J. Chil. Chem. Soc., 67, N°3 (2022)

IN-SILICO SCREENING OF PLANT-DERIVED NATURAL COMPOUNDS FOR THEIR ANTI- COVID-19
POTENTIAL

VANDITA ANAND, SAUMYA SRIVASTAVA AND ANJANA PANDEY *

Department of Biotechnology, Motilal Nehru National Institute of Technology (MNNIT) Allahabad, Prayagraj-211004, India.

ABSTRACT

The novel coronavirus disease 2019 (COVID-19) caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) began in Wuhan, China, in December
2019 and quickly spread across the worldwide. It becomes a global pandemic and risk to the healthcare system of almost every nation around the world. In this study
thirty natural compounds of 19 Indian herbal plants were used to analyze their binding with eight proteins associated with COVID -19. Based on the molecular
docking as well as ADMET analysis, isovitexin, glycyrrhizin, sitosterol, and piperine were identified as potential herbal medicine candidates. On comparing the
binding affinity with lvermectin, we have found that the inhibition potentials of the Trigonella foenum-graecum (fenugreek), Glycyrrhiza glabra (licorice), Tinospora
cordifolia (giloy) and Piper nigrum (black pepper) are very promising with no side-effects.
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INTRODUCTION

Coronaviruses are a group of viruses belonging to the subfamily
Orthocoronavirinae in the family Coronaviridae, order Nidovirales, which infect
both animals and humans. A new coronavirus that previously has not been
identified in humans emerged in Wuhan, China in December 2019 (1). It causes
an unusual type of pneumonia with symptoms, such as fever, cough, muscle
soreness, headache, sore throat, chest pain, diarrhea, nausea, and vomiting (2).

Coronaviruses contain spike-like projections of glycoproteins on their surface,
which seem like a crown under the electron microscope. The genome of
coronavirus encodes structural and non-structural proteins. The structural
proteins are responsible for host infection (3), membrane fusion (4), viral
assembly (5), morphogenesis, and release of virus particles (6), while the non-
structural proteins (nsps) promote viral replication and transcription (7).

The World Health Organization (WHO; https://www.who.int) on 12 January
2020 temporarily designated the virus causing this disease as the 2019 novel
coronavirus (2019-nCoV). On 11 February 2020, this infectious disease
coronavirus disease (COVID-19) was officially renamed by the WHO. At
present, the COVID-19 pandemic is spreading all over the world.

India is a heritage of invaluable herbal plants which used have medical and
therapeutic properties. In India herbal plants were used for medicinal purposes
even before prehistoric times. There is evidence that for over 4000 years Unani
Hakims, Ayurveda, and European and Mediterranean cultures used herbs as
medicine (8). The medicines prepared from parts of plant (leaves, flowers, seeds,
roots, bark, stems, etc.) are known as herbal drug (9). Herbal plant treatment is
considered to be very safe, since there are no or minimal side effects. The
extraction and characterization of bioactive compounds from these herbal plants
have resulted in the introduction of new drugs with high medicinal value (10).
The various ranges of bioactive nutrients present in these natural products play a
crucial role in the prevention and cure of different diseases. Plant-derived
compounds are secondary metabolites, which play a vital role as antimicrobials
and antivirals and are classified in many groups, such as alkaloids, phenolics,
flavonoids, terpenes, quinones, saponins, etc. (11). Plant medicinal properties
could be based on the antioxidant, antipyretic, antimicrobial effects of the
phytochemicals in them. The aspect described made the virtual screening method
promising and useful in developing new herbal remedies to satisfy the many
clinical needs. Medicinal plants contain bioactive compounds that are primarily
used in medicinal applications.

