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� Abstract: Background: The epidemic of SARS-CoV-2 has made COVID-19 a serious threat to hu-
man health around the world. The severe infections of SARS-CoV-2 are usually accompanied by 
higher mortality. Although the Qingfei Paidu Decoction (QFPDD) has been proved to be effective in 
blocking the transition of COVID-19 patients from mild to severe stage, its mechanism remains un-
clear.  

Objective: This study aims to explore the mechanism of QFPDD in blocking the transition of COVID-
19 patients from mild to severe stage.  

Materials and Methods: In the process of screening active ingredients, oral bioavailability (OB) and 
drug likeness (DL) are key indicators, which can help to screen out pivotal compounds. Therefore, 
with the criteria of OB≥30% and DL≥0.18, we searched active ingredients of QFPDD in the Tradi-
tional Chinese Medicine Systems Pharmacology (TCMSP, https://tcmspw.com/) by using its 21 
herbs as keywords.  

Results: We filtered out 6 pivotal ingredients from QFPDD by using the bioinformatics method, 
namely quercetin, luteolin, berberine, hederagenin, shionone and kaempferol, which can inhibit the 
highly expressed genes (i.e. CXCR4, ICAM1, CXCL8, CXCL10, IL6, IL2, CCL2, IL1B, IL4, IFNG) 
in severe COVID-19 patients. By performing KEGG enrichment analysis, we found seven pathways, 
namely TNF signaling pathway, IL-17 signaling pathway, Toll-like receptor signaling pathway, NF-
kappa B signaling pathway, HIF-1 signaling pathway, JAK-STAT signaling pathway, and Th17 cell 
differentiation, by which QFPDD could block the transition of COVID-19 patients from mild to se-
vere stage.  

Conclusion: QFPDD can prevent the deterioration of COVID-19 in the following mechanisms, i.e. 
inhibiting SARS-CoV-2 invasion and replication, anti-inflammatory and immune regulation, and re-
pairing body damage. These results will be helpful for the prevention and treatment of COVID-19. 
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1. INTRODUCTION 

 Coronavirus disease 2019 (COVID-19) is a severe acute 
respiratory syndrome caused by coronavirus type 2 (SARS-
CoV-2) [1], which can cause various symptoms, including 
pneumonia, fever, difficulty breathing, lung infections, etc. 
[2]. The rapid spread, strong epidemic, functional mutations 
[3] and high-risk characteristics of the virus have made 
COVID-19 become a serious threat to human life and health 
worldwide [4, 5]. As of 1 May 2021, COVID-19 has caused 
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more than 120 million infections and 3.1 million deaths [6]. 
Among the COVID-19 patients, those with severe infections 
are usually accompanied by higher mortality [7]. Therefore, 
preventing the patients from turning to severe infections is 
of great significance to the control of the epidemics of 
COVID-19 [8]. 

 After the outbreak of the COVID-19, the Chinese Health 
Commission and the Administration of Traditional Chinese 
Medicine jointly issued a notice suggesting that Qingfei 
Paidu Decoction (QFPDD) could be used for the treatment 
of COVID-19. Since then, the unique effect of QFPDD for 
preventing the deterioration of COVID-19 has been reported 
[9]. Li et al. conducted a retrospective study on 749 mild 
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COVID-19 patients who had used QFPDD and found that 
none of them turned into severe patients [10]. QFPDD was 
also applied to treat 79 mild COVID-19 patients in Wuhan 
Jiangxia Fangcang Hospital. The cure rate reached 96.2% 
without reported severe cases [11]. Although many studies 
have been performed to analyze the mechanism of QFPDD 
in the treatment of COVID-19, its mechanism in blocking 
the transition of COVID-19 patients from mild to severe 
stage remains unclear. 

