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Abstract

SARS-CoV-2 (2019-nCoV) emerged in 2019 and proliferated rapidly across the globe. Scientists are attempting to
investigate antivirals specific to COVID-19 treatment. The 2019-nCoV and SARS-CoV utilize the same receptor of the
host which is COVID-19 of the main protease (Mpro).COVID-19 caused by SARS-CoV-2 is burdensome to overcome
by presently acquired antiviral candidates. So the objective and purpose of this work was to investigate the plants with
reported potential antiviral activity. With the aid of in silico techniques such as molecular docking and druggability
studies, we have proposed several natural active compounds including glycyrrhizin, bicylogermecrene, tryptanthrine,
B-sitosterol, indirubin, indican, indigo, hesperetin, crysophanic acid, rhein, berberine and p-caryophyllene which can
be encountered as potential herbal candidate exhibiting anti-viral activity against SARS-CoV-2. Promising docking
outcomes have been executed which evidenced the worthy of these selected herbal remedies for future drug develop-
ment to combat coronavirus disease.
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Hubei province of China [1]. In China, a sudden outbreak
was announced by The Emergency Committee of the World
Health Organization (WHO) on 30th January, 2020 which
was then regarded as Public Health Emergencies of Interna-
tional Concern [2]. Thereafter, the World Health Organiza-
tion (WHO) has changed the name to coronavirus disease
(COVID-19), on 11th February, 2020 [3]. According to the
WHO situation report (107) around 35, 88, 773 cases of
persons infected with coronaviruses (COVID-19) among
which 2, 47, 503 death have been reported [4]. This virus is
invading almost every nation of the world which puts a tre-
mendous burden on the researchers and scientists worldwide
to develop potential drug candidates to resist COVID-19.

There are no specialized treatments are available for the
treatment of COVID-19 and several exploration relevant to
the therapies of COVID-19 are becoming inadequate [2].
The available therapeutic options are limited to precau-
tionary and provide support, employed for interception of
additional consequences [2]. Few of the exploratory studies
have encountered the combinations of existing drug candi-
dates involving anti-HIV drugs such as lopinavit/ritonavir,
remdesivir, arbidol, lamivudine tenofovir and disoproxil for
therapeutic use against COVID-19 [5]. The recognition of
protease as an attractive target to inhibit COVID-19 repli-
cation has emerged resulting in an investigation of drugs to
target the viral protease [6-8].

Herbal plants provide a wide variety of integral and
alternative medicine which may assist to solve the many
puzzles behind many viral diseases [9]. Herbal remedies
such as plant extract, plant-derived hybrid (phytoconstitu-
ents) herbal plant extract from specific parts of the plant
(stem, roots, seed, barks, food and flower), nutraceuticals
as well as nutritional supplements observe applications in
treating disease vary from frequent to rare infectious and
non-infectious ailments [10, 11]. A report of the World
Health Organization (WHO), 80% of the human being in
developing nations depends on traditional plants for health
requirements [12, 13]. Many research has evidenced about
plants derived products and their preparations promising tool
against many viral infectious outbreaks [9]. Considering the
low toxicity screening of herbal medicine [14] they can be
employed extensively to target COVID-19 [15]. The main
protease referred to as MP™ (3CLP™) recognized as a promis-
ing target among coronaviruses as it is primarily involved
in the processing of viral polyproteins translated from viral
RNA [6]. Since we have already investigated in-silico anti-
COVID-19 activity of some potential drug candidates [16],
in this mini-research we summarize the potential phytocon-
stituents that could target the main protease for treatment of
nCoV-2019 by employing molecular docking tool. We pro-
posed some natural products including glycyrrhizin, bicylo-
germecrene, tryptanthrine, p-sitosterol, indirubin, indican,
indigo, hesperetin, crysophanic acid, rhein, berberine and
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B-caryophyllene as potential candidate for exerting the anti-
viral activity against SARS-CoV-2 infection using molecular
docking study.