The COVID-19 proteins are involved in binding and promote viral replication
and transcription. The SARS-CoV-2 N protein is a binding protein involved in
viral RNA replication (12). The SARS-CoV-2 RNA polymerase is a multimeric
complex that encompasses the core catalytic domain Nspl12, which has little
activity until complexed with the Nsp7 and 8 co-factors (13). Nsp9 is thought to
play a similarly essential role in viral RNA replication as a single-stranded RNA
binder in SARS-CoV (14). Nsp15 viruses contain a cluster of conserved enzymes
as part of their ORFla/b polyproteins, a Nidoviral RNA uridylate-specific
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endonuclease (NendoU) is one such protein whose activity degrades polyuridine
RNA extensions (15). Nsp3 contains a papain-like protease domain that cleaves
polyprotein in SARS-CoV-2 and associated SARS-CoVs to release Nspl, 2 & 3
(16). Nsp5, also referred to as main protease (3CLP*) and main protease (MP®) is
a pro-enzyme that auto-processes and releases Nsp4 to Nsp16 (17). Along with
the Nsp10/Nsp16 interface, the structures highlight the S-adenosyl-L-methionine
and RNA cap substrate binding pockets as opportunistic features for the
development of antiviral therapeutics (18). Clathrin-mediated internalization
begins with the redistribution of selected transmembrane receptors into a plasma
membrane region coated with a polyhedral clathrin lattice on the cytosolic face
(19).

This paper reports the results of modelling of molecular docking of COVID-
19 proteins with herbal natural compounds to find out their respective binding
energies. The virtual screening methods are routinely and extensively used to
reduce the cost and time for drug discovery (20). The study was further validated
by the use of in silico ADMET (Absorption, Distribution, Metabolism, Excretion
and Toxicity) assessment of selected natural compounds in order to check their
pharmacokinetics and pharmacodynamics properties to predict effective drugs
for COVID-19 treatment.

MATERIALS AND METHODS
Proteins

Present work was mainly focused on nine proteins associated with COVID-19.
The 3D structures for these proteins was downloaded from PDB (Protein Data
Bank) by using URL http://www.rcsh.org/PDB. The names and PDB Id of the
retrieved proteins are represented in Table 1. The PDB structure of COVID-19
proteins was prepared by removing all the water molecules and adding hydrogen
atoms and Kollman charges. For further studies the proteins files were saved into
PDBQT format and finally optimized for docking using AutoDock Tools 1.5.6.

Table 1. The names and PDB Id of the retrieved proteins.

S.No. PDB Id Names

1. 6M3M SARS-CoV-2 nucleocapsid protein N-terminal
RNA binding domain (NP)

2. 6M71 RNA-dependent RNA polymerase (NSP12) in
complex with cofactors

3. 6VWW Endoribonuclease from SARS CoV-2 (NSP15)

4. 6W9C Papain-like protease (NSP3)

5. 6WXD RNA-replicase (NSP9)

6. 6Y2E Main Protease (NSP5)

7. 6YHU nsp7-nsp8 complex of SARS-CoV-2

8. 7C2] nspl6-nspl0 heterodimer (N7- and 2°0O-
methyltransferases) in complex with SAM

9. 1UTC Clathrin terminal domain complexed with
TLPWDLWTT
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Ligands

Ligands against these proteins were selected from the Indian herbal plants and
they were retrieved from PubChem database. The SMILES (Simplified
Molecular Input Line Entry Specification) of all the twenty compounds were
downloaded from PubChem (https://pubchem.ncbi.nIm.nih.gov/). The names
and molecular formulae of the retrieved compounds are represented in (Table 2).
The names and molecular formulae of the retrieved drugs are represented in
supplementary Table 1. The structure of all compounds were drawn with
SMILES and saved in MOL format using Chemsketch software. All compounds
were converted from MOL format to PDB format and saved using the Open
Babel tool (21). For further studies the ligand files were saved into PDBQT
format and finally optimized for docking using AutoDock Tools 1.5.6.

Table 2- The names and molecular formulae of the retrieved compounds.

J. Chil. Chem. Soc., 67, N°3 (2022)

of the selected natural compounds. The molecular structure of compounds was
submitted to ADMET-SAR server (http://lmmd.ecust.edu.cn/admetsarl/home/)
(24) to examine their different pharmacokinetic and pharmacodynamic
parameters including blood brain barrier penetration, carcinogenicity, subcellular
localization, LD50 and category of acute oral toxicity.

