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Abstract

[ Objectives ] To investigating the mechanism of Xiayuxue Decoction in improving slow transit constipation (STC) based on net-

work pharmacology and animal experiments. [ Methods ] Active components and targets of Xiayuxue Decoction (XYXD) were identified using
the TCMSP, HERB, and PubChem databases, supplemented by literature mining. STC-related genes were retrieved from the GEO database. A
drug—component—target—disease network was constructed, and core targets and pathways were analyzed. An STC rat model was established.
After grouping and drug administration, defecation parameters, inflammatory and oxidative stress markers, and related protein expression were
assessed. [ Results] Network pharmacology identified 43 intersecting targets, primarily enriched in inflammation- and metabolism-related path-
ways, especially the NLRP3 inflammasome pathway. Animal experiments revealed impaired intestinal function alongside abnormal oxidative
stress and inflammatory indices in the model group. Both XYXD and mosapride significantly ameliorated these abnormalities, with XYXD dem-
onstrating a more pronounced effect. [ Conclusions] XYXD may treat STC by inhibiting NLRP3 inflammasome-mediated chronic inflammation

to alleviate colonic injury and by upregulating the 5-HT/5-HTR pathway to enhance intestinal motility.
Key words Xiayuxue Decoction (XYXD), NLRP3 inflammasome, 5-HT/5-HTR, Slow transit constipation (STC), Network pharmacology

1 Introduction

Slow transit constipation (STC) is a highly representative second-
ary pathological condition following spinal cord injury (SCI)™.
As a refractory functional bowel disorder, it is clinically character-
ized by diminished intestinal peristalsis, significantly prolonged
defecation intervals, and hardened stools, which severely compro-
mise patients’ physical and mental health as well as their quality of
life. Although its pathogenesis has not yet been fully elucidated,
recent studies have indicated that neurogenic inflammation plays a
central role in the onset and progression of intestinal motility
disorders? ™", SCI may trigger a local inflammatory cascade, in-
cluding in the intestine, which not only directly damages the en-
teric nervous system (ENS), but also disrupts the synthesis and
secretion of key neurotransmitters, thereby establishing a vicious
cycle of " motility deficiency—inflammatory accumulation—struc-
tural remodeling.

In this pathological process, hyperactivation of the NLRP3
inflammasome is considered a critical link in intestinal immune in-
jury”’. Studies have shown that pro-inflammatory signals in the
intestine can induce NLRP3 assembly, leading to Caspase-1 acti-
vation and subsequent cleavage of pro-IL-1B, resulting in the re-

lease of substantial amounts of mature IL-13, which in turn exac-
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erbates mucosal damage and disrupts the serotonin (5-HT) signa-
ling pathway ™). As the most important excitatory neurotransmit-
ter in the gut, 5-HT coordinates intestinal motility through activa-
tion of its specific receptors, such as 5-HT3R and 5-HT4R.
Therefore , inhibiting NLRP3-mediated inflammatory injury and re-
storing 5-HT signaling has emerged as a key therapeutic strategy
for the prevention and treatment of STC.

At present, clinical treatments for STC include prokinetics,
enemas, and biofeedback. Although these approaches can provide
short-term symptom relief, they carry risks of drug resistance,
high recurrence rates, and potential complications such as intesti-
nal obstruction® ™", Traditional Chinese medicine (TCM) has
accumulated extensive clinical experience in improving intestinal
motility, offering unique advantages characterized by " multi-com-

niel Xiayuxue De-

ponent, multi-target, and holistic regulation
coction (XYXD), originating from Zhang Zhongjing’s Synopsis of
the Golden Chamber, is composed of Dahuang ( Rhei Radix et
Rhizoma) , Taoren ( Persicae Semen ), and Tujiechong ( Eu-
polyphaga Steleophaga). It is a classic formula known for breaking
stasis, dissipating masses, and unblocking meridians. In this for-
mula, Dahuang clears heat, expels stasis, and unblocks the bow-
els to relieve accumulation; Taoren promotes qi circulation and
moistens the intestines; Tujiechong breaks hard masses, removes
stasis, and unblocks the meridians. The combined use of these
three herbs aligns with the therapeutic principles of " prolonged ill-
ness invading the collateral vessels with intestinal stasis" and " the
six fu-organs should be kept unobstructed" ">~/ Clinical studies
have demonstrated that XYXD exerts significant therapeutic effects
in alleviating chronic constipation'"”’

Although clinical practice has revealed that XYXD can effec-
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tively alleviate STC, its specific molecular mechanisms, particu-
larly its modulatory effects on the NLRP3 inflammatory pathway
and the 5-HT/5-HTR signaling axis, remain to be elucidated.
Therefore, in this study, we established a rat model of compound
STC using T8 spinal cord transection combined with loperamide
hydrochloride administration, and integrated network pharmacology
predictions to investigate the molecular mechanisms by which XYXD
improves intestinal motility. This research not only provides experi-
mental evidence to support the clinical application of this classic
formula but also deepens the theoretical understanding of the multi-

target regulation of the intestine by traditional Chinese medicine.

