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A B S T R A C T

Traditional Chinese medicine (TCM) has played a positive role in preventing and controlling the 
coronavirus disease 2019 (COVID-19) epidemic. Qingjie formula (QJF) developed to prevent 
COVID-19 is widely used in Wenzhou, Zhejiang province, China. However, the biological active 
ingredients of QJF and their specific mechanisms for preventing COVID-19 remain unclear. The 
study focused on exploring the pharmacological mechanism of QJF for the prevention of COVID- 
19 based on network pharmacology and molecular docking. The active ingredients of QJF were 
screened by TCMSP database. Databases such as Genecards and Swiss Target Prediction predicted 
potential targets of QJF against COVID-19. The “drug-active ingredient-potential target” network 
was constructed by Cytoscape software. We used STRING database to construct the protein- 
protein interaction (PPI) network. Enrichment of biological functions and signaling pathways 
were analyzed by using the DAVID database and R language. Then AutoDock Vina and Python 
software were used for molecular docking of hub targets and active ingredients. 147 active in-
gredients interacted with 316 potential targets of COVID-19. A PPI network consisting of 30 hub 
genes was constructed, and the top 10 hub genes were ALB, AKT1, TP53, TNF, IL6, VEGFA, IL1B, 
CASP3, JUN and STAT3. The results of GO analysis showed that these targets were mainly 
enriched in cell responses to oxidative stress, chemical stress, and other functions. KEGG analysis 
revealed that viral protein interactions with cytokines (e.g., human cytomegalovirus infection), 
endocrine resistance pathways (e.g., AGE-RAGE signaling pathway), PI3K-Akt signaling pathway, 
and lipid and atherosclerosis signaling pathway were the major signaling pathways. Moreover, 
the core active ingredients of QJF had good binding affinity with hub genes by molecular docking. 
QJF plays an important role in the prevention of COVID-19 by regulating host immune inflam-
matory response and oxidative stress response, inhibiting virus, improving immune function, 
regulating the hypoxia-cytokine storm, and inhibiting cell migration.

1. Introduction

Coronavirus disease 2019 (COVID-19) was first discovered in Wuhan, China, and is a highly contagious disease caused by severe 
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Fig. 1. The flowchart of this study.
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acute respiratory syndrome coronavirus-2 (SARS-CoV-2) [1]. Due to its infectivity, it has been declared a global pandemic by the 
World Health Organization (WHO) [2], posing an ongoing and serious threat to public health [3]. As of Jul 05, 2023, more than 767 
million confirmed cases and more than 6.9 million confirmed deaths have been reported globally, according to WHO (https://covid19. 
who.int). COVID-19 is a heterogeneous disease that spreads primarily from person to person through respiratory droplets [4], with 
symptoms ranging from asymptomatic to severe, such as fever, cough, headache, myalgia [5], coagulation dysfunction [6], cardiac 
inflammation, liver damage [7], and even inflammatory cytokine storm [8]. Therefore, it is not only a respiratory disease, but also a 
systemic disease that disturbs the immune system and damages multiple organs and systems throughout the body, such as the car-
diovascular system and digestive system.

Historically, traditional Chinese medicine (TCM) has been widely used to enhance human immunity and prevent chronic and 
sudden diseases due to its remarkable efficacy and few side effects. Moreover, some novel technologies can find biological targets of 
TCM,and interact with cells and tissues in a highly precise manner [9]. Since the outbreak of COVID-19, TCM has achieved remarkable 
effects and played a positive role in curbing the spread of the virus and preventing and treating diseases [10]. A section on TCM 
treatment has also been included in the Guideline on Diagnosis and Treatment of COVID-19 (Trial Version 4–7) issued by the National 
Health Commission of China [11]. Qingjie formula (QJF) was developed on the basis of comprehensive summary of various recom-
mended TCM formulations for the prevention of COVID-19 in the Guideline, combined with the climatic characteristics of southern 
Zhejiang, and based on the theory of febrile disease in TCM. QJF is consisted of Astragali Radix, Pogostemon cablin, Tangerine Peel, 
Lonicerae Japonicae Flos, Glycyrrhiza glabra, Rhizoma Atractylodis Macrocephalae, Saposhnikovia divaricate and Fortunes Bossfern 
Rhizome. During the epidemic, it was widely used in epidemic prevention in Wenzhou and achieved good results. However, the 
molecular mechanism of QJF in the prevention of COVID-19 is still unclear.

Network pharmacology can explore the effective effects of traditional Chinese medicines or compounds by combining systems 
biology, bioinformatics and pharmacology, this method is considered to be an effective research strategy for screening the active 
ingredients of TCM [12–14], searching for potential targets and exploring the mechanisms of action. Molecular docking is an important 
way to predict the binding pattern and affinity of a small molecule compound by docking with a target receptor.

In order to discover the active ingredients of QJF, decode potential key targets and mechanisms of action, and verify the in-
teractions between important compounds and targets, we integrated network pharmacology and molecular docking method to provide 
theoretical support and scientific basis for the prevention of COVID-19. The flow chart of this study is shown in Fig. 1.

2. Methods

2.1. Screening of potential active ingredients

The active ingredients of QJF were obtained by using the TCM Systems Pharmacology Database and Analysis Platform (TCMSP, 
https://tcmsp-e.com/tcmsp.php). TCMSP can provide the active compounds in all Chinese medicines, and the important properties 
such as half-life (HL), human oral bioavailability (OB), drug similarity (DL), and blood-brain barrier (BBB) of each ingredient. We all 
know that meeting OB ≥ 30 % and DL ≥ 0.18 is the threshold for screening potential active ingredients [15]. In addition, the cor-
responding molecular formula, two-dimensional structure, InChI Key and Canonical SMILES of the active ingredients were all obtained 
from PubChem.

2.2. Prediction of potential targets of QJF

According to the retrieved active ingredients of QJF, the targets related to these ingredients were derived from the TCMSP. Given 
these targets may be not complete, we also searched for the potential targets from other Database and Analysis Platform by using the 
information of the compounds obtained from PubChem. In Swiss Target Prediction (http://www.swisstargetprediction.ch) and 
STITCH (http://stitch.embl.de), the species was limited to “Homo sapiens” and the threshold of confidence score was set as no less than 
0.8.

