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ABSTRACT 
Since the outbreak of coronavirus disease 2019 (COVID-19), many studies have been conducted to develop definitive 
therapeutic agents for this viral disease. The in-silico method has become the best solution for the initial step in 
discovering potential antiviral compounds. Several phytocompounds from a medicinal plant, Andrographis paniculata, 
were reported to have activity inhibiting SARS-CoV-2 proteins. The present systematic review aims to determine 
the potency of A. paniculata compounds against COVID-19. We undertook a systematic search in two databases, 
PubMed and Google Scholar, and included original articles that applied in-silico methods for phytocompounds of 
A. paniculata in COVID-19. Twenty-nine original articles were included in the systematic review. We report that 50 
of the 107 A. paniculata phytocompounds (46.73%) were against SARS-CoV-2. We found that five protein targets 
of SARS-CoV-2 are highly conserved structures mostly used in the articles, which are main protease, papain-like 
protease, RNA-dependent RNA polymerase, Nsp15, and spike protein. Six A. paniculata phytocompounds have an 
inhibition activity of those five protein targets including andrographolide, neoandrographolide, isoandrographolide, 
14-deoxyandrographolide, 14-deoxy-11,12-didehydroandrographolide, and andrographidin C as main diterpenoid 
compounds. Based on the literature evidence, some of the A. paniculata phytocompounds could be potential antiviral 
agents due to their strong binding affinities and stable conformations toward SARS-CoV-2 proteins.

INTRODUCTION 
Coronavirus disease 2019 (COVID-19) refers to a 

respiratory infection brought on by the SARS-CoV-2 virus and 
has emerged as a pandemic since 2020. The discovery of effective 
therapy with accessible raw materials for patients with COVID-19 
is a critical attempt that is being intensified. Utilizing molecular 
databases to investigate different compounds that may have 
therapeutic effects on the virus is one of the methods explored by 
researchers to find new medications to combat SARS-CoV-2 (Wu 
et al., 2020).

Through the latest advances in computational biology and 
molecular bioinformatics, a number of natural phytocompounds 
have been published to have antiviral potential against several 
specific targets of SARS-CoV-2 including angiotensin-converting 
enzyme-2 (ACE-2) and several viral important proteins, such as 
spike protein, which contains S1 and S2 domains, 3-chymotrypsin-
like protease (3-CLpro), papain-like protease (PLpro), helicases, 
and RNA-dependent RNA polymerase (RdRp) (Khare et al., 2020). 
The in-silico prediction of possible phytochemical compounds 
on key SARS-CoV-2 proteins has been extensively investigated. 
Andrographis paniculata (Burm. F.) Nees or Justicia paniculata 
Burm. F. is a medicinal plant whose natural compounds have been 
shown to have potential as SARS-CoV-2 antivirals (Murugan et 
al., 2021; Vijayakumar et al., 2022). 

The main phytocompounds of A. paniculata are diterpene 
compounds including andrographolide, 14-deoxyandrographolide, 
14-deoxy-11,12-didehydroandrographolide, 14-deoxy-11-
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oxoandrographolide, neoandrographolide, andrographiside, 
deoxyandrographoside, andrograpanin, deoxyandrographolide-
19-D-glucosi-de, 14-deoxy-12-methoxyandrographolide, and 
flavonoid compounds (Dwivedi et al., 2021). The outcomes of 
in-silico testing on the main compounds of A. paniculata have 
varied according to several researches. These take into account 
the importance of affinity energy, bond conformation stability, 
and comparisons to currently available reference medications like 
remdesivir, lopinavir, and hydroxychloroquine. This systematic 
review’s objective was to determine the phytochemical compounds 
of A. paniculata that may be active against SARS-CoV-2 using 
an in-silico technique as a reference and scientific support for 
prospective herbal COVID-19 treatment options.

METHODS
This systematic review included data from two 

databases, PubMed and Google Scholar, covering original 
English language articles which applied in-silico methods for A. 
paniculata phytochemical compounds on SARS-CoV-2 protein. 
A systematic search was conducted using the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses Protocols 
2020 starting from August to September 2022. Keywords for 
the search included “Andrographis paniculata,” “in silico,” and 
“COVID-19.” The inclusion criteria were applied to a total of 38 

scientific articles, and 29 articles were chosen for review. Three 
authors independently evaluated the quality of each article using 
Duffy’s Research Appraisal Checklist Approach. Nine articles 
were excluded because the target proteins used in the in-silico 
assays were not derived from proteins in SARS-CoV-2 and the 
intervention utilized derivatives of A. paniculata phytochemical 
compounds (Fig. 1). 

The extracted data were analyzed to determine the 
in-silico method used, the A. paniculata compounds tested, 
the SARS-CoV-2 protein target, and the authors’ conclusions  
(Table 1). The data were synthesized according to the Synthesis 
Without Meta-analysis guide to determine A. paniculata 
compounds as potential protein inhibitors in SARS-CoV-2. 
Afterward, the potential antiviral phytochemical compounds of 
A. paniculata are further elaborated according to their protein 
targets in the form of highly conserved sites from changes in the 
evolutionary phylogenetic tree, such as 3CLpro (main protease), 
PLpro, RdRp, and spike proteins. 

RESULTS
Literature evidence showed that 107 phytochemical 

compounds of A. paniculata were in silico tested on SARS-
CoV-2 protein. Fifty of these compounds showed their potential 
as inhibitors of the SARS-CoV-2 protein target. The main 

Figure 1. Flowchart on search strategies.
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Table 1. Characteristicsics and the main finding of studies included in the systematic review. 

First author, 
publication year

Method and 
Software Target

A. paniculata

compounds
Author’s finding

Rajagopal et al., 
2020

Molecular docking 
(Glide XP) and 
MM-GBSA 
calculation 
(Schrödinger 
2019-4).

