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In this study, allergic rhinitis (AR) disease targets and Xiang Ju tablet-associated targets were determined through the use of
databases for the identification of putative therapeutic targets and then combined. After the production of a putative therapeutic
target interaction network for Xiang Ju tablets against AR, topological analysis was used to determine the core targets of Xiang Ju
tablets in AR treatment. For all putative therapeutic targets, analyses of biological function and pathway enrichment were
performed to optimize the biological processes and key signaling pathways of Xiang Ju tablets in AR treatment. 0e top 5
therapeutic targets of Xiang Ju tablets in AR treatment were identified and included CXCL8, IL1B, IL6, IL10, and TNF. 0e
biological processes, molecular functions, and cell composition related to the use of Xiang Ju tablets in AR treatment were
predominantly associated with cytokine production, regulation of protein secretion, and regulation of peptide secretion; cytokine
activity, cytokine receptor binding, and receptor ligand activity; and platelet alpha granule lumen, collagen-containing extra-
cellular matrix, and platelet alpha granule. In addition, the top 64 key signaling pathways were identified.

1. Introduction

Allergic rhinitis (AR) is a very common disease that is most
prevalent in children and adolescents. AR is spreading
rapidly worldwide and affects approximately 40% of the
population [1, 2]. AR is characterized by an imbalance of
T-helper type 1/T-helper type 2 (TH1/TH2) cells and a
deficiency of regulatory T cells [3]. 0e typical symptoms of
AR are paroxysmal sneezing, running nose, nasal obstruc-
tion, rhinocnesmus, and partly accompanied by olfactory
drop [4]. Complications of AR include asthma, conjuncti-
vitis, chronic rhinosinusitis, adenoid hypertrophy, and se-
cretory otitis media [5]. In addition, the presence of AR can
aggravate asthma, and most patients with asthma also have
AR [6]. At present, the treatments for AR are mainly drug
therapy, including antihistamines, glucocorticoids, anti-
leukotrienes, ketones, nasal decongestants, nasal anticho-
linergic drugs, and traditional Chinese medicine (TCM).

However, their therapeutic effects against AR are not ideal;
therefore, new and effective remedial measures must be
developed to treat AR, and clarifying the potential mecha-
nism of AR would facilitate finding more suitable methods
to treat AR.

TCM has been widely used for the prevention and
treatment of various diseases for thousands of years, mainly
in China and the surrounding areas. TCM has increasingly
attracted worldwide attention from clinicians and re-
searchers, owing to its demonstrated efficacy, broad appli-
cations, and less side effects [7]. In accordance with the
standards (YBZ12122004) of the state food and drug ad-
ministration (trial), Xiang Ju tablets are made by decocting
and extracting Platycarya strobilacea Sieb. et Zucc (with
seeds removed), Prunellae Spica, Chrysanthemi Indici Flos,
Astragali radix, Magnoliae Flos, Saposhnikoviae Radix,
Angelicae dahuricae radix, Glycyrrhizae radix et rhizoma,
and Chuanxiong Rhizoma. 0e Xiang Ju tablets have a
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Xinsan Qufeng, Qingre Tongqiao effect, on the treatment of
acute and chronic sinusitis rhinitis [8]. Studies have found
that Xiang Ju tablets are used in the treatment of chronic
rhinitis sinusitis and allergic rhinitis, especially acute par-
oxysmal rhinitis, because of significant efficacy and fewer
side effects [8, 9]. In case of ineffective treatment, the patient
can be treated by prolonging the time of administration of
Xiang Ju tablets or adding antibiotics.

Network pharmacology, proposed by Hopkins in 2007, is
used to elucidate drugs’ effects onmultiple targets [10]. It can
be applied to TCM theory to highlight holistic thinking
regarding multilevel interactions among herbs, targets, and
diseases [11, 12]. Network pharmacology is an emerging
field that integrates multiple disciplines and techniques such
as genomics, topology, and computational omics and at-
tempts to explore potential mechanisms and relationships by
constructing multiple network models. With the rapid de-
velopment of bioinformatics, network pharmacological
methods have become a new means to efficiently and sys-
tematically explore the safety of TCM formulations or the
molecular mechanisms of multidrug combinations and have
provided a new approach for drug mechanism research and
drug development [13, 14]. Network pharmacology, one of
the emerging disciplines, has incomparable advantages over
traditional methods in elucidating the comprehensive
mechanism [15]. It has been successfully applied in TCM-
related research fields for the elucidation of therapeutic
mechanisms. For example, Xie et al. have applied network
pharmacological analysis to explore themechanism of action
of Radix Astragali Angelica in traumatic brain injury [16]. Li
et al. have discovered the protective mechanism and main
bioactive compounds of Gualou Xiebai decoction in coro-
nary heart disease through network pharmacological anal-
ysis [17]. Li et al. have explored the antimyelofibrosis
mechanism of Radix Salviae through network pharmacology
[18].

In this study, network pharmacology was used to es-
tablish a herb-compound-target-pathway network to ex-
plore the mechanism of Xiang Ju tablets in treating AR. 0e
flowchart of the experimental procedures of our study is
shown in Figure 1.

2. Materials and Methods

2.1. Data Preparation

2.1.1. Chemical Ingredient Database Building. To build a
database of the compounds in Xiang Ju tablets, we used the
Traditional Chinese Medicine Systems Pharmacology Data-
base [19, 20] (TCMSP; http://lsp.nwu.edu.cn/tcmsp.php), a
unique system pharmacology platform designed for Chinese
herbal medicines and containing information on their ab-
sorption, distribution, metabolism, and excretion (ADME)
characteristics, targets, related diseases, and pathways [21].

