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Abstract

Background Explore the possible mechanism of anti-influenza virus, based on the study of the active components-drug-target
network, Protein-Protein Interaction (PPI) network and molecular docking verification, we explored the potential action mech-
anism of TCM in Chinese protocol for diagnosis and treatment of influenza 2019. Methods Screening the active components
and potential targets of 12 drugs in the scheme by using TCMSP database, and Obtaining the target of influenza by GeneCard,
Durgbank, OMIM, TTD and PharmGkb databases. Then, constructed the “component-durg-target” network and PPI net-
work were by Cytoscape3.8.0 software. Morethan, analyzed and the biological function and pathway, verified the molecular
docking by AutoDock Vina software. Results The 12 drugs in the recommended scheme (XBCQ) for severe influenza contain
192 active components and involve 31 key antiviral targets, which may play an antiviral role through biological processes such
as lipopolysaccharide, pathogen molecular reaction and regulate signaling pathway via the IL-17, influenza A, TNF, Toll-like
receptors. Conclusion TCM play critical therapeutic roles through “multi-components, multi-targets and multi-pathways” mech-
anisms in influenza infection. The antiviral pharmacological mechanism of Xuanbai Chengqi decoction, which was analyzed by
network pharmacology and molecular docking, provide a new idea for further exploring the diagnosis and treatment of severe
influenza.

Based on network pharmacology and molecular docking to explore the Traditional Chinese Medicine anti-
influenza mechanisms: Chinese protocol for diagnosis and treatment of influenza.
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Background

Explore the possible mechanism of anti-influenza virus, based on the study of the active components-drug-
target network, Protein-Protein Interaction (PPI) network and molecular docking verification, we explored
the potential action mechanism of TCM in Chinese protocol for diagnosis and treatment of influenza 2019.

Methods

Screening the active components and potential targets of 12 drugs in the scheme by using TCMSP database,
and Obtaining the target of influenza by GeneCard, Durgbank, OMIM, TTD and PharmGkb databases.
Then, constructed the ”component-durg-target” network and PPI network were by Cytoscape3.8.0 software.
Morethan, analyzed and the biological function and pathway, verified the molecular docking by AutoDock
Vina software.

Results

The 12 drugs in the recommended scheme (XBCQ) for severe influenza contain 192 active components
and involve 31 key antiviral targets, which may play an antiviral role through biological processes such as
lipopolysaccharide, pathogen molecular reaction and regulate signaling pathway via the IL-17, influenza A,
TNF, Toll-like receptors.

Conclusion

TCM play critical therapeutic roles through “multi-components, multi-targets and multi-pathways” mecha-
nisms in influenza infection. The antiviral pharmacological mechanism of Xuanbai Chengqi decoction, which
was analyzed by network pharmacology and molecular docking, provide a new idea for further exploring the
diagnosis and treatment of severe influenza.

Epidemics of influenza typically occur during the winter months and have become a public health event
that threatens the world. According to the epidemiological model, influenza-associated respiratory mortality
are higher than previously WHO stated, about 291 243–645 832 deaths annually [1]. China government
attaches great importance to the prevention and treatment of influenza, and the National Health and Health
Commission has issued three versions of the Influenza diagnosis and treatment to promote the prevention
and treatment of influenza in recent years [2]. In this scheme, in addition to updating antiviral western
drugs, severe influenza patients are recommended for treatment on the basis of Xuanbai Chengqi decoction
based on syndrome differentiation. Xuanbai Chengqi decoction (XBCQ) originates from ”differentiation of
febrile Diseases”, The prescription is composed of ephedra, raw gypsum, almond, Anemarrhena anemarrhena,
Herba Houttuyniae, Cymbals, Radix Scutellariae, Fritillaria thunbergii, rhubarb, Radix Paeoniae Rubra and
raw licorice.

TCM has been used in Asia and even all over the world. However, because of its complex composition and
changeable prescription, it is relatively difficult to verify its mechanism by traditional experimental methods.
Therefore, there is an urgent need for new methods to systematically and comprehensively analyze the
mechanism of Chinese herbal medicine. With the rapid development of bioinformatics, network pharmacology
has become a new way to effectively reveal the molecular and pharmacological mechanisms of TCM formulae,
and it will also become a new paradigm for TCM research [3-7]. The network pharmacological studies on
the anti-influenza effects of compound Artemisia annua, Jingyin granule and Reduning injection have been
carried out [8-10].

