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Abstract: Objective: To investigate the molecular mechanisms of Jianpi Yanggan Pill (JPYGP) in treating Diarrhea-
predominant irritable bowel syndrome (IBS-D) using an integrated network pharmacology approach combined with
experimental validation. Methods: The chemical constituents of JPYGP were identified by ultra-high performance lig-
uid chromatography-high-resolution mass spectrometry (UHPLC-MS/MS), and bioactive compounds were screened
using various databases. Candidate targets was predicted, followed by Gene Ontology (GO) and Kyoto Encyclopedia
of Genes and Genomes (KEGG) pathway enrichment studies. An IBS-D rat model was established using acetic acid
enema combined with restraint stress. The therapeutic potential of JPYGP was further validated through biochemi-
cal assays, including Western blotting and enzyme-linked immunosorbent assay (ELISA), to assess the involvement
of the C-X-C motif chemokine ligand 8 and extracellular signal-regulated kinase (CXCL8-ERK) signaling pathway.
Results: UHPLC-MS/MS analysis identified 2,309 candidate compounds in JPYGP, among which 20 were bioactive.
A total of 660 targets were predicted, of which 414 overlapped with IBS-D-related targets. Enrichment analysis
highlighted that these targets were mainly involved in inflammatory and MAPK pathways. In a living organism,
JPYGP noticeably alleviated diarrhea symptoms and visceral pain, reduced colonic tissue damage, inhibited mast
cell activation, and downregulated the expression of CXCL8 and phosphorylated ERK1/2. Conclusion: JPYGP exerts
therapeutic effects on IBS-D via a multi-component, multi-target mechanism, primarily by suppressing the CXCL8-
ERK pathway, thereby attenuating colonic inflammation and visceral hypersensitivity.

Keywords: Jianpi Yanggan Pill, diarrhea-predominant irritable bowel syndrome, network pharmacology, CXCL8-
ERK signaling pathway, visceral hypersensitivity

Introduction

Diarrhea-predominant irritable bowel syndro-
me (IBS-D), also known as irritable bowel
syndrome (IBS), is a functional gastrointestinal
disorder characterized by recurrent abdominal
pain or abdominal discomfort associated with
altered bowel habits, particularly diarrhea [1].
The etiology and pathogenesis of IBS are not

fully understood. Contemporary evidence su-
ggests that IBS-D has multiple factors, includ-
ing psychosocial stress, dysregulation of the
brain-gut axis [2], altered gastrointestinal
motility, visceral hypersensitivity [3], and intes-
tinal microbiota imbalance [4]. Among IBS
subtypes, IBS-D is the most prevalent world-
wide. Although the overall incidence of IBS in
China is lower than the developed countries,
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the incidence of IBS-D has been increasing in
China with economic development and improve-
ments in living conditions.

Western treatments for IBS-D are primarily
symptomatic treatment, including antispas-
modics, antidiarrheal agents, gastrointestinal
prokinetics, and probiotics [5]. However, these
treatments often fail to provide sustained
symptom relief and are associated with high
relapse, partial efficacy, and long-term medica-
tion use, increasing the economic and psycho-
logical burdens on patient [6]. According to
Traditional Chinese Medicine (TCM), which
emphasizes holistic and individualized app-
roach, IBS-D corresponds to the syndrome cat-
egory of “Xiexie”. This therapy has curative effi-
cacy, low cost in the clinic, and good patient
acceptance for IBS-D.

Jianping Yanggan Pill (JPYGP), developed by
professor Long Zuhong, comprises 14 herbal
components: Shanyao (Dioscoreae Rhizoma),
Baizhu (Atractylodes macrocephala Koidz),
Beishashen (Glehniae Radix), Yinchaihu (St-
ellariae Radix), Baishao (Paeoniae Radix Alba),
Fuling (Poria cocos), Yiyiren (Coicis Semen),
Sharen (Amomin Fructus), Wuyao (Linderae
Radix), Huanggin (Scutellaria Radix), Wumei
(Mume Fructus), Shanzha (Crataegi Fructus),
Chenpi (Citri Reticulatae Pericarpium), and
Gancao (Glycyrrhizae Radix et Rhizoma). JPYGP,
derived from Shenling Baizhu Decoction, is tra-
ditionally used to strengthen the spleen and
regulate qi. It has been clinically applied to treat
spleen and stomach diseases at Yunnan
Hospital of Traditional Chinese Medicine, with
favorable clinical outcomes. However, the ac-
tive components, molecular targets, and mech-
anisms underlying the therapeutic effects of
JPYGP in treating IBS-D remain unclear due to
the complex composition and multi-herb nature
of TCM formulations.

