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COVID-19 is the infectious pandemic disease caused by the novel
coronavirus. The COVID-19 is spread globally in a short span of
time. The Ministry of AYUSH, India which promotes Siddha and
other Indian system of medicine recommends the use of formulation
like Nilavembu Kudineer and Kaba Sura Kudineer Chooranam
(KSKC). The present work seeks to provide the evidence for the
action of 74 different constituents of the KSKC formulation acting
on two critical targets. That is main protease and SARS-CoV-2 RNA-
dependent RNA polymerase target through molecular docking studies.
The molecular docking was done by using AutoDock Tools 1.5.6 of
the 74 compounds, about 50 compounds yielded docking results against
COVID-19 main protease while 42 compounds yielded against SARS-
CoV-2 RNA-dependent RNA polymerase. This research has concluded
that the KSKC has the lead molecules that inhibits COVID-19’s target
of main protease of COVID-19 and SARS-CoV-2 RNA-dependent
RNA polymerase.
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INTRODUCTION

Novel coronavirus disease (COVID-19) is the commun-
icable illness caused by the newly exposed coronavirus. This
new virus and disease were previously unknown before the
occurrence began in Wuhan, China, in December 2019. The
older people with comorbidity such as diabetes, cardiovascular
disease, chronic respiratory disease and cancer were found to
be more vulnerable to this of COVID-19 [1]. On 11th March
2020, WHO has declared COVID-19 outbreak as a pandemic.
It has asked nations to take instant action regarding treatment,
detection and reduction of transmission immediately. Accor-
ding to the WHO reports on COVID-19 on 25th December
2020, the prevalence of COVID-19 is about 78,761,128 people
and 1,710,011 deaths globally. As of 22 April 2020, according
to the Ministry of Health & Family Welfare, a total of 465,478
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COVID-19 cases, (including 77 foreign nationals) have been
reported in 32 states/union territories in India [2]. The COVID-
19 virus first spread through droplets of saliva when a diseased
person coughs or sneezes. Still date there is no vaccine or
particular specific antiviral drugs for the prevention or treat-
ment of COVID-2019. The Indian Council of Medical Research
(ICMR), under the Ministry of Health and Family Welfare,
has recommended chemoprophylaxis with hydroxychloroquine
(400 mg twice on day 1, then 400 mg once a week thereafter)
for treating patients with doubted or established COVID-19
patients for healthcare [3,4]. Also the Siddha system of Indian
medicine indicates management of COVID-19 like infections
by using of Siddha formulations like Nilavembu Kudineer,
Kaba Sura Kudineer Chooranam (KSKC) (decoction 60 mL
twice a day) and Adathodai Manapagu (syrup 10 mL twice a
day) [5]. However, the scientific evidence is not yet reported
[6,7]. There are no scientific reports use of the Siddha formula-
tions like Nilavembu Kudineer and KSKC against COVID-19.
However toxicity, anti-inflammatory, antipyretic, antibacterial
and antioxidant activities of KSKC have been scientifically
reported [8]. The KSKC consists of 15 different medicinal plants.
Itis difficult to screen all the 15 plants against COVID-19. There-
fore, the 74 different constituents present in this composition
were individually docked against two critical targets of COVID-
19 viz. SARS-CoV-2 RNA-dependent RNA polymerase (RdRp)
and COVID-19 main protease (CVMP) using molecular docking
studies.

EXPERIMENTAL

The ability of the drug to reach the site of action is deter-
mined by the Lipinski’s rule. Molecular docking studies will
give us an idea about whether the drug will bind itself to the

receptor. This is done by using Autodock tools 1.5.6. The 3D
structure of target protein retrived from Protein Data Bank
(https://www.rcsb.org) the ligand was downloaded from
PubChem database (https://pubchem.ncbi.nlm.nih.gov). The
ligand structures were energy minimized in Chem3D Ultra
software using MM2 force field. Molecular docking experi-
ments were performed using AutoDock 4 and docking comp-
lexes were visualized in 3D by PyMol 2.3 tool and 2D in
Molegro molecular viewer 2.5.

