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ABSTRACT

SARS-CoV-2 has devastated the world with its rapid spread and fatality. Pharmaceutical
giants respective of their market has stretched towards research and enhancing the productive
capacities of their units to meet the unprecedented drug demand. Drug discovery approaches involving
all in silico, in vitro, in vivo approaches to design and develop has fastened. The present work explains
in-silico drug discovery methods like molecular docking and molecular dynamic simulations to screen
for highly probable, safe, and effective phytochemical principles against SARS-CoV-2. Docking of
various phytochemical principles against three X-ray crystallographic and one electron microscopic
structures of SARS-CoV-2 proteins that include the RNA dependent RNA polymerase and 3CL
protease (3CL pro) by using the Glide Schrodinger docking software 2019 4. 3.1 was carried out. The
best fit drug candidates among the docked ligand structures by their docking score and interactions
were selected and subjected to prediction of drug likeliness and ADME parameters. It is observed that
the phytochemicals/bioactives such as Scutellarein, Saikosaponin D, Syringaresinol and 5,7,2’,3-
Tetramethoxyflavone hold promise in inhibiting the SARS-CoV-2 key viral proteins and displayed the
capability to suppress SARS-CoV-2 proteins and justify their further in vitro and in vivo studies. The
present study could be the starting point for the future ligands from natural sources in 2019-nCoV
RdRp and 3CL pro.
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1.Introduction

The mankind was terribly wobbled, troubled and lead to catastrophy in every domain by the most
infectious and deadly COVID -19 virus. The entire world has to face a crisis that it may wipe out the
human kind. Almost every nuke and corner has thoroughly put under intense pressure to carry out
research and validate the findings to contain the infection, be it may be developing sanitizers, PPEs,
diagnostic kits, biomedical equipment, and most importantly to design novel agents as well testing the
existing ones for repurpose to treat this novel virus. In the coronaviridae family of viruses 2019-nCoV
is a novel strain not identified earlier in humans (Ji Wet al., 2020)". The initial outburst of 2019-nCoV
in the epicenter of Wuhan province in China has spread briskly and affected other parts of China. Soon
or a little later the entire world was afflicted and faced enormous challenge and health care burden(Wu
JT et al., 2020)%. The lethality of 2019-nCoV epidemic is unprecedently larger than the severe acute
respiratory syndrome (SARS) epidemic. World Health Organization (WHO) has declared nCoV as
pandemic on 11 March 2020, and gave the nomenclature as nCovid-19 COVID-19 and declared as
‘Public Health Emergency of International Concern’ (PHEIC), affecting around 212 countries and
accounting for nearly 1 million deaths across the globe. In this scenario, WHO has issued the COVID-
19 advisory from time to time through WHO website (WHO, 2020)°. Pharmaceutical giants respective
of their market has stretched towards research and enhancing the productive capacities of their units to
meet the unprecedented drug demand. Biotech firms and Vaccine manufacturers all over the globe are
thoroughly designing and evaluating the vaccines which are a time taking and under stringent regulatory
standards. Drug discovery approaches involving all in silico, in vitro, in vivo approaches to design and
develop has fastened. In silico paradigms have much larger role in enhancing high throughput screening
efforts. Particularly, in-silico studies have great role of finding magic molecules and repurposing of
existing drugs in the treatment of COVID-19 (Beura S et al., 2020)*. Earlier in 2003 SARS epidemic,
the effectiveness of herbal treatments was demonstrated and gained huge prominence. Hence as
demanded by the need and thrust, to find the therapeutics to lessen the COVID induced mortality.
Complementary and alternative medicine systems were largely focused their research to evolve
prospective molecules.

The single-stranded RNA genome of SARS-COV-2 is depicted in Figure 1.
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Figure 1: Single-Stranded RNA Genome of SARS-CoV-2
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Two-thirds of the genome encodes two large polyproteins, ppla and pplab, that are cleaved into 16 non-
structural proteins. The last one-third of the genome encodes structural and accessory proteins. This
figure was created with BioRender.

The studies on SARS-CoV-2 as well as previous SARS-CoV and other coronaviruses have mostly
identified with the functions of these structural proteins, non-structural proteins as well as accessory
proteins. Thus, keeping the above view into consideration, the present investigation was undertaken to
determine the efficacy of 48 different phytoconstituents in comparison to reference drugs (Remdesivir)
against two different protein targets, that is, RNA dependent RNA polymerase and 3CL pro using in-
silico docking.

