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ABSTRACT

Background: COVID-19 pandemic caused by SARS-CoV-2 is a challenge for researchers to find
effective drugs for this disease. Previous research had identified the role of Mpro, TMPRSS2, RdRp,
and ACE2 which were useful as promising drug targets to inhibit SARS-CoV-2. Objectives: This
study aims to identify the potential compounds derived from Ginkgo biloba as potential SARS-CoV-2
inhibitors using a molecular docking study. Methods: A total of twenty-one compounds of Ginkgo
biloba and comparative drugs were used in this study. The materials were downloaded from RCSB
for protein targets and Pubchem for comparative drugs and compounds. In this study, Lipinski rule of
five using Swiss ADME web tool was used. Moreover, toxicity analysis using admetSAR 2.0 online
test also used to predict toxicological profile of compounds. Dockings were carried out on Mpro,
TMPRSS2, RdRp, and ACE2 protein targets by AutodockTools 1.5.6 and Autodock Vina. The
visualization of molecular interaction was carried out by Discovery Studio v16. Results: Nine
compounds met the criteria as drug-like components and were safe. Docking results showed that
ginkgolide-C and bilobetin showed strong molecular interactions to all protein targets compared to the
comparative drugs and other compounds. In RdRp, ginkgolide-C showed the highest binding energy
with -12.7 kcal/mol. Moreover, in TMPRSS2, ACE2 and Mpro, bilobetin also showed the highest
binding energy with -12.7, -9.7 and -10 kcal/mol, respectively. Conclusion: Ginkgolide-C and
bilobetin have the potential to be developed as SARS-CoV-2 inhibitors. Therefore, in vitro and in
vivo investigations are needed to bring these compounds to the clinical setting.
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ABSTRAK

Latar Belakang: Pandemi COVID-19 yang disebabkan oleh SARS-CoV-2 menjadi tantangan bagi
para peneliti untuk menemukan obat yang efektif untuk penyakit ini. Penelitian sebelumnya telah
mengidentifikasi peran Mpro, TMPRSS2, RdRp, dan ACE2 yang berguna sebagai target obat yang
menjanjikan untuk menghambat SARS-CoV-2. Tujuan: Penelitian ini bertujuan untuk
mengidentifikasi senyawa potensial yang berasal dari Ginkgo biloba sebagai inhibitor potensial
SARS-CoV-2 menggunakan studi penambatan molekular. Metode: Sebanyak dua puluh satu senyawa
Ginkgo biloba dan obat pembanding digunakan dalam penelitian ini. Materi diunduh dari RCSB
untuk target protein dan Pubchem untuk obat dan senyawa pembanding. Lima aturan Lipinski dengan
menggunakan Swiss ADME web tool digunakan dalam penelitian ini. Selain itu, analisis toksisitas
menggunakan admetSAR 2.0 juga digunakan untuk memprediksi profil toksikologi senyawa.
Penambatan dilakukan pada target protein Mpro, TMPRSS2, RdRp, dan ACE2 oleh AutodockTools
1.5.6 dan Autodock Vina. Visualisasi interaksi molekuler dilakukan menggunakan Discovery Studio
v16. Hasil: Sembilan senyawa memenuhi kriteria sebagai komponen mirip obat dan aman. Hasil
penambatan menunjukkan bahwa ginkgolide-C dan bilobetin menunjukkan interaksi molekuler yang
kuat terhadap semua protein target dibandingkan dengan obat pembanding dan senyawa lainnya.
Pada RdRp, ginkgolide-C menunjukkan energi ikat tertinggi dengan -12,7 kkal/mol. Selain itu, pada
TMPRSS2, ACE2 dan Mpro, bilobetin juga menunjukkan energi ikat tertinggi masing-masing dengan
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-12,7, -9,7 dan -10 kkal/mol. Kesimpulan: Ginkgolide-C dan bilobetin berpotensi untuk i

dikembangkan sebagai inhibitor SARS-CoV-2. Oleh karena itu, penelitian in vitro dan in vivo

diperlukan untuk membawa senyawa ini ke penelitian Kklinis.

Kata Kunci: Bilobetin, Ginkgo Biloba, ginkgolide-C, SARS-CoV-2
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INTRODUCTION

Coronavirus Disease 2019 (COVID-
19) caused by Severe Acute Respiratory
Coronavirus 2  (SARS-CoV-2) has
emerged globally as a serious infectious
disease at the end of 2019. SARS-CoV-2
has been identified as an enveloped non-
segmented positive sense RNA virus in -
coronavirus group. This virus can be
spread by human-to-human transmission
via droplet or aerosol from infected
people.!! It attacks human body systems
such as respiratory, digestive, and nervous
systems with a rapid transmission and a
fairly high mortality rate.) The latest
report from World Health Organization
(WHO) cited until the 20™ of February
2022 there have been 418,650,474
confirmed cases with 5,856,224 deaths and
Indonesia with 5,197,505 confirmed cases
and 146,365 deaths. 4!

