary study before
conducting in vitro studies, as in previous research, which
tested the ligand of chalcone compound derivatives from
Mannich bases. The most effective ligand was further
studied using in vitro methods [5]. This study is essential to
understand and optimise the interaction between the drug
candidate and its target to predict how small changes in the
drug structure can affect its binding. This review aims to
analyse information on the bioactivity of chalcone-derived
compounds and their derivatives through in silico molecular
docking approach.

Research Methods

This study began with a search for source articles
through the Semantic Scholar and Springer Link databases.
The keywords in combination used included “chalcone
derivatives bioactivity molecular docking” in English. The
inclusion criteria for literature sources include articles that
discuss chalcone derivative compounds, equipped with the
required information such as compound name or code,
binding affinity value, and interacting amino acid residues.
In addition, the articles used are published in the 2014-2024
timeframe, in English, and available in full-text article form.

Table 1. Bioactivity Data of Chalcone-Derived Compounds
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Based on this selection, 13 articles met the eligibility and
could be included in this literature review.

Results and Discussion

Molecular docking is a widely used program to
identify drug-like molecules that interact with a receptor.
Virtual drug screening with molecular docking can mimic
the interaction between a ligand and its receptor so that the
binding energy of the ligand can be predicted. Proteins are
macromolecules that have various important biological
functions through their interactions when they bind to other
molecules such as proteins and peptides, small molecule
ligands, nucleic acids, and so on. Meanwhile, a ligand is a
molecule that binds to its receptor protein with high
specification and affinity [12]. In this case, the ligands tested
on various receptors through molecular docking are
chalcone-derived compounds. Several studies reported that
chalcone compounds and their derivatives have various
bioactivities, including antimalarial, anti-Alzheimer,
anticancer, antiviral (COVID-19), antifungal, and anti-
tuberculosis. These activities have been tested through
ligand tethering with their target receptors.

Anti-Alzheimer Bioactivity

Alzheimer's is an advanced neurodegenerative
disease that has symptoms such as memory loss and impaired
learning. This disease occurs due to a decrease in
acetylcholine levels in the brain. This disease has no cure,
but AChE enzyme inhibitors are used to treat its symptoms
[13]. In Alzheimer’s patients, brain damage can be
characterized by a decrease in memory, attention, and
personality caused by impaired acetylcholine function so that
acetylcholinesterase enzyme activity can be measured to see
the accumulation of acetylcholine [23].

Chalcone-derived compounds are reported to have
activity against AChE enzyme as Alzheimer drug
candidates. A previous molecular docking study used the
AChE enzyme receptor (PDB ID: 4MOE), human carbonic
anhydrase | (PDB ID: 3LXE), and human carbonic
anhydrase Il (PDB ID: 5AML) [13]. Another previous anti-
Alzheimer study also used AChE enzyme receptors (PDB
ID: 1IEVE and 1ACJ) and BChe enzyme (PD ID: 1PO0I) [10].
Butylcholinesterase (BChE) and acetylcholinesterase
(AChE) enzymes are enzymes that have a role in breaking
down acetylcholine into choline and acetate and stopping
nerve signals that are forwarded from the neurotransmitter
ACh, which is a neurotransmitter that delivers memory
signals in the brain [23]. The enzyme acts as a receptor
protein paired with test ligands in the tethering process, such
as 4-amino chalcone derivatives and other chalcone
derivatives substituted in a compound.

Binding
No. Bioactivity Ligand Receptor Affinity Amino Acid Residue Result Source
Target (kcal/
mol)
1.  Anti- -6.55 VALG62, GLY63, HIE64, All three ligands
alzheimer 4-amino- AChE(PESéyIrB? LYS170, SER231, TRP5,  have lower binding [13]
chalcone (3D) 4MOE). ACE4, TYR20, PRO201, affinity compared to

PRO202.  the reference drugs
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-4.38  PRO86, ASN85, TRP84,

LEU127, HIS440, GLY441,

. Human GLH199, SER200,
4-amino- carbonic PHE331 PHE28S
chalcone (3M) anhydrase | PHE290 ’GLY118’
(P?&g' GLY119, TYRI21
SER122, GLY123, ASP72,
VAL71, TYR70, GLNG69.
-4.55 GLNG67, HIE64, ASN62,
Human TRP5, ZN262, THR200,
. carbonic GLU106, THR199,

4-amino-
chalcone (3F) anhydrase I! LEU198, VAL207,
(PDB ID: HIE119, TRP209, VAL143,
5AML) VAL121, LEU141, HIS94,

GLN92

Tacrin and AZA, so
they can be said to
have the ability as
anti-alzheimer drug
candidates.