2. Materials and methods

2.1.1 Computational studies

The molecular docking studies and molecular dynamics analysis were performed using Glide
Schrodinger docking software 2019 4. 3.1.

2.1.2  SARS-COV-2 drug targets

The following SARS-COV-2 proteins were obtained from the RSCB-Protein Data Bank using PDB
codes that include: (i) the RNA dependent RNA polymerase (PDB ID: 6M71), (ii) 3CL protease (3CL
pro) (PDB ID: 6M2N)

Targeting RNA-dependent RNA polymerase (6M71)

6M71 is an unligandedelectron cryo-microscopic structure of SARS-CoV-2 RNA-dependent RNA
polymerase in complex with cofactors and other likely assembles at 2.90 A. The structure consists of
four polypeptide chains (A, B, C, D); RNA-directed RNA polymerase (A) NSP7 (C), NSP8 (B, D) with
sequence length of 942, 83, and 198 respectively. RNA-dependent RNA polymerase (RdRp) also
known as NSP12 that catalyses the synthesis of viral RNA by associating with co-factors NSP7 and
NSP8 thereby involves in viral replication and transcription of SARS-COV-2 genome. Currently,
Remdesivir an antiviral drug in huge demand to treat moderate to severe n-Covid cases targets the viral
polymerase NSP12 and hence this effort of molecular docking may shed some light on probable
molecules to inhibit viral replication by interfering with NSP12 (Gao Y et al., 2020) (Figure 2).

Figure 2: 3D view of 6M71 -SARS-CoV-2 RNA-dependent RNA polymerase in complex with cofactors
Targeting 3CL protease (6M2N)

6M2N is the X-ray crystallography structure of the 3CL protease (3CL pro) in complex with
5,6,7-trihydroxy-2-phenyl-4H-chromen-4-one, a novel inhibitor of SARS-CoV-2. The structure
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composed of four chains A, B, C, and D, each of which is identified by a single sequence-unique
entity with a total of 306 amino acids. Certain proteases like 3C-like protease (3CLpro), together
with a papain-like protease (PLpro), enable to transform polypeptides into mature non structural
proteins like RNA-dependent RNA polymerase (RdRp) and helicase, which are involved in
essential for viral replication and maturation. These polyproteins contain 11 and 3 cleaving
domains for PLpro and 3CLpro, respectively. Preferentially the substrate specificity of 3CLpro is
highly conserved among different CoVs and is analogous to picornavirus 3C protease, thus
rendering it an ideal target for the development of wide spectrum antiviral agents (Su HX et al.,
2020) (Figure 3).

Figure 3: 3D view of 6M2N -SARS-CoV-2 3CL protease (3CL pro) in complex with a novel inhibitor

2.1.3  Drug library

Constructed the drug library with 86 phytoconstituents for the in silico molecular virtual docking
(Table 3). Selected phytoconstituents downloaded from PubChem in structure data format (SDF)
format.

2.1.4. Validation of X-crystal proteins of drug targets

The Ramachandran two-dimensional plot was used to validate the selected protein for using them in
molecular docking studies. The plot represented favoured and disfavoured torsional angles - phi (@)
and psi (y) of amino acids in a protein/peptide.

2.1.5. Protein/Target preparation

In the glide protein preparation wizard, the proteins were directly imported into the workspace by
entering their PDB codes 6M71, and 6M2N. Proteins pre-processed for assigning bond orders, adding
hydrogen atoms, creating disulfide bonds, etc. In the review and modify tab, we selected the required
chains to generate a receptor grid, followed by soaking the co-crystallized ligand in the protein,
removing water molecules, and removing small molecules. In the refine tab, these proteins were
optimized and minimized to their lowest energy state and proteins with a co-crystal ligand site chosen to
screen the compounds' library.

2.1.6. Receptor grid generation

In Maestro's task window selected the receptor grid generation to make the grid active/binding site
of the protein that is suitable for docking by choosing any one atom of the co-crystal ligand molecule. It
displays a grid box with X, Y, and Z coordinates. For the protein 6M2N, the co-crystals is 5,6,7-
trihydroxy-2-phenyl-4H-chromen-4-one, the workspace for grid formation. There is no valid co-crystal
in the 3D structure of 6M71, so sitemap was used to identify the active site. As per sitemap, there were
5 active sites, and the top-ranked site was chosen for grid generation.
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2.1.7. Ligand preparation

From the PubChem online database, imported the generated ligand library into Glide Schrodinger
docking software 2019 4.3.1. Using glide ligprep, required parameters, including ionization, chirality,
computation, etc., are assigned for the ligands from the workspace.