 QFPDD contains 21 kinds of traditional Chinese medi-
cine, namely MaHuang (MH), GanCao (GC), KuXingRen 
(KXR), ShengShiGao (SSG), GuiZhi (GZ), ZeXie (ZX), 
ZhuLing (ZL), BaiZhu (BZ), FuLing (FL), ChaiHu (CH), 
HuangQin (HQ), Banxia (BX), ShengJiang (SJ), ZiWan 
(ZW), KuanDongHua (KDH), SheGan (SG), XiXin (XX), 
ShanYao (SY), ZhiShi (ZS), ChenPi (CP), GuangHuoXiang 
(GHX). Due to its multiple components and multiple tar-
gets, it is difficult to clarify the complex mechanism of 
QFPDD on the treatment of COVID-19 through traditional 
pharmacological methods [12]. Network pharmacology is a 
popular method that can integrate the interaction of drugs, 
targets, pathways and diseases into biological network sys-
tems [13]. Therefore, in the present work, the network 
pharmacology method was used to explain the mechanism 
of QFPDD in blocking the transition of COVID-19 patients 
from mild to severe stage. The flowchart of the analysis is 
shown in Fig. (1). 

2. MATERIALS AND METHODS 

2.1. Active Ingredients in QFPDD 

 In the process of screening active ingredients, oral bioa-
vailability (OB) and drug-likeness (DL) are key indicators, 
which can help to screen out pivotal compounds [14, 15]. 
Therefore, with the criteria of OB≥30% and DL≥0.18 [16], 
we searched active ingredients of QFPDD in the Traditional 
Chinese Medicine Systems Pharmacology (TCMSP, 
https://tcmspw.com/) by using its contained 21 herbs as 
keywords [17]. The information for compound target pre-
diction was obtained from the PubChem database 
(https://pubchem.ncbi.nlm.nih.gov/) [18]. 

2.2. Targets Related to Active Ingredients 

 The relevant targets of the active ingredients in QFPDD 
were obtained from four sources, namely TCMSP 
(https://tcmspw.com/), BATMAN-TCM (http://bionet. 
ncpsb.org/batman-tcm/), Pharmmapper (http://lilab.ecust. 
edu.cn/pharmmapper/) and SEA (https://sea.bkslab.org/) 
database. The targets of active ingredients in the TCMSP 
database are from Drugbank, which are highly reliable [19]. 
The prediction principle of BATMAN-TCM and SEA is 
that similar chemical structures act on the same targets [20, 
21]. The parameters of BATMEN-TCM are with score≥20, 
p-value ≤0.05 [22]. The parameter of SEA is with Tanimoto 
score ≥0.8 [23]. Pharmmapper server is a freely accessible 
web server designed to use pharmacophore mapping meth-
ods to identify potential candidate targets for a given small 
molecule compound [24]. The parameter of Pharmmapper is 
set as score ≥0.9 [25]. Finally, we adjusted the name of rel-
evant targets of active ingredients obtained from these four 
different sources by using the Uniprot platform [26], and 
removed duplicate targets. 

2.3 Differentially Expressed Genes (DEGs) between Mild 

and Severe COVID-19 Patients 

 In order to obtain more reliable DEGs between mild and 
severe COVID-19 patients, the DGEs were selected from 
two sources, namely GEO database and literature. We ob-
tained the gene chip data GSE164805 from the GEO data-
base. The samples in GSE164805 were taken from 5 pa-
tients with severe COVID-19, 5 patients with mild COVID-
19, and 5 normal cases. DGEs were analyzed by using 
GEO2R. For the aim of including DEGs reported in previ-
ous studies as well, we also used "mild and severe COVID-
19" as the keyword to select candidate genes in literatures. 

2.4. Network Construction 

2.4.1. PPI Network Construction 

 The intersection between DEGs and ingredients-related 
targets was regarded as common targets. In order to have a 
systematic understanding of their functions, it is necessary 
to find out the interactions of common targets. The String 
database (https://string-db.org/) integrates known and pre-
dicted protein-protein association data of a large number of 
organisms. These associations include physical interactions 
and functional interactions [27]. In the present work, with 
the organism for "Homo sapiens" and confidence score ≥0.4 
[28], the interactions of common targets were analyzed by 
using the String database. 

