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I N T R O D U C T I O N

Coronavirus is an enveloped, positive sense single standard
RNA virus belonging to coranaviridae family. The severe acute
respiratory syndrome (SARS) is a serious life-threatening upper
respiratory tract disease with the most common symptoms of
cough, higher fever, headache, rigor, myalgia and dizziness.
In humans, it mainly causes common cold, but complication
including pneumonia and SARS can occur [1]. In 2003, SARS
abruptly emerged and spread widely. The known human corona-
virus (HCoV) includes HCoV-229E, HCoV-OC43, HCoV-
NL63, HCoV-HKU1 and the more widely known severe acute
respiratory syndrome coronavirus (SARS-CoV) becoming an
epidemic that seriously affected public, which caused a global
threat with high mortality and the economy of many countries
[2-4]. But SARS has been controlled and no known SARS trans-
mission has been recorded anywhere in the world after 2004.
However, In 2012, World Health Organization (WHO) desig-
nated a sixth type of HCoV infection identified as the Middle
East Respiratory Syndrome coronavirus (MERS-CoV), the
mutant characteristic of the coronavirus that is the causative
agent of SARS indicated the possibility of a re-emergence,
which is associate with high fatality [5].

The severe form of respiratory disease (COVID-19), caused by SARS-
COV-2 virus, has evolved into a pandemic is the defining global health
crisis of our time and greatest challenge we have faced since second
World War. Hence, the current situation demands an immediate need
to explore all the possible therapeutic strategies that can be control
spread of the diseases. We identified potent COVID-19 Mpro inhibitors
based on molecular docking studies on 24 known antiviral natural
compounds, which are from medicinal plants and marine sponges. The
results revealed that 15 potential COVID-19 main protease inhibitors
have been identified among the 24 natural compounds of plants and
marine origin. The result further revealed that the selected natural
products that has lower free binding energy is Halituline (-8.41 Kcal/
mol). As these active compounds were extensively validated by
molecular docking, the chance that at least few of these compounds
could be bioactive is excellent.

A B S T R A C T
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SARS-CoV-2 is a novel virus responsible for an outbreak
of respiratory illness known as COVID-19, which has spread
to several countries around the world. Towards the year end
of December 2019, a novel coronavirus (nCoV-2019) with
human-to-human transmission and severe human infection,
originating in Wuhan, China was known [6]. This virus has
affected many peoples in China and extended to other countries
in a short time. On January 30, 2020, the Director-General of
World Health Organizations (WHO)  declared that the outbreak
of COVID-19 constitutes a public health emergency of inter-
national concern. According to the report of WHO, as on
September 10, 27,738,179 cases, including 899,916 deaths,
have been confirmed globally; 4,645,519 cases, including
224,145 deaths in European region, 14,337,245 cases, inclu-
ding 498,255 deaths in region of the Americas, 2,055,446 cases,
including 54,064 deaths in Eastern Mediterranean region,
530,403 cases, including 11,506 deaths in Western Pacific
region, 5,067,207 cases, including 88,418 deaths in South-
East Asia region, 1,101,618 cases, including 23,515 death in
African region have been reported [7]. This pandemic disease
is still ongoing, so it is urgent to find novel preventive treatment
and therapeutic agents as soon as possible.

While specific vaccines and antiviral agents are the most
effective methods to prevent and treat viral infection, there are
not yet effective treatments that target the COVID-19. Develop-
ment of these treatments may require months or years, meaning
that a more immediate treatment or control mechanism should
be found if possible. Natural product used in traditional medicine
present a potentially valuable resource to this end [8]. There-
fore, great attention has been paid to the secondary metabolites
secreted by medicinal plants in tropical regions that may be
developed as medicines. Several compounds from medicinal
plants (including marine sponge), such as alkaloid, limonoids,
flavonoids, carbohydrates, glycosides, polyphenols and tannins
have been reported to have antiviral bioactivities. In the present
study, 24 compounds were investigated from medicinal plants,
marine sponges and marine tunicate as potential inhibitor candi-
dates for COVID-19 Main protease (PDB ID: 6YB7). The
results of the present study will provide other researchers with
opportunities to identify the right drug to fight COVID-19 Main
protease (COVID-19 Mpro).

