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Network Pharmacology Integrated Molecular 
Docking Reveals the Anti- COVID-19 
Mechanism of Yinma Jiedu Granules

ZiXin Yuan1,2*   , Can Zeng1,2*   , Bing Yu1,2   , Ying Zhang1,2   , TianShun Wang1,2, 
XingPan Wu1,2, Yan- fang Yang1,2,3, and He- zhen Wu1,2,3

Abstract
To investigate the mechanism of action of components of Yinma Jiedu granules in the treatment of coronavirus disease 2019 
(COVID-19) using network pharmacology and molecular docking. The main chemical components of Yinma Jiedu granules were 
collected in the literature and Traditional Chinese Medicine Systems Pharmacology Database and Analysis Platform database. 
Using the SwissTargetPrediction database, the targets of the active component were identified and further correlated to the targets 
of COVID-19 through the GeneCards database. The overlapping targets of Yinma Jiedu granules components and COVID-19 
were identified as the research target. Using the Database for Annotation, Visualization and Integrated Discovery database to carry 
out the target gene function Gene Ontology enrichment and Kyoto Encyclopedia of Genes and Genomes pathway annotation and 
Cytoscape 3.6.1 software was used to construct a “component- target- pathway” network. The protein- protein interaction network 
was built using Search Tool for the Retrieval of Interacting Genes/Proteins database. Using Discovery Studio 2016 Client software 
to study the virtual docking of key protein and active components. One hundred active components were screened from the Yinma 
Jiedu Granules that involved 67 targets, including mitogen- activated protein kinase 3 (MAPK3), epidermal growth factor receptor, 
tumor necrosis factor, tumor protein 53, and MAPK1. These targets affected 109 signaling pathways including hypoxia- inducible 
factor-1, apoptosis, and Toll- like receptor signaling pathways. Molecular docking results showed that the screened active compo-
nents have a strong binding ability to the key targets. In this study, through network pharmacology and molecular docking, we 
justified the multicomponent, multitarget, and multipathways of Yinma Jiedu Granules in the treatment of COVID-19.

Keywords
Yinma Jiedu granules, flavonoids, COVID-19, mechanism of  action, network pharmacology, molecular docking

Received: November 26th, 2020; Accepted: January 8th, 2021.

Since December 2019, coronavirus disease 2019 (COVID-19) 
caused by the SARS- CoV-2 virus broke out in Wuhan, China, 
and then quickly spread all over the world. SARS- CoV-2 is 
highly contagious and infectious and belongs to the β genus of  
coronaviruses,1 infecting all age groups, but particularly the 
elderly. The clinical symptoms are mainly fever, dry cough, 
fatigue, and dyspnea. Severe cases exhibit complications mani-
fested as acute respiratory distress syndrome due to cytokine 
storm.2 At present, there is no specific medicine for this dis-
ease. In China, we use traditional Chinese medicine to treat 
COVID-19. Chinese medicine accounted for 91.5% of  the 
total treatment, and the total effective rate of  Chinese medicine 
reached over 90% and Traditional Chinese Medicine (TCM) 
has shown its unique advantages in being able to participate in 
the prevention, treatment, and rehabilitation of  COVID-19 
patients.

Yinma Jiedu Granules are composed of  Licorice (Glycyrrhiza 
uralensis Fisch.), honeysuckle (Lonicera japonica Thunb.), portulaca 
(Portulaca oleracea L.), rhubarb (Rheum palmatum L.), and plantain 
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(Plantago asiatica L.). According to TCM theory, these medicines 
show effects of  clearing away heat and lung diseases; for pulmo-
nary detoxification, eliminating swelling, and dispersing nodules; 
resolving phlegm; and relieving cough.3,4 In the Novel Coronavirus 

Pneumonia Prevention and Control Technical Guide for TCM 
published by Sichuan Administration of  TCM, Yinma Jiedu 
Granules are recommended for COVID-19 in the clinical treat-
ment of  pneumonitis caused by wind and fever.5

Network pharmacology was systematically explored using a 
variety of  systematic biological databases and software, for the 
multicomponent, multipathway, multitarget mechanisms of  
TCM to analyze and explain the mechanism of  drug action. 
High- throughput molecular docking technology simulates the 
interaction between receptors and drug molecules and is usu-
ally used to study the active sites of  drugs, thus playing an 
important role in the study of  natural products. This study uses 
network pharmacology and molecular docking technology to 
explore the possible mechanism of  Yinma Jiedu Granules at 
the molecular level and to provide new ideas for the treatment 
strategies of  COVID-19.