Glycyrrhizin is abundantly found in dried roots of Gly-
cyrrhiza uralensis, Glycyrrhiza glabra, and Glycyrrhiza
inflate commonly known as licorice [17, 18]. Glycyrrhizin
is known to exhibit potent antiviral activity [19, 20]. It is
reported to elicit antiviral activity against Human Immu-
nodeficiency Virus Type 1 (HIV-1) and Herpes Simplex
Virus Type 1(HSV-1) [21], Hepatitis C virus [22], Vari-
cella-Zoster virus [23] and SARS-Coronavirus [24]. Since
licorice is an abundant and widely available medicinal plant
since antiquity [25, 26], its potential antiviral activity may
be attributed to COVID-19. Bicylogermecrene is a ses-
quiterpenoid [27] naturally occurring compound predomi-
nantly found in some species of eucalyptus [28], Lantana
Camara, and Lantana species and another plant including
Aloysia gratissima belonging to family Verbenaceae [29].
Bicyclogermacrene has been delineated to exhibit various
activities including antimicrobial activity antibacterial,
antifungal, antiviral activity [29, 30]. Tryptanthrine and
[-sitosterol and indirubin are the major chemical constitu-
ent present in Strobilanthes cusia leaf belonging to family
Acanthaceae, predominantly found in India, Bangladesh,
and Himalayan region [31, 32]. Tryptanthrine is reported
to exhibit anti-Human coronavirus NL63 (HCoV-NL63)
(ICsy 1.52 pM) which suggests the potent anti- HCoV-NL63
activity of it [32]. The other component which is indirubin
is also reported to possess antiviral and immunomodula-
tory activity predominantly against influenza-A [33-35].
These natural products may act as a promising candidate to
combat the COVID-19. Another potential natural product
found in S. cusia leaf is p-sitosterol, a phytosterol which
is recognized for its in vitro enzymatic inhibitory activity
against SARS coronavirus 3C-like protease [36] and anti-
HBYV (hepatitis B virus) activity [37]. Besides this, it also
exhibits antibacterial, anti-inflammatory and antitumor
activities [38—40]. Isatis indigotica containing Indigo and
indirubin is Chinese traditional medicine that is recognized
as potential compounds for the treatment of hepatitis, and
encephalitis SARS-coronavirus, influenza, foot-and-mouth
disease, human immunodeficiency virus type 1 and rabies
(HIV-1) [41-44]. Hesperetin is an effectual compound in
Chenpi (Citri Reticulatae Pericarpium) belonging to family
Rutaceae [45, 46] a product belonging to flavanone class of
flavonoids is abundant in citrus fruits [47] have known to
possess the anti-influenza viral activity and protective effect
against fulminant hepatitis [47, 48]. Rhein and crysophanic
acid are widely distributed in species of aloe vera (Aloe bar-
badensis) belonging to family Asphodelaceae [49] and Rhu-
barb (Rheum palmatum) belonging to family Polygonaceae
[50] among which, crysophanic acid is reported to exhibit
antiviral activity against poliovirus [51, 52] and rhein is
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known for its anti-influenza activity [51] and anti-Human
Respiratory Syncytial Virus [50]. Berberine is an alkaloid
of isoquinoline category which is abundant in Berberis
aristata (Berberidaceae) and other species of berberis [52].
B-caryophyllene abundant in basil (Ocimum spp.), cinnamon
(Cinnamomum spp.), black pepper (Piper nigrum), cannabis
(Cannabis sativa), cloves (Syzygium aromaticum), oregano
(Origanum vulgare), rosemary (Rosmarinus officinalis) and
lavender (Lavandula angustifolia) which is already recog-
nized to exhibit antiviral activity [53]. Berberine is widely
accepted for its potential wide spectrum activity against a
variety of viruses including Human Cytomegalovirus [54],
influenza A/FM1/1/47 (HIN1) [55], enterovirus 71 (EV71)
[52], Respiratory Syncytial Virus [56], Chikungunya virus
(CHIKV) [57] and herpes simplex virus [58]. Thus, in this
work, we have brought some phytoconstituents into play by
demonstrating their in-silico anti-COVID-19 activity attrib-
uted by inhibiting the main protease by utilizing molecular
docking tools.