Lipinski’s rule: Those rules were explaining “the Rule
of 5 and also used to determine the ability of the drug to reach
the site of action. ADME (adsorption, distribution, metabolism
and excretion) properties were predicted by Swiss ADME soft-
ware freely available in online [9]. In which, As per Lipinski
rule molecular weight should be less than 500 DA, Hydrogen
Bond donor should be less than or equivalent to 5, Hydrogen
bond Acceptor should be less than or equivalent to 10. The list
of Lipinski’s rule of five of KSKC is shown in Table-1. Accor-
ding to this rule, the compound should not possess more than
one violation of this rule. Applications of Lipinski’s rule revealed
that 42 compounds didn’t have any violation, while 22 comp-
ounds shows one violation and 12 compounds shows more
than one violation. Of the 74 compounds were screened by
according to this rule only few of compounds (12 compounds)
has more than one violation in KSKC, about 42 compounds
possess no violations and 22 compounds produce only one
violation, it confirms the most of the active principles in KSKC
are orally active drugs.

Retrieval of target protein structure: Three-dimensional
crystal structure of RARp in complex with cofactors (PDB ID:
6M71) with resolution of 2.90 A was downloaded. This protein
structure was determined by electron microscopic method. The

TABLE-1
LIPINSKI’S RULE OF FIVE ON KABASURA KUDINEER CHOORANAM CONSTITUENTS
S. No. Name m.w. (Da) D-HB A-HB log P o/w Violations
1 1,2-Dihydroxy-6,8-dimethoxyxanthone 288.256 1 4.5 2.109 0
2 1,8-Dihydroxy-3,7-dimethoxyxanthone 288.256 0 3.5 2.504 0
3 1-Heptacosanol 396.739 1 1.7 9.461 1
4 2-Phenyl ethylamine 121.182 2 1.57 1.000 1
5 3,7,8-Trimethoxy-1- hydroxyxanthone 300.310 0 4.75 3.082 0
6 4,8-Dihydroxy-2,7-dimethoxyxanthone 288.256 1 4.5 1.998 0
7 7,8-Dimeglucopyrano syloxyflavone 476.436 5 14 0.227 1
8 o-Cyperone 218.338 0 2 3.430 0
9 Anacyclin 271.402 1 2.5 5.298 1
10 Bisabolene 204.355 0 0 6.165 1
11 Berberine 336.360 0 4 2.530 1
12 Chavibetol 164.204 1 1.5 2.675 0
13 Chromin 390.389 1 6.25 3.252 0
14 Copadiene 206.370 0 0 6.886 1
15 Camphene 136.236 0 0 3.237 0
16 Chebulagic acid 954.672 13 26.15 -3.861 3
17 Chebulinic acid 956.688 13 26.15 -3.319 3
18 Clerodane-6-7-dione 722.950 0 9 5.200 33
19 Cryptolepine 232.284 0 2 3.614 0
20 Cyperene 204.355 0 0 4.789 0
21 Cyperol 220.354 1 1.7 3.386 0
22 Cyperolone 236.353 0 2.7 3.167 0
23 Cyperotundone 218.338 0 2 3.090 0
24 Dicatechol sesamine 330.337 4 6.4 1.288 0
25 Dioscin 869.054 8 25.3 1.204 3
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26 Diosgenin 414.627
27 Ellagic acid 302.197
28 Ephedrine 165.235
29 Ethyl gallate 198.175
30 Eugenol 164.204
31 Furanolactone 470.518
32 Furostanol 402.659
33 Gallic acid 188.130
34 Gracillin 885.054
35 Humulene 204.355
36 Linalol oxide furanoid B 170.251
37 Lupeol 426.724
38 Magnoflorine 342.410
39 Methyl 3,4,5-trimethoxycinnamate 252.266
40 Methyl gallate 184.148
41 a-Muurolene 204.355
42 Pentagalloyl glucose 940.688
43 Phenyl B-D-glucopyranoside 256.255
44 Piperine 285.342
45 Piperlongumine 317.341
46 Piperlonguminine 273.331
47 Plastoquinone 204.268
48 Prosapogenin A 722912
49 Quercetin 302.240
50 Rotundenol 222.370
51 Rotundone 218.338
52 Rutin 610.524
53 Sugeonol 234.338
54 Tinosporaside 494.538
55 Tinosporin A 406.432
56 Vasicine 188.229
57 Zerumbone 218.338
58 Zingiberene 204.355
59 o-Curcumene 202.339
60 a-Farnesene 204.355
61 a-Tocopherolquinone 446.712
62 Andrographolide 350.454
63 B-Amyrin 426.724
64 [B-Bisabolene 204.355
65 -Caryophyllene 204.355
66 [-Selinene 204.355
67 [B-Sesquiphellandrene 204.355
68 [-Sitosterol 414.713
69 Carotene 536.882
70 Costusosides 238.369
71 Inulin 586.720
72 Pellitorine 223.358
73 Sesamine 354.359
74 Tinosporide 374.390

