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Abstract
With the uncontrolled spread of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), development and distribution of 
antiviral drugs and vaccines have gained tremendous importance. This study focused on two viral proteases namely main protease 
(Mpro) and papain-like protease (PLpro) and human angiotensin-converting enzyme (ACE-2) to identify which of these are essential 
for viral replication. We screened 102 secondary metabolites against SARS-CoV-2 isolated from 36 terrestrial plants and 36 marine 
organisms from Indonesian biodiversity. These organisms are typically presumed to have antiviral effects, and some of them have 
been used as an immunomodulatory activity in traditional medicine. For the molecular docking procedure to obtain Gibbs free 
energy value (∆G), toxicity, ADME and Lipinski, AutoDock Vina was used. In this study, five secondary metabolites, namely co-
rilagin, dieckol, phlorofucofuroeckol A, proanthocyanidins, and isovitexin, were found to inhibit ACE-2, Mpro, and PLpro receptors in 
SARS-CoV-2, with a high affinity to the same sites of ptilidepsin, remdesivir, and chloroquine as the control molecules. This study 
was delimited to molecular docking without any validation by simulations concerned with molecular dynamics. The interactions 
with two viral proteases and human ACE-2 may play a key role in developing antiviral drugs for five active compounds. In future, we 
intend to investigate antiviral drugs and the mechanisms of action by in vitro study.
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Introduction

The coronavirus disease (COVID-19), caused by severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
or the novel coronavirus, is a highly transmittable and 
pathogenic viral infection (Liu et al. 2020; Shereen et al. 
2020) and the fifth pandemic after the 1918 flu pande-

mic. The first cases of COVID-19 in humans caused by 
SARS-CoV-2 were detected in late December 2019 in 
Wuhan City, Hubei Province, China, and rapidly spread 
throughout the world in less than six months (Machhi et 
al. 2020; Tang et al. 2020). The most initial instances of 
COVID-19 in Indonesia were reported with two confir-
med cases on March 2, 2020, and this number escalated 
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to 1.52 M by April 1, 2020 in all Indonesian provinces 
(Tosepu et al. 2020).

Numerous drugs and vaccines have been studied and 
developed further to fight SARS-CoV-2. Therefore, the se-
condary metabolites isolated from plants as the source of 
drug compounds have been examined and stated that they 
had potential antiviral activity to the group of coronavirus 
(Orhan and Deniz 2020). It is well-known that Indonesia 
has mega biodiversity and enormous biological resources 
in terms of flora, fauna, and macro- and microorganisms in 
the terrestrial region and ocean (Yap et al. 2019). The ter-
restrial and marine environments offer new abundant bio-
active sources of molecules with unique structural features 
and various biological activities, such as antiviral, antimi-
crobial, antifungal, antiparasitic, antioxidant, antituber-
cular, anti-inflammatory, and antitumor (Terstappen and 
Reggiani 2001). The production of drug candidates from 
secondary metabolite sources to produce new bioactive 
compounds are often characterized by structural novelty, 
complexity, and diversity (Das et al. 2020; Lan et al. 2020).

It is known that SARS-CoV-2 mainly affects individu-
als with a weak immune system, and thus, enhancing im-
munity is one of the best ways to combat SARS-CoV-2. An 
integrated approach may not only enhance immunity, but 
also prevent any further complications (Dalan et al. 2020). 
Numerous researchers worldwide have expressed their 
interest in developing an effectual vaccine to combat CO-
VID-19. Nigella sativa has been used for medicinal purpo-
ses for its intense immunoregulatory, anti-inflammatory, 
and antioxidant benefits in obstructive respiratory disor-
ders. Research has found that Thymoquinone, Nigellidine, 
and α-hederin from N. sativa can be potential influencers 
in reinforcing the immune response modulation at the 
molecular docking level (Hosseini et al. 2021). In a metho-
dical research, docking was observed in gingerol, paradol, 
shogaol, and zingerone, and thus, they were deduced to 
be effective active compounds. Two compounds namely 
6-gingerol and 10-gingerol formed covalent bonds with 
the enzyme, indicating that they are the most potent for 
drug development among the active components of ginger. 
The chemical structure of all the active components was 
drawn using an in silico prediction (Ibrahim et al. 2020). 
Exploring new medicines by investigating a large number 
of medicinal plants and identifying the active components 
in the treatment for SARS-CoV-2 can be accomplished 
through the interaction of compound drugs with the pro-
teins associated with the diseases. An analysis with com-
puter-aided drug design (bioinformatics) can provide 
meaningful and pertinent information. A study succes-
sfully demonstrated Indonesian medicinal plants’ use to 
determine the potential candidate compounds effectual 
as supportive SARS-CoV-2 therapy. The researchers who 
conducted the study used molecular docking approach to 
analyze the interactions between the 3CLpro protein (main 
protease) with 14 hit compounds from the chemical medi-
cine database (PubChem (https://pubchem.ncbi.nlm.nih.
gov/)). The same study affirmed six potential compounds 
as the main proteases of SARS-CoV-2 inhibitor. More spe-

cifically, Hesperidin, Kaempferol-3,4’-di-O-methyl ether 
(Ermanin), Myricetin-3-glucoside, Peonidine 3-(4’-arabi-
nosylglucoside), Quercetin 3-(2G-rhamnosylrutinoside), 
and Rhamnetin 3-mannosyl-(1–2)-alloside were demon-
strated as potential candidates for antiviral for SARS-
CoV-2 (Naidoo et al. 2020).

An in silico approach can reduce the extensive explora-
tion of numerous secondary metabolites to a fewer selec-
ted potential chemical compounds and is also efficacious 
as the initial step of drug discovery research (Terstappen 
and Reggiani 2001; Yap et al. 2019). Researchers worldwi-
de are attempting to find adequate medication to combat 
the COVID-19 pandemic. Thus, investigating a potential 
compound for fighting SARS-CoV-2 by applying in silico 
antiviral peptides will assuredly be effectual to simplify ri-
gorous experimentations (Fakih et al. 2020). The antiviral 
approaches consist of inhibiting the synthesis of an RNA 
virus and replicating the virus, thereby restricting the vi-
rus from binding to human cell receptors and obviating 
its self-forming process. Research had shown that when 
SARS-CoV-2 infected humans, the receptor-binding do-
main of the virus’s spike protein was attached to angioten-
sin-converting enzyme (ACE-2) as the primary cell recep-
tor (Das et al. 2020; Lan et al. 2020). ACE-2 is in charge 
of the renin-angiotensin system’s major role to regulate 
blood pressure, fluid, and electrolyte balance. A previous 
study involving in vivo assay concluded that respiratory 
tract epithelia infected by SARS-CoV-2 were pertinent to 
the state of cell differentiation and ACE-2 expression. The 
infection is more likely to develop during sufficiently dif-
ferentiated ciliated cells of increasing ACE-2 expression. 
The same research further showed that the expression of 
ACE-2 membrane and plasma level was decreased and the 
amplification of pulmonary wound after being infected by 
SARS-CoV-2 (Dalan et al. 2020). SARS-CoV-2 genomes 
encode 16 non-structural proteins. Two of them are the 
main protease (Mpro) and papain-like protease (PLpro), res-
ponsible for replicating protein’s proteolytic processing, 
likewise eliminating viral replication (Ibrahim et al. 2020; 
Hosseini et al. 2021). The essential roles of ACE-2, Mpro, 
and PLpro have rendered them as potential targets for dis-
covering effectual medication against SARS-CoV-2 using 
molecular docking analysis (Naidoo et al. 2020). Nume-
rous docking research studies have been conducted using 
Mpro, PLpro, and ACE-2 receptors to discover a natural 
compound to fight against SARS-CoV-2. Flavonoids such 
as rutin, isorhamnetin-3-O-β-D, and calendoflaside from 
Calendula officinalis have exhibited a superlative binding 
energy to main protease of SARS-CoV-2 than the native 
ligand (N3) (Joshi et al. 2020). Novel lichen compounds 
have also been investigated and have manifested a strong 
affinity toward Mpro and thus, can be established to be ef-
fective antiviral against SARS-CoV-21(Joshi et al. 2020)7. 
Research has validated the combination of PLpro and Mpro 
as an effective receptor in docking research to discover po-
tential antiviral compounds from ebselene derivatives and 
cyanobacterial metabolites (Naidoo et al. 2020; Zmud-
zinski et al. 2020). Virtual screening focusing on ACE-2 
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as the viral entry has been rigorously studied for several 
compounds and gave selected compounds to confirm an 
in vitro assay (Benítez-Cardoza and Vique-Sánchez 2020).

Molecular docking is used as a virtual screening to de-
termine potential inhibitor candidates at several critical 
receptors in controlling the replication of SARS-CoV-2. 
Besides, pharmacochemical analyses, such as Absorption, 
Distribution, Metabolism and Excretion (ADME) analysis 
and toxicity prediction, are also used to complement mo-
lecular docking analysis recommendations. This research 
uses AutoDock Vina with a Lamarckian genetic algorithm. 
This software can optimize the interaction determination 
of potential candidate compounds. The ongoing COVID 
pandemic has necessitated an extensive research on the 
selection of the candidates found in active compounds of 
Indonesian biodiversity, both from organisms on land and 
sea with various bioactivity spectrums, that can effectively 
inhibit SARS-CoV-2 replication. This study strategical-
ly selected 102 potentially active compounds with target 
tethering to the ACE-2, PMpro, and PLpro receptors. The 
potential was appraised in terms of the Gibbs free energy 
generated in the interaction, orientation, conformation, 
ADME analysis, and the associated toxicity analysis. This 
study is crucial as a recommendation for potential ac-
tive compounds in identifying the effectual inhibitors of 
SARS-CoV-2 replication.