2.1.8. Ligand docking

Glide ligand docking was selected from tasks in Maestro, then the glide grid and ligand outmaegz zip
files were loaded from the working directory. Through write XP descriptor settings, we virtually docked
the compounds library.

2.1.9. Drug—likeness and ADME predictions:

The compounds are for further evaluated for drug-likeness using SwissADME: a free web
application.

3. Results and discussion
Molecular docking

In this study, we virtually docked phytochemical constituents against two crystal structures of
SARS-CoV-2 proteins that include: (i) the RNA dependent RNA polymerase (PDB ID: 6M71), (ii) 3CL
protease (3CL pro) (PDB ID: 6M2N) by using the Glide Schrodinger docking software 2019 4. 3.1.

3.1. Molecular docking of Phyto principles to RNA dependent RNA polymerase (6M71)

In Coronaviridae, NSP12 encodes for RdRp, a highly crucial enzyme involved in viral genome
replication and successful transcription and hence a potential drug target. The SARS-CoV-2 NSP12
domain contains a right hand RARP domain, and a N-terminal extension domain which is unique to
nidovirus. Th amino acid sequence of polymerase domain is highly conserved in viral polymerase
family with additional three subdomains viz. a finger (L366-A581 and K621-G679), a palm (residues
T582—-P620 and T680—Q815) and a thumb sub-domain (H816—E920). The active site is formed in the
palm domain by the highly conserved polymerase motifs (A-G).

The docking scores obtained from the docking of ligands with RNA-dependent RNA
polymerase (NSP12) indicated that Scutellarein and Saikosaponin D as compounds with higher binding
affinity with the binding energies -39.443and -43.588kcal/mol respectively, and corresponding docking
scores were -7.252 and -5.381. The rest of the compounds showed very weak interaction with a score of
less than -4.0. However, both Scutellarein and Saikosaponin D exhibited relatively less binding
interaction than the reference ligands Remdesivir (-8.767) with binding energy of -54.744 kcal/mol. The
analyses of amino acid interaction of ligands on the targets indicated that binding interaction of
Scutellarein (H- bond interactions with THR 394, ASN 628and hydrophobic interaction with ARG 457)
(Figure 6) and Saikosaponin D (H- bond interactions with THR 319, ILE 266, ASN 459 and
hydrophobic interaction with PHE 396) (Figure 7) was quite satisfactory when compared to Remdesivir
(H- bond interactions with TYR 89, GLY 165, SER 198 and hydrophobic interaction with LYS 90)
(Figure 5).

Figure 4: Selected Phytochemicals used in current study.
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Figure 6: Scutellarein on 6M71
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Figure 7: Saikosaponin on 6M71

Table 2: Docking results of selected Phytochemicals with RNA dependent RNA polymerase (PDB

ID: 6M71):
CHEMICAL CONSTITUENTS PUBCHEM ID 6M71 .
Glide score | Glide Energy

Scutellarein 5281697 -7.138 -39.443
Saikosaponin D 107793 -6.966 -43.588
5-Hydroxy-7,8,2’,5’-tetramethoxyflavone 10948318 -5.967 -35.234
5,7,2’,3-tetramethoxyflavone 181092 -5.676 -42.89
Apigenin 5280443 -5.546 -26.596
Trijugin A 101519185 -5.267 -32.632
Syringaresinol 100067 -5.041 -37.295
Stelleranol 131676072 -4.976 -47.487
Syringic acid 10742 -4.948 -27.819
Quinine 3034034 -4.825 -28.909
Swerilactone M 53483971 -4.729 -27.836
7-O-methyldihydrowogonin 13963770 -4.686 -32.67
Swerilactone N 53494394 -4.706 -24.053
Xanthohumol 639665 -4.518 -40.716
Rhinacanthin E 10366055 -4.438 -43.442
7-O-methylhydrowogonin 188316 -4.379 -35.305
Xanthtoxol 65090 -4.307 -20.476
Roscovitin 160355 -4.295 -34.73
Swerchirin 5281660 -4.184 -33.049
Quindoline 98912 -4.175 -24.839
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Sesquiterpene 6473767 -3.712 -24.463
Schizarin B 10582671 -3.611 -41.136
1-Hydroxy-3,7,8-trimethoxyxanthone 5378284 -3.172 -29.101
Tangeretin 68077 -3.11 -36.484
Trichilins A 5462417 -0.765 -45.724
Umckalin 5316862 -3.784 -23.575
Syringaldehyde 8655 -4.136 -24.576
Scopoletin 5280460 0.167 -26.671
Skimmianine 6760 -3.16 -21.724
Swerilactone O 53494395 -3.572 -25.33
Tetrandrine 73078 -- -35.216
Scoparone 8417 -2.177 -23.263
Umbelliferone 5281426 -3.436 -17.706
Alpha amyrin 73170 -3.225 -32.777
Scopadulcic acid B 11729855 -2.746 -37.686
Taraxerol 92097 -3.193 -36.546
B-Amyrin 73145 -3.407 -31.55
Swertanone 102285187 -3.801 -31.792
Sendanin 5352038 -0.172 -40.341
Ursolic acid 64945 -3.751 -37.243
Laiwans 70697809 3385 37.783
chirin D