RESULTS & DISCUSSION
PDB Structures of selected Proteins

The retrieved PDB structure is presented in Fig. 1.

Molecular Docking of Protein and Ligand

Molecular docking is considered as the “key and lock™ hypothesis used to find
the best fit orientation of ligand and protein. Using AutoDock Tools 1.5.6 (22),
target proteins were docked with selected natural compounds and binding energy
was calculated. The prepared files of the protein and ligands were submitted to
AutoDock Tool. During the docking procedure, the various conformations for
ligand were generated, but the best conformations with minimal energy was
considered as output.

ADME and Toxicity analysis

A reliable ADMET predictive model can be useful for the estimation of
physicochemical parameters such as logP and logS. The ALOGPS 2.1 tool
(http:/www.vcclab.org/lab/alogps/) (23) was used to conduct the ADME analysis

S.No. | Indian Herbal plants Natural Mol. formula
compounds
1 Syzygium aromaticum Eugenol C1oH120,
(cloves) Eugenyl acetate C12H1404
2. Cinnamomum VErum | sjnnamaldehyde CoHsO
(cinnamon)
3. Allium S?tivum Allicin CsH1,0S, 6M3M 6M71 6VWW
(garlic)
4. Myristica fragrans Catechins CisH10s
(nutmeg)
Trigonella foenum Rhaponticin C21H2404
5. graecum —
(fenugreek) Isovitexin C21H20010
6. | Buniumbulbocastanum | o oquinone CuoHiOs \L
(black cumin)
7 Cinnamomum tamala o -pinene CuoHus \ 7
(bay leaf) ="
8 Enicostemma Littorale Swertiamarin C1eH22010
(bitter-stick) Mangiferin C19H18011
0. Glycyrrhiza glabra Glycyhrrizin CaoHe:O15 BWIC BWXD 6Y2E
(licorice)
10. Tinospora cordifolia Berberine CaoHieNO,”
(giloy) Sitosterol CagHsoO
11, Curcuma I_onga Curcumin Ca1H006
(turmeric)
12, Zingiber officinale Gingerol CirH2s04
(ginger) Shogaol C17H2405
13, Trachysp.erm_um ammi Thymol CioH1,0
(ajwain)
14. Piper nigrum Piperine Ci7H1NOs
(black pepper) -
15, Amomurrl_su_bul_atum 1,8-cineole CoHis0 6YHU 7C2J 1UTC
(badi ilaichi)

Figure 1. 3-dimensional structures of proteins associated with COVID-19 (see
Table 1 for abbreviations).

Docking
Binding of COVID-19 proteins with selected ligands

The virtual screening utilizes docking and scoring of compounds from a
dataset and predicts the binding modes and affinities of ligand and protein. The
molecular docking studies of the COVID-19 proteins with Indian herbal plant
natural compounds were performed using AutoDock Tools 1.5.6. Molecular
docking assumes that a compound is absorbed perfectly and interacted with the
receptor. The lowest binding energy indicates the most significant interaction
between ligand and protein (25). The results of the molecular docking studies
along with binding energies are shown in Table 4. Table 3 demonstrates that the
ligand 7 (isovitexin) has minimal binding affinity (AG) values with papain- like
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protease (NSP3) (6W9C) and RNA-replicase (NSP9) (6WXD) are -8.24 and -
9.36 kcal/mol. Ligand 12 (glycyrrhizin) has minimal binding affinity (AG) values
at SARS-CoV-2 nucleocapsid protein N-terminal RNA binding domain (NP)
(6M3M), nsp7-nsp8 complex of SARS-CoV-2 (6YHU) and nspl6-nspl0
heterodimer (N7- and 2°O-methyltransferases) in complex with SAM (7C2J) are
-10.9, -7.93 and -8.58 kcal/mol. Ligand 14, i.e., Sitosterol having minimal
binding affinity (AG) values at RNA-dependent RNA polymerase (NSP12) in
complex with cofactors (6M71), Endoribonuclease from SARS CoV-2 (NSP15)
(6VVWW) and Clathrin terminal domain complexed with TLPWDLWTT (1UTC)
are -7.19, -9.32, and -10.03 kcal/mol. Ligand 19, i.e., Piperine having minimal
binding affinity (AG) values at Main Protease (NSP5) (6'Y2E) are -7.28 kcal/mol.

