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COVID-19 is a new coronavirus originated from Wuhan, China. In
2019. Twenty eight natural bioactive compounds (namely
Amentoflavone,  Apigenin, Bilobalide, Bilobetin, Catechin,
Epigallocatechin, Fustin, Gallocatechin, Ginkgetin, Ginkgolide A,
Ginkgolide B, Ginkgolide C, Glycitein, Isoginkgetin, Isorhamnetin,
Kaempferol, Luteolin, Myricetin, Nobiletin, Procyanidin, Quercetin,
Quercitrin, Rutin, Sciadopitysin, Tamarixetin, Ginkgolide J,
Ginkgolide M, and Ginkgolide K) are selected for computational
theoretical calculations of molecular docking with crestal structure of
COVID-19 Main Protease 6LU7 and COVID-19 chymotrypsin-like
protease Kinase- 2GTB. Lipinski's rule of five for drug likeness is
applied to consider bioactive molecule as potential drug molecule. The
interaction study is carried to assess to deactivate progression of
COVID-19 using Auto Dock (4.2). Calculations are carried out on
efficient shape-based search lemarckian genetic algorithm principle and
a score base function. The binding energies are found between -5.59 to
-1.75 in COVID-19 Main Protease 6LU7 and between -6.35 to -2.08 in
chymotrypsin-like Protease 2GBT. Results from calculated data reveal
that there is hydrogen bonding, electrostatic and vanderwaals are
possible types of interactions. This data can help in identify best
antiviral drug and consider some of the natural bioactive molecules as
food supplements for development of inhibitor in the treatment of
covid-19 stains.
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Introduction:-

WHO has declared the COVID-19 a pandemic.1 after it was identified in Wuhan, a city in the Hubei province of
china rapidly. Not only in china but in many countries of world including India it has spread. This is a new
coronavirus because previously, it was never seen in humans. It coined as Coronavirus Disease 2019 (COVID-19)
by the World Health Organization (WHO). In January 2020, it rapidly spread in China resulting in an epidemic
throughout china, followed by an increasing number of cases in other countries throughout the world. For COVID-
19 patients’ common symptoms are Fever, Fatigue, Dry cough, Anorexia, Myalgias, Dyspnea and Sputum
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production. Other, less common symptoms are headache, sore throat, and rhinorrhea2. Mention the full form of
abbreviations when they appear for the first time in the text.

Bats are considered as natural hosts for these types of viruses, yet several other species of animals are also known to
be a source. Middle East Respiratory Syndrome Coronavirus (MERS-CoV) is transmitted to humans from camels
and the Severe Acute Respiratory Syndrome Coronavirus-1 (SARS-CoV-1) is transmitted to humans from civet cats.
The structure of the receptor-binding gene region is very similar to that of the SARS coronavirus, and to many bat
coronaviruses but in a different clade3. The International Committee on Taxonomy of Viruses has proposed that
COVID-19 is designated severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)4. In a phylogenetic
analysis of 103 strains of SARS-CoV-2 from China, two different types of SARS-CoV-2 were identified, designated
as Type L (accounting for 70 percent of the strains) and type S (accounting for 30 percent)5.

This infection of this virus spreads via Human-to-human transmission via respiratory route and it is quite
contagious6. A person with infection coughs, sneezes, or talks can infect another person if it makes direct contact
with the mucous membranes; infection can also occur if a person touches an infected surface and then touches his or
her eyes, nose, or mouth. Droplets typically do not travel more than six feet (about two meters)7. So social
distancing is suggested as only solution to avoid this virus because no medicine or vaccine is available for it. The
incubation period for COVID-19 is thought to be within 14 days following exposure. Large-scale serologic
screening may be able to provide a better sense of the scope of asymptomatic infections and inform epidemiologic
analysis8. Severe illness can occur in otherwise healthy individuals of any age, but it predominantly occurs in adults
with advanced age or underlying medical comorbidities. Common clinical features at the onset of illness are
Cardiovascular disease, Diabetes mellitus, Hypertension, Chronic lung disease, Cancer, Chronic kidney disease6.

The diagnosis cannot be definitively made without microbiologic testing, but limited capacity may preclude testing
all patients with suspected COVID-19. Local health departments may have specific criteria for testing. It will be
very challenging to track and contain the spread of this novel virus due to its often ‘silent’ nature or clinical
presentation reminiscent to other respiratory tract infections. At that time, there is no specific antiviral treatment for
COVID-19. People with COVID-19 can seek medical care to help relieve symptoms 9.

Enzymes are essential for healthy digestion and are naturally produced by a healthy body. Various fruits, vegetables,
and other foods supplements also are source of enzymes. Enzymes work best at your normal body temperature in
range of 97°F to 99°F (36.1°C to 37.2°C). They work with other chemicals in the body and create chemical
reactions in the body and its actually speed up the rate of a chemical reaction to help support life. Due to high fever
and temperature increases in COVID-19 patients to 102°C and the structure of enzymes breaks down. They no
longer function properly. Restoring your body temperature to its optimal range will help restore enzyme health. The
pH level of your stomach or intestines and inhibitors affect enzyme activity. Enzymes functioning vary from one
person to person and certainly has indirect effect on SARS-CoV-2 infected persons. So, taking of dietary enzymes
will have a positive impact on health infected persons

Using X-ray crystallography to examine the structure of the proteases responsible for Covid 19, the researchers
designed a series of a-ketoamide compounds that would bind and block the enzymes active site. The compounds
they made were then tested in vitro in human cells and they have used their recombinant protein nanoparticle
technology platform to generate antigens derived from the coronavirus spike protein. Scientists working towards a
broad-spectrum antiviral and angiotensin-converting enzyme (ACE) inhibitors or angiotensin receptor blockers able
to combat all the coronaviruses identified a target — a ‘main protease’ that is essential for viral replication. Protease
is produced in the stomach, pancreas, and small intestine. Protease breaks down proteins into amino acids.
Molecular modeling based on sequencing data reveals diversity in a critical SARS-CoV-2 surface protein in
comparison to close related bat. Coronaviruses (only 75 percent identical), potentially indicating mechanisms for
adaptation to a life in the human host. While this is early in the outbreak, there are no specific drugs available to
treat SARS-CoV-2. There is high sequence conservation between SARS-CoV-2 and related SARS-CoV in viral
drug targets, such as in protease and polymerase enzymes10-13.

