
https://doi.org/10.1177/11779322221149622

Bioinformatics and Biology Insights
Volume 17: 1–14
© The Author(s) 2023
Article reuse guidelines: 
sagepub.com/journals-permissions
DOI: 10.1177/11779322221149622

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-NonCommercial  
4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and distribution of the work without 

further permission provided the original work is attributed as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).

Introduction
The coronavirus disease 2019 (COVID-19) outbreak has 
recently been supposed to be over in some areas of the world, 
and weekly recorded COVID-19 mortality has dropped to lev-
els comparable to those seen earlier in the pandemic, but the 
spread of COVID-19 in some countries still shows no appar-
ent signs of abating. The recent emergence of new viral variants 
that spread out more easily and rapidly has caused a relapse of 
new infections with a higher contagious risk in many countries. 
As of 20 April 2022, the World Health Organization’s 
(WHO’s) latest updated data reached 50.4 million confirmed 
cases of severe acute respiratory syndrome coronavirus-2 
(SARS-CoV-2) infection, including 6.2 million deaths world-
wide.1 Since the first SARS-CoV-2-infected case was reported 
at the end of 2019, there have been numerous research attempts 
to screen and identify active compounds that have the potential 
to inhibit SARS-CoV-2 and treat symptoms caused by 
COVID-19. In addition, the term “post-COVID-19 syn-
drome” or “COVID sequelae” have recently gained widespread 
recognition among social communities and in scientific and 
medical organizations. The pathogenesis of post-COVID syn-
drome is multifactorial and involves multiple mechanisms that 
result in several clinical manifestations lasting more than 
3 months after the onset of first symptoms. However, there has 
not been an official announcement of a specialized therapeutic 
strategy for post-COVID syndrome yet, and there is not much 
clinical data about such a treatment plan.2-4

With the rapid progress in bioinformatics, systems biology, 
and polypharmacology, a new discipline called network phar-
macology has emerged, which attempts to understand drug 
actions and interactions with multiple targets.5 This methodol-
ogy has been becoming a frontier research field of drug discov-
ery and development in traditional medicine. Network 
pharmacology combined with molecular docking is a practical 
and advantageous approach to discovering the therapeutic 
potential of bioactive components in herbs or traditional medi-
cine formulae, especially exploring the mechanisms of action 
and biological pathways of potential candidates for COVID-
19 treatment and sequelae.6-8

Andrographis paniculata, also known as Chuan Xin Lian, has 
been used traditionally as an anti-inflammatory and antibacte-
rial herb for centuries. According to an assessment of the ben-
efits/risks of medicinal plants listed by the WHO and European 
Medicines Agency (EMA), Chuan Xin Lian is classified as a 
promising adjuvant herbal remedy in treating respiratory dis-
eases because this herb has safety margins superior to those of 
the reference drugs, such as paracetamol, ibuprofen, and codeine. 
It was also recommended as an adjuvant therapy to relieve early 
symptoms of COVID-19 with the consideration of high clini-
cal evidence and medium safety.9 Within bioinformatics meth-
odologies and computational approaches, some molecular 
docking studies indicated the potency against SARS-CoV-2 of 
andrographolide, a main phytochemical in Chuan Xin Lian, 
and its suppression of COVID-19-induced cytokine storms.10-12 
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However, the clinical application of andrographolide is limited 
largely due to poor aqueous solubility.13 Likewise, several net-
work pharmacological analyses based mainly on the traditional 
Chinese medicine systems pharmacology (TCMSP) database 
were conducted to investigate the anti-inflammatory  
and immunomodulatory effects of Chuan Xin Lian.14,15 The  
A. paniculata dried extract was also tested in patients with  
common colds and showed preventive effectiveness.16,17

Accordingly, our study, based on databases and tools serv-
ing the bioinformatics field, aimed to screen Chuan Xin 
Lian’s bioactive components that interact with key COVID-
19 targets to elucidate the potential mechanisms and path-
ways through which Chuan Xin Lian can act on SARS-CoV-2 
and ameliorate COVID-19 and its sequelae using network 
pharmacology combined with molecular docking. To the 
best of our knowledge, this is the first study to collect data on 
Chuan Xin Lian from the HERB database, while most pre-
vious studies collected data from the TCMSP database. 
HERB is a high-throughput experiment- and reference-
guided database that integrates multiple medicinal plant 
databases, such as TCMSP, TCMID, TCM-ID, and 
SymMap, for investigating traditional Chinese medicine 

(TCM). Hence, it contains the most comprehensive list of 
herbs and ingredients.18

Materials and Methods
The detailed stepwise of the study is described in Figure 1.