2 Materials and methods

2.1 Animals A total of 32 adult male SPF-grade Sprague-Daw-
ley (SD) rats, aged 8 weeks and weighing (200 + 20) g, were
purchased from Hangzhou Medical College ( License No. : SCXK
(Zhejiang) 2019-02). All rats were housed in the SPF barrier fa-
cility of the Laboratory Animal Center, Fujian University of Tradi-
tional Chinese Medicine (License No. ; SYXK (Fujian) 2019-0007) ,
under controlled conditions with a temperature of (25 £2) C,
relative humidity of 50% - 60% , and a 12 h light/dark cycle.
The rats had free access to food and water throughout the experi-
ment. This study was approved by the Animal Ethics Committee of
Fujian University of Traditional Chinese Medicine ( Ethics No. ;
3W2025170) , and all procedures strictly adhered to the guidelines
for the welfare and ethical use of laboratory animals.

2.2 Drugs XYXD was prepared using herbal granules;
Dahuang granules ( Batch No. ; 24000791 ) and Taoren granules
(Batch No.: 22045521 ) were purchased from Beijing Kan-
grentang Pharmaceutical Co. , Ltd. ; Tujiechong granules ( Batch
No. : 0624000151) were purchased from Gansu Foci Hongri Phar-
maceutical Co. , Ltd. The granules were dissolved and concentrat-
ed in ultrapure water to a final concentration of 1 g crude drug/mL
and stored at 4 “C. Mosapride citrate tablets ( Yabao Pharmaceuti-
cal Group Co. , Ltd. , National Drug Approval No. ; H20090123)
were dissolved in ultrapure water to a concentration of 0.5 mg/mlL.
Loperamide hydrochloride ( Xi’an Janssen Pharmaceutical
Co. , Ltd. , National Drug Approval No. ; H19983095) was dis-
solved in ultrapure water to a concentration of 0. 8 mg/mL.

2.3 Reagents RIPA lysis buffer (PO013B), BCA protein assay kit
(P0010S) , and HRP-labeled goat anti-rabbit IgG ( A0208) were
purchased from Beyotime Biotechnology ( Shanghai, China). Rab-
bit anti-B-actin (4970S) was obtained from Cell Signaling Tech-
nology. Rabbit anti-NLRP3, anti-5-HT3R, and anti-5-HT4R
polyclonal antibodies were purchased from Beijing Bioss Biotech-
nology Co. , Ltd. ELISA kits for 5-HT and IL-18 were purchased
from Wuhan Elabscience Biotechnology Co. , Ltd. SOD assay kit
(WST-1 method) and MDA assay kit (TBA method) were pur-
chased from Wuhan Elabscience Biotechnology Co. , Ltd.

2.4 Instruments The following instruments were used; ELx800
microplate reader (BioTek, USA), Nikon 5511 biological micro-
scope ( Nikon, Japan), S21-4 constant temperature water bath
(Shanghai Boxun), Power Pac™ Basic electrophoresis system,

Mini Trans-Blot transfer cell, and Universal Hood III gel imaging

system (Bio-Rad, USA).

2.5 Identification of drug targets The constituent herbs of
XYXD (Dahuang, Taoren, and Tujiechong) were searched in the
PubChem database (https: //pubchem. ncbi. nlm. nih. gov/). The
Canonical SMILES of each component were extracted from the
" Chemical Structure" section. These SMILES structures were then
input into the TargetNet database (http: //targetnet. schdd. com/ )
for target prediction. Potential targets with a prediction probability
(Prob) =0.9 were selected to ensure reliability. The predicted
targets were integrated to obtain the potential targets of the formula.
2.6 Identification of disease targets and overlapping targets

" slow transit constipation" were re-

Disease targets related to
trieved from the GeneCards (https: // www. genecards. org/) and
OMIM ( https; // omim. org/) databases. A Venn diagram was
generated to identify overlapping targets between the drug and the
disease, which were considered potential nodes for XYXD’s inter-
vention in STC.

