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 Background: Heat-clearing and detoxifying herbs (HDHs) play an important role in the prevention and treatment of corona-
virus infection. However, their mechanism of action needs further study. This study aimed to explore the anti-
coronavirus basis and mechanism of HDHs.

 Material/Methods: Database mining was performed on 7 HDHs. Core ingredients and targets were screened according to ADME 
rules combined with Neighborhood, Co-occurrence, Co-expression, and other algorithms. GO enrichment and 
KEGG pathway analyses were performed using the R language. Finally, high-throughput molecular docking was 
used for verification.

 Results: HDHs mainly acts on NOS3, EGFR, IL-6, MAPK8, PTGS2, MAPK14, NFKB1, and CASP3 through quercetin, luteo-
lin, wogonin, indirubin alkaloids, b-sitosterol, and isolariciresinol. These targets are mainly involved in the reg-
ulation of biological processes such as inflammation, activation of MAPK activity, and positive regulation of 
NF-kB transcription factor activity. Pathway analysis further revealed that the pathways regulated by these 
targets mainly include: signaling pathways related to viral and bacterial infections such as tuberculosis, influ-
enza A, Ras signaling pathways; inflammation-related pathways such as the TLR, TNF, MAPK, and HIF-1 signal-
ing pathways; and immune-related pathways such as NOD receptor signaling pathways. These pathways play 
a synergistic role in inhibiting lung inflammation and regulating immunity and antiviral activity.

 Conclusions: HDHs play a role in the treatment of coronavirus infection by regulating the body’s immunity, fighting inflam-
mation, and antiviral activities, suggesting a molecular basis and new strategies for the treatment of COVID-19 
and a foundation for the screening of new antiviral drugs.

 Keywords:	 3a	Protein,	Severe	Acute	Respiratory	Syndrome	Coronavirus	•	COVID-19	• 
Molecular	Docking	Simulation	•	Molecular	Mechanisms	of	Pharmacological	Action

 Abbreviations: HDHs – heat-clearing and detoxifying herbs; TCM – Traditional Chinese medicines; ADME – absorption, 
distribution, metabolism, and excretion; GO – Gene Ontology; KEGG – Kyoto Encyclopedia of Genes and 
Genomes; OB – Oral Bioavailability; DL – drug-likeness; IL-6 – Interleukin-6; NOS3 – nitric oxide syn-
thase, endothelial; EGFR – epidermal growth factor receptor; MAPK1 – mitogen-activated protein kinase 
1; MAPK3 – mitogen-activated protein kinase 3; MAPK8 – mitogen-activated protein kinase 8; MAPK14 
– mitogen-activated protein kinase 14; PTGS2 – prostaglandin G/H synthase 2; NFKB1 – nuclear factor 
NF-k-B p105 subunit; CASP3 – Caspase-3; ACE2 – angiotensin-converting enzyme 2; LCK – tyrosine-pro-
tein kinase LCK; PPARG – peroxisome proliferator-activated receptor gamma; RELA – transcription factor 
p65; NF-kB – nuclear factor kappa-B
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Background

In the 21st century, 3 unprecedented coronaviruses have 
spread worldwide: severe acute respiratory syndrome corona-
virus (SARS-CoV) in 2002, Middle East respiratory syndrome 
coronavirus (MERS-CoV) in 2012, and the novel coronavirus 
(SARS-CoV-2) in 2019. All 3 epidemics caused a large number 
of human deaths, resulting in panic and economic regression. 
Traditional Chinese medicines (TCM) have exerted significant 
clinical treatment effects in the fight against the epidemic, and 
sequelae and drug resistance have rarely occurred. In 2020, 
the National Administration of TCM issued a clinical screen-
ing of the “3 medicines and 3 prescriptions” with definite cu-
rative effects against COVID-19. According to the character-
istics of “heat and toxic” in the pathogenesis of coronavirus 
pneumonia [1], heat-clearing and detoxifying herbs (HDHs) of 
TCM have considerable clinical therapeutic effects in fighting 
COVID-19. However, their underlying molecular mechanism 
remains unknown.

In this study, based on the theory of TCM, Scheme for Diagnosis 
and Treatment of 2019 Novel Coronavirus Pneumonia, and lit-
erature review, 7 HDHs, including Lonicerae Japonicae Flos, 
Forsythiae Fructus, Isatidis Folium, Isatidis Radix, Indigo Naturalis, 
Dryopteridis Crassirhizomatis Rhizoma, and Andrographis Herba, 
were selected to study the molecular mechanism of TCMs based 
on 2 aspects of heat-clearing and detoxifying. Network phar-
macology, ADME (Absorption, Distribution, Metabolism and 
Excretion) rule virtual screening, Tanimoto coefficient, neigh-
borhood, co-occurrence, co-expression, and other algorithms 
were used to establish databases of 7 HDHs active ingredi-
ent small molecules and their corresponding targets. GO and 
KEGG enrichment methods were used to study the molecu-
lar pathways and mechanisms of action of the targets. Finally, 
molecular docking was used to verify the degree of binding 
between the main active ingredients and the related targets. 
This study aimed to elucidate the mechanisms of HDHs from 
a molecular perspective to provide an alternative therapeu-
tic strategy for the prevention and treatment of epidemics 
caused by coronaviruses. The Graphic abstract of this study 
is shown in Figure 1.