2.4.2. Network Visualization and Identification of Hub 
Genes 

 The PPI network of common targets and disease-
common targets-active ingredients-herbs network were vis-
ualized by using Cytoscape (http://www.cytoscape.org, ver-
sion 3.6.1) [29]. The Cytohubba plug-in was used for the 
identification of hub genes, which infers the hub’s im-
portance by measuring their degree value, combined score 
and other network characteristics. The top ten genes gener-
ated by the Maximum Neighborhood Component (MNC) 
method were regarded as hub genes [30]. The Cytoscape 
was used to perform topological analysis for the interactive 
network. In the interactive network, the degree value of a 
node is an important parameter to measure its topological 
characteristics. The higher the degree value, the more im-
portant the node [31]. 

2.5. GO and KEGG Pathway Enrichment Analysis 

 In order to understand the functions of common targets 
in the pathway, the clusterProfiler software package in the R 
platform was used to perform the Gene Ontology (GO) an-
notation and Kyoto Encyclopedia of Genes and Genomes 
(KEGG) functional enrichment analysis on common targets. 
The screening criterion was adj.p-value ≤0.05 [32]. 

2.6. Pivotal Ingredients and Hub Targets Interaction 

Analysis 

 Molecular docking can predict the interactions between 
compounds and targets [33]. The 3D structure of the target 
protein was obtained from the RCSB PDB database 
(http://www.pdb.org) [34], and the compound structure from 
Pubchem (https://pubchem.ncbi.nlm.nih.gov/) [18]. Before
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Fig. (1). The flowchart of exploring the mechanism of QFPDD in blocking the transition of COVID-19 patients from mild to severe 

stage. (A) The active ingredients of QFPDD are from TCMSP, and their potential targets were predicted from four databases with different 
prediction principles; The differently expressed genes (DGEs) were collected from the GEO database and literature analysis. The common 
targets were obtained by taking the intersection of the targets of active ingredient and DEGs. (B) Common targets network analysis. The 
pivotal ingredients were obtained through disease-common targets-active ingredients-herbs network analysis; The hub genes were obtained 
from common targets PPI network analysis. (C) GO and KEGG analysis of common targets. The clusterProfiler software package of the R 
platform was used for GO and KEGG pathway analysis. (D) Molecular docking of pivotal ingredients and hub targets. (A higher resolution / 
colour version of this figure is available in the electronic copy of the article). 

molecular docking, the AutoDock 4.2.6 software was used 
to remove water molecules, separate ligands, add polar hy-
drogens and calculate the Gasteiger charge of the protein 
structure [35]. 

3. RESULTS 

3.1. The Targets of Active Ingredients 

 A total of 293 compounds of 20 herbs except for SSG 
(SSG is a mineral medicine with the main component of 
CaSO4.2H2O) were identified from QFPDD based on 
TCMSP with the criteria of OB ≥30% and DL ≥0.18, of 
which 7 were from BZ, 8 from ZX, 16 from ZW, 23 from 
ZS, 10 from ZL, 8 from XX, 15 from SY, 5 from SJ, 14 
from SG, 23 from MH, 18 from KXR, 18 from KDH, 35 

from HQ, 6 from GZ, 11 from GHX, 91 from GC, 15 from 
FL, 5 from CP, 16 from CH, 13 from BX. The detailed in-
formation of these compounds is listed in Table S1.  

 The putative targets of these compounds were predicted 
by using BATMEN-TCM, TCMSP, Pharmmapper and SEA 
(see Materials and Method section). After removing dupli-
cate targets and standardizing the targets in the Uniprot 
Knowledgebase, 1527 putative targets were obtained, which 
are provided in Table S2. 

3.2. DEGs Related to Mild and Severe COVID-19  

Patients 

 In order to have a clear understanding of the main differ-
ences in gene expression levels between mild and severe 
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COVID-19 patients, we analyzed the DEGs between mild 
and severe COVID-19 patients by using GEO2R and taking 
the mild ones as the control. If a gene shows a 4-fold change 
under the adj.p-value≤0.01, it will be regarded as a DEG 
[35]. Accordingly, 1295 DEGs were screened out (Fig. 2). 
At the same time, 37 DEGs were found from literature (Ta-
ble S3), which are pro-inflammatory cytokines and chemo-
kines [36, 37]. Finally, after removing duplicate targets and 
standardizing the targets by using the Uniprot Knowledge-
base, we obtained 517 DEGs (Table S4). 