Materials and methods
Software and hardware

The whole research is computational using software and 
hardware involved in compound preparation, molecular 
docking, and analysis. We used the PubChem database for 
the compound preparation step for ligand molecules and 
Protein Data Bank (PDB) database for proteins. The pre-
paration stage also removes water molecules, adds hydro-
gen atoms, and determines the receptor’s ligand docking 
location using the AutoDockTools (ADT) software-1.5.6. 
Tethering molecules was done using AutoDock Vina, and 
the results were visualized using Discovery Studio 2020 
and PyMol (Trott et al. 2010).

Receptor preparation

In this study, three receptors were used as ligand-tethered 
protein molecules, and the three receptors were ACE-2, 
Mpro, and PLpro. The crystal structure of SARS-CoV-2 PLpro 
(PDB ID: 5TL6) was downloaded via the website https://
www.rcsb.org/structure/5TL6 (Fig. 2) (Daczkowski et al. 
2017). The crystal structure has a resolution of 2.62 Å, 
which is over 319 amino acids. The crystal structure binds 
SO4 ions and Zn ions. The SARS-CoV-2 main protease 
crystal structure (PDB ID: 6LU7) was downloaded via 
the website https://www.rcsb.org/structure/6LU7 (Fig. 1), 
with a crystal resolution of 2.16 Å and composed of 306 
amino acids. The 6LU7 crystal structure is accompanied 

by the ligand N3 (N – [(5-methylisoxazol-3-yl) carbonyl] 
alanyl-l-valyl-n ~ 1 ~ – ((1r, 2z) -4- (benzyloxy) -4-oxo- 
1 – ([((3r) -2-oxopyrrolidin-3-yl] methyl} but-2-enyl) 
-L-leucinamide) (Jin et al. 2020). The crystal structure of 
ACE-2 (PDB ID: 1R42), bound to the NAG ligand (2-ace-
tamido-2-deoxy-beta-D-glucopyranose), Cl, and Zn ion 
(Towler et al. 2004). All the receptors were analyzed for 
their stability with a Ramachandran plot (Fig. 3). ADT 
1.5.6 was used to remove water molecules, ligands, and 
natural ions and locate the receptor grid box’s position. 
The results of the receptor preparations that are ready for 
molecular docking simulations were stored in the *PDB-
QT format. The amino acids that affect the binding site of 
each receptor were presented in Table 3.

Ligand preparation

All chemical structures of natural materials from marine 
and terrestrial were obtained from PubChem (PubChem 
(nih.gov)) based on a thorough literature review. This stu-
dy used several control compounds in the form of active 
compounds that were reported to have been used in the 
treatment of SARS-CoV-2 (Table 1).

MarvinSketch 20.12 was used to optimize each ligand’s 
2D and 3D structures and the conversion from *mol files 
to *PDB and *PDBQT. PDBQT file types were generally 
used for molecular docking simulations. The ligands used 
were also analyzed for toxicity and solubility using the Li-
pinski Rule (Lipinski et al. 2004), toxicity analysis using 
ADME (Cheng et al. 2012).

Ligand-receptor docking

Preparation of tethering between ligands and receptors 
was done using ADT 1.5.6 and AutoDock Vina 4.2 pro-
grams. The grid box’s determination is one of the para-
meters used as the ligand docking region at the receptor. 
This study used 105 ligand-binding poses to the receptor 
by applying the Lamarckian Genetic Algorithm (LGA) 
to explore the ligand conformation (Morris et al. 1998). 
Molecular docking can assist in virtual screening by pro-
ducing binding affinity energy (∆G). The ligand with the 
maximum potential has a more negative value of ∆G. Dis-
covery Studio was used to visualize the molecular docking 
between ligands and

Results and discussion

The active compounds of most of the Indonesian mari-
ne and terrestrial organisms used in this study have po-
tential pharmaceutical applications. Table 1 encapsulates 
different classes of compounds that have been discovered, 
such as terpenoids, lipids, peptides, alkaloids, fatty acids, 
lactones, dioxins, xanthone, flavonoid, and phenols. Both 
terrestrial and marine organisms can produce immuno-
modulator and antiviral activities (i.e., against HCV, HBV, 
HSV, HIV, TMV, ISA, SINV, HCMC, JEV, and EV-71).

https://www.rcsb.org/structure/5TL6
https://www.rcsb.org/structure/5TL6
https://www.rcsb.org/structure/6LU7
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Table 1. Compound type of Marine and Terrestrial Organisms.

No. Chemical Structure Compound Type Organism Ref.
1. Eurycomanone Alkaloid Eurycoma longifolia Sitanggang et al. 2018

2. Isovitexin Flavonoid Artemisia lactiflora Wang et al. 2020

3. Lupeol Flavonoid Moringa oleifera Malinowska et al. 2015

4. Methyl 3, 5-di-O-caffeoyl quinate Polyphenol Artemisia lactiflora Hung et al. 2006

5. Neoandrographolide Flavonoid Andrographis paniculate Liu et al. 2007; Kamden 
et al. 2007

6. Proanthocyanidins Polyphenol Cinnamomum burmanii Plumb et al. 1998

7. (-) Alphapinene Polyphenol Kaempferia galangal L. Yang et al. 2010; Jiang et 
al. 2011

8. (+) Alphapinene Polyphenol Kaempferia galangal L. Yang et al. 2010; Jiang et 
al. 2011

9. (E)_cinnamaldehyde Phenol Cinnamomum burmanii Chen et al. 2017
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No. Chemical Structure Compound Type Organism Ref.
10. 2-hydroxycinnamaldehyde Phenol Cinnamomum burmanii Chen et al. 2017

11. 6-gingerol Phenol Zingiber officinale Wang et al. 2019

12. 6-shogaol Phenol Zingiber officinale Wang et al. 2019; Gill et 
al. 2019

13. 7-hydroxycoumarin Sesquiterpene Artemisia lactiflora Wall Charles 2012

14. 7-methoxycoumarin Sesquiterpene Artemisia lactiflora Wall Cheriyan et al. 2017

15. 14_deoxy_11_12_ 
didehydroandrographolide

Flavonoid Andrographis paniculate Yoopan et al. 2007; Ooi 
et al. 2011

16. Alpha-Curcumene Flavonoid Curcuma longa Nurrulhidayah et al. 
2020

17. Andrographolide Flavonoid Andrographis paniculate Abu-Ghefreh et al. 2008; 
Trivedi et al. 2007

18. Anomuricine Alkaloid Annona muricata L. Bento et al. 2013; Soni et 
al. 2012

19. Anomurine Alkaloid Annona muricata L. Bento et al. 2013; 
Leboeuf et al. 1981
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No. Chemical Structure Compound Type Organism Ref.
20. Artemisidiyne A Sesquiterpene Artemisia Lactiflora Kulprachakarn et al. 

2019

21. Atherosperminine Acetogenin Annona muricata L. Wahab et al. 2018

22. Aurantiamide Terpenoid Artemisia lactiflora Nakamuraa et al. 1999

23. Aurantiamide acetate Terpenoid Artemisia lactiflora Nakamuraa et al. 1999

24. Balanophonin Terpenoid Artemisia lactiflora Nakamuraa et al. 1999

25. Beta-sesquiphellandrene Terpenoid Curcuma longa Tyagi et al. 2015; Zhao et 
al. 2010

26. Beta-turmerone Phenol Curcuma longa Li et al. 2011

27. Caffeic acid ethyl ester Terpenoid Artemisia lactiflora Nakamuraa et al. 1999

28. Camphene Alkaloid Kaempferia galangal L. Kochuthressia et al. 2012
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No. Chemical Structure Compound Type Organism Ref.
29. Canthine Alkaloid Eurycoma longifolia Morita et al. 1990

30. Catechin Polyphenol Cinnamomum burmanii Muhammad et al. 2021

31. Cinnamic acid Polyphenol Cinnamomum burmanii Sova M. 2012

32. Cinnamyl alcohol Polyphenol Cinnamomum burmanii Brackman et al. 2008

33. Coclaurine Alkaloid Annona muricata L. Wahab et al. 2018

34. Coreximine Alkaloid Annona muricata L. Wahab et al. 2018

35. Coumarin Polyphenol Cinnamomum burmanii,
Eurycoma longifolia

Venugopala et al. 2013

36. Curcumin Polyphenol Curcuma longa Hamaguchi et al. 2010

37. Deoxyandrographolide Flavonoid Andrographis paniculate Mishra et al. 2011

38. Quercetin Polyphenol Artemisia lactiflora Wahab et al. 2018

39. Reticuline Alkaloid Annona muricata L. Wahab et al. 2018
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No. Chemical Structure Compound Type Organism Ref.
40. Rutin Phenol Artemisia lactiflora Nakamuraa et al. 1999

