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A B S T R A C T

Objective: To explore the molecular mechanism of Banxia -Chenpi in the treatment of cough variant asthma with
phlegm evil accumulation lung syndrome based on network pharmacology and molecular docking technology.
Methods: TCMSP database was used to screen the active ingredients and targets of Banxia-Chenpi. GeneCards,
OMIM and PharmGKB databases were used to obtain the targets of cough variant asthma. Cytoscape 3.9.1
software was used to construct the “couplet medicines-active ingredients-targets” network and screen key in-
gredients according to the degree value. The protein–protein interaction data were obtained from the STRING
database and core targets were screened by Cytoscape plugin cytoNCA. The core targets conduct GO and KEGG
pathway enrichment analyses in the David database. Molecular docking technology was used to verify the binding
energy between key ingredients and core targets.
Results: There were 16 active ingredients and potential 118 targets in Banxia-Chenpi,2429 cough variant asthma
targets, and 72 intersection targets. The key ingredients of the Banxia-Chenpi in treating cough variant asthma
were nobiletin, baicalein, naringenin, stigmasterol, beta-sitosterol and coniferin. The core targets of the Banxia-
Chenpi for CVA treatment were FOS, MMP9, AKT1, CASP3, TP53, JUN and VEGFA. The molecular docking results
indicated key ingredients and core targets of the Banxia-Chenpi in CVA treatment had a good binding affinity.
Conclusion: Active ingredients maybe act on MMP9, AKT1, VEGFR and FOS to reduce eosinophils and neutrophils
accumulation, dissolve phlegm, alleviate airway inflammation, and reduce airway resistance and hyper-
responsiveness for treating CVA. This study provides a reference for clinical medication and subsequent research.
1. Introduction

Cough variant asthma (CVA) is a particular type of asthma with the
characteristic of chronic, repetitive and irritating dry cough. Cough oc-
curs at night and in the early morning, generally without apparent
wheezing, shortness of breath and other characteristics, easy to be
confused with upper respiratory tract infectious diseases. Improper
treatment or prolonged disease course can be transformed into refractory
asthma.1 Current therapies for CVA are generally the same as common
respiratory illnesses, along with bronchodilators, glucocorticoid drugs,
antihistamines, and leukotriene receptor antagonists.2 Although there is
a specific effect, most drugs may result in multiple side effects and
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withdrawal symptoms that coincide with a recurrence of the disease.3

In recent years, the evidence for evidence-based that traditional
Chinese medicine (TCM) in the treatment of CVA in children has been
increasing yearly. Multiple systematic reviews have shown that TCM has
efficacy and safety in the treatment of CVA.4,5 Traditional Chinese
medicine classifies cough variant asthma into the categories of "wind
cough" and "wheezing cough." It is primarily due to congenital deficiency
in children, dampness generating phlegm, phlegm drinking remaining in
the lung collars, internal and external evil causes the disease, lung qi
upturn, resulting in frequent cough.6TCM treatment of cough variant
asthma is divided into internal and external treatment. Erchen decoction
is the ancestral prescription of expectorant, which comes from the
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prescription of peaceful benevolent dispensary; it can eliminate damp-
ness, resolve phlegm, and regulate qi-flowing for the harmonized stom-
ach. Banxia-Chenpi (BXCP) is commonly couplet medicines with the
efficacies of relieving cough and eliminating phlegm, which are monarch
medicines in the prescription of eliminating dampness and resolving
phlegm. We constructed a couplet medicines-active ingredient–target
interaction network based on network pharmacology (NP) analysis and
molecular docking (MD) simulations. To provide a theoretical founda-
tion, we illustrated the possible mechanism of BXCP in treating CVA. A
workflow chart is shown in Fig. 1.

2. Method

2.1. Screening of active ingredients and predicted target genes of BXCP

The chemical ingredients of BXCP were obtained in the Traditional
Chinese Medicine Systems Pharmacology Database and Analysis Plat-
form7 (TCMSP), and the active ingredients were screened according to
oral bioavailability (OB) �30% and drug-likeness (DL) �0.18 of key
ADME property values. The target genes of active components of BXCP
were obtained in TCMSP and the Swiss Target Prediction database,8 and
the predicted target name was standardized in Uniprot database9 by
using Perl (5.30.0). The predicted target will be deleted if the target is
another species gene or has no corresponding relationship.