 

 

 
Fig. (2). Expression of genes in mild and severe patients. Red 
dots indicate the highly expressed genes, and the blue dots indicate 
the lowly expressed genes. The circled genes indicate the more 
significantly important ones. (A higher resolution / colour version of 
this figure is available in the electronic copy of the article). 

3.3. Common Targets-active Ingredients Network 

 The transition of COVID-19 from mild to the severe 
stage is a complex process, including the coordinated regu-
lation of multiple genes and proteins [38]. By taking the 
intersection between DEGs and the targets of QFPDD, we 
obtained the 68 common targets between COVID-19 and 
QFPDD (Fig. 3A). We hypothesized that QFPDD may 
prevent the deterioration of the course of COVID-19 pa-
tients by acting on these targets. To validate this hypothe-
sis, we analyzed their expression profiles. The expressions 
of 55 out of the 68 common targets in mild and severe 
COVID-19 patients are shown in Fig. (3B). It was found 
that some cytokines (IL1B, CXCR4, CXCL8, ICAM1) are 
highly expressed in severe cases, which could cause the 
deterioration of COVID-19 [37, 39-41]. The remaining 13 
targets are also highly expressed in severe COVID-19 pa-
tients [37]. These common targets were related to 262 ac-
tive ingredients (Table S5). The common targets-active 
ingredients-herb network is shown in Fig. (3C). Based on 
the degree value, we found 6 important active ingredients 
with degree≥15, namely quercetin (T3), berberine (HQ18), 
hederagenin (FL7), shionone (ZW4), kaempferol (T10) 
and luteolin (T1). 

3.4. PPI Network and Hub Genes 

 To obtain the hub genes of QFPDD in preventing the 
deterioration of the course of COVID-19 patients, we con-
structed the PPI network for the 68 common targets by us-
ing the String database. It was found that the obtained PPI 
network has 68 nodes and 361 edges with an average node 
degree of 10.6 (p-value<1.0e-16), (Fig. 4A). Subsequently, 
the Cytohubba plug-in in the Cytoscape platform was used 
to identify the hub genes from the obtained PPI network. By 
using the MNC method, the top ten nodes were selected as 
hub genes (Fig. 4B), namely CXCR4, ICAM1, CXCL8, 
CXCL10, IL6, IL4, CCL2, IL1B, IL2 and IFNG. 

3.5. Common Targets Enrichment Analysis 

 The clusterProfiler software package of the R platform 
was used to perform KEGG and GO functional enrichment 
analysis for the 68 common targets. Consequently, we ob-
tained 1248 biological processes (BPs), 47 molecular func-
tions (MFs), 7 cellular components (CCs) and 69 KEGG 
pathways (adj.p_value≤0.05, Table S6). The most signifi-
cant terms in BPs, MFs, CCs and KEGG pathways are 
shown in Fig. (5). 

 GO enrichment analysis demonstrates that the biological 
processes of common targets are mainly related to lipopoly-
saccharide, leukocyte chemotaxis, cell chemotaxis and mol-
ecule of bacterial origin (Fig. 5A and 5D). The main molec-
ular functions of common targets are cytokine activity, cy-
tokine receptor binding, receptor-ligand activity, receptor 
activator activity and chemokine activity (Fig. 5B and 5E). 
And the cellular components are mainly the external side of 
the plasma membrane, membrane raft, membrane microdo-
main and membrane region (Fig. 5C and 5F).  

 The KEGG pathways sorted based on gene ratio are 
shown in (Fig. 5G and 5H). In order to find out the critical 
KEGG pathways by which the QFPDD blocks the transition 
of COVID-19 patients from mild to severe stage, we ana-
lyzed the correlation between these 69 KEGG pathways and 
the deterioration of COVID-19 from literature and found 
seven of them were correlated with the deterioration of 
COVID-19. They are TNF signaling pathway, IL-17 signal-
ing pathway, Toll-like receptor signaling pathway, NF-
kappa B signaling pathway, HIF-1 signaling pathway, JAK-
STAT signaling pathway, Th17 cell differentiation [42-48]. 
Although HIF-1 signaling pathway, JAK-STAT signaling 
pathway and Th17 cell differentiation did not appear in (Fig. 
5G), they are still significant with the adj.p-value≤ 0.05 
(Table S6). 