Main protease of 
SARS-CoV-2 (PDB 
ID: 5R82)

Andrographolide, dihydroxydi 
methoxyflavon, stigmasterol, 
14-deoxyandrographolide, 
cin-namate esters, β-sitosterol, 
β-Sitosteryl-fatty acid esters, and 
14-deoxy-12-hydroxyandrogra 
pholide.

Glide score of andrographolide (−6.26 kcal/mol) and 
dihydroxydimethoxyflavone (−6.23 kcal/mol) that have 
more significant binding energy with the site of the main 
protease compare to hydroxychloroquine show good 
potency as the antiviral agents.

Enmozhi et al., 
2020

Molecular docking 
(DOCK6 program 
and UCSF 
Chimera), ADME 
prediction (Swiss 
AD- ME), and 
toxicity prediction 
(pkCSM database). 

Main protease of 
SARS-CoV-2 (PDB 
ID: 6LU7)

Andrographolide

Andrographolide can bind to the active site of SARS-
CoV-2 main protease (−3.094357 kcal/mol) with good 
affinity. I forms 4 hydrogen bonds with Gly143, Cys145, 
and Glu-166 residue.

Hiremath et al., 
2021

Molecular docking 
(AutoDock 
-MGL, and 
PyMOL), ADMET 
prediction (Swiss 
ADMET).  

Spike protein, 3CL-
Pro, PL-pro, and 
RdRp of SARS-
CoV-2 (PDB ID: 
6VSB, 6LU7, 4O 
VZ, 6NUS).

14 phytocompounds of A. 
paniculata

Four phytocompounds show good binding affinity on 
spike protein and RdRp, namely isoandrographolide, 
14-deoxy 14,15 didehy droandrographide, 
14-deoxyandrographoli-de, 5-hydroxy-7,8,2’,5’-
tetramethoxyflavo-ne (<−7.60 kcal/mol).  

Majumdar et al., 
2022

Molecular docking 
(Autodock 
version 4.2.6 
and Glide-v8.3 
Schrodinger), 
molecular dyna-
mics simulation, 
MM-GBSA, 
and ADME/T 
prediction.

SARS-CoV-2 main 
protease (PDB ID: 
6LU7) and SARS-
CoV main protease 
(PDB ID: 2GTB).

14-deoxy-11,12-didehydroan-
drographolide, and androgra-
panin.

The in-silico studies found that androgra-panin can 
be considered as the potent inhibitor against SARS-
CoV-2 main prote-ase due to its strong binding affinities 
involving identical amino acid residues.

Saliu et al., 2021

Molecular docking 
(AutoDock 
Vina Tools and 
PyMOL soft-ware) 
and predicting 
ADME/T with 
dmetSAR web.

SARS-CoV-2 
methyltransfer-ase 
(nsp16) (PDB ID: 
6YZ1).

Andrographolide and 
andrograpanin.

Andrographolide could bind the active site of Nsp16 with 
good potential negative energy (−7.9 kcal/mol). This 
suggests that andrographolide could serve as therapeutic 
agent to prevent viral survival and replication in cells.

Latha et al., 2022

Molecular 
docking (Glide 
v7. 8. Schrodinger 
2019–2).

SARS-CoV-2 spike 
glycopro-tein, 
RdRp, and main 
protease

Andrographidin C

Andrographidine C has the strongest bind-ing affinity on 
the site of RdRp that can be potential as an antiviral agent 
by inhibiting replication and transcription of SARS-
CoV-2.

Sukardiman et al., 
2020

Molecular docking 
(AutoDock Vina 
1.1.2 and Chimera 
1.13. 1).

SARS-CoV-2 
main protease or 
3-chymotrypsin-like 
protease (PDB ID: 
6LU7)

45 A. paniculata phytochemical 
compounds.

5,4'-dihydroxy-7-O-β-D-pyran-glycuronate 
butyl ester and andrographolide glycoside 
3-O-β-D-glucopyranosyl-andrographolide have lower 
free binding energy and highest similarity in types of 
interaction with amino acid residues compared to its co-
crystal ligands (6LU7) and Indinavir or Remdesivir

Srikanth and 
Sarma, 2021

Molecular docking 
(AutoDock dan 
MOE softwares).

ACE-2 receptor 
binding doma-in 
of spike protein 
(PDB ID: 6L ZG) 
and Nsp12 (RdRp) 
SARS-CoV-2 (PDB 
ID: 6M71)

Andrographolide

Andrographolide has very strong affinity to RBD of spike 
protein (−10.3460 kcal/mol) and Nsp12 of the SARS-
CoV-2 (−10.7313 kcal/mol) indicating andrographolide 
acts as an inhibitor of spike protein and Nsp12.

Continued
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First author, 
publication year

Method and 
Software Target

A. paniculata

compounds
Author’s finding

Swaminathan et 
al., 2021

Molecular docking 
(AutoDock Vina 
v1.1.2), toxicity 
profile and ADME 
(pk-CSM online 
tool), MM-GBSA 
calculation 
and molecular 
dynamics simu-
lation (Desmond 
v3.6).

SARS-CoV-2 
proteins: main 
protease (6LU7), 
Nsp9 (6WX D), 
envelope protein 
(5X29), ORF1a 
polyprotein (2G9T), 
receptor binding 
domain (6M 0J), 
ORF3a (6XDC), 
Nsp3 (6V XS), 
membrane protein 
(3I6 G), Nsp15 
(6VWW) and spike 
protein (6CRV).

38 phytocompounds of A. 
paniculata were tested in docking 
molecular

There are 25 phytocompounds of Androgra phis 
paniculata (65.78%) that can be druggable agents against 
SARS-CoV-2. The two phytosterols, stigmasterol and 
stigmasta-5,22-dien-3-ol act as potential lead molecules 
against multiple target proteins of SARS–CoV-2. 

Murugan et al., 
2021

Molecular docking 
(AutoDock Vina) 
and molecular 
dynamics 
simulation 
(Amber16 softwa-
re).

SARS-CoV-2 
proteins: 3-CL pro 
(PDB ID: 6LU7), 
PL-pro (PDB ID: 
5Y3E), RdRp (PDB 
ID: 6NUR), Spike-
ACE-2.