2.2. Screening of CVA disease genes

Using the keyword "cough variant asthma in children," disease genes
were obtained from the GeneCards,10 OMIM,11 DisGeNET12 and
PharmGKB13 databases. Venn diagram plotting software (Venny 2.1.0)
was used to take the union set of disease genes in different databases, and
all redundant values were deleted.

2.3. Potential targets of the couplet medicines BXCP in treating CVA

The targets of the active ingredients of couplet medicines and CVA-
related targets were imported into Venny 2.1.0. The intersectional set
was taken as potential targets of BXCP in treating CVA.

2.4. Constructing of couplet medicines-active ingredients-targets network
and screening of key ingredients

The active ingredients corresponding to the intersectional targets
were mapped by Perl software. The obtained network and attribute files
were imported into Cytoscape (3.9.1) to construct the "couplet
medicines-active ingredients-targets" network of BXCP to treat CVA to
Fig. 1. Workflow chart of BXCP for the treatme
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visualize the results. Key ingredients were screened according to the
degree value in topology analysis.

2.5. Constructing a PPI network and screening the core targets of BXCP in
the treatment of CVA by topological analysis

The function of proteins depends on protein–protein interaction.
STRING 11.514 is a database used to search for known and predicted
interactions between proteins. STRING database covers the most signif-
icant number of species, the most considerable amount of interaction
information, reliable data sources and the latest version compared with
other databases. The intersectional targets of active ingredients and
disease were imported into the STRING database to construct a PPI
network model. Biological species set to "Home sapiens"; the confidence
>0.4, unconnected nodes were hidden. Keep the default settings for other
parameters. TSV format file was downloaded of PPI network data to
construct the PPI network with Cytoscape 3.9.1 software. To screen out
the core genes of BXCP in the treatment of CVA by Cytoscape plugin
cytoNCA15 was applied to topology analysis of the PPI network, and
Degree (DC), Betweenness (BE), Closeness (CC), Eigenvector (EC), Local
Average Connections-based (LAC) and Network (NC) were used as
evaluation parameters. The filter conditions were set to screen core tar-
gets as all parameter scores � median.

2.6. Enrichment analysis of biological processes in gene ontology

GO enrichment is a way of summarizing the functions and types of
genes that are differentially expressed. The following properties are
described for gene products: Biology Process (BP) shows a set of molec-
ular functions, with a defined beginning and end, make up a biological
process; Molecular Function (MF) describes the function carried out by
the gene; cellular component (CC) describes where in a cell a gene acts,
what cellular unit the gene is part of. The purpose of importing core
targets into the DAVID database16 for GO enrichment analysis is to show
the influence of a given gene set on some functions is targeted rather than
random, which is of great significance to reveal the molecular biological
mechanism.

2.7. Kyoto encyclopedia of genes and genomes (KEGG) pathway
enrichment analysis

KEGG Pathway Enrichment Analysis is a database jointly developed
by the University of Tokyo and Kyoto University. It is also the most
widely used metabolic pathway public database. KEGG pathway
enrichment analysis of core targets was performed using the Cluster-
Profiler package in R language (version 3.16).
nt of CVA based on network pharmacology.



Fig. 2. Venn diagram showing the relation of targets of the active ingredients of
BXCP with CVA-related targets.
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2.8. Constructing the couplet medicines-key ingredients- core targets-
pathways network

To clearer understand the complicated interactions among in-
gredients, the corresponding targets and signal pathways, the key
ingredients-core targets-pathways network was established based on the
filtered key ingredients, core targets and pathways associated with CVA
by topological analysis. The corresponding data was imported in Cyto-
scape 3.9.1 to plot the network and topology analysis.

