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Abstract
Background An increasing body of research has con�rmed the effectiveness of Traditional Chinese
Medicine (TCM) for the treatment of irritable bowel syndrome (IBS).

Methods We explored the potential mechanism of Changping decoction (CPD) in the treatment of IBS
through pathway analysis based on a network pharmacology approach. Public databases, including the
Traditional Chinese Medicine Systems Pharmacology Database and Analysis Platform, Gene Expression
Omnibus, and STRING, were used to screen the active ingredients and targets of CPD. Enrichment
analysis was performed using the R-3.6.0 software to expound the biological functions and related
pathways of CPD targets. The Cytoscape software was used to construct a “disease-CPD-target” network
and identify hub genes of CPD relevant for the treatment of IBS. Employing rat models, pathological
observation and abdominal withdrawal re�ex tests were used to verify the effectiveness of CPD in the
treatment of IBS. Immunohistochemistry was used to con�rm the relationship between the CPD treatment
and hub genes.

Results Network pharmacological analysis of CPD for the treatment of IBS identi�ed 159 active
ingredients. A total of 118 key targets were identi�ed, including MAPK8, VEGFA, PTGS2, and others. A
series of signaling pathways, such as MAPK, Kaposi sarcoma-associated herpesvirus infection, and IL-17
signaling pathway were found to play an important role in the therapeutic mechanism of CPD in the
treatment of IBS. Pathological observation and abdominal withdrawal re�ex tests con�rmed that the
symptoms of IBS in rats were relieved by CPD. Moreover, immunohistochemistry con�rmed that CPD
could inhibit the expression of in�ammation-associated factors, such as VEGFA, MAPK8, and PTGS2.

Conclusions Based on network pharmacology analysis, the present study provides insights into the
potential mechanism of CPD in the treatment of IBS after successfully screening for associated key
target genes and signaling pathways. These �ndings establish a theoretical basis for the development of
CPD-derived therapeutics.

Background
Irritable bowel syndrome (IBS) is one of the most commonly diagnosed conditions in primary care,
accounting for approximately 10–20% of all clinical visits[1]. According to the current diagnostic standard
for IBS, the Rome IV criteria, IBS is a chronic, relapsing, and remitting functional disorder of the
gastrointestinal tract characterized by abdominal pain, bloating, and changes in bowel habits[2]. Because
of a poor understanding of its pathophysiology, IBS is classi�ed as a functional disorder whose
diagnosis depends on the history of manifested symptoms [35, 36, 37]. The cause of IBS is unknown, and
research in this area currently focuses on mucosal in�ammation, genetic and immunological factors,
alteration of the human microbiota, and alterations of intestinal permeability, as well as dietary and
neuroendocrine factors, establishing that low-grade intestinal in�ammation plays a key role in the
pathophysiology of IBS[22, 23, 24, 25].
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Despite considerable research efforts, the treatment of IBS remains a signi�cant challenge mainly owing
to its poorly de�ned pathophysiology. Traditional Chinese medicine (TCM) has provided various
therapeutics for treating gastrointestinal disorders over centuries[5, 6]. An increasing body of evidence has
revealed that natural medicinal active ingredients may have bene�cial effects for the treatment of IBS,
and these effects are likely to be multifactorial. Among host-related factors, intestinal in�ammation,
central alterations (i.e., aberrant stress responses and cognitive dysfunctions), peripheral alterations,
intestinal mucosal barrier integrity, and intestinal �ora, as well as neurotransmitters and hormones in the
enteric nervous system (ENS), are believed to be involved[7, 27, 28, 29].

In this conceptual framework, herbs appear as an attractive option in terms of both e�cacy and safety,
while prebiotics, synbiotics, and antibiotics require further study[45]. A variety compounds found within
herbs regulate complex targets, in turn modulating known and unknown mechanisms. Among herbal
therapies, Changping decoction (CPD), which includes herbs widely used for treating gastrointestinal
disorders, is a classic TCM prescription. The aim of this study was to provide evidence for the bene�cial
effects of CPD on IBS through pharmacology and pathway bioinformatics analyses, highlighting the
relationship between immune-related pathways and IBS pathophysiology, which was further con�rmed in
vivo. Our study aimed to systematically explore the potential mechanism of CPD in the treatment of IBS
and, thus, provides a theoretical basis for the development of CPD-derived therapeutics.