The docking images of different ligands with COVID-19 proteins are
represented in Fig. 2, where the formed hydrogen bonds are represented by green
lines. The lengths of the formed hydrogen bonds was measured. The binding
affinity (AG) of compounds depends on the type of bonding (H-bond) that occurs
with the active site of the protein. The results of docking of the ligand 7, 12, 14,
19 (isovitexin, glycyrrhizin, sitosterol, and piperine) with nine proteins
associated with COVID-19 are given in a Supplementary Tables 3-7.

Isovitexin formed two hydrogen bond of lengths 2.135 A and 1.593 A with the
isoleucine (ILE-97) and serine (SER-98) of chain A in endoribonuclease from
SARS CoV-2 (NSP15) (6VWW). Similarly, Isovitexin exhibited binding with
lysine (LYS-217) and lysine (LYS-306) of chain A of Papain-like protease
(NSP3) (6W9C) with hydrogen bond lengths of 1.693 A and 1.827 A, while
Isovitexin with RNA-replicase (NSP9) (6WXD) formed hydrogen bond of bond
lengths 2.049 A with the serine (SER-59) of chain B.

Table 3- Docking results of selected ligands with different COVID-19 proteins.

Glycyrrhizin with SARS-CoV-2 nucleocapsid protein N-terminal RNA
binding domain (NP) (6M3M) formed three hydrogen bond of bond lengths
1.869 A, 2.052 A and 2.096 A with the asparagine (ASN-112), lysine (LY S-66)
and asparagine (ASN-155) of chain A, B and D, respectively. Similarly,
Glycyrrhizin exhibited binding with arginine (ARG-21), glutamine (GLN-63)
and arginine (ARG-80) of chain A, A and B, with the hydrogen bond length being
2.005 A, 2.168 A and 1.883 A with nsp7-nsp8 complex of SARS-CoV-2 (6YHU)
whereas, Glycyrrhizin - with nsp16-nspl0 heterodimer (N7- and 2°0O-
methyltransferases) in complex with SAM (7C2J) formed hydrogen bond of
bond lengths 1.783 A and 1.788 A with the methionine (MET-42) and lysine
(LYS-76) of chain A, respectively.

Sitosterol with RNA-dependent RNA polymerase (NSP12) in complex with
cofactors (6M71) and Clathrin terminal domain complexed with TLPWDLWTT
(1UTC) formed hydrogen bond of bond lengths 2.061 A and 2.012 A with the
asparagine (ASN-100) and methionine (MET-32) of chain B, respectively.
Whereas, Piperine with Main Protease (NSP5) (6'Y2E) formed hydrogen bond of
bond lengths 1.926 A and 2.16 A with the lysine (LYS-12) and threonine (THR-
304) of chain B, respectively.

The binding affinities of these compounds, along with those of a few
previously reported inhibitors such as arbidol (26), hydroxychloroquine (27),
ivermectin (28), lopinavir (29), ritonavir (29) and remdesivir (30), are given in
supplementary (Table 2). Considering ivermectin as a reference, we note that the
inhibition potentials of the isovitexin, glycyrrhizin, sitosterol, and piperine are
very encouraging. Ivermectin is an FDA-approved broad spectrum anti-parasitic
agent which is currently used for treatment of COVID-19 since it inhibits the
replication of SARS-CoV-2.