2.9. Molecular docking simulations

The combination of key ingredients and core targets was evaluated
and validated using molecular docking methods, referring to methods
applied in published studies. The 2D structure of the active ingredients
was obtained from the PubChem database,17 and transform 2D structures
into 3D structures with minimal free energy with the help of Chem3D
14.0.0.17 software. The protein 3D structure was obtained from the PDB
database18(http://www.rcsb.org).AutoDock 4.2 software was used to
process proteins as follows: separate protein, add non-polar hydrogen
and determine the size and coordinates of its active pocket. AutoDock
Vina 1.2.0 software was used to calculate the binding position and en-
ergy. Visualize the results of molecular docking analysis using PyMOl
2.3.0 software to obtain two-dimensional and three-dimensional images
and docking details.

3. Results

3.1. Active ingredients and targets of the BXCP

After screening in the TCMSP database, correcting based on the
Uniprot database, and removing the nonhuman targets and duplicates,
there were 11 ingredients and 83 targets for Banxia, 5 ingredients and 61
targets for Chenpi. A total of 16 active ingredients and 118 targets after
removing redundant targets.

3.2. Screening of CVA target genes

In total, 2213 related targets were obtained from the GeneCards
database(relevant score�1 has been deleted),191 from the OMIM data-
base, 98 from the PharmKGB database and no target from the DisGeNET
database. After deleting the redundant genes, a total of 2429 CVA-related
genes were acquired.

3.3. Potential targets of the BXCP in treating CVA

The screened drug targets were intersected with the disease targets，
and after mapping, 72 intersectional targets between BXCP couplet
medicines and CVA were obtained, which were imported into Venny 2.1
to plot the Venn diagram(Fig. 2). The left circle shows 118 targets of
BXCP after the screening, whereas the right panel exhibits 2429 CVA-
related targets and genes. The intersecting section represents the 72
common targets. These targets were considered candidate drug targets in
CVA treatment and subsequently subjected to PPI network analysis.

3.4. The “couplet medicines-active ingredients-targets” network and result
of screening key ingredients

The couplet medicines-active ingredients-targets network was con-
structed with 90 nodes and 146 edges (Fig. 3). Active chemical in-
gredients were screened according to the degree value in topology
analysis, with a higher degree value indicating the higher importance of
ingredients. By analyzing the network, the six ingredients with the
highest degree values (＞quadruple the median) were screened for sub-
sequent analysis and discussion(Table 1). The ingredient with the highest
degree value was nobiletin, followed by baicalein, naringenin,
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stigmasterol, beta-sitosterol and coniferin. These may be key ingredients
of the BXCP couplet medicines in the treatment of CVA and also presents
the “multicomponent and multitarget” synergistic characteristics of
traditional Chinese medicine in treating CVA.

3.5. The PPI network and result of screening core targets of BXCP in
treating CVA

The intersection targets were imported into the STRING database for
online PPI analysis. The PPI interaction network had 72 nodes and 686
edges, the average node degree value was 19.1, and the average local
clustering coefficient was 0.641. Topology analysis of the PPI network
was conducted by Cytoscape plugin cytoNCA. Betweenness, Closeness,
Degree, Eigenvector, LAC and Network were used as evaluation param-
eters. The filter conditions were set as all parameter scores � median
score. 22 targets were screened after the first topology analysis and
established the subnetwork. After the second topology analysis, 7 targets
(CASP3、JUN、TP53、VEGFA、FOS、MMP9 and AKT1) were screened
which use the same filter conditions as the first time (Fig. 4). These 7
targets were considered the core targets of BXCP in treating CVA.

3.6. GO enrichment analysis

The core targets were subject to GO functional analysis based on the
DAVID database. A total of 92 items were obtained by GO enrichment
analysis, including 65 BPs, 8 CCs and 19 MFs. These GO terms were
sorted according to the P value. The top 10 terms from each category
were screened as significant functional annotations, and the bubble chart
was plotted, as shown in Fig. 5, where the ordinate represents the GO
item description and abscissa indicates the gene ratio, the colored dot
indicates the P.adjust value (the redder the color, the lower the P value),
the count is expressed by dot size. The main enriched BPs included the
response to drug, regulation of the apoptotic process, response to ethanol
and cadmium ion, positive regulation of endothelial cell proliferation,
cellular response to hypoxia and reactive oxygen species. CCs main
enriched in the nucleus, nucleoplasm and transcription factor complex.
The main enriched MFs were transcription coactivator binding, steroid
hormone receptor activity, protein homodimerization activity, steroid
binding, enzyme binding, transcription factor binding and activity.