BchE Enzyme

-10.4 TRP82, TRP231, PHE398,

All three ligands

1HP14 (PDB ID: LEU286, PHE329  could bind to AChE
1P01) and BuChE
AchE Enzyme -7.5 LEU532, HIS362, PRO529, inhibitors,
1HP14 (PDB ID: HIS406 respectively. [10]
1AC))
Kode 4 AchE Enzyme -10.5 TYR121, TYR334,
(PDB ID: GLY118
1EVE)
2. Anti- Plasmodium -10.5 SER477, TYR528, Ligand B2D shows
malaria falciparum GLY507, ILE508, potential to reach
receptor (PDB GLY506, GLN526, therapeutic targets
B2D ID: 6155, CYS276. against Plasmodium [15]
4B3Z, 4CQA, falciparum receptors
8WBYV, 614B) as antimalarial
activity.
1-(2- Plasmodium 7.7 GLU382, ASN521, Ligand code AC4
aminophenyl)-3- falciparum UMP711, PHE375, showed strong
(4- dihydrofolate H1S491, GLY378, binding affinity to
methoxyphenyl) reductase- ASN407, GLY517, Plasmodium
prop-2- en-1-one  thymidialate PHE375, GLY378, ILE379, falciparum [16]
(AC4) synthase PHES520, TPR404. dihydrofolate
receptor (PDB reductase-
ID: 1J3I) thymidialate
synthase receptor.
(E)-1-(4- Plasmodium -48.224 ILE112, ILE64, SER111, The binding affinity
Fluorophenyl)-3- falciparum SER108, ASP54, TYR170, value of the test
(3-hydroxy-4- receptor (PDB PRO113. ligand is not as high
(piperidin-1- ID: 1J3I) as the reference
ylmethyl)phenyl) WR9910 co-crystal
prop-2-en-1-one inhibitor. Still,
(2A) halogens and [5]
substituted amino
alkyls can affect the
hydrogen bonds
formed and increase
the antimalarial
activity.
3. Anti- Imine-chalcone: Tirosinase -8.13 GLU322, THR324, THR84,  The test ligand has
cancer 3-(3- Agaricus CYS83, ASN81, HIS85, high tyrosinase
Methoxyphenyl) bisporus HI1S94, HIS244, PHE9OQ, inhibitory activity
1-{4-[2- enzyme (PDB HI1S296, PHE292, HIS61, and anticancer
hyroxybenzliden ID: 2Y9X) HIS263, PHE264, SER282, properties, making it [17]

e)amino]phenyl}
prop-2-en-1-one

MET?280, GLY281,
ALA286

Ikatan hidrogen: GLU322,
HIS61, HIS263, HIS244,

a promising
candidate for
neurodegenerative
diseases.
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PHE264, VAL283,
ALA286

7-Substitued-3- Epidermal
{(2E)-3-[2,6- Growth Factor

-9.3 ASP855, LYS745, ASP837,
ASP855, CYS797,

The synthesized
ligand has sufficient

substitued- Receptor VAL726, LEU844, anticancer potential
limidazo[2,2- (EGFR) PDB MET790, CYS797, to be further
b][1,3,4]thiadiaz ID: 5Y9T LEU858, ARG841, developed as a [18]
ol-5-yl]prop-2- LEU718, ALAT743. potent fourth-
enoyl}-2H- generation EGFR
chromen-2-one inhibitor.
(10 E)
(E)-3-(4-(1H- Human -9.92 PRO325, LEU327, HIS356, The test ligand
benzo[d]imidazol esterogen ARG394, ILE326, TRP393, showed a good
-1-yl)phenyl)-1- receptor (PDB PHE445, LEU320, docking score as an
(2- ID: 210G) VAL446, GLU323, inhibitor of estrogen
hydroxyphenyl)p PRO324, MET357, receptors and
rop-2-en-1-one GLU353, LEU387  vascular endothelial [19]
Vascular -8.01 GLUB883, LYS866, growth factor.
endothelial VAL914, LEU887, ILE88S,
growth factor ILLE1023, ARG1025,
receptor (PDB LEU1017, CYS1022,
ID: 1ZYWN) VAL897, ASP1044,
CYS1043
3SH (derivat Receptor -9.71 LEU769, GLY772, The 3SH ligand was
xanton-kalkon)  EGFR (PDB LEU694, LEU820, found to be the most
ID: 1MI7) THR830, ASP831, promising candidate
MET742, GLU738, as an EGFR
LYS721, LEU764, inhibitor as it had the [20]
THR766, ALAT719, strongest binding
VAL702, MET769, energy value among
PRO770, ILE720, ILE765. the other test
ligands.
Code 1E Receptor COX- -8.8 HIS39, LYS468, GLN461, The chalcone-
2 (PDB ID: PRO153, ASN43, LEU152,  derived compound
5IKR) ARG44, CYS47  1E has good binding
affinity to COX-2 [21]
receptors but not as
good as pyrazoline
heterocyclic
molecules.
4.  Anti- (E)-3-(4- Mycobacterial -6.5 TYR39, ASP163, ARG160,  Both ligands show
tuberculosis  chlorophenyl)-1-  tuberculosis GLU166, HIS53 strong binding
(2- Thymidylate affinity to amino
hydroxyphenyl)p  kinase (PDB acid residues on the
rop-2-en-1-one ID: 1G3V) active side of
(Code chalcone Thymidylate Kinase
2) and dihydrofolate
(E)-3- (4- Dihydrofolate -6.8 ASN5, VAL109, ARG79, reductase receptors [3]
(dimethylamino)reductase (PDB ARG108, ALA7, LYS45, through hydrogen
phenyl)-1-(2- ID:1A19) PHE167, GLU82 bonding and other
hydroxy-4,6- residue interactions.
dimethoxyphenyl
) prop-2-en-1-
one (code
chalcone 4)
(E)-3-{4-[(1- Receptor -7.2 lkatan hidrogen: GLU218 Ligand code 4A, one
Benzyl-1H-1,2,3- mycobacterial dan ARG259 of the chalcone-
triazol-4- glycosyltransfe derived compounds
yl)methoxy]-2- rase (PDB ID: with a triazole [22]

methoxypheny|}-
1-phenylprop-2-
en-1-one (code
4A)

4Y6U)

group, has a good
synergistic effect.
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5. Antiviral (E)-3-[4-[2-[3-

[3- SARS-CoV-2

3CL PRO -109.041 Hydrogen bond: GLU166,

Ligand code K27

ASP187, ALA191, MET49, showed a better

TYR54. docking score than
Hydrophobic bond:  the reference ligand
PRO168  Lopinavir, so it has

aminopropyl(met (PDB ID
hyl)amino ]propy 6LU7)
lamino]-2-(7-
chloroquinolin-4-
yl)acetyl]phenyl] SARS-CoV-2
-1-(5- (6Y2F)

methylfuran-2-
yl)prop-2- en-1-
one (code K27)

3CL PRO -107.380 Hydrogen bond: GLN192,

better inhibitory
activity against the
3CL PRO SARS-
CoV-2 receptor.