2.3. Acquisition of disease targets

The targets related to COVID-19 disease were obtained by retrieving DrugBank database, Genecards database, OMIM database, 
DisGeNET database, Therapeutic target database, and Comparative toxicogenomics database. “Novel coronavirus pneumonia”, 
“COVID-19”, “coronavirus disease 2019” were used as keywords. The species chosen was “Homo sapiens”. In addition, considering that 
angiotensin-converting enzyme 2 (ACE2) is not only the host receptor for SARS-CoV-2, but also can drive the up-regulation of genes 
related to pulmonary fibrosis [16], we collected the genes co-expressed with ACE2 from previous literature to complement COVID-19 
related targets [5,17,18], and eliminate duplicate goals to screen out disease related targets. The UniProt protein database was used to 
standardize all the targets collected as gene names with the “Homo sapiens” species. We used Venn diagram data package to obtain the 
overlapping targets of the related targets between the active ingredients of QJF and COVID-19, and considered the intersectional 
targets as potential targets for the prevention of COVID-19.

2.4. Construction of the herb-active ingredient-potential target network of QJF in preventing COVID-19

To visualize synergistic interactions between active ingredients and multiple predicted targets, we constructed the herb-active 
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ingredient-potential target network using Cytoscape 3.8.2. Cytoscape is a leading open source tool for complex network analysis [19]. 
In this constructed network, herbs, active ingredients, and targets are represented as nodes, and interactions between nodes are 
represented as edges. In this study, we set the “herb” as a diamond, the “active ingredient” contained by two or more herbs as a 
rectangle, the “active ingredient” contained by a single herb as a triangle, and the “target” as an oval.

2.5. Conducting protein- protein interaction (PPI) network

We imported the overlapping targets into the STRING(https://string-db.org, version 11.5) online tool to obtain relevant infor-
mation of PPI network. In this stage work, “Homo sapiens” was used as the setting of the organism, the minimum required interaction 
score was set ≥0.4, and other parameters were set by default. Only genes with scores above the median were screened out to construct 
critical sub-network. Then, PPI results were imported into CytoHubba plug-in in Cytoscape for network topology analysis to filter out 
important hub genes. Maximum neighborhood component (MNC) method was used to output hub genes [20], and the top 30 genes 
were selected. Subsequently, the PPI network was visualized by Cytoscape 3.8.2 software. Finally, cluster analysis in PPI network was 
explored by the plug-in of Molecule Complex Detection (MCODE) of Cytoscape (node score cutoff ≥0.2, k core ≥2, maximum depth =
100, and degree cutoff ≥2) [21].

2.6. GO analysis and KEGG pathway enrichment analysis

Gene Ontology (GO) analysis is used to define and describe the properties and functions of genes and their products in any or-
ganism. GO annotation generally includes biological process (BP), cell component (CC), and molecular function (MF). On the basis of 
the Kyoto Encyclopedia of Genes and Genomes (KEGG) database, pathway enrichment analysis revealed significantly enriched 
metabolic pathways. GO enrichment analysis and KEGG pathway enrichment analysis were performed using cluster Profiler and DOSE 
software package in R software. The threshold of statistical significance for enrichment analysis was set at p ≤ 0.05. The results of 
enrichment analysis for the top 15 GO functions and the top 30 KEGG pathways were represented by histogram and bubble plot, 
respectively.

2.7. Molecular docking verification of active ingredients and hub targets

The crystal structure of the hub target obtained from the RCSB PDB database as the receptor and the active ingredient of QJF as the 
ligand. The two-dimensional structure of the active ingredient was downloaded from the PubChem database. The protein crystal 
structure was dehydrated and hydrogenated with AutoDock 1.5.6 software. The ligands added hydrogen atoms and displayed rotatable 
bonds. Finally, all files were saved in pdbqt format. Autodock Vina and PyMol software were used to dock ligands with protein re-
ceptors and evaluate their interaction.

3. Results

3.1. Identification of potential active ingredients and related targets in QJF

QJF consists of 8 single TCMs, including Astragali Radix (AR), Pogostemon cablin (PC), Tangerine Peel (TP), Lonicerae Japonicae 
Flos (LJF), Glycyrrhiza glabra (GG), Rhizoma Atractylodis Macrocephalae (RAM), Saposhnikovia divaricate (SD) and Fortunes 
Bossfern Rhizome (FBR). We submitted the above 8 TCMs to the TCMSP database and retrieved 1019 active ingredients. A total of 183 
compounds were collected using OB ≥ 30 % and DL ≥ 0.18 as screening criteria, and 166 components were collected after removing 
the redundancy. Among them, the number of active ingredients of Astragali Radix, Pogostemon Cablin, Tangerine Peel, Lonicerae 

Fig. 2. Common targets of Qingjie formula (QJF) and COVID-19.
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Japonicae Flos, Glycyrrhiza Glabra, Rhizoma Atractylodis Macrocephalae, Saposhnikovia Divaricate and Fortunes Bossfern Rhizome 
were 20, 11, 5, 23, 92, 7, 18, 7, respectively, and there were 12 common compounds (Supplementary File Table S1).

According to the screening results of active ingredients in databases such as TCMSP, Drug Bank, ETCM, Swiss Target Prediction, 
and STITCH, 469 drug targets matching 149 compounds were collected after removing the duplicates, and 17 compounds had no 
matching targets. The gene names of potential targets were obtained by using the UniProt protein database with the “Homo sapiens” 
species, as shown in Supplementary File Table S2.

3.2. Prediction results of QJF targets in preventing COVID-19

Using “novel coronavirus pneumonia”, “COVID-19” and “coronavirus disease 2019” as keywords, we screened targets in Drug 
Bank, Gene cards, OMIM, DisGeNET, TTD and CTD databases. Then, the genes co-expressed with ACE2 in literature [17] were inte-
grated to supplement COVID-19 related targets. A total of 5253 targets were obtained. Subsequently, 316 overlapping targets were 
identified by mapping 469 component targets to 5253 COVID-19 targets, and a Venn diagram was drawn, as shown in Fig. 2. In 
addition, 147 components had targets that intersected with COVID-19 and 2 ingredients did not. Therefore, 147 active ingredients 
were correlated with 316 targets (Supplementary File Table S3).