Molecular docking is an effective and intelligent computational technique to estimate the binding affinity of
a ligand (such as drug candidate) in the macromolecular target site (receptor). Based on the structure of
active components of TCM and disease targets are clearly, molecular docking is a promising way to show
the mechanism of drug action [11, 12].

In order to obtain more accurate anti-influenza mechanisms of TCM formulae, we studied the scheme of TCM
recommended by the China National Health Commission for severe influenza patients and combined with the
methods of network pharmacology and molecular docking to provide a theoretical basis for the prevention
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and control of influenza with TCM. The findings presented in this thesis add to our understanding of TCM
for influenza.

1. Materials and methods

1.1. Active ingredients and ingredient targets collection

In Chinese medicine systematic pharmacology database and analysis platform TCMSP
(http://lsp.nwu.edu.cn/tcmsp.php), all of the chemical compositions of herbs were available. In or-
der to obtain the active ingredients of the scheme, we screening active ingredients based on absorption,
distribution, metabolism and excretion (ADME) parameters. oral bioavailability (OB)[?]30% and drug-
likeness (DL)[?] 0.18 are essential for drug screening. Targets corresponding to active components were
queried in TCMSP, then, converted target proteins into corresponding Gene names in UniProt database.

1.2. Acquisition for Influenza disease targets

Used Drugbank (https://www.drugbank.ca/) and GeneCard (https://www.genecards.org/), OMIM
(https://omim.org/), TTD (http://db.idrblab.net/ttd/), PharmGkb (https://www.pharmgkb.org/)
database and entered the keyword ”Influenza” to search for influenza-related targets. The intersection of
the active ingredient targets and the influenza related targets were the key antiviral targets of the active
ingredients.

1.3. Network construction and analysis of “active ingredients-key targets”

Active ingredients and key targets were imported to software Cytoscape 3.8.0 and constructed the ”active
ingredients-key targets” Network, and the ”Network Analyzer” function in Cytoscape was used for Network
analysis, and the important antivirus components were screened according to the Degree values.

1.4. Protein-protein interaction (PPI) Network construction and analysis

We imported the key protein into String database, defined species as human, and set confidence value[?]0.9.
The text data after organizing was imported into Cytoscape3.8.0 software to construct PPI Network, and
then applied ”Network Analyzer” function to analyze the index of Network topology, screened important
targets whose degree values were higher than average.

1.5. Biological function and pathway analysis

The ClueGO plug-in in Cytoscape3.8.0 software was used to perform GO biological function annotation and
KEGG pathway analysis on key targets and set P[?]0. 05.

1.6. Molecular docking Verification

AutoDock Vina molecular docking software could be used to predict the possible molecular interaction
between a target protein and a small molecule. According to the important components in the “Active
ingredients - Key targets” network and the durg target proteins in the PPI network, the docking effect
between the active ingredients and the key targets was evaluated by AutoDock Vina molecular docking
verification.

2. Results

2.1. Drug and disease-related genes

We obtained 192 active components of 12 herbs (except gypsum) from TCMSP. And then we got 242 targets
of active ingredients (Table 1) and 229 influenza-related targets (Figure 1). 31 key targets (figure 2) were
obtained after the duplicative terms deleting by Venn diagram.

2.2. Construction and Analysis of ”Active Ingredients - Key Targets” Network

Network diagram (Figure 3) of antiviral “Active ingredients - Key targets” was constructed in Cytoscape 3.8.0
software with 192 active ingredients corresponding to 12 traditional Chinese medicines and 31 targets (Table

3
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2). The network diagram involves 188 nodes and 364 edges, among which the circle represents the active
ingredients and the rectangle represents the key target points. In terms of degree evaluation, 10 important
ingredients were screened, including quercetin, luteolin, kaempferol, wogonin, aloe-emodin, naringenin and
etc. The ingredients with high degree values may be the key antivirus ingredients (Table 3).

