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Abstract
Context: Mangosteen (Garcinia mangostana L.) is used in traditional medicine as an antibacterial, antioxidant, and anti-inflammatory.

Aims: To determine the molecular mechanism and potential of garciniaxanthone derivate compounds from G. mangostana as SARS-CoV-2 antiviral and
prevent cytokine storm through in silico approach.

Methods: Ligand and protein samples were obtained from databases such as PubChem and Protein Databank, then drug-likeness analysis using Lipinski,
Ghose, Veber, Egan, and Muege rules on SwissADME server, prediction of antiviral probability through PASSOnline server. Furthermore, molecular docking
simulation with PyRx v1.0 software (Scripps Research, USA) with an academic license, identification of interactions and chemical bond positions of ligands on
the target by PoseView server, 3D visualization of PyMOLv.2.5.2 software (Schrodinger, Inc., USA) with an academic license, molecular dynamics simulation
for molecular stability prediction by CABS-flex v2.0 server, target prediction of antiviral candidate compounds by SwissTargetPrediction server, pathway
analysis through STRING v11.5 database, and toxicity by ProTox-Il server were used.

Results: Garciniaxanthone C from G. mangostana was found to be a drug-like molecule with low toxicity. This can be a candidate for SARS-Cov-2 antiviral
through inhibitor activity on two viral enzymes consisting of MP and replicase with a binding affinity value that is more negative than other garciniaxanthone
derivates and is stable. Garciniaxanthone C is predicted to bind and inhibit pro-inflammatory proteins that trigger cytokine storms, such as NFKB1 and PTGS2.

Conclusions: Garciniaxanthone derivative compounds from G. mangostana may be candidates for SARS-CoV-2 antiviral and preventing cytokine storm
through garciniaxanthone C activity.

Keywords: Garcinia mangostana; SARS-CoV-2; viroinformatics.

Resumen
Contexto: El mangostan (Garcinia mangostana L.) se utiliza en la medicina tradicional como antibacteriano, antioxidante y antiinflamatorio.

Objetivos: Determinar el mecanismo molecular y el potencial de los compuestos derivados de garciniaxantona de G. mangostana como antivirales contra el
SARS-CoV-2 y prevenir la tormenta de citocinas mediante un enfoque in silico.

Métodos: Las muestras de ligandos y proteinas se obtuvieron de bases de datos como PubChem y Protein Databank, luego se realiz6 un analisis de similitud
de drogas utilizando las reglas de Lipinski, Ghose, Veber, Egan y Muege en el servidor SwissADME, prediccion de probabilidad antiviral a través del servidor
PASSOnline. Ademas, fueron utilizados simulacién de acoplamiento molecular con el software PyRx v1.0 (Scripps Research, EE. UU.) con licencia académica,
identificacion de interacciones y posiciones de enlaces quimicos de ligandos en el objetivo mediante el servidor PoseView, visualizacion 3D del software
PyMOLv.2.5.2 (Schrédinger, Inc., EE. UU.) con licencia académica, simulacion de dinamica molecular para prediccion de estabilidad molecular por el servidor
CABS-flex v2.0, prediccién de objetivos de compuestos antivirales candidatos por el servidor SwissTargetPrediction, analisis de vias a través de la base de
datos STRING v11.5y toxicidad por ProTox- Il servidor.

Resultados: Se encontré que la garciniaxantona C de G. mangostana es una molécula similar a un farmaco con baja toxicidad. Este puede ser un candidato
antiviral para el SARS-Cov-2 a través de la actividad inhibidora de dos enzimas virales que consisten en MP® y replicasa con un valor de afinidad de unién que
es mas negativo que otros derivados de garciniaxantona y es estable. Se predice que la garciniaxantona C se une e inhibe las proteinas proinflamatorias que
desencadenan tormentas de citocinas, como NFKB1y PTGS2.
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Conclusiones: Los compuestos derivados de garciniaxantona de G. mangostana pueden ser candidatos antivirales para el SARS-CoV-2 y prevenir la tormenta
de citocinas a través de la actividad de la garciniaxantona C.

Palabras Clave: antiviral; Garcinia mangostana; SARS-CoV-2; viroinformatica.
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INTRODUCTION

Coronavirus (CoV) from Nidovirales with positive-
sense single-stranded RNA as genetic material and
has an envelope (Hanardi and Rochmawati, 2022;
Harisuddin et al., 2023; Mardiawan and Prawitasari,
2023; Minanti et al., 2023; Negoro et al., 2023). The
hosts of CoV consist of birds, mammals, and human
species that are influential in the world of health,
economics, and veterinary (Gulyaeva and Gorbalen-
ya, 2021). Human CoVs such as severe acute respira-
tory syndrome coronavirus (SARS-CoV), specifically
SARS-CoV-2, have been identified during the pan-
demic and found the virus is highly pathogenic. The
virus infects bronchial epithelial cells, pneumocytes,
and triggers lung damage if not treated properly. In
late 2019, the SARS-CoV-2 pandemic occurred in Wu-
han, China, spreading throughout Indonesia (Antoni-
us et al., 2023; Stenmark et al., 2021). SARS-CoV-2
infects host cells through spike interaction with angio-
tensin-converting enzyme 2 (ACE2) receptors, trigger-
ing the virus replication process. SARS-CoV-2 infec-
tion triggers a condition where the body's immune
system fails to work, such as a cytokine storm follow-
ing an inflammatory response (V'kovski et al., 2021).
Cytokine storm is a phenomenon of immune cells
releasing excess pro-inflammatory cytokines when
SARS-CoV-2 infection occurs, triggering widespread
cellular damage and patient death (Soy et al., 2020;
Tungary et al., 2022). The replication mechanism of
SARS-CoV-2 and cytokine storm are important ob-
jects to study in designing antiviral candidates (Anso-
ri et al., 2022).

SARS-CoV-2 virions have structural proteins con-
sisting of envelope E, spike (S), nucleocapsid (N),
membrane (M), and genetic material [RNA
(+ssRNA)]. The S on the virion will bind to host cell
surface receptors, namely angiotensin-converting
enzyme 2 (ACE2) and surface serine protease
(TMPRSS2), to trigger viral internalization through
fusion (Murgolo et al., 2021). Viral RNA is released
during the uncoating process, and the region in the
viral genetic material consists of ORFla and ORF1b
for the early translation process to activate non-
structural proteins (nsps) such as Mre through the
cleavage of ppla and pplab (Harrison et al. 2020).
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Nsps can trigger viral replication through viral hel-
icase activation and transcription complex formation.
Mprre or also called 3-chymotrypsin-like proteases
(3CLepr) has an important role required in SARS-CoV-
2 infection for the virus assembly process and can be
used as a key target in the design of antiviral COVID-
19 treatments (Hu et al., 2022). The helicase enzyme in
SARS-CoV-2, also called nsp13, plays a role in viral
replication when the release of deoxyribonucleic acid
(DNA) and ribonucleic acid (RNA) of the virus dur-
ing the replication. Helicase is a potential target for
inhibitors because it prevents the replication process
of SARS-CoV-2.

Cytokine storm or hypercytokinemia is a condition
of excessive inflammatory reaction by the immune
response in host cells. This condition can occur with
the invasion of pathogens such as SARS-CoV-2 (Aw-
waliyah et al., 2022; Hadning et al., 2022; Sari et al,,
2022). Cytokine storms involve immune cell types,
including alveolar macrophages, dendritic, epithelial
cells, B and T cells (Chen et al., 2021). In COVID-19
patients, there is an increased expression of pro-
inflammatory cytokines such as TNF-a, IL-2, IL-6, and
IL-17 in the pathogenesis of SARS-CoV-2 (Rahman
and Haris, 2022; Shahnaz et al., 2023; Utami and
Budiarti, 2022). The production of pro-inflammatory
cytokines is also influenced by the activation of tran-
scription factors such as the nuclear factor kappa B
subunit 1 (NFKB1) (Hariharan et al., 2021; Kovalchuk
et al., 2021). Activation of NFKBI signaling is influ-
enced by conditions such as increased oxidative
stress, pathogen infection, and injury (Aprianingsih et
al., 2023; Pranata et al., 2023). NFKB1 can modulate
gene activation during inflammation, such as genes
for the release of pro-inflammatory cytokines, im-
mune receptors, chemokines, and acute phase pro-
teins (Muhammad et al.,, 2022; Reviono et al., 2022;
Wulandari et al., 2022). The important role of NFKB1
in the pathogenesis of SARS-CoV-2 can be used as an
ideal target for the prediction of NFKB1 blocker
pathways (Dharmasamitha et al., 2023; Radityastuti et
al., 2022), which can be done through computational
screening in SARS-CoV-2 cytokine storm manage-
ment strategies.
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Queen of the fruit as mangosteen (Garcinia man-
gostana L., family Clusiaceae) is widely found in
Southeast Asia and is used by most communities for
alternative medicine (Ansori et al., 2022; Husen et al.,
2019; Winarni et al., 2022). Several studies have re-
ported the health benefits of mangosteen such as anti-
cancer, anti-inflammatory, antiobesity, and antioxi-
dant (Arnawati and Sudiana, 2022; Husen et al., 2020;
Indharty et al., 2019; Ovalle-Magallanes et al., 2017;
Pramana et al., 2021). Many previous studies have
also reported the potential of mangosteen as an anti-
viral, inhibiting viral activity, such as chikungunya
virus (CHIKV), through in vivo and in vitro assays
(Patil et al., 2021). a-Mangostin from G. mangostana
was identified to inhibit the dengue virus (DENV)
activity by in vitro cell line-based assay. The com-
pound is suspected to interact with NS2B-NS3 prote-
ase and glycoprotein E (Panda et al., 2021). The poten-
tial of Garcinia mangostana L. is reported to trigger
apoptosis in cells infected with high-risk HPV-10 and
HPV 16 through the TNF-alpha-induced apoptosis
pathway (Kharaeva et al., 2022).