Network pharmacology is a new discipline that
integrates systems biology and computer te-
chnologies to systematically elucidate drug-
component-target-disease interaction netwo-
rks. This approach enables the comprehensive
analysis of how active ingredients modulate
disease-related biological networks and is par-
ticularly suitable for exploring the multi-compo-
nent and multi-target characteristics of TCM in
the treatment of complex multifactorial diseas-
es. Network pharmacology has been increas-
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ingly applied in IBS-D research [7]. In this study,
network pharmacology was used to investigate
the pharmacological mechanisms of JPYGP in
the treatment of IBS-D.

Recent studies have identified C-X-C motif che-
mokine ligand 8 (CXCLS8), also known as inter-
leukin-8 (IL-8), as a key inflammatory mediator
involved in IBS-D pathogenesis. CXCL8 enhanc-
es neutrophil recruitment and amplifies inflam-
matory responses. Research reports that ele-
vated CXCL8 in serum and intestinal tissues of
IBS-D patient potentially contributes to proin-
flammatory response and potentiates intesti-
nal dysfunction [8]. CXCL8 mainly exerts its
effects through the interaction with CXCR1 and
CXCR2 receptors present on the surface of
neutrophils, macrophages, and T lymphocytes
[9]. In addition, the extracellular signal-regulat-
ed kinase 1/2 (ERK 1/2) pathway also plays a
critical role in inflammatory regulation by modu-
lating cell proliferation, differentiation, and
apoptosis [10, 11]. This study aimed to investi-
gate the effects of JPYGP on CXCL8 expression
and ERK1/2 phosphorylation in an IBS-D rat
model. Through network pharmacology and in
vivo experiments, this study sought to elucidate
the multi-targeted therapeutic mechanisms of
JPYGP in IBS-D management.

Materials and methods

Sample extraction and drug component analy-
sis based on UHPLC-MS/MS

Powdered JPYGP (100 mg, Yunnan Provincial
Hospital of TCM) was extracted with 1 mL 70%
aqueous methanol. The mixture was vortex-
mixed for 30 s followed by water-bath sonica-
tion for 90 min. After centrifugation at high
speed for 10 min at 4°C, the supernatant was
collected and filtered. The filtrate was evapo-
rated to dryness, and the residue was reconsti-
tuted in 300 uL of 40% aqueous methanol, vor-
texed, and centrifuged at 16,000 x g for 10 min
at 4°C. The resulting supernatant was subject-
ed to liquid chromatography-mass spectrome-
try (LC-MS) analysis.

Chromatographic separation was performed
using a Vanquish UHPLC system (Thermo Fisher
Scientific, Germany) featuring an ACQUITY
UPLC HSS T3 column (2.1 x 100 mm; 1.8 ym;
Waters). The mobile phases consisted of 0.1%
formic acid in water (A) and 0.1% formic acid in
acetonitrile (B), with a flow rate of 0.3 mL/min.
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Mass spectrometric detection was performed
on a Q-Exactive HFX MS (Thermo Fisher
Scientific) using electrospray ionization in the
positive (3800 V) and negative (3500 V) modes.
The sheath gas and auxiliary gas flow rates
were set at 45 and 20 arbitrary units, respec-
tively. The ion transfer tube temperature was
maintained at 320°C, and the capillary temper-
ature was set at 350°C. Data acquisition was
done in Full-MS/dd-MS? mode with resolutions
of 60,000 and 15,000 over an 90-1,300 m/z
range. The top 10 precursor ions were selected
for fragmentation using stepped normalized
collision energies (NCE) of 20, 40 and 60 eV.

Integrated screening of JPYGP targets and IBS-
D-related targets

Targets associated with drug components iden-
tified by UHPLC-MS/MS were predicted using
the PubChem (https://pubchem.ncbi.nim.nih.
gov/) and SwissTargetPrediction (http://swis-
stargetprediction.ch/) databases. Then, dis-
ease-related targets for IBS-D were retrieved
from the GeneCards (https://www.genecards.
org/) and Online Mendelian Inheritance in Man
(OMIM; https://www.omim.org/) using keyword
“Irritable Bowel Syndrome with Predominant
Diarrhea”. Finally, common targets between
JPYGP-and IBS-D-related targets were obtained
and visualized using the online Venny 2.1.0
platform.

Construction of a protein-protein interaction
(PPI) network and identification of core targets

To elucidate the interactions among the com-
mon targets, the intersecting targets screened
out in Section 2.2 were imported into the
STRING database (https://string-db.org/cgi/
input.pl). A high-confidence interaction score
(=0.700) was applied to construct a PPI net-
work, with species set as Homo sapiens. The
resulting drug-component-target-disease inter-
action network depicting the shared genes
among the four targets was visualized using
Cytoscape 3.10.3, and topological parameters
were analyzed using the NetworkAnalyzer.
Targets with degree values =37 were labeled
core targets.