2 Result, Discussion and Conclusion

After the docking experiment, a divergent poses of ligand
were generated among which they pose with the best affin-
ity (lowest in terms of kcal/mol) was considered as the best
pose and further processed for visualization. The results
acquired after docking analysis in terms of ligand binding
affinity (kcal/mol), the interaction of natural products with
the COVID-19 main protease, and the drug-like properties
were shown in (Table 1). The drug-like properties were
evaluated by Lipinski rule of five suggesting that most
of the natural products were found to have no violations
which can be attributed to their drug-likeness. The dock-
ing of the phytoconstituents in COVID-19 main protease
was subsequently visualized for their binding in the pocket
of the protein. The phytoconstituents displaying binding in
the active site (pocket) of protein (represented as surface) is
shown in (Fig. 1). The accommodation of phytoconstituents
in the main protease revealed various amino acid residues
engaged in interaction, are shown in (Fig. 2). These interac-
tions were attributed to evidence of the in-silico ligand—pro-
tein interaction.

The molecular docking revealed principle interactions
that are transpiring between the natural products and the

main protease of COVID-19. Since the native inhibitor (N2)
accommodated in the crystal structure of COVID-19 main
protease, it allowed the natural products to bind in the active
sites of the protein. The active site analysis revealed the prin-
ciple amino acid residues that are associated with ligand
binding including PRO 168, ALA 191, THR 190, GLU 166,
GLN 189, MET 49, ARG 188, HIS 41, ASP 187, HIS 164,
CYS 145, GLY 143, THR 26, THR 24, THR 25, SER 144,
MET 165, ASN 142, HIS 163, HIS 172, GLN 192, LEU
141 and PHE 140.

Glycyrrhizin showed a prominent interaction with the
main protease accompanied by an affinity of — 8.9 kcal/mol
and five hydrogen bonds specifically with GLN 127, LYS
5, LYS 137, ARG 131 and TYR 239. However, it is quite
unfavorable to follow Lipinski’s rule of five as it is character-
ized by three violations (Table 1). Bicylogermecrene binds
with the main protease with an affinity of — 6.5 kcal/mole by
establishing pi-sigma interactions with PHE 294. The dock-
ing of tryptanthrine with main protease is accompanied by
an affinity of — 8.2 kcal/mol by forming two hydrogen bonds
with GLN 110 along with pi-alkyl interactions with ILE
106, VAL 104 and several van der Waals interaction with
ARG 105, GLN 107, THR 111, THR 292, PHE 294, ASP
153 and SER 158. It shows favorable drug-like properties
by following Lipinski’s rule of five without any violation.
A significant binding of p-sitosterol with the target protein
was observed with an affinity of —7.2 kcal/mol designated
by four pi-alkyl interaction with PHE 294. A desirable bind-
ing of indirubin and indican with the main protease was
observed with an affinity of —7.6 and — 7.5 respectively.
These interactions are accompanied by three hydrogen bonds
of indirubin specifically with HIS 163, LEU 141, GLU 166
and pi—pi interaction with HIS 41, and hydrogen bonds of
indican with CYS 145, SER 144 and HIS 163. Both indiru-
bin and indican exhibit drug-likeness as they were found
to obey Lipinski’s rule of five. Indigo was found to exhibit
a hydrogen bond with GLY 143 and residue of the main
protease with an affinity of —7.5 kcal/mol. Indigo is also
attributed to drug-like properties without any violation and
possesses a strong potential to become a promising drug can-
didate. The interaction of hesperetin and crysophanic acid
with the main protease was found to be prominent with an
affinity of —7.9 and — 7.3 kcal/mol and both natural prod-
ucts were found to be druggable. Hesperetin and crysophanic
acid are accompanied by hydrogen bond with HIS 163 and
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Table 1 Docking results of natural products in terms of binding affinity (kcal/mol), interaction of natural products with the COVID-19 main pro-
tease (PDB ID: 6LU7) and the drug like properties

Natural products Affinity (kcal/ Structure of compounds and its interaction with ~ Drug like properties (Lipinski’s rule of five)
mol) COVID-19 main protease
Glycyrrhizin -8.1 9 Molecular weight (<500 Da): 822.93

Log P (<5): 1.55
H-bond donor (5): 8
H-bond acceptor (< 10): 16
MlogP (<4.15): 0.02

i ot Violations: 3

286
a3y

pei)

B

Bicylogermecrene -6.5 Al Molecular weight (<500 Da): 204.35
: Log P (<5): 4.15

H-bond donor (5): 0

¢ ? H-bond acceptor (< 10): 0
MlogP (<4.15): 4.63
Violations: 1

g —_—
Tryptanthrine -82 © & Molecular weight (<500 Da): 248.24
Log P (<5):2.16
A H-bond donor (5): 0
s s H-bond acceptor (< 10): 3