41. Stepharine Alkaloid Annona muricata L. Hao et al. 2020

42. Alpha-turmerone Sesquiterpene Curcuma longa Essein et al. 2015

43. Xanthone Xanthone Garcinia mangostana Tadych et al 2009

44. Corilagin Phenol Phyllanthus urinaria Yeo et al. 2014; Kinoshita 
et al. 2007

45. Cyanidin 3-O-sambubioside Flavonoid Hibiscus sabdariffa Chenson et al. 2020

46. Delphinidin-3-O-sambubioside Flavonoid Hibiscus sabdariffa Sogo et al. 2015; Krithika 
et al. 2014

47. Phyllanthin Lignan Phyllanthus urinaria Krithika et al. 2014
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No. Chemical Structure Compound Type Organism Ref.
48. Blumeatin Flavonoid Blumea balsamifera Yang et al. 2009

49. Cordycepin Alkaloid Cordyceps militaris Tan et al. 2020; Yoon et 
al. 2018; Zhou et al. 2002

50. Murrangatin Coumarin Murraya elongate Gautam et al. 2012

51. Stigmasterol Steroid Blumea balsamifera Gabay et al. 2010

52. Gnetin C Phenol Gnetum gnemon Nakagami et al. 2019; 
Kumar et al. 2015

53. Gnetol Phenol Gnetum gnemon Remsberg, C. M et al. 
2015; Akinuwumi et 

al. 2018

54. Xanthorrhizol Sesquiterpene Curcuma xanthorrhiza Hwang et al. 2000; Oon 
et al. 2015

55. Piperine Alkaloid Piper nigrum Sunila et al. 2004

56. Naringenin Flavonoid Grapes, oranges Tutunchi et al. 2020

57. Luteolin Flavonoid Reseda luteola Zhao et al. 2011

58. Hematoxylin Flavonoid Haematoxylum 
campechianum

Ishii et al. 2012
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No. Chemical Structure Compound Type Organism Ref.
59. Caffeine Alkaloid Tea, coffee, cacao plants Nunnari et al. 2005

60. Brazilein Flavonoid Caesalpinia sappan L. Liu et al. 2009

61. 2-Acetyl-1-Pyrroline Polyphenol Pandanus amaryllifolius Nor F.M et al. 2008

62. Protocatechuic acid Polyphenol Green tea Dai et al. 2017

63. Terpinen-4-ol Terpenoid Melaleuca alternifolia Ou et al. 2012

64. 3,4-dihydroxybenzoic acid Polyphenol Marine fungi 
(Neosartorya fischeri 

1008F1)

Dai et al. 2017; Ou et 
al. 2012 

65. Alterporriol Q Quinone Marine fungi (Alternaria 
sp. ZJ-2008003)

Hart et al. 2000

66. Antimycin A1a Polyketide Marine bacteria 
(Streptomyces 
kaviengensis)

Zheng et al. 2012

67. Arisugacin A Terpenoid Marine fungi (Aspergillus 
terreus SCSGAF0162)

Raveh et al. 2013

68. Thalassodendrone Polyphenol Seagrass 
(Thalassodendron 

ciliatum)

Kuno et al. 1996
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No. Chemical Structure Compound Type Organism Ref.
69. Asebotin Phenol Seagrass 

(Thalassodendron 
ciliatum)

Mohammed et al. 2014

70. Asperterrestide A Peptide Marine fungi (Aspergillus 
terreus SCSGAF0162)

He et al. 2013

71. Bengamide A Peptide Marine sponges (Jaspis 
cf. coriacea)

Tietjen et al. 2018

72. Butenolides Peptide Marine bacteria 
(Streptomyces sp.)

Wang et al. 2012; Wa

73. Cadiolide B Peptide Tunicates (Botryllus sp.) Boulang et al. 2015

74. Chitosan Polysaccharide Crustaceans (Several 
crustacean Species)

Fei et al. 2001; Mori et 
al. 2013

75. Comaparvin Naphthopyrone Echinoderms 
(Capillaster 

multiradiatus)

Chen et al. 2014

76. Debromoaplysiatoxin Alkaloid Marine bacteria 
(Trichodesmium 

erythraeum)

Mynderse et al. 1977; 
Gupta et al. 2014; Kwon 

et al. 2013



Syahputra G et al.: Molecular docking on SARS-CoV-2 ACE-2, Mpro, and PLpro receptors544

No. Chemical Structure Compound Type Organism Ref.
77. Dieckol Tannin Seaweeds (Ulva 

clathrata)
Kim et al. 2012; Eom et 

al. 2015

78. Durumolide J Terpene Cnidarians (Lobophytum 
durum)

Cheng et al. 2009

79. Ehrenbergol C Terpene Cnidarians (Sarcophyton 
ehrenbergi)

Wang et al. 2013

80. EPA Fatty acid Seaweeds (Gracilaria 
chilensis)

Goc et al. 2021

81. EPS (Exopolysaccharide) Polysaccharide Microalgae 
(Porphyridium 

cruentum)

Yilidiz et al. 2018

82. Eudistomin C Eudostomin Tunicates (Ritterella 
sigillinoides)

Ota et al. 2016

83. Fucoidan Polysaccharide Seaweeds (Cladosiphon 
okamuranus)

Li et al. 2008

84. Furan-2-yl acetate Furan Marine bacteria 
(Streptomyces VITSDK1 

spp.)

Cheung et al. 2010

85. Gyrosanol A Diterpene Cnidarians (Sinularia 
gyrosa)

Cheng et al. 2010

86. Manoalide Terpenoid Marine sponges 
(Luffariella variabilis)

Salam et al. 2013
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No. Chemical Structure Compound Type Organism Ref.
87. Metachromin A Terpenoid Marine sponges 

(Dactylospongia 
metachromia)

Yamashita et al. 2017

88. MGDG Lipid Microalgae (Coccomyxa 
sp. KJ)

Hayashi et al. 2019

89. Mollamide F Peptide Tunicates (Didemnum 
molle)

Lu et al. 2012

90. Molleurea A Benzene derivative Tunicates (Didemnum 
molle)

Ji et al. 2018

91. Nortopsentins Alkaloid Marine sponges 
(Spongosorites ruetzleri)

Lozano et al. 2016

92. Omega-3 Fatty acid Seaweeds (Gracilaria 
chilensis)

Gonzalez-Almela et al. 
2015

93. Pateamine A Lactone Marine sponges 
(Mycale sp.) 

Ryu et al. 2011

94. Phlorofucofuroeckol A Dioxin Seaweeds (Ulva 
clathrata)

Cheng et al. 2014

95. Secocembranoid Diterpene Cnidarians (Lobophytum 
crassum)

Smitha et al. 2014

96. Prunolide A Hydrocarbon cyclic Tunicates (Synoicum 
prunum)

Qin et al. 2015
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No. Chemical Structure Compound Type Organism Ref.
97. Stachybogrisephenone B Xanthone Marine fungi 

(Stachybotrys sp.)
Hawa et al. 2017

98. Thalassiolin D Flavonoid Seagrass (Thalassia 
hemprichii)

Mohammed et al. 2014

99. Thalassodendrone Phenol Seagrass 
(Thalassodendron 

ciliatum)

Gogineni et al. 2015

100. Zalcitabine Glycoside Microalgae 
(Gyrodinium) 

Gao et al. 2011

101. Zoanthoxanthine Alkaloid Cnidarians (Echinogorgia 
pseudossapo)

White et al. 2021

102. Plitidepsin Peptide Ascidian (Aplidium 
albicans)

Beigel et al. 2020

The usefulness of species of Indonesian terrestrial orga-
nisms in this study was based on a thorough literature stu-
dy. Most researchers believe these plants can enrich health 
and prevent diseases caused by the COVID-19 pandemic 
even though most of these plants have not been validated 
as effectual against COVID-19 heretofore. We use marine 
bacteria, fungi, microalgae, marine plants, and marine in-
vertebrate for marine compounds.

Several studies have affirmed that terrestrial and mari-
ne organisms produce various compounds derived from 
secondary metabolism, requiring antiviral activity. More 
particularly, certain terrestrial and marine metabolites are 
active against some viruses. Besides, various mechanis-
ms and different targets of action have been discovered. 
Mechanisms of action of possible antiviral compounds 
are diversified because they can block viruses at different 
stages of their life cycles. Typical viral life cycle stages are 
attachment, penetration, uncoating, replication, assembly, 
and release (Ibrahim et al. 2020). We aimed to procure 
information through molecular docking regarding plants 
and marine compounds that have the antiviral activity to 
be used against SARS-CoV-2.

As a comparative study, we also used common drugs, na-
mely Remdesivir, Chloroquine, and Favipiravir, which have 

been used as common drugs for specific diseases and can 
be used to expedite the treatment process of SARS-CoV-2. 
For instance, Favipiravir is one such oral drug approved 
for a new and resurfacing influenza pandemic in Japan 
in 2014 and has exhibited potent in vitro activity against 
SARS-CoV-2 (Hosseini et al. 2021). We also use Plitidepsin, 
originally from Ascidian, approved for drug marketing and 
reported to have potent preclinical efficacy against SARS-
CoV-2 by targeting the host protein eEF1A (Lan et al. 2020).