Identif ication of chemical components of Chuan 
Xin Lian and screening of the bioactive components

Information on Chuan Xin Lian’s chemical components was 
obtained from the HERB database.18 We used the term Chuan 
Xin Lian or Herba andrographitis to look for information on all 
of the ingredients in Chuan Xin Lian. Then, we screened for 
bioactive components using SwissADME, a free web tool for 
evaluating and predicting the physicochemical characteristics, 
pharmacokinetics properties, drug-like features, and medicinal 
chemical friendliness of small molecules to aid drug discovery.19 
The screening criteria were based on absorption, bioavailability, 
and drug-likeness factors, including high gastrointestinal 
absorption; a bioavailability score of ⩾ 0.55; no violation of 
drug-like rules (Lipinski, Egan, Ghose, Muegge, and Veber); 
and synthetic accessibility of < 6.19

Figure 1. The stepwise workflow of the research. These steps were taken in the following order: collecting data on Andrographis paniculata and 

COVID-19; screening bioactive components and retrieving the common gene targets; conducting the analyses of the distribution of gene targets in tissues 

and systems, Gene ontology (GO) enrichment and KEGG pathway; constructing a C-T-P network. From the C-T-P network, the main components with 

high node degrees were selected to perform molecular docking with the pathogenic SARS-CoV-2 structures, including the spike protein, main protease, 

and ADP ribose phosphatase of Nsp3 of the virus.
C-T-P indicates component-target-pathway; COVID-19, coronavirus disease 2019; KEGG, Kyoto encyclopedia of genes and genomes; SARS-CoV-2, severe acute 
respiratory syndrome coronavirus-2.
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Common gene target collection of COVID-19 and 
bioactive components

In particular, 3 large databases of human genes were used to 
mine for gene targets related to COVID-19, including 
GeneCards, a freely and user-friendly database providing 
comprehensive and integrative information on all predicted 
and annotated human genes (https://www.genecards.org/),20 
DisGeNET, one of the biggest publicly accessible integrated 
databases of human disease-associated genes and variants 
that is available for mining gene targets related to COVID-
19 (https://www.disgenet.org/),21 and the National Center 
for Biotechnology Information (NCBI) gene database 
(https://www.ncbi.nlm.nih.gov/).22 The keywords “COVID” 
and “SARS-CoV-2” were used to mine relevant genes. To 
find the gene targets of bioactive components, the ingredient 
name or ingredient ID was used to search in the HERB 
database. The overlapping gene targets of COVID-19 and 
bioactive components (common gene targets) were gener-
ated using the Venny 2.1 tool (https://bioinfogp.cnb.csic.es/
tools/venny/).

Construction of a protein–protein interaction 
network and analysis of target distribution in 
tissues and systems

Common gene targets were entered into the STRING database 
(https://string-db.org/) to analyze and establish a protein-pro-
tein interaction (PPI) network of overlapping targets of 
COVID-19 and bioactive components.23,24 The corresponding 
species was Homo sapiens; the minimum required interaction 
score was set to high confidence (0.700). The PPI network result 
was loaded into tab-separated values (TSV) format and entered 
into Cytoscape 3.9.1 software for visualization.25 Gene targets in 
the PPI network with node degrees greater than the average 
node degree were considered hub targets. They were selected to 
analyze target distributions in tissues and systems using the 
STRING database at a false discovery rate (FDR) cutoff value 
of < 0.01 and perform Gene Ontology (GO) enrichment and 
Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway 
analyses using the ShinyGO tool.

GO enrichment and KEGG pathway analyses

Hub gene targets were imported into the ShinyGO V0.75 tool 
to perform GO enrichment and KEGG pathway analyses and 
obtain visual graphs of cellular components (CCs), molecular 
functions (MFs), biological processes (BPs), and KEGG path-
ways.26 When submitting the list of gene targets in the Gene 
Official Symbol format, the selected matching species were 
human, and the FDR was set to ⩽ 0.05 (P ⩽ .05). After run-
ning the analysis, the top 30 CCs, MFs, BPs, and KEGG path-
ways that matched the conditions were sorted and visualized in 
the graphs.

Construction of the component-target-pathway 
network

Cytoscape 3.9.1 software was employed to construct and visu-
alize an interactive graph of the component-target-pathway 
(C-T-P) network.

Molecular docking

The SwissDock tool (http://www.swissdock.ch/)27 was exe-
cuted to validate the association of Chuan Xin Lian’s main bio-
active components with SARS-Cov-2 target proteins and 
predict molecular interaction parameters at the active sites 
inclusive of the full fitness and Gibbs free energy ΔG. SARS-
Cov-2 target proteins chosen for docking were the spike (S) 
protein (PDB ID: 7bz5), main protease (Mpro) (PDB ID: 
6lu7), and ADP ribose phosphatase (ADRP) of Nsp3 (PDB 
ID: 6vxs). The 3-dimensional (3D) structures of target proteins 
were retrieved from the Protein Data Bank (PDB) database 
(https://www.rcsb.org/).28 The Computed Atlas for Surface 
Topography of Proteins (CASTp) provided active sites of tar-
get proteins (http://sts.bioe.uic.edu/castp/).29-31 The ligands 
were main bioactive compounds of Chuan Xin Lian selected 
from the C-T-P network and their 3D structures were loaded 
from PubChem (https://pubchem.ncbi.nlm.nih.gov/) in mol2 
format. Docking results were visualized with UCSF Chimera 
software32,33 and were scrutinized to detect active pockets 
where the ligands were bound to targets, and their full fitness 
(kcal/mol) and Gibbs free energy ΔG (kcal/mol) were esti-
mated. It is generally assumed that the binding mode of a 
ligand is stronger and more favorable to a target when the full 
fitness and the Gibbs free energy ΔG show negative scores, and 
the lower the value, the stronger the binding.