5.2. Molecular docking of phytoprinciples to 3CL protease (3CL pro) (6M2N)

Certain proteases like 3C-like protease (3CLpro), together with a papain-like protease (PLpro),
enable to transform polypeptides into mature non-structural proteins like RNA-dependent RNA
polymerase (RdRp) and helicase, which are involved in essential for viral replication and maturation.
These polyproteins contain 11 and 3 cleaving domains for PLpro and 3CLpro, respectively.
Preferentially, the substrate specificity of 3CLpro is highly conserved among different CoVs and is
analogous to picornavirus 3C protease, thus rendering it an ideal target for the development of wide
spectrum antiviral agents.

The docking scores of the docked ligands SARS-CoV-2 3CL protease (6M2N) showed that
Syringaresinol and 5,7,2°,3-Tetramethoxyflavone as compounds with higher binding affinity with the
binding energies -45.203and -47.015kcal/mol respectively, and corresponding docking scores were -
7.969and -7.453.Whilst the docking scores of co-crystalsBaicalein was found to be -7.552 with a
binding energy of -42.537 kcal/mol. Other constituents, showed the docking scores about -7 with the
binding energy ranged from -50 to -20 (Table 3). The analyses of amino acid interaction of ligands on
the targets indicated that binding interaction of Syringaresinol (H- bonding with GLY 143, GLU 166)
(Figure 9) and 5,7,2’,3-Tetramethoxy flavones (H- bonding with GLU 166, CYS 44, MET 49) (Figure
10) in comparison with standard Baicalein binding interactions (H-bonding with GLY 143 and GLU
166) (Figure 8).
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Figure 10: 5, 7, 2°, 3-Tetramethoxyflavone on 6M2N

Table 3: Docking results of selected Phytochemicals with 3CL protease (3CL pro) (PDB ID:

6M2N):
Chemical constituents Pubchem id 6M2N '
Glide score Glide energy
Syringaresinol 100067 -7.969 -45.203
5,7,2’,3-Tetramethoxyflavone 181092 -7.453 -47.015
Apigenin 5280443 -7.421 -41.6
7-O-Methylhydrowogonin 188316 -6.97 -41.394
Swerchirin 5281660 -6.855 -40.713
5-Hydroxy-7,2’,6’-trimethoxyflavone 5319878 -6.864 -50.801
Swerilactone 53494394 -6.658 -36.447
Narasin 65452 -6.475 -48.875
1-Hydroxy-3,7,8-trimethoxyxanthone 5378284 -6.414 -39.164
Roscovitin 160355 -6.389 -46.466

5.3. ADME Predictions of Phytoprinciples Using SwissADME

Finally, compounds with good binding affinity to the selected target further analyzed the drug ability

using SwissADME: a free web tool.
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5.3.1Results of ADME calculation