GO and KEGG pathway enrichment analyses

The core targets of JPYGP and IBS-D were
imported into the Metascape database (ht-
tps://metascape.org/) for gene function anno-
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tation. The species was set to Homo sapiens,
with customized analysis parameters including
a minimum overlap of 3, minimum enrichment
of 1.5, and P-value of 0.05. The top 20 KEGG
pathways and the top 10 enriched biological
processes (BP), molecular functions (MF), and
cellular components (CC) were selected based
on statistical significance (P < 0.05). Sub-
sequently, visualization of enrichment results
was conducted using the online bioinformatics
platform (http://www.bioinformatics.com.cn).

Animals

All animal experimental procedures were
approved by the Experimental Animal Ethics
Committee of Yunnan Provincial Hospital of
Traditional Chinese Medicine/The First Aff-
iliated Hospital of Yunnan University (Approval
No.: DW-2023-025). Male specific pathogen-
free (SPF) Sprague-Dawley rats (8 weeks old)
were purchased from SPF (Beijing) Biotech-
nology Co., Ltd. Rats were housed in a 12-h
light/12-h dark cycle with ad libitum access to
food and water. Rats were randomly assigned
to a control group (n = 8) or subjected to induc-
tion of IBS-D.

The animals were restrained using a apparatus
that immobilized the limbs while allowing nor-
mal breathing and defecation. Animals in IBS-D
and JPYGP groups were lightly anesthetized
with ether inhalation and injected with 1 ml of
4% acetic acid at a depth of 8 cm from the
anus. After 1 min, the colon was flushed with 1
ml phosphate-buffered saline. This procedure
was repeated once every other day for a total of
two administrations.

Throughout the experimental period, body
weight of animals was recorded daily. Fecal
samples were collected for diarrhea assess-
ment, and visceral sensitivity was evaluated
using the abdominal withdrawal reflex (AWR).
The IBS-D model was deemed successfully
established when rats exhibited an AWR score
>3 and a significantly increased diarrhea index
was significantly higher compared to the con-
trol group. The rats in control group were given
normal saline via enema without restrain
stress.

Rats with successful model induction were ran-
domly allocated to the IBS-D Model group and
the JPYGP group. Rats in the JPYGP group were
administered JPYGP orally at 100 mg/kg/day.
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On day 21, all animals were euthanized by intra-
peritoneal injection of tribromoethanol, and
biological samples, including blood along with
duodenal and colon tissues, were collected for
subsequent analyses.

Measurement of AWR scores

Following 12 hours of fasting, a lubricated bal-
loon catheter was inserted 1 cm beyond the
anal verge into the colorectum and secured to
the tail base with adhesive tape. Rats were
acclimatized in a transparent chamber for 30
min. The colorectal distension were carried out
at pressures of 20, 40, 60, and 80 mmHg for
20 s at 4 min intervals. The mean AWR scores
of three repeated trials were recorded for each
pressure. While the inflation of the balloon took
place, one experimenter monitored and con-
trolled the pressure parameters, while a sec-
ond observer, blinded to group allocation,
assessed the behavioral responses according
to the following criteria: O, no behavioral chang-
es; 1: no limb movement or simple head move-
ment; 2, abdominal muscle contract; 3: lifting
or flattening of the lower abdomen due to strong
contraction; 4, pronounced arching of the abdo-
men accompanied by trunk/pelvis elevation.

Diarrhea index

Rats were housed separately in cages lined
with filter paper for fecal collection over a
6-hour period. The index of diarrhea was com-
puted using the following formula:

Diarrhea Index = Loose Stool Rate x Loose
Stool Grade

The loose stool rate was calculated by dividing
the total number of loose stools by the total
number of fecal pellets. Loose stools were
identified based on the diameter of fecal con-
tamination on the filter paper and graded as:
grade 1, <1 cm; grade 2, 1.0-1.9 cm; grade 3,
2.0-3.0 cm; and grade 4, >3.0 cm.

Stool trait score

Fecal traits were assessed using the Bristol
Stool Form Scale. Stool consistency was classi-
fied into seven types as follows: type 1, sepa-
rate hard lumps resembling nuts; type 2, sau-
sage-shaped but lumpy; type 3, sausage-like
with cracks on the surface; type 4, smooth and
soft sausage-like or snake-like stool; type 5,
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soft masses with clear-cut edges; type 6, fluffy
pieces with ragged edges, and a mushy pa-
ste-like stool; type 7, watery, with no solid
components.

