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Abstract

In the current study, Shogoals (E)-1-(4-Hydroxy-3-methoxyphenyl) dec-4-en-3-one) (1), a
chemical derived from ginger, was examined for its potential to suppress SARS-Cov-2. The
interaction of extracted chemicals with the spikes on the virus may prevent the virus from
replicating or give the immune system time to recognize the virus and produce effective antibodies.
Software such as LigPlus, UCA FUKUI, MGL tools, and Gaussian 09 with a 6-311G (d, p) basis
set were used. Utilizing the Total Electron Density (TED), FUKUI function, and Millikan charges,
the active locations for adsorption were found. Furthermore, docking studies demonstrated
unequivocally that binding energy (Eb) and ligand efficiency (LE) are required for the prevention
of viral propagation. Docking analysis demonstrated the examined compound's potential to inhibit
SARS-CoV-2.
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Introduction

Natural cures for many illnesses have become increasingly popular as people's lifestyles
change throughout time. Due to their less negative side effects, people choose natural products to
synthetic ones all over the world. People are increasingly turning to natural medicines for
therapeutic purposes as they become more health-conscious and worried about nutrition.

A popular herbal plant called ginger (Zingiber officinale) is a good choice because of the
high concentration of its physiologically active ingredients. It is an effective antioxidant with little
drawbacks or adverse effects [1]. Also, it aids in the free radicals scavenging and the lowering of
oxidative stressors in the body.

Ginger rhizomes are containing very important chemical constituents which are volatile
oils and non-volatile pungent compounds [2]. Terpenoids are the main volatile compounds, while
the volatile ones include paradol, zingerone, gingerol, and shagoal.

The fundamental features of ginger mainly belong to the zingerone which is a major flavor
component. Zingerone may assist in fighting against a variety of severe illnesses. It also increases
respiratory burst, stimulates the immune system [3,4], phagocytic activity, resistance to infections,
an excellent appetizer, consequently aiding in the development and maintenance of the body.
Further, it possesses anti-inflammatory effects [5], can serve as a hepatoprotective agent [6],
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inhibits inflammatory mediators, reduces inflammation and toxicity, and thus can treat a wide
range of inflammatory issues of a wide range of diseases. So, because of that many effects,
zingerone has been thoroughly investigated, and sure there will be a future need for additional
research on the medicinal properties of this natural molecule. Nonetheless, all of the zingerone's
known metabolic activities may provide fresh insights into using this amazing natural chemical in
therapy to avoid the adverse effects of synthetic medications.

Gingerols and shagoals are other important bioactive components of ginger. According to
the previous studies, shagoals were produced by the dehydration of gingerols. It is also found that
the conversion of gingerols to shogaols was affected by different drying temperatures and times
[7]. It is worth to be mentioned that gingerols are found in higher concentrations than shogoals,
but shogoals exhibited higher biological activities including anticancer and antioxidant ones [8,
9.

It is also thought that both gingerol and shagoals are potentially valuable in inducing weight
loss because they activate transient receptor potential vanilloid-1 (TRPV1) [2, 10]. In this context,
they may be analogous to capsaicin, a compound found in chili peppers with different
pharmacological and physiological effects such as; anticancer, antioxidant, and anti-obesity.

For more than two years, the world is facing a major health threat, namely COVID-19. The
pandemic was caused by the SARS-CoV-2 virus, first identified in Wuhan, China [11]. The
number of positive cases continues to grow every day, and it is predicted to grow over time. With
this crisis, there is urgent to develop an agent to prevent or at least reduce the COVID-19 outbreak.
Spike (S) is one of the SARS-CoV2 proteins involved in viral entry during infection. They target
the host cell's (ACE2) Angiotensin-Converting Enzyme 2 receptor, creating a conducive
environment for viral replication. Due to its importance, many drug developments have targeted S
protein to prevent disease [12, 13].

Natural-derived compounds are gaining recognition as a potential therapeutic option for
various diseases, including viral infection. Herbal research is underway intending to decrease
sickness caused by coronavirus [14, 15].