2.1.2. Pharmacokinetic Prediction. Xiang Ju tablet active
compounds were screened mainly on the basis of oral
bioavailability (OB), drug likeness (DL), and Caco-2 per-
meability (Caco-2), the three most important indicators for

bioinformatic evaluation of ADME characteristics. Specifi-
cally, the ingredients meeting the criteria of OB≥ 30%,
DL≥ 0.18, and Caco-2≥ 0.4 were chosen as candidate
compounds for further analysis [22, 23].

OB, the rate and percentage of an oral dose of a drug
that is absorbed into the blood circulation and produces
pharmacological effects, is one of the most important
pharmacokinetic characteristics of oral drugs. It reflects
the effectiveness of oral drugs in entering human circu-
lation, which is particularly important in drug discovery of
TCM for most oral Chinese herb formulas [24]. In this
study, OB ≥ 30% was regarded as a threshold for screening
possible candidate drugs.

In the early stages of drug development, the evaluation of
DL aids in screening excellent compounds [25]. DL is a
qualitative profile used in drug design to evaluate whether a
compound is chemically suitable for use as a drug and how
drug-like a molecule is with respect to the parameters af-
fecting its pharmacodynamic and pharmacokinetic profiles,
which ultimately affect its ADME properties [26].

Caco-2 cell monolayers are widely applied as a standard
permeability-screening assay for predicting a compound’s
intestinal absorption and the fraction of the oral dose
absorbed in humans [27].0e Caco-2 cell permeation values
of all molecules are calculated with an in silico model by
using the VolSurf approach [13].

2.1.3. Potential Targets of Xiang Ju Tablet Chemical
Components. According to TCMSP, the effective com-
pounds in Xiang Ju tablets were matched with potential
targets one by one, and the target species was selected as
“humans” through the UniProt database (http://www.
uniprot.org/) containing the predicted targets of candidate
compounds in Xiang Ju tablets.

2.1.4. AR Significant Targets. We used 0erapeutic Targets
Database v4.3.2 [28] (https://db.idrblab.org/ttd/), Drug-
Bank v5.1.2 (https://www.drugbank.ca), and DisGeNET
v6.0 [29] (http://www.disgenet.org) database retrieval to
obtain targets related to AR and applied the UniProt da-
tabase (https://www.uniprot.org) to disease targets for
standardization. We determined the UniProt accession
numbers and gene symbols.

2.2. Protein-Protein Interactions. In order to clarify the
interaction between AR-related targets and potential
targets of Xiang Ju tablets, we intersected the disease
targets and drug targets and input the disease target and
drug component targets into Venny 2.1 (http://bioinfogp.
cnb.csic.es/tools/venny/index.html) software to obtain the
target intersection.0e selected common target proteins of
diseases and drug components were used to construct the
protein-protein interaction (PPI) network model on the
STRING v11.0 [30] (https://string-db.org/) platform. We
set the protein type to “Homo sapiens” and left the default
settings in place for other parameters. We then exported
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the “string_interactions.tsv” file and imported it into
Cytoscape 3.7.0 [31, 32] to obtain the PPI network.

2.3. Gene Ontology and Pathway Analysis. Fisher’s exact test
method was used. 0e data package was clusterProfiler from
RStudio/Bioconductor [33]. 0e selected standard p value
≤0.05 and q value ≤0.01 were arranged in the descending
order according to the value of the enrichment factor, and
the results were plotted.

2.4. Network Construction. Five types of networks: herb-
compound-target-AR-related target network, putative
therapeutic component-putative therapeutic target network,
protein-protein interaction network, core putative thera-
peutic target network, and putative therapeutic component-
putative therapeutic target-pathway network, were gener-
ated to decipher the mechanisms of Xiang Ju tablets in the
treatment of AR. Cytoscape 3.7.0 [34, 35] software was used
to construct the network. Network Analysis, a plugin in
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and AR-specific proteins

Putative therapeutic active 
ingredient-putative therapeutic 

target-pathway network
Biological significance of potential
targets of Xiang Ju tablets on AR
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Figure 1: Schematic diagram of the pharmacological mechanism of prescribed Xiang Ju tablets for the treatment of AR, based on network
pharmacology.
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Cytoscape 3.7.0, was used to analyze the topological prop-
erties of the network.

3. Results

3.1. Drug Compound Information. We obtained 976 com-
ponents from Xiang Ju tablets. OB, DL, and Caco-2
thresholds were used to eliminate the compounds with
duplicates and the compounds without target prediction
data. 0e 145 active compounds from the 9 traditional
Chinese medicines found in Xiang Ju tablets were searched
in domestic and foreign literature databases and the Tra-
ditional Chinese Medicine Systems Pharmacology Database.
In addition to the above 133 molecules, 12 ingredients with
low OB, DL, or Caco-2 were considered active components,
owing to their reported treatment effects, e.g., ferulic acid,
which has been found to exert potent immunomodulatory
effects against intestinal inflammatory responses in a mouse
model. 0ese compounds were also selected for further
study because of their good pharmacological effects. In brief,
145 ingredients from Xiang Ju tablets were selected for
further research analysis, including 6 in Platycarya strobi-
lacea Sieb. et Zucc, 6 in Prunellae Spica, 11 in Astragali radix,
5 in Chrysanthemi Indici Flos, 12 in Saposhnikoviae Radix,
14 in Magnoliae Flos, 71 in Glycyrrhizae radix et rhizoma, 7
in Chuanxiong Rhizoma, and 13 in Angelicae dahuricae
radix, which were collected from TCMSP.