1 32 5932 1
4 8 -1.339 0
2 32 1.184 0
3 425 0.184 0
1 15 2.662 0
0 11.25 0.906 0
1 3.4 6.179 1
5 6 0.110 1
9 27 0.321 3
0 0 4.873 0
1 1.5 2711 0
1 1.7 7.081 1
2 4 1.150 0
0 425 2.594 0
3 425 0.185 0
0 0 5.546 1
15 22.95 2.948 3
4 9.25 10329 0
0 45 3.261 0
0 525 3.153 0
1 4 3.488 0
0 4 1.932 0
6 18.5 2477 3
4 525 0.380 0
1 1.7 3.465 0
0 2 3.573 0
9 20.55 2315 3
1 3.7 2234 0
4 157 -0.280 0
2 9 1.692 0
1 32 1.898 0
0 2 3.320 0
0 0 6.307 1
0 0 6.247 1
0 0 7.030 1
1 475 7.434 1
3 8.1 1.726 0
1 1.7 7.040 1
0 0 6.054 1
0 0 5.054 1
0 0 5113 1
0 0 6.257 1
1 17 7517 1
0 0 16.621 2
0 3 3.032 0
3 9 3.020 2
1 2.5 4.078 0
0 6.4 1763 0
1 925 0.930 0

Molecular weight (m.w.), donor hydrogen bonding (D-HB), acceptor hydrogen bonding (A-HB) log p (octanol-water) values of 74
phytoconstituents of Kabasura Kudineer Chooranam are mentioned and based on the Lipinski’s rule of five violations were calculated.

crystal structure of CVMP in complex with an inhibitor N3
(PDB ID: 6LU?7), with the resolution of 2.16 A was downloaded.
This protein structure was determined by X-ray diffraction
method.

Ligand retrieval and energy minimization: The KSKC
consist of 15 medicinal plants such as Andrographis paniculata
[10], Clerodendrun serratum [11], Zingiber officinale [12],
Piper longum, Syzygium aromaticum [13], Justicia beddomei
[14], Tragia involucrate [15], Tinosporia cordifolia [16],
Anisochilus carnosus [17], Cyperus rotundus [18], Costus
speciosus [19], Anacyclus pyrethrum [20], Sida acuta [21],
Hygrophilla auriculata [22] and Terminalia chebula [23]. The

active phytochemicals present in these medicinal plants were
selected for the ligands (74 compounds) (Table-1). The specified
3D structure of the ligands in sdf.format was imported in
Chem3D Ultra and energy minimization was performed using
MM2 force field to obtain energetically stable conformation
with the least steric strain and saved in PDB format for further
use in AutoDock Tools 1.5.6.

Protein and ligand preparation

Protein: The water molecules, cofactors and other ligands
were removed from COVID-19 main protease (6LU7) and
SARS-CoV-2 RNA-dependent RNA polymerase target (6M71)
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through Molegro molecular viewer. Then they were used for
molecular docking studies using AutoDock Tools 1.5.6. The
Kollaman charges, polar hydrogen were added and charged
protein molecule was saved in pdbqt format.

Ligand: The ligand were assigned gasteiger charges and
required torsional information and saved in pdbqgt format.

Molecular docking studies: The AutoGrid4 module was
used to create a grid box of required dimension in A units along
with the direction, with a spacing of 1.0 A in the protein to
create a gpf file. Similarly gpf file was created for the ligand.
Then autogrid4 was run to generate Grid maps with the help
of a gpf file. The AutoDock4 software ranks the pose based on
binding energy difference, unbound and bound conformation.
In which docking score are based on the binding affinity
between the ligand and protein. The higher negative value of
the target known for this potency. The conformational pose of
best scores possessing the least energy in the best possible for
molecule. The conformations were selected based on the empi-
rical force field and the Lamarackian Genetic Algorithm. The
binding affinity between the ligand and protein was pursued
by considering the hydrogen bond (intermolecular) interaction
and hydrophobic interactions, which were observed between
the amino acid residues with the functional group of the small
molecules [24].