2.3. PPI network construction and analysis

31 key target proteins were imported to String database, defined species as human, set confidence value[?]0.9,
and PPI network (figure 4) was built in Cytoscape software. The network involves 24 nodes which represent
targets and 61 sides which represent interaction between proteins and proteins. And the sizes and colors of
the nodes express Degree values. Degree values grow from small to large, so do the nodes. Degree values of
11 target proteins are higher than the average, among which, JUN, CASP8, MAPK1, IL1B’s degree values
are relatively high, which indicates a strong interaction with other proteins. Therefore, these predictive
proteins play an important role in the network.

2.4. Biological function and pathway analysis

In Cytoscape 3.8.0 software, ClueGO plug-in was applied to GO biological function annotation and KEGG
pathway analysis on 31 key targets. The bar chart of visual analysis was obtained after setting P[?]0.05.
As shown in Figure 5, GO analysis revealed that they were significantly enriched in the following biological
processes, including response to lipapolysaccharide, molecule of bacterial origin, tumor necrosis factor. Cel-
lular component analysis showed that membrane raft, membrane microdomain and membrane region were
common classifications. In terms of molecular functions, they were mainly associated with cytokine receptor
binding, cytokine activity, receptor ligand activity, signaling receptor activator. In addition, the pathways
enrichment terms were shown by KEGG database. As shown in Figure 6, KEGG pathways included IL-
17 signailing pathway, hepatitis B, influenza A, Chagas disease, TNF signaling pathway, toll-like recptor
signaling pathway.

2.5. Molecular docking verification

We selected ingredients with rich contents such as quercetin, luteolin, naringin, and the first four key targets
JUN, CASP8, MAPK1 and IL-1B in PPI network. Targets crystal structure files were downloaded from PDB
database, and water molecules and ligand molecules were removed by Pymol software. From the Protein
Data Bank (PDB) database, 1JNM, 1QDU, 5LCK and 9ILB were identified as the protein structures of
the four key targets highlighted above for molecular docking experiments. The Grid Box parameters in
AutoDockTools were set as following: JUN, grid center 40 40 40, NPTS 10.2 0.5 19.5, spacing 1.0; IL1B,
grid center -15.8 13.5 -1.6, number of points in xyz (NPTS) 40 40 40, spacing 1.0. CASP8 and MAPK1
are dimers and trimers, their active pockets are highly conserved. The docking conditions were similar after
20 times docking and binding energy was used as an important criterion for constituents screening (Table
4). Then we uploaded the structure files of target proteins and quercetin, luteolin, naringin respectively in
AutoDock Vina online software. The molecular docking results are shown in Table 4. The closer the protein
binds to small molecules, the lower the Full Fitness values are. The results show that the three components
can dock with target proteins JUN and IL-1b (Figure 7).

Disscousion

Influenza is an acute respiratory infectious disease that threatens human beings, which does great harm to
high-risk groups in the epidemic season, so it is of great significance to protect severe influenza high-risk
groups and actively treat critical influenza patients. In addition to active immunity, the action mechanism of
western medicine has been relatively clear, such as oseltamivir, zanamivir and Arbidol. Traditional Chinese
medicine is a cultural treasure of Chinese medicine, which has played an important role in the prevention
and treatment of influenza in recent years. However, due to the theory of syndrome differentiation of TCM
and human treatment, the treatment of TCM is complicated. With the improvement of the separation and
extraction technology of monomer components of TCM, the effective components of TCM are gradually
defined, supplemented by the deepening of basic research of TCM and the development of biological infor-
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. mation. The application of network pharmacology provides a new method for us to predict the potential
targets of the effective components of TCM.

Our study shows that the first five active ingredients of XBCQ are quercetin, luteolin, kaempferol, wogonin
and aloe emodin. Among the top five active components of Jingyin granulep [13], four coincide with them,
and two overlap with the first five of compound Yizhihao [14], which indirectly shows that the three groups
have much in common in antiviral active ingredients. The basic research of its monomer against influenza
virus has been verified at the different cell types and animal model.

Quercetin is a kind of polyphenols derived from plants, which has anti-inflammatory, anti-viral and anti-
cancer activities [15-17]. Theremore, protein–chemical interactions suggest quercetin as promising drug
candidates against COVID-19 as well as other SARS-like viral infections [18]. A strong relationship between
quercetin and influenza has been reported in the literature. Wu W found that quercetin a broad-spectrum
inhibitor of viral infection, including H1N1, H3N2, H5N1.Quercetin interaction with the HA2 subunit and
inhibit the entry of the H5N1 virus, which indicates that quercetin acts as an inhibitory in the early stage
of infection [19]. These results corroborate the findings of a great deal of the previous work in quercetin
against influenza.