E X P E R I M E N T A L

Compounds selection: Google and PubMed literature
concerning natural compounds against SARS or MERS conona-
virus activity and HIV protease inhibitors were selected using
the query “antiviral activity of protease inhibitors”, natural
product as antiviral compounds”, “natural product for invade
corona virus” and “antiviral marine compounds”. After careful
reading of the studies returned by this search, natural compounds
1,5-dicaffeoylquinic acid, 22-O-(N-Me-L-valyl)-21-epiafl-
aquinolone B, arisugacin A, azadirachtin, baicalin, berberine,
butulinic acid, calonolide, conocurvone, cryptotanshinone,
didemnin, gomisin A, halitulin, hypoglaumine B, lithosperimic
acid, lycorine,papaverine, papuamide A, repandusinic acid,
sansalvamide A, sorbicatechol A, swertifrancheside and tanshi-
none II A that have been biologically reported for antiviral
activities were selected.

Proteins/macromolecules: COVID-19 SARS-CoV-2 main
protease (PDB ID: 6YB7) structure was obtained from PDB
(https://www.rcsb.org/), in PDB format [9]. PDB is a library
for the crystal structure of biological macromolecules, world-
wide. Molecular docking of ligands onto the COVID-19 Mpro

was carried out using the Auto-Dock tool (Version 4.2). Accelrys
discovery studio client 4.1 visualizer was used for the visuali-
zing protein-ligand complex. All bounded water, solvents and
ligands were eliminated from the protein and polar hydrogens
were added. The active site aminoacid residues are chosen as
PHE140, LEU141, ASN142, CYS145, HIS163, ARG40 and
ASN84.

Ligand preparation: The three-dimensional structures
of all selected ligands were constructed using Chembio 3D ultra
13.0 software, and then they were energetically minimized
using MMFF94. 3D structure of ligands was optimized using
Gaussian 09W software using 6-31 G basis set before docking.

Molecular docking: The molecular docking studies were
performed by the reported method [10]. Molecular docking
of all energy minimized molecules was carried out with crystal
structures of COVID-19 Mpro using the Auto-Dock tool. The
crystal structure of the protein was taken from Protein Data
Bank (https://www.rcsb.org/) and chain A was selected for
docking studies. All bounded water and ligands were elimi-
nated from the protein and polar hydrogen was added to the
protein as it is required for the electrostatics and then nonpolar
hydrogen atoms were merged together. The files were generated
as PDBQT format with all the default values accepted. More-
over, all docking grid box size is 60 × 60 × 60 points in X, Y
and Z direction. A grid spacing of 0.375 Å and 15 runs were
generated using Lamarckian genetic algorithm searches. The
docking parameters were used as default in Autodock tool.

Drug-like properties: Drug-like properties were calculated
using Lipinski’s rule of five, which proposes that molecules
with poor permeation and oral absorption have molecular
weights > 500, C Log P > 5, more than 5 hydrogen bond donors
and more than 10 acceptor groups [11] Adherence with Lipinski’s
rule of five as calculated using molinspiration prediction
(https://www.molinspiration.com/cgi-bin/properties).

R E S U L T S A N D   D I S C U S S I O N

Since the outbreak of novel coronavirus disease COVID-
19, caused by the SARS-CoV-2 infection, has evolved into a
pandemic resulting in significant mortality. The COVID-19
virus belongs to family coronaviridae and which is an enveloped
virus with a positive sense single-stranded RNA genome.
Effective human to human transmission even by symptom or
without symptom has been a major reason underlying the fast
worldwide spread of disease [12]. More morbidity has been
found among the elderly, those with additional comorbidities
and those under less immunity power. Considering this potential
threat of a pandemic COVID-19, scientists are racing to under-
stand this new virus and discover effective therapeutic medicine.
It is urgent to develop effective broad-spectrum virus replication
inhibitors to handle patient with COVID-19. Blocking key
proteases such as coronavirus main protease (3CL pro) and
papain-like protease (PLpro) are considered to be critical in blocking
viral life cycles since they are essential for the proteolysis of
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viral polyprotein into functional units. Recently many protease
inhibitors for SARS-CoV-2 reported from medicinal plants
and marine plants [13]. In present study, we investigated the
inhibition of SARS-CoV-2 main protease (PDB :6YB7) by
natural products derived from medicinal and marine plants.
Natural compounds have been used since ancient times and
are well accepted as sources of drugs in several human diseases.
The healing ability of these natural compounds draw interest
to study natural products as a potentially important resource
of drug molecules, they are evolutionarily optimized as drug-
like molecules and remain the better sources of drug and drug
leads [14].