Results
Identif ication of chemical components in Chuan 
Xin Lian and screening of the bioactive components

The data on 145 chemical components were loaded from the 
HERB database (Supplementary Material S1). After that, a list 
of 24 bioactive components was obtained by matching the 
chemical components to the screening criteria and mining the 
gene targets in the HERB database (Table 1).

Common gene target collection of COVID-19 and 
bioactive components

In total, 5311 COVID-19-related gene targets were obtained 
from the GeneCards, NCBI, and DisGeNET databases after 
deleting duplicate gene symbols (Supplementary Material S2). 
From the HERB database, 24 bioactive components were used 
to get a list of 454 gene targets after deleting duplicate gene 
symbols (Supplementary Material S3). Then, overlapping 
genes of COVID-19 and bioactive compounds were generated 
by a Venn diagram, yielding 240 common genes (Figure 2A).

https://www.genecards.org/
https://www.disgenet.org/
https://www.ncbi.nlm.nih.gov/
https://bioinfogp.cnb.csic.es/tools/venny/
https://bioinfogp.cnb.csic.es/tools/venny/
https://string-db.org/
http://www.swissdock.ch/
https://www.rcsb.org/
http://sts.bioe.uic.edu/castp/
https://pubchem.ncbi.nlm.nih.gov/
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Construction of the PPI network and analysis of the 
distribution of common genes in tissues and systems

Common genes were imported into the STRING database to 
generate the PPI network with an average node degree of 14.3 
(Figure 2B). In an interactive network, the node degree is con-
sidered a direct measure of node centrality. The higher a node 
degree is, the greater its centrality level and the more signifi-
cant its role becomes. As a result, there were 88 hub gene tar-
gets with node degrees greater than the average node degree. 
The top 15 hub gene targets sorted by node degree order from 
high to low value included STAT3, AKT1, TNF, JUN, EGFR, 

IL6, MAPK3, TP53, VEGFA, CTNNB1, IL1B, MAPK1, 
CASP3, EGF, and RELA. These targets have an essential role 
in the PPI network and take primary responsibility for the bio-
activity of Chuan Xin Lian (Figure 2C).

In addition, the distribution analysis of 88 hub genes showed 
that most of the genes were distributed in tissues or organs that 
were COVID-19-related pathogenic and damaged targets, such 
as the respiratory system (33 genes), the lung (27 genes), bron-
choalveolar system (6 genes), platelets (8 genes), the reproduc-
tive system (57 genes), the hematopoietic system (44 genes), the 
central nervous system (40 genes), the cardiovascular system (25 

Table 1. Information of Chuan Xin Lian’s bioactive components.

NO INGREDIENT 
ID

INGREDIENT NAME GI 
ABSORPTION 
(HIGH)

BIOAVAILABILITy 
SCORE (⩾0.05)

DRUG-LIKENESS
(LIPINSKI, GHOSE, 
VEBER, EGAN, MUEGGE)

SyNTHETIC 
ACCESSIBILITy
(<6)