Methods

Target prediction of CPD ingredients
CPD is composed of baishao (Paeoniae Radix Alba), cangzhu (Atractylodes Lancea (Thunb. Dc)),
chuanlianzi (Toosendan Fructus), dangshen (Codonopsis Radix), fuzi (Aconiti Lateralis Radix
Praeparata), gancao (licorice), ganjiang (Zingiberis Rhizoma), huanglian (Coptidis Rhizoma), and
huangqin (Scutellariae Radix). The Traditional Chinese Medicine Systems Pharmacology Database and
Analysis Platform (TCMSP, https://www.tcmspw.com/tcmsp.php) is a comprehensive Chinese herbal
medicine analysis tool that can be used to identify relationships between drugs, targets, and diseases
based on 499 Chinese pharmacopoeia-registered herbs, as well as structural information for 29,384
ingredients[8,9,10]. In this study, the major compounds and related targets of CPD were screened from the
TCMSP database. The screening criteria were oral bioavailability >30% and drug-like properties >0.15.

Prediction of IBS-related targets
The Gene Expression Omnibus (GEO, http://www.ncbi.nlm.nih.gov/geo/) is an international public
repository for high-throughput microarray and next-generation sequencing functional genomic
datasets[11]. In this study, we selected a dataset (GSE36701[12], GPL570) from the GEO database using
the following keywords: “IBS” and “Homo sapiens.” The data of normal samples and IBS samples from
GSE36701 were used for differential gene expression analysis by employing the Wilcoxon test from the
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“limma” package in the R-3.6.0 software. The false discovery rate was set at <0.05, and an absolute value
of log2 | fold change |> 1 was set as the cut-off value.

Screening the intersection of CPD targets and IBS targets
We screened the intersection of CPD targets and IBS targets through the VENNY2.1 online tool
(https://bioinfogp.cnb.csic.es/tools/venny/index.html).

Construction a protein–protein interaction (PPI) network
and screening of hub genes through which CPD regulates
IBS
The drug–target interaction network was constructed using Cytoscape 3.7.2 software. The network had
129 nodes, including 9 drugs, 118 common target genes, 1 disease, and 1786 edges (Figure 2B). The
STRING database (http://string-db.org) provides a critical assessment and integration of PPIs, including
physical as well as functional associations[13]. The “CytoHubba” package in Cytoscape 3.7.2 software is
a tool for exploring the core genes of the PPI network based on 11 calculation methods. MCC, a newly
proposed method, has better performance with regard to precision of hub gene prediction from the PPI
network[14,15]. In this study, we input the intersection of CPD targets and IBS targets in the STRING
database to obtain a PPI network (Organism set to Homo sapiens) and then screened hub genes using
the “CytoHubba” package.

Gene Ontology (GO) and Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathway enrichment analysis
The “clusterPro�ler” package is an ontology-based R package that not only automates the process of
biological term classi�cation and the enrichment analysis of gene clusters but also provides a
visualization module for displaying analysis results[16]. We used the “clusterPro�ler” package in the R-
3.6.0 software to perform enrichment analysis on the intersection of CPD targets and IBS targets to
con�rm the potential mechanism of CPD in the treatment of IBS. To determine the core mechanism of
action of CPD in IBS, we analyzed the core 10 targets to determine the major signaling pathways by
enrichment analysis.

Animals and treatment
Thirty-two SPF Wistar rats[17] weighing 220 (±20) g were provided by Pengyue Laboratory Animal Center,
Jinan, Shandong, China (License: SCXK20190003). The rats were raised in the SPF animal room of the
medical college, Qingdao University, Qingdao, Shandong, China (License: SYXK20150003). The rats were
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isolated and fed for 1 week while they adapted to the environment and were then randomly divided again
into a blank group (n = 8), model group (n = 8), CPD treatment group (n=8), and control treatment group
(n = 8). According to the random number table method, 4 rats were fed in one cage for a total of 4 weeks.
All rats had free access to drinking water and food. The room temperature was 24 (±2) °C, the relative
humidity was 50 (±5)%, light and dark conditions were alternated every 12 h, and the rat cages were
cleaned every 2 days. The model group, CPD treatment group, and control treatment group underwent
water avoidance stress (WAS) for 1 h/day for 10 days[18,19]. Brie�y, rats were weighed and placed on a
platform (8 × 6 cm) a�xed to the center of a plastic container (55 × 50 cm) which was �lled with water to
1 cm below the platform. The conversion of the human dose to that used in rats was calculated based on
body surface. The CPD treatment group was administered CPD for 14 consecutive days. CPD was
prepared by mixing a solid aqueous extract in distilled water (1.125 mg/ml) and administered at a dose
of 1.0 ml/220 g body weight. The control treatment group was given saline (1.0 ml/220 g) for 14
consecutive days.