MlogP (<4.15): 2.22
. Violations: 0

[-sitosterol -7.2 Molecular weight (<500 Da): 414.71
pHE Log P (<5):7.19
H-bond donor (5): 1
228 H-bond acceptor (< 10): 1
MlogP (<4.15): 6.73
Violations: 1

Interactions
] o A

Indirubin -7.6 m o Molecular weight (<500 Da): 260.26
ot L 4 Log P (<5): 2.69
i H-bond donor (5): 2
H-bond acceptor (< 10): 3
MlogP (<4.15): 1.70

Violations: 0

GLU
A:166
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Table 1 (continued)

Natural products Affinity (kcal/ Structure of compounds and its interaction with ~ Drug like properties (Lipinski’s rule of five)
mol) COVID-19 main protease
Indican -7.5 @ Molecular weight (<500 Da): 295.29
P ’ Log P (<5): -0.16
9 W o ) H-bond donor (5): 5
5 H-bond acceptor (< 10): 6
@ MlogP (<4.15): —1.13
- Violations: 0

Indigo =75
ASN
ors a:142
A:145
GLY
A143
Hesperetin -7.9 fiis
GLU A:163
A:166
PRO
A:168
CYS
A:145
i i
Crysophanic acid -173 %
&
&
&
o
Rhein -8.9 i
153
@ PHE
ASN AS
aiia o5 o
o a3
M b g
el -
s oo -
Berberine -8.1 i) @
GLU W AL65

HIS
Al

Molecular weight (<500 Da): 262.26
Log P (<5):2.63

H-bond donor (5): 2

H-bond acceptor (< 10): 3

MlogP (<4.15): 1.23

Violations: 0

Molecular weight (<500 Da): 302.28
Log P (<5):1.91

H-bond donor (5): 6

H-bond acceptor (<10): 6

MlogP (<4.15): 0.41

Violations: 0

Molecular weight (<500 Da): 254.24
Log P (<5):2.38

H-bond donor (5): 2

H-bond acceptor (< 10): 4

MlogP (<4.15): 0.92

Violations: 0

Molecular weight (<500 Da): 284.22
Log P (<5): 1.48

H-bond donor (5): 3

H-bond acceptor (< 10): 6

MlogP (<4.15): 0.29

Violations: 0

Molecular weight (<500 Da): 336.36
Log P (<5):2.53

H-bond donor (5): 0

H-bond acceptor (< 10): 4

MlogP (<4.15): 2.19

Violations: 0
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Table 1 (continued)

Natural products Affinity (kcal/ Structure of compounds and its interaction with ~ Drug like properties (Lipinski’s rule of five)
mol) COVID-19 main protease
fB-caryophyllene -7.2 Molecular weight (<500 Da): 204.35

Log P (<5):4.24
H-bond donor (5): 0
H-bond acceptor (< 10): 0
MlogP (<4.15): 4.63
Violations: 1

PHE

A:294

LYS 137, LYS 5 respectively. A promising binding to the
COVID-19 main protease was observed in the case of rhein
and berberine where both natural products were found to
exhibit an affinity of —8.9 and — 8.1 kcal/mol respectively.
Their binding is also accompanied by hydrogen bonds as
rhein was manifested by two hydrogen bonds with ASO 295
and THR 292 along with van der Waals interaction with
several amino acid residues including ASP 153, THR 111,
ILE 106, GLN 110 and LYS 102. Similarly, berberine was
also found to show carbon-hydrogen bonding with LEU 167,
GLU 166, and pi-alkyl interaction with HIS 41 and MET
165. Both rhein and berberine was found to be druggable.
Pie-alkyl interactions with PHE 294 were observed in the
case of B-caryophyllene with an affinity of —7.2. It was also
found to exhibit drug-like properties with a violation of
Lipinski’s rule of five. The interactions with the COVID-19
main protease were highest in the case of glycyrrhizin and
rhein indicating their potential to bind the protease which
is evidenced by their efficient accommodation inside the
pocket of the protein. This may provide a promising basis
for their development as potential candidates to inhibit viral
protease.