Pharmacokinetic properties: Drug like properties of all
selected natural compounds to be considered as drug candi-
dates were based on Lipinski’s rule of five. This rule is formulated

for mainly orally administered drugs, it uses four criteria to
establish if a molecules is drug like; to have a molecular weight
of 500 or less than 500, a logarithm of partition coefficient (C
Log P) ≤ 5, hydrogen bond donor sites ≤ 5 and hydrogen bond
acceptor site ≤ 10. Among the 24 selected natural compounds,
9 compounds well followed the rule of five (zero violation), 4
compounds showed 1 violation, 3 compounds showed 2 violation
and 8 compounds showed 3 violation (Table-1). Though many
selected compounds showed Lipinki’s rule violations, natural
products and drugs are exception to follow this rule [15] and
the selected all molecules were subjected to molecular docking
studies onto COVID-19 Mpro (Fig. 1).

Molecular docking studies: Molecular docking studies
are used to find the binding affinity of ligand to specific target
protein [16]. The natural products alkaloids, terpenoids,

TABLE-1 
STRUCTURE AND DRUG-LIKE PROPERTIES OF SELECTED NATURAL  

COMPOUNDS USED IN DOCKING STUDIES ONTO COVID-19 Mpro 

Structure, name and molecular formula of the selected compounds Lipinski’s properties Source and antiviral Ref. 
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1,5-Dicaffeoylquinic acid (C25H24O12) 

m.w.: 516.4 
HBD: 7 
HBA: 12 
C log P: -0.19 
Violations: 3 

Cynara cardunculus 
(Plant) 

[13] 
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OH

O
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N
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22-O-(N-Me-L-valyl)-21-epiaflaquinolone B (C32H42N2O6) 

m.w.: 550.7 
HBD: 4 
HBA: 8 
C log P: 4.7 
Violations: 1 

Aspergillus sp. XS-20090B15 
(Marine fungi) 

[14] 
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HO

HO

O

 
Arisugacin A, C28H32O8 

m.w.: 496.5 
HBD: 8 
HBA: 2 
C log P: 3.5 
Violations: 0 

Aspergillus terreus 
SCSGAF0162 
(Marine fungi) 

[15] 
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Azadirachtin (C35H44O16) 

m.w.: 720.7 
HBD: 3 
HBA: 16 
C log P: -0.5 
Violations: 2 

Azadirachta indica 
(Neem seeds) 

[16] 

 

[17]

[18]

[19]

[20]
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Baicalin (C21H18O11) 

m.w.: 446.3 
HBD: 6 
HBA: 11 
C log P: 0.7 
Violations: 2 

Scutellaria baicalensis 
(Plant) 

[17] 

N

O

O
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Berberine (C20H18NO4) 

m.w.: 336.3 
HBD: 0 
HBA: 5 
C log P: -0.7 
Violations: 0 

Berberis aristata 
(Plant) 

[18] 

HO

H

H H

H
O

OH

 
Butulinic acid (C30H48O3) 

m.w.: 456.7 
HBD: 2 
HBA: 3 
C log P: 8.4 
Violations: 1 

Betula pubescens,  
Prunella vulgaris 

(Plant) 
[19] 

O
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Calonolide A (C22H26O5) 

m.w.: 370.4 
HBD: 1 
HBA: 5 
C log P: 4.7 
Violations: 0 

Calophyllum lanigerum 
(Plant) 

[20] 
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Conocurvone (C60H56O11) 

m.w.: 953.1 
HBD: 2 
HBA: 11 
C log P: 15.3 
Violations: 3 

Conospermum incurvum 
(Plant) 

[21] 

 

[21]

[22]

[23]

[24]

[25]
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Cryptotanshinone (C19H20O3) 

m.w.: 296.1 
HBD: 0 
HBA: 3 
C log P: 3.3 
Violations: 0 

Salvia miltiorrhiza 
(Plant) 

[22] 
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Didemnin A (C49H78N6O12) 

m.w.: 943.19 
HBD: 5 
HBA: 18 
C log P: 7.2 
Violations: 3 

Didemnid tunicate 
(Sea squirt) 