3.2. Target Prediction of Xiang Ju Tablets. A total of 330
potential targets from the 145 compounds were generated by
using the target prediction model. 0e amount of potential
target hits for the Platycarya strobilacea Sieb. et Zucc,
Prunellae Spica, Astragali radix, Chrysanthemi Indici Flos,
Saposhnikoviae Radix, Magnoliae Flos, Glycyrrhizae radix et
rhizoma, Chuanxiong Rhizoma, and Angelicae dahuricae
radix drugs were 194, 213, 200, 208, 78, 34, 232, 43, and 61,
respectively. We obtained 170 targets related to AR through
the 0erapeutic Targets Database and DrugBank and Dis-
GeNET databases.

3.3. Network Construction and Analysis. We established a
network through network analysis to elucidate the re-
lationships among the herbs, candidate compounds,
candidate targets, AR, and AR-related targets (Figure 2).
0is network consisted of 623 nodes (9 herbs, 145 can-
didate compounds, 298 candidate targets, 32 putative
therapeutic targets, 1 AR, and 138 AR-related targets) and
2783 edges. We found that the higher the value of the node
degree and median centrality, the more critical the cor-
responding compound or target in the network. In the
Xiang Ju tablet active ingredient-forecast target network,
the targets had an average value of 8.93, and the top 20
targets interacted with more than 45 compounds, with a
single molecular function in multiple target proteins and
multiple molecular phenomena on the same target protein,
in accordance with TCM composition and the features of
target interaction.

3.4. Putative 6erapeutic Target Interaction Network. 0e
network relationship and target prediction of TCM in treating
diseases can be achieved by using online databases and rel-
evant software. In this study, the network document of
“candidate compounds-candidate targets-AR-related targets”
was imported into Cytoscape 3.7.0 software to identify 32
putative therapeutic targets of Xiang Ju tablets in treating AR.
0e intersection of the target of components in Xiang Ju
tablets and the AR targets was obtained. 0e 32 obtained
putative therapeutic targets (Table 1) were imported into the
STRING database to establish the putative therapeutic target
protein interaction network (Figure 3). 0e network had 32
nodes, which interacted with 236 edges. From purple to blue,
the degree of freedom is increasing, and thicker edges indicate
the stronger interactions. Our results together indicated that
the top mutual target proteins have various beneficial func-
tions to treat AR at the molecular level.

In this network, the degree of blueness of the nodes
(CXCL8, IL1B, IL6, IL10, TNF, MMP9, IL4, and ICAM1) is
high, and the number of edges (the number of gene nodes
that they are associated with) of each node is quite large (25
in CXCL8; 24 in IL1B, IL6, IL10, and TNF; 23 in MMP9 and
IL4; 22 in ICAM1).0ese results demonstrate that these genes
are closely related to other genes in the network and con-
sequently may play an important role in AR. IL8 (CXCL8)
attracts and activates polymorphonuclear cells in sinonasal
mucosa, and it can induce granulocyte recruitment [36].
Several studies have demonstrated that TNF enhances the
effect of IL4 on IgE production; TNF also has an important
role in the expression of adhesion molecules that induce
transendothelial migration of eosinophils [3]. IL10 is a cy-
tokine produced by a number of immune cells, including
T cells, B cells, macrophages, and monocytes [37]. Allergen-
specific immunotherapy has been shown to induce allergen-
specific immune tolerance, most probably through the
upregulation of IL10 and downregulation of IL4 [38]. In-
tercellular adhesionmolecules have been found to play crucial
roles in the pathogenesis of AR [39]. In amurinemodel of AR,
subepithelial fibrosis and gland hypertrophy have been found
to be associated with increased expression of MMP9 [40].

3.5. Putative 6erapeutic Compound-Putative 6erapeutic
Target Network Construction. 0e Merge function of
Cytoscape 3.7.0 software was used to combine the candidate
compound-candidate target network and the putative
therapeutic target interaction network, and 48 compounds
that play a role in treating AR in the composite were ob-
tained (Table 2). 0e visual interactive network of “putative
therapeutic components-putative therapeutic targets” in the
composite was constructed (Figure 4). 0e targets of 48
putative therapeutic components in the treatment of allergic
rhinitis include IL6, TNF, CXCL8, ICAM1, ILA, MMP9,
IL10, and IL1B.

In previous studies, quercetin has been found to inhibit
mast cell activation, inflammatory cytokine production, and
histamine release after immunological stimulation. Quer-
cetin may suppress AR in rats by increasing Cl transport and
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ciliary beat frequency [41]. Quercetin modulates the activa-
tion of inflammatory cells and neuropeptide production and
results in improvement of clinical conditions of allergic
diseases, especially AR [42]. Kaempferol can significantly
decrease the early-phase response to allergen exposure (such
as from nasal rubs), IgE production, and histamine release, as
well as late-phase responses such as expression of in-
flammatory markers (IL32, TSLP, IL4, IL8, ICAM1, MIP-2,
and COX-2). Kaempferol also decreases caspase-1 activation
and can aid in treating allergic inflammatory diseases, in-
cluding AR [43].0e phenolic acids and flavonoids in Xanthii
fructus contribute to the main anti-inflammatory effects.
According to spectral correlation theory, the relationship
between the chemical composition of Xanthii fructus and its
effect on AR has been described by using the co-correlation
coefficient, and apicin has been confirmed to be the main
active compound of Magnoliae Flos [44].

3.6. Screening of Core 6erapeutic Targets. Data analysis of
the network topology showed that the maximum degree of
freedom and the mean degree of freedom were 25 and 14.75,
respectively. 0e network of the top 16 core therapeutic
targets was constructed, and the graphic visualization was
performed according to the degree of node freedom and the
edge thickness (Figure 5). 0e degrees of the 16 candidate
targets were all 15. Sixteen core therapeutic target proteins
were identified: CXCL8, IL1B, IL6, IL10, TNF, MMP9, IL4,
ICAM1, IL13, CSF2, IL2, IL5, IFNG, TGFB1, FN1, and IL1A.