1 HBIN008444 14-deoxy-11,12-
didehydroandrographolide

High 0.55 No violation 5.29

2 HBIN001408 14-deoxy-11-
oxoandrographolide

High 0.55 No violation 4.87

3 HBIN001410 14-deoxy-12-methoxy-
andrographolide

High 0.55 No violation 5.26

4 HBIN001413 14-deoxyandrographolide High 0.55 No violation 4.82

5 HBIN016016 Andrographin High 0.55 No violation 3.52

6 HBIN016019 Andrographolide High 0.55 No violation 5.06

7 HBIN016408 Apigenin High 0.55 No violation 2.96

8 HBIN023348 Deoxyandrographiside High 0.55 No violation 2.47

9 HBIN023349 Deoxyandrographolide High 0.55 No violation 4.95

10 HBIN023354 Deoxycamptothecine High 0.55 No violation 3.73

11 HBIN023361 Deoxyelephantopin High 0.55 No violation 5.87

12 HBIN026552 Flavone der. High 0.55 No violation 3.14

13 HBIN031109 Isoramanone High 0.55 No violation 5.35

14 HBIN031753 Kaempferol High 0.55 No violation 3.14

15 HBIN033803 Luteolin High 0.55 No violation 3.02

16 HBIN035689 Mono-O-methylwightin High 0.55 No violation 3.67

17 HBIN035804 Moslosooflavone High 0.55 No violation 3.29

18 HBIN038303 Oroxylin A High 0.55 No violation 3.1

19 HBIN038764 Panicolin High 0.55 No violation 3.37

20 HBIN038770 Paniculide B High 0.55 No violation 4.64

21 HBIN038771 Paniculide C High 0.55 No violation 4.37

22 HBIN041495 Quercetin High 0.55 No violation 3.23

23 HBIN041714 Quercetin tetramethyl 
(3',4',5,7) ether

High 0.55 No violation 3.64

24 HBIN048372 Wogonin High 0.55 No violation 3.15

Abbreviation: GI, gastrointestinal.
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genes), etc. The immune system and immune cells are targets 
that may be overactivated in SARS-CoV-2 infection and lead 
to cytokine storm. The gene distribution to these targets was 24 
genes located in the immune system, 9 genes in macrophages, 7 
genes in B-lymphocytes, 9 genes in T-lymphocytes, and 6 genes 
in inflammatory cells (Table 2, Figure 3).

GO enrichment and KEGG pathway analyses

BPs, CCs, and MFs were the 3 primary outputs of the GO 
enrichment analysis. The hub genes from the PPI network were 
input into the ShinyGO V75 tool for the GO analysis, and the 
top 30 significant GO terms are depicted in Figure 4A to C.

The CC and MF terms showed that Chuan Xin Lian’s bio-
active components mainly acted on the IkappaB kinase com-
plex, serine/threonine protein kinase complex, platelet  alpha 
granule lumen, vesicle lumen, plasma membrane protein com-
plex, RNA polymerase II transcription regulator complex, 
secretory granule, etc and were involved in MAP kinase activ-
ity, G protein activity, cytokine activity, cytokine receptor bind-
ing, transcription factor binding, protease binding, protein 
kinase activity, signaling receptor activator activity, signaling 
receptor binding, enzyme regulator activity, etc.

In the BP category, Chuan Xin Lian’s bioactive components 
were significantly enriched in processes associated with cellular 
responses to chemical stress, cytokine-mediated signaling 

pathways, responses to cytokines, inflammatory responses, reg-
ulation of the apoptotic process, circulatory system develop-
ment, regulation of cell death, regulation of responses to stress, 
protein phosphorylation, regulation of intracellular signal 
transduction, etc. The BP results of the GO enrichment analy-
sis distinctly demonstrated that numerous BPs that hub gene 
targets regulated were closely related to pathophysiological 
mechanisms caused by COVID-19. These findings contribute 
to a better understanding of the body’s biologically functional 
changes due to treatment with Chuan Xin Lian preparations.

The top 30 KEGG pathways ranked by fold enrichment 
(Figure 4D and Supplementary Material S4) disclosed several 
significant pathways through which Chuan Xin Lian’s bioac-
tive components influence COVID-19, such as the PI3K-
AKT signaling pathway, MAPK signaling pathway, IL-17 
signaling pathway, coronavirus disease, tumor necrosis factor 
signaling pathway, Th17 cell differentiation, C-type lectin 
receptor signaling pathway, T-cell receptor signaling pathway, 
AGE-RAGE signaling pathway in diabetic complications, 
lipids and atherosclerosis, EGFR tyrosine kinase inhibitor 
resistance, pathways in cancer, etc. Numerous investigations 
have verified the correlations between the above pathways and 
relevant symptoms and complications of COVID-19. Hence, 
the importance and rationale of these pathways in COVID-19 
are self-evident.

Figure 2. Common gene targets of COVID-19 and bioactive components. (A) Venn diagram of common gene targets. (B) The PPI network of 240 

common gene targets. Node color changing from blue to green to yellow indicates a decrease in the node degree’s value. (C) The PPI network of 88 hub 

gene targets. Node color changing from dark green to light green and node size getting smaller indicate a decrease in node degree’s value.
COVID-19 indicates coronavirus disease 2019.
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Construction of the C-T-P network

Using Cytoscape 3.9.1, we further built the C-T-P network of 
bioactive components and COVID-19-related significant 
KEGG pathways. The KEGG pathways involved coronavirus 
infection, inflammation, and immunology which were proven 
to play a significant role in COVID-19-related disorders, and 
they were thus selected to construct the C-T-P network. The 
selected KEGG pathways included the PI3K-AKT signaling 
pathway, MAPK signaling pathway, IL-17 signaling pathway, 
coronavirus disease pathway, TNF signaling pathway, C-type 
lectin receptor signaling pathway, T cell receptor signaling 
pathway, and Th17 cell differentiation.