Andrographolide, neoandro-
grapholide 14-deoxy 11,12-di 
dehydroandrographolide, and 
14-deoxy andrographolide.

Neoandrographolide could be used as a cost-effective 
drug analog for treating COVID-19 due to its binding 
free energy toward all four targets. 

Rathinavel, 2020

Molecular docking 
(AutoDock and 
Autogrid) and 
Drug Like-liness 
and ADME 
prediction (Swiss 
ADME online 
server).

Receptor binding 
domain ACE-2 
of spike protein, 
main protease, 
nucleocapsid 
protein N-terminal 
RNA binding dom-
ain of SARS-CoV-2 
(PDB ID: 6LZG, 
7BUY dan 6M3M)

21 phytocompounds of A. 
paniculata.

Bisandrographolide A is one of the best ligands from A. 
paniculata that was considered as best drug candidate 
for SARS-CoV-2. It showed strong binding affinity and 
possesses good drug likeliness, pharmacokinetic, and 
electrostatic profile.

Sahithya et al., 
2021

Molecular docking 
(Molegro Virtual 
Docker) and Drug 
Like -liness and 
ADME calculation 
(ALOGPS 2.1 web 
server).

SARS-CoV-2 
protein: SG-pro 
(PDB ID: 6VSB), 
Npro (6YI 3), 
3CLpro (6LU7), 
PLpro (6 W9C), 
RdRp (6M71) 
Nsp9 (6 W4B), and 
Nsp15 (6VWW).

17 phytocompounds of A. 
paniculata

Nine phytocompounds of A. paniculata have shown 
higher inhibition at multiple targets of SARS-CoV-2 
potential proteins that could be developed as traditional 
thera-peutic formulation to fight against COVID-19 with 
few side effects.

Kongsune et al., 
2022

Molecular docking 
(AutoDock 4.2).

SARS-CoV-2 main 
protease, protein 
spike and Nsp15 
(PDB ID: 6XBG, 
7BZ5, and 6WXC)

24 phytocompounds A. paniculata

The calculation result revealed that mostly bioactive 
compounds from A. paniculata are a good binding 
affinity with the main protease than that of Nsp15 
and spike protein. 7,8-dimethoxy flavone-5-β-D-
glucopyranosyloxyflavone (−11.65 kcal /mol and 
stigmasterol (−11.33 kcal/mol) had a superior binding 
affinity toward the main protease.

Rizqillah et al., 
2021

Molecular docking 
(Ligand Docking 
tool), molecular 
dyna mics 
simulation, and 
MM-GBSA (Prime 
MM-GBSA)

SARS-CoV-2 main 
protease (PDB ID: 
7AOL)

Andrographolide, 
neoandrographolide, and 
5-hydroxy-7,8,2’,3’-tetra-
methoxyflavone.

Andrographolide, neoandrographolide, and 5-hydroxy-
7,8,2’,3’-tetramethoxyflavone have comparable inhibition 
activity to SARS CoV-2 main protease in comparison 
to Remdesivir. The flavonoid compound has the lowest 
docking score, which was further validated by protein-
ligand contact fraction examination, although MMGBSA 
score is lowest for Remdesivir.

Shi et al., 2020 Molecular docking 
(Argus lab 4.0.1). 

Main protease of 
2019-nCoV (PDB 
ID: 6LU7) and main 
protease SARS-
CoV (PDB ID: 
1UK4)

Andrographolide

Molecular modeling analysis and docking results showed 
andrographolide bonds in the catalytic pockets of both 
main proteases so that they could potentially be inhibitory 
agents on the target proteins.

Continued
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First author, 
publication year

Method and 
Software Target

A. paniculata

compounds
Author’s finding

Prabha et al., 
2021

Molecular docking 
(Lond-on dG 
scores).

SARS-CoV-2 main 
protease (PDB ID: 
6LU7)

Andrographolide

Although the docking score was below remdesivir, 
andrographolide (−13.01 kcal/mol) was identified as 
having a promising binding affinity with Mpro receptors 
because it belongs to a binding energy with a narrow 
range.

Verma et al., 2021

Molecular docking 
(AutoDock 
Vina), ADME 
(SwissADME), 
molecular 
dynamics simulat-
ion (GROMACS 
5.12 MD and 
GROMOS96 
43a1), and 
MM-PBSA 
(GROMACS 
v.2018.1).

SARS-CoV-2 
proteins: papain-
like protease 
(PLpro) and 3-chy 
motrypsin-like 
protease (3CLpro/ 
Mpro) with PDB 
ID:  6W9C and 
6M2N.

15 phytocompounds of A. 
paniculata

Almost all A. paniculata compounds have a bond 
affinity of less than −7 kcal/mol in PLpro which shows 
strong potential as an inhibitor, except paniculide C. 
While in the main protease target, potential compounds 
based on parameters are neoandrographo-lide, 
14-deoxy-11,12 didehydroandrogra-pholide, 14-deoxy-
11-oxoandrographolide.

Laksmiani et al., 
2020

Molecular docking 
(AutoDock Tools 
1.5.6 and Chimera 
1.11. 1). 

SARS-CoV-2 
proteins: RdRp, 
3CLpro and PLpro 
(PDB ID: 6N UR, 
2GTB, 4O W0).

Andrographolide

The result of docking andrographolide on almost all 
SARS-CoV-2 protein targets of <−7 kcal/mol, except for 
RdRp (−3.18 kcal/ mol) so that it binds well to be able to 
be-come inhibitor agents on Mpro and PLpro.

Dound et al., 2020 Molecular docking 
(AutoDock 4.2). 

SARS-CoV-2 main 
protease and SARS 
coronavirus main 
peptid-ase (PDB ID: 
6LU7 dan 2GTB)

Andrographolide and 
andrograpanin

Andrographolide and andrograpanin bind to main 
protease of SARS-CoV-2 with strong binding affinities 
(less than −7 kcal/mol) so can be potential inhibitor of 
this target.