Material and Methods

Construction of HDHs Small Molecule Database

The chemical ingredients of Lonicerae Japonicae Flos (Jinyinhua), 
Forsythiae Fructus (Lianqiao), Isatidis Folium (Daqingye), Isatidis 
Radix (Banlangen), Indigo Naturalis (Qingdai), Dryopteridis 
Crassirhizomatis Rhizoma (Guanzhong) and Andrographis Herba 
(Chuanxinlian) were searched in the TCMSP database (http://
tcmspw.com/tcmsp.php) and BATMAN database (http://bionet.

ncpsb.org/batman-tcm/), and screened according to the oral 
bioavailability (OB) and drug-likeness (DL) of ADME rule. In 
ADME, OB is the amount of the drug that actually enters the 
circulation when it enters the body. A high OB value is usually 
a key indicator to determine the drug-like property of bioac-
tive molecules as therapeutic agents. DL is a qualitative con-
cept for drug design, the DL index (see formula below), which 
is calculated using the Tanimoto coefficient:

 
 yxyx

yxyx





-
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In the formula, x represents the ingredients from 3 herbal medi-
cines, and y represents the average drug-likeness index. Setting 
OB ³30% and DL ³0.18 as parameters [2,3], combined with 
results from our literature review, we established the above 
7 HDHs small molecule database. Taking the intersection of 7 
HDHs ingredients, the ingredients with higher repetition fre-
quency were selected as the important HDHs ingredients for 
subsequent analysis.

Construction and Screening of Coronavirus Targets 
Database

The targets informations of the above 7 HDHs ingredients 
were inquired by TCMSP and Swiss TargetPrediction database 
(http://www.swisstargetprediction.ch/). The target information 
of the above 7 HDHs ingredients were inquired by TCMSP and 
Swiss TargetPrediction database. Databases such as Genecards 
(https://www.genecards.org/) and TTD (http://db.idrblab.net/
ttd/) were used to search “Coronavirus”, “SARS”, and “MERS” 
as keywords to collect the targets of the 3 diseases, and the 
intersection of HDHs targets and the common targets of the 
3 diseases was obtained by using the DAVID platform. Thus, 
a database of 7 HDHs targets for the treatment of coronavi-
rus was constructed.

Construct PPI Network of Targets

We imported the targets from the 7 HDHs target databases 
for the treatment of coronaviruses constructed above into the 
STRING data analysis platform (https://www.string-db.org/), 
and used Neighborhood, Co-occurrence, Co-expression, and 
other algorithms for PPI network analysis. The data analysis 
mode was set as “Multiple proteins”, and the Organism was 
selected as “Homo sapiens”, with the medium confidence of 
³0.40. The TSV files were imported into Cytoscape 3.6.1, and 
the MCODE plug-in was used to conduct module analysis on 
the targets, and the targets with degree value greater than 2 
times its median were selected to obtain the important target 
set of HDHs for the treatment of coronavirus, and for further 
screening and optimization of the target database.
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Figure 1. The integrated workflow. (Microsoft Word 2010).
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Construction	of	the	Ingredients-Targets-Diseases	Network

Using Cytoscape 3.7.1 to construct a “ingredients-targets-dis-
eases” network, we performed reverse screening of the set 
of important targets screened out by the PPI network, and 
screened out the ingredients corresponding to the important 
targets. Through visual analysis, we selected targets and in-
gredients with a degree value greater than twice the median 
to explore the potential material basis of HDHs [4].

Enrichment	Analysis	of	GO	and	KEGG	pathways

To further understand the gene functions of core targets and 
the main pathways of HDHs in the treatment of COVID-19, 
SARS, and MERS, we selected the species as humans, set the 
threshold P<0.05 for the enrichment analysis of GO and KEGG 
pathways, and finally used the R language visually to analyze 
the analysis results.

Molecular Docking Verification

Based on the above analysis results, the active ingredients 
and key targets were screened for molecular docking. First, 
the PDB-ID of the corresponding targets were downloaded 
from the PDB database and the 3D structure PDB Format files 
of targets containing original ligands were downloaded. Next, 

we downloaded the SDF format files of the ingredients from 
the PubChem database, and used Chemoffice to convert them 
into the mol2 format files. The Surflex-Dock in SYBYL software 
is a fast and automatic docking method. It uses unique empir-
ical scoring functions and a search engine based on molecu-
lar similarity to dock the ligand molecule with the binding site 
of the protein, and considers ligand flexibility through frag-
ment growth method. Firstly, SYBYL-X2.0 software was used 
for protein pretreatment, including extraction of ligand small 
molecules, removal of water molecules, and hydrogenation. 
Then, SYBYL-X2.0 was used to conduct molecular docking be-
tween key ingredients and proteins, and the interaction be-
tween small molecules and targets was scored by combining 
the CSCORE and Total-score scoring functions of Surflex-Dock 
molecular docking module results, and the molecular docking 
results of ribavirin were used as the control group [5,6]. The 
docking results were visualized using TBTools software and 
Discovery Studio 2016 Client.