 The GO and KEGG enrichment results indicate that the 
gradient of infection in COVID-19 patients maybe related to 
the systemic release of bacterial products and hyperinflam-
mation. Prabhu S. Arunachalam et al. measured the lipopol-
ysaccharide in the plasma of COVID-19 patients and found 
that the bacterial DNA content in the plasma of severe pa-
tients was generally higher [49]. Furthermore, bacterial lip-
opolysaccharide and proinflammatory mediators (IL6, TNF, 
IL1B) have a significant correlation, which also indicates 
that the release of cytokines may be partly due to the in-
crease of bacterial content in the lung or other tissues [50]. 
The immune response triggered by SARS-CoV-2 infection
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Fig. (3). Common targets and Disease-common targets-active ingredients-herbs network. (A) The common targets of QFPDD and 
DEGs. (B) Heat map of 55 DEGs. Red represents highly expressed genes, and blue represents lowly expressed ones. (C) Disease-common 
targets-active ingredients-herbs network. The network includes 351 nodes and 984 edges. Square nodes represent diseases, triangle nodes 
represent common targets, circular nodes represent the unique active ingredients of each herb, hexagon nodes represent the common active 
ingredients of different herbs, and diamond nodes represent herbs. The active ingredients with degree≥15 were highlighted. (A higher resolu-
tion / colour version of this figure is available in the electronic copy of the article). 
 

 

Fig. (4). PPI network and hub genes. (A) PPI network of common targets. The greater the degree value, the larger the node and the darker 
the color. (B) 10 hub genes from the PPI network, which were indicated by the nodes with different colors. Lines with different color indi-
cates the type of interaction evidence. The green line represents Co-Mentioned in Pubmed, the black line represents co-expression, the blue 
line represents the association in curated databases, and the purple line represents experimental/biochemical data. (A higher resolution / col-
our version of this figure is available in the electronic copy of the article). 
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Fig. (5). GO and KEGG analysis of common targets. (A) The top ten significantly enriched terms in BP. (B) The top ten significantly 
enriched terms in MF. (C) The top 4 significantly enriched terms in CC. The X-axis represents the number of genes enriched in terms; the 
Y-axis represents the name of terms for A-C. (D) Sub-network showing the genes included in the top 5 BP terms. (E) Sub-network showing 
the genes included in the top 5 MF terms. (F) Sub-network showing the genes included in the top 4 CC terms. (G) The twenty pathways 
with the highest adj.p-value. The X-axis represents GeneRatio of the term, and the Y-axis represents the name of the terms. The darker the 
color, the smaller the adj.p-value. The larger the circle, the greater the number of genes in the term. (H) Sub-network showing the genes 
included in the top 5 KEGG pathways. (A higher resolution / colour version of this figure is available in the electronic copy of the article). 

mobilized many chemokines and cytokines (IL6, IFNG, 
TNF, ILIB, CXCL8, CXCL10, CXCR4). The abnormal 
changes of these factors can lead to hyperinflammation, 
cytokine storm, aggravation of the disease, and even death 
[51, 52]. 

3.6. Validation by Molecular Docking 

 To validate whether the active ingredients could effec-
tively bind with the targets, the molecular docking was per-
formed for the 10 hub targets and 6 pivotal active ingredi-
ents. In the molecular docking process, the hub targets were 
regarded as receptors and the pivotal active ingredients were 
regarded as ligands. The docking results are shown in Table 
S7. The binding energy no greater than -5.0 Kcal/mol indi-
cates a relatively stable binding [53]. The lower the binding 
energy, the more stable the binding between receptors and 
ligands. Accordingly, the best combinations between targets 
and active ingredients are shown in (Table 1). The results 
demonstrate that the hub targets possessed a good combina-
tion with the ingredients of QFPDD.  