However, previous research did not reveal many
potential derivative compounds from G. mangostana,
such as garciniaxanthones, for COVID-19 antiviral
and cytokine storm treatment. In brief, G. mangostana
has a variety of chemical compounds, such as
garciniaxanthones with derivatives consisting of
garciniaxanthone A, B, C, D, E, F, and G with un-
known medicine potential (Espirito Santo et al., 2020).
The use of G. mangostana by the wider community
makes it easy to obtain natural ingredient-based
treatments with abundant stock availability. The use
of natural ingredients as alternative medicines, such
as antivirals, is claimed to have fewer side effects than
synthetic drugs, but many alternative natural-based
treatments lack scientific evidence (Abate et al., 2022).
This study aimed to determine the molecular mecha-
nism and potential of garciniaxanthone compound
derivatives from G. mangostana as SARS-CoV-2 inhibi-
tors as antivirals to prevent the cytokine storm
through an in silico approach.

MATERIAL AND METHODS

Ligand preparation

Garciniaxanthones derived from G. mangostana
consist of garciniaxanthone A, garciniaxanthone B,
garciniaxanthone C, garciniaxanthone D, garciniaxan-
thone E, garciniaxanthone F, and garciniaxanthone G
(Espirito Santo et al., 2020). The 3D structure with
structure data format (sdf), CID, formula, molecular
weight, and SMILE files obtained from PubChem
(https:/ /pubchem.ncbi.nlm.nih.gov/) were used. The
sdf file was then converted into a protein databank
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file (pdb) via ligand minimize with OpenBabel v2.3.1
(Wahyuni et al., 2022). The control drug or reference
compound used in this study was remdesivir (GS-
5734), with protease and helicase inhibitor character-
istics in SARS-CoV-2. Remdesivir was obtained from
the database with CID 121304016 (Chen et al., 2021;
Huff et al., 2022; Naik et al., 2021).

Protein retrieval

SARS-CoV-2 protease enzyme (Mp) and helicase
were used as targets in this study. Samples were ob-
tained from Protein Data Bank (RCSB PDB)
(https:/ /www.rcsb.org/) with PDB ID: 7ALH and
PDB ID: 6ZSL. Removal of water molecules and na-
tive ligands from targets was performed by using
PyMOL v.2.5.2 (Schrodinger, Inc., USA) with an aca-
demic license (Costanzi et al.,, 2021; Newman et al.,
2021).

Drug-likeness analysis

Drug-likeness is used to characterize a ligand que-
ry with drug molecules through various rules. The
rules for drug-likeness consist of Lipinski, Ghose,
Veber, Egan, and Muege rules. The ability of a drug
molecule in a certain amount to circulate through the
blood vessels was analyzed as bioavailability. The
drug-likeness and bioavailability rules are the main
factors for determining the nature of drug-like mole-
cules (Ansori et al., 2022; Dibha et al.,, 2022). Swis-
sADME (http://www.swissadme.ch/) was used in
this study to analyze the drug-likeness of garciniaxan-
thone derivatives from G. mangostana. Previous re-
search showed that remdesivir (reference compound)
can act as a drug-like molecule or standard drug mol-
ecule for COVID-19 treatment (Shyr et al., 2020).

Antiviral probability

Generic potential as antivirals in garciniaxanthone
compound derivatives from G. mangostana and
remdesivir (reference compound) was assessed
through PASS Online
(http:/ /wayv2drug.com/PassOnline/index.php). The
activation probability value (Pa) was chosen as 0.3 or
medium confidence for proof through computational
studies. PASS Online tools are used to predict the
activity of query compounds, such as side effects,
mechanism of action, gene expression, and pharmaco-
logical effects (Kharisma et al., 2020; Listiyani et al.,
2022).

Molecular docking and structural visualization

The 3D interactions of garciniaxanthone deriva-
tives from G. mangostana, remdesivir, with targets
were identified through molecular docking. The activ-
ity of the dual inhibitors was determined by compar-
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ing the binding affinity values. Molecular docking
was performed through PyRx v1.0 (Scripps Research,
USA) with an academic license, and compounds with
more negative binding affinity were used for further
analysis. 3D visualization of the docking results was
performed using the 3D software PyMOLv.2.5.2
(Schrodinger, Inc., USA) with an academic license
(Proboningrat et al., 2022; Wicaksono et al., 2023).

Chemical interaction

Positions and types of chemical bonds in the mo-
lecular complex (ligand-protein) from garciniaxan-
thone and remdesivir with targets were identified via
PoseView (https://proteins.plus/). Types of chemical
bonds such as hydrogen, hydrophobic, and pi/alkyl
were identified through this server. Molecular inter-
action analysis produced 2D images of chemical in-
teraction hot spots in the target binding domain (Aini
etal., 2022).

Molecular dynamic simulation

The molecular stability of the ligand-protein com-
plex was identified through molecular dynamic simu-
lations with CABS-flex v2.0
(http:/ /biocomp.chem.uw.edu.pl/ CABSflex2 /submit)
for root-mean-square fluctuation (RMSF) calculation.
The molecular dynamic simulation was used to show
parameters consisting of rigidity, restraints, global C-
alpha restraints weight, global side-chain restraints
weight, number of cycles, cycles between trajectory,
temperature, and RNG seed (Kuriata et al., 2018).

Target prediction

Remdesivir, as a reference compound, has shown
target proteins consisting of SARS-CoV-2 helicase and
Mprre with a mechanism of action through inhibitory
activity (Chen et al., 2021; Hulff et al., 2022; Naik et al,,
2021). Identification of targets of anti-inflammatory
pathways in Homo sapiens for compounds from G.
mangostana with binding affinity values was made
through SwissTargetPrediction
(http:/ /www.swisstargetprediction.ch/). The tool
was used to determine the probability of targets based
on the similarity of the 2D/3D structure of a query
compound in the body of a specific organism (Daina
et al., 2019) —documentation of plants and other or-
ganisms or starting materials.

Pathway analysis

Activity of remdesivir as SARS-CoV-2 antiviral via
direct inhibitory pathway mechanism was tested on
viral proteins and indirectly for cytokine storm pre-
vention (Vulturar et al., 2022). Identification of protein
biological pathways involved in the inflammatory
response in the case of COVID-19 cytokine storm in
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Homo sapiens was established through STRING v11.5
(https:/ /string-db.org/). Pathway visualization was
displayed through interaction nodes with supporting
data such as gene neighborhood, gene fusions, gene
co-occurrence, textmining, co-expression, and protein
homology (Szklarczyk et al., 2019).

Toxicity evaluation

Previous studies describing the toxicity levels of
remdesivir are known to have several possible hepa-
totoxicity properties (Aleem et al., 2021; Lin et al,
2022). Antiviral and anti-inflammatory candidate
compounds from G. mangostana toxicity doses were
predicted through ProTox-1I (https:/ /tox-
new.charite.de/protox_Il/). The toxicity of the query
compounds referred to LDsy values with various clas-
ses consisting of Class I, II, III, IV, V, and VI (Banerjee
etal., 2018).

Data analysis

The database was used to obtain query com-
pounds and reference compounds. Bioactive com-
pounds from G. mangostana were identified as drug-
like molecules referring to the rules of Lipinski,
Ghose, Veber, Egan, and Muege. The probability val-
ue of the query compound and reference compound
as antiviral was also identified in this study (Ansori et
al., 2022; Dibha et al., 2022). Docking simulation was
performed on the query compound with positive
prediction results with reference compound to identi-
fy the most negative binding affinity value
(Proboningrat et al., 2022). Molecular dynamics, tox-
icity, and biological pathway simulation analysis
were performed on the compounds with the most
negative binding affinity values (Banerjee et al., 2018;
Daina et al., 2019; Szklarczyk et al., 2019).