Measurement of small intestinal transit

Rats were fasted for 16 h prior to the intestinal
transit experiment and then administered 0.2
mL of carbonic ink intragastrically to evaluate
small intestinal transit. After 30 min, the rats
was euthanized, and the entire intestinal tract
was removed from the cardia to the terminal
rectum. Without applying tension, the total
length of the small intestine and the ink migra-
tion distance were measured. The intestinal
transit rate was calculated using the following
formula:

Ink Propulsion Rate (%) = Ink Migration Distance
(cm)/Small Intestine Length (cm) x 100%

Measurement of colonic transit time

Colonic transit time was evaluated using the
glass bead expulsion test. Briefly, a lubricated
glass bead (3 mm in diameter) was gently
inserted 2 cm proximal to the anal verge using
a plastic pipette. The distal colonic transit time
was defined as the time elapsed between bead
insertion and expulsion. Measurements were
performed during the final week of the experi-
mental period.

Histopathological grading of the colon

The transverse colon tissues were fixed in 4%
neutral buffered formalin, embedded in paraf-
fin, section, and stained with hematoxylin and
eosin (H&E) (Leica Biosystems, Germany).
Histopathological score was graded as follows:
0, no observable pathological alterations; 1-3,
mild injury characterized by slight edema and
reduced numbers of mucin-secreting epithelial
cells; 4-5, moderate injury with vascular con-
gestion, inflammatory cell infiltration, increased
apoptosis and necrosis; and 6-10, severe injury
characterized by extensive inflammatory infil-
tration, marked edema, hemorrhage, vascular
congestion, and coagulative necrosis with tis-
sue debris.

Immunofluorescence staining

Paraffin-embedded tissue sections were de-
waxed, rehydrated, and treated with a fluores-
cence quenching agent, rinsed and washed
with running water and blocked. Sections were
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incubated overnight at 4°C with primary anti-
body against tryptase (1:500) and subsequent-
ly incubated with a fluorescently labeled sec-
ondary antibody (1:500) for 1 h at room
temperature in the dark. After washing, nuclei
were counterstained as appropriate. Immuno-
fluorescence images were captured using a
fluorescence microscope (DMi8, Leica Mi-
crosystems, Germany), and tryptase-positive
mast cells were quantified.

Western blot analysis

Total protein was extracted from colonic tis-
sues using RIPA buffer (Servicebio) containing
protease and phosphatase inhibitors. Equal
amounts of protein were subjected to SDS-
PAGE separation and transferred onto PVDF
membranes (Servicebio). After blocking, mem-
branes were incubated overnight at 4°C with
rabbit mAbs against ERK1/2 and P-ERK1/2
(1:1000, Servicebio), followed by incubation
with HRP-conjugated secondary antibodies
(1:10000, Servicebio). Protein bands were visu-
alized with an enhanced chemiluminescence
kit (Servicebio) and imaged with an enhanced
chemiluminescent detection system (JiaPeng).
Band intensity was quantified using ImageJ
software.

Data analysis

Statistical analyses were performed using
SPSS 27.0 (IBM Corp., Armonk, NY, USA). Data
were presented as mean + standard error of
mean. When data followed a normal distribu-
tion and met the homogeneity of variance
assumption, one-way analysis of variance
(ANOVA) was used for comparisons among mul-
tiple groups. Subsequent post-hoc testing was
performed using Tukey’s honestly significant
difference (HSD) test to conduct pairwise com-
parisons between the groups. If the homo-
geneity of variance assumption was violated,
Welch’'s ANOVA was applied instead, followed
by Dunnett’s T3 test for post-hoc pairwise com-
parisons, whereas the Kruskal-Wallis test was
applied for non-normally distributed data. A P
value < 0.05 was considered statistically
significant.

Results

Identification and prediction of active com-
pounds in JPYGP

A total of 2,309 chemical components were
identified in JPYGP by UHPLC-MS/MS analysis.
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High-abundance chromatographic peaks were
confirmed based on peak shape and secon-
dary MS fragmentation patterns. Represen-
tative total ion chromatograms acquired in
both positive and negative ionization modes
are shown in Figure 1A, 1B. Of these, 20 active
compounds were selected as putative active
components for drug target prediction, inclu-
ding 11 flavonoids, four terpenoids, two pheno-
lic acids, one anthraquinone alkaloid, one
tyrosine alkaloid, and one small peptide (Table
1).

Network pharmacology analysis of JPYGP
against IBS-D

Network pharmacology analysis revealed 414
overlapping targets between JPYGP-related
and IBS-D-related targets (Figure 2A). PPI
analysis using STRING database generated a
network comprising 400 nodes and 2797
edges. Based on a degree value threshold
of 237, core targets of JPYGP for treating IBS-D
were identified (Dataset S1), and the top 30
targets were selected as core targets (Figure
2B).