Materials and Methods
Collection and Screening of  Active Components
We searched for all the chemical components of  portulaca, lico-
rice, rhubarb, honeysuckle, and plantain in the database of  the 
Traditional Chinese Medicine Systems Pharmacology Database 
and Analysis Platform (TCMSP) (http:// lsp. nwu. edu. cn/ tcmsp. 
php). The relevant literature was downloaded and combined with 
the chemical structures from PubChem and saved in Spatial Data 
File (SDF) format. With oral bioavailability (OB) ≥30% and drug 
likeness (DL) ≥0.18 as the screening thresholds, the active compo-
nents in Yinma Jiedu Granules were screened.6

Target Prediction of  Active Components
SDF format of  the active components was imported into the 
SwissTargetPrediction database (http://www. swis star getp redi 
ction. ch/), and the targets were collected with a probability 
value >0.

Screening of  COVID-19 Related Targets
Disease- related target genes were collected in the GeneCards 
database with the keywords of  “coronavirus disease 2019,” 
“new coronavirus pneumonia,” and “new coronavirus 2019.” 
These were compared with the potential gene targets of  the 
active components using a Venn diagram. Finally, the potential 
target genes of  Yinma Jiedu Granules for the treatment of  new 
coronary pneumonia were identified.

Gene Ontology and Pathway Enrichment
Both the Database for Annotation, Visualization and Integrated 
Discovery (DAVID, https:// david. ncifcrf. gov/) and KEGG 
Orthology Based Annotation System (KOBAS 3.0) (http:// kobas. 
cbi. pku. edu. cn/ anno_ iden. php）provide comprehensive bio-
functional annotations for a large number of  genes. The potential 
targets were introduced into the DAVID database and KOBAS 3.0 

Figure 1. Research process of network pharmacology and molecular 
docking for Yinma Jiedu granules. COVID-19, coronavirus disease 
2019; C- T- P, component- target- pathway; GO, geneontology; 
KEGG, Kyoto Encyclopedia of Genes and Genomes; PPI, protein- 
protein interaction; TCMSP, Traditional Chinese Medicine Systems 
Pharmacology Database and Analysis Platform.

Figure 2. Venn diagram of coincidence targets.
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system. Then we selected the identifier as “GENE OFFICIAL 
SYMBOL” and species as “Homo sapiens” for Gene Ontology 
(GO) enrichment and Kyoto Encyclopedia of  Genes and 
Genomes (KEGG) pathway annotation. All results were screened 
with P < 0.05. The top 10 relevant KEGG pathways and the top 
12 GO enrichments were plotted by Omicshare database (http://
www. omicshare. com) as bubble plots.7

Network Construction
Cytoscape 3.6.1 software (https:// cytoscape. org/ download. 
html) was used to construct a component- target- pathway net-
work. Different nodes were used to represent the active com-
ponents, targets, and pathways. The association between the 
two nodes is represented by an edge. The 2 groups of  networks 
were merged to obtain the component- target- pathway net-
work. In this, the high- degree components were regarded as 
important active components. The node degree value was set 
greater than the median of  twice as the standard.

Constructing a Protein-Protein Interaction Network
The interaction relationship between proteins was constructed 
through the Search Tool for the Retrieval of  Interacting 
Genes/Proteins database (STRING) (https:// string- db. org/), 

imported into Cytoscape 3.6.1 software, and processed using 
the Network Analysis function.