Results

Confirmation of Core Ingredients and Core Targets

The Schematic diagram of confirmation of core ingredients 
and core targets is shown in Figure 2. Using the TCMSP and 

Acquisition and screening
of active ingredients

Acquisition and screening of targets

Get 27 core ingredients

Take union

HDHs and three coronaviruses have 46
common targets

PPI network module analysis obtain an
important target set containing 25 targets

The 25 targets are screened by using the
median of 2 times of the degree value,

and 7 key targets of HDHs for the
treatment of coronavirus are obtained,

including MAPK3, MAPK1, MAPK8, 
IL6, EGFR, CASP3 and ACE2

The ”active ingredient-important
target-disease” network is constructed to

reverse screen the active ingredients
corresponding ro 25 targets

The ingredients in the
network are screened

according to the median of
2 times of the degree

value, and 21 key active
ingredients were obtained

Eight key targets, including
PTGS2, LCK, PPARG, MAPK14,

NOS3, CASP3, RELA and
NFKB1, are obtained by
screening according to
the median of 2 times

of the degree value

According to database mining
and ADME screening, 135

active ingredients of seven
HSHs are obtained

According to the
database, 4433 targets
corresponding to seven

HDHs are obtained

There are 141 common
targets for the three

coronaviruses of SARS,
MERS, and COVID-19

Take the ontersection of
the seven HDHs ingredients to

obtain 11 active ingredients
with a higher sharing reate

Get 14 core targets

Take union

Figure 2.  Schematic diagram of the screening of core ingredients and core targets. (Microsoft Word 2010).
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BATMAN databases by screening according to the conditions of 
DL ³0.18 and OB ³30%, 135 active ingredients were screened 
from the 7 HDHs small molecule databases constructed. They 
were the same ingredients as in HDHs. Through the intersec-
tion of 7 HDHs, the results showed that kaempferol was found 
in Lonicerae Japonicae Flos, Forsythiae Fructus, and Dryopteridis 
Crassirhizomatis Rhizoma; quercetin and luteolin were found 
in Lonicerae Japonicae Flos and Forsythiae Fructus; b-sitosterol 
was found in Lonicerae Japonicae Flos, Isatidis Folium, Forsythiae 
Fructus, Isatidis Radix, and Indigo Naturalis; indirubin was found 
in Isatidis Folium and Indigo Naturalis; wogonin was found in 
Forsythiae Fructus and Andrographis Herba; stigmasterol was 
found in Isatidis Radix and Lonicerae Japonicae Flos; poriferast-
5-en-3beta-ol was found in Isatidis Radix and Isatidis Folium; 
and indigo, candidine, and isovitexin were found in Isatidis 
Folium, Isatidis Radix, and Indigo Naturalis.

Based on the TCMSP and SwissTargetPrediction databases, 
4433 targets corresponding to 7 HDHs were obtained. The in-
tersection of the 3 coronaviruses, SARS-CoV, MERS-CoV, and 
SARS-CoV-2, showed that there were 141 common targets, in-
dicating that the 3 coronaviruses might have similar patho-
genic characteristics. The corresponding targets of HDHs and 
the 3 coronaviruses showed 46 common targets, indicating 
that HDHs and the 3 coronaviruses had potential correspond-
ing relationships.

The STRING database was used to construct a PPI network for 
46 common targets. MCODE software was used to analyze 46 
targets and obtain an important target set containing 25 tar-
gets. The 25 targets were screened with a median of 2 times 
the degree value, and 7 key targets were obtained, including 
MAPK3, MAPK1, MAPK8, IL-6, EGFR, CASP3, and ACE2.

To supplement and improve the target database and further 
optimize the active ingredients and their corresponding tar-
gets, as shiwn in Figure 3. The 25 targets were screened for 
their ingredients in reverse, and the “ingredients-targets-dis-
eases” network was constructed (Figure 4). Screening was per-
formed according to a median of 2 times the degree value, and 
21 active ingredients were obtained, including quercetin, lute-
olin, wogonin, kaempferol, acacetin, betulin, dinatin, glycerol, 
chryseriol, 5-hydroxy-7-methoxy-2-(3,4,5-trimethoxyphenyl)
chromone, b-sitosterol, (2R,3R,4S)-4-(4-hydroxy-3-methoxy-
phenyl)-7-methoxy-2,3-dimethylol-tetralin-6-ol, oroxylin a, 
mono-O-methylwightin, moslosooflavone, deoxycamptoth-
ecine, quercetin tetramethyl(3’,4’,5,7) ether, indirubin, b-
carotene,andrographidine F, and hydroxyindirubin, acting on 
8 key targets, including PTGS2, LCK, PPARG, MAPK14, NOS3, 
CASP3, RELA, and NFKB1.

After using Neighborhood, Co-occurrence, Co-expression, and 
other algorithms, module analysis, and “ingredients-targets-
diseases” network screening, a total of 27 major active ingredi-
ents were obtained (Table 1). The 14 targets included MAPK3, 

Figure 3.  Protein interaction networks of related genes in the treatment of coronavirus infection with HDHs. (Cytoscape 3.7.1).
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MAPK1, MAPK8, IL-6, EGFR, CASP3, ACE2, PTGS2, LCK, PPARG, 
MAPK14, NOS3, RELA, and NFKB1, which are the core targets 
for HDHs acting on diseases caused by coronavirus.

GO	and	Pathway	Enrichment	Analysis	for	Targets

To further analyze the main pathways of HDHs for the treatment 
of coronavirus infections, functional enrichment and pathway 
enrichment of the targets were carried out. Figure 5A shows 
that 246 GO entries were obtained (P<0.05), of which there 
were 184 biological processes (BP), mainly involving cellular 
response to lipopolysaccharide, inflammatory response, cellu-
lar response to interleukin-1, regulation of phosphatidylino-
sitol 3-kinase signaling, activation of MAPK activity, positive 
regulation of NF-kB transcription factor activity, and Fc-epsilon 
receptor signaling pathway. There were 24 items involved in 

cell composition (CC). The top 5 cell components were the nu-
cleus, cytosol, cytoplasm, nucleoplasm, and mitochondrion. In 
addition, 38 items were involved in molecular functions (MFs) 
such as protein, enzyme, ATP, transcription factor, and protein 
kinase bindings.