[14]
PHE140, THR190,
GLU166.

Hydrophobic bond:
MET49, CYS44, PRO168

The result of docking is identified through the
docking value or binding energy. The more negative the
value, the stronger the interaction between the ligand and the
receptor [10]. In a study using Gauss and Maestro Molecular
software 15 test ligands from 4-amino chalcone derivatives
were tested with three receptors. The results show that in the
AChE enzyme receptor, the best ligand that shows the lowest
binding energy is the 3D ligand with a binding energy value
of -6.55 Kcal/mol and in the hCA | enzyme is the 3F ligand
with a binding energy value of -4.38 Kcal/mol. As for the
hCA Il enzyme, the best ligand obtained is 3M with a binding
energy of -5.65 Kcal/mol. These ligands have a lower
binding affinity compared to the reference drugs Tacrin and
AZA, so they can be said to have the ability as anti-alzheimer
drug candidates. This is reinforced by the interactions
between 4-amino chalcone derivatives and their receptors,
such as hydrogen bonds, hydrophobic bonds, pi-pi bonds,
and halogen bonds [13].

In AChE enzymes with 3D molecules, hydrogen
bonds are formed through the oxygen of the methoxy group
bound to the phenyl group and TRP5 protein. Pi-pi bonds
occur between the phenyl group and the HIE64 protein, and
Pi-cation bonds occur in the aniline ring with the LYS170
protein. Meanwhile, in the hCA | enzyme and 3M ligand, a
pi-pi bond is also formed on the aniline ring with the
TRY121 protein. The hydrogen bond is formed between the
amine group on the ligand and the TRY70 protein. While in
the hCA 11 enzyme with ligand 3F, there is also a hydrogen
bond between the amine group and the HIE protein.
Furthermore, another study using ezCADD and Smina
software tested six chalcone derivative ligands substituted
with diazopropane compounds. The butylcholinesterase
enzyme (hBuChE) was the receptor with three kinds of PDB
ID. The results showed that ligands with code number 4 and
1HP14 had the best binding energy compared to other
ligands. The resulting binding energy values with proteins
1P01, 1ACJ, and 1EVE were -10.4, -7.5, and -10.5 kcal/mol,
respectively [10]. The chemical interaction between the
ligand and its receptor can increase the biological activity of
the ligand [13].

Antimalaria Bioactivity

Malaria is a disease caused by parasites of the genus
Plasmodium. Chalcone-derived compounds have been
reported to have antimalarial activity [15]. The receptor used
is the Plasmodium falciparum dihydrofolate reductase-
thymidylate synthase (Pf-DHFR-TS) protein receptor with
several PDB IDs such as 6155, 4B3Z, 4CQA, 8WBYV, 614B,
and 1J31. Pf-DHFR-TS enzyme protein is a substrate that has
an important role in folate biosynthesis because the enzyme

works by inhibiting the production of deoxythymidine
monophosphate (dTMP) so that DNA synthesis and parasite
cell division can be inhibited. This makes Pf-DHFR-TS a
major target in antimalarial drug development [5]. Chalcone-
derived compounds have the potential to inhibit hemozoin
formation in trophozoites so that they can be used as drug
candidates for non-resistant Plasmodium falciparum
parasites [24].

The bioactivity of chalcone compounds as candidate
antimalarial agents has been reported. The target receptor is
the Plasmodium falciparum receptor with various PDB IDs
such as 6155, 4B3Z, 4CQA, 8WBYV, 614B, and 1J3I. In a
previous Pyrx software study, the ligand with the best
activity is the first mutated B2D code ligand with a -10.5
kcal/mol value. The ligand forms interactions with its
receptor, including hydrogen bonds and amino acid residues
such as SER477, TYR528, GLY507, ILE508, GLY506,
GLN526, and CYS276. This could strengthen compound
B2D as a candidate Plasmodium falciparum protein inhibitor
[15].

Meanwhile, another study conducted with Autodock
vina software found that the chalcone derivative ligand
coded AC4 or 1-(2-aminophenyl)-3-(4-methoxyphenyl)
prop-2- en-1-one has the best activity as an antimalarial drug
candidate with a binding affinity value of -7.7 kcal/mol. The
ligand has a lower binding energy when compared to
chloroquine as a reference drug with a binding energy value
of -5.9 kcal/mol [16]. Three hydrogen bonds are formed on
amino acid residues, namely GLU382, ASN521, and
UMP711. These hydrogen bonds will affect the stability of
the target protein structure. The bond between the ligand and
the receptor will be more stable if more hydrogen bonds are
formed [25]. This makes the AC4 ligand potentially used as
an antimalarial drug candidate.