Binding Energy (kcal/mol)

S.No. Extracted compounds 6M3M 6M71 6VWW 6W9C 6WXD 6Y2E 6YHU 7C2J 1UTC
1. | Eugenol -5.75 -3.86 -5.56 -4.92 -5.16 -5.01 -4.51 -5.45 -5.02
2. | Eugenyl acetate -6.09 -4.25 -5.47 -4.37 -4.96 -5.74 -4.92 -5.24 -5.76
3. | Cinnamaldehyde -5.21 -4.04 -5.49 -4.53 -5.17 -5.16 -4.48 -5.33 -5.25
4. | Allicin -4.32 -3.67 -4.79 -4.08 -4.08 -4.74 -4.38 -4.56 -4.09
5. | Catechins -8.02 -5.16 -7.38 -7.48 -7.1 -6.2 -6.46 -7.73 -7.97
6. | Rhaponticin -1.72 -5.46 -5.44 -6.59 -7.23 -6.24 -5.73 -5.65 -9.45
7. | Isovitexin -9.37 -6.6 -9.32 -8.24 -9.36 -6.97 -6.53 -6.86 -9.74
8. | Thymoquinone -5.48 -4.45 -5.67 -4.78 -5.56 -5.61 -5.43 -5.67 -5.84
9. | a-pinene -5.1 -4.16 -5.21 -4.94 -5.02 -4.96 -5.95 -5.39 -5.41
10. | Swertiamarin -6.87 -4.79 -6.38 -5.44 -6.23 -6.46 -5.97 -6.12 -6.44
11. | Mangiferin -6.59 -5.2 -7.02 -5.93 -7.07 -5.93 -4.52 -7.05 -7.04
12. | Glycyrrhizin -10.9 -6.11 -8.18 -6.67 -7.19 -6.87 -7.93 -8.58 -9.77
13. | Berberine -7.81 -6.64 -7.14 -6.39 -8.02 -6.84 -7.41 -8.38 -8.4
14. | Sitosterol -9.25 -7.19 -9.0 -6.95 -5.83 -6.24 -5.91 -7.71 -10.03
15. | Curcumin -7.82 -6.55 -6.84 -8.0 -8.61 -6.59 -6.44 -7.08 -8.5
16. | Gingerol -6.42 -4.45 -5.57 -5.43 -5.79 -4.86 5.1 -5.81 -6.41
17. | Shogaol -6.94 -4.87 -5.69 -5.63 -6.15 -5.02 -5.03 -5.84 -7.0
18. | Thymol -5.47 -4.41 -5.06 -4.59 5.4 -4.75 -5.58 -5.46 -5.83
19. | Piperine -7.7 -7.01 -6.73 -6.51 -8.06 -7.28 -6.73 -7.83 -8.12
20. | 1,8-cineole -5.43 -4.33 -5.97 -4.74 -5.0 -5.5 -6.1 -5.53 -6.13
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Figure 2. Docking poses of the selected ligands with Covid-19 proteins.
ADME and Toxicity analysis

To predict the pharmacokinetic profile of the potential compounds, an ADME
evaluation is required. The physicochemical properties of a compound determine
the bioavailability of a compound in the body. The logP represents the
lipophilicity of the compound. LogP is the logarithm of the partitioning
coefficient between n-octanol and water that has been widely accepted as a
descriptor of the lipophilicity of a molecule. LogP values must be in the range of
0-5 (31). It is evident from Table 4 that, except swertiamarin, mangiferin and
berberine, all other ligands exhibit positive logP values. One can note that the
logP values of most of these compounds lie in the range 2.64-4.95. These values
indicate that the compounds can easily diffuse across the cell membranes due to
their high organic (lipid) permeability. However, sitosterol, has logP =7.27
(exceeding 5) and therefore possesses high hydrophobicity and poor absorption
capacities. On the contrary, allicin, catechins, rhaponticin, isovitexin possess
high absorption due to their logP in the range 0.05-1.81.