3.3. Analysis of drug-active ingredient-common target network

The drug-active ingredient-common target network was constructed using Cytoscape is shown in Fig. 3, involving 471 nodes 
(including 8 herbs, 147 active ingredients, and 316 targets) and 2551 edges. Diamonds with blue color represent 8 herbs of QJF. The 
green triangles and yellow rectangles represent their active ingredients, with the green triangles representing compounds contained in 
a single herb and the yellow rectangles representing compounds contained in two or more herbs. And the 316 pink ellipses in the center 

Fig. 3. Network of drug-active ingredient-potential target.
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represent potential targets of QJF for COVID-19 prevention. According to the degree values, we identified the top eight key ingredients, 
which were quercetin (MOL000098), luteolin (MOL000006), kaempferol (MOL000422), wogonin (MOL000173), nobiletin 
(MOL005828), isorhamnetin (MOL000354), naringenin (MOL004328), and beta-sitosterol (MOL000358) in order.

3.4. Protein-protein interaction network and cluster analysis

PPI network was established by using STRING database to identity functional connections between targets. We then visualized and 
topologically analyzed the network using Cytoscape software. The network is shown in Fig. 4A, which consisted of 316 nodes and 9130 
edges, with an average node degree of 57.8 and a PPI enrichment p value < 1.0e-16. The PPI network was then clustered using the 
MCODE plug-in in Cytoscape, resulting in 12 clusters (Supplementary File Table S4). Based on the scores, we selected the top five 
networks (Fig. 5A–E). The top 30 genes were screened as the hub targets of QJF according to MNC method in the network, and 
visualized by Cytohubba tool. These genes were consistent with the results of the sequencing by degree screening. As shown in Fig. 4B, 
the color of the nodes ranged from yellow to red, and the corresponding degree value increased gradually. The network was composed 
of 30 nodes and 431 edges, with an average node degree of 28.7, and a PPI enrichment p value < 1.0e-16. The top 10 targets likely to 
play a major role in the network were ALB, AKT1, TP53, TNF, IL6, VEGFA, IL1B, CASP3, JUN, and STAT3. Therefore, we considered 
that these targets were targeted for QJF prevention of COVID-19, and they also played critical roles in gene regulatory networks.

3.5. GO function enrichment analysis and KEGG pathway enrichment analysis

To investigate the biological functions of QJF in the prevention of COVID-19, we performed GO annotation and KEGG enrichment 
analysis for the above 316 targets. GO annotation analysis results included BP, CC and MF. Fig. 6 shows the top 15 terms, where the X- 
axis represents the number of enrichment and the Y-axis represents the type of enrichment. The biological processes mainly included 
drug response, oxidative stress response, chemical stress cellular response, nutrient levels response, oxidative stress cellular response, 
molecule of bacterial origin response and lipopolysaccharide response. The top three enrichment results of cell components were 
membrane raft, membrane microdomain and membrane region. The top three enrichment results of molecular functions included 
signaling receptor activator activity, DNA-binging transcription factor binding and receptor ligand activity.

Through KEGG pathway enrichment analysis, major pathways associated with QJF were identified, and the top 30 entries are 
shown in Fig. 7. The X-axis represents the number of enrichment, and the Y-axis represents the enrichment pathway name. The 
enriched cell signaling pathways mainly included PI3K-Akt signaling pathway, cytomegalovirus infection signaling pathway, lipid and 
atherosclerosis signaling pathway, Kaposi sarcoma-associated herpes virus infection signaling pathway, receptor activation signaling 
pathway and reactive oxygen species signaling pathway.

3.6. Hub gene-active ingredient-herb-disease network

We constructed the hub gene-active ingredient-herb-disease network based on the active ingredients associated with the 10 hub 

Fig. 4. A. PPI network of QJF and COVID-19 related targets. B. PPI network of top 30 hub genes. The node color changes from yellow to red, and the 
corresponding degree increases gradually.
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genes. The network had 34 nodes and 81 edges, containing 1 disease, 10 hub genes, 15 active ingredients, and 8 herbs (Fig. 8). We then 
identified the top five components, which were luteolin (MOL000006), quercetin (MOL000098), wogonin (MOL000173), kaempferol 
(MOL000422) and beta-carotene (MOL002773).

3.7. Validation by molecular docking

We used ten hub genes and five pivotal active ingredients as receptors and ligands, and conducted molecular docking to validate 

Fig. 5. A–E. Top five clustering graphs from the PPI network of COVID-19.

Fig. 6. GO function enrichment analysis graph.
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whether these active ingredients bind to hub targets. Crystal structures of ten hub targets and two-dimensional structures of five active 
ingredients were downloaded from the RCSB PDB database and PubChem database, respectively. Binding energy represents the af-
finity between the receptor and the ligand and the stability of the binding of them. The lower the binding energy, the better the affinity 
and the more stable the binding. The binding energy between the ingredient and the target was calculated to explore the binding 
interaction between them. And the binding energy of − 5.0 kcal/mol was set as the threshold to determine whether the binding affinity 

Fig. 7. KEGG pathway enrichment analysis.

Fig. 8. Hub gene network.

Table 1 
Screening docking results between receptor and ligand (kcal/mol).

Hub targets luteolin quercetin wogonin kaempferol beta-carotene

ALB / / / / − 9.7
AKT1 − 6.4 − 6.3 − 6.1 − 6.1 − 6.8
TP53 − 6.4 − 6.3 − 5.9 / /
TNF / − 7.1 − 7.9 − 6.9 /
IL6 − 7.2 − 7.0 − 6.4 / /
VEGFA − 7.6 − 8.0 / / − 8.2
IL1B − 7.4 − 7.3 / / /
CASP3 − 7.8 − 7.9 − 7.4 − 7.7 − 8.1
JUN − 8.5 − 8.3 − 8.6 − 8.1 − 9.3
STAT3 / / / − 8.2 /
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between the receptor and the ligand was good [22]. The docking results of the active ingredient-target interaction are listed in Table 1. 
It can be seen that their binding energies were all lower than − 5.0 kcal/mol. The results indicated that there is a good combination 
between the active ingredient and the target. The binding poses of the hub targets and active ingredients were shown in Fig. 9A–J.