RESULTS

Drug-like molecule and antiviral candidate from
garcinoxanthones

G. mangostana has chemical compounds of
garciniaxanthone derivatives such as garciniaxantho-
nes A, B, C, D, E, F, and G in the pericarp (Espirito
Santo et al., 2020). The control drug or reference com-
pound used in this study was remdesivir (GS-5734),
with protease and helicase inhibitor characteristics in
SARS-CoV-2. (Huff et al, 2022). The seven query
compounds and remdesivir act as ligands, infor-
mation consisting of compound name, CID, formula,
molecular weight, SMILE, and structure data format
(SDF) file obtained from PubChem (Table 1). The
target in this study was the SARS-CoV-2 viral enzyme
consisting of Mro and helicase with a 3D structure
obtained from RCSB PDB. Visualization of the 3D
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structure of ligands (Fig. 1) and targets (Fig. 2) was with an academic license through the structure of
done through PyMOLv.2.5.2 (Schrodinger, Inc., USA)  sticks, cartoons, and transparent surfaces.

Table 1. Ligand informations from PubChem database.

Compound

Molecular weight
CID Formula SMILE

(g/mol)

Garciniaxanthone A

Garciniaxanthone B

Garciniaxanthone C

Garciniaxanthone D

Garciniaxanthone E

Garciniaxanthone F

Garciniaxanthone G

Remdesivir

(Ref. compound)

15293708 Ca3H240s 380.4 CC(=CCC1=C(C2=C(C=C1)C(=0)C3=C(C(=CC(=C302)
0)C(C)(C)C=C)0)0)C

10407298 CasH20s 378.4 CC1(C=CC2=C(01)C3=C(C=C2)C(=0)C4=C(C(=CC(=C
403)0)C(C)(C)C=C)0)C

9842847 C23H2405 380.4 CC(=CCC1=C(C2=C(C=C1)C(=0)C3=C(C=C(C(=C302)
0)CC=C(C)C)0)0)C

10454340 C23H2407 412.4 CC(C)(C=C)C1=CC(=C2C(=C10)C(=0)C3=C(02)C4=C(
C=C3)C(C(04)C(C)(C)0)0)0

10457167 CasH3206 464.5 CC(=CCCC(=CCC1=C(C2=C(C(=C10)0)0C3=CC(=CC(
=C3C2=0)0)0)CC=C(C)C)C)C

10047025 Ca4H2406 408.4 CC(C)(C=C)C1=CC(=C2C(=C10)C(=0)C3=C(02)C4=C(
C=C3)C=C(04)C(C)(C)OC)O

10404741 Ca0H1605 336.3 CC(C)(C=C)C1=CC(=C2C(=C10)C(=0)C3=C(02)C4=C(
C=C3)C=C04)0

121304016 C27H35NeOsP 602.6 CCC(CC)COC(=0)C(C)NP(=0)(OCC1C(C(C(O1)(C#N)
C2=CC=C3N2N=CN=C3N)0)0)0C4=CC=CC=C4
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Figure 1. 3D visualization of garciniaxanthone compounds from Garcinia mangostana.

(A) Garciniaxanthone A; (B) Garciniaxanthone B; (C) Garciniaxanthone C; (D) Garciniaxanthone D;
(E) Garciniaxanthone E; (F) Garciniaxanthone F; (G) Garciniaxanthone G; and (H) Remdesivir (ref. compound).

Figure 2. Structural visualization of SARS-CoV-2 target proteins.
(A) Helicase; (B) MP™,

J Pharm Pharmacogn Res (2023) 11(5): 747
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Table 2. The results of drug-likeness analysis and antiviral prediction.
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Bioavailability Antiviral prediction

Compound Lipinski Ghose  Veber Egan Muege Probable
score ;

Pa Pi
Garciniaxanthone A Yes Yes Yes Yes No 0.55 Drug-like molecule  0.360 0.055
Garciniaxanthone B Yes Yes Yes Yes No 0.55 Drug-like molecule  0.359 0.055
Garciniaxanthone C Yes Yes Yes Yes No 0.55 Drug-like molecule  0.435 0.022
Garciniaxanthone D Yes Yes Yes Yes Yes 0.55 Drug-like molecule  0.378 0.045
Garciniaxanthone E Yes No Yes No No 0.55 Drug-like molecule  0.644 0.004
Garciniaxanthone F Yes Yes Yes Yes No 0.55 Drug-like molecule  0.323 0.076
Garciniaxanthone G Yes Yes Yes Yes No 0.55 Drug-like molecule  0.360 0.055
Remdesivir

0.344 0.024

(Ref. compound)

Drug-likeness analysis aims to assess the advisa-
bility of the query compounds based on the drug
molecule that could be distributed through the hu-
man body. The drug-likeness analysis in this study
was performed through SwissADME by referring to
the five rules, including Lipinski, Ghose, Veber, Egan,
and Muege, then the bioavailability score was also
considered in determining the drug-like molecule.
Moreover, the bioavailability score indicates the abil-
ity of a drug-candidate compound to circulate in the
body to reach the target organ (Dibha et al., 2022).
Garciniaxanthone derivative compounds from G.
mangostana consisting of garciniaxanthones A, B, C, D,
E, F, and G act as drug-like molecules with an average
bioavailability score of 0.55. This study used the PASS
Online server to identify general antiviral probability
score prediction (Listiyani et al., 2022). Antiviral pre-
diction through PASS Online showed that all
garciniaxanthone derivative compounds have the
potential as antiviral candidates in general because
they showed a higher Pa score than Pi (Table 2). Pre-
diction of antiviral probability refers to the Pa score
that allows the potential to be activated in the body,
and the Pa score must be greater than Pi. In this anal-
ysis, the antiviral properties of garciniaxanthone deri-
vate compounds from G. mangostana were classified
as general or theoretical predictions.

Revealing of garcinoxanthone derivates compounds
activity as dual inhibitors

Molecular docking simulation aims to identify lig-
and activity on the target with respect to the binding
affinity score. Binding affinity is the energy of the
binding formed when the ligand interacts on the spe-
cific domain of a target. The most negative value indi-
cates the strongest ligand interaction on the target and
triggers specific activities such as inhibitors (Bansal et
al., 2021; Proboningrat et al., 2022). The ligands in this
study consisted of garciniaxanthone derivatives A, B,
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C, D, E F and G from G. mangostana and the targets
were two SARS-CoV-2 proteins, namely helicase and
Mprre. Autogrid plays a role to direct the ligand at the
target binding domain (Mun et al., 2022). This study
used docking screening through PyRx v1.0 (Scripps
Research, USA) with autogrid on SARS-CoV-2 hel-
icase Center (A) X:-19.697 Y:23.855 Z:-68.952 Dimen-
sions (A) X:43.447 Y: 41.905 Z: 46.360 and Mrro Center
(A) X: -22.853 Y: 15.193 Z: 61.454 Dimensions (A) X:
31.882 Y: 36.706 Z: 46.477.

Garciniaxanthone C binds to helicase, and Mpr
with binding affinities score -8.9 kcal/mol and -7.5
kcal/mol, which was more negative than other com-
pounds (Table 3). Visualization of ligand-protein
complexes on garciniaxanthone C with helicase and
Mprre was performed through PyMOLv.2.5.2 (Schro-
dinger, Inc., USA) with the structure of transparent
surfaces, cartoons, sticks, and color selection (Fig. 3).
Drug candidate compounds with dual inhibitor activ-
ity can inhibit the activity of two targets with the
strongest binding energy. The dual inhibitor activity
of antiviral candidates allows for effective inhibition
of multiple phases of viral replication, allowing for
failure in the formation of new viruses (Mitra et al.,
2021). Remdesivir showed a more positive binding
affinity value to helicase and Mpw than garciniaxan-
thone C. More negative binding affinity values on
both targets were produced by garciniaxanthone C
indicating good dual inhibitor properties.

Ligand-protein interactions are weak bonds such
as hydrogen and hydrophobic identified through the
PoseView server (Ben Hlima et al., 2022). The molecu-
lar interaction identification results from PoseView
showed garciniaxanthone C interacted at the helicase
domain through residues Leul76A, Asnl77A,
Asn516A with hydrogen bonds and hydrophobic
interactions formed at residues Prol75A, Leul76A,
Val484A, Serd86A. Garciniaxanthone C interacted on
the Mpro domain through residues GInl89A and
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Table 3. Binding affinity from the ligand-protein complexes.

Potential of garcinoxanthones against SARS-CoV-2

Minimize energy

Binding affinity (kcal/mol)

Compound CID (kcal/mol) Helicase -
Garciniaxanthone A 15293708 +338.71 -8.2 -1.4
Garciniaxanthone B 10407298 +326.74 -8.6 7.1
Garciniaxanthone C 9842847 +316.56 -8.9 -1.5
Garciniaxanthone D 10454340 +498.95 -8.3 -71.2
Garciniaxanthone E 10457167 +445.18 -8.0 -6.5
Garciniaxanthone F 10047025 +523.09 -8.4 -6.7
Garciniaxanthone G 10404741 +426.90 -8.6 -7.1
Remdesivir (ref. compound) -8.7 -6.9

Figure 3. Molecular visualization of ligand-protein from the docking results.