Abdominal withdrawal re�ex (AWR)
The AWR is mainly assessed to detect visceral hypersensitivity by dilating the rectum and colon to
con�rm whether the IBS model was successfully established[20,21]. In this study, all rats were fasted for 24
h but did receive drinking water. A small balloon dipped in liquid para�n was then slowly inserted up to 4
cm into the colon. Subsequently, the rats received 10–80 mmHg pressure stimulation successively, each
time increasing by 10 mmHg. The Al-Chaer method was used to evaluate the AWR score. When the
abdominal wall of the rat is lifted from the bottom and contracted, or the rat body arches with elevation
of the pelvis and scrotum, it is considered that the rat has a visceral pain threshold. The same pressure
stimulations were performed three times, and the average pressure value was taken as the �nal score.

Histological observation and Immunohistochemistry
After the rats were sacri�ced, colonic biopsies were obtained and �xed in cold 4% paraformaldehyde,
embedded in para�n, sectioned, stained with H&E, followed by gradient alcohol (100% twice, 95%, 70%,
and 50% for 5 min each) and xylene dehydration (three times, for 5 min each). The colonic biopsy
samples were observed under a light microscope (Olympus, Tokyo, Japan).

Immunohistochemistry experiments were performed on para�n-embedded, 4-mm-thick sections. The
sections were �rst incubated with the primary antibody at 37 °C for 60 min. The primary antibodies used
were as follows: rabbit polyclonal anti‐mouse VEGFA (1:100 dilution; A�nity Biosciences, Cincinnati, OH,
USA), rabbit polyclonal anti‐mouse MAPK8 (1:100; A�nity Biosciences), rabbit polyclonal anti‐mouse
PTGS2 (1:100; A�nity Biosciences). Thereafter, sections were incubated with a universal secondary
antibody (1:200; A�nity) at 37 °C for 30 min and then visualized using diaminobenzidine (DAB). Finally,
the nuclei were labeled by counterstaining the sections with hematoxylin. Three randomly selected �elds
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from each section were scanned under an Olympus CX31 microscope (Olympus, Tokyo, Japan), and
quantitative analysis of immunohistochemistry results was performed using Image-pro plus software.

Statistical analysis
Graph Prism version 5.0 software was used to analyze the results. The statistical data are expressed as
the mean ± standard deviation and were analyzed using the Wilcoxon rank-sum test.

Results

Results of CPD target protein and IBS disease target protein
screening
A total of 159 active ingredients (Table 1) and 189 related target proteins were screened in the TCMSP
database. Differential expression analysis identi�ed a total of 13,634 differentially expressed genes, of
which 6140 were downregulated, and 7494 were upregulated (Figure 1). According to the VENN diagram,
a total of 118 target proteins were screened at the intersection of IBS and CPD (Figure 2A).
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Table 1
Results of CPD target protein and IBS disease target protein screening

Molecular
ID

Molecular name OB(%) DL

MOL001918 paeoni�orgenone 87.59 0.37

MOL001919 (3S,5R,8R,9R,10S,14S)-3,17-dihydroxy-4,4,8,10,14-pentamethyl-
2,3,5,6,7,9-hexahydro-1H-cyclopenta[a]phenanthrene-15,16-dione

43.56 0.53

MOL001924 paeoni�orin 53.87 0.79

MOL000211 Mairin 55.38 0.78

MOL000358 beta-sitosterol 36.91 0.75

MOL000359 sitosterol 36.91 0.75

MOL000422 kaempferol 41.88 0.24

MOL000492 (+)-catechin 54.83 0.24

MOL000173 wogonin 30.68 0.23

MOL000184 NSC63551 39.25 0.76

MOL000188 3β-acetoxyatractylone 40.75 0.22

MOL000085 beta-daucosterol_qt 36.91 0.75

MOL001494 Mandenol 42 0.19

MOL001495 Ethyl linolenate 46.1 0.2

MOL002045 Stigmasterol 43.41 0.76

MOL002056 (E)-3-[(2S,3R)-2-(4-hydroxy-3-methoxy-phenyl)-7-methoxy-3-
methylol-2,3-dihydrobenzofuran-5-yl]acrolein

54.74 0.4

MOL002058 40957-99-1 57.2 0.62

MOL000098 quercetin 46.43 0.28

MOL001006 poriferasta-7,22E-dien-3beta-ol 42.98 0.76

MOL002879 Diop 43.59 0.39

MOL003036 ZINC03978781 43.83 0.76

MOL000449 Stigmasterol 43.83 0.76

MOL003896 7-Methoxy-2-methyl iso�avone 42.56 0.2

MOL004355 Spinasterol 42.98 0.76

MOL005321 Frutinone A 65.9 0.34
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MOL000006 luteolin 36.16 0.25