3.7. Gene Ontology (GO) Functional Enrichment Analysis.
To further clarify the biological effects involved in the
treatment of AR with Xiang Ju tablets, we performed GO

Figure 2: Herb-candidate compound (Cc)-candidate target (Ct)-AR-AR-related target (AR-rt) network for Xiang Ju tablets (red nodes
represent the herbs, green nodes represent the candidate compounds, purple nodes represent the candidate targets, blue nodes represent the
candidate target intersection, yellow nodes represent the AR, and pink nodes represent the AR-related targets).

Table 1: Directly acting disease targets of Xiang Ju tablets and
topological parameters.

No. Gene name Entry Degree
1 CXCL8 P10145 25
2 IL1B P01584 24
3 IL6 P05231 24
4 IL10 P22301 24
5 TNF P01375 24
6 MMP9 P14780 23
7 IL4 P05112 23
8 ICAM1 P05362 22
9 IL13 P35225 21
10 CSF2 P04141 20
11 IL2 P60568 20
12 IL5 P05113 20
13 IFNG P01579 19
14 FN1 P02751 19
15 IL1A P01583 19
16 TGFB1 P01137 18
17 SPP1 P10451 16
18 SERPINE1 P05121 16
19 AHR P35869 14
20 CCL11 P51671 14
21 CASP1 P29466 14
22 ALOX5 P09917 11
23 HIF1A Q16665 11
24 NR3C1 P04150 9
25 PLAT P00750 9
26 MS4A2 Q01362 4
27 TBXA2R P21731 3
28 CHRM3 P20309 2
29 CHRM5 P08912 2
30 BCL2 P10415 1
31 ADRA2C P18825 1
32 PIK3CG P48736 0
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Figure 3: AR-related putative therapeutic target protein interaction network: PPI network of targets for Xiang Ju tablets against AR (the
closer the node color is to blue, the higher the degree).

Table 2: Information on 48 presumed therapeutic ingredients in Xiang Ju tablets acting directly on AR.

No. Name Compounds Degree
1 MOL000098 Quercetin 19
2 MOL000008 Apigenin 12
3 MOL000006 Luteolin 9
4 MOL000511 Ursolic acid 7
5 MOL000422 Kaempferol 6
6 MOL000415 Rutinum 6
7 MOL000173 Wogonin 6
8 MOL011865 Rosmarinic acid 4
9 MOL000358 Beta-sitosterol 4
10 MOL002565 Medicarpin 3
11 MOL000378 7-O-Methylisomucronulatol 3
12 MOL012131 Isodihydrofutoquinol A 2
13 MOL005003 Licoagrocarpin 2
14 MOL004891 Shinpterocarpin 2
15 MOL004328 Naringenin 2
16 MOL003896 7-Methoxy-2-methyl isoflavone 2
17 MOL001689 Acacetin 2
18 MOL001484 Inermine 2
19 MOL001002 Ellagic acid 2
20 MOL000371 3,9-Di-O-methylnissolin 2
21 MOL000313 Galgravin 2
22 MOL013077 Decursin 1
23 MOL012125 Denudanolide C 1

24 MOL005792 {5-[2′(R)-Hydroxy-3′-methyl-3′-butenyl-oxy]
furocoumarin} 1

25 MOL004978 2-[(3R)-8,8-Dimethyl-3,4-dihydro-2H-pyrano[6,5-f]
chromen-3-yl]-5-methoxyphenol 1
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Table 2: Continued.

No. Name Compounds Degree
26 MOL004959 1-Methoxyphaseollidin 1

27 MOL004941 (2R)-7-Hydroxy-2-(4-hydroxyphenyl)chromen-4-
one 1

28 MOL004814 Isotrifoliol 1
29 MOL004793 Marmesine 1
30 MOL003588 Prangenidin 1
31 MOL002844 Pinocembrin 1
32 MOL002202 Tetramethylpyrazine 1
33 MOL002157 Wallichilide 1
34 MOL001956 Cnidilin 1
35 MOL001944 Marmesin 1
36 MOL001941 Ammidin 1
37 MOL001939 Alloisoimperatorin 1
38 MOL001792 DFV 1
39 MOL001749 ZINC03860434 1
40 MOL000513 Gallic acid 1
41 MOL000497 Licochalcone A 1
42 MOL000449 Stigmasterol 1
43 MOL000414 Caffeic acid 1
44 MOL000392 Formononetin 1

45 MOL000380 (6aR,11aR)-9,10-Dimethoxy-6a,11a-dihydro-6H-
benzofurano[3,2-c]chromen-3-ol 1

46 MOL000354 Isorhamnetin 1

47 MOL000314 (2S,3S,4S,5S)-2,5-Bis(3,4-dimethoxyphenyl)-3,4-
dimethyltetrahydrofuran 1

48 MOL000296 Hederagenin 1

Figure 4: Putative therapeutic component-putative therapeutic target network diagram (diamond represents the presumed therapeutic
active ingredient, and triangle represents the presumed therapeutic target).
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analysis of AR-related putative therapeutic targets. GO
annotation and enrichment of genes encoding Xiang Ju
tablet protein targets were conducted from three aspects:

biological process (BP), molecular function (MF), and cell
composition (CC). We identified 937 enrichment results in
the related items of biological process, which included