Luteolin is a common flavonoid, ranging from scavenging free radicals, anticancer activity to anti-influenza
activity. there study show that luteolin is most effective inhibitor to influenza via establishment and veri-
fication of a screening method based on AlphaScreen technique[20].Yan H found that luteolin inhibits the
expression of coat protein I complex, which is related to the entry and endocytosis pathway of influenza
virus. Its antiviral effect is consistent with previous studies, indicating that the antiviral effect of the ef-
fective ingredient of the prescription has a certain theoretical basis [21]. Luteolin inhibited the production
of TNF-α and IL-6 in a dose-dependent manner, and shortened the half-life of TNF-α and IL-6mRNA [22].
It has also been reported that luteolin significantly reduced the production of intracellular reactive oxygen
species induced by TNF-α in a dose-dependent manner [23]. Luteolin affects the MAPK pathway, which can
be demonstrated by the observation of IL-1 β-induced inhibition of cJunN terminal kinase and p38 kinase
activation in SW982 cells. Luteolin treatment also inhibited IL-1 β-induced AP-1 nuclear translocation [24].
Luteolin also protects mice from lipopolysaccharide-induced acute lung injury by inhibiting the expression of
TNF-α, IL-6, and COX-2. Luteolin down-regulates LPS-induced leukocyte influx into alveolar space [25]. It
was found that luteolin attenuated LPS-induced acute lung injury by inhibiting NF-KB and MAPK pathways
[26].

In the protein interaction network, the key gene JUN is a transcription factor which is essential for cellular
growth and proliferation, across the cell cycle, self-renewal, metabolism and survival processes. Here, Studies
have demonstrated that JUN contributes to fibrotic disease not only by increasing activity through pro-
fibrotic programs, but also by influencing the host’s overall immune response [27, 28]. Promotes activity of
NR5A1 when phosphorylated by HIPK3 would increas steroidogenic gene expression upon cAMP signaling
pathway [29]. CASP8 is related to many human diseases. It produces a variety of transcripts and has
some non-apoptotic functions, such as regulating the proliferation and differentiation of NK cells and B
cells [30]. CASP8 is not only a necessary protease for the exogenous pathway of apoptosis, but also a
negative regulator of necrosis [31]. Interleukin-1β (IL-1β) is an important immune cytokine responsible for
inflammation, such as influenza or coinfection bacterica. It is related to the severity of infection disease.
All patients with H1N1 infection significantly higher levels of IL-1β and IL-6 than lower respiratory tract
infections (LRTI), H1N1 virus infection induces significant upregulation of both interleukins IL1β and IL-6
plasma expressions.[32] IL-1β and interleukin-17A (IL-17A) are key mediators of neutrophilic inflammation
in influenza-induced chronic lung inflammation. Blocking of IL-17A or IL-1 resulted to a virtual abrogation of
neutrophil recruitment in the initial phase of infection. IL-17A and IL-1β are potential targets for treatment
of viral exacerbations [33]. Previous studies have demonstrated that NLRP3 inflammasome regulated IL-1β
activation during coinfection, which increases the amount of pro-IL-1β substrate for the inflammasome to
process [34]. There KEY Targets responses to lipapolysaccharide, molecule of bacterial origin, tumor necrosis
factor biological processes. The small-molecule anti-influenza therapeutic durgs be classified four-category
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. currently: primary, neuraminidase inhibitors oseltamivir and zanamivir, which prevent release of nascent
virions. Secondary, amantadine and rimantadine, which are M2 ion channel inhibitors. Tertiary, avipirovir
and baloxavir, which act on transcription and replication of viral RNA. Quartic, Arbidol has been shown to
increase influenza virus HA stability and prevent the low pH-induced HA transition to its fusogenic state.
Our study shows that component targets were mainly associated with cytokine receptor binding, cytokine
activity, receptor ligand activity, signaling receptor activator in biological processes [35].