Molecular Docking
The virtual docking of  key proteins and active components was 
performed using Discovery Studio 2016 software to study their 
interaction. The structures of  related proteins were obtained from 
the RSCB PDB database (https://www. rcsb. org/) and component 
structures were obtained from the PubChem database (https:// 
pubchem. ncbi. nlm. nih. gov/). These files were imported into 
Discovery Studio 2016 for docking. It is generally believed that 
LiDockscore ≥90 has a strong binding ability when docking with 
the processed protein.8

Results
Screening of  Active Components
Figure 1 shows a research process of  network pharmacology 
and molecular docking employed for mechanistic investigation 
of  anti- COVID 19 mechanisms of  Yinma Jiedu Granules. The 
five medicinal substances used in the formulation of  Yinma 
Jiedu Granules, namely, purslane, licorice, rhubarb, honey-
suckle, and portulaca, were searched through the TCMSP 

Table 1. Potential Active Components of Prescription.

TCM Components Pubchem Cid MW OB (%) DL

Plantain 6- OH- Luteolin 5281642 302.25 46.93 0.28
Baicalin 64982 446.39 40.12 0.75
Stigmasteryl palmitate 13828740 651.23 38.09 0.4
Sitosterol 12303645 414.79 36.91 0.75
Baicalein 5281605 270.25 33.52 0.21

Rhubarb EUPATIN 5317287 360.34 50.8 0.41
Rhein 10168 284.23 47.07 0.28
Toralactone 5321980 272.27 46.46 0.24
Beta- sitosterol 222284 414.79 36.91 0.75
Palmidin A 5320384 510.52 32.45 0.65

Licorice Glycyrol 5320083 366.39 90.78 0.67
AKOS032962542 25015742 300.28 83.71 0.27
Licopyranocoumarin 122851 384.41 80.36 0.65
Shinpterocarpin 10336244 322.38 80.3 0.73
Phaseol 44257530 336.36 78.77 0.58

Honeysuckle Corymbosin 10970376 358.37 51.96 0.41
Ethyl linolenate 6371716 306.54 46.1 0.2
Stigmasterol 5280794 412.77 43.83 0.76
ZINC03978781 11870462 412.77 43.83 0.76
Phytofluene 6436722 543.02 43.18 0.5

Portulaca MLS000849829 676152 302.3 47.74 0.27
Quercetin 5280343 302.25 46.43 0.28
Arachidonic acid 444899 304.52 45.57 0.2
Kaempferol 5280863 286.25 41.88 0.24
Cycloartenol 92110 426.8 38.69 0.78

Abbreviations: DL, drug likeness; OB, oral bioavailability; TCM, traditional Chinese medicine.



Natural Product Communications4

database. With OB ≥30% and DL ≥0.18, 132 active compo-
nents were selected, of  which 9, 13, 16, 84, and 10 were from 
purslane, rhubarb, honeysuckle, licorice, and portulaca, respec-
tively. After removing duplicates and components lacking tar-
get prediction data, 100 active components were further 
analyzed. The basic information of  some of  the active compo-
nents is shown in Table 1. These active components were pro-
cessed into the SwissTargetPrediction database, and 804 
potential targets were identified for Yinma Jiedu Granules.

Screening of  Potential Targets
A Venn diagram was used to analyze and compare the targets 
of  100 potentially effective components with the 262 COVID-
19 related genes (Figure 2). The analysis of  67 potential target 
genes of  each active component for the treatment of  COVID 
19 is shown in Table 2.

Target Biological Function Analysis
The KEGG pathway annotation results showed that 67 poten-
tial target genes involve 115 pathways, of  which 109 are signifi-
cantly related to target genes (P ≤ 0.05). The top 12 pathways 
include the hypoxia- inducible factor-1 (HIF-1) signaling path-
way, apoptosis, and Toll- like receptor (TLR) signaling pathway 
(Figure 3).

GO enrichment analysis includes Cell Component (CC), 
Biological Process (BP), and Molecular Function (MF). The 
top ones in BP are as follows: lipopolysaccharide- mediated sig-
naling and extrinsic apoptotic signaling pathway in the absence 
of  ligand (Figure 4(A)). The top most in MF are MAP kinase 
activity and ATP binding (Figure 4(B)), whereas the top rank-
ing in CC involves cytosol and the external side of  the plasma 
membrane (Figure 4(C)). This shows that Yinma Jiedu Granules 
play a significant role in the treatment of  new coronary pneu-
monia by participating in the regulation of  various biological 
processes.

