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Abstract: Background: Boesenbergia pandurata or fingerroot is known to have various pharmacological
activities, including anticancer properties. Extracts from these plants are known to inhibit the growth of
cancer cells, including breast cancer. Anti-breast cancer activity is significantly influenced by the inhibi-
tion of two receptors: ER-a and HER2. However, it is unknown which metabolites of B. pandurata play
the most crucial role in exerting anticancer activity.

Objective: This study aimed to determine the metabolites of B. pandurata with the best potential as ER-a
and HER2 inhibitors.

Methods: The method used was molecular docking of several B. pandurata metabolites to ER-o and
HER?2 receptors, followed by an ADMET study of several metabolites with the best docking results.

Results: The docking results showed eight metabolites with the best docking results for the two receptors
based on the docking score and ligand-receptor interactions. Of these eight compounds, compounds 11
((2S)-7,8-dihydro-5-hydroxy-2-methyl-2-(4"-methyl-3"-pentenyl)-8-phenyl-2H,6H-benzo(1,2-b-5,4-
b")dipyran-6-one) and 34 (geranyl-2,4-dihydroxy-6-phenethylbenzoate) showed the potential to inhibit
both receptors. Both ADMET profiles also showed mixed results; however, there is a possibility of fur-
ther development.

Conclusion: In conclusion, the metabolites of B. pandurata, especially compounds 11 and 34, can be
developed as anti-breast cancer agents by inhibiting ER-a and HER2.

Keywords: ADMET, Boesenbergia pandurata, breast cancer, docking, ER-a, HER2.

1. INTRODUCTION

The discovery of new drugs to treat cancer has become a
hot topic among researchers. Apart from the high mortality
rate caused by cancer, the exact cause is still being studied
today [1]. The types of cancer that can affect humans are
very diverse, and almost all parts of the human body can
develop cancer.

This is complicated by the high level of “personalized
medicine” in each case, as the same therapy may not work
for other people even though they suffer from the same type
of cancer [2]. This is exacerbated by mutations in cancer
cells, which can cause resistance to current therapies.
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Therefore, a new approach to research related to the
discovery of cancer drugs is required, and currently, an
increase in in silico research utilizing various advantages of
computational techniques has been observed [3].

The application of computational techniques in
discovering new drug compounds makes it more manageable
for researchers to predict the correct candidate compounds to
continue research in the laboratory [4]. Among them is
molecular docking (or simply docking), a simple in silico
method for predicting the interaction between the test
compound and the target receptor. In addition to describing
the pharmacodynamic processes between drug molecules
and receptors, docking is also used to screen potential
compounds against specific target receptors [5].

One source of information to find new potential
compounds is to use isolated secondary metabolites from
medicinal plants and their identified chemical structures [6].

© 2022 Bentham Science Publishers
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Currently, an increase in in silico studies to identify
bioactive compounds from medicinal plants has been
observed, especially during the current pandemic, limiting
researchers' access to the laboratory [7]. This strategy has
also been applied to exploring novel anticancer compounds,
in which bioactive compounds from medicinal plants are
often used as lead compounds for various types of cancer
cells [8].

One of the most studied types is breast cancer, the most
reported type of cancer, with new cases reaching 2.3 million
according to GLOBOCAN 2020 [9]. Breast cancer has
several causes, including overexpression of certain hormones
or receptors, such as estrogen receptor a (ER-a) and human
epidermal growth factor receptor 2 (HER2), accounting for
approximately 75% and 20% of all reported cases,
respectively [1, 10]. The development of inhibitors against
two target receptors is one strategy for discovering new
breast cancer drugs, including those derived from natural
metabolites [11].

Boesenbergia pandurata or fingerroot is a medicinal
plant from Indonesia known to have potential activity as an
anticancer, including breast cancer [12]. Several marker
compounds in B. pandurata have been reported to play a role
in this anticancer activity, such as panduratin A, which can
inhibit sustaining proliferative signaling by downregulating
NF-kB and CDKs [13, 14] and pinostrobin, which can
inhibit cell death resistance through downregulating Bcl-2
[15]. Le Bail et al. also reported that pinostrobin could
inhibit the growth of breast cancer cells through anti-
aromatase activity [16]. This result is supported by a study
by Jones and Gehler, who reported that pinostrobin could
produce a dose-dependent inhibition of cell adhesion, cell
spreading, and focal adhesion formation, which is selective
for malignant breast cells [17]. In addition, our previous in
silico study reported that pinostrobin and its derivatives had
better potential than the reference compounds, such as ER-a
and HER2 inhibitors, which play a role in breast cancer
therapy [18]. However, little is known about the potential
anticancer activities of other metabolites of B. pandurata.