So here it is planned to find out bioactive compounds of natural herbal extracts already marketed as antioxidants, to
treat some viral infections and used as food. Around 28 compounds are selected and these are subjected to Drug
Likeness Assessment with Lipinski Rules of five and docked with crestal structure of COVID-19 main protease
6LU7 and COVID-19 Chymotrypsin-like protease kinase- 2GTB to find out interaction patterns.
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Experimental Material and Methods:

Software used:

Gaussian 16W packagel4

Gauss view 6.015

Molecular graphics laboratory (MGL) tools Package

PMV- Python 2.7- language was downloaded from www.python.com16.
Msms- MSMS library is used by the Pmv module msmsCommands17
PCVolRen- The PCVolRen library is used in the PMV module18

ADT- AutoDock4.2. was downloaded from www.scripps.edu 19
Isocontour- The isocontour library is used by the Pmvmodule20

Vision- Vision Software is a visual-programming environment21
Cygwin (a data storage) c:\program and Python 2.7 were simultaneously downloaded from www.cygwin.com22

Preparation of natural Ligand compound:
Chemical 3D structures of the selected bioactive natural compound were retrieved from the Pub Chem database in
the form of .sdf file format24 and optimized compound using Gaussainl6W18 software. Then necessary
conversation and visualization of these compound in .pdb format using Gauss view 6.0 software19. The compounds
are subjected to arrange energy minimization and select torsion tree choose torsions and to calculate gasteiger
charge using ‘Prepare Ligand’ in Auto dock.

Preparation of protein structures:

The crystal structure of COVID 19 main protease (PDB ID: 6LU7) and crystal structure of SARS protein
chymotrypsin-like protease (PDB ID: 2GTB) was retrieved from the RCSB Protein Data Bank (PDB) in the form of
.pdb file format23 and necessary changes like removal of water molecules, other atoms, extra chains and choose
torsion charge, compute gasteiger charge were done using ‘Prepare Protein’ module of Auto Dock 4.219

Drug likeness assessment with Lipinski rules of five:

Insilco methods are computer-based methods widely used in the pharmacological field of science to help discover
inhibitors with high binding capabilities with a protein target and drug-likeliness properties25 Lipinski's rule of five
for drug likeness gives general for a bioactive molecule to be a potential drug and these are (i) molecular weight less
than 500 gm/mol (ii) logP is not greater than 5 (iii) H-Bond donor not more than 5 (iv) H-Bond accepter not more
than 10(v) polar surface area not greater than 140 A°2 (square angstrom) are studied here26. Drug-like rule is
applied for selected 28 bioactive natural compounds. Drug-like properties of the selected compound were analyzed
on the basis of physical properties of compounds, namely molecular weight (M.W.), partition coefficient (logP),
number of hydrogen bond acceptors and number of hydrogen bond donor26. In table-1 reports the drug likeness of
28 selected bioactive compounds

Rutin (610.5), Procyanidin (594.5) Sciadopitysin (580.5) Myricetin (570.5), Ginkgetin (566.5), Isoginkgetin (566.5),
Bilobetin (552.5) and Amentoflavone (538.5) violates rule 1 because molecular weight is greater than 500 gm/mol

As per rule 2, Sciadopitysin (6), Ginkgetin (5.7), Isoginkgetin (5.7) and Bilobetin (5.4) violates drug likeness
because these compounds have logP value greater than 5.

For rule 3, Procyanidin (10), Rutin (10), Epigallocatechin gallate (8), Quercitrin (7), Amentoflavone (6),
Gallocatechin (6) have H-Bond donor value more than 5 so violates this rule.

Rutin (16), Myricetin (14), Procyanidin (13), Epigallocatechin gallate (11), Ginkgolide C (11), Quercitrin (11) has
H-Bond accepter value more than 10 so violates rule 4.

For rule 5 is violated by Rutin(26642), Procyanidin(230A2), Epigallocatechin gallate (197A2), Quercitrin (186A2),
Myricetin(18442), Amentoflavone (174A2%), Ginkgolide C (169A?), Bilobetin (16342), Ginkgetin (15242),
Isoginkgetin (15242), Ginkgolide B (149 A?), Ginkgolide J (149A2), Ginkgolide M (14942) and Sciadopitysin
(14142) because these compounds have polar surface area values greater than 140 A2.

According to drug lead likeness rule of three, if violation of rules is more than 3 such bioactive molecules are not
considered as drug suitable for treatment. But data reveals that there is some exception where compounds are taken
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for interaction study even after violation of drug likeness rules27. Natural product compounds outliers under a fifth
rule: compound classes that are substrates for biological transporters are exception to the rule 5. Here on the basis
data available a new criteria of drug likeness available i.e. compounds with electron number more than 220 is
considered. Drug likeness volition of any rule 1 or 2 are negligible for study28.

Table 1:- Physiochemical Properties of Bioactive Natural Compound.
No Name Molecul | M.W | Log | H. H. | RB. | T.PS. | HA. | T.A. | N.E. | D.L.
ar . P B. B. C. A. C. C. C. V.
Formula | g/mo D. A. [d] [e] [f] [g] [h] [i]
1 C. C.
[a] [b] | [c] ]
1 | Amentoflavo | C;0H;30, | 538.5 5 6 10 3 174 A? 40 58 278 3
ne 0
2 Apigenin CysHysOs | 2702 | 1.7 3 5 1 87 A2 20 35 137 0
4
3 Bilobalide CysHygOg | 326.3 | -0.3 2 8 1 119 A2 23 41 172 0
4 Bilobetin C;Hy0O, | 5525 | 5.4 5 10 4 163 A2 41 61 286 3
0
5 Catechin CisHi406 | 290.2 | 0.4 5 6 1 110 A2 21 35 152 0
7
6 | Epigallocatec | C,pH3O; | 458.4 | 1.2 8 11 4 197 A2 33 51 238 3
hin gallate 1
7 Fustin CisHip06 | 2882 | 1.3 4 6 1 107 A2 21 33 150 0
5
8 | Gallocatechin | C;5H;40; | 306.2 0 6 7 1 131 A2 22 36 160 0
7
9 Ginkgetin C3;,Hp0, | 566.5 | 5.7 4 10 5 152 A2 42 64 294 3
0
10 | Ginkgolide A | C,)0H;Oy | 408.4 | 0.6 2 9 1 129 A2 29 53 216 0
11 | Ginkgolide B | CyoH,4O, | 424.4 | -0.4 3 10 1 149 A2 30 54 224 1
0
12 | Ginkgolide C | C,)HpO; | 4404 | -1.4 | 4 11 1 169 A2 31 55 232 2
1
13 Glycitein CigHp;pOs | 2842 | 2.4 2 5 2 76 A2 21 33 148 0
6
14 | Isoginkgetin | C5;H»O0; | 566.5 | 5.7 4 10 5 152 A2 42 64 294 3
0
15 | Isorhamnetin | C;cH,07 | 316.2 | 1.9 4 7 2 116 A2 23 35 164 0
6
16 | Kaempferol | CisH;oO¢ | 286.2 | 1.9 4 6 1 107 A2 21 31 148 0
4
17 Luteolin CysHyoOg | 286.2 | 1.4 4 6 1 107 A2 21 31 148 0
4
18 Myricetin Cy;HpOy | 5705 | 1.9 0 14 13 184 A2 41 33 164 3
4
19 Nobiletin C,H;05 | 402.4 3 0 8 7 81.7 A 29 51 212 0
20 | Procyanidin | C;0HpO; | 594.5 2 10 13 4 230 A2 43 69 310 5
3
21 Quercetin CisHi00;7 | 3022 | 1.5 5 7 1 127 A2 22 32 156 0
3
22 Quercitrin Cy HyO, | 4484 | 0.9 7 11 3 186 A2 32 52 234 3
1
23 Rutin Cy7H300, | 610.5 | -1.3 | 10 16 6 266 Az 43 73 320 5
6
24 | Sciadopitysin | C33H,40; | 580.5 6 3 10 6 141 A2 43 67 302 3
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0
25 Tamarixetin | C;(H,0; | 316.2 | 1.9 4 7 2 116 A2 23 35 164 0
6