4. Discussion

Since the outbreak of COVID-19 in late 2019, the combination of traditional Chinese and Western medicine has been effective in the 
prevention and treatment of COVID-19, which is significantly better than Western medicine in improving clinical symptoms and 
shortening the average length of hospital stay [23]. The development of confirmed curative effective drugs is becoming increasingly 
important for improving the physical condition of patients and preventing the ongoing outbreak of COVID-19. Since its application in 
Wenzhou, QJF has achieved good results in the prevention of mild and general cases of COVID-19. By means of network pharmacology 
and molecular docking, this study explored the potential mechanisms of QJF in the prevention of COVID-19, and provided support for 
subsequent clinical behavior.

In this study, 149 active ingredients and 469 corresponding targets were screened through database and visualized by network 
pharmacology. In the analysis of QJF-active ingredient-potential target-disease network, quercetin, beta-sitosterol, formononetin, 
kaempferol, and naringenin were common compounds in two or more TCMs, which may be involved in potential anti-inflammatory 
and antiviral effects, as well as fighting various cardiovascular diseases. Quercetin has been reported to inhibit viral replication and 
growth by affecting viral regulation of its mediated immune response [24], and to inhibit the activation of the NLRP3 inflammasome 
[25]. In addition, quercetin can also reduce the production of reactive oxygen species, further alleviating the pro-inflammatory 
response [26]. Beta-sitosterol has beneficial effects on immune regulation, swelling reduction [27], and chronic diseases such as 
diabetes [28], liver disease [29] and cancer [30]. Kaempferol has anti-inflammatory and antioxidant effects [31], and can inhibit the 
progression of pulmonary fibrosis by regulating the activation of proteinase-activated receptor-1 [32]. Besides, formononetin can 
regulate lipid metabolism and inflammatory responses [33]. In vitro, in vivo and clinical studies have confirmed that naringenin has 

Fig. 9. Molecular docking of active ingredients and hub targets. (A) AKT1, (B) ALB, (C) TP53, (D) TNF, (E) IL6, (F) VEGFA, (G) IL1B, (H) CASP3, (I) 
JUN, (J) STAT3. Gray represents the targets, red represents the compounds, and other different colors represent the groups acting on the target. The 
yellow dotted line represents conventional hydrogen bonding, and the purple dotted line represents pi-cation.
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pharmacological effects such as anti-inflammatory, antioxidant, antiviral, and prevention of tissue fibrosis [34]. In the analysis of 
QJF-active ingredient-potential target network diagram, quercetin, luteolin, kaempferol, baicalein and nobiletin were the core active 
ingredients with the largest number of targets, some advanced techniques are available for the extraction and preparation of these 
active ingredients [35]. Among them, quercetin had the highest frequency of interaction with the targets. Quercetin and kaempferol 
can inhibit the production of pro-inflammatory cytokine interleukin-6 (IL6) and help to reduce the inflammatory response associated 
with COX-2 expression, thereby alleviating inflammatory damage. Luteolin may inhibit inflammation by reducing the expression of 
EGFR, MAPK1, MMP9 and other core genes [36]. In summary, QJF has been shown to have antiviral, anti-inflammatory, and anti-
oxidant activities to prevent COVID-19.

A total of 316 target genes of QJF for prevention of COVID-19 were obtained by intersecting drug target genes and disease-related 
genes. PPI network analysis revealed that ALB, AKT1, TP53, TNF, IL6, VEGFA, IL1B, CASP3, JUN and STAT3 were the hub genes in QJF 
prevention of COVID-19. These genes were mainly related to host immunity, inflammatory response and cellular stress processes, and 
play a key role in QJF prevention of COVID-19. IL-6 is a member of the interleukin family and is found in high levels in the plasma of 
COVID-19 patients. Down-regulation of IL-6 inflammatory factor can effectively reduce the mortality of patients [37]. Schultheiβ C 
et al. [38] found that the post-acute sequelae of COVID-19 (PASC) was associated with increased plasma levels of IL-1B, IL-6 and TNF. 
CASP3 is an enzyme that plays a critical role in cell apoptosis. When activated, CASP3 can induce apoptosis. IL-6 and VEGFA levels 
have been reported to be significantly associated with COVID-19, and the mortality of COVID-19 patients increases with increasing 
levels of these markers [39]. Pro-inflammatory cytokines such as IL-6, TNF and IL-1β are often produced locally or systemically in 
patients with poor prognosis of COVID-19, creating an uncontrolled cytokine storm [40].

Functional enrichment analysis of QJF target genes showed that BP terms were mainly related to biological response processes to 
oxidative stress, drugs, chemical stress, nutrient levels, molecule of bacterial origin, and lipopolysaccharide signaling pathway. CC 
terms were mainly associated with membrane raft, membrane microdomain, membrane region, plasma membrane raft, vesicle lumen, 
caveola, and protein kinase complex. MF terms were mainly related to cytokine, signaling receptor activator, cytokine receptor, and 
binding functions (DNA-binding transcription factor, amide, RNA polymerase II-specific DNA-binding transcription factor, phos-
phatase, drug, and steroid). Moreover, KEGG enrichment analysis showed that the main related pathways were lipid and athero-
sclerosis, PI3K-Akt signaling pathway, cytomegalovirus infection, AGE-RAGE signaling pathway, and IL-17 signaling pathway. The 
prevention of COVID-19 by QJF may act through these signaling pathways. The PI3K-Akt signaling pathway plays a key role in many 
biological and cellular processes, and is involved in the regulation of cell genesis, growth, proliferation, migration, and the devel-
opment and progression of cardiac fibrosis [41] and cancer [42]. It has been proved that this pathway plays an important role in the 
cell entry and immune response of SARS-CoV-2 virus [43], and inhibiting this pathway can reduce the expression of inflammatory 
cytokines [40]. The activation of AGE-RAGE signaling pathway is important in inducing the production of tissue factors, inflammatory 
cytokines, VCAM-1 and NF-κB. In the process of viral infection, IL-17 directly synergizes with antiviral signaling to enhance the 
pro-inflammatory response. IL-17 pathway is not only involved in the body’s inflammatory response, but also related to the immune 
response [44]. In addition, molecular docking was performed to validate whether the ingredients of QJF could bind to these hub 
targets. The binding energy of these hub targets with most compounds is lower than − 5.0 kcal/mol. This indicates that they have good 
binding affinity and are able to inhibit the host-virus protein interactions in which they are involved. In this study, only bioinformatics 
databases and software were used to predict the potential molecular mechanisms of QJF in prevention of COVID-19.