Kiran et al., 2022
Molecular docking 
(Cresset Flare 
software). 

Spike protein of 
SARS-CoV-2 (PDB 
ID: 6VSB)

Andrographolide, androgra-
panin, and 5-hydroxy-7,8-
dimethoxyflavanone.

5-hydroxy-7,8-dimethoxyflavanone (−9.03 kcal/mol) on 
the target spike protein SARS-CoV-2 can be the best drug 
candidate with good synthetic accessibility

Kumar et al., 
2020

Molecular docking 
(iGEMDOCK)

Spike glycoprotein 
of corona virus 
(PDB ID: 3JCL

Andrographolide

The docking results show that the andrographolide 
compound (−89.34 kcal/mol) has inhibitory activity on 
the SARS-CoV-2 spike glycoprotein but not one of the 
five compounds with the most potential in this study.

Alagu Lakshmi et 
al., 2020

Molecular docking 
(Autodock v.4.2 
and Biovia 
Discovery Studio 
4.5), molecular 
dyna-mics 
simulation 
(Gromacs 5.1. 
4), and MM-
PBSA (software 
Gromacs).

Main protease (PDB 
ID: 5R82) and spike 
of SARS-CoV -2 
(PDB ID: 6VYB).

Andrographolide, bisandro-
grapholide A, caffeic acid.

Bisandrographolide A has a strong bond affinity with the 
main protease and andro-grapholide on spike protein of 
SARS-CoV-2 so can become a potential inhibitor agent.

Dey et al., 2020

Molecular docking 
(AutoDock v.4.0), 
Drug-likeness 
ADMET (MolSoft 
and ADMET SAR 
2.0).

SARS-CoV-2 
proteins: main pro-
tease/ 3CLpro (PDB 
ID: 6LU7), papain 
like protease (PDB 
ID: 4M0W) and 
spike protein (PDB 
ID: 6V SB

Andrographolide, and 14-de oxy-
11,12-didehydroandro-grapholide

Andrographolide and 14-deoxy-11,12-dide 
hydroandrographolide are predicted to have good binding 
affinities with PLpro and interact with equally large bond 
energy on 3-CLpro and spike protein of SARS-CoV-2

Adejoro et al., 
2020

Molecular docking 
(AutoDock 
v.4.2.6, Pymol 
and Discovery 
Studio) and 
molecular dyna-
mics simulation 
(AMBER 14).

SARS-CoV-2 
proteins: 3Cl-pro 
and two spike 
proteins (PDB ID: 
6LU7, 6VXX, and 
6LZG).

5-hydroxy-7,8,2-trimethoxy 
flavone, neoandrographolide dan 
andrographolide.

Neoandrographolide (−8.7 kcal/mol) and 5-hydroxy-
7,8,2-trimethoxyflavone (−8.4 kcal /mol) have strong 
interactions with spike glycoprotein (6LZG) so it has the 
potential to be an inhibitor agent on the protein target.

Continued
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parameter used to assess the docking results is the affinity 
binding energy, which in some studies is amplified by the results 
of molecular dynamic simulations and Molecular Mechanics 
Poisson-Boltzmann Surface Area. Additionally, many in-silico 
studies also assessed the Absorption, Distribution, Metabolism, 
and Excretion (ADME) and toxicity predictions of A. paniculata 
compounds. Overall, the determination of a compound’s potential 
as a SARS-CoV-2 inhibitor was carried out in three ways, 
including the determination of binding affinity energy value 
parameters, comparison with reference drugs, and consideration 
of bond conformations at protein amino acid residues. The articles 
reviewed showed several variations of in-silico tests, particularly 
molecular docking in terms of methods, software, targets, and 
ligand modeling. The two most popular docking programs were 
AutoDock (37.93%) and AutoDock Vina (24.14%). In-silico 
experiments on a number of SARS-CoV-2 protein targets were 
carried out in most of the study (58.62%). The majority of these 
protein targets were found in the NCBI GenBank and RCSB 
Protein Bank Database.

The reviewed in-silico studies of A. paniculata 
phytochemical compounds used a total of 15 SARS-CoV-2 
proteins as targets, namely, 3-CLpro (Mpro), PLpro (Nsp3), RdRp 
(Nsp12), spike protein, non-structural protein 15 (Nsp15), Nsp9, 
Nsp16, envelope protein, ORF1a, ORF3a, membrane protein, 
nucleocapsid N-terminal RNA-binding domain, SGpro, Npro, 
and main peptidase. Main protease (Mpro) was the most widely 

used target protein, with 25 articles. Spike protein (11 articles), 
RdRp (8 articles), PLpro (7 articles), Nsp15 (3 articles), and 
Nsp9 (2 articles) followed sequentially. Only one article of the 
remaining nine SARS-CoV-2 proteins was focused on. The five 
most used SARS-CoV-2 proteins were conserved structures from 
phylogenetic changes and therefore were highly potential antiviral 
drug targets, namely, Mpro, PLpro, RdRp, nsp15, and spike 
protein. Furthermore, the potential of compounds will be reviewed 
based on these five potential targets. 

There are 22 diterpenoid compounds, 18 flavonoids, 
four phytosterols, three sesquiterpene compounds, and one 
compound each from the triterpene and phenylpropanoid classes 
among the 50 A. paniculata compounds reported as potential 
inhibitors of various potential protein targets of SARS-CoV-2. 
Interestingly, several studies involving many A. paniculata 
compounds as populations for molecular docking tests showed 
that andrographolide, recognized as the main herbal compound, 
performed lower in binding affinity energy, indicating that other 
compounds from this plant also have better potential as antivirals 
on several SARS-CoV-2 protein targets. These compounds 
include neoandrographolide, andrographidin C, or stigmasterol 
and stigmasta-5,22-dien-3-ol from the phytosterol class which are 
considered to be multi-target antiviral drug agents (Swaminathan 
et al., 2021) (Table 2).