3.7. KEGG pathway enrichment analysis

The core targets were subjected to KEGG pathway enrichment anal-
ysis. It was found that 7 core target genes significantly enriched in 54

http://www.rcsb.org


Fig. 3. “Couplet medicines-active ingredients-targets” network analysis diagram (blue represents common targets, violet represents Banxia ingredients and yellow
indicates Chenpi ingredients).

Table 1
The degree values of key ingredients.

MOL ID Name Source Degree

MOL005828 Nobiletin Chenpi 24
MOL002714 Baicalein Banxia 23
MOL004328 Naringenin Chenpi 21
MOL000449 Stigmasterol Banxia 18
MOL000358 Beta-sitosterol Banxia 13
MOL000519 Coniferin Banxia 12
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signaling pathways（P＜0.05). The top 20 pathways were selected, as
shown in Table 2. Most of these signaling pathways are associated with
infectious diseases. By referring to relevant domestic and overseas liter-
ature, the pathways associated with cough variant asthma and remark-
able enrichment include the IL-17 signaling pathway, TNF signaling
pathway, MAPK signaling pathway and Toll-like receptor signaling
pathway. The result indicates that the effects of BXCP on CVA are
mediated by the above pathways, among which the IL-17 signaling
pathway has the most significant impact.
3.8. TO construction the “couplet medicines-key ingredients-core targets-
pathways” network

Based on integrating the relationships between BXCP couplet
99
medicines, key ingredients, core targets and related pathways, we ob-
tained 6 key ingredients,7 core targets,7 related pathways. The corre-
sponding data were imported into Cytoscape 3.9.1 to construct the
“couplet medicines -key ingredients-core targets-pathways” network is
shown in Fig. 6. By analyzing the network, stigmasterol and coniferin
have no corresponding core targets and baicalein corresponds to more
core targets. There were 13 lines between key ingredients and core tar-
gets, representing potential relationships that need to be validated by
molecular docking technology. In pathways associated with CVA, the
MAPK, TNF and IL-17 signaling pathways had close connections with
core targets.

3.9. Molecular docking results

Molecular docking technology calculated the affinity between the top
six key ingredients with the highest degree value and the screened core
targets. The ligand-receptor's binding energy is lower, indicating more
stable binding. The binding energy � -5.0 kcal/mol shows that they can
be combined, and �-7.0 kcal/mol demonstrated good affinity.19 The
results showed that the binding energy of 12 molecular dockings was less
than �6.7 kcal/mol, showing good binding ability (Table 3). AKT1 had
high affinity with baicalein and naringenin. In addition, MMP9 also had
relatively high docking efficiency with baicalein (Fig. 7).



Fig. 4. PPI network and screen the core targets.

Fig. 5. Bubble chart showing Go functional annotations of BXCP in treating CVA.
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Table 2
Pathways enriched among the core targets of BXCP in treating CVA.