The results of KEGG pathway enrichment analysis are shown 
in Figure 5B. Among the top 20 pathways, pathways relat-
ed to viral and bacterial infections included Chagas disease 
(American trypanosomiasis), Pertussis, Influenza A, Tuberculosis, 
Salmonella infection, Toxoplasmosis, Hepatitis B, epithelial cell 
signaling in Helicobacter pylori infection, Hepatitis C, and Ras 
signaling pathway. Inflammation-related pathways included 
Toll-like receptor (TLR), TNF, MAPK, HIF-1, NF-kB, and PI3K-
AKT signaling pathways. Immune-related pathways included 
the NOD-like receptor signaling pathway.

Figure 4.  Active ingredient-target-disease network diagram. (Cytoscape 3.7.1). There are 115 nodes and 211 edges in the network, 
among which blue rectangles represent ingredients, green ellipses represent targets, and orange diamonds represent 
disease.
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Figure 5.  GO and KEGG pathway enrichment analysis. (clusterProfiler software package on the R 4.0.3 and bioinformatics platform). 
(A) GO enrichment analysis diagram. (B) Functional annotation diagram.
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MOL	ID Ingredient Classification Chem 2D Core target

MOL000098 Quercetin Flavonoid

 

IL6, EGFR, CASP3, RELA, 
PTGS2, PPARG, NOS3

MOL000006 Luteolin Flavonoid

 

IL6, EGFR, CASP3, RELA, 
PTGS2, PPARG, 

MOL000173 Wogonin Flavonoid

 

IL6, CASP3, MAPK14, 
RELA, PTGS2, PPARG, 
LCK

MOL000422 Kaempferol Flavonoid

 

CASP3, MAPK8, RELA, 
PTGS2, PPARG, NOS3

MOL008228 Andrographin Flavonoid

 

PTGS2, NOS3

MOL003095 5-hydroxy-7-
methoxy-2-(3,4,5-
trimethoxyphenyl)
chromone

Flavonoid

 

MAPK14, PTGS2, 
PPARG, NOS3, LCK

Table 1. Active ingredient list of HDHs in the treatment of coronavirus infection.
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Table 1 continued. Active ingredient list of HDHs in the treatment of coronavirus infection.

MOL	ID Ingredient Classification Chem 2D Core target

MOL001689 Acacetin Flavonoid

 

CASP3, RELA, PTGS2, 
LCK

MOL008239 Quercetin 
tetramethyl(3’,4’,5,7) 
ether

Flavonoid

 

MAPK14, PTGS2, 
PPARG, NOS3

MOL008204 Mono-O-
methylwightin

Flavonoid

 

MAPK14, PTGS2, 
PPARG, NOS3

MOL008209 Deoxycamptothecine Alkaloid

 

MAPK14, PTGS2, 
PPARG, NOS3

MOL003283 (2R,3R,4S)-4-(4-
hydroxy-3-methoxy-
phenyl)-7-methoxy-
2,3-dimethylol-tetralin-
6-ol
(Isolariciresinol)

Lignans

 

MAPK14, PTGS2, 
PPARG, NOS3

MOL002928 Oroxylin a Flavonoid

 

IL6, CASP3, PTGS2, LCK
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Table 1 continued. Active ingredient list of HDHs in the treatment of coronavirus infection.

MOL	ID Ingredient Classification Chem 2D Core target

MOL002309 Indirubin Alkaloid

 

MAPK14, PTGS2, 
PPARG, NOS3

MOL008206 Moslosooflavone Flavonoid

 

MAPK14, PTGS2, 
PPARG, LCK

MOL008230 Andrographidine F Flavonoid

 

MAPK14, PTGS2, PPARG

MOL000358 b-sitosterol Steroid

 

CASP3, NFKB1, PTGS2

MOL001551 Betulin Terpenoid

 

MAPK3, MAPK1, NFKB1

Validation	of	Surflex-Dock	Ingredient-Target	Interaction

To verify the ability of the active ingredients to bind to core tar-
gets, the core active chemical ingredients in Table 1 were used 
as small molecule ligands in HDHs to select the 14 key targets in 
combination with the latest known coronavirus targets for recep-
tors [7]. The molecular docking results of ribavirin were used as 
a control [8,9], and SYBYL-X 2.0 was used for molecular docking 