Construction of  a Component-Target-Pathway Network
The 100 active components, 67 target genes, and the top 10 
pathways were analyzed by KEGG pathways to construct a 
component- target- pathway network diagram (Figure 5). There 
are 177 nodes and 824 edges. In Figure 5, amaranth represents 
the pathway, green represents the active components, and pur-
ple represents the target. The network diagram shows that 

Table 2. Targets That Associate Components With Disease.

Gene Official Symbol UniProt IDs Gene Official Symbol UniProt IDs Gene Official Symbol UniProt IDs

CASP3 P42574 TTR P02766 PLA2G4A P47712
DPP4 P27487 CTSL P07711 PRKCA P17252
MCL1 Q07820 ANPEP P15144 MAPKAPK2 P49137
CASP6 P55212 PIK3R1 P27986 BCL2L1 Q07817
TNF P01375 MAPK14 Q16539 CD81 P60033
TP53 P04637 NFKB1 P19838 PTGS1 P23219
TGFB1 P01137 SERPINE1 P05121 F10 P00742
ACE P12821 PIK3CA P42336 JAK1 P23458
G6PD P11413 PTGS2 P35354 TBK1 Q9UHD2
NOS2 P35228 BCL2 P10415 VHL P40337
VCP P55072 HSPA5 P11021 FCER2 P06734
NOS3 P29474 CDK4 P11802 PIK3CB P42338
BAD Q92934 PARP1 P09874 PRKCE Q02156
ADA P00813 RELA Q04206 PIK3CD O00329
SCARB1 Q8WTV0 EIF2AK2 P19525 ERN1 O75460
STAT1 P42224 CTSB P07858 LCK P06239
IL2 P60568 CASP8 Q14790 EIF2AK3 Q9NZJ5
EGFR P00533 ADAM17 P78536 CCND3 P30281
PPARG P37231 CCR1 P32246 PRKCB P05771
MAPK1 P28482 EZR P15311 CALM1 P62158
CXCR3 P49682 ITGAL P20701 HPGDS O60760
MAPK3 P27361 STAT6 P42226     
MAPK8 P45983 PIK3CG P48736     

Table 3. LiDockScore of the Active Components and Target 
Proteins.

Target proteins
Protein Data 

Bank ID
LiDockScore

MLS000849829 Baicalein

MAPK3 4QTB 115.973 105.3
EGFR 6DUK 115.062 104.219
COVID-19 3 Cl 6M2N 107.818 91.6618
ACE2 3D0G 105.737 92.2828
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Yinma Jiedu Granules treat COVID-19 through coordinated 
regulation of  multiple components, multiple targets, and mul-
tiple pathways. By analyzing the degree value of  the active 
components, the component MLS000849829 and baicalein 
with higher degree values were selected for molecular docking 
experiments.

Protein-Protein Interarction Network Construction
The target genes of  the active component were imported into 
the STRING database to obtain the interaction network of  the 
corresponding protein (Figure  6(A)). The network was ana-
lyzed using the Network Analyse function, and mitogen- 
activated protein kinase 3 (MAPK3) and epidermal growth 
factor receptor (EGFR) were selected as the targets for molec-
ular docking verification. It is reported in the literature that the 
two target proteins of  angiotensin- converting enzyme-2 
(ACE2) and SARS- COV-2 3 Cl are closely involved in COVID-
19 infection. The virus S protein binds to the host cell ACE2 
receptor, allowing the virus particles to enter the cells and thus 

blocking the ACE2 receptor reveals a potential therapeutic tar-
get for drug discovery to prevent SARS- CoV-2 transmissibility. 
Additionally, a coronavirus large- polyproteins- encoded cyste-
ine protease, designated 3- chymotrypsin- like protease 3 Cl, was 
previously considered as an important target to combat the 
SARS and MERS coronavirus epidemics. Therefore, these two 
proteins, along with the active components, were further sub-
jected to molecular docking studies. The protein- protein inter-
action (PPI) network between ACE2 and the top 20 target 
proteins is shown in Figure 6(B).