RESULTS AND DISCUSSION

SARS-CoV-2 is an encased, constructive-sense, single-
stranded RNA virus like SARS (severe acute respiratory synd-
rome) and MERS (middle east respiratory syndrome) corona-
virus [25,26]. These viruses have many targets of non-structural
proteins such as CVMP, 3-chymotrypsin-like protease, papain-
like protease, helicase and RdRp. Of these RdRp and CVMP
are two important targets for the replication of RNA viruses
like COVOD-19. Many anti-viral drugs have been developed
based on these targets for treating infectious diseases such as
Hepatitis C, zika and other coronaviruses [27-29]. In the docking
study was carried out for the enzymes RdRp and CVMP. Of
the 74 compounds that were docked, 50 compounds produced
docking results against CVMP while 42 compounds yielded
against SARS-CoV-2 RNA-dependent RNA polymerase
(Tables 2 and 3). For the CVMP target 9 compounds (B-amyrin,
furanolactone, sesa-mine, berberine, clerodane-6,7-dione, lupeol,
piperlongumine, piperine and B-sitosterol) have docking score
more than -7 kcal/mol. Then 19 compounds have docking score
between -5 kcal/mol to -7 kcal/mol. For the RNA dependent
RNA polymerase taget 9 compounds (B-sitosterol, piperine,
lupeol, sesamine, 3-amyrin, piperlongumine, furanolactone,
clerodanedione and berberine) have docking score more than

TABLE-2
MOLECULAR DOCKING OF KABASURA KUDINEER CHOORANAM CONSTITUENTS WITH COVID-19 MAIN PROTEASE
S Binding Licand Inhibit Internal VDW H-Bond
N(; Compound 2D structure energy offi (%ienc constant ener desolvation
’ (Kcal/mol) Y (uM) 24 energy
1  Heptacosanol -1.82 -0.07 0.00 -5.94 -5.94
2 Sesamin -8.7 -0.33 417.63 -9.3 -0.3
3 Phenethylamine -3.95 -0.44 1.27 -4.85 -4.85
4 o-Farnesene -4.95 -0.35 389 -6.44 -6.44
(M=t 23]
5  Bisabolene -5.92 -0.39 45.93 -6.81 -6.81
(s 157)
[His 164]
(et 23]
6  Chromine -6.85 -0.29 9.55 -9.23 -9.23
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[Cew d=1) [(FPhe 1ao]

7  o-Curcumene -4.99 -0.33 218.76 -6.19 -6.19
8  Chavibetol -4.99 -0.37 616.81 -5.57 -5.57
(= =11
[Tt =51
9  Rotundenol -5.7 -0.36 66.81 -5.99 -5.99
[Thr 150]
10  Copadien -5.0 -0.33 217.11 -5.3 -5.3
[Glu 168]
11 B-Sitosterol -7.64 -0.25 2.52 -9.72 -9.72
12 Anacyclin -5.06 -0.25 195.27 -8.04 -8.04
13 Andrographolide -4.52 -0.18 482.52 -6.61 -6.61
14 Apigenin7glucuronide -6.51 -0.2 1.7 -9.19 -9.19
15  Berberine -6.94 -0.28 8.16 -7.54 -7.54
16  B-Amyrin -8.1 -0.26 8.16 -7.54 -7.54
17 B-Bisabolene -5.25 -0.26 1.15 -8.4 -8.4
18  B-Caryophyllene -5.63 -0.38 74.63 -5.63 -5.63
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19