The most important and most difficult step in drug discovery and development (in which this account
for the failure of about 60% of all drugs in the clinical phases) is carrying out DMPK (drug metabolism
and pharmacokinetics) studies, often referred to as ADMET. In pharmacokinetic/pharmacology, ADME
stands for “absorption, distribution, metabolism, and excretion”, in which they describe the disposition
of a drug compound in the body. ADME Predictor is a designed program of a computer for estimating
pharmacokinetic parameters/properties of drug-like compounds from their molecular structures called
the ADME (Singh et al., 2013). Swiss ADME web tool is freely available software utilized to predict
the physicochemical properties, absorption, distribution, metabolism, elimination and pharmacokinetic
properties of molecules, which are key determinants for more clinical trials. It takes into account six
physico-chemical properties, which are very vital, like lipophilicity, flexibility, saturation, polarity,
solubility, and size. The result of the ADME revealed physicochemical properties of the designed
compounds which includes the rules of five (MW, iLOGP, HBAs and HBDs) and several other
parameters/properties like molecular polar surface area (TPSA), number of rotatable bonds (ROTBs),
number of aromatic heavy atoms, and number of alerts for undesirable substructures (i.e., PAINS #alert
and Brenk #alert), among others as represented in the Table 4 below. Molecular weight (MW), number
of rotatable bonds (RB), number of hydrogen donors (HBD), number of hydrogen acceptors (HBA),
Topo-logical Polar Surface Area (TPSA), octanol/water partition coefficient (iILOGP), number of
aromatic heavy atoms (nAH), Molar refractivity(MR) and the number of alerts for undesirable
substructures/sub-structures (Brenk #alert and PAINS #alert) are presented in Table 4.According to
Lipinski's rule of five and the concept of QED as presented in Table 4, all the docked compounds were
in accordance with the rules by causing no more than one violation. That is to say, all the MW, RB,
HBD, HBA, TPSA, iLOGP, nAH and MR are within the acceptable range. Almost, 14 compounds
possess a good pharmacokinetic profile with high BBB penetration presented in Table 4.
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Table 4: Physicochemical properties and ADME properties of selected Phytochemicals:

Molecule Formula MW  #Heavy atoms #Aromatic heavy atoms Fraction Csp3 #Rotatable bonds #H-bond acceptors #H-bonddonors MR TPSA iLOGP XLOGP3 WLOGP MLOGP Silicos-ITLog P Consensus Log P ESOL Log S ESOL Solubility (mg/ml) ESOL Solubility (mol/I)
Scutellarein (C42H68013 780.98 55 0 0.95 6 13 8 199.82 20799 328 252 178 0.8 114 1.78 -5.87 1.04E-03 1.34E-06
Saikosaponin D C19H1807 358.34 26 16 0.21 5 7 1 9591 8736 36 326 3.2 0.4 3.66 2.83 -4.24 2.06E-02 5.74E-05
5-hydroxy-7,8,2' 5-tetramethoxyflavone ' C15H1005 270.24 20 16 0 1 5 3 7399 909 189 302 258 052 2.52 211 -3.94 3.07€-02 1.14E-04
Apigenin C22H3406 394.5 28 0 0.73 6 6 1 10755 8536 3.66 318 333 233 3.18 3.14 -3.89 5.04E-02 1.28E-04
Trijugin A C30H22011 558.49 41 18 0.2 2 11 6 13882 18321 224 168 192 -0.92 1.79 134 -4.55 1.56E-02 2.79€-05
Syringaresinol C9H1005 198.17 14 6 0.22 3 5 2 4841 7599 154 104 111 049 0.77 0.9 -1.84 2.84E+00 1.44E-02
Stelleranol C20H24N202 32442 24 10 0.45 4 4 1 9973 4559 336 288 247 2213 3.1 2.81 371 6.32€-02 1.95€-04
Syringic acid C13H1404 234.25 17 6 0.38 2 4 1 617 636 188 101 133 119 2.78 1.64 -2.06 2.05E+00 8.75E-03
Quinine C16H1205 284.26 21 16 0.06 2 5 2 7846 799 255 349 28 077 3.03 2.54 -4.23 1.66E-02 5.85E-05
Swerilactone M C13H1404 234.25 17 6 0.38 3 4 1 6132 636 192 061 109 119 2.65 1.49 -1.74 4.26E+00 1.82€-02
7-0-methyldihydrowogonin C21H2205 354.4 26 12 0.19 6 5 310253 86.99 293 507 411 236 431 3.76 -5.18 2.36E-03 6.65E-06
Swerilactone N C23H2209 442.42 32 12 0.3 9 9 0 111.05 9875 3.86 359 263 193 4.04 3.21 -4.53 1.31E-02 2.96E-05
Xanthohumol C19H26N60 354.45 26 15 0.42 8 4 3 1048 8789 303 316 267 161 2.09 2.51 -3.93 4.19-02 1.18E-04
Rhinacanthin E C15H1206 288.25 21 14 0.13 2 6 20 77.02 8913 29 275 237 028 2.52 2.16 -3.72 5.48E-02 1.90E-04
Xanthtoxol C15H10N2 218.25 17 17 0 0 1 1 7111 2868 202 374 387 304 4.05 3.35 -4.29 1.12€-02 5.14E-05
Roscovitin C30H34013 602.58 43 0 0.8 2 13 3 137.29 190.95 2.65 03 -093 0.09 0.71 0.44 -3.26 3.35E-01 5.56E-04
Swerchirin C27H3408 486.55 35 12 0.52 7 8 1 131.81 9268 405 566 495 273 5 4.48 -6.21 2.97€-04 6.11E-07
Quindoline C16H1406 302.28 22 14 0.19 3 6 1 8149 7813 297 307 268 053 3.04 2.46 -3.92 3.62E-02 1.20E-04
Sesquiterpene C20H2007 372.37 27 16 0.25 6 7 0 10038 7636 371 3.04 35 063 421 3.02 -4.11 2.91E-02 7.83E-05
Schizarin B (C35H46013 674.73 48 5 0.77 9 13 3 16391 19156 398 167 203 049 2.65 2.16 -4.56 1.86E-02 2.76E-05
1-Hydroxy-3,7,8- trimethoxyxanthone ~ C11H1005 222.19 16 10 0.18 2 5 1 5749 689 213 15 152 049 1.94 1.51 -2.49 7.14E-01 3.21E-03
Tangeretin C9H1004 182.17 13 6 0.22 3 4 1 468 5576 166 -001 122 0.24 1.51 0.93 -1.11 1.42E+01 7.82E-02
Trichilin A C10H804 192.17 14 10 0.1 1 4 1 51 59.67 186 153 151 0.76 1.94 1.52 -2.46 6.70E-01 3.48E-03
Umckalin C14H13NO4 259.26 19 13 021 3 5 0 7099 5372 278 28 301 1.09 2.9 2.52 -3.54 7.39E-02 2.85E-04
Syringaldehyde C13H1203 216.23 16 6 0.23 2 3 0 6048 4337 203 192 18 1% 3.25 2.21 -2.54 6.30E-01 2.91E-03
Scopoletin C38H42N206  622.75 46 24 0.37 4 8 0 18.07 618 487 6.66 575 373 6.06 5.41 -8.02 5.96E-06 9.57E-09
Skimmianine C11H1004 206.19 15 10 0.18 2 4 0 5547 4867 223 171 181 105 242 1.84 -2.56 5.72E-01 2.77E-03
Swerilactone O C9H603 162.14 12 10 0 0 3 1 4451 5044 144 158 15 104 1.97 151 -2.46 5.66E-01 3.49E-03
Tetrandrine C30H500 426.72 31 0 093 0 1 1 13514 2023 477 9.01 802 69 6.52 7.05 -8.16 2.94E-06 6.89E-09
Scoparone C27H3405 438.56 32 6 0.67 4 5 1 12153 8067 318 524 528 428 4.82 4.56 -5.73 8.07E-04 1.84E-06
Umbelliferone C30H500 426.72 31 0 093 0 1 1 1348 2023 4.77 93 817 69 6.92 1.22 -8.34 1.93E-06 4.52E-09
Alpha amyrin C30H500 426.72 31 0 093 0 1 1 1348 2023 474 915 817 692 6.92 718 -8.25 2.40E-06 5.62E-09
Scopadulcic acid B C30H480 44.7 31 0 0.9 0 1 0 13392 1707 447 884 838 682 71.51 7.2 -8.04 3.85E-06 9.07€-09
Taraxerol (32H40012 616.65 44 5 0.75 7 12 20 14833 17133 335 125 204 0.69 2.46 1.96 -4.07 5.21E-02 8.46E-05
B-Amyrin C30H4803 456.7 33 0 0.9 1 3 2 13691 5753 371 734 709 58 5.46 5.88 -1.23 2.69E-05 5.89E-08
Swertanone C28H34010 530.56 38 6 0.57 11 10 0 13469 12366 4.42 42 34 213 4.9 3.81 -5.17 3.62E-03 6.82E-06
Sendanin C14H13NO4 259.26 19 13 021 3 5 0 7099 5372 278 28 301 1.09 2.9 2.52 -3.54 7.39-02 2.85E-04
Ursolic acid C13H1203 216.23 16 6 0.23 2 3 0 6048 4337 203 192 18 1% 3.25 2.21 -2.54 6.30E-01 2.91E-03
Taiwanschirin D C28H34010 530.56 38 6 0.57 11 10 0 13469 12366 4.42 4.2 34 213 49 3.81 -5.17 3.62E-03 6.82E-06
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Molecule
Scutellarein
Saikosaponin D