Since most of the drug candidates presently available for
COVID-19 substantially act on viral main protease, by using
molecular docking analysis, we have predicted the protease
inhibitor activity of several natural products that can emerge
as potential drug candidates inhibiting viral protease. A
promising binding of natural products with the COVID-19
main protease was revealed by docking analysis. Among the
several natural products screened by docking analysis, gly-
cyrrhizin, tryptanthrine, rhein, and berberine were found to
exhibit a higher degree of interaction with the viral protease
accompanied by lowest binding energy with favorable drug-
like properties. Thus these natural products may emerge as
potential COVID-19 main protease inhibitor. However, addi-
tional exploration is inevitable for the investigation of the
inherent use of the herbs containing these natural products
and their in-vivo activity.
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Fig. 1 Visualization of docking results showing binding of a glycyr- »
rhizin, b bicylogermecrene, ¢ tryptanthrine, d p-sitosterol, e indiru-
bin, f indican, g indigo, h hesperetin, i crysophanic acid, j rhein, k
berberine and 1 f-caryophyllene inside the pocket of COVID-19 main
protease with ligand as blue color sticks

3 Experimental Section

3.1 Method

The molecular docking experiment of natural products was
designed using COVID-19 main protease in complex with
an inhibitor N3 [59] (PDB ID: 6L.U7) as macromolecule.

3.2 Retrieval of Target Protein

The protein structure COVID-19 main protease in complex
with an inhibitor N3 [59] (PDB ID: 6L.U7) was retrieved
from the protein data bank (https://www.rcsb.org/pdb/
home/home.do). The structure was downloaded in PDB
format and the inhibitor N3 [59] from the protein structure
was removed. The protein was prepared by removing the
water molecules followed by adding Kollman charges and
polar hydrogen’s and saved in PDBQT format for docking
analysis.

3.3 Retrieval of Ligand

The 3D structures of the natural products were obtained
from PubChem Database. Respective CIDs of the com-
pounds for Pubchem database are follows; glycyrrhi-
zin (CID:128229, bicylogermecrene (CID:13894537),
tryptanthrine (CID:73549), B-sitosterol (CID:222284),
indirubin (CID:10177), indican (CID:441564), indigo
(CID:10215), hesperetin (CID:72281), crysophanic acid
(CID:10208), rhein (CID:10168), berberine (CID:2353) and
B-caryophyllene (CID: 5281515). ChemDraw 12.0 was used
to generate 2D structures of these ligands [60]. The ligands


https://www.rcsb.org/pdb/home/home.do
https://www.rcsb.org/pdb/home/home.do

Recognition of Natural Products as Potential Inhibitors 303

(® (h) )

@ Springer



304

R. R. Narkhede et al.

Vall y
\\\‘S:\ Val104 <4
\ - =%

(b)

His163

1) (k)

()

Fig.2 Visualization of docking results: amino acid residues involved
in interaction of a glycyrrhizin, b bicylogermecrene, ¢ tryptanthrine,
d B-sitosterol, e indirubin, f indican, g indigo, h hesperetin, i crys-

were energetically minimized by the use of the Vega ZZ
program [61] along with the SP4 force field and conjugate
gradient method.

3.4 Docking Experiment

Auto Dock Vina was employed as a program for docking
experiments using an exhaustiveness value of 80 using Auto
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ophanic acid, j rhein, k berberine and 1 -caryophyllene with COVID-
19 main protease with ligand as blue color sticks and hydrogen bond-
ing by green dash

dock Vina 1.0 [62]. The fixing of the grid box at the active
site of protein was performed using Auto Dock Tools 1.5.6
[63]. The grid was set using x, y, z of 40, 40, 40, and x, y, z
center as —26.283, 12.599, 59.154 respectively. For docking,
the final ligand and protein were prepared using Auto Dock
tools 1.5.6. The remaining parameters of the program were
kept as default considering movable ligand and rigid protein.
The docking result was visualized using Pymol 1.8.6.0 and
Discovery Studio Visualizer 4.0 [64]. The assessment of the
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natural products for drug-like properties was accomplished
by Lipinski’s rule of five [65, 66]. The drug-like properties
accommodated in Lipinski’s rule of five were calculated by
employing the Swiss ADME web tools [67].