The analysis on the structure-activity relationship un-
derstanding is essential for further study; for example, 
analysis on the structure-activity relationship revealed 
that the hydroquinone moiety and the double bonds at 
carbon numbers-5 and -9 in metachromatic A are cru-
cial for anti-HBV activity (Sherren et al. 2020). Another 
example MGDG could cause complete lysis of the viral 
envelope, which is essential for viral attachment to host 
cells. This phenomenon likely explains the virucidal acti-
on of MGDG (Liu et al. 2020).

Receptor structure and stability

SARS-CoV-2 Mpro receptor with a PDB ID of 6LU7 has a 
resolution of 2.16 Å with 306 amino acids. The Mpro SARS-
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Table 2. ADME and Lipinski’s analyses from secondary metabolites.

ADME and Lipinski analyses
Compound MW (g/mol) Log P  HBD HBA Lipinski Compounds MW (g/mol) Log P  HBD HBA Lipinski

Eurycomanone 408.4 -0.89 5 9 Yes Alterporriol Q 566.51 0.29 4 10 Yes
Isovitexin 432.38 -2.02 7 10 Yes Antimycin A1a 548.63 2.18 3 9 No
Lupeol 426.72 6.92 1 1 Yes Arisugacin A 496.55 1.57 2 8 Yes
Methyl 3, 5-di-O-caffeoyl quinate 530.48 -0.15 6 12 No Asebogenin 288.3 1.35 3 5 Yes
Neoandrographolide 480.59 1.26 4 8 Yes Asebotin 450.44 -1.2 6 10 Yes
Proanthocyanidins 592.55 -0.07 9 12 No Asperterrestide A 480.56 0.86 4 5 Yes
(-) Alphapinene 136.23 4.29 0 0 Yes Bengamide A 584.78 1.01 5 8 Yes
(+) Alphapinene 136.23 4.29 0 0 Yes Butenolides 156.14 0.11 1 4 Yes
(E)_cinnamaldehyde 132.16 2.01 0 1 Yes Cadiolide B 873.76 5.43 3 6 No
2-hydroxycinnamaldehyde 148.16 1.35 1 2 Yes Chitosan 1526.45 -17.69 29 47 No
6-gingerol 294.39 2.14 2 4 Yes Comaparvin 300.31 1.05 2 5 Yes
6-shogaol 276.37 2.9 1 3 Yes Debromoaplysiatoxin 592.72 2.19 3 10 Yes
7-hydroxycoumarin 162.14 1.04 1 3 Yes Dieckol 742.55 0.04 11 18 No
7-methoxycoumarin 176.17 1.34 0 3 Yes Durumolide J 332.43 2.72 1 4 Yes
14_deoxy_11_12_
didehydroandrographolide

332.43 2.72 2 4 Yes Ehrenbergol C 316.43 3.48 1 3 Yes

Alpha-curcumene 202.34 5.75 0 0 Yes EPA 302.45 4.67 1 2 Yes
Andrographolide 350.45 1.98 3 5 Yes EPS (Exopolysaccharide) 600.52 -4.31 8 18 No
Anomuricine 329.39 1.75 2 5 Yes Eudistomin C 370.26 1.54 3 4 Yes
Anomurine 343.42 1.98 1 5 Yes Fucoidan 242.25 -1.83 3 7 Yes
Artemisidiyne A 248.27 0.46 3 4 Yes Furan-2-yl acetate 126.11 0.42 0 3 Yes
Atherosperminine 309.4 3.36 0 3 Yes Gyrosanol A 288.47 4.65 1 1 Yes
Aurantiamide 402.49 3.07 3 3 Yes Manoalide 416.55 3.69 2 5 Yes
Aurantiamide acetate 444.52 3.41 2 4 Yes Metachromin A 358.47 2.18 1 4 Yes
Balanophonin 356.37 1.01 2 6 Yes MGDG   688.97 2.87 4 10 Yes
Beta-sesquiphellandrene 204.35 4.53 0 0 Yes Mollamide F 638.82 0.62 3 6 No
Beta-turmerone 218.33 3.37 0 1 Yes Molleurea A 415.53 4.09 3 2 Yes
Caffeic acid ethyl ester 208.21 1.3 2 4 Yes Nortopsentin 298.34 2.23 3 1 Yes
Camphene 136.23 4.29 0 0 Yes Omega-3 304.47 4.75 1 2 Yes
Canthine 206.24 2.36 0 1 Yes Pateamine A 555.77 2.91 1 7 Yes
Catechin 290.27 0.24 5 6 Yes Phlorofucofuroeckol A 602.46 0.35 9 14 No
Cinnamic acid 148.16 1.9 1 2 Yes Secocembranoid 304.47 3.94 0 2 Yes
Cinnamyl alcohol 118.18 4.08 0 0 Yes Prunolide A 1205.7 7.46 4 9 No
Coclaurine 285.34 1.84 3 4 Yes Stachybogrisephenone B 338.74 1.32 3 6 Yes
Coreximine 327.37 1.75 2 5 Yes Thalassiolin D 542.47 -2.25 6 14 No
Coumarin 146.14 1.65 0 2 Yes Thalassodendrone 596.58 -2.57 8 14 No
Curcumin 368.38 1.47 2 6 Yes Zalcitabine  211.22 -0.7 2 4 Yes
Deoxyandrographolide 334.45 2.81 2 4 Yes Zoanthoxanthine 256.31 1.09 1 3 Yes
Quercetin 302.24 -0.56 5 7 Yes 2-Acetyl-1-Pyrroline 111.14 -0.04 0 2 Yes
Reticuline 329.39 1.75 2 5 Yes Brazilein 284.26 0.42 3 5 Yes
Rutin 610.52 -3.89 10 16 No Caffeine 194.19 0.22 0 3 Yes
Stepharine 297.35 1.81 1 4 Yes Chloroquine 319.87 3.2 1 2 Yes
Alpha-turmerone 218.33 3.37 0 1 Yes Favipiravir 157.1 -1.3 2 4 Yes
Xanthone 196.2 2.06 0 2 Yes Gnetin C 454.47 2.86 5 6 Yes
Corilagin 634.45 -2.42 11 18 No Gnetol 244.24 1.67 4 4 Yes
Cyanidin 3-O-sambubioside 581.5 -3.28 10 15 No Hematoxyline 302.28 0.49 5 6 Yes
Delphinidin-3-O-sambubioside  597.5 -3.75 11 16 No Luteolin 286.24 -0.03 4 6 Yes
Phyllanthin 418.52 2.43 0 6 Yes Murrangatin 276.28 0.95 2 5 Yes
Blumeatin 302.28 0.41 3 6 Yes Naringenin 272.25 0.71 3 5 Yes
Cordycepin 251.24 -1.94 3 6 Yes Piperine 285.34 2.39 0 3 Yes
Plitidepsin 1110.34 -1.12 4 15 No Protocatechuic acid 154.12 0.4 3 4 Yes
Remdesivir 602.58 0.18 4 12 No Terpinen-4-ol 154.25 2.3 1 1 Yes
Stigmasterol 412.69 6.62 1 1 Yes Xanthorrhizol 218.33 4.03 1 1 Yes
3,4-dihydroxybenzoic acid 154.12 0.4 3 4 Yes

CoV-2 protein structure consists of 10 α-helix structures 
at the positions α1: residue 10–15, α2: residue 41–44, α3: 
residue: 53–60, α4: residue 62–66, α5: residue 200–214, 
α6: residue: 226–237, α7: residue 243–250, α8: residue 
250–258, α9: residue 260–275, and α10: residue: 292–301. 
In addition to the helix structure, the Mpro protein was 
also composed of 13 β-sheet structures at positions β1: 
residue 17–22, β2: residue 25–32, β3: residue 35–29, β4: 
residue 67–70, β5: residue 73–75, β6: residue 77–83, β7: 

residue 86–91, β8: residue 101–103, β9: residue 111–118, 
β10: residue 121–129, β11: residue 148–152, β12: residue 
157–166, β13: residue 172–175. In the β-sheet structure of 
Mpro protein, it was known that the β1–β7 position is an 
antiparallel β-sheet structure, while the β8–β1–13 positi-
on is a β-sheet structure with both parallel and antiparallel 
β-sheet structures. The remaining areas are loop or turn 
areas composed of amino acids connecting the alpha and 
beta structures.
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Figure 1. The structure of the Mpro SARS-CoV-2 receptor (PDB ID: 6LU7) along with the distribution of residues on the Ramachan-
dran plot. The Mpro receptor structure is composed of 10 α-helix structures and 13 β-sheet structures. The Mpro receptor structure is 
ready to use in molecular docking simulations with 92.15% of the residue in the protein-forming region.

Figure 2. The structure of the PLpro SARS-CoV-2 receptor (PDB ID: 5TL6) along with the distribution of residues on the Ramach-
andran plot. The PLpro receptor structure is composed of 10 α-helix structures and 19 β-sheet structures. The PLpro receptor structure 
is ready to use in molecular docking simulations with 96.55% of the residue in the protein-forming region.