Among these key core targets, mitogen-acti-
vated protein kinases MAPK3 (ERK1) and
MAPK1 (ERK2) were prominent, indicating
the involvement of the ERK1/2 signaling cas-
cade. GO enrichment analysis demonstrated
that these targets were primarily associated
with epidermal growth factor receptor (EGFR)
signaling-related biological processes and
receptor-mediated activation of downstream
cascades, including the ERK1/2 pathway.
Most targets were localized in the cytoplasm,
consistent with their roles in intracellular
signal transduction. Molecular function analy-
sis further revealed significant enrichment in
protein tyrosine kinase activity, indicating
modulation of phosphorylation events that
is critical for ERK1/2 activation (Figure 2C).
KEGG pathway enrichment analysis showed
significant overrepresentation of MAPK signal-
ing pathway, supporting a potential role of
ERK1/2 in the therapeutic effects of JPYGP in
IBS-D (Figure 2D).

Therapeutic effects of JPYGP on stress-in-
duced IBS-D

In the IBS-D model induced by restraint stress

and acetic acid enema (4%, 10 ml), body weight
gain was significantly reduced in both the

Am J Transl Res 2026;18(3):2507-2521



Mechanisms of Jianpi Yanggan Pill for IBS-D

A Joo- 9.46 TIP(POS)

] 107]

90
] 10.92

80 121
3 10.94

703 12.34
3 17

60 12.36

] 141

Relative Abundance
[4)]
g

14.747 15.28 17 18 18.55

10 20
Time (min)

Baoog s TIP(NEG)

90 9.47
] 19.49

1 123

40- 0.94

Relative Abundance
[$)]
?

o o
U™ O

11.30 13.46

13.63

1591 17.39 18.24
19.34

0 2 4 6 8 10 12 14 16 18 20
Time (min)

Figure 1. Identification of active compounds in JPYGP using UHPLC-MS/MS. A. Total ion chromatogram of JPYGP in
POS mode. B. Total ion chromatogram of JPYGP in NEG mode. JPYGP, Jianpi Yanggan Pill; NEG, negative; POS, posi-
tive; UHPLC-MS/MS, ultra-high-performance liquid chromatography-high-resolution mass spectrometry.

model and JPYGP group compared with the rats in the JPYGP group experienced greater
control group. After two weeks of treatment, weight recovery than the model group, although
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Table 1. Chemical characterization of bioactive compounds in Jianpi Yanggan Pill (JPYGP)

NO. Name

RT/

Formula . m/Z lon Mode
min

2  \Valylphenylalanine

4 (R)-Reticuline

5  Albiflorin

9  Axillarin 4’-glucuronide
10 Baicalein

11 Sinensetin

12 Nobiletin

13  Oroxylin

14  Tangerlin

C14H20N203 2.58 166.0862 POS
C19H23N0O4 4.14 330.1696 POS
C23H28011 4.32 481.1701 POS/NEG
C23H22014 6.73 347.0758 POS
C15H1005 9.47 271.0596 POS
C20H2007 10.23 373.1278 POS
C21H2208 10.92 403.1383 POS
C16H1205 11.19 285.0747 POS/NEG
C20H2007 11.59 373.1278 POS

15 1-(3,4-Dihydroxy-2,6-dimethoxyphenyl)-3-phenylprop-2-en-1-one  C17H1605 11.91 301.1068 POS

16 Ligustilide A

18 Atractylenolide Il

19 Atractylenolide |

20 (-)-Isolongifolol

21 Ethyl gallate

22 3,4-Dihydroxybenzoic acid
24 Hesperidin

25 Naringin

26 Norwogenin

27 Wogonin

C12H1402 12.24 191.1066 POS
C15H2002 12.68 233.1535 POS
C15H1802 13.33 231.1379 POS
C15H260 13.96 205.1945 POS
COH1005 2.35 169.0135 NEG
C7H604 3.18 153.0182 NEG
C28H34015 5.8 609.1817 NEG
C27H32014 8.96 271.061 NEG
C15H1005 9.19 269.0455 NEG
C16H1205 10.93 283.0609 NEG

body weight remained lower than that of the
control group (P < 0.05 or P< 0.01; Figure 3A).
AWR scores, an indicator of visceral sensitivity,
increased progressively with colorectal disten-
sion pressure in the model group compared
with controls, whereas AWR scores were signifi-
cantly reduced in the JPYGP group (P < 0.05 or
P < 0.01; Figure 3B). The diarrhea index in
JPYGP group was markedly decreased com-
pared with the model group (P < 0.001; Figure
3C). Consistently, Bristol stool scores in JPYGP
group were significantly lower than that in the
model group (P < 0.001), suggesting that JPYGP
not only alleviated diarrhea severity but also
improved stool consistency (Figure 3D).