Molecular Docking
The protein structure for molecular docking was downloaded 
from the Protein Data Bank (PDB) database (https://www. 
rcsb. org/), and Discovery Studio Client 2016 was used for 
molecular docking. The docking scores of  proteins and 
selected components are shown in Table  3 and the corre-
sponding 3D and 2D views are shown in Figures  7 and 8, 
respectively. The LiDockScores of  baicalein and 

Figure 3. Bubble chart of the results of KEGG pathway enrichment analysis of the identified target proteins by Database for Annotation, 
Visualization and Integrated Discovery. HIF-1, hypoxia- inducible factor-1; KEGG, Kyoto Encyclopedia of Genes and Genomes; TNF, tumor 
necrosis factor.
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MLS000849829 had a higher docking score with SARS- 
COV-2 3 Cl and ACE2 was over 90. In the molecular docking 
with the protein, a LiDockScore > 90 is considered as effec-
tive binding. Thus, these components could be the important 
potential effective components of  this prescription 

responsible for the therapeutic effects. The results of  molec-
ular docking experiments showed that the docking scores of  
the selected active components and key targets reached effec-
tive binding scores. This proved that the predicted active 
components are likely to bind to the predicted key target 

Figure 4. The enrichment analysis in biological processes, cellular components, and molecular functions of the identified target proteins by 
Database for Annotation, Visualization and Integrated Discovery.
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proteins, and the network pharmacology prediction results 
are reliable and accurate.

Discussion
Yinma Jiedu Granules are pure Chinese medicine preparations 
made from 5 different medicinal herbs, licorice, honeysuckle, 
rhubarb, portulaca, and plantain. In this combination formula-
tion, licorice is the main medicine for the treatment of  heat, 
sores, ulcer, fever, and other syndromes.9 Several triterpenoids 
in licorice, including glycyrrhizic acid, glycyrrhizin, glycyrrhe-
tinic acid, and its derivatives, also have potential applicability in 
the treatment of  viral infections. It can be considered as the 
main medicine in the prescription. Bioactive constituents of  
honeysuckle, such as rutin, quercetin, and oleanolic acid, have 
shown significant therapeutic benefits in the treatment of  
upper respiratory tract infection.10 Portulaca has shown strong 
antioxidant and anti- inflammatory effects in a lipopolysaccha-
ride induced lung injury model.11 Honeysuckle and portulaca 
can work together to clear heat and detoxify, clear the lungs, 
and strengthen the efficacy of  licorice. Rhubarb is used 
together with plantain to cause heat toxins to flow out of  the 
body in the form of  stools and at the same time to reduce the 
side effects of  licorice, so both are adjuvants. The combination 
of  all the medicines in the whole prescription has the therapeu-
tic effects of  clearing away heat and detoxification, reducing 
swelling and inflammation, relieving cough, and expectorat-
ing.3,4 COVID-19 belongs to the category of  “warm epidemic” 
in TCM. The disease is located in the lungs and the basic 
pathogenesis is characterized by “dampness, heat, poison, and 
stasis.” TCM has unique advantages in dialectical treatment. In 
this study, the network pharmacology method was used to ana-
lyze systematically the potential treatment mechanism of  
Yinma Jiedu Granules on COVID-19.

Through the PPI network analysis, we found that the main 
targets of  Yinma Jiedu Granules in the treatment of  COVID-
19 were tumor necrosis factor (TNF), tumor protein 53 (TP53), 
MAPK1, MAPK3, EGFR, cysteine- aspartic acid protease 3 
(CASP3), MAPK8, and interleukin 2 (IL2). TNF is the main 
cytokine that mediates inflammation and innate immunity. 
Overexpression causes cytokine storm, dysfunction of  cyto-
kines, and disrupts the immune balance.12 TP53 is a cell cycle- 
related gene, which maintains cell stability by regulating the 
synthesis of  cell cycle- related proteins and induces cell apopto-
sis, thereby inhibiting tumor growth.13 MAPK1, MAPK3, and 
MAPK8 are activated during oxidative stress, DNA damage, 
cancer development, and viral infections. The MAPK family is 
composed of  extracellular signal- regulated kinase (ERK), p38, 
and c- JUN N- terminal kinase, which mediate intracellular sig-
nals related to cell proliferation, differentiation, survival, death, 
and transformation.14,15 Studies have shown that human cyto-
megalovirus, human herpesvirus type 8, Epstein- Barr virus, 
HIV, influenza virus, and other viral infections are all related to 
p38 MAPK.16,17 EGFR is a member of  the type I tyrosine 
kinase receptor gene family, mainly involved in cell signal 

Figure 5. Components- Targets- Pathways network.