verification. The docking results of CSCORE ³4 are generally more 
reliable, while the total-score function considers factors such as 
polarity, hydrophobicity, enthalpy, and solvation. The greater the 
value, the more stable the docking complex, indicating better 
matching and binding between small molecule ingredients and 
proteins. Therefore, in this experiment, ingredients with CS-SCORE 
³4 and total score greater than ribavirin total score were select-
ed. The visualized heat map results are presented in Figure 6.
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Assuming that C represents the number of ingredients (C=27), 
P represents the number of targets (P=15), the total score of 
the docking result of ribavirin and 15 targets is represented by 
Ti, Ni and represents the number of targets with a total score 
o Ti in each row, and Ng represents the number of ingredients 
with a total score o Ti in each column. The core active ingre-
dients with Ng ³50%C and the core targets with Ni ³50% P 
are stable in docking. The docking results of the above com-
pounds were 51.85% Ng ³50%C, better than the docking scores 
of ribavirin and core targets. Among them, 14 small molecule 
ligands, including quercetin, luteolin, wogonin, indirubin, chry-
seriol, isolariciresinol, 5-hydroxy-7-methoxy-2-(3,4,5-trime-
thoxyphenyl) chromone, andrographidine F, poriferast-5-en-
3beta-ol, b-sitosterol, stigmasterol, and mother-nuclear similar 
moslosooflavone, mono-o-methylwightin, and quercetin tetra-
methyl(3’,4’,5,7) ether, could be stably docked to NOS3, EGFR, 
and IL-6, MAPK8, PTGS2, MAPK14, NFKB1, and CASP3 active 
pockets of the protein structures (Figure 7A-7C).

The molecular docking results (Table 2) showed that the total 
score of ribavirin and NOS3 was 3.37, and the total scores of 
core ingredients and NOS3 were both greater than 3.37. The 
docking score of ribavirin and CASP3 was 2.71, and the docking 
scores of core ingredients and CASP3 were w 2.71, accounting 
for 77.78%. The docking score of ribavirin with EGFR was 4.93, 
44.44% of the core ingredients had a docking score with EGFR 
³4.93, and 51.85% of the core ingredients had docking scores 
between 3.00 and 4.93. The docking score of ribavirin and IL-6 
was 2.54, and the docking scores of core ingredients and IL-6 
were ³2.54, accounting for 96.30%. The docking score of rib-
avirin and MAPK14 was 2.43, and the docking scores of core 
ingredients and MAPK14 were ³2.43, accounting for 88.89%. 
The docking score of ribavirin with NFKB1 was 4.52, 55.56% of 
the core ingredients had docking scores of NFKB1 ³4.52, and 
22.22% of the core ingredients had docking scores between 
3.00 and 4.52. The docking score of ribavirin and PTGS2 was 
3.35, and the docking scores of core ingredients and PTGS2 
were ³3.35, accounting for 62.96%. In addition, all coronavi-
ruses invaded human cells by attaching to the surface of the 
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Figure 6. Heat map of molecular docking results. (TBTools).
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receptor ACE2 [5], and the total score of ribavirin docking with 
ACE2 was 3.35. Among the key active ingredients, the total 
scores of wogonin, quercetin tetramethyl(3’,4’,5,7) ether, an-
drographidine F, isolariciresinol, and b-sitosterol with ACE2 
were all greater than 3.35, indicating that these small molec-
ular ingredients had good binding activity with ACE2.

For the trusted target proteins in Tabel2 such as NOS3, NFKB1, 
ACE2, CASP3, EGFR, MAPK14, PTGS2, IL6, and the ingredi-
ents with the highest total-score in the docking results, the 
structure was visualized using Discovery Studio 2016 Client. 
Figure 8 shows the 2D structure of some proteins and ingre-
dients. After analysis, it can be seen that quercetin tetrameth-
yl(3’,4’,5,7) ether interacts with tyrosine (TYR) residues in IL6 
and CASP3. It interacts with A/TYR109 in IL6 and B/TYR338 in 
CASP3 through intermolecular van der Waals forces. In addi-
tion, quercetin tetramethyl(3’,4’,5,7) ether also forms intermo-
lecular hydrogen bond with tryptophan (TRY) residue A/TRP110, 
aspartic acid (ASP) residue B/ASP56, leucine (LEU) residue 
B/LEU46 and p-alkyl interaction with alanine (ALA) residue 

B/ALA55, B/LEU46, and lysine residue B/LYS45. Quercetin tet-
ramethyl(3’,4’,5,7) ether also interacts with a variety of oth-
er amino acid residues in CASP3. There is van der Waals force 
between it and the serine (SER) residue B/SER339 in CASP3. 
There is a hydrogen bond between amino acid (THR) residue 
A/THR177. Stigmasterol forms strong intermolecular hydrogen 
bonds with amino acid residues in ACE2 and NOS3 through a 
hydroxyl group. The H+ on the hydroxyl group in stigmaster-
ol forms a hydrogen bond with A/LYS26 in ACE2, and has van 
der Waals force with A/ASP30. The H+ on the hydroxyl group 
in stigmasterol forms a hydrogen bond with the glutamic acid 
(GLU) residue A/GLU361 in NOS3, and the oxygen anion forms 
a hydrogen bond with the arginine (ARG) residue A/ARG365. 
b-sitosterol interacts with leucine residues in EGFR and PTGS2, 
and multiple alkyl groups in b-sitosterol interact with A/LEU844, 
A/LEU718, A/LEU792 in EGFR, and A/LEU145 and B/LEU238 in 
PTGS2 all form p-alkyl interaction. Andrographidine F interacts 
with multiple amino acids in MAPK14. For example, the elec-
tron cloud formed by the benzene ring in the andrographidine 
F structure and the benzene ring in the phenylalanine residue 
A/PHE169 are parallel to each other to form p-p conjugation. 
The hydroxyl group forms an intermolecular hydrogen bond 
with the glycine residue A/GLY170, and has A p-s bond with 
A/THR106. Van der Waals forces and p-alkyl interactions are 
also available for alkyl interactions with multiple amino acid 