Another chalcone-derived ligand found to have good
antimalarial activity based on molecular docking results is a
ligand (E)-1-(4-Fluorophenyl)-3-(3-hydroxy-4-(piperidin-1-
ylmethyl)phenyl)prop-2-en-1-one with a binding affinity of
-48.224 kcal/mol. According to a previous study using
Discovery Studio 2016 software, the ligand is the best ligand
of all other ligands tested. Still, the binding affinity value
obtained is not as high as the reference WR9910 co-crystal
inhibitor, which is -54.320 kcal/mol. However, the ligand
has an -OH functional group and is substituted by halogen
groups (F, Cl, and Br). The ligand and the receptor interact
through hydrogen bonding on the -OH functional group with
amino acids ILE164, ALA16, CYS15, SER108, and
GLY166. The presence of halogens and substituted amino
alkyls can affect the formation of hydrogen bonds. Halogens
as sigma hole donors can participate in halogen bonding.
This non-covalent interaction can significantly influence
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molecular recognition and binding affinity [26]. In addition,
pi-pi bonds are formed on the substituted aminoalkyl enolate
groups. These interactions will increase the antimalarial
activity of the test ligand. It is also mentioned that substituted
secondary amine groups can increase antimalarial activity

[5].
Anticancer Bioactivity

Various target receptor proteins are used to conduct
in silico assays using molecular docking with anticancer
bioactivity targets. Some of them are the tyrosinase enzyme,
human estrogen receptor, epidermal growth factor receptor
(EGFR), vascular endothelial growth factor receptor, and
COX-2 receptor. In a previous study through AutoDock 4.2
software with tyrosinase enzyme receptors, a test ligand was
obtained that had the best binding affinity value of -8.13
kcal/mol, namely 3-(3-Methoxyphenyl)1-{4-[2-
hyroxybenzlidene) amino] phenyl} prop-2-en-1-one. The
binding affinity was better than the kojic acid reference
ligand of -3.96 kcal/mol [17].

Tyrosinase enzyme is a protein that plays a role in
skin pigmentation, namely in the process of melanogenesis
and darkening of the skin [27]. On the active side of the
tyrosinase enzyme, histidine amino acid residues are formed,
namely HIS61, HIS85, HIS94, HIS259, HIS263 and
HIS269. These histidine residues can act as catalysts that
affect the active side of the enzyme. Strong hydrogen bonds
at amino acids HIS61 and HIS263 strengthen the interaction
between the ligand and the tyrosinase enzyme receptor.
Stronger hydrogen bonds contribute to the ligand-receptor
complex's more stable and tightly bound interaction [28].
The residue is formed on the substituted -OH group. This
makes the compound 3-(3- Methoxyphenyl)1-{4-[2
hyroxybenzlidene) amino]phenyl} prop-2-en-1-one a
potential drug candidate for neurodegenerative diseases due
to its high inhibitory and anticancer abilities.

Another previous study used Autodock vina software
on PyRx by tethering the EGFR (Epidermal Growth Factor
Receptor) to a chalcone-based imidazo-thiadiazole ligand.
EGFR is overexpressed from genes in solid tumours such as
breast, pancreas, head, neck, and others that can stimulate
cell proliferation, differentiation, angiogenesis, cell motility,
and apoptosis [29]. The ligand that gave the best binding
affinity to the EGFR receptor of -9.3 kcal/mol was found to
be ligand coded 10E or 7- Substitued-3-{(2E)-3-[2,6-
substitued-limidazo[2,2-b][1,3,4]thiadiazol-5-yl]prop-2-
enoyl}- 2H-chromen-2-one. The ligand interacts with its
receptor through hydrogen bonds, pi-anion, pi-sigma, pi-
sulfur, pi-pi stacked, and pi-alkyl bonds. Four conventional
hydrogen bonds and one carbon-hydrogen bond formed with
ASMP855, ARG841, and LYS745. In addition, a Pi-sulfur
bond was formed with amino acid CYS797, a mutated
second-generation EGFR inhibitor amino acid. These
interactions suggest that the test ligand molecules have the
potential to be developed as potent fourth-generation EGFR
inhibitors [18].

Anticancer activity in chalcone-derived ligands with
EGFR target receptors was also found in other studies using
AutoDock software. The ligand that showed the best
anticancer activity was a xanthone-chalcone derivative
ligand with the code 3SH and a binding affinity of -9.71
kcal/mol, which was better than its native ligand of -7.30

March 2025, Volume 20 No. 2: 251-259

kcal/mol. The ligand interacts with its receptor through the
chalcone and xanthone carbonyl groups at amino acid
residues ASP831 and MET769. Thiol groups at the meta
position interacting with ALA719 and THR766 residues
through hydrogen bonds can give the 3SH ligand 1.334x
stronger binding energy compared to its native ligand. In
addition, the presence of pi-alkyl interactions, such as in the
aromatic ring of chalcone with residues MET742 and
LEU764, proves that the combination of chalcone and
xanthone derivatives gives good results as EGFR inhibitors
[20].

In other receptor targets, namely the human estrogen
receptor (ER) and vascular endothelial growth factor
(VEGF) receptor, the best ligand that can bind was found,
namely 3-(4-(1H-benzo[d]imidazol-1-yl)phenyl)-1-(2-
hydroxyphenyl)prop-2-en-1-one with a binding affinity
value of -9.92 kcal/mol on ER and - 8.01 kcal/mol on VEGF
[19]. The human estrogen receptor is a receptor that affects
breast cancer disease by being overexpressed [30].
Meanwhile, vascular endothelial growth factor (VEGF)
receptors work by binding to receptors that will be expressed
by endothelial cells adjacent to tumour cells to induce
angiogenesis and stimulate the process. On the estrogen
receptor, the ligand has a better docking score than other test
and control ligands, which is -9.28 kcal/mol. On the VEGF
target, the docking score value shown was not as good as the
control ligand but showed the best value of all test ligands.
The ligand has potential as a candidate anticancer agent
supported by the presence of amino acid residues that
interact between the ligand and the receptor.