[23] 
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Gomisin A (C23H28O7) 

m.w.: 416.4 
HBD: 1 
HBA: 7 
C log P: 3.9 
Violations: 0 

Schisandra chinensis 
(Plant) 

[24] 
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Halitulin (C49H78N6O12) 

m.w.: 580.7 
HBD: 4 
HBA: 8 
C log P: 8.6 
Violations: 2 

Haliclona tulearensis 
(Marine sponge) 

[25,26] 
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Hesperidin (C28H34O15) 

m.w.: 610.5 
HBD: 8 
HBA: 15 
C log P: -0.2 
Violations: 3 

Citrus sinensis 
(Plant) 

[27] 

 

[26]

[27]

[28]

[29,30]

[31]
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Hypoglycin B (C12H18N2O5) 

m.w.: 270.2 
HBD: 5 
HBA: 7 
C log P: -1.6 
Violations: 0 

Blighia sapida 
(Plant) 

[28] 
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Lithospermic acid (C27H22O12) 

m.w.: 538.4 
HBD: 7 
HBA: 12 
C log P: 1.34 
Violations: 3 

Salvia mitiorrhiza 
(Plant) 

[29] 

O

O
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HO
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Lycorine (C16H17NO4) 

m.w.: 287.3 
HBD: 2 
HBA: 5 
C log P: 0.39 
Violations: 0 

Clivia miniata 
(Plant) 

[30] 
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Papaverine (C20H21NO4) 

m.w.: 339.3 
HBD: 0 
HBA: 5 
C log P: 3.7 
Violations: 0 

Papaver somniferum 
(Plant) 

[31] 
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Papuamide A (C66H105N13O21) 

m.w.: 1416 
HBD: 18 
HBA: 34 
C log P: 1.3 
Violations: 3 

Theonella swinhoe 
(Marine sponge) 

[32] 
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Repandusinic acid (C41H30O28) 

m.w.: 970.6 
HBD: 15 
HBA: 28 
C log P: -0.2 
Violations: 3 

Phyllanthus niruri 
(Plant) 

[33] 

 

[32]

[33]

[34]

[35]

[36]

[37]
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Sansalvamide A (C32H50N4O6) 

m.w.: 586.7 
HBD: 4 
HBA: 10 
C log P: 7.1 
Violations: 1 

Fusarium sp 
(Marine fungi) 

[34] 

O

OH

O
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OH
OH

 
Sorbicatechol A (C23H26O6) 

m.w.: 398.4 
HBD: 3 
HBA: 6 
C log P: 2.3 
Violations: 0 

Penicillium chrysogenum 
PJX-17 

(Marine fungus) 
[35] 
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Swertifrancheside (C35H28O17) 

m.w.: 720.5 
HBD: 11 
HBA: 17 
C log P: 2.6 
Violations: 3 

Fagopyram esculentum 
(Plant) 

[36] 

O

O

O

 
Tanshinone II A (C19H18O3) 

m.w.: 294.3 
HBD: 0 
HBA: 3 
C log P: 5.7 
Violations: 1 

Salvia miltiorrhiza 
(Plant) 

[37] 

where HBD-Hydrogen bond donor, HBA-Hydrogen bond acceptor 

 
flavonoids, lignans, coumarin, glycosides, peptide and amino
acid used in this study were reported to have significant
antiviral activity. To ensure the interaction between the selected
natural compounds and corona-SARS 2 disease associated
target COVID-19 Mpro, the Autodock 4.2 tool was performed
for molecular docking analysis. The results in Table-2 depicted

the compound codes, binding energies, inhibition constants,
number of hydrogen bonds and interacted amino acid residues.
The outcome revealed that the top ten best interactions were
found in the compounds halitulin (-8.41 Kcal/mol), baicalin
(-7.78 Kcal/mol), valonolide (-7.34 Kcal/mol), 1,5-dicaffeoyl-
quinic acid (-7.21 Kcal/mol), papaverine (-6.55 Kcal/mol),

[38]

[40]

[41]

[39]
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berberine (-6.49 Kcal/mol), hesperidin (-6.38 Kcal/mol),
cryptotanshi-none (-6.29 Kcal/mol), tnshinone II A (-6.1 Kcal/
mol) and butulinic acid (-5.75 Kcal/mol). Low affinity with
the 6YB7-active site were found for gomisin A (-5.51 Kcal/
mol), sansalv-amide A (-5.27 Kcal/mol), sorbicatechol A (-
5.41 Kcal/mol), hypoglycin B (-5.17 Kcal/mol), arisugacin A
(-3.19 Kcal/mol). The docking results further indicated that
remaining 9 out of 24 of these compounds exhibited poor or
no binding affinities since resulting all binding energies are
positive values.