The life cycle of SARS-CoV-2 begins
with the attachment of S protein to
Angiotensin ~ Converting Enzyme 2
(ACE2) as a host cell receptor. Virus that
enters the cell will release mRNA in the
cytoplasm that is facilitated by
Transmembrane  Serine  Protease 2
(TMPRSS2) and is translated into
structural and non-structural proteins. In
addition, several proteins such as the main
protease (Mpro) and RNA-dependent
RNA polymerase (RdRp) also play an
important role in the assembly of new
virus. ! Based on the role of these proteins
in the virus life cycle, studies have shown
that these proteins were potential as
protein targets for COVID-19 treatment

development.®! However, until now there
is no specific antiviral therapy for COVID-
19 patients and primary care is only
symptomatic treatment.”? Hence, further
research related to the discovery of
compounds for antivirus drug in inhibit
SARS-CoV-2 is required.

In the last few decades, research on
the use of herbs as an alternative
treatment with minimal side effects has
been developed. One of the herbal plants
that have the potential for therapy,
Ginkgo biloba, has a long history in
traditional Chinese medicine and its leaf
extract has been sold as a phytochemical
in Europe and a dietary supplement in the
US since the 1960°s.1®! Currently, Ginkgo
tree is widely cultivated in Southeast
Asia.l’! Previous researches had identified
the role of Ginkgo biloba as antiviral,
antiinflammatory,  antioxidant,  and
anticancer.[*101! Based on
phytochemical screening, biflavonoids
and ginkgolides are the major
constituents of Ginkgo biloba that exhibit
pharmacological activities especially to
against RNA and DNA virus such as
herpes simplex virus (HSV), influenza
virus, and respiratory syncytial virus
(RSV).P2134 Research conducted by
Cheng at al. reported that bilobetin, one
of biflavonoid derivatives in Ginkgo
biloba, showed potent antiviral activity
against influenza virus polymerase acidic
(PA) endonuclease.'* Moreover,
Sochocka et al. also reported that one of
ginkgolides from Ginkgo biloba which is
ginkgolide-C showed anti-HHV-1 and
anti- HHV-2 activity. ™!
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This study aims to identify the
potential compounds derived from Ginkgo
biloba as SARS-CoV-2 potential
inhibitors. Therefore, it is necessary to
conduct research using molecular docking
to predict potential Ginkgo biloba
compounds in several Sars-CoV-2 protein
drug target such as ACE2, TMPRSS2,
RdRp, and Mpro.

METHODS

This research is an in silico
research using the molecular docking
method. This research was done using
autodock 1.5.6 and discovery studio 2016
64-bit software and was conducted on the
2nd of September - 20th of December
2021 at the pharmacology department of
Faculty of Medicine Universitas Sriwijaya.

There were six steps in this
research, namely prediction of drug-
likeness properties, prediction of toxicity,
selection of protein target and ligands,
preparation of protein targer and ligands,
in-silico  molecular  docking, and
visualization analysis
Prediction of Drug-Likeness Properties

In this study, we refer to Lipinski's
Rule of Five as a drug-like compound test.
Drug-likeness prediction was performed
using SwissADME, a free online website
tool (http://www.swissadme.ch/).™
Prediction of Toxicity

In this research, we used three
indicators to predict toxicity of all the
compound. We  assessed toxicity
of the compounds namely admetSAR 2.0,
a free online website tool
(http:/Immd.ecust.edu.cn/admetsar2).!*®!
Selection of Protein Target and Ligands