Effects of JPYGP on gastrointestinal motility in
IBS-D rats

Gastrointestinal motility was assessed by mea-
suring intestinal transit. The small intestine pro-
pulsion rates in both model and JPYGP groups
were significantly higher than those in the con-
trol group. Noteworthy, the propulsion rate in
the JPYGP group was significantly lower than
that in the model group (P < 0.001; Figure 4A).
In the glass bead expulsion test, the model
group demonstrated significantly shorter colon-
ic transit time compared with the control group
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(P < 0.05), while colonic transit time was pro-
longed in the JPYGP group compared with the
model group (P < 0.01; Figure 4B). Furthermore,
carbon ink was predominantly distributed in the
small intestine all groups at 30 min after gavage
(Figure 4C).

JPYGP attenuated colonic inflammation and
suppresses mast cell activation

Histopathological examination of colonic tis-
sues using H&E staining revealed that rats in
the control group exhibited intact colonic muco-
sal structure with clearly visible goblet cells. In
contrast, rats in the IBS-D group showed signifi-
cant crypt destruction, mucosal ulceration, and
extensive inflammatory cell infiltration, with a
pathological score of 4.

Administration of JPYGP markedly reduced his-
topathological alterations, with a pathological
score decreased to 2 (Figure 5A, 5B). To further
assess the involvement of mast cells in IBS-D
pathology, immunofluorescence staining for
tryptase-positive mast cells was performed.
Results showed a marked increase in tryptase-
positive mast cells (red) in the model tissues as
compared with controls, which was notably
reduced after JPYGP treatment. Nuclear coun-
terstaining with DAPI (blue) revealed preserved

Am J Transl Res 2026;18(3):2507-2521
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Figure 2. Network pharmacology analysis of JPYGP against IBS-D. A. Venn diagram showing 414 overlapping targets
between JPYGP compounds and IBS-D. B. PPl network of JPYGP targets for the treatment of IBS-D, consisting of 400
nodes and 2797 edges (top 30 core targets highlighted). C. GO analysis of JPYGP targets in IBS-D (top 10). D. KEGG
enrichment analysis of JPYGP targets in IBS-D (top 20). GO, Gene Ontology; IBS-D, diarrhea-predominant irritable
bowel syndrome; JPYGP, Jianpi Yanggan Pill; KEGG, Kyoto Encyclopedia; PPI, protein-protein interaction.
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markedly increased in the mo-
del group (P < 0.001), confirm-
ing activation of the ERK
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Figure 3. Therapeutic effects of JPYGP on stress-induced IBS-D. A. Changes
in body weight over the 4-week experimental period. B. Diarrhea index of
rats in each group. C. Abdominal withdrawal reflex (AWR) scores in response
to colorectal distension at different pressures (20, 40, 60, and 80 mmHg).
D. Bristol stool scores evaluating stool consistency. Data are presented as
the mean + SEM (n = 8). "P < 0.05, "P < 0.01, ""P < 0.001 vs. Control
group; #P < 0.05, #P < 0.01, ##P < 0.001 vs. Model group. AWR, abdominal
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pathway (Figure 6C-E). JPYGP
treatment significantly mitigat-
ed suppressed ERK1/2 phos-
phorylation (P < 0.001) (Figure
6F). These findings suggest
that JPYGP exerts anti-inflam-
matory and therapeutic ef-
fects in IBS-D, at least in part,
through inhibition of the CX-
CL8-ERK signaling pathway.

withdrawal reflex; IBS-D, diarrhea-predominant irritable bowel syndrome;

JPYGP, Jianpi Yanggan Pill; ns, no significance; SEM, standard error of the

mean.

tissue architecture (Figure 5C). Quantitative
analysis confirmed significantly increased num-
ber of tryptase-positive mast cells in the model
group and significant decreased number after
JPYGP treatment (Figure 5D), indicating that
JPYGP effectively attenuated colonic inflamma-
tion and mast cell activation in IBS-D rats.