Because of this, the current study was created to look into Ginger's antiviral abilities and
the potential for preventing SARS-CoV-2 infection based on ligand interaction with the spike
proteins. Using docking calculations on the S protein, an in-silico test for active substances in the
ginger was conducted, and the results showed that the tested compounds had good activity.
Therefore, based on the research conducted, we believe that a number of active components in
ginger may prevent the ACE2 receptor from interacting with the S protein.

Calculations Models

A Becke three-parameter hybrid function and density functional theory (DFT) were
employed in the current investigation. Gaussian 09 software was used to do the quantum chemistry
calculations utilizing the Lee, Yang, and Parr (B3LYP) model. The 6-311G (d, p) basis set was
chosen because it accurately depicts the examined compound's electrical characteristics and
geometries in Figure 1 [16]. To derive the protein structure, RCSB (Research Collaboratory for
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Structural Bioinformatics) [17] is utilized. The Autodock computations were performed using
Molecular Graphic Laboratory (MGL) tools [18, 19]. The Autodock technique (ADT, version
1.5.6) was used to separate the coordinates of the spike structure and ligand. By include all
hydrogen atoms and Gasteiger charges, the SARS-CoV-2 spike glycoprotein-S1 and ligand
structures were transformed into a format recognized by the ADT (*. pdbqt files) [20]. Unless the
user indicates otherwise, the Autodock regularly tries to find the molecule's root, therefore it
chooses the root on its own. All ligand atoms' electrostatic, desolation, and atom-specific affinity
maps were computed using the auto grid (version 4.2.6). In the gas phase before docking
calculations, ligands were tuned. Using the existing DFT approach, the molecular electrostatic
potential (TED) and Fukui function were studied [21, 22].

Figure 1: 2D and 3D structures of the studied compound.

Activity and molecular orbitals

This section looks into a few physical characteristics that are linked to the action of the
substances under study (23, 24). Regarding ELUMO, a high activity is indicated by a low value
for this factor. The discrepancy in energy between HOMO and LUMO orbitals is known as the
energy gap. The term "electronegativity" (y) describes an atom's capacity to draw shared electrons.
The activity increases as (®) decreases. The Hardness (1), the second derivative of E, represents
the stability and reactivity of the molecule. The global softness (s), which is a crucial feature for
determining molecule stability and reactivity, is the inverse of the global hardness (o). The high
activity is inversely correlated with the high value of the dipole moment (p). The investigated
parameters for the investigated chemical are shown in Table 1:
The parameters equations are:

IE = _EHOMO (1)
EA = _ELUMO (2)
__IE—-EA
=E2 . 3)
1
o= ; (4)
IE+EA
=& o (5)
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Table 1: Calculated Enomo, ELumo, energy bandgap (EH — EL), chemical potential (p), electronegativity
(%), global hardness (1), global electrophilicity index (o) and softness (o) for compound.

(EL-EH) Electroni( Dipole
-1
IEv x/eV| p/eV| n/eVieg/eV-1| o/eV Energy | Moment

-5.8118 -1.7619 3.6498 3.5368 -3.5369 1.2749 0.6063 3.9740 -884.057 4.7877

EH /eV|EL / eV

The active sites on the molecules

Figure 2 shows the optimized geometries of the studied molecule analyzed in the gas
phase, including LUMO and HOMO density distributions. Red regions represent the ones with
high electron density, while the green ones represent low electron density regions [25]. A region
with a high electron density (red regions) is the one in which electrons are donated to the receptor
(green regions). The electron density of the donor atoms determines the strength of the adsorption
bond formed.