ICAM1
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IL1B

IFNG

CSF2

IL2

IL5

IL1A
FN1

IL6

TNF

IL10

MMP9

TGFB1

IL4
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Figure 5: Network of the top 16 core therapeutic targets.
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Figure 6: GO BP enrichment analysis of the putative therapeutic targets of Xiang Ju tablets in the treatment of AR (p value <0.05; q value <0.01).
0e y-axis shows significantly enriched GO BP of the target genes, and the x-axis shows the gene ratio (the ratio of the number of target genes
belonging to a pathway to the total number of annotated genes located in the pathway). A higher gene ratio represents a higher level of enrichment.
Dot size indicates the number of target genes in the pathway, and dot color reflects the p adjusted range.
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Figure 8: KEGG enrichment pathway analysis of putative therapeutic targets.
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positive regulation of cytokine production, regulation of
protein secretion, regulation of peptide secretion, and other
biological processes. Eighteen enrichment results were re-
lated to molecular function, including cytokine activity,
cytokine receptor binding, receptor ligand activity, and
other molecular functions; three enrichment processes were
related to cell composition, including platelet alpha granule
lumen, collagen-containing extracellular matrix, and
platelet alpha granule. We selected the 18 items of molecular
function and the first 20 items of BP and then performed GO
enrichment analysis in RStudio software (Figures 6 and 7).

3.8. Pathway Analysis. To clarify the biological actions of
these targets, we performed GO analysis and pathway en-
richment analysis on the basis of the RStudio (Bioconductor)
database. We input a gene list of major AR-related putative
therapeutic targets into RStudio, generating relevant path-
ways that might have an important influence on the biological
process of Xiang Ju tablets in treating AR. Only pathways with
a p value <0.05 were considered significant. A total of 64
KEGG signaling pathways were obtained through pathway
enrichment analysis, 57 of which were significantly enriched.
In the bubble diagram (Figure 8), the color and size of the
nodes were determined according to the number and p value
of related genes. 0e color from blue to red reflects p values
from large to small, and node size indicates the number of
related genes. Inflammatory bowel disease, the IL17 signaling
pathway, cytokine-cytokine receptor interaction, the AGE-
RAGE signaling pathway in diabetic complications, malaria,
and the asthma pathway were found to be induced.

0e inflammation response plays an important role in
host survival and also leads to acute and chronic in-
flammatory diseases such as rheumatoid arthritis, bowel

diseases, AR, asthma, atopic dermatitis, and various neu-
rodegenerative diseases [45]. IL17, a key cytokine produced
by 017 cells, induces allergen-specific 02 cell activation,
eosinophil and neutrophil accumulation, and serum IgE
production in asthma; all these features may play important
roles in AR [46]. AGE-RAGE regulates different signaling
pathways; for example, AGE combined with RAGE activates
downstream signals through PKC, such as p38, MAPK,
TGF-β, and NF-κB. AGE-RAGE has been found to promote
the occurrence and development of various diseases, owing
to its influence on many downstream genes as well as sig-
naling pathways [47].

3.9. Target-Pathway Network Analysis of Xiang Ju Tablets.
In order to more directly understand the mechanism of Xiang
Ju tablets in treating AR, we used the Cytoscape 3.7.0 Merge
function to combine the “presumed therapeutic active in-
gredient-assumed therapeutic target” network, the presumed
therapeutic target interaction network, and the involved
KEGG pathways. 0e results showed that the interactions
among active components, targets, and related pathways of
Xiang Ju tablets played a therapeutic role (Figure 9).

4. Discussion

TCM compounds have multiple Chinese medicinal mate-
rials and ingredients and can treat diseases through multiple
targets, channels, and links [12]. Fully clarifying the
mechanism of action is difficult through traditional research
methods. Network pharmacology can be used to study the
correlation between the structure and function of many
effective components of TCM through drug action net-
works, and a network of interaction between active com-
ponent groups andmultiple target proteins of the disease can
be constructed and used to explain the mechanisms of TCM
compounds at the molecular level [48, 49]. In this study,
through network pharmacology and the use of multiple
databases containing information such as compound pro-
tein biological information annotation, we constructed a
network and performed target pathway enrichment analysis
to systematically explore the mechanism of action of Xiang
Ju tablets in the treatment of AR.

TCM has a long history in the treatment of sinusitis and
has achieved good results. 0e Xiang Ju tablets produced by
Shaanxi Xiangju Pharmaceutical Group Co., Ltd. are well
known in the field of sinusitis treatment and have a con-
siderable market share in China. Dong Qin brand Xiang Ju
tablets produced by Shaanxi Xiangju Pharmaceutical
Group Co., Ltd. are one of the only protected varieties of
TCM. In this study, many methods based on network
pharmacology were used to predict the targets, determine
putative therapeutic targets, and build the network. 0is
approach, combined with target prediction, was used to
clarify the molecular synergistic effects of Xiang Ju tablets
on AR. 0is approach provides clues to explore ethno-
pharmacology and/or herbal or even multidrug synergies.
0e potential pharmacological and molecular mechanisms
of Xiang Ju tablets in treating AR were revealed through

Figure 9: Putative therapeutic active ingredient-putative thera-
peutic target and pathway network (green represents the putative
therapeutic active component, purple represents the putative
therapeutic target, and pink represents the KEGG pathway).
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analysis of the putative therapeutic target network and
biological functions.