As per the quantity of annotated genes, 65 out of the 88 hub 
genes were involved in the selected KEGG pathways above. The 
established C-T-P network displayed that the Chuan Xin Lian’s 
bioactive components with high node degrees had a central 
role in interactions with COVID-19-related targets. They 
were likely the main bioactive components, including querce-
tin, wogonin, luteolin, apigenin, kaempferol, oroxylin A, pani-
colin, andrographolide, deoxyelephantopin, flavone der., 

andrographin, deoxycamptothecine, etc (Figure 5). Notably, 5 of 
them, apigenin, kaempferol, luteolin, quercetin, and wogonin, 
interacted with 6 common gene targets (ie, CHUK, IKBKB, 
IKBKG, MAPK1, MAPK3, RELA) of the selected KEGG path-
ways. Quercetin occupied the highest node degree, exhibiting an 
essential and important role in the impact of Chuan Xin Lian on 
COVID-19.

According to the node degree in the constructed network, 
the top 15 key hub targets at the highest node degrees were 
PTGS2, MAPK14, RELA, MAPK1, JUN, CASP3, TNF, IL6, 
IKBKB, IKBKG, NFKBIA, CHUK, GSK3B, MAPK12, and 
FOS. Interestingly, 3 of them, PTGS2, TNF, and IL6, have 
been mentioned in lots of literature due to their participation 
in many molecular pathways involved in COVID-19, and their 
overproduction or overexpression can cause the hyperinflam-
matory response, also called the cytokine storm, that is a critical 
factor leading to severe cases or even death in SARS-CoV-2 
infection. In addition, the persistent and aberrant elevation of 
TNF and IL-6 in individuals after COVID-19 recovery is sup-
posed to be associated with COVID sequelae. The PI3K-AKT 

Table 2. Distribution of hub gene targets in tissues and systems.

NO TISSUES AND SySTEMS STRENGTH −LOG(FDR) OBSERVED GENES

1 Inflammatory cell 2.28 9.2 6

2 Prostate gland cancer cell 2.05 2.6 2

3 Macrophage 1.45 8.4 9

4 Bronchoalveolar 1.42 5.3 6

5 B-lymphocyte 1.19 4.9 7

6 T-lymphocyte 0.89 4.3 9

7 Cardiovascular system 0.74 9.9 25

8 Blood platelet 0.72 2.8 8

9 Respiratory system 0.71 12.7 33

10 Lung 0.71 10.2 27

11 Pancreas 0.71 4.4 13

12 Liver 0.64 12.6 37

13 Kidney 0.63 5.3 18

14 Hematopoietic system 0.59 13.8 44

15 Skin 0.57 4.6 18

16 Heart 0.55 2.6 11

17 Immune system 0.54 5.7 24

18 Gastrointestinal tract 0.46 4.2 22

19 Reproductive system 0.32 8.3 57

20 Central nervous system 0.2 2.4 40

Abbreviation: FDR, false discovery rate.
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signaling pathway is likely the most vital pathway (Figure 6), 
thanks to its highest node degree in the C-T-P network. The 
viral entry into the host cell and inflammatory exacerbation in 
response to infection are presumed to be closely related to this 
pathway.

Molecular docking

After building the C-T-P network, the Chuan Xin Lian’s main 
bioactive components ranked at high node degrees, including 
quercetin, wogonin, luteolin, apigenin, kaempferol, oroxylin a, 
panicolin, and andrographolide, were selected to perform 
molecular docking with SARS-CoV-2 target proteins, includ-
ing the spike (S) protein, Mpro, and ADRP of Nsp3 to validate 
compound-target associations.

Docking results displayed the binding poses at the active 
pockets of SARS-CoV-2 target proteins obtained from CASTp 
and estimated the full fitness (kcal/mol) and Gibbs free energy 
ΔG (kcal/mol) at the binding sites. The negative values of ΔG 
and full fitness scores indicate that the compounds can bind to 
protein targets and the smaller the value, the stronger the bond 
is. In our study, compounds with ΔG values of ⩽ −7 kcal/mol 
showed a stronger and more stable binding affinity with the 
SARS-CoV-2 targets, and hydroxychloroquine and molnupira-
vir were used as reference drugs for comparison. Active pockets 
of SARS-CoV-2 targets and binding poses of bioactive com-
pounds are presented in Figure 7A to D. Docking scores with 
values of full fitness and ΔG are shown in Table 3.

According to the docking result, most compounds fit well in 
the active pockets of all 3 SARS-CoV-2 target proteins with 
the negative values of ΔG and full fitness scores close to those 
of the 2 reference drugs. Andrographolide, luteolin, and pani-
colin were found to have ΔG values of ⩽ −7 kcal/mol with all 3 
targets, similar to hydroxychloroquine and molnupiravir, sug-
gesting that these compounds have a strong binding force with 
SARS-CoV-2 targets and may be promising candidates for 
COVID-19 treatment. Furthermore, the scores of quercetin 
exhibited ΔG values of ⩽ −7 kcal/mol when bound to Mpro 
and ADRP, as wogonin did when bound to the S protein and 
Mpro, indicating that quercetin and wogonin might play indis-
pensable roles in combination with other bioactive components 
to create a mutually synergistic effect for combating SARS-
CoV-2 infection.