Carbonyl and hydroxyl groups on chalcone
derivatives can form strong hydrogen bonds with the active
side of estrogen responders. In the ER target, the hydrogen
bond is formed at amino acids PRO325 and LEU327, while
in the VEGF target, the hydrogen bond is formed through
amino acids GLU883 and LYS866. The bond gives a higher
docking score compared to other test ligands.

Another study with the same software, AutoDock, has
found that the chalcone-derived ligand coded 1E has good
anticancer activity against the COX-2 receptor with a
binding affinity value of -8.8 kcal/mol [21].
Cyclooxygenase-2, or COX-2, is a target protein that has a
role in the pathogenesis of colorectal cancer. In tissues that
experience malignancy, COX-2 expression will increase
drastically [31]. The strong hydrogen bond formed between
the unsaturated ketone group on the ligand and the amino
acid HIS39 supports the resulting binding affinity value.
Other interactions are weak Van der Waal electrostatic bonds
at amino acid residues LY S468, GLN461, PRO153, ASN43,
LEU152, ARG44, and CYS4.

Anti-tuberculosis Bioactivity

Tuberculosis is a disease caused by Mycobacterium
tuberculosis. This disease is one of the global health
problems that is increasing due to the resistance of
Mycobacterium tuberculosis strains to anti-tuberculosis
drugs. Inthe in silico molecular docking test to find new anti-
tuberculosis drug molecules, some receptors include
Mycobacterial tuberculosis thymidylate kinase
dihydrofolate reductase, which plays an important role in
bacterial DNA biosynthesis [32]. In addition, the
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Mycobacterial glycosyltransferase receptor is also used, an
enzyme that mediates glycogen biosynthesis [33].

In the molecular docking test of chalcone-derived
compounds conducted through the Autodock vina program
with a total of 4 test ligands, a ligand with the best binding
affinity value to the Mycobacterium tuberculosis
thymidylate kinase receptor of -6.5 kcal/mol was found,
namely the molecule with the code “chalcone 2” or (E)-3-(4-
chlorophenyl)-1-(2- hydroxyphenyl)prop-2-en-1-one [3].
The binding affinity shows a better value than the reference
drug Ethambutol of -4.1 kcal/mol. This is supported by
hydrogen bonds formed at amino acid residues TYR39 and
ASP163.

Meanwhile, at the dihydrofolate reductase receptor
target, the molecule coded “chalcone 4” or (E)-3-(4-
(dimethylamino)phenyl)-1-(2-hydroxy-4,6
dimethoxyphenyl)prop-2-en-1-one was found to provide the
best binding affinity value of the other 3 test ligands, which
was -6.8 kcal/mol. The ligand could not surpass the binding
affinity shown by the reference drug Fluconazole of -7.3
kcal/mol. Still, the presence of ASN5 hydrogen bonds, as
well as other interactions with amino acid residues such as
CH bonds, pi-alkyl, pi-cations and pi-anions, can support the
ligand to be a good antituberculosis agent against
dihydrofolate reductase.

Similar research with the same software reportedly
found the best ligand against the Mycobacterial
glycosyltransferase target receptor. The ligand is a
compound with code 4A with a binding affinity value of -7.2
kd/mol [22]. The bonding interaction between the receptor
protein and the ligand can be active, supported by the
formation of interactions at the ARG259 amino acid residue
in all test ligands. The code 4A ligand involves the amino
acid GLU218 and other polar interactions. Thus, chalcone-
derived compounds with triazole groups have a good
synergistic effect, as evidenced by a comparative analysis of
the triazole group in other studies. The triazole group has
exhibited advantageous characteristics, including hydrogen
bonding, enhanced water solubility, a moderate dipole
moment, and the capacity to bind effectively with the
biomolecular targets of Mycobacterium tuberculosis.
Consequently, this scaffold has demonstrated remarkable
efficacy in combating tuberculosis. [34].

Antiviral Bioactivity

Chalcone-derived compounds are reportedly used as
antiviral agents against the Coronavirus class through
primary protease inhibition [1]. SARS-CoV-2
is a group of coronaviruses that cause COVID-19 disease
with a very rapid spread rate to millions of people around the
world. The virus can involve many proteins from the virus
and host proteins to infect host cells. The protein that plays a
role in the replication of this virus is a protease similar to
chymotrypsin [35]. This protein is one of the targets in
treating COVID-19 because it has an important role in the
life cycle of SARS-Cov-2. The receptor protein used in
molecular docking is the active side of 3CL PRO SARS-
CoV-2 with PDB ID 6LU7 and 6'Y2F [14].

Through PLANTS software, the best chalcone-
derived ligand with the highest docking score on two
different receptor codes was found, namely ligand with code
K27 or E)-3-[4-[2-[3-[3- aminopropyl (methyl)amino]
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propylamino]-2-(7- chloroquinolin-4- yl)acetyl]phenyl]-1-
(5- methylfuran-2-yl)prop-2- en-1-on. The ligand showed a
docking score of -109.041 kcal/mol for the 6LU7 receptor
and -107.380 kcal/mol for the 6Y2F receptor. When
compared to the reference ligand used, Lopinavir, the test
ligand code K27 showed better results on both receptors
because Lopinavir only showed a docking score of -108.619
kcal/mol for the 6LU7 receptor and -100.658 for the 6Y2F
receptor. Through this, it can be said that K27 ligand has
better inhibitory activity than Lopinavir [14].