Pathway
Classification

Pathway Item
Description

The
number of
targets
mapped to
the
pathway

The
number
of genes
in the
pathway

P.adjust

Cardiovascular
disease

Fluid shear stress and
atherosclerosis

6 139 7.38*10�7

Infectious
disease: viral

Hepatitis B 6 162 8.00*10�7

Infectious
disease: viral

Kaposi sarcoma-
associated
herpesvirus infection

6 194 1.32*10�6

Cardiovascular
disease

Lipid and
atherosclerosis

6 215 1.37*10�6

Pathways in
cancer

Pathways in cancer 7 531 1.37*10�6

Cancer: specific
types

Colorectal cancer 5 86 2.66*10�6

Drug resistance:
antineoplastic

Endocrine resistance 5 98 3.87*10�6

Signal
transduction

MAPK signaling
pathway

6 294 3.99*10�6

Signal
transduction

TNF signaling
pathway

5 112 5.16*10�6

Endocrine
system

Relaxin signaling
pathway

5 129 8.20*10�6

Cancer: specific
types

Apoptosis 5 136 9.22*10�6

Infectious
disease: viral

Measles 5 139 9.22*10�6

Cancer:
overview

Proteoglycans in
cancer

5 205 4.03*10�5

Immune system IL-17 signaling
pathway

4 94 1.95*10�4

Endocrine and
metabolic
disease

AGE-RAGE signaling
pathway in diabetic
complications

4 100 2.19*10�4

Endocrine
system

Estrogen signaling
pathway

4 138 5.38*10�4

Cancer: specific
types

Breast cancer 4 147 6.12*10�4

Endocrine and
metabolic
disease

Non-alcoholic fatty
liver disease

4 155 6.77*10�4

Infectious
disease: viral

Epstein–Barr virus
infection

4 202 0.00141

Infectious
disease: viral

Human
immunodeficiency
virus 1 infection

4 212 0.00147
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4. Discussion

4.1. Theoretical evidence with relevant mechanisms of BXCP in treating
CVA

CVA was one of the main causes of chronic cough in Chinese children
(especially school-age children), accounting for 41.95%,20 significantly
impacting children's life and study. It's easy to develop into typical
asthma if improperly treated.21,22 Traditional Chinese medicine can
effectively treatment for CVA with a long history, solid theoretical
foundation and abundant clinical experience. Many clinical studies have
proved the curative effect on preventing and treating CVA. Guideline for
clinical diagnosis and treatment of pediatrics of traditional Chinese
medicine cough variant asthma in children(formulation)23 recom-
mended that the modified Erchen Decoction treat cough variant asthma
in children with phlegm evil accumulation lung syndrome (remission
period). This prescription has the function of regulating qi-flowing for
strengthening the spleen and eliminating phlegm. Modern pharmaco-
logical studies have indicated that BXCP has various effects on cough
suppressing, phlegm resolving,24,25 anti-inflammatory26,27 and
101
antioxidant.28,29

4.2. Possible mechanism of active ingredients in BXCP treat CVA

The pathogenesis of cough variant asthma and asthma is basically the
same, and nonspecific airway inflammation and hyperresponsiveness are
the most significant pathological features. The inflammatory response of
cough variant asthma in children is dominated by EOS infiltration, which
is related to CVA severity. The degree of EOS infiltration determines
whether the child develops classic asthma.30In human synovial fibro-
blasts, tangerine showed obvious anti-inflammatory, antiviral effects and
immunomodulatory. Its main manifestations are the gene expression of
the inflammatory factor IL-1, the downregulation of the precursors of
MMP-1 (matrix metalloproteinase 1) and MMP-3 (matrix metal-
loproteinase 3). Nobiletin enhances the production of endogenous MMP
inhibitors, and its anti-inflammatory mechanism is similar to
dexamethasone.26

Further, it is a consensus that AHR is ultimately determined by the
contraction of airway smooth muscle (ASM) cells.31 The biomimetic in
vitro respiratory system using smooth muscle cells on an ECIS chip
indicated that nobiletin could effectively inhibit the ASM contraction in a
concentration-dependent manner.32 Naringenin has been reported to
improve asthma symptoms by regulating oxidative stress and inflam-
matory response.33,34 Naringenin can affect the expression of down-
stream target MAPK and PI3K-Akt by inhibiting the production of
reactive oxygen species (ROS) and the expression of EGFR, inhibit the
transcription of NF-κB into MUC5AC mucin in the downstream effector,
reduce the symptoms of airway mucus hypersecretion, and play a
phlegm-reducing role.35 Various disease models have demonstrated the
flavonoid compound baicalein with antioxidant and anti-inflammatory
effects.36 In an experiment, baicalein(30 μM) inhibited the production
of cytokines, IL-6, IL-8 andMCP-1 in IL-1β- and TNF-α- stimulated culture
of the HMCs through suppression of the NF-κB activation and IκBα
phosphorylation and degradation of IκBα. Baicalein may be an effective
chemical ingredient in treating allergic and asthmatic diseases in humans
via the regulation of NF-κB activity.37 Recent studies have found that
baicalein can significantly inhibit airway inflammatory response and
mucus hypersecretion induced by PM2.5 in rats. The mechanism is
related to baicalein inhibiting the mRNA and protein expression of
STAT6 and NF-κB in tracheal tissue and inhibiting the activation of the
STAT6/NF-κB signaling pathway.38 The stigmasterol mechanism in
asthma inhibits oxidative stress and inflammation response in
IL-13-induced BEAS-2B cells and asthma mice by activating neurokinin-1
(NK-1R).39NK strongly affects airway smooth muscle tension, bronchial
circulation, airway secretion, inflammatory and immune cells by acti-
vating NK-1R and NK-2R. Therefore, NK-1R is essential in human res-
piratory diseases such as asthma and chronic obstructive disorders.40