MOL006774 stigmast-7-enol 37.42 0.75

MOL007059 3-beta-Hydroxymethyllenetanshiquinone 32.16 0.41

MOL007514 methyl icosa-11,14-dienoate 39.67 0.23

MOL008393 7-(beta-Xylosyl)cephalomannine_qt 38.33 0.29

MOL008397 Daturilin 50.37 0.77

MOL008400 glycitein 50.48 0.24

MOL008407 (8S,9S,10R,13R,14S,17R)-17-[(E,2R,5S)-5-ethyl-6-methylhept-3-en-2-
yl]-10,13-dimethyl-1,2,4,7,8,9,11,12,14,15,16,17-
dodecahydrocyclopenta[a]phenanthren-3-one

45.4 0.76

MOL008411 11-Hydroxyrankinidine 40 0.66

MOL002211 11,14-eicosadienoic acid 39.9 0.2

MOL002388 Delphin_qt 57.76 0.28

MOL002392 Deltoin 46.69 0.37

MOL002395 Deoxyandrographolide 56.3 0.31

MOL002398 Karanjin 69.56 0.34

MOL001484 Inermine 75.18 0.54

MOL001792 DFV 32.76 0.18

MOL002311 Glycyrol 90.78 0.67

MOL000239 Jaranol 50.83 0.29

MOL002565 Medicarpin 49.22 0.34

MOL000354 isorhamnetin 49.6 0.31

MOL003656 Lupiwighteone 51.64 0.37

MOL000392 formononetin 69.67 0.21

MOL000417 Calycosin 47.75 0.24

MOL004328 naringenin 59.29 0.21

MOL004805 (2S)-2-[4-hydroxy-3-(3-methylbut-2-enyl)phenyl]-8,8-dimethyl-2,3-
dihydropyrano[2,3-f]chromen-4-one

31.79 0.72

MOL004806 euchrenone 30.29 0.57

MOL004808 glyasperin B 65.22 0.44

MOL004810 glyasperin F 75.84 0.54
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MOL004811 Glyasperin C 45.56 0.4

MOL004814 Isotrifoliol 31.94 0.42

MOL004815 (E)-1-(2,4-dihydroxyphenyl)-3-(2,2-dimethylchromen-6-yl)prop-2-en-
1-one

39.62 0.35

MOL004820 kanzonols W 50.48 0.52

MOL004824 (2S)-6-(2,4-dihydroxyphenyl)-2-(2-hydroxypropan-2-yl)-4-methoxy-
2,3-dihydrofuro[3,2-g]chromen-7-one

60.25 0.63

MOL004827 Semilicoiso�avone B 48.78 0.55

MOL004828 Glepidotin A 44.72 0.35

MOL004829 Glepidotin B 64.46 0.34

MOL004833 Phaseoliniso�avan 32.01 0.45

MOL004835 Glypallichalcone 61.6 0.19

MOL004838 8-(6-hydroxy-2-benzofuranyl)-2,2-dimethyl-5-chromenol 58.44 0.38

MOL004841 Licochalcone B 76.76 0.19

MOL004848 licochalcone G 49.25 0.32

MOL004849 3-(2,4-dihydroxyphenyl)-8-(1,1-dimethylprop-2-enyl)-7-hydroxy-5-
methoxy-coumarin

59.62 0.43

MOL004855 Licoricone 63.58 0.32

MOL004856 Gancaonin A 51.08 0.43

MOL004857 Gancaonin B 48.79 0.47

MOL004863 3-(3,4-dihydroxyphenyl)-5,7-dihydroxy-8-(3-methylbut-2-
enyl)chromone

66.37 0.41

MOL004864 5,7-dihydroxy-3-(4-methoxyphenyl)-8-(3-methylbut-2-enyl)chromone 30.49 0.41

MOL004866 2-(3,4-dihydroxyphenyl)-5,7-dihydroxy-6-(3-methylbut-2-
enyl)chromone

44.15 0.41

MOL004879 Glycyrin 52.61 0.47

MOL004882 Licocoumarone 33.21 0.36

MOL004883 Licoiso�avone 41.61 0.42

MOL004884 Licoiso�avone B 38.93 0.55

MOL004885 licoiso�avanone 52.47 0.54

MOL004891 shinpterocarpin 80.3 0.68

MOL004898 (E)-3-[3,4-dihydroxy-5-(3-methylbut-2-enyl)phenyl]-1-(2,4- 46.27 0.31
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dihydroxyphenyl)prop-2-en-1-one