Ventures to explore the potential activity of B. pandurata
metabolites in silico have been carried out previously, as
reported by Youn and Jun, who analyzed B. pandurata
metabolites using the docking method as a BACE!1 inhibitor
[19]. However, a similar study examining all B. pandurata
metabolites that have been identified as having anti-breast
cancer activity has not been previously reported. Therefore,
this study aimed to determine the metabolite of B.
pandurata, which has the best potential in silico as an
inhibitor of ER-o. and HER2 by molecular docking method.
To obtain a more comprehensive prediction, an ADMET
study was also conducted to obtain information regarding the
pharmacokinetic characteristics of each metabolite along
with its safety profile.

2. MATERIALS AND METHODS
2.1. Hardware and Software

The hardware used was the Toshiba Portege Z30-C series
Ultrabook with an Intel™ Core 17-6600U@2.6 GHz and
Windows 10 Pro operating system. The software used was
Chem3D for energy minimization, OpenBabel 3.1.1 for ligand
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and receptor format conversion, AutoDockTools 1.5.6 for
docking protocol configuration, AutoDock Vina 1.1.2 for the
docking process, PyMOL 2.4.1 for docking protocol valida-
tion, UCSF Chimera 1.15rc for the preparation of docking
results, and Discovery Studio Visualizer 20.1.0.19295 for vis-
ualization and observation of docking results. All software
used has a free license, except for PyMOL, for which the
evaluation version (30-day trial) was used. The ADMET pre-
diction servers used were SwissADME (http://swissadme.ch/),
pkCSM (http://biosig.unimelb.edu.au/pkcsm/), and ProTox-II
(http://tox.charite.de/protox_II/). Microsoft Excel Online
(https://www.microsoft.com/en-us/microsoft-365/free-office-
online-for-the-web; free license) was used for data processing
and visualization.

2.2. Ligands Preparation

A total of 62 secondary metabolites were reported to be
present in the rhizomes of B. pandurata used as test ligands,
as shown in Table 1. All test ligands' two-dimensional struc-
tures were obtained from PubChem (https://pubchem.ncbi.
nlm.nih.gov/) and then downloaded in SDF format. Energy
minimization was performed using Chem3D with MMFF94
force field for each test ligand. For the HER2 receptor, prep-
arations were also carried out using lapatinib as the reference
ligand, using the same procedure as the test ligand.

2.3. Receptors Preparation

Two receptors were used in the docking process, consist-
ing of ER-a (PDB ID 3ERT) and HER2 (PDB ID 3RCD),
which were downloaded from the Protein Data Bank website
(https://www.rcsb.org/). The 3ERT receptors consisted of
one chain (A), whereas 3RCD had four chains (A, B, C, and
D), with the chains used in both receptors for the docking
process being chain A. The co-crystal ligand for the 3ERT
receptor was 4-hydroxytamoxifen, which was also used as a
reference ligand [20], while for the 3RCD receptor, the co-
crystal ligand was TAK-285 [21]. Unlike the 3ERT receptor,
TAK-285 was only used in the validation process, while
lapatinib was used as a reference ligand. The parts of the
receptors that were not used (e.g., water, solvent, unused
chains) were then removed and given polar hydrogen as well
as charges and saved in .pdbqt format using AutoDockTools
1.5.6.

2.4. Validation of Docking Protocol

The docking protocol validation was carried out using the
redocking method reported by Morris et al. [22]. The ob-
served parameter was a root-mean-square deviation
(RMSD), with the maximum limit required not more than 2
A to conclude that the protocol used was valid and could be
used for the docking process. The docking process was re-
peated three times, then the free energy of binding (AG;
kcal/mol) value obtained was calculated using the average
value and deviation.

2.5. Molecular Docking

Docking for all test ligands was performed in the same
way as the validation process with similar sizes and positions
of the grid box for each receptor. The results obtained were
grouped into two parameters: AG and ligand-receptor
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Table 1. The two-dimensional structure of the secondary metabolites of B. pandurata.