 The best interaction between the targets and ingredients 
is shown in Fig. (6). The docking of the hub targets and the 
pivotal active ingredients is mainly through the following 
three interaction forms, including electrostatic, hydrogen 
bonds, and hydrophobic. For example, the best binding of 
kaempferol with IL6 outputted 10 interactions, the hydroxyl 
group on the benzene ring forms a hydrogen bond with 
threonine (THR-98, length: 2.8 Å), glutamic acid (GLU-99, 
length: 3.3 Å), phenylalanine (PHE-100, length: 3.1 Å) and 
glycine (GLY-44, length: 3.1 Å), the benzene ring in the 
kaempferol structure also has an electronic effect with glu-
tamic acid (GLU-46, length: 3.5 Å). 

4. DISCUSSION 

 The prognosis of COVID-19 patients is closely related to 
the degree of infection. Compared with mild patients, severe 
patients are more likely to cause death [54, 55]. According 
to the 6th and 7th editions of COVID-19 treatment guide-
lines, QFPDD can prevent the transition of COVID-19 pa-
tients from mild to the severe stage [56]. However, the 
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mechanisms remain unclear. Therefore, illustrating the 
mechanism by which QFPDD blocks the conversion of mild 
COVID-19 patients to severe COVID-19 patients will be 
helpful in decreasing the incidence of severe cases. 

 After a comprehensive analysis of pivotal ingredients, 
hub genes and important pathways, we found that the ten 
hub genes which are highly expressed in severe cases could 
be inhibited by the pivotal ingredients of QFPDD (Fig. 7). 
Accordingly, we deduce that QFPDD could block the transi-
tion of COVID-19 patients from mild to the severe stage 
through the following mechanisms: 

4.1. Inhibiting SARS-CoV-2 Invasion and Replication 

 Once it enters the cytoplasm, SARS-CoV-2 will repli-
cate in the host cell [57]. The replication of coronavirus is 
promoted by the NF-κB factor [58]. In the host cell, the vi-
rus will hijack the NF-κB signaling pathway and lead to the 
excessive transcription of cytokines and the cytokine storm 
[59]. With the increase of viral load in the host cell, the pa-
tient's clinical symptoms gradually worsen [57]. Therefore, 
the inhibition of SARS-CoV-2 replication is of great signifi-
cance to alleviate the patient's condition.  

 The ingredients of QFPDD can directly inhibit virus 
invasion and replication [60]. Du et al. found that quercetin 
and kaempferol may inhibit SARS-CoV-2 through the JAK-
STAT signaling pathway [61, 62]. Kaempferol can also in-
hibit SARS-CoV-2 replication by targeting PIK3CG and 
E2F1 [63]. By inhibiting virus entry, interfering with DNA 
and RNA polymerases, inhibiting reverse transcriptase and 
protease, and preventing virus assembly, quercetin can inter-
fere with the replication of SARS-CoV-2 [64]. Luteolin has 
been proven to have a wide range of antiviral activities [65, 
66], which can inhibit virus entry into host cells by specifi-
cally binding to the surface spike protein of SARS-CoV-2 
[67]. In addition, both luteolin and quercetin have antiviral 
activity against SARS-CoV-2 by inhibiting the SARS-CoV-
2 3C-like protease [68]. Hederagenin also holds the poten-
tial to inhibit SARS-CoV-2 replication by binding with 
SARS-CoV-2 enzymes and proteins [69]. 

4.2. Anti-inflammatory and Immune Regulation 

 The virus-infected alveolar cells release signals to recruit 
and activate immune cells. These immune cells secrete a 
variety of cytokines and chemokines, which activate and 
recruit more immune cells to the diseased site. Subsequent-
ly, the activated immune cells destroy the virus by releasing 
inflammatory mediators and phagocytosis [70, 71]. Howev-
er, the excessive immune response could trigger a "cytokine 
storm" [72]. Clinical studies have shown that cytokine storm 
is common in patients with severe infections, which can 
cause diffuse damage to pulmonary capillary endothelial 
cells and alveolar epithelial cells. These damages will lead 
to acute respiratory distress syndrome (ARDS) and multiple 
organ dysfunction syndrome (MODS), and eventually lead 
to severe SARS-CoV-2 infection and death [73, 74].  