JPYGP reduced CXCL8 expression and inhib-
ited ERK pathway activation in serum and
colonic mucosa

To evaluate inflammatory responses and sig-
naling mechanism in IBS-D rat model, levels of
the pro-inflammatory chemokine CXCL8 and
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Discussion

IBS-D is a common functional

gastrointestinal disorder, and
current Western medical management pri-
marily focuses on symptom control [12].
Nonetheless, this approach has its drawbacks,
including side effects and high relapse rates
after drug discontinuation [13-15]. In compari-
son, TCM emphasizes holistic regulation and
multi-target intervention, offering a distinct
conceptual framework for IBS-D management
[16, 17]. In this study, network pharmacology
combined with in vivo experiments was
employed to elucidate the underlying me-
chanisms of JPYGP, a Chinese herbal formula
that harmonizes the liver and spleen, acting
through multiple components, targets, and pa-
thways.
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Figure 4. Effect of JPYGP on gastrointestinal motility in IBS-D rats. A. Small
intestinal propulsion rate. B. Colonic transit time. C. Representative gross
images of the small intestine showing the distance of carbon ink migration
(indicated by red arrowheads). Data are presented as the mean + SEM (n
= 8). *P < 0.05, **P < 0.01, ***P < 0.001 vs. Control group; ##P < 0.01,
###P < 0.001 vs. Model group. IBS-D, diarrhea-predominant irritable bowel
syndrome; JPYGP, Jianpi Yanggan Pill; ns, no significance; SEM, standard

This study demonstrated, th-
rough network pharmacology
and in vivo experiments, that
JPYGP may exert therapeutic
effects on IBS-D by acting
on multiple targets and path-
ways. UHPLC-MS/MS analysis
of JPYGP identified a total of
2,309 chemical constituents,
from which 20 potential acti-
ve compounds were screened.
These compounds collectively
predicted a total of 660 puta-
tive targets, of which 414 over-
lapped with IBS-D-related tar-
gets. GO functional enrichment
analysis revealed 1714 BPs,
172 CCs, and 228 MFs, and
KEGG pathway enrichment an-
alysis identified 211 associat-
ed signaling pathways. These
findings highlight the multi-
component, multi-target, and
multi-pathway therapeutic ch-
aracteristics of TCM formulas.

error of the mean.

IBS-D is no longer considered merely a disorder
of gastrointestinal motility. Increasing evidence
shows that it is driven by a complex interplay of
factors, including immune-inflammatory activa-
tion and brain-gut axis dysregulation [18]. For
instance, network pharmacology combined
with cellular experiments has confirmed that
TCM compounds can exert therapeutic effects
by inhibiting the MAPK signaling pathway, in-
cluding downstream targets such as ERK and
JNK, and down-regulating other key inflamma-
tory factors IL-6, TNF, and CXCL8 [19]. These
findings indicate that aberration activation of
the MAPK pathway and excessive release of
inflammatory factors play crucial roles in the
pathogenesis of IBS-D. Furthermore, activation
of the ERK1/2 pathway in intestinal dendritic
cells of IBS model rats has been shown to be
closely linked to their aberrant immune pheno-
types and enhanced visceral hypersensitivity
[20]. Activated immune cells, particularly mast
cells, release mediators that facilitate nocicep-
tive nerve sensitization, thereby contributing
to abdominal pain. In addition, patients with
visceral hypersensitivity often exhibit impair-
ed intestinal barrier function and low-grade
immune activation, forming a vicious cycle [21].
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Consistently, in vivo experi-

ments further demonstrated
that JPYGP significantly alleviated diarrhea
symptoms in IBS-D rats, reduced AWR scores,
mitigated colonic tissue injury, inhibited
CXCLS8 expression, and downregulated ERK1/2
phosphorylation.

CXCL8 was the first chemokine to be purified
and sequenced and was recognized as a neu-
trophil-activating factor secreted by the human
monocyte-macrophage system. It has been
shown to induce neutrophil exocytosis, pro-
mote the production of superoxide and hydro-
gen peroxide, resist serum-mediated inactiva-
tion, and accumulate at sites of inflammation
[22, 23]. CXCL8 is a 72-amino-acid CXC ch-
emokine characterized by three antiparallel
B-strands and a C-terminal a-helix (residues
57-72). Its tertiary structure is stabilized by two
disulfide bonds (Cys7-Cys34 and Cys9-Cys50),
separated by a glutamine residue (GIn8)
between Cys7 and Cys9 [24]. Research has
shown that CXCL8 is highly expressed in
colorectal carcinoma, with elevated levels cor-
relating with advanced disease stage and poor
prognosis, supporting its pro-tumorigenic and
pro-inflammatory role rather than a protective
function [25, 26]. In gastrointestinal diseases,
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Figure 5. Effects of JPYGP on colonic histopathology and mast cell activation in IBS-D rats. A. Representative H&E
staining of colonic tissues. The lower panels represent magnified views of the boxed areas in the upper panels.
Scale bar = 20 um. B. Histopathological injury scores of colonic tissues. C. Representative immunofluorescence
staining for tryptase (red, marking mast cells) and DAPI (blue, marking nuclei). Scale bar = 50 ym. D. Quantification
of tryptase-positive mast cells per high-power field (HPF). Data are presented as the mean + SEM. “*P < 0.001 vs.
Control group; ##P < 0.001 vs. Model group. DAPI, 4’,6-diamidino-2-phenylindole; H&E, hematoxylin and eosin; IBS-
D, diarrhea-predominant irritable bowel syndrome; JPYGP, Jianpi Yanggan Pill.

