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Abstract

With the current pandemic of the novel coronavirus disease 2019(COVID-19) in hand, researchers around the world
are dexterously working to find the best suitable drug candidates and to overcome vaccination-related challenges.
In Tanzania, ginger (Zingiber officinale) has been taken as a traditional remedy for COVID-19 by processing it
into a different drinks. Computer-aided drug discovery provides a promising attempt to allow scientists to develop
new and target-specific drugs to fight any disease. Therefore, in this study, Virtual Screening was conducted on
113 phytochemicals derived from the Zingiber officinale herb to find lead molecules for SARS-CoV-2. A total of 10
phytochemicals qualified from PyRx Virtual Screening, out of which only 5, namely Gingerenone A, Jyperin, Meletin,
Isorhamnetin and Shogaol demonstrated a substantial binding affinity with D614G SARS-CoV-2 protein, this finding
implied that several natural compounds of plants evaluated in this study showed better binding free energy compared
to remdesivir which so far are recommended by the FDA in the treatment of COVID-19. Molecular docking analysis
was conducted using BIOVIA Discovery Studio, where 7BNO Open conformation of D614G SARS-CoV-2 was used
as the protein receptor. Therefore, the present study identifies potential inhibitors of D614G SARS-CoV-2 protein for

COVID 19 which needs to be validated further, both experimentally and clinically.
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1. Introduction

Coronavirus disease (COVID-19) is an infectious disease caused
by the SARS-CoV-2 virus. The pandemic has become the great-
est global public health crisis in recent years, and the epidemic is
still continuing (WHO, 2022). Due to different levels of social and
economic development and health care infrastructure in various
regions, not all countries can adopt current medical technologies
and obtain sufficient vaccines and therapeutic drugs. Therefore, in
some regions, such as Africa, herbal medicine plays an important
role in the fight against COVID-19 [1].

Tanzania is one of the African countries that relished the use of
traditional medicine as a remedy for the pandemic. The country
with a long history of the use of herbs utilizes Ginger, Lemon and
Garlic among others for COVID-19 treatment. However, their effi-
cacy and safety might be looked into by pharmaceutical industries
and researchers.

Recent developments in comprehensive analytical techniques,

such as transcriptomics and proteomics, have enabled us to identi-
fy proteins associated with active COVID-19 in humans (Preman
et al., 2022). SARS-CoV-2 (Severe Acute Respiratory Syndrome
Coronavirus 2) also known as 2019-nCoV (2019 Novel Corona-
virus) is a virus that causes illnesses ranging from common cold
symptoms to severe effects including death and respiratory dis-
tress. The CoV Spike (S) protein plays the most important role in
viral attachment, fusion and entry, and serves as a target for the
development of antibodies, entry inhibitors and vaccines (Thermo
Fisher, 2022).

Research for discovering effective drugs to treat COVID-19 has
been a priority since the outbreak of the disease. The clinical ap-
plication of remdesivir has been greatly restricted by the need for
intravenous administration, as well as unstable concentrations in
plasma and variable antiviral activity in different organelles [2, 3].
Four neutralizing antibodies (bamlanivimab, etesevimab, casiriv-
imab, and imdevimab) have been approved by the United States
Food and Drug Administration; however, their high cost and need
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for intravenous administration render them inaccessible to the
public [2].

Therefore, effective and inexpensive oral drugs are the priority for
the prevention and control of COVID-19, because they can be used
after exposure to SARS-CoV-2 or at the first sign of COVID-19.
The use of herbal medicines and phytonutrients or nutraceuticals
continues to expand rapidly across the world with many people
now resorting to these products for the treatment of various health
challenges like COVID-19 (WHO, 2004).

Experimentally and clinically, ginger (the rhizome of Zingiber of-
ficinale) has exhibited numerous therapeutic activities, including
anti-inflammatory, antioxidative, immunomodulatory, antimicro-
bial, anti-fungal, anticancer, neuroprotective, antimigraine, hepa-
toprotective, hypo-cholesterolemic, cardiovascular protective,
respiratory protective, anti-obesity, anti-diabetic, anti-nausea, and
anti-emetic effects [4].

Ginger also displays direct anti-viral effects, and can have a pro-
tective role against ARDS [5, 6]. Which is the major cause of mor-
tality in patients with severe COVID-19. Computer-aided drug
discovery methods have played a major role in the development of
therapeutically important small molecules for over three decades

[7].