In this study, network pharmacology was used to pre-
liminarily screen and analyze the active component targets
and mechanisms of Xiang Ju tablets, thus providing a basis
for subsequent studies on the pharmacodynamic compo-
nents and mechanisms of Xiang Ju tablets. However, this
study has some shortcomings. First, owing to the limitation
of screening conditions, only the main compounds in Xiang
Ju tablets could be analyzed. Second, although a large
number of targets and pathways can be screened through
network pharmacology technology, these results must be
verified by pharmacological experiments. Active compound
of Xiang Ju tablets and the molecular mechanisms of its
action on AR were predicted as a whole, and multiple po-
tential therapeutic targets were explored, thus laying a good
theoretical foundation for further experimental verification
and providing directions for further investigations of its
molecular mechanism.
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Supplementary Materials

0ere are eight supplementary material documents: (1)
“Active ingredient information of Xiang Ju tablets” file: this
file contains ingredient information of the 9 herbs in the
prescribed Xiang Ju tablets, namely, Platycarya strobilacea

Sieb. et Zucc (with seeds removed), Prunellae Spica,
Chrysanthemi Indici flos, Astragali radix, Magnoliae Flos,
Saposhnikoviae Radix, Angelicae dahuricae radix, Glycyr-
rhizae radix et rhizoma, and Chuanxiong Rhizoma. (2)
“Allergic rhinitis related targets” file: this file contains in-
formation on 170 targets of allergic rhinitis. (3) “Biological
process” file: this file contains biological process analysis
results of 32 putative therapeutic targets obtained from the
GO functional enrichment analysis using the Bioconductor
database in RStudio software. (4) “Cell composition” file:
this file contains cell composition analysis results of 32
putative therapeutic targets obtained from the GO func-
tional enrichment analysis using the Bioconductor database
in RStudio software. (5) “Composition information of Xiang
Ju tablets” file: this file contains information on 976 com-
ponents of 9 herbs in the Xiang Ju tablets. (6) “KEGG
pathway analysis” file: this file contains signal pathway
analysis results of 32 putative therapeutic targets obtained
from the KEGG signal pathway enrichment analysis using
the Bioconductor database in RStudio software. (7) “Mo-
lecular function” file: this file contains results of the mo-
lecular function analysis of the 32 putative therapeutic
targets obtained from the GO functional enrichment anal-
ysis using the Bioconductor database in RStudio software.
(8) “Target information” file: this file contains target in-
formation of 9 herbs in the Xiang Ju tablets. (Supplementary
Materials)
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A. Maŕıa Plaza, I. Cobeta, and J. Mullol, “Multimorbidities of
pediatric allergic rhinitis,” Current Allergy and Asthma Re-
ports, vol. 19, no. 2, p. 13, 2019.

[2] A. Abruzzo, T. Cerchiara, F. Bigucci et al., “Cromolyn-
crosslinked chitosan nanoparticles for the treatment of al-
lergic rhinitis,” European Journal of Pharmaceutical Sciences,
vol. 131, pp. 136–145, 2019.

[3] N. Ebrahim, Y. Mandour, A. Farid et al., “Adipose tissue-
derived mesenchymal stem cell modulates the immune re-
sponse of allergic rhinitis in a rat model,” International
Journal of Molecular Sciences, vol. 20, no. 4, p. 873, 2019.

[4] M. Wang, Z. Gu, J. Yang, H. Zhao, and Z. Cao, “Changes
among TGF-β1+ Breg cells and helper T cell subsets in a
murine model of allergic rhinitis with prolonged OVA
challenge,” International Immunopharmacology, vol. 69,
pp. 347–357, 2019.

[5] S. Zielen, K. Plückhahn, Y. Akboga, J. Rieker-Schwienbacher,
U. 0ieme, and M. Rosewich, “Fast up-dosing with a birch
allergoid is safe and well tolerated in allergic rhinitis patients
with or without asthma,” Immunotherapy, vol. 11, no. 3,
pp. 177–187, 2019.

[6] Z. Gu, Y. Shen, X.-Y. Tang et al., “Genetic risk of FCRL3 and
FCRL5 polymorphisms in children with asthma and allergic
rhinitis in a Chinese Han population,” International Journal of
Pediatric Otorhinolaryngology, vol. 120, pp. 58–63, 2019.

[7] B. Yang, N. Wang, S. Wang et al., “Network-pharmacology-
based identification of caveolin-1 as a key target of Old-
enlandia diffusa to suppress breast cancer metastasis,” Bio-
medicine and Pharmacotherapy, vol. 112, article 108607, 2019.

[8] Z.-G. Huang, H.-L. Bai, J.-T. Ye et al., “0e effect of Xiang Ju
tablet on behavior of rats with allergic rhinitis and expression

Evidence-Based Complementary and Alternative Medicine 11

http://lsp.nwu.edu.cn/tcmspsearch.php
https://string-db.org/
https://string-db.org/
https://www.drugbank.ca/
https://db.idrblab.org/ttd/
https://db.idrblab.org/ttd/
http://www.disgenet.org/
https://www.uniprot.org/
https://www.uniprot.org/
http://downloads.hindawi.com/journals/ecam/2019/6272073.f1.zip
http://downloads.hindawi.com/journals/ecam/2019/6272073.f1.zip


of aquaporin 3 in nasal mucosa,” Clinical Misdiagnosis and
Mistherapy, vol. 31, no. 8, pp. 101–104, 2018.

[9] F. Li, “Effects of Xiang Ju tablets on serum related cytokines
and maintaining normal function of mucociliary system in
rats with allergic rhinitis,” Medical and Pharmaceutical
Journal of Chinese People’s Liberation Army, vol. 30, no. 1,
pp. 49–52, 2018.

[10] S. Di, L. Han, Q. Wang et al., “A network pharmacology
approach to uncover the mechanisms of shen-qi-di-huang
decoction against diabetic nephropathy,” Evidence-Based
Complementary and Alternative Medicine, vol. 2018, Article
ID 7043402, 14 pages, 2018.

[11] X. Mao, H. Xu, S. Li et al., “Exploring pharmacological
mechanisms of Xueshuan-Xinmai-Ning tablets acting on
coronary heart disease based on drug target-disease gene
interaction network,” Phytomedicine: International Journal of
Phytotherapy and Phytopharmacology, vol. 54, pp. 159–168,
2018.