Recently, the effect and mechanism of beta-sitosterol on allergic asthma
have been reported. Beta-sitosterol could alleviate airway inflammation
and oxidative damage in OVA-induced allergic asthma rats. Its mecha-
nism might be related to the regulation of beta-sitosterol on Th17/Treg
immune imbalance and oxidative stress response.41In addition,
beta-sitosterol may improve symptoms in rat models of asthma by
regulating dendritic cells to suppress inflammation.42

4.3. Core targets and pathways of BXCP in treating CVA

The biological processes of 92 in GO enrichment analysis showed that
reactive oxygen species, carbon monoxide biosynthesis, DNA damage
and apoptosis were related to the occurrence and development of CVA.
KEGG enrichment analysis showed that BXCP treatment of CVA mainly
involved the IL-17 signaling pathway, TNF signaling pathway and MAPK
signaling pathway. Among the core targets of PPI network topology
analysis, MMP9, AKT1 and VEGFA are closely related to the NF-κB
signaling pathway, among which MMP9 is thought to be involved in
collagen deposition in the airway wall, leading to airway stenosis.43 It



Fig. 6. The couplet medicines-Key Ingredients-Core Target-Pathway Network.

Table 3
The affinity of key ingredients and core targets.

Key Components Core Targets Affinity (kcal/mol)

Nobiletin MMP9 �6.8
Nobiletin JUN �7.9
Nobiletin TP53 �7.9
Baicalein FOS �6.8
Baicalein MMP9 �10.0
Baicalein VEGFA �6.7
Baicalein AKT1 �10.2
Baicalein CASP3 �7.1
Baicalein TP53 �8.6
Naringenin AKT1 �9.5
Naringenin CASP3 �7.4
Beta-sitosterol JUN �9.3
Beta-sitosterol CASP3 �6.9
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was found that baicalein inhibited the expression of MMP9 and collagen I
induced by OVA. It was further helpful in inhibiting extracellular matrix
(ECM) deposition and fibrosis. It validated that baicalein could effec-
tively reduce OVA-induced eosinophilic airway inflammation, excess
mucus, airway remodeling and AHR by inactivating the NF-κB
pathway.44

4.3.1. Summarizes the role of various MAPK signaling pathways in the
pathogenesis of CVA

Classical mitogen-activated protein kinase (MAPK) pathway activa-
tion begins at the cell membrane, where small GTPases and various
protein kinases phosphorylate and activate MAPKKKs. Subsequently,
MAPKKKs directly phosphorylate MAPKKs, which, once activated,
phosphorylate MAPKs. The MAPK signaling pathway regulates many
cellular processes, including inflammation, cell stress response, cell dif-
ferentiation, cell proliferation, metabolism, motility and apoptosis.
Medicines can effectively reduce inflammatory response by inhibiting
upstream protein expression in theMAPK signaling pathway. The activity
of the MAPK signaling pathway was significantly enhanced in the asthma
model.45MAPK, especially p38 and ERK1/2 play a significant role in
eosinophil differentiation and activation.46ERK1/2 is important for
eosinophil priming, degranulation, locomotion, cytokine, and leuko-
triene production.47 Increased ERK1/2 activation and mediator release
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have been observed in eosinophils recovered from the airways of asth-
matic subjects.48 ERK is significantly involved in the remodeling of
asthmatic airways, and its activity encompasses several layers of the
bronchial wall. In particular, ERK activation appears to be crucially
implicated in the disruption of airway epithelial barrier integrity,
induced by pro-inflammatory cytokines.49P38 activation is mediated by a
phosphorylation cascade triggered by specific MAPKKKs including
apoptosis signal-regulating kinases 1/2 (ASK1/2) and TGF-β-activated
kinase 1(TAK/1), that phosphorylate MAPKKs MKK3/6 and MKK4,
which in turn catalyze the phosphorylation-dependent activation of p38
MAPK.50 As a result of this sequential process, p38 can phosphorylate
MAPKAPK2 (MK2). By phosphorylating two critical serine residues
(Ser-52 and Ser-178), MK2 inactivates tristetraprolin. This regulatory
protein exerts relevant anti-inflammatory effects via destabilizing several
mRNAs transcribed from genes encoding various pro-inflammatory cy-
tokines.51 p38 many medicines can inhibit MAPK activation. For
instance, the anti-inflammatory effects of corticosteroids are partly due to
their ability to inhibit p38 functions by inducing the expression of MAP
kinase phosphatase-1 (MKP-1). This enzyme dephosphorylates and in-
activates p38 MAPK.52