26 | Ginkgolide J | C,0HxO; | 4244 | -0.4 3 10 1 149 A2 30 54 224 1

0
27 | Ginkgolide M | CyoH,40, | 424.4 | -0.3 3 10 1 149 Az 30 54 224 1

0

28 | Ginkgolide K | C,0H»O9 | 406.3 | 0.1 2 9 1 129 A2 29 51 214 0
8

[a]M.W. g/mol= Molecular weight in gram per mole [b] H.B.D.C.=Hydrogen Bond Donner atom Count

[c]H.B.A.C.= Hydrogen Bond Accepter Atom Count [d]R.B.C.= Rotational Bond Count

[e]T.P.S.A.= Total Polar Surface Area [f]H.A.C.= Heavy Atom Count

[g]T.A.C.=Total Atom Count [AIN.E.C.= Number of Electron Count

[i] D.L.V.=Drug Likeness Volition

Molecular docking:

Selected natural bioactive compounds were docked with COVID-19 main protease and protein chymotrypsin-like
protease. Best binding conformations were generated using the Lamarckian genetic algorithm for each compound in
Auto dock 4.2.29. The binding free energy was empirically calculated based on the energy terms and a set of
coefficient factors. A three-dimensional grid of interaction energy was calculated using Auto Grid based on the
macromolecular coordinates in docking simulations30. Various parameters like binding energy in kcal/mol, Ligand
efficiency, inhibition constant (Ki)juM (micromolar), Intermolar energy in kcal/mol, vdW + Hbond + desolv energy
in kcal/mol, Electrostatic energy in kcal/mol, Final total internal energy in kcal/mol, Torsional free energy in
kcal/mol, Unbound system's energy in kcal/mol, RMSD (simply root-mean-square deviation) in angstrom value are
calculated. Docking calculations occur using the molecular mechanics with generalized Born and surface area
solvation (MM/GBSA) model, and solvated interaction energy (SIE) methods. The protein molecules were assumed
in rigid form and bioactive compounds in flexible form during docking at 298.15 k temperature.

Results and Discussion:-

In this study, selected low risk 28 natural bioactive compounds are interacted with protease enzyme. Interaction
results will help us to identify possible protease inhibitors and suitable antiviral drugs to inhibit activities against
novel COVID-19. The 28 bioactive compounds selected are part of many herbal medicines that are used as
antioxidants and food supplements. The 28 bioactive compounds belong to family of bioactive Biflavonoid,
Bioflavonoid, Flavanol, Flavanonol, Flavone, Flavonol, Isoflavone, Proanthocyanidin and Terpene lactone. Group
wise distribution already given in table-2and 3. Molecular Docking Analysis Score with crystal structure of COVID-
19 main protease Kinase- 6LU7 is given in table-2. COVID 19 main protease (PDB ID: 6LU7) protein chain A
contain 306 residues c=1499, N=402, 0=444, S=22 total 2367 of molecules system with 11395 valance electrons31.

Amentoflavone is biflavonoid, found in fruits and it is formed by two molecules of Apigenin oxidative coupling.
Amentoflavone is obtained from Viburnum prunifolium32. Ginkgetin is a biflavonoid, derived from an
amentoflavone, and isolated from Ginkgo biloba and Dioon. It works as an anti-HSV-1 agent, an antineoplastic
agent, inhibitory activity and a metabolite33. Isoginkgetin is a biflavonoid derived from leaves of Ginkgo biloba, it
is a potent inhibitor of matrix metalloproteinase 9 and Pre-mRNA splicing34. Sciadopitysin is a biflavonoid
obtained from an Amentoflavone. It is a bone density conservation agent and a platelet aggregation inhibitor35.
Apigenin is a plant-derived flavonoid with significant promise as a skin cancer chemo preventive agent. Apigenin, a
flavone abundantly found in fruits and vegetables, exhibits antiproliferative, anti-inflammatory, and antimetastatic
activities through poorly defined mechanisms36. Luteolin is a natural polyphenolic flavonoid, with potential anti-
oxidant, anti-inflammatory, apoptosis-inducing and chemo preventive activities. This inhibits tumor cell
proliferation and suppresses metastasis37. Myricetin is a flavone isolated from the leaves of Myrica rubra plants. It
acts as a cyclooxygenase 1 inhibitor, an antineoplastic agent, an antioxidant, a plant metabolite, a food component
and a hypoglycemic agent38. Nobiletin is flavone with plant metabolite property and an antineoplastic agent39.
Quercitrin is a flavone, used as an antioxidant, an antileishmanial agent, carbonyl reductase inhibitor, aldehyde
reductase inhibitor, tyrosinase inhibitor and a plant metabolite40. Quercetin also produces anti-inflammatory and
anti-allergy effects mediated through the inhibition of the lipoxygenase and cyclooxygenase pathways, thereby
preventing the production of pro-inflammatory mediators. It has a role as an antibacterial agent, an antioxidant, a
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protein kinase inhibitor, an antineoplastic agent, an EC 1.10.99.2 inhibitor, a plant metabolite, a phytoestrogen, a
radical scavenger, a chelator and an Aurora kinase inhibitor41. Rutin is a rutinoside that is quercetin with the
hydroxy group, acts as a metabolite and an antioxidant. Rutin have a variety of biological activities including
antiallergic, anti-inflammatory, antiproliferative, and anticarcinogenic properties. It acts as potential protectors
against human diseases such as coronary heart disease, cancers, and inflammatory bowel disease42. Tamarixetin is a
flavone derived from a quercetin. It works as a metabolite and an antioxidant. Isorhamnetin is the methylated
metabolite of quercetin43. Isorhamnetin used as a potent prevents drug of anti-cancer, inhibitor proliferation,
endothelial dysfunction and superoxide production44. Bilobetin is found in fats and oils and it is isolated from
Ginkgo biloba45. Catechin used as a metabolite it has a two enantiomer46. Epigallocatechin Gallate is a phenolic
antioxidant compound which obtained in number of plants such as green and black tea under acts as chemo
preventive agent for cancer47. Gallocatechin is a catechin, isolated from Acacia mearnsi, obtained from adzuki
bean, green tea, redcurrants, gooseberries and marrowfat peas. It behaves as a metabolite and Potential nutraceutical.
Procyanidins are members of the proanthocyanidin class of flavonoids. They are oligomeric compounds, formed
from catechin and epicatechin molecules and in oxidative conditions they get depolymerized yield in cyanidin. But
these compounds may help prevent cancer48. Bilobalide is a terpenoid ticlatone found in extracts of Ginkgo
biloba49. Ginkgolide A is a diterpene lactone and found in Ginkgo biloba leaves. It is a highly active PAF
antagonist cage and show variety of inflammatory and immunological disorders50. Ginkgolide B is a diterpenoid
trilactone51. Ginkgolide C along with the other active constituents of Ginkgo biloba are responsible for the
inhibition of PAF activity52. Ginkgolide M is isolated only from the root of the gingko biloba tree53. Ginkgolide J
extracted from Ginkgo biloba, reduces apoptotic damage in cultured chick embryonic neurons as neuroprotective
and is used as antioxidant and superoxide scavenging54. Ginkgolide K isolated from Ginkgo biloba, induces
protective autophagy through the AMPK/mTOR/ULKI signaling pathway with neuroprotective activity55.