MOL004903 liquiritin 65.69 0.74

MOL004904 licopyranocoumarin 80.36 0.65

MOL004907 Glyzaglabrin 61.07 0.35

MOL004908 Glabridin 53.25 0.47

MOL004910 Glabranin 52.9 0.31

MOL004911 Glabrene 46.27 0.44

MOL004912 Glabrone 52.51 0.5

MOL004913 1,3-dihydroxy-9-methoxy-6-benzofurano[3,2-c]chromenone 48.14 0.43

MOL004914 1,3-dihydroxy-8,9-dimethoxy-6-benzofurano[3,2-c]chromenone 62.9 0.53

MOL004915 Eurycarpin A 43.28 0.37

MOL004924 (-)-Medicocarpin 40.99 0.95

MOL004935 Sigmoidin-B 34.88 0.41

MOL004941 (2R)-7-hydroxy-2-(4-hydroxyphenyl)chroman-4-one 71.12 0.18

MOL004945 (2S)-7-hydroxy-2-(4-hydroxyphenyl)-8-(3-methylbut-2-enyl)chroman-
4-one

36.57 0.32

MOL004948 Isoglycyrol 44.7 0.84

MOL004949 Isolico�avonol 45.17 0.42

MOL004957 HMO 38.37 0.21

MOL004959 1-Methoxyphaseollidin 69.98 0.64

MOL004961 Quercetin der. 46.45 0.33

MOL004966 3'-Hydroxy-4'-O-Methylglabridin 43.71 0.57

MOL000497 licochalcone a 40.79 0.29

MOL004974 3'-Methoxyglabridin 46.16 0.57

MOL004978 2-[(3R)-8,8-dimethyl-3,4-dihydro-2H-pyrano[6,5-f]chromen-3-yl]-5-
methoxyphenol

36.21 0.52

MOL004980 In�acoumarin A 39.71 0.33

MOL004985 icos-5-enoic acid 30.7 0.2

MOL004988 Kanzonol F 32.47 0.89

MOL004989 6-prenylated eriodictyol 39.22 0.41
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MOL004990 7,2',4'-trihydroxy 5-methoxy-3 arylcoumarin 83.71 0.27

MOL004991 7-Acetoxy-2-methyliso�avone 38.92 0.26

MOL004993 8-prenylated eriodictyol 53.79 0.4

MOL004996 gadelaidic acid 30.7 0.2

MOL000500 Vestitol 74.66 0.21

MOL005000 Gancaonin G 60.44 0.39

MOL005001 Gancaonin H 50.1 0.78

MOL005003 Licoagrocarpin 58.81 0.58

MOL005007 Glyasperins M 72.67 0.59

MOL005008 Glycyrrhiza �avonol A 41.28 0.6

MOL005012 Licoagroiso�avone 57.28 0.49

MOL005016 Odoratin 49.95 0.3

MOL005017 Phaseol 78.77 0.58

MOL005018 Xambioona 54.85 0.87

MOL005020 dehydroglyasperins C 53.82 0.37

MOL002464 1-Monolinolein 37.18 0.3

MOL002501 [(1S)-3-[(E)-but-2-enyl]-2-methyl-4-oxo-1-cyclopent-2-enyl] (1R,3R)-3-
[(E)-3-methoxy-2-methyl-3-oxoprop-1-enyl]-2,2-
dimethylcyclopropane-1-carboxylate

62.52 0.31

MOL002514 Sexangularetin 62.86 0.3

MOL001454 berberine 36.86 0.78

MOL002894 berberrubine 35.74 0.73

MOL002897 epiberberine 43.09 0.78

MOL002903 (R)-Canadine 55.37 0.77

MOL002904 Berlambine 36.68 0.82

MOL002907 Corchoroside A_qt 104.95 0.78

MOL000622 Magnograndiolide 63.71 0.19

MOL000785 palmatine 64.6 0.65

MOL001458 coptisine 30.67 0.86

MOL002668 Worenine 45.83 0.87
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MOL001689 acacetin 34.97 0.24