In this study, we used compounds
from Ginkgo biloba. A total of 21 Ginkgo
biloba compounds were selected in this
study. We selected the ligands through
online screening based on previous

literature namely amentoflavone
(Compound CID: 5281600), apigenin
(Compound CID: 5280443), bilobalide
(Compound CID: 73581), bilobetin
(Compound CID: 53154590), ebselen
(Compound CID: 3194), genkwanin
(Compound CID: 5281617), ginkgetin
(Compound CID: 5271805), ginkgolic
acids C13:0 (Compound CID: 161306),
ginkgolic acids C15:1 (Compound CID:
5281858), ginkgolic acids C15:0
(Compound CID: 167551), ginkgolic acids
Cl17:1 (Compound CID: 5469634),
ginkgolide-A (Compound CID: 9909368),
ginkgolide-B (Compound CID: 65243),
ginkgolide-C (Compound CID:
24721502), isoginkgetin (Compound CID:
5318569), isorhamnetin (Compound CID:
528164), kaempferol (Compound CID:
5280863), Iluteolin (Compound CID:
5280445), quercetin (Compound CID:
5280343), quercitrin (Compound CID:
5280459), and sciadopitysin (Compound
CID: 5281696) were downloaded from
https://pubchem. ncbi.nlm.nih.gov. Protein
targets that we used in this study namely
ACE2 (PDB ID: 7C8C), TMPRSS2 (PDB
ID: 5AFW), RdRp (PDB ID: 6XQB), and
Mpro (PDB ID: 6YVF) were downloaded
from https://www.rcsb.org. Besides, the
drugs that were used in this study as a
comparative drug namely N-acetylsistein
(NAC) (Compound CID: 12035),
nafamostat (Compound CID: 4413),
remdesivir (Compound CID: 121304016),
and lopinavir (Compound CID: 92727)
were also downloaded from
https://pubchem.ncbi.nlm. nih.gov.
Preparation of protein target and
ligands

We used Autodock and Discovery
Studio  software to perform the
preparation. The preparation of protein
target was carried out by removing water
molecules, adding polar hydrogen atoms,
and removing a natural ligand structure.
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Table 1. Coordinate value and grid box size scripta
ACE2 Mpro TMPRS RdRp
2
Center (A)
X -16.214 -11.824 25.08 49.945
y 39.599 14.735 -0.086 55.064
z 12.063 74.152 -12.98 58.633
Box dimension (A)
X 92 40 74 126
y 68 40 90 126
z 74 40 90 126

After the preparation, we saved the file in
pdbgt format. Meanwhile, the preparation
of ligands were performed by creating all
bonds being all rotatable then saved the
file in pdbgt format.™*"!
In-Silico molecular docking

We executed docking using Autodock
Vina software. A protein target site was set
with the help of a grid box parameters
shown in Table 1. The best binding
affinities (more negative value) was
selected from a set of nine conformation

poses after running docking. A compound
showing the best hits was selected to be
visualized its molecular interaction.
Visualization analysis

We performed visualization analysis
to assess the binding sites of the ligand and
observed chemical bonds formed between
ligands and protein  target. The
visualization analysis was carried out
using Discovery Studio software and
depicted in 3D and 2D.

RESULTS Toxicity Test .
Toxicity assessment in this study used
Lipinski’s Rule of Five admetSAR 2.0. We used three indicators

Based on Lipinski’s Rule of Five that
showed in Table 2, all compounds except
amentoflavone and quercitrin have less
than two violations, so all the compounds
except these two compounds used in this

in assessing toxicity, namely
carcinogenecity, ames mutagenesis, and
acute oral toxicity showed in Table 3.
Based on toxicity test, compounds which
have negative results on carcinogenicity

study  were  considered  drug-like and ames mutagenesis along with category
compounds. Il and 1V in oral toxicity were continued
to be researched using molecular docking.
Table 2. Lipinski’s Rule of Five
Compounds MW <500 H- H- LogP Violation
(g/mol) donor acceptor
Amentoflavone 538.46 6 10 0.25 2
Apigenin 270.24 3 5 0.52 0
Bilobalide 326.30 2 8 0.42 0
Bilobetin 552.48 5 10 0.44 1
Ebselen 274.18 0 1 2.87 0
Genkwanin 284.26 2 5 0.77 0
Ginkgetin 566.51 4 10 0.63 1
Ginkgolic acids 320.47 2 3 4.50 1
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C13:0

Ginkgolic acids 346.50 2 3 4.85 1

Ci15:1

Ginkgolic acids 348.52 2 3 4,94 1

C15:0

Ginkgolic acids 374.56 2 3 5.28 1

Cl7:1

Ginkgolide-A 408.40 2 9 0.83 0

Ginkgolide-B 424.40 3 10 0.06 0

Ginkgolide-C 440.40 4 11 -0.70 1

Isoginkgetin 566.51 4 10 0.63 1

Table 3. Toxicity
Carcinoge Ames Acute oral
No. Compounds necity ) mutagenesis toxicity