Through network pharmacology and molecular docking, the core active ingredients of QJF and the key targets of these ingredients 
against COVID-19 were systematically analyzed, and the possible action mechanisms of these targets were explored. COVID-19 is 
highly contagious and can spread rapidly, resulting in high rates of infection and death worldwide that have taken enormous efforts 
and costs to bring under control. Due to the special nature of the disease itself, we are, however, unable to perform biological system 
experiments related to this virus for the time being.

5. Conclusion

Given its multi-target and multi-pathway characteristics of QJF in the prevention of COVID-19, it is worthy of clinical application 
and promotion. These results provide theoretical support and scientific basis for the prevention of COVID-19 by integrated traditional 
Chinese and western medicine, and also provide a reference for predicting the mechanisms of action of traditional Chinese medicine in 
the prevention of COVID-19.
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Abbreviation

COVID-19 Coronavirus Disease 2019
TCM Traditional Chinese Medicine
QJF Qingjie formula
SARS-CoV-2 severe acute respiratory syndrome coronavirus-2
WHO World Health Organization
AR Astragali Radix
PC Pogostemon Cablin
TP Tangerine Peel
LJF Lonicerae Japonicae Flos
GG Glycyrrhiza Glabra
RAM Rhizoma Atractylodis Macrocephalae
SD Saposhnikovia Divaricate
FBR Fortunes Bossfern Rhizome
TCMSP Traditional Chinese Medicine Systems Pharmacology database and analysis platform
ADME absorption, distribution, metabolism, and excretion
HL half-life
OB human oral bioavailability
DL drug likeness
BBB blood-brain barrier
ETCM Encyclopedia of Traditional Chinese Medicine
ACE2 angiotensin-converting enzyme 2
PPI Protein-Protein Interaction
STRING Search Tool for the Retrieval of Interacting Genes/Proteins
DC Degree Centrality
CC Closeness Centrality
BC Betweenness Centrality
MNC maximum neighborhood component
MCODE Molecule Complex Detection
GO Gene Ontology
BP biological process
CC cell component
MF molecular function
KEGG Kyoto Encyclopedia of Genes and Genomes.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.org/10.1016/j.heliyon.2024.e39167.

Y. Pan et al.                                                                                                                                                                                                            Heliyon 10 (2024) e39167 

11 

https://doi.org/10.1016/j.heliyon.2024.e39167


References

[1] M. Lipsitch, D.L. Swerdlow, L. Finelli, Defining the epidemiology of covid-19 studies needed, N. Engl. J. Med. 382 (13) (2020) 1194–1196, https://doi.org/ 
10.1056/NEJMp2002125.

[2] E. Fang, X. Liu, M. Li, Z. Zhang, L. Song, B. Zhu, X. Wu, J. Liu, D. Zhao, Y. Li, Advances in covid-19 mrna vaccine development, Signal Transduct. Targeted Ther. 
7 (1) (2022) 94, https://doi.org/10.1038/s41392-022-00950-y.

[3] Y. Araf, F. Akter, Y.D. Tang, R. Fatemi, M. Parvez, C. Zheng, M.G. Hossain, Omicron variant of SARS-cov-2: genomics, transmissibility, and responses to current 
covid-19 vaccines, J. Med. Virol. 94 (5) (2022) 1825–1832, https://doi.org/10.1002/jmv.27588.

[4] M.Z. Tay, C.M. Poh, L. Renia, P.A. Macary, L. Ng, The trinity of covid-19: immunity, inflammation and intervention, Nat. Rev. Immunol. 20 (6) (2020) 363–374, 
https://doi.org/10.1038/s41577-020-0311-8.

[5] C. Huang, Y. Wang, X. Li, L. Ren, J. Zhao, Y. Hu, L. Zhang, G. Fan, J. Xu, X. Gu, Z. Cheng, T. Yu, J. Xia, Y. Wei, W. Wu, X. Xie, W. Yin, H. Li, M. Liu, Y. Xiao, 
H. Gao, L. Guo, J. Xie, G. Wang, R. Jiang, Z. Gao, Q. Jin, J. Wang, B. Cao, Clinical features of patients infected with 2019 novel coronavirus in wuhan, China, 
Lancet 395 (10223) (2020) 497–506, https://doi.org/10.1016/S0140-6736(20)30183-5.

[6] C.M. Campbell, R. Kahwash, Will complement inhibition be the new target in treating covid-19-related systemic thrombosis? Circulation 141 (22) (2020) 
1739–1741, https://doi.org/10.1161/CIRCULATIONAHA.120.047419.

[7] M. Wadman, J. Couzin-Frankel, J. Kaiser, C. Matacic, A rampage through the body, Science 368 (6489) (2020) 356–360, https://doi.org/10.1126/ 
science.368.6489.356.

[8] W. Zhang, Y. Zhao, F. Zhang, Q. Wang, T. Li, Z. Liu, J. Wang, Y. Qin, X. Zhang, X. Yan, X. Zeng, S. Zhang, The use of anti-inflammatory drugs in the treatment of 
people with severe coronavirus disease 2019 (covid-19): the perspectives of clinical immunologists from China, Clin, Immunol. 214 (2020) 108393, https://doi. 
org/10.1016/j.clim.2020.108393.