Acknowledgements The authors are grateful to Dr. V. N. Shrikhande,
Principal, Dr. Rajendra Gode College of Pharmacy, Malkapur, (MS),
India for providing necessary facilities.

Compliance with Ethical Standards

Conflict of interest The authors declare that they have no conflict of
interest.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

K. Leung, J. Wu, D. Liu, G. Leung, Lancet 395, p689-697 (2020)
A.J. Rodriguez-Morales, K. MacGregor, S. Kanagarajah, D. Patel,
P. Schlagenhauf, Travel Med Infect. Dis. 33, 101578 (2020)

3. S. Khaerunnisa, H. Kurniawan, R. Awaluddin, S. Suhartati, Pre-
prints (2020). https://doi.org/10.20944/preprints202003.0226.v 1

4. Coronavirus Outbreak. (2020). https://www.worldometers.info/
coronavirus/. Accessed 5 Apr 2020

5. H. Lu, Biosci. Trends 14, 69 (2020)

6. L.Zhang, D. Lin, X. Sun, U. Curth, C. Drosten, L. Sauerhering,
S. Becker, K. Rox, R. Hilgenfeld, Science 368, 409 (2020)

7. K. Anand, H. Yang, M. Bartlam, Z. Rao, R. Hilgenfeld, R. Coro-
navirus main proteinase: target for antiviral drug therapy. In
Coronaviruses with special emphasis on first insights concerning
SARS, Birkhiuser Basel, 173-199 (2005)

8. H. Yang, M. Bartlam, Z. Rao, Curr. Pharm. Des. 12, 4573 (2006)

9. R.K. Ganjhu, P.P. Mudgal, H. Maity, D. Dowarha, S. Devadiga,
S. Nag, G. Arunkumar, Virusdisease 26, 225 (2015)

10. P. Katona, J. Katona-Apte, Clin. Infect. Dis. 46, 1582 (2008)

11. G. Pinn, Aust. Fam. Physician 30, 681 (2001)

12. Medicinal plants and primary health care: part 2. Essent Drugs
Monit, WHO (11):15-17 (1991)

13. G.B. Mahady, J. Nutr. 131, 1120S (1120S)

14. J. Zhang, 1.J. Onakpoya, P. Posadzki, M. Eddouks, Evid. Based
Complement. Altern. Med. 2015, 316706 (2015)

15. B. Vellingiri, K. Jayaramayya, M. Iyer, A. Narayanasamy, V.
Govindasamy, B. Giridharan, S. Ganesan, A. Venugopal, D. Ven-
katesan, H. Ganesan, K. Rajagopalan, P.K.S.M. Rahman, S.G.
Cho, N.S. Kumar, M.D. Subramaniam, Sci. Total Environ. 725,
138277 (2020)

16. R.R. Narkhede, R.S. Cheke, J.P. Ambhore, S.D. Shinde, Eurasian
J Med. Oncol. 4, 185 (2020)

17. Q. Zhang, M. Ye, J. Chromatogr. A 1216, 1954 (2009)

0=

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.
43.

44.
45.

46.

47.

48.

X. Qiao, W. Song, S. Ji, Q. Wang, D. Guo, M. Ye, J. Chromatogr.
A 1402, 36 (2015)

C. Fiore, M. Eisenhut, R. Krausse, E. Ragazzi, D. Pellati, D.
Armanini, J. Bielenberg, Phytother. Res. 22, 141 (2008)

M.S. Ghannad, A. Mohammadi, S. Safiallahy, J. Faradmal, M.
Azizi, Z. Ahmadvand, Jundishapur J. Microbiol. 7, €11616 (2014)
K. Hirabayashi, S. Iwata, H. Matsumoto, T. Mori, S. Shibata, M.
Baba, M. Ito, S. Shigeta, H. Nakashima, N. Yamamoto, Chem.
Pharm. Bull. (Tokyo). 39, 112 (1991)

U.A. Ashfaq, M.S. Masoud, Z. Nawaz, S. Riazuddin, J. Transl.
Med. 9, 112 (2011)

M. Baba, S. Shigeta, Antivir. Res. 7, 99 (1987)

G. Hoever, L. Baltina, M. Michaelis, R. Kondratenko, L. Baltina,
G.A. Tolstikov, H.W. Doerr, J. Cinatl, J. Med. Chem. 48, 1256
(2005)