MOL000228 (2R)-7-hydroxy-5-methoxy-2-phenylchroman-4-one 55.23 0.2

MOL002714 baicalein 33.52 0.21

MOL002909 5,7,2,5-tetrahydroxy-8,6-dimethoxy�avone 33.82 0.45

MOL002910 Carthamidin 41.15 0.24

MOL002913 Dihydrobaicalin_qt 40.04 0.21

MOL002914 Eriodyctiol (�avanone) 41.35 0.24

MOL002915 Salvigenin 49.07 0.33

MOL002917 5,2',6'-Trihydroxy-7,8-dimethoxy�avone 45.05 0.33

MOL002925 5,7,2',6'-Tetrahydroxy�avone 37.01 0.24

MOL002927 Skullcap�avone II 69.51 0.44

MOL002928 oroxylin a 41.37 0.23

MOL002932 Panicolin 76.26 0.29

MOL002933 5,7,4'-Trihydroxy-8-methoxy�avone 36.56 0.27

MOL002934 NEOBAICALEIN 104.34 0.44

MOL002937 DIHYDROOROXYLIN 66.06 0.23

MOL000525 Norwogonin 39.4 0.21

MOL000552 5,2'-Dihydroxy-6,7,8-trimethoxy�avone 31.71 0.35

MOL000073 ent-Epicatechin 48.96 0.24

MOL008206 Moslosoo�avone 44.09 0.25

MOL010415 11,13-Eicosadienoic acid, methyl ester 39.28 0.23

MOL012245 5,7,4'-trihydroxy-6-methoxy�avanone 36.63 0.27

MOL012246 5,7,4'-trihydroxy-8-methoxy�avanone 72.24 0.26

MOL012266 rivularin 37.94 0.37

Construction the PPI network and hub gene screening
We constructed the PPI network from the STRING database, and a total of 120 nodes and 1354 edges
were present in this network. According to the MMC calculation method, MAPK8, VEGFA, MAPK1, CASP3,
PTGS2, IL10, CXCL8, JUN, IL1B, and EGF were recognized as core genes, playing major roles in the
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mechanism of action of CPD in IBS. We believe that this PPI network can help us identify the potential
mechanism of CPD in treating IBS (Figure 3).

Results of enrichment analysis
To explore the potential mechanism of CPD in the treatment of IBS, we performed GO enrichment
analysis of the intersection of IBS and CPD using the R-3.6.0 software. For the biological process, terms
such as response to nutrient levels (GO:0031667), response to extracellular stimulus (GO:0009991), and
response to toxic substance (GO:0009636) were enriched (Figure 4A). For the cellular component, terms
including membrane raft (GO:0045121), membrane microdomain (GO:0098857), and membrane region
(GO:0098589) were enriched (Figure 4B). Protein heterodimerization activity (GO:0046982), chromatin
binding (GO:0003682), and proximal promoter sequence-speci�c DNA binding (GO:0000987) were
enriched for molecular function (Figure 4C). The results of KEGG analysis revealed that most targets were
enriched in the AGE-RAGE signaling pathway in diabetic complications (hsa04933), Kaposi sarcoma-
associated herpesvirus infection (hsa05167), and Hepatitis B (hsa05161) (Figure 5). Enrichment analysis
of the core 10 proteins indicated that CPD mainly regulates pertussis (hsa05133), the IL-17 signaling
pathway (hsa04657), the AGE-RAGE signaling pathway in diabetic complications (hsa04933), Kaposi
sarcoma-associated herpesvirus infection (hsa05167), and the MAPK signaling pathway (hsa04010)
(Figure 6A).

CPD alleviates intestinal visceral hypersensitivity in the
WAS-induced IBS rat model
To determine whether CPD treatment could reduce intestinal visceral hypersensitivity in IBS, CPD was
continuously administered via the intragastric route to IBS group rats for 2 weeks. The degree of colon
pain threshold pressure was assessed by the AWR test. The colon pain threshold for the blank group and
CPD treatment group was signi�cantly lower than those for the model group and control treatment group
(P < 0.0001) (Figure 7).

Results of histological observation and
immunohistochemistry
Through histological observation, we found that the colon tissue of model group and control treatment
group rats exhibited different degrees of lymphocyte proliferation, and no lesions were observed in colon
tissues of the blank group and the CPD treatment group (Figure 8).

Immunohistochemistry analysis revealed that the expression of MAPK8, VEGFA, and PTGS2 in the model
group and control treatment group samples was higher than that in the blank group and CPD treatment
group (Figure 9).
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Discussion
Identi�cation of mechanisms that in�uence the e�cacy of Chinese herbal formulae (CHF) for IBS might
enable clinicians to predict the patient response and devise new more rational and tailored treatment
strategies. In this study, to our knowledge for the �rst time, we report the anti-in�ammatory effects of CPD
mediated through the combined regulation of MAPK8, VEGFA, and PTGS2. The occurrence and
development of IBS is a multilevel, multistep, complex process in�uenced by various factors, such as the
gut microbiome, intestinal permeability, gut immune function, motility, diet, brain–gut interactions, and
psychosocial status[2, 3, 4, 30]. This multitude of factors complicate the treatment of IBS. A recent study
suggested some risk factors such as food allergy, abnormal microbiota, bile acid malabsorption, and
increased intestinal permeability as contributors to low-grade intestinal in�ammation, the major
pathological manifestation in IBS.