Compound Number Name Two-dimensional Structure References
1 (-)-6-Geranylpinocembrin [26]
2 (-)-Krachaizin A MeO OH AN [27]

[\\\\\“‘
OH o
3 (-)-Krachaizin B Ho ome AN [27]
OH o
4 (+)-Krachaizin A [27]
5 (+)-Krachaizin B [27]
6 2'4'-Dihydroxy-3'-(1"-geranyl)-6'- [26]
methoxychalcone
o
o
7 2'4'-Dihydroxy-3-methoxychalcone O 7 O ™~ [28]
HO OH

(Table 1) Contd....
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Compound Number Name Two-dimensional Structure References
OH o
o

3 2,4-Dihydroxy-6-phenethylbenzoic [27]

acid methyl ester

HO
9 (2R)-8-Geranylpinostrobin [26]
10 (28)-6-Geranylpinostrobin [26]
(2S)-7,8-Dihydro-5-hydroxy-2-
1 methyl-2-(4"-methyl-3"-pentenyl)- [26]
8-phenyl-2H,6H-benzo(1,2-b-5,4-

b")dipyran-6-one
12 3,5,7,3',4'-Pentamethoxyflavone [29]
13 3,5,7,4'-Tetramethoxyflavone [29]

HO OH
o
14 4-Hydroxypanduratin A o (30]
N B

(Table 1) Contd....



Boesenbergia Pandurata as an Anti-Breast Cancer Agent

Letters in Drug Design & Discovery, 2022, Vol. 19, No. 7 610

Compound Number Name Two-dimensional Structure References
o
~
o o
~ o/
15 5,7,3',4'-Tetramethoxyflavone [28]
o o
e
16 5,7-Dihydroxy-8-geranylflavanone | [27]
HO. o
OH o
5-Hydroxy-3,7,4'-
17 trimethoxyflavone 28]
18 5-Hydroxy-3,7-dimethoxyflavone [28]
5-Hydroxy-4',7-
19 dimethoxyflavanone 28]
OH o
OH
HO o
7,4'-Dihydroxy-5-
20 methoxyflavanone O [27]
o o

(Table 1) Contd....
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Compound Number Name Two-dimensional Structure References
21 7-Methoxy-5-hydroxy-8- [27]
geranylflavanone
HO. o
22 Alpinetin [31]
23 Boesenbergin A [28]
24 Boesenbergin B [32]
OH o}
25 Cardamonin 7 [28]
HO o/
o/
A
26 Desmethoxyyangonin [26]
N .
o/
\
27 Dihydro-5,6-dehydrokawain [33]
(o)

(Table 1) Contd....
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Compound Number Name Two-dimensional Structure References
28 Dimethylchrysin [28]
29 Dimethylpinocembrin [28]
30 Flavokawain A [29]
31 Flavokawain B [29]
32 Flavokawain C [26]
33 Galangin trimethyl ether [28]

o o]
HO.
Geranyl-2,4-dihydroxy-6-
34 phenethylbenzoate o [26]
\/YW
OH
o)
35 Helichrysetin Z [34]
HO o OH

(Table 1) Contd....
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Compound Number Name Two-dimensional Structure References
OH 0 4
36 Isopanduratin A1 H \\\\\\\)\ [26]
HO <|)
. l
o
37 Isopanduratin A2 [26]
38 Isosakurametin [26]
39 Kaempferol trimethylether [28]
40 Nicolaioidesin B [26]
41 Panduratin A [32]

(Table 1) Contd....
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Compound Number Name Two-dimensional Structure References
42 Panduratin B [35]
HO o
o]
43 Panduratin C [34]
44 Panduratin D [26]
45 Panduratin E [26]

(Table 1) Contd....
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Compound Number Name Two-dimensional Structure References
46 Panduratin F [26]
47 Panduratin G [26]

///,,,/
MeO
48 Panduratin H © [26]
(6]
OMe
)///%
fo) ”
49 Panduratin [ [26]
OH (o]
50 Pinocembrin chalcone M [30]
HO OH