Figure 3. Structure of the ACE 2 receptor h receptor (PDB ID: 1R42) along with the distribution of residues on the Ramachandran 
plot. The ACE-2 receptor structure is composed of 31 α-helix structures and six β-sheet structures. The structure of the hACE-2 
receptor is ready to be used in molecular docking simulations with 98.37% of the residue in the protein-forming region.
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The Mpro receptor has been meticulously analyzed for 
its structure and stability using the Ramachandran’s plot. 
Stable structures have a resolution of less than 2.5 Å with 
amino acid residues in the protein-forming region above 
85% (Trott et al. 2010). The Mpro SARS-CoV-2 receptor has 
a resolution below 2.5 Å with the amino acid residue sca-
ttered in the region that makes up the protein structure is 
92.15% (282/306). The Mpro receptor has 14 residues that 
interact with ligands, namely Thr25, Thr25, Thr26, His41, 
Phe140, Leu141, Asn142, Gly143, Ser144, Cys145, His163, 
His164, Glu166, and Gln189. The grid box dimensions (x, 
y, z) (Å) are (50, 50, 50), with centers (-10.850, -15.320, 
68.390) (Daczkowski et al. 2017).

The structural analysis of the PLpro receptor with a PDB 
ID 5TL6 revealed that it consists of 319 amino acids having 
a resolution of 2.62 Å with 96.55% (308/319) residues are 
in the protein-forming region. The PLpro protein is compo-
sed of 10 α-helix structures and 19 β-sheet structures. The 
α-helix structure is at positions α1: residue 30–36, α2: re-
sidue 51–55, α3: residue 65–77, α4: residue 82–95, α5: re-
sidue 114–125, α6: residue 133–144, α7: residue 148–159, 
α8: residue 168–178, α9: residue 205–209, α10: residue 
213–220. Meanwhile, the β-sheet structure is at positions 
β1: residue 8–14, β2: residue 21–26, β3: residue 38–40, β4: 
residue 43–44, β5: residue 58–61, β6 : residue 101–102, β7: 
residue 105–106, β8: residue 186–192, β9: residue 198–
204, β10: residue 210–212, β11: residue 224–227, β12: 
residue 233–242, β13: residue 245–257, β14: 264–271, 
β15: residue 274–282, β16: residue 286–290, β17: residue 
293–297, β18: residue 300–310, β19: residue 311–312. The 
rest is a connecting structure including a loop and turn 
structure. Some residues with ligands are Gly166, Asp167, 
Pro250, Pro251, Tyr267, Asn270, Tyr271, Tyr276, Thr304, 
and Asp305 (Hosseini et al. 2021). The grid box dimen-
sions (x, y, z) (Å) are (40, 50, 40), with centers (-7.615, 
-6.980, -35.360).

The human angiotensin converting enzyme (hACE-2) 
receptors with PDB ID 1R42 have been analyzed for struc-
ture and stability, with a resolution value of 2.2 Å consis-
ting of 615 amino acids with 98.37% (605/615) residues 
located in the protein structure-forming region. ACE-2 
protein is dominated by α-helix structure, with a total of 
31 α-helix structures and six β-sheet structures with po-
sitions α1: residue 22–53, α2: residue 55–78, α3: residue 
90–101, α4: residue 103–108, α5: residue 109–130, α6: re-
sidue 147–155, α7: residue 157–172, α8: residue 172–194, 
α9: residue 198–205, α10: residue 219–252, α11: residue 
265–267, α12: residue 275–277, α13: residue 278–283, 
α14: residue 297–301, α15: residue 303–317, α16: residue 
326–331, α17: residue 365–385, α18: residue 389–393, 
α19: residue 399–414, α20: residue 414–421, α21: residue 
431–447, α22: residue 448–446, α23: residue 469–471, 
α24: residue 472–484, α25: residue 498–502, α26: residue 
503–508, α27: residue 513–532, α28: residue 538–542, 
α29: residue 547–559, α30: residue 565–575, α31: residue 
581–599. Meanwhile, six β-sheet structures at the posi-
tions β1: residue 131–134, position β2: residue 137–143, 
position β3: residue 262–263, position β4: residue 347–
352, position β5: residue 355–359, position β6: residue 

487–488. Based on analysis from Some hACE-2 amino 
acids interact with spike proteins from SARS-CoV-2. The 
amino acids are Gly447, Tyr449, Gly496, Phe497, Asn501, 
Arg403, Tyr505, Gly502, Gln506, Thr500, Asn439, Gln498, 
Glu484, Pro491, Phe486, Ser477, Gly476, Asn487, Tyr489, 
Lys417, Leu455, and Gln493 (Jin et al. 2020).

Solubility and Lipinski analysis on li-
gands

All ligands that have been optimized for the structure 
were then analyzed for solubility and permeability. The 
ligand structure’s psychochemical properties can describe 
the solubility and permeability analysis of a drug candida-
te. It has been reported that there are five Lipinski’s rules 
that can predict the solubility and permeability of a ligand, 
which are: 1) a ligand should not have five hydrogen bond 
donors, 2) a ligand should not have more than 10 hydro-
gen bond acceptors, 3) a ligand should not have a molecu-
lar weight more than 500 Da, 4) a ligand should not have 
log P value less than five, 5) a ligand should not have polar 
surface area (PSA) more than 140 A with ligand rotational 
bonds less than 10 30. This study used four parameters: 
molecular weight, donor H, acceptor H, and log P.

With the psychochemical analysis of the ligands used 
as SARS-CoV-2 inhibitor candidates, it was found that 
the molecular weights of the ligands analyzed ranged be-
tween 100 and 1,200 Da. The smallest molecular weight 
was 136.23 Da, and the largest 1526.45. Also, the log P 
value ranged between -16 and 18. The hydrogen bond do-
nor value was between 0 and 29, with the hydrogen bond 
acceptor value between 0 and 47. Based on the ligand ana-
lysis of Lipinski’s rule, it was found that 17 ligands were 
not included in Lipinski’s rule, i.e., Methyl 3, 5-di-O-caf-
feoyl quinate, Proanthocyanidins, Rutin, Corilagin, cyani-
din 3-O-sambubioside), delphinidin-3-O-sambubioside, 
ptilidepsin, remdesivir, Antimycin A, Cadiolide B, Chi-
tosan, Dieckol, EPS (Exopolysaccharide), Mollamide F, 
Phlorofucofuroeckol A, Prunolide A, Thalassiolin D, and 
Thalassodendrone.

The ADME data and Lipinski’s rule demonstrated that 
among the top five metabolite compounds obtained based 
on the Gibbs free energy (∆G), namely corilagin, dieckol, 
phlorofucofuroeckol A, proanthocyanidins A, isovitexin, 
only isovitexin meets Lipinski’s rules. Lipinski’s rule also 
does not permit the control of Remdesivir and Ptilidepsin, 
the two compounds that have been used in the treatment 
of COVID-19. This is interesting as the absence of cori-
lagin, dieckol, phlorofucofuroeckol A, and proanthocya-
nidins A is related to molecular sizes larger than 500 Da. It 
was known that corilagin, dieckol, phlorofucofuroeckol A, 
proanthocyanidins, remdesivir, and ptilidepsin have mole-
cular weights 634.45 Da, 742.55 Da, 602.46 Da, 592.22 Da, 
1110.34, and 602.58 Da, respectively. Based on Lipinski’s 
analysis, molecular weight < 500 Da is more accessible to 
mass produce, more stable, easy to apply as an oral drug. Ba-
sed on this analysis, metabolite compounds can be applied 
in medicine, such as COVID-19 with further observations 
on drug delivery and other pharmacological conditions.
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Table 3. Toxicity analysis from secondary metabolites.

No. Compound Acute Oral Toxicity (c) Acute Oral 
Toxicity (kg /mol)

Carcinogenicity 
(binary)