(A) Garciniaxanthone C-Helicase; (B) Garciniaxanthone C-MP®; (C) Remdesivir-Helicase; and (D) Remdesivir-MPe,

His41A with hydrogen bonds, and hydrophobic in-
teractions were formed on residues Cysl145A and
Met165A. Remdesivir interacted through amino acid
residues Asnl77A, Asp483A, and Ser486A via hydro-
gen bonding and hydrophobic interactions at posi-
tions Ser486A, Serd485A, and Prol75A on SARS-CoV-2
helicase. Remdesivir interacted through Glul66A,
Gly143A, and GInl189A residues by hydrogen bond-
ing, and hydrophobic interactions were formed at
Argl88A, Metl65A, Met149A, GInl89A, His41A, and
Glul66A on SARS-CoV-2 Mrre domains. The similari-
ty of the position of the garciniaxanthone-remdesivir
interaction on helicase was found at residues
Asnl77A, Prol75A, and Ser486, while on Mpr
through residues GIn189A, His41A, Metl65A. The
similarity in position between the query and reference
compounds indicated a similarity in activity
(Proboningrat et al., 2022) (Fig. 4).

The molecular interaction stability obtained in the
pocket binding domain by garciniaxanthone C on
helicase and Mr™ was identified through molecular
dynamics simulations on the CABS-flex v2.0 server.
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The level of chemical bond stability was determined
by the root-mean-square fluctuation (RMSF) score
calculated on the ligand-protein complex. RMSF
shows the structural conformational fluctuations
when a protein has activity (Kuriata et al., 2018; Wija-
ya et al., 2021). The results of molecular dynamic
analysis on the pocket binding domain of the ligand-
protein complex, namely garciniaxanthone C-helicase,
showed an RMSF score <3 (A) and garciniaxanthone
C-Mrro as well. The structural fluctuations of both
targets are shown in cartoons with rainbow colors.
(Fig. 5). The following is a link to the results of mo-
lecular dynamic analysis in this study garciniaxan-
thone C-helicase
(http:/ /biocomp.chem.uw.edu.pl/ CABSflex2 /job/d1
1cdb657480b61/), garciniaxanthone C-Mpro
(http:/ /biocomp.chem.uw.edu.pl/ CABSflex2/job/

68b6£e7936c3246/), remdesivir-helicase
(http:/ /biocomp.chem.uw.edu.pl/ CABSflex2/job/26
d46c8365dedeb/) and remdesivir-Mpro

(http:/ /biocomp.chem.uw.edu.pl/ CABSflex2/job/5b
41d4723£22ff/). Garciniaxanthone C interaction with
both targets is more stable than remdesivir (Fig. 5).
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The molecular interactions generated by garciniaxan-
thone C on the target domain are stable enough to
trigger the inhibitory response activity of both targets.

Garcinoxanthone C toxicity and pathway in COVID-
19 cytokine storm

Toxicity prediction of garciniaxanthone C from
ProTox-II server showed an LDsy score of 3200
mg/kg, a predicted toxicity class of 5, and a predic-
tion accuracy of 67.38%. Garciniaxanthone C did not
include fatal toxicity properties, and its use was free
but limited according to the recommended dose
(Banerjee et al. 2018). Previous studies describing the
toxicity levels of remdesivir were known to have sev-
eral possible hepatotoxicity properties (Aleem et al.,
2021; Lin et al., 2022). This suggests that long-term use
of remdesivir is not feasible and should require new
drug candidates with low toxicity. Prediction of tar-
gets and pathways in garciniaxanthone C aims to
determine its relationship with possible inhibitory

Potential of garcinoxanthones against SARS-CoV-2

responses to pro-inflammatory proteins that contrib-
ute to the severity of the cytokine storm in COVID-19
(Daina et al. 2019; Szklarczyk et al. 2019). The predic-
tion results of target and pathway interactions
through SwissTargetPrediction and STRING servers
showed that garciniaxanthone C, when entering the
human body, can interact with nuclear factor kappa B
subunit 1 (NFKB1) and prostaglandin-endoperoxide
synthase 2 (PTGS2) (Fig. 6). Remdesivir works by
only inhibiting proteins from SARS-CoV-2 such as
helicase and Mrro. The drug provides an indirect ther-
apeutic effect for cytokine storm treatment by inhibit-
ing SARS-CoV-2 replication (Vulturar et al., 2022).
Both proteins trigger the COVID-19 cytokine storm
because they are identified as pro-inflammatory
agents. Garciniaxanthone C is predicted to be a thera-
peutic agent for the COVID-19 cytokine storm
through the molecular interaction mechanism and
inhibition of the activity of pro-inflammatory proteins
such as NFKB1 and PTGS2 in the human body.

Val4g4A
Leu176A

Pro175A
Leu176A

N

seragen 12
oerane Asn516A

Ser485A

Ser486A

Pro175A

Cys145A //

GIn189A

Met165A

Glu166A

/j/\o
Arg188A
Met165A

Met49A

GIn189A His41A

b
t

GIn189A
Gly1438  H,N

https://j

res.com

Figure 4. 2D visualization of ligand-protein interaction.

(A) Garciniaxanthone C-Helicase; (B) Garciniaxanthone C-MP®; (C) Remdesivir-Helicase; and (D) Remdesivir-MP™.
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RMSF

RMSF

RMSF

Figure 5. Structural fluctuation and RMSF plot from molecular dynamic analysis.

(A) Garciniaxanthone C-Helicase; (B) Garciniaxanthone C-M?; (C) Remdesivir-Helicase; and (D) Remdesivir-MP™,
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DISCUSSION

G. mangostana, also known as the "Queen fruit", is
used by most people in the world in traditional medi-
cine. Previous research revealed that mangosteen
compounds can trigger a decrease in inflammatory
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gene expression to reduce the impact of insulin re-
sistance (Bumrungpert et al., 2010). The presence of a-
xanthones and y-mangosteen compounds in G. man-
gostana pericarp can trigger memory improvement in
the brain by restoring acetylcholinesterase activity in
brain cells (Ovalle-Magallanes et al., 2017). Recent
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Figure 6. Predicted pathway of garciniaxanthone C from G. mangostana as cytokine storm
therapeutic agent candidate through NFKB1 and PTGS2 inhibiton.

The color of interaction lines between shells indicates the strength based on the amount of experimental data
such as gene neighborhood, gene fusions, gene co-occurrence, textmining, co-expression, and protein homology.

Garciniaxanthone C

research on xanthones from G. mangostana revealed
the potential of these compounds as anticancer and
antioxidant through in vitro studies. Anticancer activi-
ty is shown by the cytotoxicity effect on SKLU-1,
MCF7, and HT-29 cell lines with ICsy of 19.86-27.38
pM. Antioxidant activity was shown in the DPPH test
with ICso of 68.55, 63.05, and 28.45 pM (Tran et al,,
2021).

In addition, a-mangostin and xanthonoids from G.
mangostana have also been reported to have antiviral
activity for treating chikungunya virus through in
vitro and in vivo studies (Patil et al., 2021). G. man-
gostana contains garciniaxanthone derivate com-
pounds such as garciniaxanthones A, B, C, D, E, F,
and G with various potentials for antibacterial, anti-
inflammatory, and antinociceptive (Espirito Santo et
al., 2020; Ovalle-Magallanes et al., 2017). The potential
of these derivative compounds as SARS-CoV-2 antivi-
rals and agents for the treatment of cytokine storms
has not been widely revealed by previous studies.

All garciniaxanthone derivatives were identified
as drug-like molecules based on drug-likeness test.
The drug-like molecule is a property of drug-
candidate compounds that are similar to drugs. The
similarity refers to how drugs work, which is deter-
mined by several rules such as Lipinski, Ghose,
Veber, Egan, and Muege (Ansori et al., 2022; Dibha et
al., 2022). Garciniaxanthone compounds exhibited a
bioavailability score of 0.55. Previous research
showed that the bioavailability score was ideal for the
circulation of antiviral compounds in the human body
to target cells (Adegboyega et al, 2021). All
garciniaxanthones were also identified to act as anti-
virals because they presented a Pa score >0.3. Query
compounds with a Pa score >0.3 indicate that the
potential can be theoretically proven and used for
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further analysis through a wet lab approach (Khan et
al., 2023).

Garciniaxanthone C could be potentially devel-
oped to be an inhibitor on both targets (dual inhibitor)
since it has a low score or more negative binding af-
finity score than other compounds. Garciniaxanthone
C acted through allosteric side inhibition consisting of
Leul76A, Asnl77A, Asn516A, Prol75A, Leul76A,
Val484A, and Serd486A on helicase, then GIn189A,
His41A, Cys145A, Met165A on Mrro. Antiviral candi-
date compounds may work by binding through allo-
steric domains on targets with more negative binding
affinity and form weak binding interactions (Samrat
et al, 2022). The ligand-protein complex on
garciniaxanthone C with helicase and Mpr was identi-
fied to have a stable RMSF of <3 (A) through molecu-
lar dynamic simulations. The ligand-protein complex
must have an RMSF <3 (A) to trigger molecular stabil-
ity when the complex is formed (Wijaya et al., 2021).