D. Armanini, C. Fiore, M.J. Mattarello, J. Bielenberg, M. Palermo,
Exp. Clin. Endocrinol. diabetes. 110, 257 (2002)

C. Fiore, M. Eisenhut, E. Ragazzi, G. Zanchin, D. Armanini, J.
Ethnopharmacol. 99, 317 (2005)

J.G. Costa, E. Sousa, F. Rodrigues, S. de Lima, R. Braz-Filho,
Rev. Bras. Farmacogn. 19, 710 (2009)

M.H. Assareh, K. Jaimand, M.B. Rezaee, J. Essent. Oil Res. 19,
8 (2007)

T.G. Santos, J. Laemmle, R.A. Rebelo, E.M. Dalmarco, A.B.
Cruz, A.P. Schmit, R.C. Cruz, A.L. Zeni, J. Essent. Oil Res. 27,
125-130 (2015)

J. Montanha, P. Moellerke, S. Bordignon, E. Schenkel, P. Roehe,
Acta Farm. Bonaer. 23, 183 (2004)

W. Lin, W. Huang, S. Ning, X. Wang, Q. Ye, D. Wei, PLoS ONE
13, 0199788 (2018)

Y.C. Tsai, C.L. Lee, H.R. Yen, Y.S. Chang, Y.P. Lin, S.H. Huang,
C.W. Lin, Biomolecules 10, 366 (2020)

W. Gu, Y. Zhang, X.-J. Hao, F.-M. Yang, Q.-Y. Sun, S.L. Morris-
Natschke, K.-H. Lee, Y.-H. Wang, C.-L. Long, J. Nat. Prod. 77,
2590 (2014)

S.-J. Chang, Y.-C. Chang, K.-Z. Lu, Y.-Y. Tsou, C.-W. Lin, Evid.
Based Complement. Altern. Med. 2012, 925830 (2012)

Z.Hu, Y. Tu, Y. Xia, P. Cheng, W. Sun, Y. Shi, L. Guo, H. He,
C. Xiong, S. Chen, X. Zhang, Evid. Based Complement. Altern.
Med. 2015, 484670 (2015)

C.W. Lin, F.J. Tsai, C.H. Tsai, C.C. Lai, L. Wan, T.Y. Ho, C.C.
Hsieh, P.D.L. Chao, Antivir. Res. 68, 36 (2005)

M.K. Parvez, M.T. Rehman, P. Alam, M.S. Al-Dosari, S.I. Alqa-
soumi, M.F. Alajmi, Saudi Pharm. J. 27, 389 (2019)

C.L. Lee, C.M. Wang, H.C. Hu, H.R. Yen, Y.C. Song, S.J. Yu, C.J.
Chen, W.C. Li, Y.C. Wu, Phytochemistry 162, 39 (2019)

B.C. Liau, T.T. Jong, M.R. Lee, S.S. Chen, J. Pharm. Biomed.
Anal. 43, 346 (2007)

A.M. Madureira, J.R. Ascenso, L. Valdeira, A. Duarte, J.P. Frade,
G. Freitas, M.J.U. Ferreira, Nat. Prod. Res. 17, 375 (2003)

P. Zou, H.L. Koh, Rapid Commun. Mass Spectrom. 21, 1239
(2007)

G.W. Qin, R.S. Xu, Med. Res. Rev. 18, 375 (1998)

Y.S. Han, G.G. Chang, C.G. Juo, H.J. Lee, S.H. Yeh, J.T.A. Hsu,
X. Chen, Biochemistry 44, 10349 (2005)

L. Chen, T. Lin, H. Zhang, Y. Su, Intervirology 48, 207 (2005)
Y.M. Li, X.M. Li, GM. Li, W.C. Du, J. Zhang, W.X. Li, J. Xu, M.
Hu, Z. Zhu, J. Agric. Food Chem. 56, 5550 (2008)

X. Yu, S. Sun, Y. Guo, Y. Liu, D. Yang, G. Li, S. Li, J. Ethnop-
harmacol. 220, 265 (2018)

X. Bai, P. Yang, Q. Zhou, B. Cai, M. Buist-Homan, H. Cheng, J.
Jiang, D. Shen, L. Li, X. Luo, K.N. Faber, H. Moshage, G. Shi,
Br. J. Pharmacol. 174, 41 (2017)