Fustin is a flavanonol sometimes it known as "dihydrofisetin" obtained from young fustic and in the lacquer tree and
it shows effective interaction with neuronal death cell56. Kaempferol is natural flavonols acts as an antioxidant by
reducing oxidative stress, antibacterial agent, a human xenobiotic metabolite, a human urinary metabolite and a
human blood serum metabolite and it is currently under consideration as a possible cancer treatment57. Glycitein is
a soy isoflavone and acts as plant metabolite, a phytoestrogen and a fungal metabolite and it is also metabolized by
human gut microorganisms and may follow metabolic pathways similar to other soy isoflavones. Glycitein is a
biomarker for the consumption of soya beans and other soya products58.

Many components selected here are present in Ginkgo biloba plant as minor or major component. The Ginkgo
biloba leaf extracts are used for improved blood flow, radical scavenging, vesoprotection, and anti-PAF (platelet
aggregating factor) activity. Ginkgolides separately are used in treatment of lung weakness, asthma, coughing,
cancer, ischemic cardiovascular and cerebrovascular diseases and used as protective against the immune system,
central nervous system, and ischemic injury59. Extracts of Ginkgo biloba may be used covid-19 patients as food
supplements or herbal medicine. Molecular docking pictorial presentation is given in Figure-1 for COVID-19 main
protease protein (PDB ID: 6LU7) with Ginkgolide-J.

Figl:- Molecular dockihg Interaction of COVID-19 main proteage; I;r(;téin (PDB ID: 6I:U7) with Ginkgolide-] .
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Table 2:- Molecular Docking Analysis Score with crystal structure of COVID-19 main protease Kinase- 6LU7.

N | Name of 2D structure T |BE |L. |LC. |L vd E. | F. T.F. | U. | R. | Active
o | Compound yp E |(Kii M. |W |E |TI E S. | M. | residues
es uM E. | + E. E. | S.
of (mic Hb D.
G rom ond
ro olar) +
up des
co olv
m En
po erg
un y
d
1 | Amentoflav b Bi |49 |- [255 |- - - |- 268 |- |54 | ARG217,
one LI fla 0. |36 |75]71 [0 |39 32 | 4 | ALA260
T L, | vo 12 9 |2 |4 |9 2 | ASP263,
WH no 7 GLY71,
Ot id MET17,
T, HIS246
2 | Bilobetin Bi |- - | 566. | - - - |- 268 |- |43 | ARG222,
fla |44 [0. [49 |7.1 (69 [0.]25 2.5 |.5 | GLN127,
vo | 3 11 1 |2 2 (8 8 |7 | ARG29S,
no ARG105,
id TYR237
3 | Ginkgetin R Bi | - - 526 |- - - |- 268 | - |55 | GLU240,
A fla |44 [0. [49 |7.1 (7.0 0. |42 42 | 4 | HIS246,
/ofi o vo |7 11 6 |2 1|1 1 |3 | PHEISI,
7, |no 3 MET276,
WETI” id THRY9S,
° PHE103,
SER10,
VALI25
4 | Isoginkgeti P Bi - 119, 0. 2.68 61 | ALAI19I,
n @ fla |53 [0. |02 [80 |80 [0 |37 3.7 | .2 | ASNIS0,
’ vo | 5 13 4 |9 6 |4 4 |7 |PHEIS81,
no GLN107,
id LEU271,
ALA285,
ARG105
5 | Sciadopitys S Bi | - - 851. | - - - - 2.68 | - 79 | HIS64,
in PO NN fla |41 [0. |29 |68 |67 |0 |3.1 3.1 |.1 | ASP153,
e K vo |90 1 717 |1 |7 7 |4 | ARG217,
\j\(f . no GLY183,
L}T” id PHE103,
2 LYS5,
THR196
6 | Quercitrin Bi | - - 25.1 | - - - 298 | - 59 | ILE152,
o [21 ]0. |4 51150 [0.]50 50 | .5 | TYR237,
fla | 8 07 7 |6 1 ]6 6 LEU272,
vo GLY278,
no LEU75,
id ASP153,
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LYSI100

7 | Catechin Fl | - - 1.88 | -
av | 3.7 | 0. 55 152
an

- | L79]- |63 | GLYI5,
1.8 1.8 |.1 | LYS97,
8 GLN110,
) ILE152,
A B GLY71,

T LEU310,
GLN256,
GLY23

[\)

—_

(o)

L

a 1
Ao o

[o)

8 | Epigallocat o | FlL |- - 1.74 | - -5.6
echin o av |37 o 5.8
gallate T o' an TYRI101,
. ol ASPI155,

e LEU287,
Lt MET?235,
ASP153,
ARG298,
LEU282,
LA285,
GLU178,
ASN277,
ARG279

- 2.09 | - 57 | TYR239,
2.1 2.1 | .3 | LEU271,

Vi
\
/
\
/
[e)
—
2
W
(O \S Il
W
W
N

9 | Gallocatech Fl | - - 239 | - -
in 1 av |22 |0. |3 57 |54
UL a1 07 9 |3 VAL77,