Remdesivir is potentially toxic and cannot have an
inhibitory mechanism on pro-inflammatory proteins
that contribute to the SARS-CoV-2 cytokine storm;
bonding interactions are weaker than garciniaxantho-
ne C and are unstable. Garciniaxanthone C was iden-
tified as having low toxicity and can interact with
pro-inflammatory agents, such as NFKB1 and PTGS2.
NFKBI is a transcription factor that regulates the in-
flammatory response through the release of cytokines
like TNF-a, IL-2, IL-6, and IL-17, which play a role in
the pathogenicity of SARS-CoV-2. These cytokines for
inflammatory responses contribute importantly to
cytokine storm conditions. PTGS2 also mediates in-
flammatory responses in the human body and is used
as a drug target for NSAIDs (Agung et al., 2022; Cap-
uano et al., 2020; Chen et al., 2020; Kovalchuk et al.,
2021). Garciniaxanthone C is predicted to be a thera-
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peutic agent for handling cytokine storm through
interaction and inhibition of NFKB1 and PTGS2.

CONCLUSION

Garciniaxanthone compounds from Garcinia man-
gostana L. may be candidates for SARS-CoV-2 antivi-
ral and preventing cytokine storm through
garciniaxanthone C activity. Garciniaxanthone C
binds to helicase and Mpr of SARS-CoV-2 with more
negative binding affinity, produces weak binding
interactions and is stable. The compound may interact
and inhibit the activity of pro-inflammatory proteins
such as NFKB1 and PTGS2. However, the dry labora-
tory potential of garciniaxanthone C must be recon-
firmed by wet laboratory analysis.

CONFLICT OF INTEREST

The authors declare no conflicts of interest.

ACKNOWLEDGMENTS

This study was supported by Hibah Riset Mandat
(Grant Number: 215/UN3.15/PT/2022) from Universitas
Airlangga, Surabaya, Indonesia. In addition, the authors
thank Jalan Tengah, Indonesia (https://jalantengah.site) for
editing the manuscript.

REFERENCES

Abate M, Pagano C, Masullo M, Citro M, Pisanti S, Piacente S,
Bifulco M (2022) Mangostanin, a xanthone derived from
Garcinia mangostana fruit, exerts protective and reparative
effects on oxidative damage in human keratinocytes.
Pharmaceuticals 15(1): 84.
https:/ /doi.org/10.3390/ph15010084

Adegboyega AE, Johnson TO, Omale S (2021) Computational
modeling of the pharmacological actions of some antiviral
agents against SARS-CoV-2. In: Data Sci COVID-19, pp. 467-
482. https:/ /doi.org/10.1016/B978-0-12-824536-1.00018-6

Agung IGAA, Wahjuni S, Wedagama DM, Weta IW, Lestari AAW
(2022) Nutraceuticals of nano-betel (Piper betle L.) leaves:
Prevent COVID-19 and oral cavity disease. Bali Med ] 11(2):
844-849. https:/ /doi.org/10.15562/bmj.v11i2.3476

Aini NS, Kharisma VD, Widyananda MH, Murtadlo AAA,
Probojati RT, Turista DDR, Tamam MB, Jakhmola V, Sari DP,
Albari MT, Pernamasari D, Ghifari MA (2022) In silico
screening of bioactive compounds from Syzygium cumini L.
and Moringa oleifera L. against SARS-CoV-2 via tetra inhibitors.
Pharmacog J 14(4): 267-272.
https:/ /doi.org/10.5530/1j.2022.14.95

Aleem A, Mahadevaiah G, Shariff N, Kothadia JP (2021) Hepatic
manifestations of COVID-19 and effect of remdesivir on liver
function in patients with COVID-19 illness. Proc (Bayl Univ
Med Cent) 34(4): 473-477.
https://doi.og/10.1080/08998280.2021.1885289

Ansori ANM, Kharisma VD, Parikesit AA, Dian FA, Probojati RT,
Rebezov M, Scherbakov P, Burkov P, Zhdanova G, Mikhalev
A, Antonius Y, Pratama MRF, Sumantri NI, Sucipto TH,
Zainul R (2022) Bioactive compounds from mangosteen
(Garcinia mangostana L.) as an antiviral agent via dual inhibitor
mechanism against SARS-CoV-2: An in silico approach.

https://jppres.com

Potential of garcinoxanthones against SARS-CoV-2

Pharmacog J 14(1):
https:/ /doi.org/10.5530/1j.2022.14.12

Antonius Y, Ongko J, Hardjo PH (2023) Identification of potential
activity of volatile compounds derived from Pogostemon cablin
Benth as antiviral of SARS-CoV-2. Int ] App Pharm 15(1): 93-
97. https:/ /doi.org/10.22159/ijap.2023v15i1.43571

Apriningsih H, Suryawati B, Reviono, Ardyanto TD, Pratiwi D,
Nurinasari H (2023) Association between IL-6 rs1800795 and
IL-1B rs 16944 gene polymorphisms with clinical severity of
COVID-19 patients in Surakarta, Central Java, Indonesia. Bali
Med ] 12(1): 904-908.
https:/ /doi.org/10.15562/bmj.v12i1.3919

Arnawati IA, Sudiana IK (2022) Formation of woven bone in
orthodontic tooth movement tension areas after giving
mangostin by expression of Runx-2 and IL-10. Bali Med ]
11(3): 1956-1962. https:/ /doi.org/10.15562/bmj.v11i3.3971

Awwaliyah E, Hotimah, Shimabukuro M (2022) Clinical
characteristics and mortality associated with COVID-19 in
Islamic hospital of Jemursari, Surabaya, Indonesia: A hospital-
based retrospective cohort study. Bali Med ] 11(3): 1202-1206.
https:/ /doi.org/10.15562/bmj.v11i3.3541

Banerjee P, Eckert AO, Schrey AK, Preissner R (2018) ProTox-II: A
webserver for the prediction of toxicity of chemicals. Nucleic
Acids Res 46(W1): W257-W263.
https:/ /doi.org/10.1093 /nar/ gky318

Bansal P, Kumar R, Singh ], Dhanda S (2021) In silico molecular
docking of SARS-CoV-2 surface proteins with microbial non-
ribosomal peptides: identification of potential drugs. ] Proteins
Proteom 12(3): 177-184. https:/ /doi.org/10.1007/s42485-021-
00072-z

Ben Hlima H, Farhat A, Akermi S, Khemakhem B, Ben Halima Y,
Michaud P, Fendri I, Abdelkafi S (2022) In silico evidence of
antiviral activity against SARS-CoV-2 main protease of
oligosaccharides from Porphyridium sp. Sci Total Environ 836:
155580. https:/ /doi.org/10.1016/].scitotenv.2022.155580

Bumrungpert A, Kalpravidh RW, Chuang CC, Overman A,
Martinez K, Kennedy A, McIntosh M (2010) Xanthones from
mangosteen inhibit inflammation in human macrophages and
in human adipocytes exposed to macrophage-conditioned
media. J Nutr 140(4): 842-847.
https:/ /doi.org/10.3945/in.109.120022

Capuano A, Scavone C, Racagni G, Scaglione F (2020) Italian
Society of Pharmacology NSAIDs in patients with viral
infections, including Covid-19: Victims or perpetrators?
Pharmacol Res 157: 104849.
https:/ /doi.org/10.1016 /1.phrs.2020.104849

Chen JS, Alfajaro MM, Wei ] Chow RD, Filler RB, Eisenbarth SC,
Wilen CB (2020) Cyclooxgenase-2 is induced by SARS-CoV-2
infection but does not affect viral entry or replication. bioRxiv
2020.09.24.312769. https:/ /doi.org/10.1101/2020.09.24.312769

Chen R, Lan Z, Ye ], Pang L, Liu Y, Wu W, Qin X, Guo Y, Zhang P
(2021) Cytokine storm: The primary determinant for the
pathophysiological evolution of COVID-19 deterioration.
Front Immunol 12: 589095.
https:/ /doi.org/10.3389/fimmu.2021.589095

Costanzi E, Kuzikov M, Esposito F, Albani S, Demitri N, Giabbai B,
Camasta M, Tramontano E, Rossetti G, Zaliani A, Storici P
(2021) Structural and biochemical analysis of the dual
inhibition of MG-132 against SARS-CoV-2 main protease
(Mpro/3CLpro) and human cathepsin-L. Int ] Mol Sci 22(21):
11779. https:/ /doi.org/10.3390/ijms222111779

Daina A, Michielin O, Zoete V (2019) SwissTargetPrediction:
Updated data and new features for efficient prediction of

protein targets of small molecules. Nucleic Acids Res 47(W1):
W357-W364. https:/ /doi.org/10.1093 /nar/ gkz382

85-90.