Based on the protein target, the majority of A. paniculata 
phytochemical compounds were found as inhibitors of spike 

First author, 
publication year

Method and 
Software Target

A. paniculata

compounds
Author’s finding

Rizma et al., 2021
Molecular 
docking (software 
PLANTS).

SARS-CoV-2 
PLpro and 3-CL pro 
(PDB ID: 3E9S and 
5R7Y)

Andrographolide and 
neoandrographolide

The interaction between neoandrographo-lide and 
3-CLpro showed a docking more negative than 
remdesivir trifosfat and could act as the most potent 
3CLpro inhibitor.

Pitakbut, 2020

Molecular docking 
(AutoDock Vina 
v.1.1.2 and USFC 
Chi-mera versi 
1.11.2). 

SARS-CoV-2 main 
protease and RdRp 
(PDB ID: 6LU7 and 
6NU R).

Andrographolide
The results indicate that andrographolide can only inhibit 
3-CLpro or the main protease of SARS-CoV-2 more 
strongly than lopinavir. 

Vincent et al., 
2020

Molecular docking 
(GEM DOCK 
v2.0).

SARS-CoV-2 main 
protease (PD B ID: 
6LU7)

Andrographidine C
Andrographidine C is a compound of A. paniculata that 
has the best binding energy at the active site of SARS-
CoV-2 main protease.

Sharma et al., 
2022

Molecular docking 
(AutoDock Vina 
Wizard from 
PyRx soft-ware), 
ADME (Swiss 
ADME), molecular 
dynamics simulat-
ion (GRO-MACS 
veri 2016.4), dan 
MM/PBSA.

SARS-CoV-2: 
RNA-dependent 
RNA polymerase 
(RdRp) and main 
protease (PDB ID: 
6M71 and 6LU7)

Andrographolide, hydroand-
rographolide, isoandrograph-
olide, neoandrographolide, 
oxoandrographolide.

Andrographolide showed a stronger bind-ing affinity 
at the main protease site than the reference drug that 
was a positive control, so it is quite potential as a drug 
candidate with a target inhibitor in Mpro.

Vijayakumar et 
al., 2022

Molecular docking 
(AutoDock versi 
4.2), ADME 
(Swiss AD ME), 
and molecular 
dynamics 
simulation 
(GROMACS v.20 
20.1).

SARS-CoV-2 main 
protease (PD B ID: 
6LU7)

Andrographolide, androgra-
panin, neoandrographolide, 
14-deoxyandrographolide 
and 14-deoxy, 11,12-didehy 
droandrographolide. 

All diterpenoid compounds tested, in particular 
andrographolide can effectively inhibit the interaction 
between main protease of SARS-CoV-2 and its receptors.



Shavira et al. / Journal of Applied Pharmaceutical Science 0 (00); 2023: 001-012 007

Online F
irst

Table 2. Literature evidence of multi-target A. paniculata phytocompounds for COVID-19. 

No
Senyawa Berpotensi

Target protein SARS-CoV-2

Mpro PLpro RdRp Nsp15 Spike

Diterpenoid

1 Andrographolide 136,7,10,22,23,27,28,29,32,34,38,44,45* 26,22* 140* 234,42* 54,6,34,40,42*

2 Andrograpanin 37,23,42* 143* - 142* 142*

3 Andrographic acid - 134* 134* - -

4 Andropanoside 142* 142* - 142* 142*

5 Neoandrographolide 711,25,31,32,34,42,44* 325,34,43* 311,25,34* 134* 31,11,25*

6 Isoandrographolide 134* 234,42* 32,11,42* 134* 211,25*

7 Bisandrographolide A 23,29* - - - 129*

8 Deoxyandrographolide - 143* - 142* 142*

9 Deoxyandrographolide-19β-d-glucoside - 143* - - -

10 14-deoxyandrographoside 142* 142* - 142* 142*

11 14-deoxyandrographolide 234,44* 234,42* 211,34* 234,42* 211,42*

12 14-deoxy-11,12-didehydroandrographolide 56,25,34,43,44* 36,34,43* 134* 134* 16*

13 14-deoxy 14,15-didehydroandrographide - 134* 211,34* - 111*

14 14-Deoxy-11-oxoandrographolide 143* 143* - - -

15 14-Deoxy-12-methoxyandrographolide - 142* - 142* 142*

16 3,19-isopropylidene andrographolide 119* - - 119* 119*

17 14-acetyl-3,19-isopropylidene andrographolide 119* - - 119* 119*

18 19-O-acetyl-14-deoxy-11,12 didehydro andrographolide - - - - 111*

19 3-O-β-D-glucopyranosyl androgapholide 141* - - - -

20 3-O-beta-D-glucopyranosyl 14,19-dideoxy andrographolide 130* - - - 130*

21 Dehydroandrographoline - - - 142* 142*

22 Diterpene II (Lactone) 142* 142* - 142* 142*

Flavanoid

23 Andrographin - 142* - 142* 142*

24 Andrographidine A 142* 142* - 142* 142*

25 Andrographidine C 242,45* 142* 121* 142* 142*

26 Andrographidine E 142* 142* - 142* 142*

27 Dihydroxydimethoxyflavone 129* - - - -

28 5-Hydroxy-7,8-dimethoxyflavanone - - - - 118*

29 5-Hydroxy-7,2’,3’-trimethoxyflavone - 143* - - -

30 5-Hydroxy-7,8,2'-trimethoxyflavone - - 142* 142* 21,42*

31 5-Hydroxy-7,8,2'-trimethoxyflavone 5-glucoside 142* 243* - 142* 142*

32 5-Hydroxy-7,8,2',3'-tetramethoxyflavone 132* - - 142* 142*

33 5-Hydroxy-3,7,8-trimethoxy-2-(2-methoxy phenyl)-4h-
chromen-4-one - - - - 142*