A

C

B

Figure 7.  Schematic diagram of molecular docking. (SYBYL-X 
2.0). (A) With the small molecule ligand of wogonin as 
the center, the amino acid residues of ACE2 within the 
range of 5A form an added structure to the surface 
of the interface pocket; (B) With the small molecule 
ligand of isolariciresinol as the center, the amino 
acid residues of ACE2 within the range of 5A form an 
added structure to the surface of the interface pocket; 
(C) With the small molecule ligand of quercetin as the 
center, the amino acid residues of NOS3 within the 
range of 5A form an added structure to the surface of 
the interface pocket.
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residues. 5-hydroxy-7-methoxy-2-(3,4,5-trimethoxyphenyl)chro-
mone has intermolecular hydrogen bonding interaction with 
A/VAL186 and A/TYR104 in NFKB1, and it also has p-alkyl in-
teraction with A/VAL186. A/TYR104 also forms a p-p T-shaped 
interaction with the benzene ring in the flavonoid structure. 
5-hydroxy-7-methoxy-2-(3,4,5-trimethoxyphenyl)chromone 
has van der Waals force with glutamine residue A/GLN252 

and histidine residue A/HIS190. It is worth noting that there 
is a p-cation bond between the benzene ring in its ingredient 
structure and the cation in A/ARG253.

Compound
Total-Score

NOS3 CASP3 ACE2 EGFR IL6 PTGS2 MAPK14 NFKB1

MOL000098 3.70 3.34 3.30 5.46 4.48 3.82 5.63 4.53

MOL000006 6.64 4.08 3.05 4.68 4.21 3.28 5.22 5.87

MOL000422 3.51 4.24 2.67 4.46 3.26 4.12 5.88 4.13

MOL000173 4.24 2.82 3.43 5.59 3.42 2.54 7.23 5.11

MOL008239 7.57 5.34 3.72 4.96 6.37 5.18 7.11 5.85

MOL008204 6.15 3.36 1.66 5.03 3.76 4.64 7.42 5.17

MOL008228 4.29 3.85 3.09 3.59 2.99 5.36 7.00 6.03

MOL003095 8.02 4.77 2.27 5.20 4.94 4.13 5.65 7.02

MOL008230 6.66 3.56 3.70 5.26 3.86 4.04 8.46 5.32

MOL008209 6.57 3.62 3.60 4.71 3.99 2.58 1.10 4.17

MOL003283 5.60 2.05 3.94 5.22 4.35 3.94 7.32 4.84

MOL002928 4.24 3.44 2.63 5.90 3.38 2.04 6.25 6.60

MOL001689 5.69 4.56 1.72 4.38 4.89 3.65 5.21 4.42

MOL000358 7.08 3.24 3.58 5.60 5.29 6.86 5.23 -1.45

MOL002309 4.36 3.08 3.13 4.30 3.15 4.08 6.89 5.16

MOL000449 8.76 3.12 6.37 5.44 5.21 6.01 4.01 -1.39

MOL001771 7.03 2.85 4.74 5.36 5.81 3.80 4.69 -2.77

MOL001781 3.77 2.00 2.24 2.75 2.83 2.64 6.08 4.41

MOL001810 5.30 1.82 2.06 4.69 2.18 2.53 4.10 3.39

MOL002322 4.13 0.56 3.71 4.69 2.77 3.12 2.58 2.48

MOL008206 3.74 3.98 3.04 4.73 4.57 3.01 6.21 4.61

MOL001551 4.01 1.72 3.62 3.95 4.39 2.41 -13.95 -6.90

MOL002773 6.36 -0.50 2.94 3.10 5.03 4.78 2.20 5.76

MOL003044 5.46 3.04 2.98 5.46 3.49 4.04 5.27 5.29

MOL002311 3.77 3.84 3.14 4.25 3.34 3.94 7.90 1.85

MOL001767 5.73 3.30 2.12 3.40 3.46 3.62 4.46 5.01

MOL001735 4.69 3.15 2.78 4.58 4.48 2.92 4.81 4.21

RIBAVIRIN 3.37 2.71 3.35 4.93 2.54 3.35 2.43 4.52

Table 2. The molecular docking results of the main active ingredients and the core targets.
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Discussion

The holistic theory of TCM and treatment based on syndrome 
differentiation have unique advantages in the prevention and 
treatment of epidemic diseases. The Huangdi Neijing holds: 
the healthy-qi is stored in the inside, and pathogenic-qi can-
not be interfered with. Healthy-qi refers to the ability of the 
human body to defend against viral and bacterial infections, 
maintaining the internal balance of the body and immune su-
pervision [10,11]. The purpose of TCM treatment is to balance 
the physiological homeostasis of the body to fight coronavirus 
[12]. The first pathological changes caused by coronavirus are 
mainly in the lung, leading to immune system damage and in-
jury to other organs. In this study, 27 active ingredients of 7 

HDHs and their corresponding 14 targets were obtained. The 
heat-clearing effect mainly relieves the inflammatory storm 
through the anti-inflammatory pathway, while the detoxify-
ing effect prevents the reproduction and transmission of coro-
navirus in vivo.