J Pharm Pharmacogn Res (2023) 11(5): 753


https://jppres.com/
https://jalantengah.site/
https://doi.org/10.3390/ph15010084
https://doi.org/10.1016/B978-0-12-824536-1.00018-6
https://doi.org/10.15562/bmj.v11i2.3476
https://doi.org/10.5530/pj.2022.14.95
https://doi.og/10.1080/08998280.2021.1885289
https://doi.org/10.5530/pj.2022.14.12
https://doi.org/10.22159/ijap.2023v15i1.43571
https://doi.org/10.15562/bmj.v12i1.3919
https://doi.org/10.15562/bmj.v11i3.3971
https://doi.org/10.15562/bmj.v11i3.3541
https://doi.org/10.1093/nar/gky318
https://doi.org/10.1007/s42485-021-00072-z
https://doi.org/10.1007/s42485-021-00072-z
https://doi.org/10.1016/j.scitotenv.2022.155580
https://doi.org/10.3945/jn.109.120022
https://doi.org/10.1016/j.phrs.2020.104849
https://doi.org/10.1101/2020.09.24.312769
https://doi.org/10.3389/fimmu.2021.589095
https://doi.org/10.3390/ijms222111779
https://doi.org/10.1093/nar/gkz382

Kharisma et al.

Dharmasamitha I, Warditiani NK, Rusyati LM, Wati DK, Gelgel
Wirasuta MA (2023) Systematic review: Andrographolide as a
potential anti-inflammatory treatment for psoriasis. Bali Med |
12(1): 1187-1192. https:/ /doi.org/10.15562/bmj.v12i1.4245

Dibha AF, Wahyuningsih S, Ansori ANM, Kharisma VD,
Widyananda MH, Parikesit AA, Sibero MT, Probojati RT,
Murtadlo AAA, Trinugroho JP, Sucipto TH, Turista DDR,
Rosadi I, Ullah ME, Jakhmola V, Zainul R (2022) Utilization of
secondary metabolites in algae Kappaphycus alvarezii as a breast
cancer drug with a computational method. Pharmacog J 14(3):
536-543. https:/ /doi.org/10.5530/1j.2022.14.68

Espirito Santo BLSD, Santana LF, Kato Junior WH, de Aratjo FO,
Bogo D, Freitas KC, Guimardes RCA, Hiane PA, Pott A, Filia
WEFO, Arakaki Asato M, Figueiredo PO, Bastos PRHO (2020).
Medicinal potential of Garcinia species and their compounds.
Molecules 25(19): 4513.
https:/ /doi.org/10.3390 / molecules25194513

Gulyaeva AA, Gorbalenya AE (2021) A nidovirus perspective on
SARS-CoV-2. Biochem Biophys Res Commun 538: 24-34.
https:/ /doi.org/10.1016/i.bbrc.2020.11.015

Hadning I, Putri FRA, Ardhana SS (2022) Indonesian community
knowledge, attitude and behavior towards COVID-19
vaccination. Bali Med J 11(3): 1649-1655.
https:/ /doi.org/10.15562/bm;j.v11i3.3757

Hanardi DYP, Rochmawati E (2022) Tracing management and
epidemiological characteristics of close contact COVID-19 in
primary health care. Bali Med ] 11(3): 1614-1619.
https:/ /doi.org/10.15562 / bmj.v11i3.3705

Hariharan A, Hakeem AR, Radhakrishnan S, Reddy MS, Rela M
(2021) The role and therapeutic potential of NF-kappa-B
pathway in severe COVID-19 patients. Inflammopharmacog
29(1): 91-100. https:/ / doi.org/10.1007 /s10787-020-00773-9

Harisuddin H, Subadi I, Sulistiawati NN, Andriati, Melaniani S
(2023) The effect of exercise using incentive spirometry on
heart rate variability in patients after COVID-19 infection. Bali
Med J 12(1): 483-489.
https:/ /doi.org/10.15562/bm;j.v12i1.3992

Harrison AG, Lin T, Wang P (2020) Mechanisms of SARS-CoV-2
transmission and pathogenesis. Trends Immunol 41(12): 1100-
1115. https:/ /doi.org/10.1016/j.it.2020.10.004

Hu Q, Xiong Y, Zhu GH, Zhang YN, Zhang YW, Huang P, Ge GB
(2022) The SARS-CoV-2 main protease (Mre): Structure,
function, and emerging therapies for COVID-19. MedComm
3(3): e151. https:/ /doi.org/10.1002/mco2.151

Huff S, Kummetha IR, Tiwari SK, Huante MB, Clark AE, Wang S,
Bray W, Smith D, Carlin AF, Endsley M, Rana TM (2022)
Discovery and mechanism of SARS-CoV-2 main protease
inhibitors. J Med Chem 65(4):2 866-2879.
https:/ /doi.org/10.1021 /acs.jmedchem.1c00566

Husen SA, Setyawan MF, Syadzha MF, Susilo RJK, Hayaza S,
Ansori ANM, Alamsjah MA, Ilmi ZN, Wulandari PAC,
Pudjiastuti P, Awang K, Winarni D (2020) A novel therapeutic
effects of Sargassum ilicifolium alginate and okra (Abelmoschus
esculentus) pods extracts on open wound healing process in
diabetic mice. Res ] Pharm Technol 13(6): 2764-2770.
https://doi.org/10.5958 /0974-360X.2020.00491.6

Husen SA, Winarni D, Salamun, Ansori ANM, Susilo RJK, Hayaza
S (2019) Hepatoprotective effect of gamma-mangostin for
amelioration of impaired liver structure and function in
streptozotocin-induced diabetic mice. IOP Confer Ser: Earth
Env Sci 217(1): 012031. https://doi.org/10.1088/1755-
1315/217/1/012031

Indharty S, Japardi I, Siahaan AMP, Tandean S (2019) Mangosteen
extract reduce apoptosis via inhibition of oxidative process in
rat model of traumatic brain injury. Bali Med ] 8(1): 227-232.
https:/ /doi.org/10.15562 / bmj.v8i1.1153

https://jppres.com

Potential of garcinoxanthones against SARS-CoV-2

Khan S, Nasrullah, Hussain A, Asif M, Sattar FA, Audhal FA, Qadir
MI, Hamdard MH (2023) In-silico studies of inhibitory
compounds against protease enzymes of SARS-CoV-2.
Medicine 102(6): e31318.
https://doi.org/10.1097/MD.0000000000031318

Kharaeva Z, Trakhtman P, Trakhtman I, De Luca C, Mayer W,
Chung ], Ibragimova G, Korkina L (2022) Fermented
mangosteen (Garcinia mangostana L.) supplementation in the
prevention of HPV-Induced cervical cancer: From mechanisms
to clinical outcomes. Cancers 14(19): 4707.
https:/ /doi.org/10.3390/ cancers14194707

Kharisma VD, Ansori ANM, Widyananda MH, Utami SL (2020)
Molecular simulation: The potency of conserved region on E6
HPV-16 as a binding target of black tea compounds against
cervical cancer. Biochem Cell Arch 20(Suppl 1): 2795-2802.
https:/ /doi.org/10.35124 /bca.2020.20.51.2795

Kovalchuk A, Wang B, Li D, Rodriguez-Juarez R, Ilnytskyy S,
Kovalchuk I, Kovalchuk O (2021) Fighting the storm: Could
novel anti-TNFa and anti-IL-6 C. sativa cultivars tame
cytokine storm in COVID-19? Aging 13(2): 1571-1590.
https:/ /doi.org/10.18632/aging.202500

Kuriata A, Gierut AM, Oleniecki T, Ciemny MP, Kolinski A,
Kurcinski M, Kmiecik S (2018) CABS-flex 2.0: A web server for
fast simulations of flexibility of protein structures. Nucleic
Acids Res 46(W1): W338-W343.
https:/ /doi.org/10.1093 /nar/ gky356

Lin K, Gausman V, Poles M, Popov V (2022) Acute liver failure
secondary to remdesivir in the treatment of COVID-19. ACG
Case Rep J 9(10): e00866.
https:/ /doi.org/10.14309/ crj.0000000000000866

Listiyani P, Kharisma VD, Ansori ANM, Widyananda MH,
Probojati RT, Murtadlo AAA, Turista DDR, Ullah ME,
Jakhmola V, Zainul R (2022) In silico phytochemical
compounds screening of Allium sativum targeting the mpro of
SARS-CoV-2. Pharmacog J 14(3): 604-609.
https:/ /doi.org/10.5530/1j.2022.14.78

Mardiawan D, Prawitasari S (2023) Achievement of decision-to-
delivery interval in emergency cesarean section category 1
during the COVID-19 pandemic: A scoping review. Bali Med ]
12(1): 838-842. https:/ /doi.org/10.15562 /bmj.v12i1.3976

Minanti BR, Soelistijo SA, Pranoto A (2023) Characteristic profiles
of patients with diabetes mellitus and COVID-19 during the
second epidemic wave in East Java, Indonesia: A retrospective
study. Bali Med J 12(1): 1120-1126.
https:/ /doi.org/10.15562/bmj.v12i1.4208