(Table 1) Contd....
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Compound Number Name Two-dimensional Structure References
HO (0]
51 Pinocembrin [28]
OH (¢]
OH o)
52 Pinostrobin chalcone /‘iu\/\‘ [28]
\o OH
O o
/
53 Pinostrobin [28]
OH o
54 Retusin [28]
AN AN
MeO 0. W
55 Rotundaflavon I N 271
OH o]
AN AN
HO (o] W
56 Rotundaflavon II N [27]
OH e}
57 Rubranine [32]

(Table 1) Contd....
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Compound Number Name Two-dimensional Structure References
OH o]
58 Sakuranetin [33]
o o
OH
o o
59 Tectochrysin [26]
OH o]
o
™~
o
~ o/
60 Tetramethoxyluteolin [28]
o] o]
-
o
™~
o
/
61 Trimethylapigenin [28]
o] o]
-
OH o
62 Uvangoletin /‘iu\/\‘ [34]
HO o

interactions, in which ligand-receptor interactions were ob-
tained from the average percentage of the similarity of inter-
actions of the amino acids that interacted and the types of
interactions that occurred [23]. As in the validation process,
the docking process was also repeated three times. The two
parameters of each test ligand were compared for their simi-
larity with 4-hydroxytamoxifen for the 3ERT receptor and
lapatinib for the 3RCD receptor, then made in a two-
dimensional graph as exemplified in our previous report
[23].

2.6. ADMET Prediction

Prediction of each test ligand's ADMET properties was
carried out by the steps reported in our previous study [24],
which used a combination of more than one ADMET predic-
tion webserver to obtain comprehensive results. The canoni-

cal SMILES format of each test ligand was obtained by con-
version using OpenBabel 3.1.1. The prediction results of
ADMET properties were then expressed in a graphical form,
as illustrated by Sukardiman ez al. [25].

3. RESULTS
3.1. Validation of Docking Protocol

The RMSD values from the redocking process obtained for
the 3ERT and 3RCD receptors were 1.691 and 1.251 A, re-
spectively. These results indicate that the docking protocol
used has met the validity requirements for the docking pro-
cess. The visualization of ligand overlaid from redocking
with the reference ligands from both receptors' crystallo-
graphic results is presented in Fig. (1). The redocking lig-
ands show a similar orientation as the crystallographic lig-
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ands, aside from a slight shift in position. The validation
results, along with the docking protocol used, are presented
in Table 2. In addition, Table 2 also contains the docking
results of lapatinib with the 3RCD receptor, which was used
as a reference ligand for that receptor.

A B

Fig. (1). Overlays of redocking ligands (blue) with reference lig-
ands from crystallography data (green) at (A) receptors 3ERT with
RMSD 1.691 A and (B) 3RCD with RMSD 1.251 A. (4 higher
resolution / colour version of this figure is available in the electron-
ic copy of the article).

The dimensions of the grid box used in the two receptors
were relatively small, with dimensions between 22 and 38 A,
adjusting for the co-crystal ligands' size, which was also not
too large. The redocking results showed that 22 amino acids
interacted with 4-hydroxytamoxifen, while 27 amino acids
interacted with TAK-285. The interactions at the 3ERT re-
ceptors were predominantly weak interactions, such as the
van der Waals interaction but had three hydrogen bonds. The
3RCD receptor showed similar conditions but with many
stronger interactions: four hydrogen and four halogen bonds.
While lapatinib interacted with 22 amino acids, only 17 ami-
no acids interacted with TAK-285, of which nine had the
same type of interactions.

3.2. Molecular Docking

The docking of all test ligands showed varied results, in
which no single ligand dominated the two test receptors.
Therefore, the best test ligand was determined by consider-
ing the two test parameters, both the difference in AG value
and the percentage of similarity of the ligand-receptor inter-
action to the reference ligand. The values of these two pa-
rameters for all test ligands were then plotted on a two-
dimensional graph for a more straightforward observation, as
shown in Fig. (2).