On the active side of the 6LU7 receptor, interactions
occur between ligands and amino acid residues through
hydrogen bonds and hydrophobic interactions. Amino acid
GLU166. ASP187. ALA191. MET49 and TYR54 were
found to form hydrogen bonds from nitrogen and oxygen
atoms. In addition, hydrophobic interactions were observed
at amino acid residues PRO168 and ALA191. These
hydrophobic interactions on amino acid residues and
hydrogen bonds on GLU166 also occur when the N3-native
ligand interacts with the active side of the receptor. This
makes the test ligand compound more similar to its native
ligand. While on the active side of another 3CL PRO SARS-
CoV-2 receptor, 6Y2F, hydrogen bonds that occur can be
seen at amino acids PHE140, GLN192, GLU166, and
THR190 and hydrophobic interactions are formed at amino
acid residues CYS44, PRO168, and MET49. Compared to
other studies with the same receptor, the amino acid
interactions formed have been the same and appropriate,
even with closer inter-atomic distances, such as hydrogen
bonds formed at amino acids PHE140 and GLU16 [36]. This
shows that the K27 test ligand is stronger than the test ligand
in previous studies.

Based on 13 articles reviewed, chalcone-derived
compounds are reported to have anti-Alzheimer,
antimalarial, anticancer, anti-tuberculosis, and antiviral
bioactivities that have been tested through silico methods
using molecular docking. Chalcone-derived compounds
tethered to each target receptor have different substituted
functional groups that result in good bioactivity, such as
substituting triazole, methoxy, amine, halogen, carbonyl,
hydroxyl, and thiol groups.

Conclusion

Virtual drug screening through the in silico molecular
docking approach can predict drug candidate compounds
through the binding affinity values shown. Based on the
results, new synthesized chalcone-derived compounds that
have anti-Alzheimer were found. These antimalarial,
anticancer, antituberculosis, and antiviral bioactivities have
been tested in silico against their corresponding target
receptors. The bioactivity can be influenced by substituting
functional groups such as triazole, methoxy, amine, and
others in the reactive structure of the o, unsaturated
aromatic ketone ring in the structure of the chalcone
compound. Compounds that have binding affinity and form
good amino acid residue interactions can be further
investigated as new drug candidates.

Author’s Contribution

Aldila Divana Sarie: contributed to drafting the research
concept and research methodology, data collection, data
analysis, and writing the draft article. Marsah Rahmawati

257



Jurnal Pijar MIPA

Utami: contributed to drafting the research concept and
guided research methaods, direction, and evaluation to author
one throughout the article creation process.

Acknowledgement

The authors would like to sincerely thank all participants for
their support, assistance, time, and input in this literature
review.

References

[1]

(2]

(3]

[4]

(5]

(6]

[7]

(8]

[9]

[10]

A. Rammohan, J. S. Reddy, G. Sravya, C. N. Rao, and
G. V. Zyryanov, “Chalcone synthesis, properties and
medicinal applications: a review”, Environ Chem
Lett, vol. 18, no. 2, pp. 433-458, Mar. 2020, doi:
10.1007/s10311-019-00959-w.

A. Rammohan, J. S. Reddy, G. Sravya, C. N. Rao, and
G. V. Zyryanov, “Chalcone synthesis, properties and
medicinal applications: a review”, Environ Chem
Lett, vol. 18, no. 2, pp. 433-458, Mar. 2020, doi:
10.1007/s10311-019-00959-w.

A. Mulula, A. Bouzina, H. Mambu, G. Mbiye, and A.
Zaki, “Synthesis, in-vitro antitubercular, antifungal
activities and in silico molecular docking study of
Chalcone derivatives from 1-(2”-Hydroxyphenyl)-3-
(substituted-phenyl)-2-propenone.”, Microbes and
Infectious Diseases, vol. 0, no. 0, pp. 0-0, Feb. 2023,
doi: 10.21608/mid.2023.191321.1458.

Dr. A. P. Desai and P. D. K, “Synthesis of Chalcone
Derivatives and its Antimicrobial Activities”,
IJSREM, vol. 07, no. 11, pp. 1-11, Nov. 2023, doi:
10.55041/1JSREM27306.

J. Syahri et al., “Chalcone Mannich base derivatives:
synthesis, antimalarial activities against Plasmodium
knowlesi , and molecular docking analysis”, RSC
Adv., vol. 13, no. 51, pp. 36035-36047, 2023, doi:
10.1039/D3RA05361J.

I. Ikhtiarudin, L, A. Zamri, H. Y. Teruna, and Y. -,
“SINTESIS DAN UJI TOKSISITAS SENYAWA
ANALOG KALKON TURUNAN 27-
HIDROKSIASETOFENON DAN
HALOBENZALDEHID”, Journal Photon, vol. 5, no.
1, pp. 57-63, Oct. 2014, doi: 10.37859/jp.v5i1.194.
Lusrianti, Balatif N, Zamri A. “Sintesis Dan Uji
Toksisitas Senyawa Analog Kalkon Dari 4”-
Hidroksiasetofenon Dengan Dimetoksibenzaldehid”.
Journal Photon, vol. 6, no 01, pp 4549, April. 2015,
doi: 10.37859/jp.v6i01.462.

N A. A. T. Nagvi, T. Mohammad, G. M. Hasan, and
Md. 1. Hassan, “Advancements in Docking and
Molecular Dynamics Simulations Towards Ligand-
receptor Interactions and  Structure-function
Relationships”, CTMC, vol. 18, no. 20, pp. 1755—
1768, Dec. 2018, doi:
10.2174/1568026618666181025114157.

P. A. Ravindranath, S. Forli, D. S. Goodsell, A. J.
Olson, and M. F. Sanner, “AutoDockFR: Advances
in Protein-Ligand Docking with Explicitly Specified
Binding Site Flexibility”, PLoS Comput Biol, vol. 11,
no. 12, p. e1004586, Dec. 2015, doi:
10.1371/journal.pchi.1004586.