Mitra K, Ghanta P, Acharya S, Chakrapani G, Ramaiah B, Doble M
(2021) Dual inhibitors of SARS-CoV-2  proteases:
Pharmacophore and molecular dynamics-based drug
repositioning and phytochemical leads. ] Biomol Struct Dyn
39(16): 6324-6337.
https://doi.org/10.1080/07391102.2020.1796802

Muhammad M, Hassan TM, Baba SS, Radda MI, Mutawakkil MM,
Musa MA, AbuBakar S, Loong SK, Yusuf I (2022) Exploring
NFxB pathway as a potent strategy to mitigate COVID-19
severe morbidity and mortality. ] Public Health Afr 13(3):
1679. https:/ /doi.org/10.4081 /jphia.2022.1679

Mun CS, Hui LY, Sing LC, Karunakaran R, Ravichandran V (2022)
Multi-targeted molecular docking, pharmacokinetics, and
drug-likeness evaluation of coumarin based compounds
targeting proteins involved in development of COVID-19.
Saudi J Biol Sci 29(12): 103458.
https:/ /doi.org/10.1016/].sjbs.2022.103458

Murgolo N, Therien AG, Howell B, Klein D, Koeplinger K,
Lieberman LA, Adam GC, Flynn ], McKenna P, Swaminathan
G, Hazuda D], Olsen DB (2021) SARS-CoV-2 tropism, entry,
replication, and propagation: Considerations for drug

J Pharm Pharmacogn Res (2023) 11(5): 754


https://jppres.com/
https://doi.org/10.15562/bmj.v12i1.4245
https://doi.org/10.5530/pj.2022.14.68
https://doi.org/10.3390/molecules25194513
https://doi.org/10.1016/j.bbrc.2020.11.015
https://doi.org/10.15562/bmj.v11i3.3757
https://doi.org/10.15562/bmj.v11i3.3705
https://doi.org/10.1007/s10787-020-00773-9
https://doi.org/10.15562/bmj.v12i1.3992
https://doi.org/10.1016/j.it.2020.10.004
https://doi.org/10.1002/mco2.151
https://doi.org/10.1021/acs.jmedchem.1c00566
https://doi.org/10.5958/0974-360X.2020.00491.6
https://doi.org/10.1088/1755-1315/217/1/012031
https://doi.org/10.1088/1755-1315/217/1/012031
https://doi.org/10.15562/bmj.v8i1.1153
https://doi.org/10.1097/MD.0000000000031318
https://doi.org/10.3390/cancers14194707
https://doi.org/10.35124/bca.2020.20.S1.2795
https://doi.org/10.18632/aging.202500
https://doi.org/10.1093/nar/gky356
https://doi.org/10.14309/crj.0000000000000866
https://doi.org/10.5530/pj.2022.14.78
https://doi.org/10.15562/bmj.v12i1.3976
https://doi.org/10.15562/bmj.v12i1.4208
https://doi.org/10.1080/07391102.2020.1796802
https://doi.org/10.4081/jphia.2022.1679
https://doi.org/10.1016/j.sjbs.2022.103458

Kharisma et al.

discovery and development. PLoS Pathog 17(2): €1009225.
https:/ /doi.org/10.1371 /journal.ppat.1009225

Naik VR, Munikumar M, Ramakrishna U, Srujana M, Goudar G,
Naresh P, Kumar BN, Hemalatha R (2021) Remdesivir (GS-
5734) as a therapeutic option of 2019-nCOV main protease - in
silico approach. ] Biomol Struct 39(13): 4701-4714.
https://doi.org/10.1080/07391102.2020.1781694

Negoro PP, Soegiarto G, Wulandari L (2023) Steroid impact on the
efficacy and safety of SARS-CoV-2 vaccine: A systematic
review. Bali Med J 12(1): 826-830.
https:/ /doi.org/10.15562/ bmj.v12i1.3947

Newman JA, Douangamath A, Yadzani S, Yosaatmadja Y, Aimon
A, Branddo-Neto ], Dunnett L, Gorrie-Stone T, Skyner R,
Fearon D, Schapira M, von Delft F, Gileadi O (2021) Structure,
mechanism and crystallographic fragment screening of the
SARS-CoV-2 NSP13 helicase. Nat Commun 12(1): 4848.
https:/ /doi.org/10.1038 /s41467-021-25166-6

Ovalle-Magallanes B, Eugenio-Pérez D, Pedraza-Chaverri ] (2017)
Medicinal properties of mangosteen (Garcinia mangostana L.):
A comprehensive update. Food Chem Toxicol 109(Pt 1): 102-
122. https:/ /doi.org/10.1016/i.fct.2017.08.021

Panda K, Alagarasu K, Patil P, Agrawal M, More A, Kumar NV,
Mainkar PS, Parashar D, Cherian S (2021) In vitro antiviral
activity of a-mangostin against Dengue Virus Serotype-2
(DENV-2). Molecules 26(10): 3016.
https:/ /doi.org/10.3390 / molecules26103016

Patil P, Agrawal M, Almelkar S, Jeengar MK, More A, Alagarasu K,
Kumar NV, Mainkar PS, Parashar D, Cherian S (2021) In vitro
and in vivo studies reveal a-mangostin, a xanthonoid from
Garcinia mangostana, as a promising natural antiviral
compound against chikungunya virus. Virol ] 18(1): 47.
https:/ /doi.org/10.1186/s12985-021-01517-z

Pramana TY, Wasita B, Widyaningsih V, Cilmiaty R, Suroto,
Mudigdo A (2021) The ethanol extract of Garcinia mangostana
L. peel reduces the isoniazid-induced liver damage in rats. Bali
Med J 10(1): 156-159.
https:/ /doi.org/10.15562/bmj.v10i1.2108

Pranata S, Vranada A, Armiyati Y, Samiasih A, Aisah S, Kurnia A
(2023) Inflammatory markers for predicting severity,
mortality, and need for intensive care treatments of a patient
infected with Covid-19: A scoping review. Bali Med ] 12(1):
324-330. https:/ /doi.org/10.15562/bmj.v12i1.3751

Proboningrat A, Kharisma VD, Ansori ANM, Rahmawati R,
Fadholly A, Posa GAV, Sudjarwo SA, Rantam FA, Achmad
AB (2022) In silico study of natural inhibitors for human
papillomavirus-18 E6 protein. Res ] Pharm Technol 15(3):
1251-1256. https:/ /doi.org/10.52711/0974-360X.2022.00209

Radityastuti, Endaryanto A, Surono IS, Amin M, Prakoeswa CRS
(2022) Bioinformatics assessment on the potential of
Lipoteichoic Acid (LTA) of Lactic Acid Bacteria (LAB) as
topical therapy for inflammatory skin diseases. Bali Med ]
11(1): 137-142. https:/ /doi.org/10.15562 /bmj.v11i1.3025

Rahman FF, Haris F (2022) COVID-19 emergency response in
Southeast Asian region: A bibliographic analysis using
VOSviewer software. Bali Med ] 11(3): 1656-1659.
https:/ /doi.org/10.15562/bmj.v11i3.3758

Reviono, Muhammad F, Maharestri KZ, Hanif I, Sukmagautama C,
Apriningsih H (2022) Efficacy of therapeutic plasma exchange
and convalescent plasma therapy in moderate-to-severe
COVID-19 patients. Bali Med ] 11(3): 1369-1374.
https:/ /doi.org/10.15562/bmj.v11i3.3493

Samrat SK, Xu ], Xie X, Gianti E, Chen H, Zou J, Pattis JG, Elokely
K, Lee H, Li Z, Klein ML, Shi PY, Zhou J, Li H (2022) Allosteric
inhibitors of the main protease of SARS-CoV-2. Antiviral Res
205: 105381. https:/ /doi.org/10.1016/j.antiviral.2022.105381

https://jppres.com

Potential of garcinoxanthones against SARS-CoV-2

Sari PM, Agniana AM, Ardhi MS (2022) Trends of ischemic stroke
admission during two years of COVID-19 pandemic: A
retrospective cross-sectional study at a tertiary hospital in
Indonesia. Bali Med J 11(2): 864-869.
https:/ /doi.org/10.15562/bmj.v11i2.3498

Shahnaz AA, Wardhana MP, Ernawati, Ariani G, Utomo B (2023)
Placental apoptotic index on COVID-19 and non-COVID-19
cases: A cross sectional study. Bali Med ] 12(1): 916-920.
https:/ /doi.org/10.15562 / bmj.v12i1.4200

Shyr ZA, Gorshkov K, Chen CZ, Zheng W (2020) Drug discovery
strategies for SARS-CoV-2. ] Pharmacol Exp Ther 375(1): 127-
138. https:/ /doi.org/10.1124 /ipet.120.000123

Soy M, Keser G, Atagiindiiz P, Tabak F, Atagiindiiz I, Kayhan S
(2020) Cytokine storm in COVID-19: Pathogenesis and
overview of anti-inflammatory agents used in treatment. Clin
Rheumatol 39(7): 2085-2094. https://doi.org/10.1007/s10067-
020-05190-5