The five best test ligands from each receptor were select-
ed from the far left and topmost positions, as shown in Fig.
(2). The selected test ligands were compounds 4 ((+)-
krachaizin A), 5 ((+)-krachaizin B), 11 ((2S)-7,8-dihydro-
5-hydroxy-2-methyl-2-(4"-methyl-3"-pentenyl)-8-phenyl-
2H,6H-benzo(1,2-b-5,4-b")dipyran-6-one), 34 (geranyl-2,4-
dihydroxy-6-phenethylbenzoate), and 51 (pinocembrin) for
the 3ERT receptor and compounds 1  ((-)-6-
geranylpinocembrin), 2 ((-)-krachaizin A), 11, 34, and 57
(rubranine) for the 3RCD receptor. Two test ligands were
ranked in the top five for each receptor, consisting of com-
pounds 11 and 34. The pattern of the two compounds at the
two receptors was similar, in which compound 11 had a
smaller AG difference with the reference ligand, while com-
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pound 34 had a higher percentage of ligand-receptor interac-
tion similarity.

3.3. ADMET Prediction

Prediction of ADMET properties on the three web serv-
ers was grouped into five parameters: absorption, distribu-
tion, metabolism, excretion, and toxicity. Absorption param-
eters were obtained from prediction using SwissADME and
pkCSM, including implicit Log P (iLOGP), XLOGP3,
MLOGP, Silicos-IT Log P, Consensus Log P, ESOL Log S,
Ali Log S, Silicos-IT LogSw, Log P, and Water Solubility,
as presented in Fig. (3) [36, 37]. Overall, the results obtained
indicate that compound 51 had a higher water solubility than
the other seven ligands, while the lowest water solubility was
shown by compound 34.

For distribution parameters, the results obtained with
pkCSM show variations in several parameters, such as vol-
ume of distribution at steady-state (VDss), blood-brain barri-
er (BBB) permeability, central nervous system (CNS) per-
meability, and fraction unbound, as presented in Fig. (4).
Negative VDss values were shown for compounds 1, 5, and
34. BBB and CNS permeability values were negative with
varying ranges, but the lowest values were shown by com-
pound 51. Overall, all test ligands' distribution profiles were
relatively similar, except for compound number 51, which
was predicted to penetrate more easily into BBB and CNS.

For metabolism parameters, the results obtained with
SwissADME indicated that all test ligands had potential as
inhibitors of cytochrome P450 2C9 (CYP2C9), as presented
in Fig. (5). All test ligands also had potential as inhibitors of
cytochrome P450 3A4 (CYP3A4), except for compound 34.
Together with compound 51, compound 34 was also predict-
ed to be a cytochrome P450 1A2 (CYP1A2) inhibitor, in
contrast to other ligands. Moreover, compounds 1, 11, and
57 were predicted to be cytochrome P450 2C19 inhibitors
(CYP2C19). However, only compound 57 had the potential
to act as a cytochrome P450 2D6 (CYP2D6) inhibitor among
the test ligands. Thus, compound 57 had the most chance as
a cytochrome inhibitor with four types of cytochromes.

Only one parameter was observed for the excretion pa-
rameters: the total clearance obtained from pkCSM, as
shown in Fig. (6). There was a big difference in the total
clearance value, in which compounds 57 and 51 only had a
total clearance of 0.141 and 0.15 log mL/min/kg, respective-
ly, much lower than the other test ligands. In contrast, the
test ligand with the highest total clearance was compound 34
with 1.145 log mL/min/kg, followed by compound 5 with
1.013 log mL/min/kg.

Finally, the toxicity parameters were predicted using
ProTox-II with toxicology model parameters for several
types of targets and their probabilities, along with the pre-
dicted LDs, values, as shown in Fig. (7). As a result, there
were two test ligands: compounds 1 and 34, which did not
show a high probability against any toxicity models. For
compound 34, the predicted LDs, value was high (3200
mg/kg), although it was still lower than compound 57 (3800
mg/kg). However, compound 57 had a high probability
(0.99) toxicity model for immunotoxicity. The lowest
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Table 2. Docking protocol and process validation results.