L@[ ol TYRI154,
? ASP153,

SER301,
VAL297,
MET?235,
MET276,
ARG298,
ASP245,
THR199,
ASP289

- 3.58 | - 56 | ASNG63,
5.6 5.6 | .6 | PHEG66,

~N WL O !
w
w
—_

Fustin Fl | - - 938. | - -
av | 4.1 81 5.6 |53
. ,‘L 2 an | 3 2 2 4

- 1.49 | - 60 | TYRIOI,
1.8 1.8 | .5 | ALA28s5,
6 LEU287,

O -
e
oM O !
N

A H on GLU178,
R GLU290,
) GLN127.
TYR37,
PHE103,
LEU271

1 | Apigenin Fl |- - 986 |- |- - 103 |- [65 | ASNI19,
0.2 02 |.5 | LEU271,

| ASN238,
LEU287,
LYSS8,

PHE103,

~ro O
©
©
-

[ & on 7' 27 6. 2.
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1 | Luteolin Fl | - - 15 |- |-52]- -2 [149]-2 |59 | ASP33,
2 g av | 3.8 |0 5.3 0 2 | GLY15,
(T on |5 18 4 1 1 | THR93,
M DERE: 4 GLUI178,
e ALA285,
LYS97
1 | Nobiletin Fl |- - 1342 - |- - |- 209 |- |55 | MET276,
g av | 3.3 | 0. 54 152 10.|15 1.5 | .5 | LYS236,
I on | 6 12 5 16 |2 |3 3 |6 |ILE152,
UL e LEU287,
' L PHE185,
ARGA40,
ARG298,
PRO132,
THR199
1 | Isorhamneti | Fl |- - 426 |- |- - |- 1.79 | - | 78 | GLN74,
4 | n T 1 av [ 3.2 | 0. 50 |49 |o0. |21 2.1 | 2 | TYRIOI,
LT Jon |3 14 2 |5 |o |8 8 |2 |LYSS,
’ L1 ] ol 8 LEU287,
A ASP153,
TRP218,
ARG217,
ARG222,
TYR239,
LEU271,
TYR237
1 | Kaempferol FI | - - 878. | - - |- 1.49 | - 58 | THR199,
av |41 |0. |5 56 |54 0. |15 15| .8 | LYSS5,
Yooe on |7 2 6 |2 |2 |6 6 |6 | ASP289,
J/Kjfk\ ° ol 4 PHE103,
"o NS %L PHE185
1 | Myricetin Fl | - - 879 | - - - - 2.09 | - 57 | MET276,
6 av | 2.8 | 0. 48 |47 [0.]3.1 3.1].0 | ARGI05,
Hl oy on |1 12 9 |6 1|3 3 |9 | GLNI110,
H iiﬁf ) ol 4 ASN180,
I ASP33,
I3 PHE103,
! THR199,
GLY278,
LEU287
1 | Quercetin Fl | - - 1.29 | - - - |- 1.79 | - 62 | GLY15,
av | 3.9 |0. 53 155 0. 129 29| .2 | LYS97,
S on | 4 18 7 |1 2 |2 2 |8 | GLUITS,
Da ol 2 ASP33,
YL PHE103,
e ALA285,
TYR239,
MET17
1 | Rutin Fl | - - 263 |- |- - - 239 |- |57 | THR199,
av |48 |0. |4 72 171 0. |54 54 | 4 | LEU271,
on | 8 11 7 |3 1|1 1 |8 | PROY,
ol 4 ARG105,
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Iy HIS246
oo I
[Seag
s
e
1 | Tamarixeti Fl |- - 175 |- - |- 1.79 | - | 58 | ALA193,
9 | n av | 3.7 | 0. 55 |54 0. |23 23| 4 | ARGISS,
o on | 6 16 5 |5 1|2 2 |8 | LYSI37,
) [/1 \L - ol PHE103,
T ARG279
[
2 | Glycitein Is |- - 445 |- |- - |- 1.19 | - |58 | LEU287,
0 ofl [45 [0. |93 |57 (55 ]0. [1.0 1.0 | .5 | GLUI66,
Clav |7 22 6 |3 2 3 | ALA308,
L b iy " on 3 GLU14,
LT e ALA7,
e TYR37,
GLY183,
ASP33,
GLY71
2 | Procyanidin Pr | - - 519 | - - - |- 4.18 | - 79 | PHEI18],
1 oa | 1.7 |0. |8 59 58 |0.]62 6.2 | .8 | ILE249,
nt 04 311 1 8 | GLN306,
ho 2 PRO168,
cy GLY138,
an GLY195,
idi THR196,
n LYS100,
GLY283,
ARG4
2 | Bilobalide Te - 12 ]- - - |- 0.89 | - |67 | THR2s,
2 mp |39 |o0. 48 |48 [0.]21 2.1 .9 | ASN221,
L en |7 17 7 |5 0 1 | ARG279,
<0~ e 1 LEU287,
o= | la ASP153
A= | gt
on
(§
2 | Ginkgolide Te | - - 44 |- |- - |- 089 | - |58 | LEU272,
3 A mp |52 0. |46 |61 ]60 |0. |12 12 |.1 | MET276,
JYON en |4 18 3 13 1 3 | ILE152,
~olt e |ic 1 GLU178,
TN | la LYS88,
P et ARG298
on
(§
2 | Ginkgolide Te | - - 1233 - |- - |- 1.19 | - |57 | LEU271,
4 | B mp |49 |0. [0l |61 ]59 |0 |19 19 | .1 | LEU287,
JYON en | 6 17 5 |8 1 8 | THR26,
~ol e |ic 7 ARGH4,
g N> | LYSS,
W TR | et GLN107,
on GLY183,
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e PHEI8I,
MET276
2 | Ginkgolide Te | - - | 315, 58 1)- |- 1.19 | - |57 | LEU27I,
51cC p |47 [0. [48 |59 0. |27 2.7 | 4 | GLY183,
1oy en | 8 15 7 1 |4 4 |3 | PHEI1SI,
~ol e | 7 ASNI180,
Tl > | la MET276,
YR | LEU287,
! on ASP153,
e ALA285,
LYSS
2 | Ginkgolide Te | - - [ 800 - - |- |06 |- |58 | ARG29S,
6 |7 mp |55 [0 |6 6.1 |59 [0.]00 0.0 | .6 | TYRI154,
N en |9 19 9 |1 2 |1 1 |1 | ASPI53,
~olt e |ic 7 THR199,
TN e SER158,
e et GLU240,
’ on HIS246,
e ASN221,
ARG222,
2 | Ginkgolide Te - 163 ]-5 |- - 9.1 [1.19]9.1 |58 | ARG29S,
7 M mp | 3.8 |0. 49 0. |3 3 | .2 | LYS269,
J ) en | 1 13 4 |0 5 | PHES3,
oy e | e 6 YHR26,
g Yoo | LYSS,
OPRT | ot THR9S
! on
(S
2 | Ginkgolide Te | - - J1es. |- |- - |- Joso|- |57 [ LEU287,
8 | K m |51 [0 [43 |60 [59 |0 |18 1.8 | .3 | ALA7,
JW Lo Jen |6 |18 5 14 |1 7 | GLY23,
" N ic 1 GLN74,
AN | a GLY71,
ct LYS97,
on LEU287
(S

[a] B.E AG.=Binding Energy in kilocalorie per mole
Constant (Ki) in uM (micromolar)