Computational approaches have the power to screen hits from a
huge database and design novel small molecules. Computer-aided
drug discovery and design not only reduce the costs associated
with drug discovery by ensuring that the best possible lead com-
pound enters animal studies, but it may also reduce the time it takes
for a drug to reach the consumer market (Preman et al., 2022). Mo-

lecular docking is one such computational methodology, which is
a process that predicts the preferred orientation of one molecule to
another when bound together to form a stable complex [7].

There is enumerable software available to perform docking studies
among which the BIOVIA Discovery Studio Visualizer (2020) and
PyRx Virtual Screening (0.9.x) are the best due to their accuracy
and user-friendly options. Docking in glide involves various steps
such as Ligand preparation, Protein preparation, and receptor grid
generation, docking and scoring [8].

In the present study, we aimed to find the antiviral properties of
Zingiber Officinale against COVID-19 through in silico analysis.
This makes it easier and less time-consuming in screening lead
compounds and their targets therefore, could potentially be used as
alternatives herb for immunity boost-up against COVID-19.

2. Materials and Methods

2.1. Protein Preparation

The target protein used in this study is 7BNO Open conformation
of D614G SARS-CoV-2 spike with 2 Erect RBDs downloaded
from the Protein Data Bank (RCSB PDB) website (https://www.
resb.org/). Since they typically contain only heavy atoms and in-
clude co-crystallized ligands, water molecules, heteroatoms, Ac-
tosite, and co-factors were removed since the standard structure
from the PDB is not ideal for immediate use [9]. Polar hydrogen
atoms were added in this study because crystallographic structures
usually lack hydrogen atoms [10]. And the protein receptor was
then saved in PDBQT format for further analysis (Figure 1). Pro-
tein receptor was prepared using BIOVIA Discovery Studio Visu-
alization (2021).

Figure 1: 7BNO Open conformation of D614G SARS-CoV-2 (Protein Receptor)

2.2. Ligand Preparation

The native SDF format structures of 6-gingerol, 6-shogaol, 6-para-
dol, quercetin, zingerone, and gingerenone-A ligands were down-
loaded from Zinc Database (Table 1). The ligand structures were
then saved in SDF format for further analysis. The docking li-
gands were prepared from the PyRx Virtual Screening software

where they were inserted via open babel one after another. The
Ligands energy were minimized before converting them into PD-
PQT format. All ligand in PDPQT format were forwarded to Vina
Wizard and Vina Search space were recorded as follows; center
X: 199.647, Y: 243.081, Z: 225.8683, Dimension (Angstrom) X:
117.7926, Y: 143.1828, Z: 25.7037. After running the Wizard, the
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results were saved as comma separate values (CSV). The ligands

ing (Table 2). Docking was performed using BIOVIA Discovery

with the highest affinity were saved as PDB files ready for dock-  Studio (2021).
Name Zinc DB ID Structure Molecular H-bond H-Bond High
Weight Acceptors | Donors Lipophilicity
LogP
OH
Gingerol 1531846 \/\/\W 294.391 4 2 3.234
OH o ([:
OH
6-Gingerol | 3872686 Wﬂ/\)@o 294,391 4 2 3.234
OH ¢ |
OH
Shogaol 1531865 | N\ A 276.376 3 1 4.039
0
0 J
OH
6-Paradol 1531857 278.392 3 1 4.263
0
0 |
HO 0o
OH
Meletin 3869685 o / 302.238 7 3 1.988
N
HO OoH
0
/ HO OH
Isorhamnetin 517261 © 316.265 7 3 2.291
HO ©
OH
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HO
i OH
Zingerone 13339791 | 4 HO\O” 356.371 0 0 -0.605
Glucoside A~
0 OH
0
/
Jyperin 3973253 464.379 0 0 -0.539
HO OH
Gingerenone 1531844 \/\ﬁ 356.418 5 2 3.806
A 0 0
! |
O/
Gingerenone | 13377938 | o 386.444 6 2 3.814
B
: i
| 0

Table 1: List of Ligands downloaded from Zinc Database and saved in SDF format

2.3. Software Used

A. BIOVIA Discovery Studio

BIOVIA Discovery Studio (2020) is a comprehensive software
suite for analyzing and modeling molecular structures, sequences,
and other data of relevance to life science researchers (Discovery
Studio 3.5 Tutorial). The product includes functionality for view-
ing and editing data along with tools for performing basic data
analysis.

B. PyRx Virtual Screening

PyRx is a Virtual Screening software (0.9.x) for Computational
Drug Discovery that can be used to screen libraries of compounds
against potential drug targets. PyRx enables Medicinal Chemists

to run Virtual Screening from any platform and helps users in ev-
ery step of this process - from data preparation to job submission
and analysis of the results.