Stenmark KR, Frid MG, Gerasimovskaya E, Zhang H, McCarthy
MK, Thurman JM, Morrison TE (2021) Mechanisms of SARS-
CoV-2-induced lung vascular disease: Potential role of
complement. Pulm Circ 11(2): 20458940211015799.
https://doi.org/10.1177 /20458940211015799

Szklarczyk D, Gable AL, Lyon D, Junge A, Wyder S, Huerta-Cepas
J, Simonovic M, Doncheva NT, Morris JH, Bork P, Jensen L],
Mering CV (2019) STRING v11: Protein-protein association
networks with increased coverage, supporting functional
discovery in genome-wide experimental datasets. Nucleic
Acids Res 47(D1): D607-D613.
https:/ /doi.org/10.1093 /nar/ gky1131

Tran TH, Nguyen VT, Le HT, Nguyen HM, Tran TH, Do Thi T,
Nguyen XC, Ha MT (2021) Garcinoxanthones SV, new
xanthone derivatives from the pericarps of Garcinia mangostana
together with their cytotoxic and antioxidant activities.
Fitoterapia 151: 104880.
https:/ /doi.org/10.1016 /].fitote.2021.104880

Tungary E, Ongko ], Sukweenadhi ], Antonius Y (2022) Molecular
docking of active compounds from traditional medicinal
plants as ACE-2 protein (1R4L) inhibitor in searching for
COVID-19 drug. Res ] Pharm Technol 15(9): 4235-4240.
https://doi.org/10.52711/0974-360X.2022.00712

Utami AT, Budiarti RPN (2022) Honey as miracle therapy for
Covid-19: Literature study. Bali Med ] 11(3): 1207-1211.
https:/ /doi.org/10.15562/bmj.v11i3.3542

V'kovski P, Kratzel A, Steiner S, Stalder H, Thiel V (2021)
Coronavirus biology and replication: Implications for SARS-
CoV-2. Nat Rev Microbiol 19(3): 155-170.
https:/ /doi.org/10.1038 /s41579-020-00468-6

Vulturar DM, Neag MA, Vesa $C, Maierean AD, Gherman D,
Buzoianu AD, Ordsan OH, Todea DA (2022) Therapeutic
efficacy and outcomes of remdesivir versus remdesivir with
tocilizumab in severe SARS-CoV-2 infection. Int ] Mol Sci
23(22): 14462. https:/ /doi.org/10.3390/ijms232214462

Wahyuni, DK, Wacharasindhu, S, Bankeeree, W, Punnapayak, H,
Purnobasuki, H, Junairiah, Ansori, ANM, Kharisma, VD,
Parikesit, AA, Suhargo, L., Prasongsuk, S (2022) Molecular
simulation of compounds from n-hexane fraction of Sonchus
arvensis L. leaves as SARS-CoV-2 antiviral through inhibitor
activity targeting strategic viral protein. ] Pharm Pharmacogn
Res 10(6): 1126-1138.
https:/ /doi.org/10.56499/ippres22.148910.6.1126

Wicaksono A, Kharisma VD, Parikesit AA (2023) New perspectives
on reverse translation: Brief history and updates. Univ Sci
28(1): 1-21. https:/ /doi.org/10.11144/Javeriana.SC281.npor

Wijaya RM, Hafidzhah MA, Kharisma VD, Ansori ANM, Parikesit
AP (2021) Covid-19 in silico drug with Zingiber officinale
natural product compound library targeting the mpro protein.
Makara J Sci 25(3): 5. https:/ /doi.org/10.7454 / mss.v25i3.1244

J Pharm Pharmacogn Res (2023) 11(5): 755


https://jppres.com/
https://doi.org/10.1371/journal.ppat.1009225
https://doi.org/10.1080/07391102.2020.1781694
https://doi.org/10.15562/bmj.v12i1.3947
https://doi.org/10.1038/s41467-021-25166-6
https://doi.org/10.1016/j.fct.2017.08.021
https://doi.org/10.3390/molecules26103016
https://doi.org/10.1186/s12985-021-01517-z
https://doi.org/10.15562/bmj.v10i1.2108
https://doi.org/10.15562/bmj.v12i1.3751
https://doi.org/10.52711/0974-360X.2022.00209
https://doi.org/10.15562/bmj.v11i1.3025
https://doi.org/10.15562/bmj.v11i3.3758
https://doi.org/10.15562/bmj.v11i3.3493
https://doi.org/10.1016/j.antiviral.2022.105381
https://doi.org/10.15562/bmj.v11i2.3498
https://doi.org/10.15562/bmj.v12i1.4200
https://doi.org/10.1124/jpet.120.000123
https://doi.org/10.1007/s10067-020-05190-5
https://doi.org/10.1007/s10067-020-05190-5
https://doi.org/10.1177/20458940211015799
https://doi.org/10.1093/nar/gky1131
https://doi.org/10.1016/j.fitote.2021.104880
https://doi.org/10.52711/0974-360X.2022.00712
https://doi.org/10.15562/bmj.v11i3.3542
https://doi.org/10.1038/s41579-020-00468-6
https://doi.org/10.3390/ijms232214462
https://doi.org/10.56499/jppres22.148910.6.1126
https://doi.org/10.11144/Javeriana.SC281.npor
https://doi.org/10.7454/mss.v25i3.1244

Kharisma et al.

Winarni D, Husna FN, Syadzha MF, Susilo RJK, Hayaza S, Ansori

ANM, Alamsjah MA, Amin MNG, Waulandari

PAC,

Pudjiastuti P, Awang K (2022) Topical administration effect of

Sargassum  duplicatum and Garcinia

mangostana  extracts

Potential of garcinoxanthones against SARS-CoV-2

Wulandari D, Pebriansyah R, Lubis AMP, Hikmah Z, Endaryanto
A (2022) Successful treatment of intravenous immunoglobulin
for Toxic Epidermal Necrolysis (TEN) associated with COVID-
19 infection and vaccination: Case reports. Bali Med | 11(2):

combination on open wound healing process in diabetic mice. 957-961.

Scientifica 2022: 9700794.

https:/ /doi.org/10.1155/2022 /9700794
AUTHOR CONTRIBUTION:
Contribution Kharisma Ansori Antonius Rosadi Murtadlo b Burkov Derkho Scherbakov Ullah Sucipto Purnobasuki

VD ANM Y 1 AAA M N E P M P ME TH H

Concepts or X X X X X X X X X X X X X X
ideas
Design X X X X X X X X X X X X X X
Definition of X X X X X X X X X X X X X X
intellectual
content
Literature search X X X X X X X X X X X X X X
Experimental X X X X X
studies
Data acquisition X X X X X
Data analysis X X X X X X X
Manuscript X X
preparation
Manuscript X X X X X X X X
editing
Manuscript X X X X X X X X

review

Citation Format: Kharisma VD, Ansori ANM, Antonius Y, Rosadi |, Murtadlo AAA, Jakhmola V, Rebezov M, Maksimiuk N, Kolesnik E, Burkov P, Derkho
M, Scherbakov P, Ullah ME, Sucipto TH, Purnobasuki H (2023) Garcinoxanthones from Garcinia mangostana L. tackle SARS-CoV-2 infection and
cytokine storm pathway inhibition: A viroinformatics study. J Pharm Pharmacogn Res 11(5): 743-756.

https://doi.org/10.56499/jppres23.1650 11.5.743

Publisher’s Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the
publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed

by the publisher.

Open Access: This article is distributed under the terms of the Creative Commons Attribution 4.0 International License (http://creativecommons.org/ licenses/by/4.0/), which permits use,
duplication, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Creative

Commons license and indicate if changes were made.

https://jppres.com

J Pharm Pharmacogn Res (2023) 11(5): 756



https://jppres.com/
https://doi.org/10.1155/2022/9700794
https://doi.org/10.56499/jppres23.1650_11.5.743

	Garcinoxanthones from Garcinia mangostana L. against SARS-CoV-2 infection and cytokine storm pathway inhibition:                  A viroinformatics study
	[Garcinoxantonas de Garcinia mangostana L. contra la infección por SARS-CoV-2 y la inhibición de la tormenta de citocinas: Un estudio de viroinformático]
	Viol Dhea Kharisma1,2#, Arif Nur Muhammad Ansori1,2,3,4,5,6#, Yulanda Antonius7, Imam Rosadi8, Ahmad Affan Ali Murtadlo1,2,5, Vikash Jakhmola3, Maksim Rebezov9,10, Nikolai Maksimiuk11, Evgeniy Kolesnik12, Pavel Burkov13, Marina Derkho13, Pavel Scherba...
	INTRODUCTION
	MATERIAL AND METHODS
	RESULTS
	DISCUSSION
	CONCLUSION
	CONFLICT OF INTEREST
	ACKNOWLEDGMENTS
	REFERENCES



	Abstract
	Resumen