The first way is to alleviate the inflammatory storm caused 
by coronavirus infection. Studies have shown that plasma in-
flammatory factors such as IL-2, IL-7, IL-10, G-CSF, IP10, MCP-I, 
MIP-Ia, and TNF-a are significantly increased in patients with 
severe COVID-19 [13]. The reason for this is the inflammatory 
storm caused by viral infection, which is caused by the overre-
action of the immune system caused by some pathogens, re-
sulting in the overexpression of inflammatory cytokines, leading 
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Figure 8.  Typical binding mode of the trusted target proteins with the active ingredients of HDHs by molecular docking. (Discovery 
Studio 2016 Client) (A) Quercetin tetramethyl(3’,4’,5,7) ether and IL6; (B) Quercetin tetramethyl(3’,4’,5,7) ether and CASP3; 
(C) Stigmasterol and ACE2; (D) 5-hydroxy-7-methoxy-2-(3,4,5-trimethoxyphenyl)chromone and NFKB1. (The rest of the 
figures have been uploaded to the attachment).
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to large-scale inflammatory cascade reaction, and subsequent 
damage to multiple organs of the body [14]. Wogonin, chry-
seriol, andrographidine F, moslosooflavone, quercetin tetra-
methyl(3’,4’,5,7) ether, mono-o-methylwightin, and other sim-
ilar flavonoids, as well as indirubin and isolariciresinol, affect 
the TNF, TLR, and MAPK receptor signaling pathways. MAPK14 
and PTGS2 act on the signaling pathway as well. MAPK14 plays 
an important role in the cellular response cascade caused by 
pro-inflammatory cytokines or physiological stress that direct-
ly activates the activation of transcription factors [15]. PTGS2 
is a cyclooxygenase 2 (COX-2) that converts arachidonic acid 
into prostaglandin H2 (PGH2) [16] and mediates inflammato-
ry reactions [17]. The TNF and MAPK signaling pathways cause 
damage to the lungs during activation [18]. The MAPK path-
way is an important potential target for inflammation and vi-
ral infection [19]. After pathogen antigen stimulation, TLRs re-
cruit downstream adaptor molecules. TLRs such as TLR-2 and 
TLR-4 activate intracellular signal transduction cascades, up-
regulate gene transcription, increase the release of inflamma-
tory mediators, and produce pro-inflammatory molecules, in-
tensifying the body inflammatory response [20]. In addition, 
wogonin can reduce the production of TNF-a, CASP3, IL-6, and 
other pro-inflammatory factors, weaken the nuclear localiza-
tion of NF-kB in macrophages, inhibit the mRNA transcription 
of the corresponding inflammatory molecules, reduce lung in-
flammatory cell infiltration, and improve the acute lung injury 
induced by influenza A virus [21].

Quercetin reduces the release of pro-inflammatory factors by 
acting on inflammation-related factors such as IL-6, CASP3, 
PTGS2, NOS3, and EGFRA. At the same time, quercetin can in-
hibit the activation of inflammation-related pathways such as 
TNF signal transduction, TLR, MAPK receptor, PI3K-AKT, and HIF-
1 signaling pathways. Among them, IL-6 can activate the NF-kB 
signaling pathway, promote the release of inflammatory factors, 
and promote the inflammatory response, leading to the pro-
duction of cytokines. The higher the IL-6 index, the worse the 
lung function [22]. Downregulation of EGFR can inhibit activa-
tion of the PI3K-AKT signaling pathway, promote cell apopto-
sis, inhibit secondary inflammation, reduce pneumonia symp-
toms, and delay acute lung injury [23]. Quercetin can also act 
on CASP3 and inhibit the MAPK and TNF signaling pathways. 
PTGS2 can convert arachidonic acid into PGH2, which is close-
ly related to airway inflammation, regulates the TNF signaling 
pathway, inhibits inflammation, reduces inflammatory factors, 
and protects lung tissue. NO produced by the NOS3 reaction 
can participate in the inflammatory response, affect pro-inflam-
matory mediators, and regulate the PI3K-AKT and HIF-1 signal-
ing pathways. The PI3K-AKT signaling pathway plays an impor-
tant negative regulatory role in the pulmonary inflammatory 
response [24]. Activation of the HIF-1a signaling pathway can 
ameliorate acute lung injury induced by lipopolysaccharide by 
reducing inflammation and inhibiting oxidative stress [25,26].

Both luteolin and indirubin can regulate the TNF, TLR, MAPK 
receptor, PI3K-AKT, and HIF-1 signaling pathways, thereby in-
hibiting inflammatory cytokines and expression of inflamma-
tory mediators [27]. The TLR4/NF-kB signaling pathway can 
stimulate the release of a large number of inflammatory fac-
tors, causing macrophages and neutrophils to accumulate in 
the lungs, leading to lung tissue damage and accelerating pro-
gression of disease. Studies have shown that indirubin can re-
duce the expression of inflammatory factors TNF-a, IL-1b, and 
IL-6, increase the production of anti-inflammatory factor IL-10, 
and reduce secondary toxic pneumonia [28].

b-Sitosterol can exert anti-inflammatory effects by inhibiting 
the release of inflammatory factors NF-kB, PTGS2, and CASP3. 
It can also inhibit the activation of NF-kB, TNF, and MAPK sig-
naling pathways, thereby protecting against acute lung inju-
ry caused by lipopolysaccharide [29]. NFKB1 is involved in the 
inflammatory response, regulation of immunity, and transcrip-
tional regulation of related genes [30]. By inhibiting the expres-
sion of NFkB1 in pulmonary microvascular endothelial cells, it 
can inhibit inflammation and protect against acute lung inju-
ry [31]. The lignan ingredient isolariciresinol can also regulate 
the HIF-1 and PI3K-AKT signaling pathways by acting on NOS3, 
reducing inflammation, and protecting against lung injury.