1. Amentoflavone - (1.0000) - (0.6800) Il (0.6295)
2. Apigenin - (1.0000) - (0.8300) 111 (0.7012)
3. Bilobalide - (0.9000) +(0.5200) 111 (0.3940)
4. Bilobetin - (1.0000) - (0.6900) 111 (0.6544)
5. Ebselen - (0.9143) +(0.5900) 111 (0.6820)
6. Genkwanin - (1.0000) - (0.5700) 111 (0.8799)
7. Ginkgetin - (1.0000) - (0.5300) 111 (0.6505)
8. Ginkgolic acids C13:0 - (0.7459) - (0.8600) Il (0.7474)
9. Ginkgolic acids C15:1 - (0.7316) - (0.8100) Il (0.6447)
10. Ginkgolic acids C15:0 - (0.7459) - (0.8600) Il (0.7474)
11. Ginkgolic acids C17:1 - (0.7316) - (0.8100) Il (0.6447)
12. Ginkgolide-A - (1.0000) - (0.5200) 111 (0.3661)
13. Ginkgolide-B - (1.0000) +(0.5600) 111 (0.5020)
14. Ginkgolide-C - (1.0000) - (0.5400) 111 (0.5526)
15. Isoginkgetin - (1.0000) - (0.6000) 111 (0.6505)
16. Isorhamnetin - (1.0000) - (0.7300) 111 (0.7362)
17. Kaempferol - (1.0000) +(0.7300) Il (0.6238)
18. Luteolin - (1.0000) - (0.5100) Il (0.7348)
19. Quercetin - (1.0000) +(0.9000) Il (0.7348)
20. Querecitrin - (0.9857) +(0.7700) 111 (0.5184)
21. Sciadopitysin - (1.0000) +(0.5200) 111 (0.5810)
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In-Silico molecular docking

In this study, nine Ginkgo biloba
compounds and four comparative drugs
were chosen. Crystal structures of Mpro,
TMPRSS2, RdRp, and ACE2 were used.
The docking results in this study are
presented in Table 4. Lopinavir,
nafamostat, remdesivir, and NAC showed
the binding energies of -7,1, -9,1, -7,7, and
-4,0 kcal/mol. In TMPRSS2, bilobetin had
the highest binding energy compared to
nafamostat and other compounds, which a
value of -11.4 kcal/mol. In addition,
ginkgolide-C showed the highest binding
energy in RdRp with -12.7 Kkcal/mol
binding energy. In Mpro and ACEZ2,
bilobetin showed the highest binding
energy which were -10 and -9.7 kcal/mol,
respectively.
Visualization Analysis

The visualization of molecular
docking results is shown in 3D form in
Figure 1 and 2D form in Figure 2. The
visualization analysis yield that bilobetin
on TMPRSS2 had both two hydrophobic
and hydrogen interactions. There were 4
amino acid residues such as Leul98,
Lys275, and GIn276(2). Moreover,
nafamostat showed four hydrophobic and
five hydrogen interactions with amino acid

scripta

residues such as Lys621, Arg553, Thr556,
Tyrd55,  Alab58, Arg624, Ser682,
Asp623(2), Asp760(2), Cys622, and
Asn691. On the interaction with RdRp,
ginkgolide-C had both five hydrophobic
and hydrogen interactions with six amino
acid residues which were Ala685(2),
Arg569(3), Asn496, Leu576, Lys577(2),
and Asn497. Besides, remdesivir had
seven hydrophobic and one hydrogen
interactions with amino acid residues such
as Argl57(2), Tyrl53, Prol58, Pro194(2),
Phe5, Phel95, and Tyrl62. Moreover, on
the interaction of ACE2, bilobetin had four
hydrophobic and one hydrogen
interactions with amino acid residues of
[le159, GInl160, Tyrl8, and Leul4(2).
Meanwhile, NAC only showed four
hydrogen interactions with amino acid
residues of His493, Trp478(2), Glu489,
and Arg482. Bilobetin also bound in Mpro
with amino acid residues of Arg298(2),

Pro9(5), Met6(2), and Serl0. The
interaction with  Mpro had nine
hydrophobic  and one hydrogen

interactions, while lopinavir had seven
hydrophobic  and one hydrogen
interactions with amino acid residues of
Argl57(2), Tyrl53, Prol58, Prol94(2),
Pheb, Phel95, and Tyrl62.