S. Al-Hazmy, M. Zouaghi, N. Amri, Y. Arfaoui, I.
Alhagri, and N. Hamdi, “DFT Study of Regio- and

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

March 2025, Volume 20 No. 2: 251-259

Stereoselective 13DC Reaction between
Diazopropane and Substituted Chalcone Derivatives:
Molecular Docking of Novel Pyrazole Derivatives as
Anti-Alzheimer”s Agents”, Molecules, vol. 28, no. 4,
p. 1899, Feb. 2023, doi:
10.3390/molecules28041899.

S. Agarwal and R. Mehrotra, “An overview of
Molecular Docking”, JSM Chem, vol. 4, no. 2, pp.
1024, May. 2016,

X. Du et al, “Insights into Protein—Ligand
Interactions: Mechanisms, Models, and Methods”,
IIMS, vol. 17, no. 2, p. 144, Jan. 2016, doi:
10.3390/ijms17020144.

M. B. Gurdere, Y. Budak, U. M. Kocyigit, P. Taslimi,
B. Tuzun, and M. Ceylan, “ADME properties,
bioactivity and molecular docking studies of 4-
amino-chalcone derivatives: new analogues for the
treatment of Alzheimer, glaucoma and epileptic
diseases”, In Silico Pharmacol., vol. 9, no. 1, p. 34,
May 2021, doi: 10.1007/s40203-021-00094-x.

A. S. Fitriana and S. Royani, “Molecular Docking
Study of Chalcone Derivatives as Potential Inhibitors
of SARS-CoV-2 Main Protease”, Indo. J. Chem. Res.,
vol. 9, no. 3, pp. 150-162, Jan. 2022, doi:
10.30598//ijcr.2022.9-fit.

M. A. Kurniawan and M. J. Baari, “Qsar Analysis
Using Semi-Empirical Am1l Method, Molecular
Docking, and Admet Studies of Chalcone Derivatives
as Antimalarial Compounds”, Jurnal Kimia Riset, vol
8, no 2, pp. 186-199, Dec. 2023, doi:
10.20473/jkr.v8i2.51798.

A. Mulula, A. D. Bouzina, J. Nsomue, H. B. Mambu,
M. N. Tshingamb, and A. Zaki. “Synthesis, In-vitro
Antimalarial Activity and In silico Molecular
Docking Study of Amino Chalcone Derivatives from
1-(2-aminophenyl)-3-(4-substituted-phenyl) prop-2-
en-1-one and Dihydroquinolone
Derivatives.” Journal of Advanced Pharmacy
Research, vol 7, no 3, pp. 133-143, May. 2023,
doi: 10.21608/aprh.2023.207345.1217.

G. Celik, G. T. Yilmaz, B. Barut, C. O. Yal¢in, and
N. Yayl. “Design, Synthesis, Biological Activity and
Molecular Docking Studies of New Imine-Chalcone
Derivatives.” Pharmaceutical Chemistry Journal,
Vol 57, no 4, pp. 550-558, Jul. 2023, doi:
10.1007/s11094-023-02919-9.

A. A. Alman, V. Soni, and S. G. Killedar. “Molecular
Docking, Synthesis and Biological Evaluation of
Some  Imidazo-thiadiazole  Based  Chalcone
Derivatives as Potent Triple Mutant T790M/C797S
EGFR Inhibitors.” International journal of health
sciences, vol 6, no. S2, pp. 14410-14439, Jun. 2022.
doi:10.53730/ijhs.v6nS2.8781.

B. Fegade and S. Jadhav. “Design, synthesis and
molecular docking study of N-heterocyclic chalcone
derivatives as an anti-cancer agents.” International
Journal of Pharmaceutical Sciences and Drug
Research, vol 14, no. 01, pp. 78-84, Jan. 2022. doi:
10.25004/1JPSDR.2022.140111.

Y. S. Kurniawan, E. Yudha, G. Nugraha, N,
Fatmasari, H. D. Pranowo, J. Jumina, and E. N.
Sholikhah. “Molecular Docking and Molecular
Dynamic Investigations of Xanthone-Chalcone

258


https://doi.org/10.37859/jp.v6i01.462
https://dx.doi.org/10.21608/aprh.2023.207345.1217
https://doi.org/10.53730/ijhs.v6nS2.8781

Jurnal Pijar MIPA

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

Derivatives against Epidermal Growth Factor
Receptor for Preliminary Discovery of Novel
Anticancer Agent.” Indonesian Journal of Chemistry,
vol 24, no. 1, pp. 250-266, Nov. 2024. DOI:
10.22146/ijc.88449.

S. Farooq, Z. Ngaini, S. S. Hwang, D. C. Choo, A. I.
Daud, and W. M. Khairul. “In vitro Cytotoxic
Activities, Molecular Docking and Density
Functional Theory (DFT) Evaluation of Chalcone
Derived Pyrazolines.” Chemistry Africa, vol. 5, no. 2,
227-236, Jan. 2022. DOI: 10.1007/s42250-021-
00311-2.

H. Kaur, R. Singh, and Rishikant. “Synthesis,
molecular docking, and antitubercular evaluation of
triazole—chalcone conjugates.” Russian Journal of
Organic Chemistry. vol. 58, no. 4, pp. 518-525, June.
2022. DOI: 10.1134/S107042802204008X.