Parameters Values
PDB ID 3ERT 3RCD
Reference ligand 4-Hydroxytamoxifen TAK-285 Lapatinib
Grid box size (A) 38 x 28 x 30 30x32x22 30x32x22
x: 30.01 x: 12.48 x: 12.48
Grid box position y:-1.913 y: 2.964 y: 2.964
2: 24.207 z:27.995 2:27.995
RMSD (A) 1.691 1.251 -
AG=SD (kcal/mol) -9.97 +0.06 9.8+0.17 -10.33 +£0.06
Met-343" Leu-726° Leu-726"
Leu-346° Gly-727* Gly-727*
Thr-347¢ Ser-728" Phe-731°
Leu-349° Gly-729° Val-734"
Ala-350° Gly-732° Ala-751°
Glu-353° Thr-733* Lys-753°
Trp-383* Val-734° Leu-755°
Leu-384° Ala-751¢ Ser-783"
Leu-387° Tle-752* Leu-785°
Met-388° Lys-753" Leu-796°
Leu-391° Met-774" Thr-798*
Arg-394° Ser-783¢ GIn-799°
Phe-404" Arg-784° Leu-800°
Amino acid residues Glu-419* Leu-785°¢ Met-801°
Gly-420° Leu-796° Gly-804*
Met-421° Val-797 Asn-850°
Tle-424° Thr-798° Leu-852"
Leu-428" GIn-799° Thr-862¢
Gly-521° Leu-800° Asp-863°
His-524° Met-801° Gly-865¢
Leu-525° Gly-804° Leu-866°"
Met-528° Cys-805° Phe-1004"
- Leu-852°
- Thr-862°
- Asp-863°
- Phe-864"
- Phe-1004"

“van der Waals interaction; *Alkyl/Pi-alkyl; “Hydrogen bonds; “Halogen bonds; °Pi-sigma; 'Pi-Pi T-shaped/Pi-Pi stacked/Amide-Pi stacked.
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Fig. (2). The two-dimensional graph between the difference in the value of free energy of binding and the percentage of similarity of ligand-
receptor interactions compared to the reference ligands on the 3ERT (blue) and 3RCD (red) receptors. The best five ligands at the far left or
topmost position on the graph were selected for each receptor. The five test ligands selected were compounds 4, S, 11, 34, and 51 for the
3ERT receptor and compounds 1, 2, 11, 34, and 57 for the 3RCD receptor. (4 higher resolution / colour version of this figure is available in
the electronic copy of the article).

—iLOGP
—XLOGP3
MLOGP
—Silicos-IT Log P
—Consensus Log P
—ESOL Log S
—Ali Log S
—Silicos-IT LogSw
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—Water solubility

11

Fig. (3). Prediction of ligand absorption parameters with SwissADME and pkCSM. The highest and lowest predictions of solubility in water
were shown by compounds 51 and 34, respectively. (4 higher resolution / colour version of this figure is available in the electronic copy of
the article).
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—VDss (human)
—BBB permeability
—CNS permeability

—Fraction unbound (human)

51

11

Fig. (4). Prediction of ligand distribution parameters with pkCSM. The test ligand that was predicted to have been the easiest to penetrate to
BBB and CNS was compound 51. (4 higher resolution / colour version of this figure is available in the electronic copy of the article).

s7 [
st |
»+ I
m CYP1A2 inhibitor
u [ mCYP2C19 inhibitor

m CYP2C9 inhibitor

s I = CYP2DG nbiitor

m CYP3A4 inhibitor

Fig. (5). Prediction of ligand metabolism parameters with SwissADME. Compound 57 had the most chances as a cytochrome inhibitor
among other test ligands against four types of cytochromes: CYP2C9, CYP3A4, CYP2C19, and CYP2D6. (4 higher resolution / colour ver-
sion of this figure is available in the electronic copy of the article).
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Fig. (6). Prediction of ligand excretion parameters with pkCSM. Compound 57 had the lowest total clearance with 0.141 log mL/min/kg,
while the ligand with the highest total clearance was compound 34 with 1.145 log mL/min/kg. (4 higher resolution / colour version of this
figure is available in the electronic copy of the article).

1 4
3
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R
1
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mmMMP ws=mImmunotoxicity ==wER ©“ER-LBD mmp53 m=mATADS -——Predicted LD5S0

Fig. (7). Prediction of ligand toxicity parameters with ProTox-II. Compound 34 shows a high predicted value of LDs; (3200 mg/kg) without a
high probability of toxicity model. Compound 5 shows the lowest predicted value of LDsy with 435 mg/kg, while compound 51 shows a high

probability of the toxicity model with the highest number (six targets). (4 higher resolution / colour version of this figure is available in the
electronic copy of the article).