AE= 3.944 (eV)

J
J

4

9 9
‘ ‘aa %%

J 0 9

Figure 2: The molecular orbitals (HOMO-LUMO) of the compound.
Total electron density (TED) was used to represent the density of electrons on the molecule. In
Figure 3, red regions referees to high electron negativity atoms in the studied molecules, such as
the oxygen atom, which can promote the nucleophilic attack. Atoms that have moderate
electronegativity have been labeled with yellow color. While the blue color regions refer to the
atoms that have the highest electro positivity, which enables them to accept the electrons from the
donors [26].
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Figure 3: Electron distribution according to TED map.
Electrophilic and nucleophilic attack

The Fukui function (fx) is the derivative of the electronic density in terms of the number
of electrons N at a constant external potential, that may be used to identify the most active sites in
functional groups of optimal structures. Depending on the electron transfer direction, the Fukui
functions [26-29] are obtained using finite difference approximations derived from population
analysis of atoms in molecules or compounds. The Fukui and Dual descriptor (D.D) were
computed using the DFT technique with basis set (6-311G/d, p), using Gaussian 09 and USA
FUKUI software. Table 2 shows that (f+) represents the ability to accept an electron, and (f-)
represents the ability to donate an electron. We can distinguish between electrophilic (+) and
nucleophilic (-) atoms using Dual Descriptor. The more electrophilic atoms were C7, C6, H28,
and H32 for compound 1, and C10, C12, O14, H24, and H28 for compound 2, and C3, C4, and
H22 for compound 1.

DFT technique was used in the investigation of the reactive (nucleophilic and electrophilic)
centers on the studied molecules. The electron density is vital for estimating chemical reactivity,
hence the large electronic charge regions on the molecule are softer than the small electronic
charge ones. The electrical charges on the molecules cause electrostatic interactions. Charges
affect the physicochemical characteristics of the reactions [30,31], hence the determination of the
electrophilic attack site (Figure 4). The Millikan charge authorized FUKUI.

Table 2: FUKUI function and dual descriptor of the studied compounds.

Atom f+ f- D.D
C1 0;;0 0;;0 0.0034
C2 0;;0 0;;1 0.0140-
C3 0;65 0,'7(;0 0.1460
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C4 0;11 Oigl 0.1072
C5 0%3;8 0;;0 0.3851
C6 02;0 0(':;0 0.0060
C7 0;;5 0(':(’)0 0.0531
C8 0(')(:)1 0(')%0 0.0100
C9 0(')30 0(')%0 0.0004
C10 Oi? 0(':(’)0 0.0010
011 05';26 0;;1 0.1531
C12 0;;0 0;;8 0.0744-
C13 0;’)0 0:;1 0.0059-
C14 Oﬂﬂ 0(')36 0.0590-
C15 0(')30 0:;7 0.0744-
C16 0(':;0 0;;3 0.0372-
C17 Oi(;ﬂ 0;;2 0.0270-
018 0('30 0;;1 0.0127-
C19 0(':(’)0 0;;0 0.0068-
020 0('30 0;(’)9 0.0989-
p 0 O 0.0010-
H22 0;;0 Oi? 0.0018
H23 0&20 0('30 0.0064

164



Ann, For. Res. 66(2): 159-172, 2023

ISSN: 18448135, 20652445

© ICAS September 2023

ANNALS OF FOREST RESEARCH
www.e-afr.org

0.03

0.00

H24 00 0.0302
H25 0(‘:;0 0(‘:;0 0.0002
H26 0;;0 0(‘)‘;0 0.0024
H27 0;;0 06(())0 0.0062
H28 0;;0 0(‘)‘(’)0 0.0059
H29 0(‘)‘;0 0(‘)‘(’)0 0.0007
H30 Oi? 06(())0 0.0016
H31 0(‘)‘;0 0(‘)‘(’)0 0.0008
w2 OO0 N 0.0002
H33 06(())0 06(())0 0.0000
H34 0(‘)‘;0 0(‘)‘(’)0 0.0005
H35 0(‘)‘;0 0(‘)‘(’)0 0.0003
H36 06(())0 06(())0 0.0000
H37 0(‘)‘(’)0 0(‘)‘(’)0 0.0000
H38 0(‘)‘;0 0(‘)‘;0 0.0005-
H39 06(())0 0620 0.0003-
H40 0(';(’)0 0('30 0.0000
H41 0(‘)‘(’)0 0(‘)‘(’)0 0.0000
H42 06(())0 0620 0.0003-
H43 06(())0 0(')30 0.0004-
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Figure 4: Distribution of Millikan charges on compound structure.