Identi�cation of important target proteins related to disease occurrence is essential for the exploration of
IBS therapy-associated molecular mechanisms. Avoiding the restrictions of labor-intensive and time-
consuming clinical trials with human subjects, in silico candidate target screening was employed. The
target network consisted of 120 nodes and 1354 edges, and several topological parameters were
calculated to obtain 10 important targets including hub or bottleneck proteins based on their high degree
centrality and betweenness centrality. Pathway enrichment analysis yielded similar results. Overlapping
targets, including PTGS2, VEGFA, MAPK8, CASP3, MAPK1, IL1B, EGF, JUN, IL10, and CXCL8, connected
multiple subgroups, which may play pivotal roles in the pathway network [31, 32, 33, 34]. Importantly, several
major targets were both hub bottleneck nodes in the structural network and key points in the protein and
pathway networks. Based on gene function classi�cation, our analysis results revealed that the e�cacy
of CPD therapy in IBS was based on the modulation of target proteins involved in the in�ammatory
response and oxidative stress regulation (MAPK8, PTGS2, VEGFA).

Histological observation revealed that the colons of model group and control treatment group rats
exhibited low-grade in�ammation characterized by lymphocyte proliferation, which was not observed in
blank group and CPD treatment group rat colons. Increased numbers of lymphocytes have been reported
in the colon and small intestine of patients with IBS. Our �ndings con�rmed these observations in rats,
and we further investigated the anti-in�ammatory potential of CPD. A history of acute diarrheal illness
preceding the onset of irritable bowel symptoms in some patients has suggested that the development of
IBS occurs following infectious enteritis. The increased risk of post-infectious IBS is associated with
bacterial, protozoan, helminth, and viral infections[41, 42, 43, 44, 45]. Some meta-analyses have shown an
increased risk of IBS in patients who had experienced an episode of acute gastroenteritis[46,47]. A review
of 18 studies showed a pooled 10% incidence of IBS and that the odds of developing IBS increased six-
fold following acute gastrointestinal infection. One study in full-thickness jejunal biopsies supported our
results, showing lymphocyte in�ltration in the myenteric plexus as well as neuron degeneration, which
stimulated the ENS, leading to abnormal motor and visceral responses within the intestine. Chronic
infections have been suggested to trigger IBS symptoms in tandem with predisposing factors. Therefore,
targeting the in�ammatory pathways in IBS holds promise as an effective therapeutic approach.
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The MAPK signaling pathway, to which MAPK8 belongs, is considered one of the classical in�ammatory
pathways [44]. Stool examinations from patients with diarrhea-predominant IBS have revealed a high level
of serine-protease activity. The role of intestinal serine-proteases in the pathophysiology of IBS remains
under investigation. In our study, we found that MAPK8 could regulate the expression of PTGS2 and
VEGFA in Kaposi sarcoma-associated herpesvirus infection (hsa05167), thus, participating in the process
of in�ammation and cell proliferation (Fig. 6B) in IBS. MAPK8 could also regulate the expression of
PTGS2 in the IL-17 signaling pathway (hsa04657) and, thus, participate in the process of autoimmune
pathology, neutrophil recruitment, and immunity to extracellular pathogens (Fig. 6C). Further,
immunohistochemistry demonstrated the potential of CPD to downregulate the expression of MAPK8 in
an IBS rat model.

This notion is supported by the observation that CPD exerts its anti-in�ammatory effects in colon tissue
by inducing MAPK8 and PTGS2 in this experimental setup. PTGS2 was reported to play a critical role in
regulating in�ammatory responses by generating in�ammatory mediator prostaglandin E-2 (PGE2) and
contributed to the development of chronic in�ammatory diseases [42, 43]. PGE2 plays an important role in
the initiation of in�ammation and pain. Mucosal PGE2 levels are increased in IBS, as reported in our
study and in others. Prostaglandins are known to sensitize sensory neurons, including those innervating
the gastrointestinal tract. PGE2, in turn, acts on DRG neurons to induce visceral hypersensitivity. There is
little information regarding the use of COX2 inhibitors in patients with IBS. In a clinical study involving 61
patients with IBS-D diagnosed based on Rome IV criteria, 30-day treatment with mesalazine, a drug with
anti-in�ammatory properties, including cyclooxygenase and prostaglandin inhibition, effectively reduced
key symptoms, such as stool frequency, abdominal pain, and bloating.