Discussion
A. paniculata, also known as Chuan Xin Lian (穿心蓮) in 
Chinese, is a well-known medicinal plant thanks to its multitar-
geted pharmacological effects and is traditionally used as a pre-
cious herb in many Asian countries, such as Hong Kong, China, 
Bangladesh, Pakistan, India, Malaysia, the Philippines, Vietnam, 
Indonesia, and Thailand.34,35 In modern pharmacology, 
Chuan Xin Lian has been confirmed both experimentally 
and clinically to have a wide spectrum of pharmacological 
activities, including antiplatelet aggregation,36 immunomod-
ulatory activity,37,38 anticancer,39,40 anti-inflammatory,41,42 
antivirus, antibacteria, antimicrobial,43,44 antimalarial,44,45 

Figure 3. Distribution analysis of hub gene targets in tissues and systems. The bubble size denotes the value of −log(FDR). FDR < 0.01.
FDR, false discovery rate.
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Figure 5. The C-T-P network. Circles indicate components, triangles indicate targets, and diamonds indicate pathways. Node color changing from dark 

green to light green and node size getting smaller indicate a decrease in node degree’s value.
C-T-P indicates component-target-pathway.

Figure 6. The PI3-AKT signaling pathway.  Genes marked in color red indicate the common gene targets of COVID-19 and Chuan Xin Lian.
COVID-19 indicates coronavirus disease 2019.
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antihepatitis,46,47 hepatoprotective,48,49 anti-oxidant,49,50 sex-
ual dysfunctions,51 and other myriad health benefits. 
Furthermore, the effectiveness of preventing and treating 
common colds using Chuan Xin Lian preparations was 
assessed in some double-blind, placebo-controlled clinical 
trials. The outcomes showed that treatment with Kan Jang 

tablets made from A. paniculata dried extract successfully pre-
vented the common cold and significantly improved clinical 
symptoms, such as sore throat, shivering, muscular aches, 
tiredness, headaches, sinus pain, and rhinitis.16,17

The pharmacological activities of Chuan Xin Lian may be 
associated with the existence of roughly 142 components, 

Figure 7. Binding poses of SARS-CoV-2 target proteins and compounds. (A). Active pockets of SARS-CoV-2 target proteins. (B). Binding poses of spike 

(S) protein and compounds. (C). Binding poses of Mpro and compounds (D). Binding poses of ADRP of Nsp3 and compounds.
Mpro indicates main protease; SARS-CoV-2, severe acute respiratory syndrome coronavirus-2.
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including terpenoids, flavonoids, xanthones, rare noriridoids, 
quinic acid derivatives, and other phytochemicals.52 
Diterpenoid lactones are the commonest terpenoid com-
pounds isolated from the aerial parts and roots of Chuan Xin 
Lian, and flavones are the major flavonoids that have been 
isolated from the aerial parts, roots, and whole plant of Chuan 
Xin Lian.53 Among the documented components, andro-
grapholide, an ent-labdane diterpenoid, is responsible for 
most of the reported pharmacological activities.54 
Andrographolide has many different pharmacological effects, 
including anti-inflammation induced by bacterial or viral 
infections, anti-pulmonary inflammation, immunosuppres-
sive activity in sterile inflammation, anticancer, and other 
activities.43 A. paniculata extract and andrographolide were 
investigated for inhibition against SARS-CoV-2 through 
cellular assays with a 50% inhibitory concentration (IC50) of 
9.54 mg/mL for A. paniculata extract and an IC50 of 1.68 mM 
for andrographolide.55 Andrographolide is also the main 
ingredient of Xiyanping injection, used for decades in treating 
viral pneumonia, upper respiratory tract infections, and bron-
chitis. A multicenter, prospective, open-label, and randomized 
controlled trial was conducted to confirm the efficacy and 
safety of this medicine.13 In addition, studies on mechanisms 
of action demonstrated that andrographolide possessed anti-
inflammatory and immunomodulatory activities through 
which cytokine storms, one of the vicious pathogenic mecha-
nisms leading to death in COVID-19, were controlled.12,14,15 
In our study, andrographolide stood at a high degree position 
in the C-T-P network and showed a strong binding force to 
SARS-CoV-2 targets, indicating that it takes the important 
responsibility for the therapeutic effects of Chuan Xin Lian 
on COVID-19. Clinical application of andrographolide is 