3. Results and Discussion

3.1. Molecular Docking

BIOVIA Discovery Studio software performs the prediction of
bound conformation based on free binding energies, which is cal-
culated on the basis of the empirical force field. Vina calculates its
own grid maps quickly and automatically [11]. It also clusters and
ranks the results. Since molecular docking helps to assess the con-
formation of ligands within the binding site with a high degree of
accuracy, it has been an important method in drug predictions [12].
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Out of the 113 PyRx screened ligands, only 10 passed, which were
then subjected to molecular docking. After the docking analysis,
only 5 phytochemicals out of these 10 showcased a better binding
affinity towards the target protein. The binding affinity score re-
produces the potential energy change, when the protein and ligand

come together (CLC BIO. 2021). This indicates that a highly neg-
ative score relates to a strong binding and a less negative or even
positive score refers to weak or non-existing binding. Therefore,
the ligands with the least binding affinity scores (from -7.6 to -5.9
kcal/mol) were considered for further study (Table 2).

Ligand Binding Energy (AG)
(kcal/mol)
Remdesivir (standard) -6.8
Gingerenone A -7.6
Jyperin -7.0
Meletin -6.9
Isorhamnetin -6.8
Shogaol -5.9

Table 2: Binding Affinity Scores of 5 Representative Ligands

Gingerenone A which is aromatic, pungent enriched with the natu-
ral phytochemicals exhibited the least binding affinity score of all
the molecules (-7.6 kcal/mol) (Figure 2). Gingerenone A has been
detected, but not quantified in, gingers (Zingiber officinale), herbs
and spices. This could make gingerenone A a potential biomarker
for the consumption of these foods (HMDB. 2022).

Jyperin (-7.0 kcal/mol) is an active compound found in plants of
the genera Hypericum and Crataegus, and reported to exhibit anti-

oxidant, anticancer, and anti-inflammatory activities [13] (Figure
3).

Melitin, a major bioactive component (-6.9kcal/mol) which can
be applied as a means to reduce excessive immune responses and
provide new alternatives for the control of inflammatory diseases
[14]. Experimental studies show that the biological functions of
Melitin could be applied for therapeutic use in vitro and in vivo
[15] (Figure 4).

Figure No. 3-D interaction Diagram

2-D interaction diagram

A. 3D interaction diagram of Gingerenone A
docked with D614G SARS-CoV-2 visualized
using Discovery Studio 2020
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B. 2D interaction diagram of Gingerenone A docked
with D614G SARS-CoV-2 visualized using Discovery
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A. 3D interaction diagram of Jyperin docked
with D614G SARS-CoV-2 visualized using
Discovery Studio 2020

Interactions
- Conventional Hydrogen Bond

:l Pi-Donor Hydrogen Bond

B. 2D interaction diagram of Jyperin docked with
D614G SARS-CoV 2 visualized using Discovery Studio
2020

D Pi-Alkyl

A. 3D interaction diagram of Meletin docked
with D614G SARS-CoV-2 visualized using
Discovery Studio 2020
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B. 2D interaction diagram of Meletin docked with
D614G SARS-CoV 2 visualized using Discovery Studio
2020

A. 3D interaction diagram of Isorhamnetin
docked with D614G SARS-CoV-2 visualized
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B. 2D interaction diagram of Isorhamnetin docked with
D614G SARS-CoV-2 visualized using Discovery Studio
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A. 3D interaction diagram of Shogaol docked
with D614G SARS-CoV-2 visualized using

Interactions
- Conventional Hydrogen Bond

[:] Alkyl
B. 2D interaction diagram of Shogaol A docked with

i:] Pi-Allkyl

Discovery Studio 2020

D614G SARS-CoV 2 visualized using Discovery Studio
2020

A. 3D interaction diagram of remdesivir
docked with D614G SARS-CoV-2 visualized
using Discovery Studio 2020
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D Pi-Pi T-shaped
B: 2D interaction diagram of remdesivir docked with
D614G SARS-CoV 2 visualized using Discovery Studio
2020

. -
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Isorhamnetin (-6.8kcal/mol) is one of the most important active in-
gredients in the fruits of Hippophae rhamnoides L. and the leaves
of Ginkgo biloba L., which possesses extensive pharmacological
activities (Figure 5). There have been numerous investigations in
the recent years on isorhamnetin, which has the effects of cardio-
vascular and cerebrovascular protection, anti-tumor, anti-inflam-
matory, anti-oxidation, organ protection and prevention of obesity
[13].