The negative sign in the free energy values shows the
possibility of a spontaneous interaction between ligand and
target receptor [42]. Based on molecular docking simulation
results, the selected natural products that has lower free binding
energy is halituline (-8.41 Kcal/mol). This result showed the
strongest bond on COVID-19 Mpro than other compounds.
halituline had an inhibition constant of 680.6 nM on COVID-
19 Mpro. Inhibition constant shows the concentration that is

required by the ligand in inhibiting macromolecules. The smaller
the value of inhibition constant (Ki) is the better results due to
the small concentration of ligand was required to inhibit the
spread of newly identified corona virus. The compounds rema-
ining top ten baicalin, calonolide,1,5-dicaffeoylquinic acid,
papaverine, berberine, cryptotanshinone, tnshinone II A and
butulinic acid showed varied binding energy ranging -7.78 to
-5.75 Kcal/mol. The weakest binding energy (-3.19 Kcal/mol)
was shown by arisugacin A whereas halituline showed the
strongest binding energy (-8.41 Kcal/mol). They also showed
lower inhibition constant ranging 161.78 to 1.99 µM compared
to those of other compounds.

The nature of the intermolecular interaction formed with
amino acid residue of COVID-19 Mpro were investigated for
the docking scored compounds. The docking poses of selected
natural products with negative binding free energy are shown
in Fig. 2. A closer look at the interaction between compound
halituline and COVID-19 Mpro revealed that the functional

TABLE-2 
BINDING ENERGIES, INHIBITION CONSTANT, AND HYDROGEN BOND  

INTERACTION OF SELECTED NATURAL COMPOUNDS AGAINST COVID-19 Mpro 

Compound name Binding energy 
(Kcal/mol) 

Inhibition 
constant 

No. of 
hydrogen bonds 

Interacted amino acid residues 

1,5-Dicaffeoylquinic acid -7.21 5.17 µM 8 Pro168 (2.52Å), Glu166 (3.39Å), His163 (3.26Å), His164 
(2.42Å), Cys145 (2.84Å), Asn142 (2.51Å), Asn142 (2.38Å), 
Met165 (3.35Å) 

22-O-(N-Me-L-valyl)-21-
epiaflaquinolone B 

19.85 – – – 

Arisugacin A -3.19 4.57 mM 7 Glu166 (2.49Å), His164 (3.06Å), Cys145 (2.67Å), Cys145 
(2.87Å), Thr26 (3.19Å), Thr26 (3.07Å), Gly143 (3.38Å) 

Azadirachtin 3740 – – – 
Baicalin -7.78 1.99 µM 7 Met165 (3.56Å), Cys145 (3.40Å), Glu166 (2.76Å), Asn142 

(2.50Å), Leu141 (3.04Å), Glu166(2.86Å), Phe140(2.52Å) 
Berberine -6.49 17.59 µM 6 Glu166 (2.99Å), Glu166 (4.09Å), Glu166 (3.86Å), His164 

(3.21Å), His41 (3.21Å), His41 (3.52Å) 
Butulinic acid -5.75 60.68 µM 7 Lys5 (3.06Å), Gln127 (3.10Å), Gln127 (2.40Å), Gln127 

(3.08Å), Lys137 (2.55Å), Gly138 (2.70Å), Ser139 (3.17Å) 
Calonolide -7.34 4.14 µM 6 Lys5 (3.34Å), Glu290 (2.82Å), Lys137 (2.87Å), Lys137 

(3.35Å), Lys135 (3.35Å), Lys137 (3.04Å) 
Conocurvone 11700 – – – 
Cryptotanshinone -6.29 24.71 µM 4 Leu141 (3.34Å), Phe140 (2.63Å), Phe140 (2.63Å), Glu166 