W. Dong, X. Wei, F. Zhang, J. Hao, F. Huang, C. Zhang, W. Liang,
Sci. Rep. 4, 7237 (2014)

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.20944/preprints202003.0226.v1
https://www.worldometers.info/coronavirus/
https://www.worldometers.info/coronavirus/

306 R. R. Narkhede et al.
49. N. Chinchilla, C. Carrera, A.G. Duran, M. Macias, A. Torres, F.A. 58. M. Dkhil, S. Al-Quraishy, J. Pure Appl. Microbiol. 8, 155 (2014)
Macias, Phytochem. Rev. 12, 581 (2013) 59. Z.Jin, X. Du, Y. Xu, Y. Deng, M. Liu, Y. Zhao, B. Zhang, X. Li,

50.

51.

52.

53.

54.

55.

56.

57.

C. Shen, Z. Zhang, T. Xie, J. Ji, J. Xu, L. Lin, J. Yan, A. Kang, Q.
Dai, Y. Dong, J. Shan, S. Wang, X. Zhao, Front. Pharmacol. 10,
1600 (2020)

Q.W. Wang, Y. Su, J.T. Sheng, L.M. Gu, Y. Zhao, X.X. Chen, C.
Chen, W.Z. Li, K.S. Li, J.P. Dai, PLoS ONE 13, e0191793 (2018)
H. Wang, K. Li, L. Ma, S. Wu, J. Hu, H. Yan, J. Jiang, Y. Li, Virol.
J. 14,2 (2017)

A. Astani, J. Reichling, P. Schnitzler, Evid. Based Complement.
Altern. Med. 2011, 253643 (2011)

K. Hayashi, K. Minoda, Y. Nagaoka, T. Hayashi, S. Uesato,
Bioorg. Med. Chem. Lett. 17, 1562 (2007)

Y.Q. Yan, YJ. Fu, S. Wu, H.Q. Qin, X. Zhen, B.M. Song, Y.S.
Weng, P.C. Wang, X.Y. Chen, Z.Y. Jiang, Phyther. Res. 32, 2560
(2018)

H.B. Shin, M.S. Choi, C.M. Yi, J. Lee, N.J. Kim, K.S. Inn, Int.
Immunopharmacol. 27, 65 (2015)

F.S. Varghese, B. Thaa, S.N. Amrun, D. Simarmata, K. Rausalu,
T.A. Nyman, A. Merits, G.M. Mclnerney, L.F.P. Ng, T. Ahola, J.
Virol. 90, 9743 (2016)

@ Springer

60.
61.

62.
63.

64.

65.

66.

67.

L. Zhang, C. Peng, Y. Duan, Structure of Mpro from COVID-19
virus and discovery of its inhibitors. bioRxiv. Preprint. 2020.

K. Cousins, J. Am. Chem. Soc. 133, 8388 (2011)

A. Pedretti, L. Villa, G. Vistoli, J. Comput. Aided. Mol. Des. 18,
167 (2004)

O. Trott, A.J. Olson, J. Comput. Chem. 31, 455 (2010)

G.M. Morris, R. Huey, W. Lindstrom, M.F. Sanner, R.K. Belew,
D.S. Goodsell, A.J. Olson, J. Comput. Chem. 30, 2785 (2009)
D. Seeliger, B.L. de Groot, J. Comput. Aided. Mol. Des. 24, 417
(2010)

L.Z. Benet, C.M. Hosey, O. Ursu, T.I. Oprea, Adv. Drug Deliv.
Rev. 101, 89 (2016)

C.A. Lipinski, F. Lombardo, B.W. Dominy, P.J. Feeney, Adv. Drug
Deliv. Rev. 46, 3 (2001)

A. Daina, O. Michielin, V. Zoete, Sci. Rep. 7, 42717 (2017)



	Recognition of Natural Products as Potential Inhibitors of COVID-19 Main Protease (Mpro): In-Silico Evidences
	Abstract 
	Graphic Abstract
	1 Introduction
	2 Result, Discussion and Conclusion
	3 Experimental Section
	3.1 Method
	3.2 Retrieval of Target Protein
	3.3 Retrieval of Ligand
	3.4 Docking Experiment

	Acknowledgements 
	References