Interaction of inhibitors with the virus spikes

The interaction of compound 1 with the spikes is thought to be the mechanism of SARS-
CoV-2 virus suppression, which might improve the immune system involvement. According to
geometry optimization, the active functional groups in the proposed inhibitions are OH and C=0.
There is planarity in some parts (according to cis and trans of atoms in the molecule, the dihedral
angle of each four cis atoms is near to zero, while in trans is near to 180°).

The structure code (6acd) of the spikes downloaded by PDB is shown in Figure 5, along
with the interaction of ginger active compound 1 with the protein virus. The best active sites for
connecting with the protein were compared by measuring the binding energy or the affinity of
inhibitors to the receptor [32, 33]. The root means square deviation (RMSD) of the studied
compound 9.51. The range of binding energy (kcal/mol) was -1.92 to -3.45. The binding energy
(kcal/mol) -3.45, (Table 3).

Furthermore, the Ligand Efficiency (LE) per atom in the ligand to the receptor protein is -0.17
kcal/mol [34, 35]. Depending on the above-mentioned results, the body may have adequate time
to develop appropriate antibodies that may be resistant to the targeted virus.
Table 3: Binding energy values and ligand efficiency of the studied compounds.
Eb Best site RMSD
(kcal/mol) LE Eb range number
-3.75 -0.19 | -1.92 to -3.75 9 9.41

The active sites that accept and donate hydrogen bonds for the receptor are shown in Figure 6.
The hydrophilic and hydrophobic properties of the materials depend on their affinity to contact or
repel water molecules. In Figure 7, blue color regions refer to the more negative ones
(hydrophilic), whereas the red color regions refer to the more positive ones (hydrophobic).
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Figure 6: H-bond donor and acceptor sites on the spikes structure.
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Figure 7: Hydrophilic and hydrophobic sites in the linkage area of inhibitors and spikes.

The bonds of inhibitors with virus's amino acids

Analyzing the results from the DSV, LigPlus, and MGL tools, as shown in Figure 8,
highlights the interaction between the viral spikes' amino acids and the suggested inhibitor.
Tyrosine-C-H interaction (TYR) is the inhibitor. Additionally, compound 1 showed three different
kinds of interactions with protein spikes, including hydrogen bonds between Serine (SER), Valine
(VAL), and Arginine (ARG). The amino acids Proline (PRO) and Cysteine (CYS) also interact
with the pi electrons of the aromatic ring via alkyl and pi-alkyl interactions. ARG-Ocompound 1
and VAL-Ocompound 1 have hydrogen bonds that are 3.12 and 2.86 long, respectively (Figure 5).

Cys524¢A)

[ ] vander waals ] Conventional Hydrogen Bond [ ] Ak [] Carbon Hydrogen Bond I Anide-Pi Stacked

Figure 8: 2D structure of inhibitor and amino acids spikes.
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Conclusion

The theoretical analysis of ginger active compound 1's suppression of the SARS-CoV-2
virus. Computational research was done to examine how the potential inhibitors would interact
with the spikes of the virus. It was discovered that the OH and C=0O groups were utilized as
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inhibitors in the interaction between the virus spikes' protein and the inhibitors. To forecast the
electron density on the atoms of suggested inhibitors, Dual Descriptor was utilized to discriminate
between electrophilic (+) and nucleophilic (-) atoms. The Mulliken charges that were generated
agreed well with the FUKUI function. The binding energy showed the spike proteins' high affinity
for the active ingredients in ginger. Calculations show that the investigated chemical 1, alkyl, and
pi-alkyl interactions with the spikes.
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