[9] R. Malviya, S. Fuloria, S. Verma, V. Subramaniyan, K.V. Sathasivam, V. Kumarasamy, K.D. Hari, S. Vellasamy, D.U. Meenakshi, S. Yadav, A. Sharma, N. 
K. Fuloria, Commercial utilities and future perspective of nanomedicines, PeerJ 9 (2021) e12392, https://doi.org/10.7717/peerj.12392.

[10] J.L. Ren, A.H. Zhang, X.J. Wang, Traditional Chinese medicine for covid-19 treatment, Pharmacol. Res. 155 (2020) 104743, https://doi.org/10.1016/j. 
phrs.2020.104743.

[11] P. Song, L. Zhao, X. Li, J. Su, Z. Jiang, B. Song, W. Liu, S. Tang, Y. Lei, Q. Ding, Z. Yang, J. Lin, Y. Wei, X. Tong, Interpretation of the traditional Chinese medicine 
portion of the diagnosis and treatment protocol for corona virus disease 2019 (trial version 7), J. Tradit. Chin. Med. 40 (3) (2020) 497–508, https://doi.org/ 
10.19852/j.cnki.jtcm.2020.03.019.

[12] S. Li, T.P. Fan, W. Jia, A. Lu, W. Zhang, Network pharmacology in traditional Chinese medicine, Evid. Based Complement. Alternat. Med. 2014 (2014) 138460, 
https://doi.org/10.1155/2014/138460.

[13] X. Mou, D.Y. Zhou, D. Zhou, K. Liu, L.J. Chen, W.H. Liu, A bioinformatics and network pharmacology approach to the mechanisms of action of shenxiao 
decoction for the treatment of diabetic nephropathy, Phytomedicine 69 (2020) 153192, https://doi.org/10.1016/j.phymed.2020.153192.

[14] J. Zhao, C. Lv, Q. Wu, H. Zeng, X. Guo, J. Yang, S. Tian, W. Zhang, Computational systems pharmacology reveals an antiplatelet and neuroprotective mechanism 
of deng-zhan-xi-xin injection in the treatment of ischemic stroke, Pharmacol. Res. 147 (2019) 104365, https://doi.org/10.1016/j.phrs.2019.104365.

[15] W. Feng, H. Ao, S. Yue, C. Peng, Systems pharmacology reveals the unique mechanism features of shenzhu capsule for treatment of ulcerative colitis in 
comparison with synthetic drugs, Sci. Rep. 8 (1) (2018) 16160, https://doi.org/10.1038/s41598-018-34509-1.

[16] J. Xu, X. Xu, L. Jiang, K. Dua, P.M. Hansbro, G. Liu, SARS-cov-2 induces transcriptional signatures in human lung epithelial cells that promote lung fibrosis, 
Respir. Res. 21 (1) (2020) 182, https://doi.org/10.1186/s12931-020-01445-6.

[17] J. Zhao, S. Tian, D. Lu, J. Yang, H. Zeng, F. Zhang, D. Tu, G. Ge, Y. Zheng, T. Shi, X. Xu, S. Zhao, Y. Yang, W. Zhang, Systems pharmacological study illustrates 
the immune regulation, anti-infection, anti-inflammation, and multi-organ protection mechanism of qing-fei-pai-du decoction in the treatment of covid-19, 
Phytomedicine 85 (2021) 153315, https://doi.org/10.1016/j.phymed.2020.153315.

[18] X. Li, J. Yu, Z. Zhang, J. Ren, A.E. Peluffo, W. Zhang, Y. Zhao, J. Wu, K. Yan, D. Cohen, W. Wang, Network bioinformatics analysis provides insight into drug 
repurposing for covid-19, Med Drug Discov 10 (2021) 100090, https://doi.org/10.1016/j.medidd.2021.100090.

[19] N.T. Doncheva, J.H. Morris, J. Gorodkin, L.J. Jensen, Cytoscape stringapp: network analysis and visualization of proteomics data, J. Proteome Res. 18 (2) (2019) 
623–632, https://doi.org/10.1021/acs.jproteome.8b00702.

[20] X. Yang, Y. Li, R. Lv, H. Qian, X. Chen, C.F. Yang, Study on the multitarget mechanism and key active ingredients of herba siegesbeckiae and volatile oil against 
rheumatoid arthritis based on network pharmacology, Evid. Based Complement. Alternat. Med. 2019 (2019) 8957245, https://doi.org/10.1155/2019/ 
8957245.

[21] S. Shen, J. Kong, Y. Qiu, X. Yang, W. Wang, L. Yan, Identification of core genes and outcomes in hepatocellular carcinoma by bioinformatics analysis, J. Cell. 
Biochem. 120 (6) (2019) 10069–10081, https://doi.org/10.1002/jcb.28290.

[22] C. Li, X. Du, Y. Liu, Q.Q. Liu, W.B. Zhi, C.L. Wang, J. Zhou, Y. Li, H. Zhang, A systems pharmacology approach for identifying the multiple mechanisms of action 
for the rougui-fuzi herb pair in the treatment of cardiocerebral vascular diseases, Evid.-Based Complement Altern. Med. 2020 (2020) 5196302, https://doi.org/ 
10.1155/2020/5196302.

[23] M. Liu, Y. Gao, Y. Yuan, K. Yang, S. Shi, J. Zhang, J. Tian, Efficacy and safety of integrated traditional Chinese and western medicine for corona virus disease 
2019 (covid-19): a systematic review and meta-analysis, Pharmacol. Res. 158 (2020) 104896, https://doi.org/10.1016/j.phrs.2020.104896.

[24] E. Gansukh, A. Nile, D.H. Kim, J.W. Oh, S.H. Nile, New insights into antiviral and cytotoxic potential of quercetin and its derivatives - a biochemical perspective, 
Food Chem. 334 (2021) 127508, https://doi.org/10.1016/j.foodchem.2020.127508.

[25] B.R. Colunga, M. Berrill, J.D. Catravas, P.E. Marik, Quercetin and vitamin c: an experimental, synergistic therapy for the prevention and treatment of SARS-cov- 
2 related disease (covid-19), Front. Immunol. 11 (2020) 1451, https://doi.org/10.3389/fimmu.2020.01451.