SCRIPTA SCORE Sci Med J. 2022; 4(1)

35



Molecular Docking Study of Gingkgo biloba Compounds as Potential Inhibitors of SARS-CoV-2

_ scripta
Table 4. Molecular Docking Results

Compounds Mpro TMPRSS2 RdRp ACE2
Apigenin -1.7 -8.4 -8.0 -1.7
Bilobetin -9.7 -11.4 -10.7 -10.0
Genkwanin -7.0 -9.0 -8.8 -8.8
Ginkgetin -9.6 -10.3 -7.8 -9.6
Ginkgolide-A -6.9 -9.8 -11.9 -8.3
Ginkgolide-C -7.0 -10.9 -12.7 -8.0
Isoginkgetin -9.2 -9.2 -11.0 -9.9
Isorhamnetin -7.3 -9.2 -10.0 -8.0
Luteolin -75 -9.2 -8.2 -8.2
Comparative drugs
Lopinavir -7,1
Nafamostat 9.1
Remdesivir -7,7
NAC -4,0

DISCUSSION is carcinogenic or not. In this study, all

Before done the molecular docking
and visualization analysis, drug-likeness
properties and toxicity assesment were
used to eliminate the compounds.
Lipinski's Rule of Five describes a
relationship between pharmacokinetics and
physicochemical ~ parameters.l'¥!  The
Lipinski rule of five can help to distinguish
between drug-like compounds and non-
drug-like compounds. The rules consist of
molecular weight less than 500 Dalton,
number of H-bond acceptors less than 10,
number of H-bond donors less than 5, and
LogP less than 5 with violation no more
than two violations.!*! Based on our study,
amentoflavone  and  quercitrin  are
eliminated due to have two violations.
Meanwhile, toxicity assessment in this
study used three indicators such as
carcinogenecity, ames mutagenesis, and
acute oral toxicity. Carcinogenicity test
shows the results of whether a compound

compounds showed negative results so all
compounds were non-carcinogenic. Ames
toxicity test is helpful to determine
whether a compound is mutagenic or not.
The positive results showed that
compounds are mutagenic. In this study,
only fifteen compounds showed negative
results, which means non-mutagenic.
Acute oral toxicity has four categories to
state whether the compound is oral toxic or
not. Category | (LDsp < 50 mg/kg) and
category Il (50 mg/kg < LDsy < 500
mg/kg) considered as toxic while category
I11 (500 mg/kg < LDsp < 5000 mg/kg) and
category IV (LDsp > 5000 mg/kg)
considered as non-toxic.?>*® Based on
toxicity assessment, ten compounds such
as Dbilobalide, ebselen, ginkgolide-b,
kaempferol, quercetin, and sciadopitysin
along with ginkgloid acids C13:0, C15:1,
C15:0, and C17:1 were excluded in this
study.
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Figure 1. 3D structures of interaction between visualization a) ACE2 and bilobetin; b) Mpro and
bilobetin; ¢) RdRp and Ginkgolide-C; d) TMPRSS2 and Bilobetin.

The remaining nine compounds had
higher binding energies compared to
comparative drugs. Ginkgolide-C and
bilobetin  were the best potential
compounds among others according to the
binding energy result. Binding energy
(AG) is a parameter of conformational
stability between ligands and target
proteins. Ligands and proteins that interact
with each other will tend to be at the
lowest energy state, which causes the
molecule to be at stable state. Therefore,
the lower AG value (the greater the
negative value), the higher the binding
energy between the ligand and protein
target.”* In addition, Zafar et al. stated that
there is a linear correlation between
inhibition constant value (Ki) with binding

energy value. Thus, the value of binding
energy can be used to predict the ability of
a compound to inhibit proteins.[?? Jin et al.
reported that the threshold of binding
energy is < -5.0 kcal/mol, so values less
than -5.0 kcal/mol are considered to have
strong binding effect with the key
proteins.’?

A molecular docking study conducted
by Hussain et al. showed that the binding
sites of TMPRSS2 were amino acid
residues of GIn276, Arg413, Glu299, and
Thr387.1%1 Meanwhile, Poustforoosh et al
stated that the residues which are included
in the active sites of RdRp were 11e494,
Asn496, Val410, Lys411, His439, Phe440,
Phe44l, Phe442, GIn444, Asp4s2,
Tyrd55, Tyrd56, Alad90, Asn491, Val493,
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and Val495.” These studies are in line
with our findings that bilobetin had two
GIn276 as amino acid resiudue and
ginkgolide-C showed the same amino acid
residues with previous study which was
Asn496. Therefore, bilobetin interacted in
the active sites of TMPRSS2 and
ginkgolide-C in the active sites of RdRp.
Meanwhile, In ACE2 and Mpro no
residues were same between bilobetin and
comparative drugs. Thus, both of them
bound in the different binding sites of the
receptors. The active site or the binding
pocket is the binding area of proteins that
are involved in amino acid residues and
have a role in the binding. In addition,
there is a correlation between binding
energy and the active sites of the
proteins.?®! Therefore, the interaction of
amino acid residues at the active site with
the compound causes the compound to
have the ability to inhibit protein target as
a competitive inhibitor.