S-hydroxy-7.8,2 5" tetramethoxyflavone

Apigenin
Trijugin A
Syringaresinol
Stelleranol
Syringic acid
Quinine
Swerilactone M
7-0-methyldihydrowogonin
Swerilactone N
Yanthohumol
Rhinacanthin £
Yanthtoxol
Roscovitin
Swerchirin
Quindoline
Sesquiterpene
Schizarin B

1-Hydroxy-3,7,8- trimethoxyxanthone

Tangeretin
Trichiin A
Umckalin
Syringaldehyde
Scopoletin
Skimmianing
Swerilactone O
Tetrandrine
Scoparone
Unbelliferone
Alpha amyrin
Scopadulcic acid B
Taraxerol
B-Amyrin
Swertanone
Sendanin
Ursolic acid
Taiwanschirin D
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Formula
(42H68013
C19H1807
C15H1005
(22H3406
(30H2011
C9H1005
C20H24N202
C13H1404
C16H1205
C13H1404
C21H2205
C23H2209
C19H26N60
C15H1206
C15HION2
(30H34013
(27H3408
(16H1406
C20H2007
(35H46013
C11H1005
C9H1004
C10H304
C14HI3NO4
C13H1203
(38HA2N206
C11H1004
(9H603
(30H500
C27H3405
(30H500
(30H500
(30H480
(32H40012
(30H4803
(28H34010
C14HI3NO4
C13H1203
(28H34010

MW ESOLClass
780.98 Moderately soluble
358.34 Moderately soluble
270.24 Soluble
394.5 Soluble
558.49 Moderately soluble
198.17 Very soluble
32442 Soluble
234.25 Soluble
284.26 Moderately soluble
234.25 Very soluble
354.4 Moderately soluble
442.42 Moderately soluble
354.45 Soluble
288.25 Soluble
218.25 Moderately soluble
602.58 Soluble
48655 Poorly soluble
302.28 Soluble
372.37 Moderately soluble
674.73 Moderately soluble
222.19 Soluble
182.17 Very soluble
192.17 Soluble
259.26 Soluble
216.23 Soluble
622.75 Poorly soluble
206.19 Soluble
162.14 Soluble
426.72 Poorly soluble
438.56 Moderately soluble
426.72 Poorly soluble
426.72 Poorly soluble
424.7 Poorly soluble
616.65 Moderately soluble
456.7 Poorly soluble
530.56 Moderately soluble
259.26 Soluble
216.23 Soluble
530.56 Moderately soluble

35

19
485
-152
-6.64
535
468
428
403
35
-131
438
431
531
2%
071
239
363
245
-176
235
25
933
-6.68
963
941
9.08
445
438
651
363
245
651

228604
6.10£:03
6.88E-03
8.96E-03
4.03E03
1186400
103601
2126400
4.01E03
1.08E+00
8.14E-05
19703
T4TE03
152602
202602
3.39E01
207805
127602
183602
333603
6.20E-01
3546401
TT9E01
6.13E:02
T.60E-01
1.08E-05
9.26E-01
9.12E01
200607
9.10£-05
L0107
L4407
351E07
22180
1.92E-06
16504
6.13E:02
T.60E01
165E-04

AliLog$ AliSolubility (mg/ml) AliSolubility (mol/) ~ Ali Class
-6.53
477
-4.59
-4.64
S
113

2.92E-07 Poorly soluble
1.70E-05 Moderately soluble
2.55E-05 Moderately soluble
2.27E-05 Moderately soluble
7.21E-06 Moderately soluble
5.94E-03 Soluble

3.18E-04 Soluble

1.16E-02 Very soluble
14105 Moderately soluble
3,02E-02 Very soluble
2.30E-07 Poorly soluble
4.46E-06 Moderately soluble
211£-05 Moderately soluble
5.29-05 Moderately soluble
9.24-05 Moderately soluble
5.63-04 Soluble