(3.01Å) 
Didemnin 11900 – – – 
Gomisin A -5.51 91.38 µM 6 Tyr126 (3.19Å), Ser139 (3.41Å), Lys137 (3.00Å), Gln127 

(2.77Å), Lys5(4.22Å), Glu288 (2.80Å) 
Halitulin -8.41 680.6 nM 3 Val171 (3.41Å), Cys128 (3.67Å), Arg131 (3.20Å) 
Hesperidin -6.38 21.19 µM 8 Phe140 (2.71Å), Phe140 (3.39Å), LYS137 (2.92Å), LYS137 

(3.39Å), Gly290 (3.00Å), Gly127 (3.26Å), Lys5 (2.75Å), 
Lys5 (3.05Å) 

Hypoglycin B -5.17 161.7 µM 7 Lys5 (2.55Å), Gln290 (2.56Å), Cys128 (3.26Å), Gln127 
(2.62Å), Gln127 (3.11Å), Gln127 (2.51Å), Cys128 (3.2Å) 

Lithosperimic acid 510.29 – – – 
Lycorine 289.16 – – – 
Papaverine -6.55 15.93 µM 7 Lys5 (2.94Å), Ala7 (3.34Å), Ala7 (3.38Å), Gln12 7(3.30Å), 

Tyr126 (3.22Å), Gln127 (2.96Å), Gln290 (2.92Å) 
Papuamide A 285000 – – – 
Repandusinic acid 432.02 – – – 
Sansalvamide A -5.27 136.28 µM 6 Gly138 (3.18Å), Gly127 (3.08Å), Gln127 (2.96Å), Gln127 

(3.22Å), Glu290 (3.14Å), Glu290 (2.57Å) 
Sorbicatechol A -5.41 108.27 µM 6 Val125 (3.28Å), Gln127 (3.13Å), Lys5 (3.36Å), Gln127 

(2.73Å), Glu290 (2.79Å) 
Swertifrancheside 60.49 – – – 
Tanshinone II A -6.1 33.88 µM 7 Asp289 (3.10Å), Glu288 (2.61Å), Lys5 (3.05Å), Lys5 

(2.53Å), Gln127 (3.30Å), Tyr126 (3.54Å), Ser139 (3.57Å) 
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Fig 1. COVID-19 Mpro (PDB ID: 6YB7)  in discovery studio visualizer

group in halituline bound via three strong hydrogen bond to
residue Val171, Cys128, Arg131, which are present in COVID-
19 Mpro. The second scored compound baicalin showed seven
H-bond interaction with COVID-19 Mpro residues Met165, Cys
145, Glu166, Asn142, Leu141, Glu166 and Phe140. The
remaining all other selected compounds with good binding
affinity via hydrogen bond interactions with COVID-19 Mpro

residues are listed in Table-2.
It is interesting to note that among the top 10 inhibitors,

the most promising inhibitors of the SARS-CoV-2 Mpro (Table-2)
are primarily represented by a class of molecules called alkaloids
(halitulin, papaverine and berberine), terpenoids (cryptotan-
shinone, tanshinone II A and butulinic acid) and glycosides
(baicalin and hesperidin). The alkaloid halitulin showed lesser
binding energy (-8.41 Kcal/mol) among the all the docked
compounds, which suggest high affinity to the receptor. More-
over, the drug-like predictions showed that most of the screened
natural compounds followed the Lipinski′s rule of five. Mole-
cular docking and pharmacokinetics studies showed that most
of compounds fulfill the requirement for binding the active
sites of COVID-19 Mpro, such as binding affinity, inhibition
constant and hydrogen bonds (Fig. 2). Therefore, it is suggested
that for future in vitro and in vivo studies and possible clinical
trials.

Conclusion

In present study, a computational approach is accessed to
predict inhibitors for COVID-19 Mpro by exploring docking
of 24 natural compounds with COVID-19 Mpro protein. Base
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on the molecular docking studies the natural compounds halitulin,
baicalin, calonolide, 1,5-dicaffeoylquinic acid, papaverine, berbe-
rine, hesperidin, cryptotanshinone, tnshinone II A and butulinic
acid can serve as source of SARS-CoV-2 drugs and showed a
better binding energy score for COVID-19 target. Future in vitro
activity assay of the ligands identified in this study will give
vital information on new scaffolds for lead optimization.
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