Carcinogenicity (trinary) Hepatotoxicity 

1 Neoandrographolide I 0.511 3.128 – 1 Non-required 0.6395 – 0.8
2 Stigmasterol 0.4287 3.285 – 0.8571 Non-required 0.5888 – 0.775
3 Arisugacin A 0.3643 3.617 – 0.9 Non-required 0.5934 + 0.575
4 Manoalide 0.6488 2.964 – 0.7571 Non-required 0.5752 – 0.65
5 Brazilein 0.3586 3.068 – 0.8775 Non-required 0.4864 + 0.575
6 Atherosperminine II 0.481 2.936 – 0.8571 Non-required 0.6356 + 0.7
7 Coumarin 0.7019 2.514 – 0.9714 Warning 0.5324 – 0.525
8 Quercetin 0.7348 2.559 – 1 Non-required 0.675 + 0.75
9 Alterporriol Q 0.575 2.419 – 0.793 Non-required 0.5429 + 0.8
10 Caffeine 0.7405 2.138 – 0.9429 Non-required 0.6936 + 0.65
11 Chloroquine 0.737 2.684 – 0.8286 Non-required 0.6847 + 0.55
12 Luteolin 0.7348 2.525 – 1 Non-required 0.675 + 0.825
13 Murrangatin 0.4572 2.293 – 0.9714 Non-required 0.608 + 0.7
14 Naringenin 0.3682 1.87 – 0.9857 Non-required 0.6152 + 0.675
15 Eurycomanone III 0.5156 3.703 – 1 Non-required 0.6076 – 0.55
16 Lupeol 0.8578 3.852 – 0.9714 Non-required 0.5755 – 0.575
17 Methyl 3, 5-di-O-caffeoyl quinate 0.661 2.231 – 0.8602 Non-required 0.585 + 0.575
18 Proanthocyanidins 0.6109 2.405 – 0.9286 Non-required 0.5213 + 0.625
19 (-) Alphapinene 0.8258 1.527 – 0.7286 Non-required 0.4741 – 0.75
20 (+) Alphaninene 0.8258 1.527 – 0.7286 Non-required 0.4741 – 0.75
21 (E)_cinnamaldehyde 0.8687 1.485 – 0.5075 Non-required 0.6995 – 0.6
22 2-hydroxycinnamaldehyde 0.7966 2.446 – 0.5816 Non-required 0.6488 + 0.525
23 6-gingerol 0.6007 2.29 – 0.7 Non-required 0.7188 – 0.8
24 6-shogaol 0.6916 2.267 – 0.7731 Non-required 0.6917 – 0.675
25 7-hydroxycoumarin/Umbelliferone 0.5546 1.759 – 1 Non-required 0.4671 – 0.55
26 7-methoxycoumarin 0.8038 1.707 – 0.9646 Warning 0.4614 – 0.5
27 14_deoxy_11_12_didehydroandrographolide 0.4627 2.353 – 0.9571 Non-required 0.5955 – 0.75
28 Alpha-curcumene 0.9346 2.06 – 0.7 Warning 0.4736 – 0.8
29 andrographolide 0.5328 2.795 – 0.9714 Non-required 0.5856 – 0.725
30 Anomuricine 0.5396 2.749 – 1 Non-required 0.7496 + 0.525
31 Anomurine 0.4952 2.032 – 1 Non-required 0.7406 + 0.575
32 Artemisidiyne A 0.5665 1.897 – 0.8446 Non-required 0.7287 – 0.775
33 Aurantiamide 0.671 1.916 – 0.8857 Non-required 0.7808 + 0.55
34 Aurantiamide acetate 0.6698 1.878 – 0.8143 Non-required 0.7243 + 0.625
35 Balanophonin 0.5707 1.659 – 0.8571 Non-required 0.5429 + 0.7
36 Beta-sesquiphellandrene 0.9084 2.444 – 0.6714 Warning 0.5271 – 0.825
37 Beta-turmerone 0.8277 2.851 – 0.8286 Non-required 0.5778 – 0.7
38 Caffeic acid ethyl ester 0.791 2.115 – 0.7 Non-required 0.663 – 0.6
39 Camphene 0.836 2.088 – 0.7286 Non-required 0.4777 – 0.75
40 Canthine 0.5991 2.208 – 0.8143 Non-required 0.5444 + 0.575
41 Cinnamic acid 0.8487 1.672 – 0.7571 Non-required 0.7458 – 0.65
42 Cinnamyl alcohol 0.902 1.327 + 0.5714 Warning 0.5046 – 0.8
43 Coclaurine 0.5575 1.779 – 1 Non-required 0.7311 – 0.575
44 Coreximine 0.4795 1.83 – 1 Non-required 0.6748 + 0.525
45 Curcumin 0.6349 1.992 – 0.8061 Non-required 0.713 + 0.725
46 Deoxyandrographolide 0.4913 2.457 – 0.9714 Non-required 0.5553 – 0.725
47 Reticuline 0.7348 1.477 – 1 Non-required 0.7169 – 0.55
48 Rutin 0.5971 2.593 – 0.9857 Non-required 0.6741 + 0.7
49 Stepharine 0.49 2.491 – 0.816 Non-required 0.6415 + 0.6
50 Alpha-turmerone 0.6957 2.551 – 0.8286 Non-required 0.5457 – 0.7
51 Xanthone 0.5082 1.678 – 0.9031 Warning 0.482 + 0.75
52 Corilagin 0.4887 2.385 – 0.9429 Non-required 0.7032 + 0.7
53 Cyanidin 3-O-sambubioside 0.4867 2.658 – 0.9714 Non-required 0.6278 + 0.575
54 Delphinidin-3-O-sambubioside 0.4867 2.802 – 0.9714 Non-required 0.6278 + 0.575
55 Phyllanthin 0.6433 1.894 – 0.8 Non-required 0.5028 – 0.625
56 Blumeatin 0.6169 1.783 – 0.9857 Non-required 0.5741 + 0.625
57 Cordycepin 0.7761 2.423 – 0.9857 Non-required 0.5214 + 0.825
58 Plitidepsin 0.6636 3.878 – 0.8286 Non-required 0.6177 + 0.6
59 Remdesivir 0.5357 3.428 – 0.9714 Non-required 0.5361 + 0.675
60 3,4-dihydroxybenzoic acid 0.5059 1.111 – 0.6626 Non-required 0.6219 – 0.625
61 Antimycin A1a 0.7509 2.198 – 0.9857 Non-required 0.7008 + 0.65
62 Thalassodendrone 0.703 1.486 – 0.8745 Non-required 0.727 + 0.675
63 Asebotin 0.8125 2.18 – 0.9429 Non-required 0.7539 + 0.575
64 Asperterrestide A 0.6853 2.687 – 0.7857 Non-required 0.6545 + 0.85
65 Bengamide A 0.6773 2.698 – 0.8714 Non-required 0.672 + 0.525
66 Butenolides 0.7466 1.473 – 0.7446 Non-required 0.4511 – 0.6
67 Cadiolide B 0.5169 3.239 – 0.7905 Danger 0.6868 + 0.725
68 Chitosan 0.5497 2.741 – 0.9714 Non-required 0.6119 – 0.55
69 Comaparvin 0.6855 3.376 – 0.9286 Non-required 0.6719 + 0.75
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Toxicity analysis with admetSAR

Ligand toxicity analysis aims to determine the level of 
toxicity of a ligand using the admetSAR site. This method 
was used based on the activity-structure relationship used 
to predict the pharmacokinetic level and toxicity of a li-
gand. In this study, carcinogenicity (binary and trinary), 
hepatotoxicity, and acute oral toxicity based on class and 
ligand concentration were used. The carcinogenicity as-
sessment was based on data on the Carcinogenic Potency 
Database (CPDB), where there are 1,547 chemical struc-
tures with tumor data on rodents that have carcinogenic 
potential as seen from the TD50 value. The screening 
method for carcinogenic compounds uses the Morgan 
fingerprint and the k-nearest neighbors (kNN) method. 
Meanwhile, the hepatotoxicity assessment was based on 
the DrugBank database with 3,115 toxic compounds and 
593 non-toxic compounds. The ligands were prepared 
using Pipeline Pilot, with the inorganic compounds, large 
molecular compounds (> 800 Da), and inorganic salts in 
the mixture removed. The acute oral toxicity assessment 
was based on a database wherein there were 10,207 com-
pounds with LD50 in a mouse model24.

Carcinogenicity analysis of compounds using admet-
SAR was classified into two models, binary and trinary. 

The development of these models from admetSAR to pre-
dict the carcinogenicity of a compound was accomplished 
using five machine learning methods, namely support 
vector machine (SVM), kNN, random forest (RF), C4.5 
decision tree (DT), and naïve Bayes (NB), combined with 
six types of fingerprints. However, the best binary and tri-
nary models were constructed using the kNN and SVM 
algorithms with the MACCS fingerprint. The binary clas-
sification aims to distinguish chemical compounds with 
various structures into carcinogenic active and inactive 
(Lipinski et al. 2004). In contrast, the trinary classification, 
the three-class classification, aims to predict a chemical 
compound’s carcinogenic potency as non-required, warn-
ing, and danger based on the median toxic dose (TD50), 
the dose required to cause a toxic effect in 50% of the po-
pulation (Cheng et al. 2012). If a compound was catego-
rized as non-required, it indicates that the compound is 
non-carcinogenic; a warning means that the compound 
is carcinogenic with a TD50 > 10 mg/kg body weight/
day, while danger implies a carcinogenic compound with 
a TD50 ≥ 10 mg/kg body weight/day. In general, the re-
sults of the carcinogenicity analysis of compounds using 
admetSAR with binary model revealed that the majority 
of compounds are non-carcinogenic, only one out of 105 
compounds indicated to be carcinogenic, there is cinna-

No. Compound Acute Oral Toxicity (c) Acute Oral 
Toxicity (kg /mol)

Carcinogenicity 
(binary)