[12] Y. Xiong, Y. Yang, W. Xiong, Y. Yao, H. Wu, and M. Zhang,
“Network pharmacology-based research on the active com-
ponent and mechanism of the antihepatoma effect of Rubia
cordifolia L.,” Journal of Cellular Biochemistry, vol. 120, no. 8,
pp. 12461–12472, 2019.

[13] K. Yang, L. Zeng, and J. Ge, “Exploring the pharmacological
mechanism of danzhi xiaoyao powder on ER-positive breast
cancer by a network pharmacology approach,” Evidence-
Based Complementary and Alternative Medicine, vol. 2018,
Article ID 5059743, 20 pages, 2018.

[14] R. Zhang, X. Zhu, H. Bai, K. Ning et al., “Network phar-
macology databases for traditional Chinese medicine: review
and assessment,” Frontiers in Pharmacology, vol. 10, p. 123,
2019.

[15] J. Zuo, X. Wang, Y. Liu et al., “Integrating network phar-
macology and metabolomics study on anti-rheumatic
mechanisms and antagonistic effects against methotrexate-
induced toxicity of qing-luo-yin,” Frontiers in Pharmacology,
vol. 9, p. 1472, 2018.

[16] G. Xie, W. Peng, P. Li et al., “A network pharmacology
analysis to explore the effect of on traumatic brain injury,”
BioMed Research International, vol. 2018, Article ID 3951783,
13 pages, 2018.

[17] C. Li, W. Zhang, Y. Yu et al., “Discovery of the mechanisms
andmajor bioactive compounds responsible for the protective
effects of Gualou Xiebai decoction on coronary heart disease
by network pharmacology analysis,” Phytomedicine: In-
ternational Journal of Phytotherapy and Phytopharmacology,
vol. 56, pp. 261–268, 2019.

[18] J. Li, X. Ma, C. Liu et al., “Exploring the mechanism of
danshen against myelofibrosis by network pharmacology and
molecular docking,” Evidence-Based Complementary and
Alternative Medicine, vol. 2018, Article ID 8363295, 11 pages,
2018.

[19] Y. C. Chen and Y. Q. Gao, “Research on the mechanism of
blood-tonifying effect of Danggui Buxue decoction,” China
Journal of Chinese Materia Medica, vol. 19, no. 1, pp. 43–45,
1994.

[20] T. Li, Z. Baochen, Z. Yue et al., “Network pharmacology-based
identification of pharmacological mechanism of SQFZ in-
jection in combination with docetaxel on lung cancer,” Sci-
entific Reports, vol. 9, no. 1, p. 4533, 2019.

[21] L. Liu, B. Du, H. Zhang et al., “A network pharmacology
approach to explore the mechanisms of erxian decoction in
polycystic ovary syndrome,” Chinese Medicine, vol. 13, no. 1,
p. 46, 2018.

[22] B. Li, J. Rui, X. Ding, and X. Yang, “Exploring the multi-
component synergy mechanism of Banxia Xiexin decoction
on irritable bowel syndrome by a systems pharmacology
strategy,” Journal of Ethnopharmacology, vol. 233, pp. 158–
168, 2019.

[23] B. Gong, Y. Kao, C. Zhang, F. Sun, and H. Zhao, “Systematic
investigation of Scutellariae Barbatae Herba for treating he-
patocellular carcinoma based on network pharmacology,”
Evidence-Based Complementary and Alternative Medicine,
vol. 2018, Article ID 4365739, 12 pages, 2018.

[24] M. Zhao, Y. Chen, C. Wang et al., “Systems pharmacology
dissection of multi-scale mechanisms of action of formula for
the treatment of gastrointestinal diseases,” Frontiers in
Pharmacology, vol. 9, p. 1448, 2018.

[25] J. Huang, L. Li, F. Cheung et al., “Network pharmacology-
based approach to investigate the analgesic efficacy and
molecular targets of xuangui dropping pill for treating pri-
mary dysmenorrhea,” Evidence-Based Complementary and
Alternative Medicine, vol. 2017, Article ID 7525179, 12 pages,
2017.

[26] S. Sundarrajan, S. Lulu, and M. Arumugam, “Deciphering the
mechanism of action of wrightia tinctoria for psoriasis based
on systems pharmacology approach,” 6e Journal of Alter-
native and Complementary Medicine, vol. 23, no. 11,
pp. 866–878, 2017.

[27] L. Zeng and K. Yang, “Exploring the pharmacological
mechanism of Yanghe Decoction on HER2-positive breast
cancer by a network pharmacology approach,” Journal of
Ethnopharmacology, vol. 199, pp. 68–85, 2017.

[28] L. Huang, D. Brunell, C. Stephan et al., “Driver Network as a
Biomarker: systematic integration and network modeling of
multi-omics data to derive driver signaling pathways for drug
combination prediction,” Bioinformatics, 2019.

[29] W. Hu, X. Wu, J. Tang et al., “Anti-cancer targets of for-
mononetin and molecular mechanisms in osteosarcoma:
findings of bioinformatic and experimental assays,” Journal of
Cellular and Molecular Medicine, vol. 23, no. 5, pp. 3505–
3511, 2019.

[30] K. Yang, J. Gao, and M. Luo, “Identification of key pathways
and hub genes in basal-like breast cancer using bioinformatics
analysis,” OncoTargets and 6erapy, vol. 12, pp. 1319–1331,
2019.