 The excessive immune response is not only related to the 
cell-autonomous effects of viral infections but also related 
to the sudden deterioration of COVID-19 patients [75]. 
Many chemokines and cytokines participate in the recruit-
ment of leukocytes to tissues. The effector function mediat-
ed by pro-inflammatory factors (such as IL6, IL1B) could 
lead to cell damage [76, 77]. And then, the cytokine storm 
formed by the combined action of these factors (such as 
CCL2, CCL5, CXCL8, CXCL10, TNF, IL6, IL1B) eventu-
ally overwhelms the infected and uninfected tissues [53, 78, 
79]. The obvious inflammatory response is characterized by 
an increase of IL6 in the blood [80]. The presence of neu-
trophils and macrophage cluster-1 is a sign of severe 
COVID-19 [41]. Compared with mild cases, the expression 
level of CCL2 related to macrophage cluster-1 had been 
confirmed to be significantly increased in severe COVID-19 
patients. IL6, IL1B, and IFNG had been observed to be 
highly expressed in severe cases with cytokine storm. Espe-
cially, the increased expression of IL6 exacerbated the dis-
ease [81, 82]. In COVID-19 patients, some highly expressed 
inflammatory cytokines (including TNF, IL6 and IL2) and 
inflammation chemokines (such as CCL2 and CXCL10) 
were related to disease severity and death [83]. It has been 
reported that the expression level of IL2, IL4, IFNG, and

Table 1. The best docking results between targets and ingredients. 

Hub Targets (PDB ID) Active Ingredients Binding Energy (Kcal/mol) 

IL1B (31BI) Quercetin -7.2 

IL6 (4O9H) Kaempferol -7.9 

IL4 (3BPN) Luteolin -8.4 

IFNG (3BES) Shionone -9.4 

ICAM1 (3TCX) Quercetin -9.0 

IL2 (51QB) Hederagenin -7.9 

CCL2 (3IFD) Hederagenin -6.4 

CXCL8 (6WZM) Shionone -8.6 

CXCL10 (1O7Y) Berberine -7.6 

CXCR4 (3OE9) Shionone -9.5 
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Fig. (6). Molecular docking of active ingredients and hub targets. (A) PTGS2, (B) CXCR4, (C) ICAM1, (D) SPP1, (E) CXCL10, (F) 
CXCL8, (G) IL6, (H) IL1B, (I) CCL2, (J) TNF. The different colors of the dotted line represent the different interactions between the active 
ingredient and the target. (A higher resolution / colour version of this figure is available in the electronic copy of the article). 

TNF in the plasma of intensive care unit (ICU) patients is 
higher than that in mild patients [71, 81]. This result indi-
cates that severe COVID-19 cases are due to excessive im-
mune responses. 

 In addition, the TNF and HIF-1 signaling pathways are 
closely related to the development of COVID-19 [42]. Sofia 
Appelberg et al. found that blocking the HIF-1 signaling 
pathway can reduce the infection and clinical symptoms of 
SARS-CoV-2 [42]. The uncontrolled NF-κB signaling 
pathway accelerates the excessive expression of cytokines 
(such as IL1B, IL6, TNF, CXCL8), which cause the transi-
tion of COVID-19 from mild symptoms to multiple organ 
failure and death [58]. JAK-STAT signaling pathway could 
be activated by IL6, and the IL6-JAK-STAT3 axis in the 
JAK-STAT signaling pathway is closely involved in severe 
SARS-CoV-2 infection [84]. Therefore, we can improve the 
clinical symptoms of severe COVID-19 by inhibiting the 
JAK-STAT signaling pathway [45, 85]. Yang et al. found 

that the Toll-like receptor signaling pathway plays an im-
portant role in the pharmacological mechanism of QFPDD 
in the treatment of COVID-19 [86]. Kong found that inhibit-
ing cytokines (IL1B, IL6 and TNF) by regulating immune-
related signal pathways (such as Th17 cell differentiation) 
could reduce excessive immune response and eliminate in-
flammation [87].  