20

21

22

23

24

25

26

27

28

29

30

B-Selinene

Camphene

Clerodane-6,7-dione

Costusosides

Cryptolepine

Cyperene

Cyperolone

Cyperotundone

Dioscin

Diosgenin

Eugenol

Furanolactone

-5.76

-3.75

-6.93

-6.92

-6.98

-5.02

-5.34

-6.87

-4.99

-9.43

-9.82

-0.38

-0.38

-0.23

-0.41

-0.39

-0.33

-0.31

-0.43

-0.08

-0.32

-0.44

-0.29

59.84

1.78

8.25

8.4

7.67

210.43

210.43

9.15

218.88

114.24

131.02

63.24

-6.06

-3.75

-9.32

-6.92

-6.98

-5.02

-5.02

-6.87

-9.47

-9.72

-6.49

-10.12

-6.06

-3.75

-9.32

-6.92

-6.98

-5.02

-5.02

-6.87

-9.47

-9.72

-6.49

-10.12
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31  Furostanol -8.23 -0.28 929.26 -9.15 -9.15
32 Gracillin -33 -0.05 3.79 -8.38 -8.38
33 Lupeol -8.55 -0.28 539.74 -9.15 -9.15
34  Magnoflorine -9.35 -0.37 14.09 -10.54 -10.94
35  Pellitorine -5.41 -0.34 108.72 -7.79 -7.79
36  Pentagalloylglucose -3.83 -0.06 541 -5.16 -5.16
37  Piperine -5.65 -0.27 72.6 -6.54 -6.54
38  Piperlongumine -7.44 -0.32 3.53 -8.93 -8.93
39  Piperlonguminine -7.79 -0.4 1.43 -9.46 -9.46
40  Plastoquinone -0.58 -0.01 373.85 -8.34 -8.34
41  Quercetin -1.77 -0.35 2.02 -9.56 -9.56

42 Rotundone -5.64 -0.35 73.23 -5.94 -5.94
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43 Rutin -3.53 -0.08 2.59 -8.3 -8.3
44 Sugeonol -5.79 -0.34 57.45 -6.08 -6.08
45  Tinosporaside -6.28 -0.18 24.95 -8.67 -8.67
46  Tinosporide -7.45 -0.28 3.45 -8.05 -8.05
47  Vasicine -5.81 -0.42 55.37 -6.11 -6.11
48  Zerumbone -6.3 -0.39 24 -6.3 -6.3
49  Zingiberene -4.41 -0.29 583.3 -5.6 -5.6
50  Humulene -5.99 -0.4 40.98 -5.99 -5.99

2D structure of compounds in COVID-19 main protease the blue line denotes the amino acid interaction of hydrogen bonding and the red line
denotes the static interaction. Binding energy, Ligand efficiency, Inhibit constant, Internal energy and VDW H-Bond desolvation energy were
obtained from AutoDock 4.

TABLE-3
MOLECULAR DOCKING OF KABASURA KUDINEER CHOORANAM CONSTITUENTS
WITH RNA-DEPENDENT RNA POLYMERASE OF SARS-CoV-2

Binding : Inhibit VDW H-Bond
S. Ligand Internal .
No Compound 2D structure energy e — constant — desolvation
’ (Kcal/mol) (UM) energy
1 o-Cyperone -6.72 -0.42 11.94 -7.01 -7.01
2 o-Curcumene -4.15 -0.24 311.35 -8.22 -8.22
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10