Y. T. Reubun, S. Kumala, S. Setyahadi, and P.
Simanjuntak. “Penghambatan Enzim
Asetilkolinesterase dari Ekstrak Herba Pegagan
(Centella asiatica (L.) Urb), Ekstrak Daun Kelor
(Moringa oleifera Lam.) dan Kombinasinya.”
PHARMACY: Jurnal Farmasi Indonesia, vol. 17, no.
2, pp. 451-458, Dec. 2020. DOI:
10.30595/pharmacy.v17i2.9052

H. L. Qin, Z. W. Zhang, R. Lekkala, H. Alsulami, and
K. P. Rakesh. “Chalcone hybrids as privileged
scaffolds in antimalarial drug discovery: A key
review.” European journal of medicinal chemistry,
vol. 193, pp. 112215, Mar. 2020. DOI:
10.1016/j.ejmech.2020.112215.

Y. Suryani, O. Taupiqurrohman, A. Rikani, and E.
Paujiah. “Insilico docking studies of daidzeion
compounds as selective estrogen receptor modulator
(SERMS) breast cancer EDP Sciences.” In MATEC
Web of Conferences. vol 197, no. 03009, pp. 5, Sept
2018. DOI: 10.1051/matecconf/201819703009.

J.Y. Limand P. D. Beer. “Sigma-Hole Interactions in
Anion Recognition.” Chem, vol 4, no.4, pp. 73, Apr.
2018. DOI: 10.1016/j.chempr.2018.02.022.

S. Zolghadri, A. Bahrami, K. M. Hassan, M. J.
Munoz, M. F. Garcia, C. F. Garcia, and A. A.
Saboury. “A comprehensive review on tyrosinase
inhibitors.” Journal of enzyme inhibition and
medicinal chemistry, vol. 34, no. 1, pp. 279-309, Jan.
2019. DOI: 10.1080/14756366.2018.1545767.

A. Dashputra, Y. Therkar, A. Balpande, N.
Khanwani, A. Wasewar, G. C. Patil, ... and C.
Ravikumar. “Evaluation of tamoxifen analogues as
potential estrogen receptor alpha inhibitors for breast
cancer treatment: A computational approach.”
Journal of Molecular Liquids, vol. 414, pp. 126209,
Nov. 2024. doi: 10.1016/j.mollig.2024.1262

A. E. Maennling, M. K. Tur, M. Niebert, T.
Klockenbring, F. Zeppernick, S. Gattenldhner, et al.
“Molecular targeting therapy against EGFR family in
breast cancer, progress and future
potentials.” Cancers, vol. 11, no. 12, pp. 1826, Nov.
2019. DOI: 10.3390/cancers11121826.

I. Sahidin, B. Sadrun, N. S. Rahmatika, A. W. Yodha,
A. Fristiohady, A. Sundowo, and S. Fajriah.
“Phytochemical screening and antioxidant and
cytotoxic activities of ethyl acetate subfractions of

[31]

[32]

[33]

March 2025, Volume 20 No. 2: 251-259

soft coral Nepthea sp. growing in Southeast
Sulawesi.” Journal of Applied Pharmaceutical
Science, vol. 13, no. 2, pp. 099-105, Feb. 2023. DOI:
10.7324/JAPS.2023.130211.

M. Fillah, D. Herawati, T. M. and Fakih. “Uji In-
Silico Aktivitas Antikanker Kolorektal Senyawa
Organosulfur Bawang Putih (Allium sativum L.)
terhadap Protein Target COX-2.” Bandung
Conference Series: Pharmacy. vol 2, no. 2, pp. 973-
989, Aug. 2022. DOI: 10.29313/bcsp.v2i2.4703.

Z. Zhu, C. Chen, J. Zhang, F. Lai, J. Feng, G. Wu, et
al. “Exploration and biological evaluation of 1, 3-
diamino-7 H-pyrrol [3, 2-f] quinazoline derivatives as
dihydrofolate reductase inhibitors.” Journal of
Medicinal Chemistry, vol. 66, no. 20, pp. 13946-
13967, Sep. 2023. DOI:
10.1021/acs.jmedchem.3c00891

A. K. Gupta, A. Singh, and S. Singh. “Glycogenomics
of Mycobacterium tuberculosis.” Mycobact Dis, vol.
4,no .175, pp. 2161, Nov. 2014. DOI: 10.4172/2161-
1068.1000175.

[34] A. Sharma, A. K. Agrahari, S. Rajkhowa, and V. K.

[35]

[36]

Tiwari, “Emerging impact of triazoles as anti-
tubercular agent.” European Journal of Medicinal
Chemistry, vol. 238, pp. 114454, Aug. 2022. doi:
10.1016/j.ejmech.2022.114454

S. A. Khan, K. Zia, S. Ashraf, R. Uddin, and Z. Ul-
Haq. “Ildentification of chymotrypsin-like protease
inhibitors of SARS-CoV-2 via integrated
computational approach.” Journal of Biomolecular
Structure and Dynamics, vol. 39, no. 7, pp. 2607-
2616, Apr. 2020. DOI:
10.1080/07391102.2020.1751298.

S. Kumar and M. Choudhary. “Structure-based
design and synthesis of copper (II) complexes as
antivirus drug candidates targeting SARS CoV-2 and
HIV.” New Journal of Chemistry, vol. 46, no. 15, pp.
7128-7143, Mar. 2022. DOl:
10.1039/D2NJ00703G.126209.

259


https://doi.org/10.1016/j.chempr.2018.02.022
https://doi.org/10.1016/j.molliq.2024.126209
https://doi.org/10.1021/acs.jmedchem.3c00891
https://doi.org/10.1021/acs.jmedchem.3c00891
https://doi.org/10.1016/j.ejmech.2022.114454