[31] S. Li, X. Xue, X. Yang, S. Zhou, S. Wang, and J. Meng, “A
network pharmacology approach used to estimate the active
ingredients of moutan cortex charcoal and the potential
targets in hemorrhagic diseases,” Biological and Pharma-
ceutical Bulletin, vol. 42, no. 3, pp. 432–441, 2019.

[32] S. M Han, H. M Ryu, J. Suh et al., “Network-based integrated
analysis of omics data reveal novel players of TGF-β1-induced
EMT in human peritoneal mesothelial cells,” Scientific Re-
ports, vol. 9, no. 1, p. 1497, 2019.

[33] W. D. Lu, L. Li, Y. Shen et al., “Network pharmacology study
of Xiaoxuming Decoction based on vasodilatory and vaso-
constrictory related GPCR targets,” China Journal of Chinese
Materia Medica, vol. 43, no. 23, pp. 4698–4708, 2018.

[34] C. Li, M. Niu, R. Wang et al., “0e modulatory properties of si
jun zi Tang enhancing anticancer of gefitinib by an integrating
approach,” Biomedicine and Pharmacotherapy, vol. 111,
pp. 1132–1140, 2019.

[35] D. Pan, C. Zeng, W. Zhang et al., “Non-volatile pungent
compounds isolated from Zingiber officinale and their
mechanisms of action,” Food and Function, vol. 10, no. 2,
pp. 1203–1211, 2019.

12 Evidence-Based Complementary and Alternative Medicine



[36] C. Estrella, N. Rocks, G. Paulissen et al., “Role of A disintegrin
and metalloprotease-12 in neutrophil recruitment induced by
airway epithelium,” American Journal of Respiratory Cell and
Molecular Biology, vol. 41, no. 4, pp. 449–458, 2009.

[37] J.-B. Shao, X.-Q. Luo, Y.-J. Wu et al., “Histone deacetylase 11
inhibits interleukin 10 in B cells of subjects with allergic
rhinitis,” International Forum of Allergy and Rhinology, vol. 8,
no. 11, pp. 1274–1283, 2018.

[38] S. Yu, L. Jin, N. Che, R. Zhang, F. Xu, and B. Han, “Dendritic
cells modified with Der p1 antigen as a therapeutic potential
for allergic rhinitis in a murine model via regulatory effects on
IL-4, IL-10 and IL-13,” International Immunopharmacology,
vol. 70, pp. 216–224, 2019.

[39] J. Bi, Y. Hu, Z. Peng, H. Liu, and Y. Fu, “Changes and cor-
relations of serum interleukins, adhesion molecules and
soluble E-selectin in children with allergic rhinitis and
asthma,” Pakistan Journal of Medical Sciences, vol. 34, no. 5,
pp. 1288–1292, 2018.

[40] S. J. Park, Y. J. Jun, T. H. Kim et al., “Increased expression of
YKL-40 in mild and moderate/severe persistent allergic rhi-
nitis and its possible contribution to remodeling of nasal
mucosa,” American Journal of Rhinology and Allergy, vol. 27,
no. 5, pp. 372–380, 2013.

[41] M. Sagit, H. Polat, S. Gurgen, E. Berk, S. Guler, and M. Yasar,
“Effectiveness of quercetin in an experimental rat model of
allergic rhinitis,” European Archives of Oto-Rhino-Laryngol-
ogy, vol. 274, no. 8, pp. 3087–3095, 2017.

[42] M. Kashiwabara, K. Asano, T. Mizuyoshi, and H. Kobayashi,
“Suppression of neuropeptide production by quercetin in
allergic rhinitis model rats,” BMC Complementary and Al-
ternative Medicine, vol. 16, no. 1, 2016.

[43] H.-A. Oh, N.-R. Han, M.-J. Kim, H.-M. Kim, and H.-J. Jeong,
“Evaluation of the effect of kaempferol in a murine allergic
rhinitis model,” European Journal of Pharmacology, vol. 718,
no. 1–3, pp. 48–56, 2013.

[44] Y. Zhuang, K. Qin, X. Liu, B. Cai, and H. Cai, “Ultra-high-
performance liquid chromatography with tandem mass
spectrometry method for determination of four compounds
in rat plasma after oral administration of Xanthii fructus and
stir-fried Xanthii fructus extracts,” Biomedical Chromatog-
raphy: BMC, vol. 33, no. 4, article e4464, 2019.

[45] “Inflammatory bowel disease,” in Progress in Drug Research.
Fortschritte der Arzneimittelforschung. Progres des Recherches
Pharmaceutiques, vol. 71, pp. 117–122, 2016.

[46] Z. W. Gu, Y. X. Wang, and Z. W. Cao, “Neutralization of
interleukin-17 suppresses allergic rhinitis symptoms by
downregulating02 and017 responses and upregulating the
treg response,” Oncotarget, vol. 8, no. 14, pp. 22361–22369,
2017.

[47] Z. Feng, X. Hou, C. Zhu, J. Zhu, and C. Jiang, “Epi-
gallocatechin gallate ameliorates morphological changes of
pancreatic islets in diabetic mice and downregulates blood
sugar level by inhibiting the accumulation of AGE-RAGE,”
Journal of Cellular Biochemistry, vol. 120, no. 5, pp. 8510–
8520, 2018.

[48] F. Guo, W. Zhang, J. Su, H. Xu, and H. Yang, “Prediction of
drug positioning for quan-du-zhong capsules against hy-
pertensive nephropathy based on the robustness of disease
network,” Frontiers in Pharmacology, vol. 10, p. 49, 2019.

[49] F. Xu, L. Yang, X. Huang, Y. Liang, X. Wang, and H. Wu,
“Lupenone is a good anti-inflammatory compound based on
the network pharmacology,” Molecular Diversity, 2019.

Evidence-Based Complementary and Alternative Medicine 13