Figure 6. Protein- protein interaction (PPI) interaction network. (A) 
Components and disease- related targets PPI network. (B) The top 20 
targets that interact with the angiotensin- converting enzyme.
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transduction. After being activated, it causes cell differentia-
tion, proliferation, infiltration, and angiogenesis.18 During viral 
infection, by inhibiting the high expression of  CASP3 protein 
in virus- infected cells, it antagonizes virus- induced cell apopto-
sis to achieve an antiviral effect.19,20 IL-2 is secreted by Th1 
cells, which can promote the proliferation and differentiation 
of  T lymphocytes, and killing activity. The levels of  IL-2 can 
reflect, to a certain extent, the function of  the body’s cellular 
immunity.21

In this study, 100 active components of  Yinma Jiedu Granules 
were screened through network pharmacology, and their target 

action genes were predicted. By intersecting with the targets related 
to COVID-19, 67 targets were identified for the treatment of  new 
coronary pneumonia. GO enrichment analysis showed that the 
biological processes were mainly involved lipopolysaccharide- 
mediated signaling pathway, extrinsic apoptotic signaling pathway 
lacking in absence of  ligand, response to cytokine, and angiogene-
sis, indicating that these biological processes played a key role in the 
treatment of  COVID-19 by Yinma Jiedu Granules. KEGG 
enrichment shows that the signal pathways used by Yinma Jiedu 
Granules to treat COVID-19 include the HIF-1, TLR, and TNF 
signaling pathways. HIF-1α is a key factor in response to hypoxic 

Figure 7. Results of MLS000849829 molecular docking. (A) MLS000849829- 4QTB, (B) MLS000849829- 6DUK, (C) MLS000849829- 6M2N 
and (D) MLS000849829- 3D0G.

Figure 8. Results of baicalein molecular docking (A) baicalein- 4QTB, (B) baicalein- 6DUK, (C) baicalein- 6M2N, and (D) baicalein- 3D0G.
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stress. It can form different signaling pathways with various 
upstream and downstream proteins, mediate hypoxia signals, and 
regulate cells to produce a series of  compensatory responses to 
hypoxia. The role of  HIF-1α has already been identified in regulat-
ing influenza A virus replication and is considered as a novel ther-
apeutic target for combating viral infection.22 The HIF-1 signaling 
pathway can participate in the body’s immune response and regu-
late neovascularization.23,24 TLRs are involved in the early interplay 
of  host cells with invading viruses, which regulate viral replication 
and/or host responses, ultimately impacting viral pathogenesis. At 
present, TLR1- TLR10 is found in the human body. TLR4, TLR7, 
and TLR8 receptors can induce the activation of  related inflamma-
tory factors, leading to excessive inflammation and severe pneu-
monia, and TLR7/8 activated downstream transcription factor 
nuclear factor kappa- light- chain- enhancer of  activated B cells has a 
significant effect on antivirus and induction of  lung immune 
injury.25 TNF is a key mediator and regulator of  the immune 
response of  mammals under healthy biological and disease condi-
tions. It can induce a variety of  intracellular signaling pathways, 
including apoptosis and cell survival, inflammation, and immu-
nity.26,27 The above results indicate that Yinma Jiedu Granules may 
be effective in treating COVID-19 by inhibiting inflammation and 
regulating immunity.

Conclusion
In summary, we screened the active components of  TCM 
Yinma Jiedu Granules and explored and predicted their phar-
macological mechanisms for the therapy of  COVID-19 
through network pharmacology. Network pharmacology and 
the molecular docking method confirm the “multicomponent, 
multipathway, multitarget mechanisms” for the therapeutic 
actions of  Yinma Jiedu Granules in the treatment of  COVID-
19. The present work may provide valuable evidence for fur-
ther clinical application of  Yinma Jiedu Granules for treating 
COVID-19 and may lay a good theoretical foundation for fur-
ther experimental verification and facilitate the widespread 
application of  the TCM in treating the serious and life- 
threatening pulmonary infection caused by SARS- CoV-2.
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