4,26E-08 Poorly soluble
4.19E-05 Moderately soluble
4.90E-05 Moderately soluble
4.93E-06 Moderately soluble
2.79E-03 Soluble

1.94-01 Very soluble
4,06E-03 Soluble

2.36E-04 Soluble

35103 Soluble

1.73£-08 Poorly soluble
4.49E-03 Soluble

5.62£-03 Soluble

4.72E-10 Poorly soluble
2.08E-07 Poorly soluble
2.36E-10 Poorly soluble
3.38E-10 Poorly soluble
8.26E-10 Poorly soluble
3,58E-05 Moderately soluble
4.21E-09 Poorly soluble
3.12E07 Poorly soluble
2.36E-04 Soluble

3.51E:03 Soluble

3.12E07 Poorly soluble

-44

-156
-5.06
-146
-431
-3.06

51

-3.08
-458
S8
582
-439
-6.27
077
-642
-5.08
-671
-39

33

-03
317
-498
32
-108
387
303
-b71

b1

-1.16
-1.16
-186
403
-567
551
-498
32
551

6.50E+00
343E04
107602
1082400
4.86E-03
6.93E+00
16002
20401
225603
196E-01
9.26E-03
330603
5.40E-04
118602
L7604
1026402
18504
249803
TUE0S
T10E02
112601
1726400
131801
173603
L1101
9.78E-09
276802
153801
8.3E05
352604
29305
29305
5.86E-06
5.82£:02
9.72E:04
162603
173E03
L1101
162603

Silicos-IT LogSw Silcos-IT Solubility (mg/ml) Silicos-IT Solubility (mol/})  Silicos-IT class
-2.08
-6.02

8.326-03 Soluble

9.57€-07 Poorly soluble
3.94€-05 Moderately soluble
27403 Soluble

8.71E-06 Moderately soluble
350602 Soluble

4,92E-05 Moderately soluble
8.69E-04 Soluble

7.91E-06 Moderately soluble
8.36E-04 Soluble

261€-05 Moderately soluble
7.46E-06 Moderately soluble
1.526-06 Moderately soluble
4,10€-05 Moderately soluble
5,38E-07 Poorly soluble
1.69E-01 Soluble

3.79€-07 Poorly soluble
8.24€-06 Moderately soluble
1.95€-07 Poorly soluble
1.05E-04 Soluble

5.02E-04 Soluble

9.42E-03 Soluble

6.81€-04 Soluble

1,05€-05 Moderately soluble
5.14€-04 Soluble

15711 Insoluble

13404 Soluble

9.42E-04 Soluble

1.93E07 Poorly soluble
8,02E-07 Poorly soluble
6.85€-08 Poorly soluble
6.85€-08 Poorly soluble
1.38E-08 Poorly soluble
9.44€-05 Moderately soluble
2.13E06 Moderately soluble
3,05E-06 Moderately soluble
1,05E-05 Moderately soluble
5.14E-04 Soluble

3,05€-06 Moderately soluble
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Glabsorption BBB permeant Pgp substrate CYP1A2inhibitor CYP2C19inhibitor CYP2C9inhibitor CYP2D6inhibitor CYP3A4 inhibitor

Low
High
High
High
Low
High
High
High
High
High
High
High
High
High
High
Low
High
High
High
Low
High
High
High
High
High
High
High
High
Low
High
Low

S

Low
Low
Low
Low
High
High
High
High

No
No
No
No
No
No
Yes
Yes
No
Yes
No
No
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No
Yes
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Yes
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No
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No
No
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4. SUMMARY &CONCLUSION

In present work, the possible anti-nCOVID potential of phytochemicals were tested and
analyzed through in silico methods. The docking studies pointed out the possible lead-like properties to
some phytoconstituents and were validated as having drug like nature. This library was considered for
tackling the modern-day issue of SARS-CoV-2 and further tested against the RNA dependent RNA
polymerase (RdRp)and 3CL protease (3CL pro) key viral proteins. Analysis of protein-ligand docking
revealed the following: the phytochemicals/bioactives such as Scutellarein, Saikosaponin D,
Syringaresinol and 5,7,2’,3-Tetramethoxyflavone hold promise in inhibiting the SARS-CoV-2 key viral
proteins. The selected phytochemicals displayed the capability to suppress SARS-CoV-2 proteins and
justify their further in vitro and in vivo studies. The present study could be the starting point for the
future ligands from natural sources in 2019-nCoV RdRp and 3CL pro.
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