34 5-Hydroxy-7,8,2’,5’-tetramethoxyflavone - - 111* - 111*

35 5,7,2’,3’-tetramethoxyflavanone - 143* - - -

36 5,4'-dihydroxy-7-O-β-D-pyran-glycuronate butyl ester 141* - - - -

37 7,8-dimethoxyflavone-5-ß-D-glucopyran osyloxyflavone 119* - - 119* 119*

38 Onysilin 134* - - - -

39 Apigenin - 142* - 142* 142*

40 Apigenin 7,4'-Dimethyl Esther - 142* - 142* 142*

41 Wogonin - 142* - 142* 142*

Continued
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proteins, namely, 37 compounds, followed by PLpro with 32 
compounds, Mpro (main protease) with 30 compounds, Nsp15 
with 30 compounds, and RdRp with 11 compounds (Fig. 2). 
This finding is in line with the results of Kongsune et al. (2022), 
which showed that most of the A. paniculata compounds have 
greater binding energy values to the main protease, followed by 
spike protein and Nsp15. However, more hydrogen bonds were 
found at the active site of Nsp15, then spike protein and Mpro 
sequentially. This is due to the docking results that also consider 
other interactions, such as Van der Waals and electrostatic bonds 
(Kongsune et al., 2022).

Scientific evidence from in-silico studies shows the potential 
of several A. paniculata compounds being multi-target inhibitors 
of SARS-CoV-2 (Fig. 3). Andrographolide, neoandrographolide, 
isoandrographolide, 14-deoxyandrographolide, 14-deoxy-11,12 
didehydroandrographolide, and andrographidine C are the six 
compounds that have inhibitory activity on all five protein targets. 
A total of 10 compounds interact with four protein targets, 15 
compounds interact with three protein targets, 6 compounds interact 
with two protein targets, and 13 other phytochemical compounds 
interact only with one potential protein of SARS-CoV-2.

DISCUSSION
An in-vivo study revealed that 14-deoxy-11,12-

didehydroandrographolide, the primary diterpenoid compound 
of A. paniculata, significantly reduced lung titers in infected 
mice when administered at non-toxic concentrations of 1,000 or 
500 mg/kg/day 4 or 48 hours prior to H5N1 influenza A virus 
infection (Cai et al., 2016). Several in-vitro studies also showed 
the potency of A. paniculata phytocompounds as an antiviral. In 
Calu-3 cells infected with SARS-CoV-2, post-infection therapy 
with A. paniculata extract and andrographolide dramatically 
decreased virion generation with an IC50 of 0.036 µg/ml and 
0.034 µm, respectively, limiting the transmission of COVID-19 
(Sa-Ngiamsuntorn et al., 2021). Andrographolide also suppressed 
the main protease activity of SARS-CoV-2 in the cleavage assay 

by producing an IC50 value of 15.05 ± 1.58 M (Shi et al., 2020). 
Furthermore, exploration of potential phytochemical compounds 
in essential proteins of SARS-CoV-2 with in-silico predictions 
has been carried out. Based on existing literature evidence, A. 
paniculata phytochemical compounds are capable of inhibiting 
the activity of several potential protein targets in SARS-CoV-2. 
In addition, below is a more detailed discussion of the mechanism 
of inhibition based on the protein targets from existing in-silico 
studies.

No
Senyawa Berpotensi

Target protein SARS-CoV-2

Mpro PLpro RdRp Nsp15 Spike

Diterpenoid

Fitosterol

42 Citrostadienol 142* 142* - 142* 142*

43 Stigmasta-5,22-Dien-3-Ol 142* 142* - 142* 142*

44 Stigmasterol 219,42* 142* - 119* 219,42*

45 Indosterol 119* - - 119* 119*

Sesquiterpene

46 Paniculine - 143* - - -

47 Paniculide-A - 143* - - -

48 Paniculide-B - 143* - - -

Triterpene

49 Oleanolic acid 119* - - 119* 119*

Fenilpropanoid

50 3,4-dicaffeoylquinic acid 134* 134* 134* - -

* The source of the article is based on a number in this literature review bibliography.

Figure 2. Percentage of target-based A. paniculata compounds.

Figure 3. Percentage of multi-target A. paniculata compounds.
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Main protease
The main protease is a highly conserved cysteine hydrolase class 
protein in β-coronavirus (Hu et al., 2022). This enzyme mediates 
the cleavage of 11 non-structural proteins that are necessary for 
viral replication and transcription. Inhibition of viral proteases 
will reduce the formation of mature functional proteins (Mengist 
et al., 2021). According to research, the most alluring residue for 
SARS-CoV-2 Mpro to make hydrogen bonds with diverse ligands 
is Gly143, followed by Glu166, Cys145, and His163 (Nguyen et 
al., 2020). Some of the amino acid residues with crucial roles in 
the main protease are targeted by A. paniculata phytochemical 
compounds through hydrogen bonding. Andrographolide forms 
four hydrogen bonds to the main protease through residues Gly143, 
Cys145, and Glu166 (Enmozhi et al., 2020). This electrophilic 
compound inhibits the main protease activity of SARS-CoV-2 
by entering the catalytic site through hydrogen bonds on amino 
acid residues and several water molecules (Rajagopal et al., 2020; 
Shi et al., 2020). The following list of molecular mechanisms that 
andrographolide possesses as antiviral characteristics was shown 
by in-silico investigations to be possible inhibitors of the SARS-
CoV-2 main protease: 1) improved H1N1 virus-I which caused 
cell death by blocking virally induced activation of the retinoic 
acid-inducible gene-I- like receptors signaling pathway and 
reduced lung virus titer through its immune modulatory action, 2) 
modification of the virus replication route caused by Endoplasmic 
Reticulum stress-mediated Unfolded Protein Response, 3) 
induction of heme oxygenase-1 expression, 4) involvement of 
multiple pathways including Nuclear Factor kappa B and Janus 
kinase/signal transducers and activators of transcription, 5) 
inhibition of protease activity, 6) limiting of antigen expression, 7) 
inhibition of glycoprotein expression, and 8) suppression of lytic 
protein expression (Banerjee et al., 2020).