The IL-17 family is a subset of cytokines composed of IL-17A-F and plays an important role in both acute
and chronic inflammatory responses. Many studies have revealed that delayed clearance of viral load and
marked cytokine activation in severe patients of H1N1 virus infection. The IL-17 family signals through
its corresponding receptors and activates downstream pathways including NF- κ B, MAPK and C/EBP to
induce the expression of antimicrobial peptides, cytokines and chemokines. In the study of H5N1-infected
mice, it was found that IL-17 played a protective role in the process of adaptive immunity of ”cytokine
storm” and virus clearance [36]. IL-17 has been shown to be protective in severe pandemic influenza,
indicating the existence of imbalanced pro-and anti-Th17 responses during this disease [37]. IL-17 deficiency
or treatment with monoclonal antibodieswould alleviat acute lung injury induced by the H1N1 virus in
mice[38]. In contrast, other groups have showed that IL-17 just played a pathogenic role by recruiting
neutrophils to the site of inflammation [39]. IL-17 may act as a ‘double-edged sword’ and contributes to
pulmonary immunopathology [40-42]. The TNF-α and NF-κB pathways are central regulators of immune
responses, cell survival, and apoptosis, and are modulated by pathogens for their survival. Interference with
TNF-α signaling exclusively in distal airway epithelial cells resulted in abrogation of CD8+ mediated lung
injury and viral clearance [43, 44].

Molecular docking has been used in drug screening of influenza Neuraminidase Inhibitors [45-48]. Our
molecular docking studies based on TCM compounds against known protein targets to treatment influenza.
Among the four targets chosen for molecular docking experiments, JUN、CASP8、MAPK1 were reported
as key gene in signaling pathway mentioned above. Quercetin, luteolin and naringenin were successful docked
to JUN target proteins with a high binding energy. It showed that Quercetin, luteolin and naringenin could
bind to JUN, and then inhibited influenza through multi-components, multi-targets and multi-pathways.
These findings validate the reliability of the active ingredients screened by network pharmacology and their
interaction with influenza targets.

Conclusion

Network pharmacology has gradually become a research method of disease treatment mechanism and drug
screening of TCM. It combines system biology, pharmacology, bioinformatics and other multi-disciplinary
knowledge, and is a new paradigm of TCM research. Molecular docking technology is an effective supplement
to validate candidate drugs. In this study, we analysis the effective components of Xuanbai Chengqi decoc-
tion, there potential gene targets against sever influenza and signal pathways potentially, and predicted
action mechanismin of TCM by molecular docking. It shows that the antiviral effect of severe influenza
with Xuanbai Chengqi decoction plays an anti-influenza role through multi-components, multi-targets and
multi-pathways. Season flu coupled with continued COVID-19 outbreaks could increase people’s risk of fatal
illness. Face to twindemic, Network pharmacology which provided a critical theoretical basis and methods
for the treatment of influenza with TCM. We should take all our efforts to share the wealth of TCM and
mining the potential therapeutic targets to fight the worldwide epidemic.
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Figure Legends

Fig1 Venn diagrams for influenza target. Based on Drugbank ,GeneCard, OMIM, TTD, PharmGkbdatabase,
229 influenza-related targets were found.

Fig2 Venn diagrams for the co-target between 242 targets of active ingredients and 229 influenza-related
targets. 31 key targets were obtained after the duplicative terms deleted.

Fig3. Network diagram between active components and target genes. The circle hexagon nodes represent the
active components, the blue hexagon nodes represent the target genes. Nodes size are proportional to their
degree.

Fig4. PPI network construction and analysis. PPI network of the co-expressed genes. The PPI network was
constructed via the Search Tool for the Retrieval of Interacting Genes online, degree values of 11 target
proteins are higher than the average for further analysis.

Fig5.Top 10 GO enrichments in BP,CC,MF (Fig 5) GO enrichment. X-axis is enrichment gene ratio, Y-axis is
biological process, molecular function and cellular component analysis. Color represents the adjusted p-value,
the bluer the color, the smaller the adjusted p-value.

Fig6. KEGG pathway enrichment and top 30 KEGG pathways annotation. (Fig 6). X-axis is enrichment
gene count, Y-axis is KEGG pathway, and the color of bar chart represents the adjusted p-value.

Fig7.The docking complex of four targets and their strongest binding components. the active site residues
are shown. JUN(7A-7C). ILIB (7D-7F).
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