 Encouragingly, the pivotal ingredients of QFPDD can 
regulate the key pathways mentioned above by inhibiting 
the high expression of hub genes in severe cases. Quercetin 
can inhibit the expression of CXCR4 and IL1B through 
IKKβ phosphorylation inhibition and p38 MAPK inhibition 
[88]. Quercetin can also decrease the expression levels of 
IL4, IL2, IL1B, CXCL8, CXCL10, TNF and IL6 in a dose-
dependent manner [89-92]. Shionone can inhibit the expres-
sion of IL6, IL1B to achieve anti-inflammatory effects [93]. 
Berberine can effectively reduce inflammation damage by 
inhibiting ICAMI, TNF, IL6, IL1B and PTGS2 [94, 95]. 



Computational Analysis Illustrates the Mechanism of Qingfei Paidu Decoction Current Gene Therapy, 2022, Vol. 22, No. 3    285 

Moreover, luteolin can exert anti-inflammatory properties 
by inhibiting the expression of pro-inflammatory cytokines 
(IL4, IL2, TNF, IL1B, IL6 and CXCL8) and chemokines 
(CCL2, CCL5) secreted by human mast cells [96-99]. 

4.3. Repairing Lung Damage 

 Tissue damage and severe lung diseases caused by cyto-
kine storm often lead to poor prognosis. Thus, reducing in-
flammation-related lung damage is crucial for prognosis 
[100]. The increased expression level of CXCR4 causes cell 
inflammation and lung damage in severe cases [101]. Pre-
venting the high expression of IL2, IL4 and IL6 could avoid 
lung injury in COVID-19 patients [102]. Zhao et al. found 
that the therapeutic effect of QFPDD on COVID-19 is main-
ly reflected in the repairing of lung damage [103]. QFPDD 
may protect the lung from further injury by inhibiting cell 
apoptosis and pulmonary fibrosis by regulating the TNF 
signaling pathway. Berberine can reduce insulin resistance, 
endothelial damage, lung damage and cytokine storm in 
COVID-19 [104, 105]. Quercetin may cause an anti-fiber 
effect by down-regulating the expression of SPP1 [106]. 
Luteolin can effectively attenuate acute lung injury induced 
by sepsis in mice by inhibiting ICAM1 and NF-κB [107].  

CONCLUSION 

 In the present work, we analyzed the mechanism of 
QFPDD in blocking the transition of COVID-19 patients 
from mild to severe stage. By constructing the herbs-active 
ingredients-targets-disease network, we obtained ten hub 
genes, including ICAM1, IFNG, IL1B, IL6, CCL2, CXCR4, 
CXCL8, IL4, CXCL10 and IL2. By performing KEGG en-
richment analysis, we found seven pathways, namely TNF 
signaling pathway, IL-17 signaling pathway, Toll-like re-
ceptor signaling pathway, NF-kappa B signaling pathway, 
HIF-1 signaling pathway, JAK-STAT signaling pathway, 
and Th17 cell differentiation, through which QFPDD could 

block the transition of COVID-19 patients from mild to se-
vere stage. We hope this work could provide novel insights 
for the treatment of COVID-19. 

LIST OF ABBREVIATIONS 

ARDS = Acute Respiratory Distress Syndrome  
CCL2 = C-C motif chemokine 2 
CXCL10 = C-X-C motif chemokine 10 
CXCL8 = Interleukin-8 
CXCR4 = C-X-C chemokine receptor type 4 
ICAM1 = Intercellular adhesion molecule 1 
IFNG = Interferon gamma 
IKKβ = Inhibitor of nuclear factor kappa-B kinase 

subunit beta 
IL1B = Interleukin-1 beta 
IL2 = Interleukin-2 
IL4 = Interleukin-4 
IL6 = Interleukin-6 
MODS = Multiple Organ Dysfunction Syndrome 
NF-κB = Nuclear factor kappa-B 
QFPDD = Qingfei Paidu Decoction 
SPP1 = Osteopontin 
TNF = Tumor necrosis factor 
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Fig. (7). The relationship between pivotal ingredients, hub genes and significant pathways. The arrows represent association; the T-ends 
represent inhibition. Lines with different colors represent different relationships. (A higher resolution / colour version of this figure is available 
in the electronic copy of the article). 
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