LogS measures the aqueous solubility, which is crucial physical property
related to ADME profile of a compound. Compounds with poor solubility tend
to have poor absorption, low stability, and fast clearance. Most of these

compounds have logS values higher than -5 (32), except sitosterol, berberine
(Table 4), ivermectin, lopinavir and ritonavir (Supplementary Table 13).

In silico ADMET analysis, determining the acceptable properties of
pharmacokinetics and pharmacodynamics, is a reliable method. The toxicity
risks of selected natural compounds were predicted based on their ADMET
profile. In the biological systems, poor pharmacokinetics property and toxicity
lead to the failure in drug development. The selected compounds were analyzed
for their blood-brain barrier (BBB) penetration, carcinogenicity, subcellular
localization, LD50 and category of acute oral toxicity (Table 4) (33).

Depending upon the acute oral toxicity (ADMET prediction profile),
compounds are categorized into four groups. Most of the ligands exhibited
category Il of acute oral toxicity, thus signifying that their LD50 values lie in
the range from 500 mg/kg to 5000 mg/kg body weight. Sitosterol exhibited
category | of acute oral toxicity, which signifying that their LD50 values less
than or equal to 50 mg/kg. Category Il contains thymogquinone with LD50 values
greater than 50mg/kg but less than 500mg/kg. Category IV consisted of
catechins, mangiferin, isovitexin and glycyrrhizin with LD50 values greater than
5000mg/kg.
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Table 4. ADME and Toxicity analysis of selected compounds.

ADME TOXICITY
S.NO. Extracted compounds LogP LogS Isolit:l:iezI:':il(?r: Carcinogenicity A_(I:_l:)t)zc?t;al BBB LD50
1. Eugenol 2.66 -2.06 Mitochondria No 11 + 1.9616
2. Eugenyl acetate 3.00 -3.14 Mitochondria No 1 + 2.0606
3. Cinnamaldehyde 2.00 -2.51 Plasma membrane No 1 + 1.8598
4. Allicin 1.16 -1.42 Lysosome No 11 + 2.5863
5. Catechins 1.02 -2.65 Mitochondria No v - 1.8700
6. Rhaponticin 0.70 -2.86 Mitochondria No 11 - 2.0773
7. Isovitexin 0.37 -2.40 Mitochondria No v - 2.3664
8. Thymogquinone 2.00 -1.95 Mitochondria No 1 + 2.6165
9. a -pinene 3.66 -2.94 Lysosome No 11 + 1.5348
10. Swertiamarin -1.60 -0.95 Mitochondria No 11 + 2.5442
11. Mangiferin -0.09 -1.92 Mitochondria No v - 2.3664
12. Glycyrrhizin 2.78 -4.18 Mitochondria No v - 1.9551
13. Berberine -0.18 -6.02 Mitochondria No 1 + 2.7834
14. Sitosterol 7.27 -7.35 Lysosome No | + 2.6561
15. Curcumin 3.62 -4.81 Mitochondria No 11 + 2.5468
16. Gingerol 3.45 -3.57 Mitochondria No 11 + 2.4106
17. Shogaol 4.95 -4.49 Mitochondria No 11 + 1.7164
18. Thymol 3.16 -2.37 Mitochondria No 11 + 2.2996
19. Piperine 3.38 -3.28 Mitochondria No 11 + 2.7129
20. 1,8-cineole 3.36 -3.84 Lysosome No 11 + 1.8144

CONCLUSIONS

Molecular docking studies are a promising tool for developing more efficient
and potential drugs through approaches to ligand-based drug design. In this
paper, we have performed an in- silico study on the inhibition of proteins
associated with COVID-19 by the natural compounds of Indian herbal plants.
Based on the binding affinity as well as ADMET analysis, isovitexin,
glycyrrhizin, sitosterol, and piperine appear as the most powerful inhibitors
among all the compounds considered here. The six drug compounds are already
reported to inhibit COVID-19 protease in vitro. Due to inherent toxicity and side-
effects, however, they are not approved by most of the countries except
ivermectin. Herbal plants are alternative method towards the development of
herbal medicines having no apparent side-effects.
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