Furthermore, we also analyzed two
types of interactions that affect the binding
energy value. Those interactions are
hydrogen and  hydrophobic  bond
interactions. The hydrogen bond can be
defined as the interaction between
hydrogen atoms and electronegative atoms
such as fluorine (F), nitrogen (N), and
oxygen  (0).1  Meanwhile, the
hydrophobic bond is an interaction that
occurs between non-polar molecules
which those interactions are alkyl-alkyl,
pi- alkyl, pi-HJi stacked, and pi-pi T-shaped
interactions.!”®! Previous research stated
that hydrogen and hydrophaobic interactions
can stabilize the compound at the active
site of the protein and change binding
energy value as well as enhance the
efficacy of the compounds when

interacting with the protein.[gﬁ:
Macchiagodena et al. stated that
hydrophobic interaction is more optimal to
contribute the bond strength of the
molecules compared with hydrogen
interactions.®® However, Glowacki et al.
stated that increasing the number of
hydrophobic interactions at the active site
of the protein can enhance biological
activity or effect of the compound.®! Other
study conducted by Varma et al
emphasized that both hydrogen and
hydrophobic interactions have large
contributions to the compound stability.*
Based on our results, it can be concluded
that all of the top compounds in each
protein targets have both hydrophobic and
hydrogen interactions. Thus, those
interactions have roles to strengthen the
molecular bonds or enhance binding
energy.

Previous studies reported that Ginkgo
biloba have been proven as antiviral
activities. Research conducted by Zhang et
al, reported that bilobetin showed antiviral
activity of influenza virus. Bilobetin
effectively inhibited the PA endonuclease
activity in gel-based endonuclease activity
assay with 1C50 valuaes of bilobetin in
PAN and PAN-I38T were 26.62 + 8.99
and 38.84 + 352 IM, respectively.*
Meanwhile, Sochoka et al also repoted that
100 pg/mL of Ginkgolides A,B, and C had
high anti-HHV-1 and anti-HHV-2 activity
in non-toxic ~ concentrations  and
significantly reduces the infectivity of both
pathogens.™ In addition, Freitas et al also
stated that bioflavonoids exhibit antiherpes
activity with bilobetin present in this plant
seem to be main responsible for this
antiviral activity.®
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Figure 2. 2D structures of interaction between visualization a) ACE2 and bilobetin; b) Mpro and
bilobetin; c) RdRp and Ginkgolide-C; d) TMPRSS2 and Bilobetin; e) Lopinavir and Mpro; f) Nafamostat
and TMPRSS2; g) Remdesivir and RdRp; h) NAC and ACE2

CONCLUSION

In conclusion, based on the docking
scores and the interactions with four
protein targets, all of the selected
compounds in this study had strong
binding effects to block protein targets.
Ginkgolide-C showed the highest binding
energy compounds in RdRp. Meanwhile,
bilobetin showed the highest binding
energy in TMPRSS2, Mpro, and ACEZ2.
Ginkgolide-C and bilobetin are nontoxic
and have potential to be developed as
SARS-CoV-2
inhibitors.

RECOMMENDATIONS

Further in vitro and in vivo
investigations are needed to bring these
compounds to the clinical setting.

REFERENCES
[1] Harrison AG, Lin T, Wang P.

[2]

[3]

[4]

Mechanisms  of  SARS-CoV-2
Transmission and Pathogenesis.
Trends Immunol [Internet].
2020;41(12):1100-15.  Awvailable
from:
https://doi.org/10.1016/}.it.2020.10.
004

Di Gennaro F, Pizzol D, Marotta C,
Antunes M, Racalbuto V, Veronese
N, et al. Coronavirus diseases
(COVID-19) current status and
future perspectives: A narrative
review. Int J Environ Res Public
Health. 2020;17(8).