The non-covalent bond interactions of the four 
diterpenoid compounds studied by Majumdar et al. (2022) on 
amino acids of main protease proteins are hydrogen, pi-alkyl, alkyl, 
carbon-hydrogen, hydrophobic, and polar bonds. The in-silico 
study carried out by Sukardiman et al. (2020) presented another 
finding stating that the glycoside form of andrographolide, 3-O-β-
D-glucopyranosyl andrographolide, produces more negative 
binding energy than its aglycone form. The physicochemical 
properties of the glycoside affect the solubility and polarity of 
the compound thus inducing the receptor site of main protease 
(Sukardiman et al., 2020). The study conducted by Rajagopal 
et al. (2020) demonstrated that dihydroxy dimethoxy flavone 
compounds have the same excellent affinity as andrographolide 
on the SARS-CoV-2 main protease receptor due to lipophilic 
properties and hydrogen bond formation. Stigmasterol from the 
phytosterol class of A. paniculata forms hydrogen bonds, ionic 
interactions, and strong hydrophobicity on various amino acid 
residues of the main protease and exerts a stable configuration on 
the spike and Mpro protein targets (Swaminathan et al., 2021). 

However, different results were also reported for 
some major diterpene compounds such as andrographolide, 
andrograpanin, 14-deoxyandrographolide, and 14-deoxy-11,12-
didehydroandrographolide where these compounds were reported 
to have no stable binding to the main protease target. Research 
by Sukardiman et al. (2020) assessed the potential of compounds 
with standard reference ligand bond affinity values, where the 
main diterpene compound is found to have a weaker binding 

affinity. This was also confirmed by the results of Swaminathan 
et al. (2021) concerning the lack of potential of several main 
diterpene compounds as main protease inhibitors with an affinity 
energy assessment greater than −7 kcal/mol.

Papain-like protease
PLpro is a crucial coronavirus enzyme necessary to 

process viral polyproteins to activate the replication complex and 
facilitate virus spread. This protein in SARS-CoV-2 shares 83% 
sequence identity making it highly conserved (Shin et al., 2020). 
The antiviral interferon pathway can be maintained with the help of 
PLpro inhibition, which can also lessen viral replication in infected 
cells and interfere with virus-induced cytopathogenic effects. The 
reduction in the replication of the active virus (subgenomic RNA4-
encoding E gene in SARS-CoV-2), as determined by genetic 
surveillance of intracellular viral RNA synthesis, is the outcome of 
the suppression of PLpro. As a result, the released virus particles 
from the infected cell are reduced (Shin et al., 2020). In order to 
reduce SARS-CoV-2 infection and improve antiviral immunity, 
PLpro should be targeted. Flexible binding sites at residues Tyr269 
and Gln270 for small molecules present in SARS-CoV PLpro are 
also found in SARS-CoV-2 PLpro. Research by Ibrahim et al. 
(2020) showed that the key residues that appear on SARS-CoV-2 
PLpro are Tyr268 and Gln 269. 

The compound reported to bind most extensively to Plpro 
is 14-deoxy-11,12-didehydroandrographolide with stable binding 
to the active site of this protein through hydrogen (Gln269), carbon-
hydrogen (Gly160), and Van der Waals bonds on other residues 
(Verma et al., 2021). Meanwhile, neoandrographolide binds to 
the active site through hydrogen bonds (Asn109, Gln269, and 
Va159) and carbon-hydrogen bonds (Gly160 and Thr158). This 
is in line with the results by Sahithya et al. (2021), which showed 
that A. paniculata compounds interact with the main amino acid 
residue of SARS-CoV-2 PLpro, namely, Tyr268 and several other 
residues. Andrographolide, as the main compound, was found to 
bind toward the active site of PLpro through hydrogen bonds at 
the Tyr274 residue (Dey  et al., 2020). Van der Waals interactions 
and hydrogen bonds are the main factors in the inhibitory 
bonding process of flavonoid phytochemical compounds from 
A. paniculata on the target protein PLpr (Rajagopal et al., 2020). 
The two main compounds of the phytosterol class, stigmasterol 
and stigmasta-5,22-dien-ol, display hydrophobic interactions at 
Arg131, Thr199, Tyr239, and Leu286 residues with high affinity, 
making them potential inhibitors of the SARS-CoV-2 PLpro 
protein (Swaminathan et al., 2021).

However, in-silico research conducted by Rizma et al. 
(2021) suggested that the two main diterpenoid compounds of A. 
paniculata, andrographolide and neoandrographolide, have no 
potential as PLpro inhibitors. The study assessed the potential of 
the compound based on the comparison of the estimated affinity 
energy of the docking results with the natural ligand PLpro and 
the reference drug remdesivir (Rizma et al., 2021). The study by 
Dey et al. (2020) also found that the compound 14-deoxy-11,12-
didehydroandrographolide lacked a hydrogen bond to the amino 
residue PLpro despite having a fairly high-affinity value.

RNA-dependent RNA polymerase
RdRp is a highly conserved protein in three 

coronaviruses, namely, SARS-CoV, SARS-CoV-2, and MERS-
CoV. This protein is suggested to be a broad-spectrum antiviral 
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target in coronaviruses. RdRp is predicted to be the pivotal enzyme 
responsible for viral replication and transcription complexes 

(Jiang et al., 2021). Aside from that, these proteins also play a role 
in aiding viral escape from host defense mechanisms which has 
important implications during viral evolution. Potential treatment 
strategies to prevent viral replication include antiviral medications 
that specifically target the active sites of RdRp, Asp760, and 
Asp761 (Aftab et al., 2020). The FDA has approved the anti-RdRp 
medications, remdesivir and ribavirin.