Carcinogenicity (trinary) Hepatotoxicity 

70 Debromoaplysiatoxin III 0.3458 3.944 – 0.9571 Non-required 0.6529 – 0.5
71 Dieckol 0.5444 2.826 – 0.8429 Non-required 0.6122 + 0.6
72 Durumolide J 0.6049 3.514 – 0.9857 Non-required 0.5214 – 0.65
73 Ehrenbergol C 0.6183 1.915 – 0.9143 Non-required 0.6495 – 0.75
74 EPS (Exopolysaccharide) 0.5523 3.194 – 0.9714 Non-required 0.6941 + 0.55
75 Eudistomin C 0.5714 2.147 – 0.9714 Non-required 0.5207 – 0.575
76 Fucoidan 0.5961 3.171 – 0.8286 Non-required 0.6466 – 0.8
77 Furan-2-yl acetate 0.8517 2.117 – 0.7 Warning 0.4295 – 0.65
78 Gyrosanol A 0.8909 2.781 – 0.9714 Non-required 0.6699 – 0.9
79 Metachromin A 0.6322 2.646 – 0.8 Non-required 0.6787 + 0.525
80 MGDG 0.592 2.282 – 0.9857 Non-required 0.748 – 0.65
81 Mollamide F 0.6486 3.037 – 0.7286 Non-required 0.6604 + 0.7
82 Molleurea A 0.6651 1.643 – 0.9 Non-required 0.7405 + 0.675
83 Nortopsentins 0.6963 1.57 – 0.9143 Non-required 0.6325 + 0.8
84 Pateamine A 0.621 3.292 – 0.9 Non-required 0.5053 + 0.8
85 Phlorofucofuroeckol A 0.4563 2.833 – 0.9143 Non-required 0.4241 + 0.625
86 Secocembranoid 0.8206 1.382 – 0.8286 Non-required 0.6219 – 0.675
87 Prunolide A 0.5379 2.955 – 0.8303 Danger 0.6776 + 0.8
88 Stachybogrisephenone B 0.51 2.047 – 0.6622 Non-required 0.6082 + 0.9
89 Thalassiolin D 0.5737 2.588 – 0.9571 Non-required 0.6311 + 0.7
90 Thalassodendrone 0.8181 1.93 – 0.9429 Non-required 0.7441 + 0.7
91 Sulfated polysaccharide 0.6868 2.032 – 0.9571 Non-required 0.508 + 0.9
92 Zoanthoxanthine 0.4947 1.721 – 0.8857 Danger 0.566 + 0.725
93 2-Acetyl-1-Pyrroline 0.6266 1.783 – 0.7459 Non-required 0.6289 – 0.725
94 Favipiravir 0.6291 1.78 – 0.9286 Non-required 0.7394 + 0.8
95 Gnetin C 0.4075 2.383 – 0.9143 Danger 0.3539 + 0.725
96 Gnetol 0.7754 2.158 – 0.5301 Non-required 0.6573 + 0.925
97 Hematoxyline 0.4369 3.357 – 0.8857 Warning 0.5244 – 0.575
98 Piperine 0.8002 2.201 – 0.9198 Non-required 0.5912 – 0.5
99 Protocatechuic acid 0.5059 1.111 – 0.6626 Non-required 0.6219 – 0.625
100 Terpinen-4-ol 0.8213 2.047 – 0.8429 Non-required 0.597 – 0.85
101 Xanthorrhizol 0.8442 2.462 – 0.6571 Non-required 0.6691 – 0.725
102 Isovitexin IV 0.3746 2.812 – 0.9857 Non-required 0.7252 + 0.6
103 Catechin 0.6433 2.141 – 0.9286 Non-required 0.5825 – 0.5
104 EPA 0.6387 2.698 – 0.6714 Non-required 0.6373 – 0.65
105 Omega-3 0.6387 1.22 – 0.6714 Non-required 0.6373 – 0.65
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Table 4. Gibbs free energy analysis from molecular docking simulations.

Gibbs free energy (∆G)
Compound hACE-2 Mpro PLpro Compound hACE-2 Mpro PLpro

Corilagin -10.25 -9.98 -8.74 Gnetol -6.49 -5.55 -5.78
Dieckol -10.23 -9.77 -9.12 Artemisidiyne A -6.40 -5.07 -5.26
Phlorofucofuroeckol A -9.73 -9.43 -8.43 Atherosperminine -6.37 -5.62 -5.22
Proanthocyanidins -9.22 -7.81 -8.34 Gyrosanol A -6.35 -5.64 -6.16
Isovitexin -9.19 -7.92 -8.23 Xanthone -6.18 -5.76 -5.69
Neoandrographolide -9.18 -7.84 -8.24 MGDG (monogalactosyl-

diacylglyceride)
-6.17 -5.12 -4.83

Lupeol -9.18 -7.17 -8.32 Anomuricine -6.13 -5.14 -5.45
Prunolide A -9.16 -7.73 -6.73 Bengamide A -6.04 -4.98 -5.41
Methyl 3, 5-di-O-caffeoyl quinate -9.15 -7.88 -8.26 Anomurine -5.85 -4.83 -4.83
Eurycomanone -9.01 -7.89 -8.26 Cordycepin -5.82 -5.12 -5.38
Alterporriol Q -8.96 -8.25 -7.61 Zoanthoxanthine -5.81 -5.15 -5.68
Cyanidin 3-O-sambubioside -8.88 -7.92 -7.52 Curcumin -5.76 -4.53 -4.89
Delphinidin-3-O-sambubioside  -8.76 -7.91 -7.66 Phyllanthin -5.73 -5.04 -4.95
Thalassodendrone -8.65 -7.91 -7.25 Chloroquine -5.73 -4.42 -4.68
Cadiolide B -8.63 -7.08 -7.39 Alpha-turmerone -5.59 -3.90 -4.86
Chitosan -8.60 -6.85 -6.99 Secocembranoid -5.58 -3.78 -4.39
Aurantiamide -8.43 -6.70 -6.80 (+) Alphapinene -5.55 -4.61 -4.84
Aurantiamide acetate -8.35 -7.36 -6.69 Beta-turmerone -5.54 -4.13 -4.99
Mollamide F -8.30 -6.62 -6.72 Reticuline -5.51 -4.32 -4.89
Gnetin C -8.26 -6.96 -6.73 Rutin -5.51 -4.20 -5.00
Thalassiolin D -8.21 -7.20 -6.92 Alpha-curcumene -5.50 -4.39 -5.45
Molleurea A -8.21 -5.87 -6.37 Quercetin -5.50 -4.21 -4.79
Andrographolide -8.17 -6.85 -6.84 Beta-sesquiphellandrene -5.45 -4.01 -4.74
14_deoxy_11_12_
didehydroandrographolide

-8.16 -6.89 -6.84 EPA -5.37 -3.57 -4.04

Arisugacin A -8.12 -8.08 -7.21 7-hydroxycoumarin -5.34 -4.44 -4.86
Deoxyandrographolide -8.05 -6.66 -6.35 6-shogaol -5.34 -3.93 -4.55
Debromoaplysiatoxin -7.99 -6.72 -6.56 7-methoxycoumarin -5.28 -4.46 -4.88
Plitidepsin -7.93 -6.12 -5.14 Zalcitabine  -5.24 -4.65 -5.09
Nortopsentin D (Nortopsentins) -7.91 -6.75 -6.89 Stepharine -5.24 -4.03 -4.71
Stigmasterol -7.82 -6.50 -6.23 Coumarin -5.19 -4.29 -4.58
Pateamine A -7.78 -6.16 -5.98 Xanthorrhizol -5.19 -4.02 -4.76
Asebotin -7.70 -6.96 -6.51 Omega-3 -5.18 -3.33 -4.12
Remdesivir -7.68 -6.73 -6.05 6-gingerol -5.14 -3.82 -4.45
EPS (Exopolysaccharide) -7.64 -7.27 -6.90 Fucoidan -4.90 -4.58 -4.86
Asperterrestide A -7.54 -6.42 -6.14 Cinnamic acid -4.87 -3.92 -4.71
Manoalide -7.52 -6.19 -6.39 Terpinen-4-ol -4.85 -4.34 -4.84
Blumeatin -7.28 -6.46 -6.41 Catechin -4.84 -3.97 -4.63
Metachromin A -7.18 -5.64 -6.27 3,4-dihydroxybenzoic acid -4.83 -4.59 -4.61
Antimycin A1a -7.09 -6.10 -5.97 Canthine -4.83 -3.92 -4.59
Comaparvin -7.05 -5.98 -6.00 Protocatechuic acid -4.79 -4.20 -8.34
Brazilein -6.94 -6.19 -6.02 Caffeic acid ethyl ester -4.79 -3.96 -4.62
Murrangatin -6.91 -6.29 -6.07 Balanophonin -4.77 -3.95 -4.62
Luteolin -6.90 -6.28 -6.17 Caffeine -4.71 -4.20 -4.39
Stachybogrisephenone B -6.84 -6.04 -6.02 2-hydroxycinnamaldehyde -4.53 -4.03 -4.42
Coreximine -6.81 -5.83 -5.69 Butenolides -4.48 -4.18 -4.85
Asebogenin (6’-O-rhamnosyl-
(1’’’ →6’’)-glucopyranosyl

-6.73 -6.08 -6.52 Camphene -4.46 -3.94 -4.13

Naringenin -6.72 -6.08 -5.97 (-)Alphapinene -4.42 -7.81 -4.08
Eudistomin C -6.71 -5.22 -6.19 Cinnamyl alcohol -4.30 -3.38 -3.97
Durumolide J -6.70 -6.20 -5.87 (E)_cinnamaldehyde -4.28 -3.42 -3.86
Ehrenbergol C -6.68 -6.15 -5.85 Furan-2-yl acetate -4.07 -3.72 -4.62
Piperine -6.55 -4.94 -5.50 2-Acetyl-1-Pyrroline -3.64 -3.30 -3.93
Coclaurine -6.54 -5.17 -5.56 Favipiravir -0.91 -0.75 -0.98
Hematoxyline -6.50 -5.51 -5.81

myl alcohol (No. 32). In the carcinogenicity analysis re-
sults using the binary model, the non-carcinogenic com-
pounds were marked with a negative sign (-) with a range 
of probability or accuracy values between 0.5075 and 1. 
In contrast, the compounds predicted to be carcinogenic 
have a positive sign (+) with a probability value of 0.5714.