predicted LDs, for the test ligand was found in compound 5 gen receptor a (ER), estrogen receptor ligand-binding do-
with 435 mg/kg. While the test ligand with a high probability main (ER-LBD), mitochondrial membrane potential (MMP),
of toxicity model was shown mainly by compound 51, with a and phosphoprotein (tumor suppressor) p53 (p53), and
probability of 0.72, 1.0, 1.0, 0.99, 1.0, and 1.0, respectively, ATPase family AAA domain-containing protein 5 (ATADS).
against the target toxicity model for immunotoxicity, estro-
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4. DISCUSSION

Several bioactive compounds from B. pandurata have
been previously known for their pharmacological activity,
especially anticancer properties, such as boesenbergin A
against non-small cell lung cancer (A549) cells [38], alpinet-
in against breast cancer cells 4T1 and MCF-7 [39], and ovar-
ian cancer cells SK-OV-3 [40], cardamonin against PC-3
prostate cancer cells [41], pinostrobin against HeLa cervical
cancer cells [15], pinocembrin against HCT 116 colon cancer
cells [42] and PC-3 and DU-145 prostate cancer cells [43],
as well as panduratin A against breast cancer cells MCF-7,
MCF-10A, and T47D [44]. In line with previous studies, the
present study also predicted that some metabolites of B. pan-
durata had the potential as ER-a and HER2 inhibitors, in-
cluding eight metabolites with the highest docking rankings
for the two receptors. A combination of current and previous
research results indicated that B. pandurata might be a good
source of natural products which could be developed as anti-
breast cancer agents.

Of the eight metabolites, two stand out because they were
predicted to have the potential for both ER-a and HER2 re-
ceptors: compounds 11 and 34. The two metabolites reported
previously exhibited anticancer activity, as reported in the
findings of the study by Win et al. [26], confirming their
potentials against PANC-1 pancreatic cancer cells. Apart
from anticancer properties, these two metabolites were also
reported to have other activities, such as anti-inflammatory
through TNF-a inhibition [27] and antimicrobials, as sum-
marized by Eng-Chong et al. [45]. Still, no previous research
declared these two metabolites as ER-a and HER2 inhibitors;
therefore, novel findings are discussed in this study.

The choice of ER-a in the development of anti-breast
cancer is one of the most commonly used strategies, includ-
ing ligands derived from natural metabolites. The ER-a crys-
tals that bind to co-crystal ligands, which are selective estro-
gen  receptor  modulators/SERMs, such as  4-
hydroxytamoxifen (an active metabolite of tamoxifen), are
ideal targets in the development of ER-a inhibitors, consider-
ing their versatility to act as agonists or antagonists depend-
ing on the tissue in which they operate [46]. In silico re-
search using this approach has succeeded in identifying po-
tential compounds from various natural metabolites as ER-a
inhibitors and then proven in vitro, as reported by Pang et al.
[47]. They reported ER-a inhibitor activity by several me-
tabolites, such as genistein and kaempferol, which validated
the feasibility of in silico studies for predicting the bioactivi-
ties of ligands and provided better insight into the natural
products acting as ER-a modulators. Still, the analysis of
each metabolite must be carried out carefully, considering
the nature of the ER-a that interacts with agonist and antago-
nist compounds at the same site. This represents one of the
main challenges in exploring natural metabolites, in which
most of their characteristics are still little known and can
lead to adverse effects [48]. Therefore, it is essential to ana-
lyze them based on the docking score and compare the inter-
action against the reference ligand [49]. Another approach
that can be used is double docking all test ligands against
two receptors, each of which binds to the agonist and antag-
onist ligands. This approach was reported by Ng et al. [50]
as a guide to docking with ER-a and has been carried out in
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our previous research [18]. However, this approach takes
longer with a more complex analysis, considering several
ligands have potential both as agonists and antagonists.