limited largely due to poor aqueous solubility.13 However, its 
gastrointestinal absorption and bioavailability score are 
equivalent to some flavonoids, such as luteolin, quercetin, 
kaempferol, and apigenin, based on the SwissADME tool for 
predicting ADME parameters and pharmacokinetic proper-
ties. These flavonoid derivatives are well known as popular 
bioactive ingredients in various oral herbal formulae for 
health improvement and disease treatment, for instance, lute-
olin, quercetin, and kaempferol in Lianhua Qingwen capsule 
for treating COVID-19. Furthermore, Chuan Xin Lian has 
had a very long-term usage history since the ancient period. 
The efficiency of Kan Jang tablets made from A. paniculata 
dried extract was also tested in patients. Hence, its beneficial 
effects in the oral form are obvious and likely not only from 
andrographolide but also from other bioactive constituents, 
especially flavonoid derivatives. Notably, flavonoid derivatives 
have been suggested as pivotal nutritional supplements for 
relieving the symptoms and decreasing the period of the 
COVID sequelae in recent literature. Quercetin appears to be 
the most effective flavonoid with a remarkable therapeutic 
and preventive role.56 There is a likelihood that patients after 
COVID-19 recovery will develop post-COVID-19 chronic 
disorders linked to damage to the lung, heart, and brain, and 
persistent problems with abnormal immune response and 
blood clotting formation. According to a review of the scien-
tific literature from 2003 to 2021 on flavonoids-based 
molecular mechanisms associated with post-COVID-19 
complications, apigenin, quercetin, and luteolin have been 
reported to play therapeutic and preventive roles in post-
COVID-19 complications affecting the respiratory system, 
and benefits of kaempferol, apigenin, quercetin, and luteolin 
in the cardiovascular system, and the function of luteolin in 

Table 3. The estimation of Gibbs free energy ΔG and full fitness values for bioactive components docked with SARS-CoV-2 target proteins by 
SwissDock.

BIOACTIVE COMPOUNDS GIBBS FREE ENERGy ΔG (KCAL/MOL) FULL FITNESS (KCAL/MOL)

SPIKE PROTEIN MPRO ADRP SPIKE PROTEIN MPRO ADRP

Andrographolide −7.1 −7.5 −7.7 −2104 −1169 −1527

Apigenin −6.6 −6.9 −7.3 −2139 −1209 −1571

Kaempferol −6.6 −7.0 −6.9 −2178 −1189 −1546

Luteolin −7.1 −7.5 −7.5 −2141 −1204 −1568

Oroxylin A −6.6 −7.0 −6.9 −2096 −1169 −1527

Panicolin −7.1 −7.0 −7.0 −2085 −1153 −1510

Quercetin −6.8 −7.7 −7.1 −2115 −1186 −1542

Wogonin −7.2 −7.3 −6.8 −2104 −1176 −1530

Hydroxychloroquine −7.5 −7.6 −7.7 −2122 −1188 −1550

Molnupiravir −7.6 −7.9 −7.7 −2118 −1171 −1543

Abbreviations: ADRP, ADP ribose phosphatase; Mpro, main protease; SARS-CoV-2, severe acute respiratory syndrome coronavirus-2.
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the neurological system.56 In addition, numerous studies have 
been published supporting the inhibitory action of flavonoids 
on SARS-CoV-19. In theory, flavonoids are a prerequisite for 
successful respiratory viral infections and COVID-19 sup-
portive therapy. The severity of COVID-19 is related to high 
concentrations of inflammatory mediators, such as arachi-
donic acid, prostaglandins, leukotrienes, and NO, and their 
production is activated by the rise in the activity of inflamma-
tory inducible enzymes such as cyclooxygenase-2 (COX-2 or 
PTGS2), phospholipase A2 (PLA2), lipooxygenases, and 
tyrosine kinase. Quercetin and kaempferol show significant 
inhibition of PLA2, PTGS2, and C-reactive protein (CRP), 
in which quercetin shows a more potent action57-59 and even 
the possible use in COVID-19 treatment owing to the struc-
tural similarity to dexamethasone.60 Luteolin can be adminis-
tered to COVID-19 patients in the acute phase with 
dexamethasone, thanks to its antiviral and anti-inflammatory 
properties and inhibition of mast cells, an essential source of 
cytokines.61 Lianhua Qingwen Capsules with the major bio-
active compounds inclusive of quercetin, kaempferol, luteolin, 
and wogonin were evaluated clinically for the treatment effi-
cacy in the early-stage COVID-19.62

Regarding BPs and KEGG pathways, the BPs primarily 
respond to chemical stress, inflammation, cytokines, apoptosis, 
cell death, and intracellular signal transduction, which are 
closely involved in the COVID-19 pathophysiology and con-
sistent with previous findings of the molecular mechanisms 
against SARS-CoV-2 infection. The alteration in the above 
processes represents the cell’s state or activity in the defensive 
and protective reaction to infection or injury caused by viruses. 
In addition, most of the critical pathways for C-T-P network 
construction are significantly associated with a viral attack of a 
host, the immuno-inflammatory cascade, and likely with ongo-
ing persistent symptoms after recovery, so-called post-COVID 
syndrome, such as the PI3K-AKT signaling pathway, MAPK 
signaling pathway, IL-17 signaling pathway, coronavirus dis-
ease pathway, TNF signaling pathway, C-type lectin receptor 
signaling pathway, T-cell receptor signaling pathway, and Th17 
cell differentiation. These pathways are mentioned extensively 
in the literature on the SARS-CoV-2 life cycle, human innate 
immune system, and COVID-19 clinical complications and 
have been proved to link to molecular mechanisms, COVID-
19 pathophysiological features, and treatment strategies in 
SARS-CoV-2 infection.63-67