[d] L.E.= Intermolar Energy in kilocalorie per mole

hydrogen bond dissolve energy in kilocalorie per mole

[f] E. E= Electrostatic Energy

[h] T.F.E.=Torsional Free Energy

[i] U.S.E.= Unbound System's Energy

[b]L.E.=Ligand Efficiency

[c] 1.C.= Inhibition

[e] vdW + Hbond + desolv Energy= vandervals

[g] F.T.L.E. = Final Total Internal Energy

[jJR.M.S. D= root-mean-square deviation in angstrom (A)
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Graph-1 Bioactive compounds binding energy Score with crystal structure

of COVID-19 mgm Proteass Kinase- 6LU7
I II'I I'I Il?la iI 25 26 27 28
II | -3.723.76 ‘ I II
4.434.47
-4.9

Binding energy kcal/mol

3.363-23
-3.94
4954 ?8
-5.35
® 1 Amentoflavone ® 2 Bilobetin ® 3 Ginkgetin m 4 koginkgetin ® 5 Sciadopitysin ®6 Quercitrin B 7 Catechin
B 8 Epigallocatechin @9 Gallocatechin @ 10 Fustin B 11 Apigenin W12 Luteolin ® 13 Nobiletin B 14 Isorhamnetin
15 Kasmpferol ® 16 Myricetin ® 17 Quercatin 18 Rutin W19 Tamarixetin W 20 Glycitein u 21 Procyanidin
B 22 Bilobalide B 23 Ginkgolide A ® 24 Ginkgolide B 25Ginkgolide C  ® 26 Ginkgolide ) 27 Ginkgolide M ® 28 Ginkgolide K

From this molecular docking analysis study, binding affinity of bioactive compounds with crystal structure of
COVID-19 main protease Kinase- 6LU7 follows the given sequence respectively.

GinkgolideJ > Apigenin > Isoginkgetin > GinkgolideA > GinkgolideK > GinkgolideB > Amentoflavone > Rutin >
GinkgolideC > Glycitein > Ginkgetin > Bilobetin > Sciadopitysin > Kaempferol > Fustin > Bilobalide > Quercetin >
Luteolin > GinkgolideM > Epigallocatechin > Tamarixetin > Catechin > Nobiletin > Isorhamnetin > Myricetin >
Gallocatechin > Quercitrin > Procyanidin.

In table 2 and graph 1, docking finding reveal that selected bioactive compounds interact with COVID 19 main
protease (PDB ID: 6LU7) very active residues like HIS246, HIS64, GLN127, PHE181, PHE103, ASP153, LYS100,
THR26, ARG279, THR93, TYR154, ASN277, GLN306, MET276, SER301, LYS236, and LEU75 through
intermolecular hydrogen bond.

Ginkgolide J have highest binding energy value with main protease and Procyanidin have shown least binding
affinity with COVID-19 main protease protein. Its already clearly mentioned in drug likeness rules if compound
have more than 3 drug rules violation, it is not considered as drug for treatment. As Procyanidin and Rutin have 5
rules violated in drug likeness rule. Literature review reveals that nelfinavir is the best potential inhibitor against
COVID-19 Mpro, based on binding free energy60. Active amino acid sites of protein protease enzyme molecules
were identified by Computed Atlas for Surface Topography of Proteins (CASTp) server online61. In this study, it is
observed that Hydroxy groups (-OH), ketone groups (=O) and ether groups (-O-) of selected bioactive compounds
interact with amino acid -NH, -OH, and -H groups of selected proteins protease enzyme via hydrogen bonding,
electrostatic and van der Waals reactions. These compounds can effectively inhibit these amino acids sites during
the catalytic process by intermolecular hydrogen bond in key amino acids active site.

According to drug likeness rule study, ginkgolides series is considered for inhibition treatment studies because they
have less drug likeness rule violation. Also, ginkgolide series of compounds may be useful as antiviral drug because
it interacts with main protease of COVID-19 virus. All selected compounds are naturally available in plants. These
also available in market in form herbal extract medicine supplements. Since the whole world is trying to find out
antiviral drug of COVID-19 virus because its fast and uncontrollable tendency of spreading. Under present
circumstances inhibition of this virus by these natural bioactive compounds will be a boon to society. Data of
research show that this Covid-19 virus is mutating so slowly that its basic strands are fundamentally very similar to
each other, eight stains of the coronavirus are identified (may have same active residues) So Ginkgolide series can
be helpful. Ginkgolide have same structure but its position and grouping of -OH and -H make different and different
names are assigned to them. Till date total 8 types of ginkgolides are identified, similarly 8 main stains of virus are
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identified. Molecular docking studies reveal that 8 types of ginkgolides can inhibit and interact with this virus.
Ginkgolides are low risk herbal drug compounds.

Molecular docking study repeated with crestal structure of COVID chymotrypsin-like protease Kinase- 2GTB
results are given in table-3 and in graph-2. COVID crystal structure of SARS chymotrypsin-like protease protein
(PDB ID: 2GTB) chain A contain 299 residues ¢c=1474, N=403, 0=433, S=22 of molecules with 11349 valance
electrons62. Pictorial presentation of Molecular docking Interaction of COVID chymotrypsin-like protease protein
(PDB ID: 2GTB) with Ginkgolide-J is given in Figure-2.

Table 3:- Molecular Docking Analysis Score with crestal structure of COVID-19 chymotrypsin-like protease
Kinase- 2GTB.

N | Name of 2D structure T|B.|L|LC.| L |[vdW |E. | F.T | T. | U. | RM Active
0. | Compoun | of Compound |yp | E. | . | (Ki) | M. | +Hb | E. | .LE | F. | S. | .S.D | residues
d es E | uM | E ond E E
of (mic +des
G rom olv
ro olar Ener
up ) gy
co
m
po
un
d
1 | Amentofla 1 Bi | - - | 422, - |71 - - 26| - 15.5 | LEU287,
vone I\ fla|4.6|0. | 81 7.2 0. | 3.1 8 | 3.1 5 GLY125,
VO 1 9 1 1 1 TYRI154,
no 2 8 LYS100,
id MET276,
PRO108,
THR292
2 | Bilobetin Bi| - |- 275. - | -749 | - - 26| - 18.6 | THRI111,
fla | 4.8 | 0. 78 | 7.5 0. | 2.7 8 | 2.7 9 THR292,
vo| 6 |1 4 0 1 1 GLY278,
no 2 5 ASP245,
id ARG105,
PROI10S,
HIS163,
MET276
3 | Ginkgetin R Bifl | - - 221 - -89 | - |31 (26| - 19.2 | THR24,
w A %\ avo | 6.3 | 0. 5 9.0 0. 8 | 3.1 2 GLN127,
»fi “Aomnoi | 5|1 3 1 ARG298
Trr.od| s :
e
4 | Isoginkget Bi | - - | 199. - 1 -7.63 | - - 2.6 | - 21.3 | GLU178,
in fla | 5.0 | 0. 13 | 7.7 0. | 3.0 8 | 3.0 1 ILE152,
vo | 5 1 3 1 9 9 MET276,
no 2 1 GLY278,
id GLN110
5 | Sciadopity St Bi | - - | 268. - 1 -7.39 | - - 26| - 18.3 | ASP153,
sin . iﬁiol . fla|48 0. | 39 |75 0. | 42 8 | 4.2 2 SER139,
? Jovo | 7|1 6 1] s 5 TYRI54,
]Yf . no 1 7 MET276
TIW;I i
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6 | Quercitrin