the CXCL8-CXCR1/2 axis plays an instrumental
role in neutrophil recruitment, immune activa-
tion, and pain sensitization [27, 28]. The occur-
rence of low-grade immune activation in IBS-D,
indicated by an increase in mucosal mast cells,
T-cell infiltration, and higher pro-inflammatory
cytokine levels, is implicated in visceral hyper-
sensitivity and altered gut motility [29, 30]. As
per our data, expression of CXCL8 and its
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receptors (CXCR1/CXCR2) was upregulated in
colon tissues of IBS-D model rats. Previous
studies have similarly shown that CXCL8 is
upregulated in IBS-D patients. Enhanced acti-
vation of the CXCL8-CXCR1/2 pathway can fur-
ther stimulate downstream signaling cascades,
including PI3K/Akt, MAPK, and NF-kB, path-
ways, thereby aggravating inflammation and
visceral pain [31, 32].
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Figure 6. Influence of JPYGP on CXCLS8 expression and the ERK1/2 signaling pathway in IBS-D rats. A. Serum levels
of CXCL8 (labeled as IL-8). B. Colonic tissue levels of CXCL8 (labeled as IL-8). C. Representative Western blot bands
showing the expression of p-ERK1/2, total ERK1/2, and GAPDH (internal control). D. Quantitative analysis of p-
ERK1/2 protein expression relative to GAPDH. E. Quantitative analysis of total ERK1/2 protein expression relative
to GAPDH. F. The ratio of p-ERK1/2 to total ERK1/2 protein expression. Data are presented as the mean + SEM (n
= 8). P < 0.001 vs. Control group; *#P < 0.001 vs. Model group. CXCL8, C-X-C motif chemokine ligand 8; ERK,
extracellular signal-regulated kinase; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; IL-8, interleukin-8; IBS-
D, diarrhea-predominant irritable bowel syndrome; JPYGP, Jianpi Yanggan Pill.

In this study, the potential mechanisms by
which JPYGP exerts therapeutic effects against
IBS-D were investigated using network pharma-
cology and UHPLC-MS/MS to identify active
ingredients. The major compounds, including
flavonoids, terpenoids, phenolic acids, anthra-
quinone alkaloids and tyrosine alkaloid, have
been widely reported to possess anti-inflam-
matory and intestinal-protective activities, pro-
viding chemical basis supporting the observed
downregulation of CXCL8 expression and inhibi-
tion of ERK1/2 phosphorylation. Previous stud-
ies have demonstrated that flavonoids can sup-
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press pro-inflammatory gene expression, en-
hance anti-inflammatory signals like IL-10, and
stabilize intestinal barrier by modulating small
intestine and colonic macrophages (AhR-
dependent manner), thereby reducing visceral
hypersensitivity and diarrhea-associated path-
ology [34]. Evidence suggests that orally admin-
istered terpenoids (e.g., thymol) may amelio-
rate stress-induced IBS phenotypes, including
intestinal hypermotility/dysmotility and visceral
hypersensitivity [35, 36]. Phenolic acids have
also been reported to mitigate diarrhea, viscer-
al pain sensitivity, and intestinal barrier disrup-

Am J Transl Res 2026;18(3):2507-2521



Mechanisms of Jianpi Yanggan Pill for IBS-D

tion in IBS animal models [37, 38]. Collectively,
these findings indicate that the therapeutic
efficacy of JPYGP is mediated through coordi-
nated regulation of immune-related compo-
nents and multiple signaling pathways, consis-
tent with the multi-target and system-level
regulatory characteristics of traditional Chinese
medicine.

Conclusions

JPYGP can modulate key inflammatory signal-
ing pathways in IBS-D, with particular emphasis
on suppression of the CXCL8-CXCR1/2-ERK
axis, thereby alleviating diarrhea, visceral hy-
persensitivity, and colonic inflammation. These
findings provide a scientific rationale for the
clinical application of JPYGP in TCM and sup-
port its potential as a multi-target therapeutic
agent for IBS-D. Future investigations should
focus on isolating and validating individual
active constituents to confirm their direct
molecular interactions through in vitro experi-
ments and clinical investigations.
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