The major diterpenoid compound of A. paniculata, 
andrographolide, inhibits RdRp activity by binding to residue 
Thr556 through the formation of four hydrogen bonds (Srikanth 
and Sarma, 2021). Neoandrographolide and isoandrographolide 
are the two compounds reported to mostly interact with RdRp. A 
study by Hiremath et al. (2021) reported that neoandrographolide 
interacts with the active site of this protein through hydrogen 
bonds at four residues, namely, Ala125, Asp126, Arg132, and 
His133. This finding is supported by the results from Murugan et 
al.’s (2021) study, which suggested that neondrographolide is a 
compound with the potential as an inhibitor of RdRp even though 
its binding affinity value is greater than that of remdesivir drugs, 
which is due to the stability of its binding to the Asp336, Thr440, 
and Asp507 residues of the target protein. The study by Latha et 
al. (2022) showed that andrographidin C, being one of the major 
diterpenoid compounds of A. paniculata, interacts with RdRp 
similarly to nucleotide analog drugs, that is, through non-obligate 
RNA chain breaks. Such interaction is stable due to the presence of 
pi-pi bonds from uracil bases and the affinity is also strengthened 
by hydrogen bonds at amino residues Glu811 and Lys551 (Dey et 
al., 2020). The phytochemical compound was also discovered to 
interact with the major site of RdRp, Asp761, making it a potential 
inhibitor of this protein (Sahithya et al., 2021).

However, in-silico research conducted by Laksmiani et 
al. (2020) concluded that andrographolide has less potential as 
an RdRp inhibitor by having a more positive affinity value than 
remdesivir drugs. This is supported by the results of Sharma et 
al. (2022) which showed that some of the main diterpenoid 
compounds of A. paniculata, including andrographolide and 
neoandrographolide, have no interaction with amino acid residues 
of the RdRp target protein. Although reported as having good 
binding affinity, isoandrographolide does not have hydrogen 
bonding with the amino residue RdRp (Hiremath et al., 2021).

Non-structural protein 15
Coronaviruses use the uridine-specific endoribonuclease 

known as Nsp15 to break viral RNA and circumvent the host 
immune system (Saramago et al., 2022). This protein features a 
conserved active site across Coronaviridae. Nsp15 is crucial for the 
pathogenesis of coronaviruses. According to research, this RNase 
is in charge of destroying viral dsRNA intermediates that would 
otherwise hinder host cells from recognizing them. Additionally, 
this protein dramatically slows down the type I interferon response 
(Saramago et al., 2022). As a result, developing antiviral drug 
candidates that target these proteins in particular could be a 
possible treatment for COVID-19.

The active site of Nsp15 shares six essential residues 
that are conserved among SARS-CoV-2, SARS-CoV, and MERS-
CoV proteins, namely, His235, His250, Lys290, Thr341, Tyr343, 

and Ser294 (Kim et al., 2020). Based on the results by Sahithya 
et al. (2021), A. paniculata phytochemical compounds bind to 
the Nsp15 active site more efficiently than hydroxychloroquine 
at the amino acid residues Thr (167), Lys (71, 90), Glu (203), Asn 
(200), Arg (199), Thr (196, 275), Lys (277), Val (295), Tyr (89, 
279), Ser (198, 274), Glu (69), Asp (268, 273, 297), Gly (165), 
and Met (272). Although it does not bind to the key residue of 
Nsp15, the compound has a stronger affinity than the antiviral 
drugs nelvinafir and hydroxychloroquine to many other residues 

(Sahithya et al., 2021). Andrographidin C is reported to have high 
binding affinity energy and interacts with amino residues Asn29, 
Asn30, and Pro51 (Swaminathan et al., 2021). However, some of 
the main compounds of A. paniculata have also been reported to 
have less potential due to having a more positive binding affinity 
energy than existing reference drugs (Kongsune et al., 2022).

Spike protein
Spike glycoproteins have an essential role in the 

attachment, fusion, and entrance of the virus into the host cell (Duan 
et al., 2019). A spike protein that binds to the ACE-2 receptor enables 
SARS-CoV-2 to enter human cells and cause infection (Banerjee et 
al., 2022). The spike protein, which is involved in the process of 
membrane fusion and receptor recognition, is made up of the S1 
and S2 subunits. The coronavirus must bind to the specific receptor 
ACE-2 in order to enter the target cell. This is accomplished by the 
S1 subunit of the spike protein, while the S2 subunit facilitates the 
fusing of viral membrane cells by establishing a six-helix bond via 
a two-heptad repetitive domain (Huang et al., 2020). Located on 
the surface of the virus, the spike glycoprotein is targeted by the 
host immune response as the main target by neutralizing antibodies. 
Therefore, targeting this protein as an ativirus drug target may 
reduce the potential for SARS-CoV-2 infection in humans. 

Results by Srikanth and Sarma (2021) indicated that the 
main compound of the diterpenoid group, andrographolide, binds 
to the spike glycoprotein at the tyrosine kinase phosphorylation 
site suggesting inactivation of the target protein. Andrographolide 
creates a hydrogen bond interaction with the amino residue 
Lys807 on the spike protein. The diterpene lactone compound 
from A. paniculata binds to the core site located under the surface 
area of the spike protein complex and ACE-2 thereby indirectly 
modulating the interaction between the two proteins (Murugan et 
al., 2021). Research by Kiran et al. (2022) stated that the compound 
5-hydroxy-7,8-dimethoxyflanone, one of the main flavonoid 
compounds of A. paniculata, has moderate affinity energy on 
spike protein targets through hydrogen bonding interactions with 
amino residues Asp 364 and Gly339.

CONCLUSION 
The potential proteins of the SARS-CoV-2 have been 

discovered to be inhibited by a number of phytocompounds from the 
plant A. paniculata using in-silico tests. The most studied and highly 
conserved SARS-CoV-2 potential proteins from phylogenetic 
changes for inhibitory targets of phytochemical compounds of 
A. paniculata are the main protease, PLpr, RdRp, Nsp15, and 
spike protein. A number of six phytochemical compounds of A. 
paniculata showed inhibitory activity on the five SARS-CoV-2 
target proteins including andrographolide, neoandrographolide, 
isoandrographolide, 14-deoxyandrographolide, 14-deoxy 
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11,12-didehydroandrographolide, and andrographidine C which 
are the main diterpenoid compounds of A. paniculata.
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