In contrast to ER-a, the selection of HER2 as a target in
developing an anti-breast cancer agent is slightly more com-
plex, considering that some of the therapies developed for
this target are monoclonal antibodies (e.g., trastuzumab, per-
tuzumab). However, several small molecular inhibitors, such
as lapatinib and tucatinib, have also received approval for
their use in HER2-positive breast cancer therapy [51]. De-
spite showing efficacy, these various therapies began to
show resistance. Therefore, research on their use with vari-
ous adjuvant therapies, such as immune checkpoint inhibi-
tors, CDK4/6 inhibitors, and PI3K/AKT/mTOR inhibitors
for the treatment of HER2-positive breast cancer, has already
started [52]. For natural metabolites, numerous studies have
also reported the potential of several compounds, such as
ZINC15122021 as HER?2 inhibitors, as reported by Li et al.
[53] and 2-O-caffeoyl tartaric acid, 2-O-feruloyl tartaric acid,
and salvianolic acid C as reported by Yang et al. [54]. How-
ever, in silico studies on HER2 require immediate attention
because, so far, no receptor crystals have been reported that
bind to compounds that have been used in therapy, such as
lapatinib. Currently, the most widely used crystals for the
development of HER2 inhibitors are those that bind to exper-
imental  drugs, such as  2-{2-[4-({5-chloro-6-[3-
(trifluoromethyl)phenoxy]pyridin-3-yl}amino)-5h-
pyrrolo[3,2-D]pyrimidin-5-yl]ethoxy}ethanol in PDB 3PP0
and TAK-285 in PDB 3RCD, as reported by Shi et al. [55]
and Yousuf et al. [56]. Furthermore, in studies conducted by
Li et al. [53] and Yang et al. [54], lapatinib was used as a
reference ligand for these receptors. A similar approach was
adopted in this study, in which lapatinib was used as a refer-
ence ligand based on the coordinates and dimensions of
TAK-285 on the 3RCD receptor. This ensures that the com-
pounds used as references have proven efficacy, thus provid-
ing more rational predictions [57].

In this study, apart from molecular docking, an ADMET
study was also conducted to determine the metabolites'
pharmacokinetic and safety profile with the best docking
results. The ADMET study was not carried out on all test
ligands, considering that the data obtained from the ADMET
study (especially using three types of web servers) would be
enormous, and it would be difficult to analyze it. In addition,
a good ADMET profile is useless if the test ligand does not
have good docking results. Therefore instead of screening,
the ADMET study was carried out to support the results of
the docking studies, with important information for further in
vitro and in vivo research [58]. The combination of several
web servers for the ADMET study was often carried out to
obtain more comprehensive information because each web
server provides different information, as reported by
Vardhan and Sahoo [59] as well as Eswaramoorthy et al.
[60], which each uses a combination of two web servers.
While the combination with three web servers, SwissADME,
pkCSM, and ProTox-II, as done in this study, has also been
reported by our previous study [24] and then reported again
in a study by Rasheed et al. [61]. To the best of our
knowledge, no other similar studies have reported using
more than three web servers simultaneously.
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The ADMET studies on compounds 11 and 34 showed
mixed results, wherein involving several parameters, com-
pound 11 showed a more favorable profile and vice versa.
For example, compound 11 showed a more water-soluble
profile than compound 34. On the other hand, compound 34
showed a relatively less toxic profile than compound 11.
Moreover, compound 34 was relatively unable to penetrate
the CNS than compound 11. However, these two compounds
had better ADMET profiles than several other compounds,
such as compound 57, which was predicted to inhibit cyto-
chrome P450s the most and with the smallest total clearance;
compound 51, which showed a high probability of the toxici-
ty model at most, or compound 5 which showed the lowest
predicted LDso. Although the prediction of ADMET proper-
ties was less than ideal, the other six compounds were still
worthy of consideration for further testing because they
showed impressive docking results. For example, compound
57, which exhibited only 0.13 kcal/mol dissimilarity to lapa-
tinib in HER2, or compound 51, which had 77.27% similari-
ty to 4-hydroxytamoxifen in ER-a. In some cases, the pre-
dicted properties of ADMET may differ from the actual con-
ditions, especially for new compounds obtained from natural
materials [62, 63].

CONCLUSION

In summary, we found eight metabolites of B. pandurata
with potential as anti-breast cancer agents, either as ER-o or
HER?2 inhibitors. Of the eight compounds, compounds 11
and 34 were predicted to have the potential to inhibit both of
them, with varying ADMET properties. Our findings also
showed that while compound 11 tends to have a docking
score closer to the reference ligand, compound 34 shows a
higher similarity of ligand-receptor interactions to the refer-
ence ligand. However, further in vitro and in vivo studies are
needed to prove the potential and detailed mechanism of the
two compounds as anti-breast cancer agents through ER-a or
HER2 inhibition.
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