VEGFA is heavily involved in several chronic in�ammatory disorders, where it not only promotes
angiogenesis but also directly fosters in�ammation [38, 39]. Angiogenesis is inherent to chronic
in�ammation and is associated with structural changes, including activation and proliferation of
endothelial cells [40], as well as capillary and venule remodeling, all of which result in the expansion of the
tissue microvascular bed. Studies have shown that the relationship between PTGS2 and VEGF is closely
associated with in�ammation and angiogenesis. It is now well established that, in diseases such as
rheumatoid arthritis, psoriasis, atherosclerosis, and chronic lung in�ammation, VEGFA is intimately
involved in the pathogenesis, and targeting VEGFA is a promising new therapeutic strategy to dampen
in�ammation. In this study, we demonstrated activation of the VEGF pathway in actively in�amed IBD
mucosa. The expression of both VEGFA and its receptor VEGFR-2 is enhanced in tissue biopsy specimens
from in�amed bowel segments [41]. We next investigated whether CPD reduced the expression of VEGFA
to exert its anti-in�ammatory effects on intestinal endothelium in vivo. Our results identi�ed VEGFA as
intimately involved in IBD pathogenesis and at the crossroads between in�ammation-driven angiogenesis
and mucosal in�ammation. This suggests that the CPD-mediated downregulation of VEGFA signaling
may represent a new strategy to dampen intestinal in�ammation.
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We detected the expression of VEGFA, PTGS2, and MAPK8 in each group via immunohistochemistry, and
found that CPD could effectively inhibit their expression. Further, low-grade in�ammation in the colon
tissue of rats and visceral pain were alleviated with CPD. Moreover, we showed that the increased PTGS
activity and PTGS2 protein levels in HUVECs treated with VEGF were mediated through protein tyrosine
kinases, but not protein kinase C (Figs. 4 and 5). These �ndings were consistent with those of previous
studies showing that VEGF receptors on endothelial cells acted via protein tyrosine kinases, and the
mitogen-driven induction of PTGS2 in endothelial cells was mediated through protein tyrosine kinases.
Therefore, the downstream regulation of PG production in HUVECs activated with VEGF was affected at
several points such as PTGS2, tyrosine phosphorylation, and phospholipase. In summary, our study is the
�rst to show that PTGS2 can be induced through protein tyrosine kinase in HUVECs treated with VEGF.
VEGF is known to be involved in pathological processes such as in�ammation, atherosclerosis
development, and carcinogenesis. Thus, the use of speci�c PTGS2 inhibitors in related conditions might
have therapeutic potential.

Conclusion
Nowadays, a myriad of therapeutic options are available for IBS. However, treatment outcome remains
unsatisfactory. Our research shows that CPD treatment can signi�cantly alleviate intestinal visceral
hypersensitivity and low-grade intestinal in�ammation while also decreasing the expression of
in�ammation-related factors such as VEGFA and PTGS2 in IBS rats. These �ndings provide evidence that
CPD can effectively relieve symptoms of IBS in patients. CPD is a traditional CHF including a number of
medicinal plants with various therapeutic properties, traditionally used for different diseases including the
treatment and prevention of intestinal disease. CHF contains different active agents and may act on
multiple targets, signaling pathways, and biological processes with potential synergistic effects and
chemical reactions. A total of 118 potential targets and 159 pharmacologically active components were
identi�ed for CPD, supporting the clinical potential of this TCM. As an increasing number of people tend
to use TCM as alternative treatment, more extensive and well-designed preclinical and clinical trials
assessing the potential synergistic and adverse side effects of herb–drug interactions, as well as
mechanisms of action, will highlight future directions in IBS therapy research.
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A total of 118 targets were screened at the intersection of CPD and IBS (A). CPD-IBS disease network. Red
triangle represent the drug composition of CPD, green circles are potential targets of CPD for the
treatment of IBS (B).
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Figure 3

PPI network (A) and core protein of the PPI network (B)
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Figure 4

The result of Gene Ontology (GO)enrichment analysis including biological process (A) cellular component
(B) molecular function (C)
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Figure 5

the result of KEGG pathway enrichment analysis
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Figure 6

the result of enrichment analysis of the core 10 proteins (A). The signaling pathway picture of Kaposi
sarcoma-associated herpesvirus infection (B) and IL-17 signaling pathway (C).
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Figure 7

The rats in the model group and the control treatment group have obvious visceral pain threshold at 20-
40mmHG. The CPD treatment group will have a visceral pain threshold at 40-70mmHg. Visceral pain
threshold occurred in the blank group at 80mmHg or greater. P < 0.0001.
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Figure 8

Compare with blank group (A) and CPD treatment group (D), the model group (B) and control treatment
group (C) apparent exhibit lymphocyte proliferation.Slides shown (×400 magni�cation) are representative
of common �ndings.
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part (A) is result of immunohistochemistry experiments. Part (B) is result of quantitative analysis of
immunohistochemistry results. We can �nd that the expression of MAPK8, PTGS2 and VEGFA of the
model group and the control treatment group is higher in proportion to the blank group and CPD
treatment group.
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