4.3.2. Summarizes the effect of the IL-17 signaling pathway in the
pathogenesis of CVA

The fact that not only eosinophils but also neutrophils are mobilized
in some clinical phenotypes of asthma has been recognized.53 There is
evidence for an increase in the archetype Th17 cytokine IL-17A and its
sibling IL-17F locally in the airways of patients with asthma.54,55

T-helper 17 cell cytokine interleukin IL-17A and IL-17F control neutro-
phil accumulation， mucus secretion and smooth muscle reactivity in
various experimental airway models.56By exploring proinflammatory
activities of the IL-17 pathway in models of pulmonary inflammation and
evaluating its effects on the contractility of human bronchial airway
smooth muscle. The researchers found that IL-17A and IL-25 enhanced
the contractility of human bronchial smooth muscle induced by meth-
acholine or carbachol. Our molecular docking simulation results
confirmed that AKT1 had the highest affinity with the baicalein of the
key ingredients. AKT1 was found to be an essential mediator in the IL-17
signaling pathway. It was shown that AKT1 is recruited to IL-17R upon
IL-17 stimulation through SEFIR–SEFIR domain interaction, followed by
the recruitment of the TGFβ activated TAK1 and TRAF6, leading to NF-κB



Fig. 7. Molecular docking of combinations of active ingredients and intersectional targets with the highest affinity.
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activation (Fig. 8).57 Blocking the IL-17 pathway through IL-17RA may
be a useful therapy for some asthma patients by reducing lung inflam-
mation and airway hyperreactivity.58

In the study, the results were preliminarily verified by molecular
docking technology, and the mechanism of BXCP in treating cough
variant asthma was analyzed in combination with the published
Fig. 8. AKT1 and IL-17 signaling cascade.
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literature. To a greater extent, it can predict the targets and pathways
closely related to CVA in multiple targets and pathways of BXCP.
Therefore, it can provide a new thinking direction for TCM theorizing
and improve efficiency. At the same time enhance confidence in tradi-
tional Chinese medicine for clinical drug treatment.
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Abbreviation

CVA cough variant asthma
BXCP banxia-chenpi
TCM traditional Chinese medicine
NP network pharmacology
OB oral bioavailability
DL drug-likeness
PPI protein–protein interaction
GO Gene Ontology
BP biological process
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MF molecular function
CC cell composition
KEGG Kyoto Encyclopedia of Genes and Genomes
EOS Eosinophils
ASM airway smooth muscle
ROS reactive oxygen species

Bioinformatics databases
TCMSP http://tcmspw.com/tcmsp.php
104
Swiss Target Prediction
 http://swisstargetprediction.ch/

UniProt
 https://www.uniprot.org/

GeneCards
 https://www.genecards.org/

OMIM
 https://www.omim.org/

DisGeNET
 https://www.disgenet.org/

PharmGKB
 https://www.pharmgkb.org/

STRING
 https://cn.string-db.org/

DAVID
 https://david.ncifcrf.gov/

PubChem
 https://pubchem.ncbi.nlm.nih.gov

PDB
 http://www.rcsb.org
Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.org/10.1016/j.ipha.2023.04.004.
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