11

12

13

14

Anacyclin

Andrographolide

Berberine

B-Amyrin

B-Bisabolene

B-Caryophyllene

[B-Selinene

Camphene

Clerodane-6,7-dione

Costusosides

Cryptolepine

Cyperene

-4.78

-6.13

-7.56

-9.36

-.4.88

-5.76

-5.98

444

-7.25

-5.54

-5.21

-5.71

-0.24

-0.25

-0.3

-0.33

-0.38

0.44

-0.24

-0.33

-0.29

-0.38

311.35

32.17

2.89

137.01

263.44

59.35

41.29

559.87

4.81

87.36

151.7

65.02

-1.77

-8.22

-8.15

-9.66

-6.08

-5.76

-6.28

4.44

-9.64

-5.54

-5.21

-5.71

-1.77

-8.22

-8.15

-.9.66

-6.08

-5.76

-6.28

444

-9.64

-5.61

-5.21

-5.7
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15

16

17

18

19

20

21

22

23

24

25

26

Cyperol

Cyperotundone

Ephedrine

Eugenol

Furanolactone

Furostanol

Lupeol

Pellitorine

Pentagalloylglucose

Piperine

Piperlongumine

Piperlonguminine

-5.21

-5.72

-4.26

-3.85

-9.55

-6.26

-7.84

-5.38

-0.48

-7.08

-7.13

-6.73

-0.36

-0.36

-0.36

-0.32

-0.28

-0.22

-0.25

-0.34

-0.01

-0.34

-0.31

-0.31

56.85

64.14

754.39

1.51

100.17

25.69

1.8

112.94

445.06

6.44

5.9

5.9

-6.39

-5.72

-5.45

-5.04

-9.85

-1.75

-8.43

-1.77

-9.73

-7.96

-8.63

-8.63

-6.39

-5.72

-5.45

-5.04

-9.85

-7.75

-8.43

177

-9.73

-7.96

-8.63

-8.63
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27

28

29

30

31

32

33

34

35

36

37

38

Plastoquinone

Quercetin

Rotundone

Rutin

Zerumbone

Humulene

Phenethylamine

Sesamine

Heptacosanol

B-Sesquiphellandrene

o-Farnesene

[B-Sitosterol

-1.74

-6.37

-5.57

-5.74

-5.38

-3.78

-8.85

-2.37

-4.76

-4.67

-0.03

-0.029

-0.35

-0.16

-0.36

-0.36

-0.42

-0.34

-0.08

-0.32

-0.31

-0.25

11.29

21.31

82.22

12.23

62.51

114.32

1.71

33.27

0.00

324.37

378.94

2.69

-8.63

-8.16

-5.87

-11.47

-5.74

-5.38

-4.62

-9.45

-5.39

-5.95

-5.95

-9.69

-8.63

-8.16

-5.87

-11.47

-5.74

-5.38

-4.62

-9.45

-5.39

-5.95

-5.95

-9.69
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39  Copadiene

40  Chavibetol

3-(3,4-Dimethoxyphenyl)
41  -7,8-dimethoxy-2,3-
dihydrochromen-4-one

42 B-Bisabolene

-4.87 -0.32 269.75 -5.17 -5.17
-3.57 -0.3 24 -4.77 -4.69
-6.62 -0.24 14.14 -9.0 -9.0
-5.91 -0.39 46.68 -6.8 -6.8

2D structure of compounds in RNA-dependent RNA polymerase of SARS-CoV-2 the blue line denotes the amino acid interaction of hydrogen
bonding and the red line denotes the static interaction. Binding energy, Ligand efficiency, Inhibit constant, Internal energy and VDW H-Bond

desolvation energy were obtained from AutoDock 4.

-7 kcal/mol. Then 19 compounds have docking score between
-5 kcal/mol to -7 kcal/mol. The active sites amino acids which
are responsible for good interaction through hydrogen bonding.
In which eugenol, pellitorin and pentagalloyl glucose were
revealed the high hydrogen boding to the target of CVMP.

In case of the eugenol hydrogen bond interaction with
SER144 and LEU141 amino acid shows interaction. In the case
of pellitorin hydrogen bond interaction with SER 144, HIS163
and PHE 140 amino acid shows interaction. The case of penta-
galloyl glucose hydrogen bond interaction with SER 144, HIS163
and PHE140 shows interactions. Then andrographolide, rutin
and sesamine were revealed the high hydrogen boding to the
target of RdRp. In the case of andrographolide hydrogen bond
interaction with THR318 amino acid shows the interaction. In
the case of sesamine hydrogen bond interaction with VAL330
amino acid shows the interaction. In the case of rutin hydrogen
bond interaction with SER759, ASP761, TRP800, GLUS11,
ASP760, TYR619 and LYS798 amino acid shows the inter-
action. In the cases of sesamine hydrogen bond interaction
VAL330 amino acid shows the interaction.

The traditional use of KSKC is reported to have a good
antiviral activity. The current work justifies the constituents
in this KSKC bind well with the critical target main protease
of COVID-19 and SARS-CoV-2 RNA-dependent RNA poly-
merase and it may be possible to use in the treatment of COVID-
19.

Conclusion

in silico results of this research work concluded that, many
of the active constituent of the KSKC shows the good affinity
with the main protease and RdRp. The active constituents can
be taken as lead molecules and further developed to produce a
drug candidate for COVID-19. The further enzyme based
inhibitory study (in vitro) needs to conduct to confirm these
results.

10.
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