Besides the carcinogenicity analysis, hepatotoxicity analy-
sis is vital in drug discovery and development efforts because 
liver toxicity is at the top of drug reduction. The hepatotoxi-
city analysis was performed using admetSAR to classify the 

compounds into active/ inactive or positive/negative (Mor-
ris et al. 1998). The analysis revealed that 56 out of the 105 
compounds were predicted to be hepatotoxic agents with 
probability values  between 0.525 and 0.925. Meanwhile, the 
other 49 compounds were predicted to be non-hepatotoxic 
with their probability values between 0.5 and 0.9.

The acute oral toxicity analysis for classifying com-
pounds into four categories based on the value of 50% 
lethal dose (LD50), generally expressed in terms of the 
amount of material per unit of body weight (Lu et al. 
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2009), a dose or concentration of a substance/compound 
estimated to have caused the death of half of the individu-
als who receive it. The categorization of toxicity refers to 
the United States Environmental Protection Agency (U.S. 
EPA) that classifies chemicals into four categories with 
different toxicity levels. The four categories of acute oral 
toxicity are category I (danger/poison), II (warning), III 
(caution), and IV (non-required). The compounds falling 
under category I are those with LD50 ≤ 50 mg/kg, under 
category II are compounds with LD50 > 50 mg/kg and ≤ 
500 mg/kg, under category III are compounds with LD50 
> 500 mg/kg and ≤ 5,000 mg/kg, and under category IV are 
the compound with LD50 value > 5,000 mg/kg. In other 
words, compounds with category I have the highest acute 
oral toxicity among other categories (Lipinski et al. 2004; 
Ho et al. 2005). The selected 105 compounds belonged to 
various acute oral toxicity categories: category I (five com-
pounds), category II (nine compounds), category III (87 
compounds), and category IV (four compounds).

The docking results show that there are five best com-
pounds for potential drugs from the total 105 compounds: 
isovitexin, proanthocyanidins, corilagin, and dieckol 
phlorofucofuroeckol A. The toxicity analysis results reveal 
that these five compounds are non-carcinogenic, even 

though they can be hepatotoxic agents with a value of < 
75%. These five compounds’ acute oral toxicity also indi-
cated that they were classified as category I (isovitexin) 
and category III (proanthocyanidins, corilagin, dieckol, 
phlorofucofuroeckol A compounds).

Gibbs free energy analysis

Based on the Gibbs free energy analysis, the more negative 
the value resulting from molecular docking simulation, 
the more stable the bond between ligands and receptors. 
Therefore, the ligands with a stable negative energy value 
against the three receptors ACE-2, Mpro, and PLpro will be 
discussed. The ligands to be discussed are those with the 
best five Gibbs free energy values (∆G): corilagin, dieck-
ol, phlorofucofuroeckol A, proanthocyanidins, isovitexin, 
with ptilidepsin and remdesivir as controls (common 
drugs) used as comparators (Table 3 and Suppl. materi-
al 1: Figure S1). Based on the analysis of interactions bet-
ween ligands and receptors, it can be deduced that several 
bonds were formed between the two, such as hydrophobic 
bonds, van der Waals bonds, and hydrogen bonds.

The analysis of hydrogen bonds revealed that ACE-2 
receptors have interactions with metabolite compounds 

Table 5. Receptor and ligand interactions based on hydrogen bond analysis.

Reseptor ACE-2 (Å) Mpro (Å) PLpro (Å)
Ligan

Dieckol Tyr 515 (3.25) Met 276 (3.25) Tyr 274 (3.38), (3.13)
Gln 442 (3.08) Leu 287 (3.32) Thr 302 (3.13)
Glu 406 (3.34) Tyr 239 (2.88) Leu 163 (3.02), (2.92)

Arg 518 (3.33), (3.03) Asn 238 (2.98)
Ser 409 (2.93) Asp 197 (3.08), (3.16)
His 437 (3.04) Thr 169 (3.08)

Thr 337 (3.02), (3,04) Thr 135 (3.16)
Isovitexin Gln 442 (3.35) Leu 287 (3.28) Thr 75 (3.06), (2.78)

Lys 44 (3.08) Leu 272 (3.27) Leu 76 (2.96)
Ser 409 (2.98) Asp 289 (3.12) Asp 77 (3.10)

Arg 518 (2.81), (2.93), (3.08) Arg 131 (3.07) Gln 175 (3.25)
Thr 199 (3.03) Asn 157 (3.06)

Asn 238 (2.97), (3.30)
Proanthocyanidins Ser 409 (3.03) Leu 287 (3.28) Thr 75(3.06), (2.79)

Lys 441 (3.08) Leu 272 (3.28) Leu 76 (2.92)
Arg 518 (2.84), (2.94), (3.10) Asp 289 (3.11) Asp 77 (3.09)

Arg 131 (3.09) Gln 175 (3.22)
Thr 199 (3.03) Asn 157 (3.01)

Asn 238 (3.30), (2.98)
Corilagin Ser 43 (2.98) Lys 137 (2.96) Thr 75 (3.06), (2.78)

Asp 350 (3.15) Arg 131 (3.31) Leu 76 (2.96)
Arg 393 (3.00) Asp 197 (3.36) Asp 77 (3.10)

Tyr 385 (3.13), (3.10) Leu 287 (3.07), (2.84) Gln 175 (3.25)
Asn 157 (3.06)

Phlorofucofuroeckol A Ser 43 (2.80) Thr 169 (2.70) Leu 76 (2.92)
Asp 350 (3.28) Thr 135 (2.99) Thr 75 (2.83), (3.06)
Ala 348 (3.09) Asp 197 (3.23) Tyr 155 (3.17)
Asp 67 (3.30) Leu 287 (3.67). (3.14) Asn 157 (3.11)
Ser 70 (2.99) Asn 238 (3.19) His 176 (3.02)

Thr 199 (3.22), (2.89). (3.14)
Tyr 237 (3.24)

Ptilidepsin Ser 105 (3.15), (3.06) Met 276 (2.96) Met 209 (3.11)
Tyr 202 (2.70) Gln 175 (3.01)

Gln 102 (3.15), (3.23)
Trp 69 (3.16)

Remdesivir Asp 350 (3.15) Thr 199 (3.05), (3.02), (2.93) –
Asn 394 (2.96)
Arg 514 (3.15)
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Figure 4. Analysis of the conformation and interaction of hydrogen bonds between ligands and receptors with a distance < 5 Å. A. 
ACE-2-dieckol; B. PLpro -dieckol; C. Mpro-dieckol.

Figure 5. Analysis of the conformation and interaction of hydrogen bonds between ligands and receptors with a distance < 5 Å. A. 
ACE-2-ptilidepsin; B. PLpro -ptilidepsin; C. Mpro-ptilidepsin.

with several amino acid residues, such as Gln 442, Arg 
518, Ser 409, Lys 441, Arg 518, and Asp 350. As for amino 
acid residues Leu 287, Asn 238, Thr 199, and Leu 272, 
Asn 238 mostly interacted with metabolite compounds 
on Mpro receptors. Meanwhile, amino acid residues Thr 
75, Leu 76, Asp 77, Gln 175, and Asn 157 are the most 
residues that interact with metabolite compounds (Ta-
ble 4). The longest hydrogen bond was detected for Leu 

287 at the Mpro receptor, with a length of 3.67 Å, and the 
shortest for Thr 169 at the same receptor, with a length 
2.70 Å. Meanwhile, the conformation, interaction, and 
orientation of dieckol and ptylidepsin were illustrated in 
Figure 4. Dieckol is in the receptor-binding site region, 
allowing dieckol to have the potential as an inhibitor be-
tween the receptor and SARS-CoV-2 spike protein, simi-
lar for the ptylidepsin control.
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Conclusion
Through molecular docking, toxicity, ADME, and Lipin-
ski, virtual screening has been successfully performed on 
102 secondary metabolites compounds against three im-
portant receptors in SARS CoV-2; ACE-2, Mpro, PLpro. The 
analysis obtained that corilagin, dieckol, phlorofucofu-
roeckol A, proanthocyanidins, and isovitexin can inhibit 
all three receptors. The study of hydrogen bonds revealed 
that ACE-2 receptors have interactions with metabolite 
compounds with several amino acid residues, such as 
Gln 442, Arg 518, Ser 409, Lys 441, Arg 518, and Asp 
350. As for amino acid residues Leu 287, Asn 238, Thr 
199, and Leu 272, Asn 238 mostly interacted with meta-
bolite compounds on Mpro receptors. Meanwhile, amino 
acid residues Thr 75, Leu 76, Asp 77, Gln 175, and Asn 
157 are the most residues that interact with metabolite 

in PLpro. These five compounds have conformation and 
orientation in the binding site receptors. We recommend 
the five compounds be developed as drug candidates in 
the treatment to decrease the growth of the SARS CoV-2 
virus. Molecular docking results can be used as a scien-
tific basis in selecting drug candidates before being done 
in the laboratory.
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