There is an immunological “bridge” between acute 
COVID-19 infection and post-COVID-19 syndrome. 
Many COVID-19-Chuan Xin Lian overlapping hub tar-
gets, such as IL-1A, IL-1B, IL-2, IL-4, IL-6, IL-10, CRP, 
and TNF, are biomarkers found to be elevated in several 
post-COVID-19 complications, such as central nervous 
system disorders, ongoing neuroinflammation, post-COVID 
fatigue, orthostatic intolerance, irreversible sensorineural 
hearing loss, vascular impairment, post-COVID pulmonary 

fibrosis, lung dysfunction, post-viral infection destruction of 
β-pancreatic cells, etc.68 Meanwhile, overexpression of these 
biomarkers accounts for the formation of cytokine storms, a 
severe condition of acute COVID-19 infection that can lead 
to life-threatening illnesses.68 Remarkably, an aberrant 
increase in the levels of potent inflammatory cytokines, such 
as TNF and IL-6, further stimulates immunopathological 
events, activates the coagulation cascade, and engages the 
participation of multiple organs.69 Prolonged pathological 
inflammation may be responsible for numerous neurological 
complications, cognitive dysfunction, and other symptoms.68 
Therefore, the intervention in the pathways and targets men-
tioned above may be significantly effective in treating 
COVID-19 and alleviating the post-COVID-19 syndrome.

The current understanding of the pathophysiology of the 
post-COVID syndrome has revealed that well-known or 
hypothetical mechanisms include the overlapping of delayed 
resolution of inflammation, autoimmunity, and viral persis-
tence.69 Through the viral persistence process, SARS-CoV-2 
can integrate into the genome of the host cells and form defec-
tive viruses. Thereby, it may live on in a host forever and turn 
into an integral part of the host.70 Surprisingly, the excessive 
increase in IL-6 levels facilitates the generation of Th17 cells. 
Then, the synergistic effect of both IL-6 and IL-17 helps the 
virus stay alive in cells or boosts viral persistence by shielding 
virus-infected cells from apoptosis,71 suggesting that the Th17 
cell differentiation pathway and the IL-17 signaling pathway 
may be potential pathways to prevent and limit viral persis-
tence, one of the putative pathophysiologies of the post-
COVID syndrome. Besides, the entry into host cells, viral 
protein synthesis, inflammatory cytokine production, and the 
survival of infected cells are supposed to depend on the PI3K-
AKT signaling pathway.72

There are 3 steps in how SARS-Cov-2 attacks host cells: 
attachment and cell entry, replication and transcription, and 
virus assembly and release. In our study, SwissDock results 
revealed significant bonds of andrographolide, luteolin, panico-
lin, quercetin, and wogonin to 3 SARS-CoV-2 protein targets 
with ΔG and full fitness scores that were nearly similar to those 
of 2 FDA-approved drugs for COVID-19 treatment, hydroxy-
chloroquine and molnupiravir. This means that these com-
pounds show a potent binding affinity and a powerful impact 
on cell entry (the S protein), and replication and transcription 
(Mpro and ADRP) of SARS-CoV-2.

Even though this research discovered some striking find-
ings, especially main bioactive compounds, key targets and 
vital pathways which potentially influence COVID-19 and 
sequelae, our study still had a few possible limitations. First, 
since the analysis was primarily based on data retrieved from 
platforms and databases used for bioinformatics research, the 
obtained results need to be validated experimentally or clini-
cally. Second, limitations related to updating these platforms 
and databases.
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Conclusions
Our research found key hub targets related to COVID-19 that 
Chuan Xin Lian’s bioactive components interacted with and 
uncovered potential therapeutic pathways that could help ame-
liorate COVID-19 and sequelae based on the combination 
approach of network pharmacology and molecular docking. 
Diterpenoid (eg, andrographolide) and flavonoid derivatives 
(eg, luteolin, quercetin, wogonin, kaempferol, etc) are impor-
tant phytochemicals, thanks to their high node degrees in the 
C-T-P network and significant binding force to SARS-CoV-2 
targets in the docking scores. The PI3K-AKT signaling path-
way with the highest node degree in the C-T-P network is 
likely the most vital pathway because the entry into host cells, 
viral protein synthesis, inflammatory cytokine production, and 
the survival of infected cells are supposed to depend on this 
pathway.
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