4.07

6.2

-6.18

o =T

4.7

2.9

4.7

235
3

GLN192,
GLN273,
TYR237,
LEU287,
MET276,
TYR154,
ARG298,
TYR239,
GLY278

7 Catechin

4.2

D 2

753.
98

6.0

-5.92

L}Jb—‘.ol

1.9

1.7

1.9

22

LEU141,
SER144,
MET276,
TYRI101,
THRI111,
GLN110,
GLN107,
LYS102,
ASP153,
ASP33,
PHE103,
TYRI154

8 | Epigalloca
techin
gallate

Fl
av
an

4.2

\o»—a.ou

730.
26

6.3

-6.16

P—‘[\.)_ol

2.0

2.1

20.8

SER144,
ASN277,
LEU287,
THR199,
ASP153,
SER144,
GLY 143,
TYRI101,
PHE294,
THR190,
GLU166,
ILE249

9 | Gallocatec
hin ‘L

Fl
av

ol

3.0

Nol—I =N

54

6.6

-6.56

—_—— O

5.3

3.5

53

22.9

ASN142,
SER144,
HIS163,
MET276,
GLN110,
ILE152,
TRP207,
TYR154,
ARG298

Fustin

S =

Fl
av

on
ol

53

o S ==

116.
62

6.8

-6.72

u.)»—t_ol

1.9

1.4

1.9

21.4

LEU141,
HIS163,
SER144,
HIS164,
GLU166,
MET276,
GLY 143,
THR190
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1 | Apigenin Fl[ - [-[282] - [-65[0] - [03] - [206 [ ILE152,
1 v av|62]0.| 8 |65 0.2 02| 3 | THRI199,
['ﬁ/ 3 on| 1|3 9 9 MET276,
WALI A | HIS163,
LEU271,
1| Luteolin FI | - | - | 152.| - |-651| - | - |14]| - | 215 | LEUI4I,
2 " av |52]0.]| 39 |67 0. 19| 9 [19] 6 | SERI44,
(1 o 1|2 1| 7 7 TYR237,
M ST 5 9 LEU271,
e MET276,
PRO108,
PHE294,
THR199,
GLN19,
GLU14,
GLU240,
THRI11,
LEU272,
ILE286
1 | Nobiletin FI | - | - |251.| -7 |-7.09 0. | - [20]| - | 208 | LEU272,
av |49 0. | 4 0| 14| 9 [14] 1 |MET276,
on| 1 |1 91 9 9 PHE103,
L, e 7 LEU271
1 | Isothamne | FIL | - |- [18 | - [-528] -] - [17] - [200 | TYR237,
4 tin QW av | 3.7 0. 5.5 0.[23 |9 [23]| 9 | PROY,
CL LT oem| 2|1 1 2] 1 1 LYSI2
’ ’ U\‘/LOH ol 6 2
I | Kaempfer FI | - | - | 238. | - |-633| - | - |14]| - | 197 | GLY143,
ol e, av |49 0. | 05 | 64 0. 14| 9 [14] 2 | SERI44,
J/kaw ‘ on| 4 |2 3 1| 8 8 HIS163,
Y ol 4 1 TRP207,
S MET276,
PHE103,
1 | Myricetin FI | - |- [231] - [-519] - - [20] - | 364 | LYS5,
6 SO av |36 |0 5.6 0.[33] 9 |33 THRI11,
Hiiﬁ‘ . on 1 8 51 2 2 ASP153,
Tl 6 ASP295,
73 HIS163,
“ GLUSS,
ASNB4,
GLU240,
ALAT,
GLN127,
THR285,
SER254
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1 | Quercetin FlL| - | -]5%4.] - [-613] -]- 1.7 ] - | 203 | SER144,
7 Tl av | 44 0. | 94 |62 0.129 | 9 |29 HIS163,
e on| 4 |2 3 113 3 THR199,

R MET276,

e TYR237,

THR190,

ASP153,

ASN203,

PHE294

1 Rutin v FL| - |- ]297] - |446] -] - [23] - |235] HISSo,
8 o LT av|20]0. | 8 |44 0. 54| 9 |54| 8 | ASN274,
LT on| 80 7 0| 8 8 THR93,

' Hﬁ ol 5 1 ARG217,

S GLN74

1 | Tamarixet Fl - - | 1.13 - -5.71 | - - 1.7 - 21.2 | HIS163,
9 in T 1 av | 4.0 | 0. 5.8 0.1 23| 9 |23| 1 |THRIY,
NoaN on| 2 |1 1 0| 7 7 LEU271,

T ol 7 9 ALA7,

B GLN127,

GLY278,

THR257,

ILE249

2 | Glycitein Is | - | -]145 | - [-634] -] - [1.1] - |221 ] SER144,
0 Cofl [520.] 8 |64 0./ 08| 9 08| 9 | GLYII,
by av | 3 ]2 3 0| 7 7 MET276,

];:I T on 5 9 PHE294,

o e THR98

2 | Procyanid Pr| - |-1]967] - |-68] -] - [41] - | 18.0 | MET276,
1 in oa | 2.7 0. 6.9 0./ 71| 8 |7.1] 3 | LEU287,
nt | 5|0 2 0| 6 6 LYSS,

~ ho 6 8 ASP216,

"oy ARG217,

an GLN127,

idi ARG298,

n GLU166,

ALA7,

TYRI154,

TYRI101,

ARG105

2 | Bilobalide Te| - | - |448. | - [-532] -] - 08| - | 182 | ASN277,
2 L p | 45]0. | 8 |54 0.120| 9 |20]| 7 |GLY278,
<04 en| 7|2 6 1| 8 8 MET276,