[26] T. van der Lugt, A.R. Weseler, M.F. Vrolijk, A. Opperhuizen, A. Bast, Dietary advanced glycation endproducts decrease glucocorticoid sensitivity in vitro, 
Nutrients 12 (2) (2020), https://doi.org/10.3390/nu12020441.

[27] P. Chowdhury, In silico investigation of phytoconstituents from indian medicinal herb ’tinospora cordifolia (giloy)’ against SARS-cov-2 (covid-19) by molecular 
dynamics approach, J. Biomol. Struct. Dyn. 39 (17) (2021) 6792–6809, https://doi.org/10.1080/07391102.2020.1803968.

[28] E. Misawa, M. Tanaka, K. Nomaguchi, K. Nabeshima, M. Yamada, T. Toida, K. Iwatsuki, Oral ingestion of aloe vera phytosterols alters hepatic gene expression 
profiles and ameliorates obesity-associated metabolic disorders in zucker diabetic fatty rats, J. Agric. Food Chem. 60 (11) (2012) 2799–2806, https://doi.org/ 
10.1021/jf204465j.

[29] E. Devaraj, A. Roy, V.G. Royapuram, A. Magesh, S.A. Varikalam, L. Arivarasu, P.B. Marimuthu, Beta-sitosterol attenuates carbon tetrachloride-induced oxidative 
stress and chronic liver injury in rats, Naunyn-Schmiedeberg’s Arch. Pharmacol. 393 (6) (2020) 1067–1075, https://doi.org/10.1007/s00210-020-01810-8.

[30] R. Sharmila, G. Sindhu, Modulation of angiogenesis, proliferative response and apoptosis by beta-sitosterol in rat model of renal carcinogenesis, Indian J. Clin. 
Biochem. 32 (2) (2017) 142–152, https://doi.org/10.1007/s12291-016-0583-8.

[31] J. Ren, Y. Lu, Y. Qian, B. Chen, T. Wu, G. Ji, Recent progress regarding kaempferol for the treatment of various diseases, Exp. Ther. Med. 18 (4) (2019) 
2759–2776, https://doi.org/10.3892/etm.2019.7886.

[32] G. Liu, M.A. Cooley, A.G. Jarnicki, T. Borghuis, P.M. Nair, G. Tjin, et al., Fibulin-1c regulates transforming growth factor-beta activation in pulmonary tissue 
fibrosis, Jci Insight 5 (16) (2019), https://doi.org/10.1172/jci.insight.124529.

[33] J. Chen, X. Zhang, Y. Wang, Y. Ye, Z. Huang, Differential ability of formononetin to stimulate proliferation of endothelial cells and breast cancer cells via a 
feedback loop involving MicroRNA-375, RASD1, and ERα, Mol. Carcinog. 57 (7) (2018) 817–830, https://doi.org/10.1002/mc.22531.

[34] M. Motallebi, M. Bhia, H.F. Rajani, I. Bhia, H. Tabarraei, N. Mohammadkhani, M. Pereira-Silva, M.S. Kasaii, S. Nouri-Majd, A.L. Mueller, F. Veiga, A.C. Paiva- 
Santos, M. Shakibaei, Naringenin: a potential flavonoid phytochemical for cancer therapy, Life Sci. 305 (2022) 120752, https://doi.org/10.1016/j. 
lfs.2022.120752.

Y. Pan et al.                                                                                                                                                                                                            Heliyon 10 (2024) e39167 

12 

https://doi.org/10.1056/NEJMp2002125
https://doi.org/10.1056/NEJMp2002125
https://doi.org/10.1038/s41392-022-00950-y
https://doi.org/10.1002/jmv.27588
https://doi.org/10.1038/s41577-020-0311-8
https://doi.org/10.1016/S0140-6736(20)30183-5
https://doi.org/10.1161/CIRCULATIONAHA.120.047419
https://doi.org/10.1126/science.368.6489.356
https://doi.org/10.1126/science.368.6489.356
https://doi.org/10.1016/j.clim.2020.108393
https://doi.org/10.1016/j.clim.2020.108393
https://doi.org/10.7717/peerj.12392
https://doi.org/10.1016/j.phrs.2020.104743
https://doi.org/10.1016/j.phrs.2020.104743
https://doi.org/10.19852/j.cnki.jtcm.2020.03.019
https://doi.org/10.19852/j.cnki.jtcm.2020.03.019
https://doi.org/10.1155/2014/138460
https://doi.org/10.1016/j.phymed.2020.153192
https://doi.org/10.1016/j.phrs.2019.104365
https://doi.org/10.1038/s41598-018-34509-1
https://doi.org/10.1186/s12931-020-01445-6
https://doi.org/10.1016/j.phymed.2020.153315
https://doi.org/10.1016/j.medidd.2021.100090
https://doi.org/10.1021/acs.jproteome.8b00702
https://doi.org/10.1155/2019/8957245
https://doi.org/10.1155/2019/8957245
https://doi.org/10.1002/jcb.28290
https://doi.org/10.1155/2020/5196302
https://doi.org/10.1155/2020/5196302
https://doi.org/10.1016/j.phrs.2020.104896
https://doi.org/10.1016/j.foodchem.2020.127508
https://doi.org/10.3389/fimmu.2020.01451
https://doi.org/10.3390/nu12020441
https://doi.org/10.1080/07391102.2020.1803968
https://doi.org/10.1021/jf204465j
https://doi.org/10.1021/jf204465j
https://doi.org/10.1007/s00210-020-01810-8
https://doi.org/10.1007/s12291-016-0583-8
https://doi.org/10.3892/etm.2019.7886
https://doi.org/10.1172/jci.insight.124529
https://doi.org/10.1002/mc.22531
https://doi.org/10.1016/j.lfs.2022.120752
https://doi.org/10.1016/j.lfs.2022.120752


[35] K.V. Sathasivam, M. Haris, S. Fuloria, N.K. Fuloria, R. Malviya, V. Subramaniyan, Chemical modification of banana trunk fibers for the production of green 
composites, Polymers 13 (12) (2021), https://doi.org/10.3390/polym13121943.