World Health Organization. WHO
Coronavirus (COVID-19)
Dashboard [Internet]. 2022 [cited
2022 Feb 21]. Available from:
https://covid19.who.int/
Kementerian Kesehatan.  Situasi
Terkini Perkembangan Coronavirus
Disease (COVID-19) 20 Februari
2022 [Internet]. 2022 [cited 2021

SCRIPTA SCORE Sci Med J. 2022; 4(1)

40



Molecular Docking Study of Gingkgo biloba Compounds as Potential Inhibitors of SARS-CoV-2

[5]

[6]

[7]

8]

[9]

Jul 7]. Available from:
https://infeksiemerging.kemkes.go.i
d/situasi-infeksi-emerging/situasi-
terkini-perkembangan-coronavirus-
disease-covid-19-20-februari-2022
Trougakos IP, Stamatelopoulos K,
Terpos E, Tsitsilonis OE, Aivalioti
E, Paraskevis D, et al. Insights to
SARS-CoV-2 life cycle,
pathophysiology, and rationalized
treatments that target COVID-19
clinical complications. J Biomed Sci
[Internet]. 2021;28(1):1-18.
Available from:
https://doi.org/10.1186/s12929-020-
00703-5

Wu C, Liu Y, Yang Y, Zhang P,
Zhong W, Wang Y, et al. Analysis
of therapeutic targets for SARS-
CoV-2 and discovery of potential
drugs by computational methods.
Acta Pharm Sin B [Internet].
2020;10(5):766—-88. Available from:
https://doi.org/10.1016/j.apsb.2020.
02.008

Wiersinga WJ, Rhodes A, Cheng
AC, Peacock SJ, Prescott HC.
Pathophysiology, Transmission,
Diagnosis, and Treatment of
Coronavirus Disease 2019 (COVID-
19): A Review. JAMA -J Am Med
Assoc. 2020;324(8):782-93.
Committee on Herbal Medicinal
Products (HMPC). Assessment
report on Ginkgo biloba L., folium
[Internet]. Vol. 44, Agency,
European Medicines. 2014. 116 p.
Available from:
https://www.ema.europa.eu/en/docu
ments/herbal-report/final-
assessment-report-ginkgo-biloba-1-
folium_en.pdf

Belwal T, Giri L, Bahukhandi A,
Tariq M, Kewlani P, Bhatt ID, et al.
Ginkgo biloba [Internet].
Nonvitamin and Nonmineral

[10]

[11]

[12]

[13]

[14]

[15]

scripta

Nutritional Supplements. Elsevier
Inc.; 2018. 241-250 p. Available
from: https://doi.org/10.1016/B978-
0-12-812491-8.00035-7

Yang MH, Baek SH, Um JY, Ahn
KS. Anti-neoplastic effect of
ginkgolide C through modulating c-
Met phosphorylation in
hepatocellular carcinoma cells. Int J
Mol Sci. 2020;21(21):1-13.
Sochocka M, Sobczynski M,
Ochnik M, Zwolinska K, Leszek J.
Hampering Herpesviruses HHV-1
and HHV-2 Infection by Extract of
Ginkgo biloba (EGb) and Its
Phytochemical Constituents. Front
Microbiol. 2019;10(October).
Ibrahim  MA, Ramadan HH,
Mohammed RN. Evidence that
Ginkgo Biloba could use in the
influenza and coronavirus COVID-
19 infections. J Basic Clin Physiol
Pharmacol. 2021;32(3):131-43.
Bhutta MS, Shechter O, Gallo ES,
Martin SD, Jones E, Doncel GF, et
al. Ginkgolic acid inhibits herpes
simplex virus type 1 skin infection
and prevents zosteriform spread in
mice. Viruses. 2021;13(1):1-19.
Zhang J, Wang Y. Bilobetin, a
novel small molecule inhibitor
targeting influenza virus polymerase
acidic (PA) endonuclease was
screened from plant extracts. Nat
Prod Res [Internet].
2021;35(24):5968-71. Available
from:
https://doi.org/10.1080/14786419.2
020.1808636

Lipinski CA, Lombardo F, Dominy
BW, Feeney PJ. Experimental and
computational approaches to
estimate solubility and permeability
in drug discovery and development
settings. Adv Drug Deliv Rev.
2012;64(SUPPL.):4-17.

SCRIPTA SCORE Sci Med J. 2022; 4(1)

41



Molecular Docking Study of Gingkgo biloba Compounds as Potential Inhibitors of SARS-CoV-2