The second way directly acts on all links of the virus infection 
pathway to prevent the reproduction and spread of coronavi-
rus in the body. Quercetin can inhibit infection by influenza A 
virus, Salmonella, Mycobacterium tuberculosis, Bordetella per-
tussis, Helicobacter pylori, and hepatitis C virus (HCV) by acting 
on EGFR and RELA. Reducing viral intracellular replication inhib-
its virus-induced apoptosis, thereby achieving antiviral effects. 
Quercetin can also act on RELA and EGFR to regulate the Ras 
signaling pathway. EGFR is related to the receptor for virus en-
try into host cells [32], Ras is the renin-angiotensin system, and 
ACE2 is a protective factor that inhibits lung injury and multi-
ple-organ failure caused by the classic Ras axis. The treatment 
of coronavirus infection occurs in vivo through biaxial regula-
tory pathways: ACE/AngII/AT1R axis and ACE2/Ang(1-7)/Mas 
axis [33]. According to the molecular docking results, the to-
tal score of quercetin combined with ACE2 was 3.30, similar to 
the total score of 3.35 of ribavirin and ACE2. Both SARS-CoV-2 
and SARS-CoV combine their expressed S-protein with ACE2 
in the human body, causing the virus to invade the body and 
cause disease [7,34,35]. Luteolin can also act on EGFR through 
the Ras signaling pathway and can regulate the expression of 
apoptosis-related genes in exogenous pathways and mito-
chondrial pathways, thereby inhibiting cell apoptosis induced 
by influenza virus infection, with a broad-spectrum antiviral 
effect [36]. Quercetin tetramethyl(3’,4’,5,7) ether, mono-o-
methylwightin, moslosooflavone, andrographidine F, chryse-
riol, and other similar flavonoids can inhibit influenza A virus, 
Bordetella pertussis, Mycobacterium tuberculosis, Salmonella, 
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Helicobacter pylori, and other viruses by acting on MAPK14. 
In addition, chryseriol exhibits antibacterial properties [37]. 
Quercetin, indirubin, and isolariciresinol also act on NOS3 to 
participate in the ACE protein inhibitor pathway of the spike 
protein target of SARS-CoV and SARS-CoV-2 [38].

Third, the prevention and treatment of coronavirus infection 
by regulating the body immunity. Quercetin and luteolin both 
act on IL-6 through the NOD-like receptor signaling pathway 
to regulate the immune response. IL-6 can induce B cells to 
differentiate into immunoglobulin secreting cells, produce an-
tibodies, induce T-cell proliferation, and participate in the im-
mune response [39]. In addition, quercetin acts on NOS3 to 
participate in the physiological processes of the immune sys-
tem and regulation of biological signals. Wogonin acts on IL-6 
and MAPK14 through the NOD-like receptor signaling pathway. 
Abnormal expression of MAPK14 can cause physiological dys-
function in the body and autoimmune dysfunction.

Conclusions

In summary, the 7 HDHs, Lonicerae Japonicae Flos, Forsythiae 
Fructus, Isatidis Folium, Isatidis Radix, Indigo Naturalis, 
Dryopteridis Crassirhizomatis Rhizoma, and Andrographis Herba, 
are mainly composed of flavonoids, quercetin, luteolin, wogo-
nin, mother-nuclear similar moslosooflavone, mono-o-methyl-
wightin, quercetin tetramethyl(3’,4’,5,7) ether, andrographidine 
F, chryseriol, alkaloid ingredient indirubin, steroid ingredient b-
sitosterol, and lignan ingredient isolariciresinol to act on NOS3, 
EGFR, IL-6, MAPK8, PTGS2, MAPK14, NFKB1, CASP3, and ACE2. 
Multiple pathways and multiple targets are involved in inflam-
matory responses, activation of MAPK activity, positive regula-
tion of NF-kB transcription factor activity, protein binding, ATP 
binding, and other biological processes, thereby regulating in-
flammation-related pathways, including TLR, TNF, MAPK, HIF-1, 
NF-kB, and PI3K-AKT signaling pathways. Pathways related to 

viral and bacterial infections include Chagas disease (American 
trypanosomiasis), Pertussis, Influenza A, Tuberculosis, Salmonella 
infection, Toxoplasmosis, Hepatitis B, epithelial cell signaling 
in Helicobacter pylori infection, Hepatitis C, and Ras signaling 
pathway. Immune-related pathways include NOD-like recep-
tor signaling pathways. They correspond to the “lung”, which 
is the first onset of coronavirus infection, thus exerting syn-
ergistic effects such as anti-inflammatory, immune regulation, 
and antiviral effects. Viruses mutate rapidly, and the design of 
new drugs is time-consuming and labor-intensive. In the pre-
vention and treatment of diseases caused by viruses, TCM are 
remarkably effective, have rare sequelae, and are not easily af-
fected by viral mutations. The characteristics of TCM, includ-
ing multi-pathway, multi-target, and integrity, can effectively 
deal with the high variability of viruses. In this study, a variety 
of algorithms combined with virtual screening and computer 
simulation of molecular docking were used to screen and ver-
ify the ingredients of HDHs that can be used to prevent and 
treat coronavirus infections, and explain its mechanism of ac-
tion. The systematic elucidation of the molecular mechanism 
of Chinese medicine to prevent and treat viral infections can 
help in the development of clinical drugs for the prevention and 
treatment of viral infections and provide alternative treatment 
strategies for the treatment of epidemics caused by viruses.
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