[36] X.F. Huang, J.L. Zhang, D.P. Huang, A.S. Huang, H.T. Huang, Q. Liu, X.H. Liu, H.L. Liao, A network pharmacology strategy to investigate the anti-inflammatory 
mechanism of luteolin combined with in vitro transcriptomics and proteomics, Int. Immunopharm. 86 (2020) 106727, https://doi.org/10.1016/j. 
intimp.2020.106727.

[37] X. Xu, M. Han, T. Li, W. Sun, D. Wang, B. Fu, Y. Zhou, X. Zheng, Y. Yang, X. Li, X. Zhang, A. Pan, H. Wei, Effective treatment of severe covid-19 patients with 
tocilizumab, Proc. Natl. Acad. Sci. U. S. A. 117 (20) (2020) 10970–10975, https://doi.org/10.1073/pnas.2005615117.

[38] C. Schultheiss, E. Willscher, L. Paschold, C. Gottschick, B. Klee, S.S. Henkes, L. Bosurgi, J. Dutzmann, D. Sedding, T. Frese, M. Girndt, J.I. Holl, M. Gekle, 
R. Mikolajczyk, M. Binder, The il-1beta, il-6, and tnf cytokine triad is associated with post-acute sequelae of covid-19, Cell Rep. Med 3 (6) (2022) 100663, 
https://doi.org/10.1016/j.xcrm.2022.100663.

[39] B.E. Young, S. Ong, L. Ng, D.E. Anderson, W.N. Chia, P.Y. Chia, L.W. Ang, T.M. Mak, S. Kalimuddin, L. Chai, S. Pada, S.Y. Tan, L. Sun, P. Parthasarathy, S. 
W. Fong, Y.H. Chan, C.W. Tan, B. Lee, O. Rotzschke, Y. Ding, P. Tambyah, J. Low, L. Cui, T. Barkham, R. Lin, Y.S. Leo, L. Renia, L.F. Wang, D.C. Lye, Viral 
dynamics and immune correlates of coronavirus disease 2019 (covid-19) severity, Clin. Infect. Dis. 73 (9) (2021) e2932–e2942, https://doi.org/10.1093/cid/ 
ciaa1280.

[40] T. Asselah, D. Durantel, E. Pasmant, G. Lau, R.F. Schinazi, Covid-19: discovery, diagnostics and drug development, J. Hepatol. 74 (1) (2021) 168–184, https:// 
doi.org/10.1016/j.jhep.2020.09.031.

[41] W. Qin, L. Cao, I.Y. Massey, Role of pi3k/akt signaling pathway in cardiac fibrosis, Mol. Cell. Biochem. 476 (11) (2021) 4045–4059, https://doi.org/10.1007/ 
s11010-021-04219-w.

[42] C. Xue, G. Li, J. Lu, L. Li, Crosstalk between circrnas and the pi3k/akt signaling pathway in cancer progression, Signal Transduct. Targeted Ther. 6 (1) (2021) 
400, https://doi.org/10.1038/s41392-021-00788-w.

[43] Y. Lai, T. Han, Z. Lao, G. Li, J. Xiao, X. Liu, Phillyrin for covid-19 and influenza co-infection: a potential therapeutic strategy targeting host based on 
bioinformatics analysis, Front. Pharmacol. 12 (2021) 754241, https://doi.org/10.3389/fphar.2021.754241.

[44] Y. Nishikawa, N. Shimoda, R.M. Fereig, T. Moritaka, K. Umeda, M. Nishimura, F. Ihara, K. Kobayashi, Y. Himori, Y. Suzuki, H. Furuoka, Neospora caninum 
dense granule protein 7 regulates the pathogenesis of neosporosis by modulating host immune response, Appl. Environ. Microbiol. 84 (18) (2018), https://doi. 
org/10.1128/AEM.01350-18.

Y. Pan et al.                                                                                                                                                                                                            Heliyon 10 (2024) e39167 

13 

https://doi.org/10.3390/polym13121943
https://doi.org/10.1016/j.intimp.2020.106727
https://doi.org/10.1016/j.intimp.2020.106727
https://doi.org/10.1073/pnas.2005615117
https://doi.org/10.1016/j.xcrm.2022.100663
https://doi.org/10.1093/cid/ciaa1280
https://doi.org/10.1093/cid/ciaa1280
https://doi.org/10.1016/j.jhep.2020.09.031
https://doi.org/10.1016/j.jhep.2020.09.031
https://doi.org/10.1007/s11010-021-04219-w
https://doi.org/10.1007/s11010-021-04219-w
https://doi.org/10.1038/s41392-021-00788-w
https://doi.org/10.3389/fphar.2021.754241
https://doi.org/10.1128/AEM.01350-18
https://doi.org/10.1128/AEM.01350-18

	Decoding the mechanism of Qingjie formula in the prevention of COVID-19 based on network pharmacology and molecular docking
	1 Introduction
	2 Methods
	2.1 Screening of potential active ingredients
	2.2 Prediction of potential targets of QJF
	2.3 Acquisition of disease targets
	2.4 Construction of the herb-active ingredient-potential target network of QJF in preventing COVID-19
	2.5 Conducting protein- protein interaction (PPI) network
	2.6 GO analysis and KEGG pathway enrichment analysis
	2.7 Molecular docking verification of active ingredients and hub targets

	3 Results
	3.1 Identification of potential active ingredients and related targets in QJF
	3.2 Prediction results of QJF targets in preventing COVID-19
	3.3 Analysis of drug-active ingredient-common target network
	3.4 Protein-protein interaction network and cluster analysis
	3.5 GO function enrichment analysis and KEGG pathway enrichment analysis
	3.6 Hub gene-active ingredient-herb-disease network
	3.7 Validation by molecular docking

	4 Discussion
	5 Conclusion
	CRediT authorship contribution statement
	Ethical approval
	Ethics statement
	Data availability statement
	Funding
	Declaration of competing interest
	Abbreviation
	Appendix A Supplementary data
	References