Shogaol is reported to be one of the most bioactive components
of ginger rhizomes [16] (Figure 6). Shogaol enhances memory
and improves the antioxidant defense system. Because of that, it
is frequently tested in different neurological disorders including
Alzheimer's disease (AD) [17, 18]. It can restore cognitive im-
pairment, reduce astrogliosis and microgliosis, and elevate nerve
growth factor (NGF) in AP and scopolamine-induced mice models
of dementia [17].

5. Compliance with Lipinski's Rule of Five

In drug discovery setting, the Rule of 5 predicts that poor ab-
sorption or permeation is more likely when there are more than
5 H-bond donors, 10 H-bond acceptors, the molecular weight
which is greater than 500, and the calculated Log P (ILog P)
greater than 5 [19]. All selected phytochemicals (Gingerenone A,
Jyperin, Meletin, Isorhamnetin and Shogaol) satisfied the condi-
tions of Lipinski’s law. Gingerenone A have (2) Hydrogen bond
donor, (6) Hydrogen bond acceptor, Molecular Weight (356.418
g/mo) and Log P (3.814). Jyperin have (0) Hydrogen bond donor,
(0) Hydrogen bond acceptor, Molecular Weight (464.379 g/mo)
and Log P (-0.539). Meletin have (3) Hydrogen bond donor, (7)
Hydrogen bond acceptor, Molecular Weight (302.238 g/mo) and
Log P (1.988). Isorhamnetin have (3) Hydrogen bond donor, (7)
Hydrogen bond acceptor, Molecular Weight (276.376 g/mo) and
Log P (1.988). Shogaol have (1) Hydrogen bond donor, (3) Hy-
drogen bond acceptor, Molecular Weight (316.265 g/mo) and Log
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P (4.039). All selected phytochemicals comply with the Lipinski's
Law and therefore can be applied and function like drugs.

Location Ligand Binding Energy (AG) Reference
(kcal/mol)
Tanzania Shogaol -5.9 Present study
India Shogaol -5.2 (Khasamwala et al., 2022)
Indonesia Shogaol -6.4 (Wijaya et al., 2021)
Tanzania Gingerenone A -7.6 Present study
India Shogaol -5.7 (Chakotiya & Sharma, 2020)
Gingerenone A -5.9
India Gingerenone A -6.5 (Prasanth et al., 2020)
Shogaol -5.9
Indonesia Shogaol -5.8 (Tallei et al., 2020)
Bangladesh Gingerenone-A -6.4 (Jahan et al., 2021)
Shogaol -5.7

Table 3: Comparison of Binding Affinity of Zingiber officinale ligands from this study with those from other studies

5. Discussion

The rapid spread of the COVID-19 pandemic has challenged the
medical and scientific communities all over the world [21]. De-
spite the great technical improvements in drug discovery and me-
dicinal chemistry, pharmaceutical development is still expensive
and time-consuming (Preman et al., 2022). Using data science to
digitally screen chemical libraries to generate drug, leads more
efficiently and correctly promises to solve this problem. In sili-
co studies are being employed by different researchers to screen
natural botanicals based on their classical references for finding
suitable lead compounds. In recent research, several attempts have
been made to explore their mechanism of action and effects on the
host immune system through their activity on target proteins (20)
& (Prajapat et al., 2020). Our molecular docking results suggested
that the top five compounds all had good binding affinity with the
target SARS-CoV-2 protein (Yuan et al., 2022), Gingerenone A,
Jyperin, Meletin, Isorhamnetin and Shogaol showed better bind-
ing effects among those 10 compounds and also comply with Lip-
inski's law. In summary, these compounds can form stable com-
plexes with target proteins and were potential active molecules.
Therefore, despite the fact that synthetic chemistry dominates the
current drug development and manufacturing field, the importance
of plant-derived compounds in the treatment and prevention of
various diseases cannot be neglected [9]. However, the concrete
mechanisms and real effects in COVID-19 treatment still need to
explored and confirmed by future work.

6. Conclusion

Drug development takes long time and it is exhausting process;
nevertheless, statistical methods have come to the rescue and have
undoubtedly aided in the process's simplification. In the present
study, we screened 113 phytochemicals derived from Zingiber
officinale herbs to find lead molecules for SARS-CoV-2. A total
of 10 phytochemicals qualified from PyRx analysis, out of which
only 5, namely Gingerenone A, Jyperin, Meletin, Isorhamnetin and

Shogaol exhibited significant binding with D614G SARS-CoV-2
protein. These 5 phytochemicals are present in ginger medicinal
available in Tanzania. Thus, the present in silico study identifies
potential inhibitors of D614G SARS-CoV-2 protein for COVID
19 which needs to be validated further, both experimentally and
clinically.
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