SCri
[16] Guan L, Yang H, Cai Y, Sun L, Di PLoS One. 2015;10(5):1-33. Pta
P, Li W, et al. ADMET-score-a [23] JinJ, Chen B, Zhan X, Zhou Z, Liu
comprehensive scoring function for H, Dong Y. Network pharmacology
evaluation of chemical drug- and molecular docking study on the
likeness. Medchemcomm. mechanism of colorectal cancer
2019;10(1):148-57. treatment using  Xiao-Chai-Hu-
[17] Forli S, Huey R, Pique ME, Sanner Tang. PLoS One [Internet].
M, Goodsell DS, Arthur J. 2021;16(6 June). Available from:
Computational protein-ligand http://dx.doi.org/10.1371/journal.po
docking and virtual drug screening ne.0252508
with the AutoDock suite. Nat [24] Hussain M, Jabeen N, Amanullah
Protoc. 2016;11(5):905-19. A, Baig AA, Aziz B, Shabbir S, et
[18] Ansori ANM, Susilo RIK, Hayaza al. Molecular docking between
S. Biological activity investigation human tmprss2 and sars-cov-2 spike
of phytocomponents in mangosteen protein: Conformation and
(Garcinia mangostana 1.): In silico intermolecular interactions. AIMS
study. Indian J Forensic Med Microbiol. 2020;6(3):350-60.
Toxicol. 2021;15(1):847-51. [25] Poustforoosh A, Hashemipour H,
[19] Aamir M, Singh VK, Dubey MK, Tuzln B, Pardakhty A, Mehrabani
Meena M, Kashyap SP, Katari SK, M, Nematollahi MH. Evaluation of
et al. In silico prediction, potential anti-RNA-dependent RNA
characterization, molecular docking, polymerase (RdRP) drugs against
and dynamic studies on fungal the newly emerged model of
SDRs as novel targets for searching COVID-19 RdARP using
potential fungicides against computational methods. Biophys
fusarium wilt in tomato. Front Chem [Internet]. 2021;272:254-66.
Pharmacol. 2018;9(0OCT):1-28. Available from:
[20] Nisha CM, Kumar A, Nair P, Gupta www.elsevier.com/locate/cca
N, Silakari C, Tripathi T, et al. Review
Molecular docking and in silico [26] Prieto-Martinez FD, Arciniega M,
admet study reveals acylguanidine Medina-Franco JL.  Molecular
7a as a potential inhibitor of B - docking: current advances and
secretase. Adv  Bioinformatics. challenges. TIP Rev Espec en
2016;2016. Ciencias Quimico-Bioldgicas.
[21] Arwansyah, Ambarsari L, 2018;21:65-87.
Sumaryada TI. Simulasi Docking [27] Trott,O., Olson AJ. AutoDock Vina:
Senyawa Kurkumin Dan Analognya improving the speed and accuracy
Sebagai Inhibitor Enzim  12- of docking with a new scoring
Lipoksigenase.  Curr  Biochem. function, efficient optimization and
2014;1(in silico):36-9. multithreading. J Comput Chem.
[22] Zafar A, Ahmad S, Rizvi A, Ahmad 2019;31(2):455-61.

M. Novel non-peptide inhibitors
against SmCL1 of Schistosoma
mansoni: In silico elucidation,
implications and evaluation via
knowledge based drug discovery.

[28]

[29]

Benet LZ, Hosey CM, Ursu O,
Oprea TI. BDDCS, the Rule of 5
and Drugability. Physiol Behav.
2017;176(12):139-48.

Pantsar T, Poso A. Binding affinity

SCRIPTA SCORE Sci Med J. 2022; 4(1)

42



Molecular Docking Study of Gingkgo biloba Compounds as Potential Inhibitors of SARS-CoV-2

[30]

[31]

[32]

[33]

via docking: Fact and fiction.
Molecules. 2018;23(8):1DUMMY.
Macchiagodena M, Pagliai M,
Procacci P. Inhibition of the Main
Protease 3CL-pro of the
Coronavirus  Disease 19 via
Structure-Based Ligand Design and
Molecular Modeling. 2020;1-28.
Available from:
http://arxiv.org/abs/2002.09937
Glowacki ED, Irimia-Vladu M,
Bauer S, Sariciftci NS. Hydrogen-
bonds in molecular solids-from
biological systems to organic
electronics. J Mater Chem B.
2013;1(31):3742-53.

Varma AK, Patil R, Das S, Stanley
A, Yadav L, Sudhakar A.
Optimized hydrophobic interactions
and hydrogen bonding at the target-
ligand interface leads the pathways
of Drug-Designing. PL0S One.
2010;5(8).

Freitas AM, Almeida MTR,
Andrighetti-Frohner CR, Cardozo
FTGS, Barardi CRM, Farias MR, et
al. Antiviral activity-guided
fractionation from Araucaria
angustifolia  leaves extract. J
Ethnopharmacol. 2009;126(3):512—
7.

SCRIPTA SCORE Sci Med J. 2022; 4(1)

43

scripta