= ic 4 SER254,

"o la VAL261,

ct LEU287,

on LYS102,

e GLN110,

ILE249
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2 | Ginkgolid Te | - | - [ 117.| - -6.2 | - - |08 - | 17.7 | MET276,
3 eA YN p | 5310 91 |62 0.1 139 |13 3 ASN228,
~ol e en| 6 |1 5 0| 3 3 GLN244,
BN 8 5
VA P
ct
on
-
2 | Ginkgolid Te| - | - | 116.| - | -645| - - | L1 | - | 17.0 | ILE286,
4 eB mp | 5310 73 | 6.5 0.1 19| 9 |19 8 LEU287,
en | 7 |1 6 1 1 1 MET276,
ic 8 1 PHR3,
la TRP207,
ct GLY278,
‘on LEU271
e
2 | Ginkgolid Te| - | - [133.| - |-628| - |-28|1.1| - | 17.2 | LEU271,
5 eC IO p | 5210 23 |64 0. 9 128 9 GLY278,
~olc" e en| 9 |1 8 2 ILE286,
T > e 7 LEU287,
N A MET276,
' ct GLY278,
on
-
2 | Ginkgolid Te| - | - |266| - | -6.65]| - - 06| - | 17.1 | LEU272,
6 el IO mp | 6210 2 6.8 0.1 02 0.2 9 ILE286,
<ol fq  en| 4 |2 4 1|1 1 ASP153,
TN e 1 9 GLN110,
T la TYR239
! ct H,
on MET276,
e PHEI181,
GLY?2,
PHE3,
ARG298
2 | Ginkgolid Te| - | - [928 | - |-659| - | 92 | 1.1 |92 | 169 | MET276,
7 eM p | 551 0. 1 6.6 0 6 9 6 2 TYR154,
en 1 9 1 GLU240,
ic 8 1 GLN107,
la LYS97,
ct TYR101
on
%
2 | Ginkgolid Te| - | - [916| - |-632| - - |08 - | 17.3 | ILE286,
8 eK p | 551 0. 4 |64 0.1 18| 9 |18 LEU287,
en | 1 1 0 6 6 MET276,
ic 9 9 PHE103,
la GLY278,
ct ASP33,
on TYRI101,
‘ e ASN277
[a] B.E.= Binding Energy in kilocalorie per mole [b]L.E.=Ligand Efficiency [c] I.C.= Inhibition
Constant (Ki) in uM (micromolar)
[d] L.E.= Intermolar Energy in kilocalorie per mole [e] vdW + Hbond + desolv Energy= vandervals
hydrogen bond dissolve energy in kilocalorie per mole
[f] E. E= Electrostatic Energy [g] F.T.L.LE. = Final Total Internal Energy
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[h] T.F.E.=Torsional Free Energy

angstrom (A)

[i] U.S.E.= Unbound System's Energy [j]JR.M.S.D= root-mean-square deviation in

Fig 2:- Molecular docking Interaction of COVID SARS chymotrypsin-like protease protein (PDB ID: 2GTB) with

Ginkgolide-J.

Graph-2 Bioactive compounds binding energy Score with crystal structure of

COVID-13 chymotrypsin-like protease Kinase- 2GTB

Binding energy kealfrmol

os+#

s
18
|
|
|
|
|
|
I
-2
336 -3.09

3.7 -3 5
46 —— 204

S . 481 404

521
521

w1 Armertoflawone -ri :]':‘H-:nhrrin B 3 Ginkgatin B 4 koginkgetin B 5 Seiadopitysin
8 8 Epigallocatechn B9 Gallecatechin @ 10Fustin B 11 Apigemn B 12 Luteoln
m15Ksempferal B 16 Myricetin B 17 Quércetin B 18 Rutin B 19 Tamarise tin

W 2} Bilohalide B }3Ginkgolide &  ®2aGinkgolide @ ® 25 Ginkgolide © @26 Ginkgolide )

2T
402
A5
523

27
7
-5.5-5.51

5 RRG AP 2P
-6.24
B & Ouercitrin m 7 Catechin
| 13 Nobletn ® 14 lsorhamretin
B 20 Ghycitiin B 21 Procyanadin

27 Ginkgolide M ® 28 Ginkgolide K

Docking study show that selected compounds interact with COVID crystal structure of SARS chymotrypsin-like
protease protein (PDB ID: 2GTB) via active residues like Active residues are intricate MET276, GLN127, ASP153,
TYR154, TYR239, LYS102, ASN277, THR199, LEU271, ILE286, GLN19, ALA7, THR285, THR257, ASP216,
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and LYS102. Here, it is interested to find that back bone residues like TYR154, ILE286, ASN277 also interacts with
selected bioactive compounds through intermolecular hydrogen bond.

On the basis of binding score, chymotrypsin-like protease- 2GTB protein binding affinity of selected natural
bioactive compounds is in following sequence: Ginkgetin > Ginkgolide J >Apigenin > Ginkgolide K > Ginkgolide
M > Fustin > GinkgolideB > GinkgolideA > Ginkgolide C > Glycitein > Luteolin > Isoginkgetin > Kaempferol >
Nobiletin > Sciadopitysin > Bilobetin > Amentoflavone > Bilobalide > Quercetin > Epigallocatechin > Catechin >
Tamarixetin > Isorhamnetin > Myricetin > Quercitrin > Gallocatechin > Procyanidin > Rutin. If we show particular
ginkgolide compounds sequences are: Ginkgolide J > Ginkgolide K > Ginkgolide M > GinkgolideB > Ginkgolide A
> Ginkgolide C > Bilobalide. This sequence is nearly same as observed for COVID-19 main protease Kinase- 6LU7.
Because of COVID-19 main protease protein (PDB ID: 6LU7) 96% similarity with the COVID 19 crystal structure
of SARS chymotrypsin-like protease protein (PDB ID: 2GTB) and just 4% vary from it63. So, it anticipated that
selected bioactive compounds particularly Ginkgolides can inhibit replication of this virus strains.

Conclusions:-

Based on our results, it is concluded that 28 natural bioactive compounds namely Amentoflavone, Apigenin,
Bilobalide, Bilobetin, Catechin, Epigallocatechin, Fustin, Gallocatechin, Ginkgetin, Ginkgolide A, Ginkgolide B,
Ginkgolide C, Glycitein, Isoginkgetin, Isorhamnetin, Kaempferol, Luteolin, Myricetin, Nobiletin, Procyanidin,
Quercetin, Quercitrin, Rutin, Sciadopitysin, Tamarixetin, Ginkgolide J, Ginkgolide M, and Ginkgolide K can
effectively interact and bind with two protein strains of Covid-19 virus and can inhibit replication of these strains.
As per the drug likeness rule study, Ginkgolides series is considered the best for inhibition treatment because these
show least drug likeness rule violation. Ginkgolide series A, B, C, J, K, M, L show high affinity with COVID-19
main protease protein (PDB ID: 6LU7) and COVID-19 chymotrypsin-like protease protein (PDB ID: 2GTB) via
hydrogen bonding, electrostatic and vanderwaals interactions These eight Ginkgolides can inhibit replication of 8
stains of Covid-19 virus. Also, Ginkgolides are found to be useful as antiviral drug for treating many symptomatic
diseases like lung weakness, asthma, coughing, cancer, ischemic cardiovascular and cerebrovascular diseases and
used as protective against the immune system, central nervous system, and ischemic injury. Use of herbal extracts is
very common among masses for different reasons of ailments because these have less side effects. Herbal extracts
containing Ginkgolides may be useful in controlling COVID-19 virus, detailed in vivo research is required.
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