2.7 Construction of Protein-Protein Interaction ( PPI) net-
work and screening of core targets The standardized gene
names of the overlapping targets were uploaded to the STRING da-
tabase (https: //string-db. org/) with the species set to Homo sa-
piens and a minimum interaction confidence score of =0.7. The
protein interaction data, including nodes, edges, and interaction
scores, were downloaded and imported into Cytoscape 3. 9.1 for
network visualization and analysis. Node importance was assessed
based on topological parameters such as degree centrality and be-
tweenness centrality. Nodes with higher degree values were con-
sidered more central in the network, visualized by node size and
color gradient.

2.8 GO enrichment and KEGG pathway analysis
Ontology (GO) enrichment analysis, including biological process
(BP), cellular component (CC) , and molecular function (MF) ,
was performed using R language with a significance threshold of

Gene

P <0.05. The top 10 enriched terms in each category were selected
and visualized using bubble plots. For Kyoto Encyclopedia of Genes
and Genomes ( KEGG) pathway analysis, the top 15 pathways
ranked by adjusted P-value (P, ) were selected for visualization.
2.9 Establishment and evaluation of STC rat model Rats
were fasted with free access to water for 12 h prior to surgery. An-
esthesia was induced with 5% isoflurane and maintained with 2%
isoflurane. The rats were placed in a prone position on a heated
pad. A midline incision was made in the back, and the T7-T9 ver-
tebral laminae were sequentially exposed and removed to expose
the thoracic spinal cord. SCI (SCI) was induced by complete
transection at the T8 level using microscissors. Hemostasis was
achieved using gelatin sponges. In the control group, only lami-
nectomy was performed without SCI. The muscles and skin were
sutured, and antibiotics were applied locally to prevent infection.

Postoperatively, hindlimb twitching and tail spastic swinging
were observed. After recovery from anesthesia, bilateral hindlimb
flaceid paralysis was observed, and a Basso-Beattie-Bresnahan
(BBB) locomotor score of O was considered indicative of success-

ful model establishment. All rats received intramuscular penicillin

(200 000 U) daily for seven days, along with manual bladder
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evacuation (twice daily) and passive limb exercises to prevent uri-
nary tract infections and pressure ulcers.

From day 1 after surgery, the model, XYXD, and mosapride
groups received loperamide hydrochloride suspension (0.3 mg/kg,
10 ml/kg) by gavage for seven consecutive days to establish a
compound STC model. The control group received an equivalent
volume of normal saline.

2.10 Grouping and drug administration

were randomly divided into four groups (n =8 per group) using a

Thirty-two rats

random number table: control group, model group, XYXD group
(0.467 8 g/kg) , and mosapride group (2.5 mg/kg). Doses were
determined based on body surface area conversion between humans
and rats. Drug administration began immediately after model es-
tablishment. The control and model groups received an equivalent
volume of distilled water by gavage. All groups were administered
a volume of 10 ml/kg once daily for 28 consecutive days.

2.11 Tissue collection, gastrointestinal motility, and defeca-
tion function assessment

2.11.1 Time to first black stool, fecal pellet count, fecal wet
weight, fecal water content, and fecal consistency score. Before
treatment and 30 min after the final administration, three rats from
each group were randomly selected and administered activated
charcoal suspension (2 mL/rat) by gavage. The time to first black
stool defecation was recorded. Feces were collected before treat-
ment and at the end of the experiment to assess fecal pellet count,
wet weight, and water content. Fecal samples collected over 12 h
were dried at 80 °C for six hours. Fecal water content was calcu-
lated using the formula; Water content (% ) = (Wet weight — Dry
weight) /wet weight X 100% . The consistency of the final defeca-
tion was assessed using the Bristol Stool Form Scale.

2.11.2 Tissue collection. Before sacrifice, each rat was admin-
istered 2 mL of 10% activated charcoal suspension by gavage. Af-
ter 10 min, rats were anesthetized by intraperitoneal injection of
20% urethane. Blood was collected from the abdominal aorta, al-
lowed to stand for two hours, and centrifuged at 3 500 rpm for
eight minutes. The serum supernatant was collected and stored at
—80 °C. The entire small intestine from the stomach to the cecum
was dissected for small intestinal propulsion rate measurement.
Colon tissues were collected ; portions were fixed in 4% paraform-
aldehyde for histopathology and immunohistochemistry ( THC ),
and the remaining tissues were immediately snap-frozen in liquid
nitrogen and stored at —80 °C.

2.11.3 Small intestinal propulsion rate. The small intestine was
carefully separated from the mesentery and straightened. The total
length of the small intestine from the pylorus to the ileocecal junc-
tion was measured, and the distance from the pylorus to the lead-
ing edge of the charcoal was measured as the propulsion distance.
The small intestinal propulsion rate was calculated as: Propulsion
rate (% ) = (Propulsion distance/Total intestinal length) x 100% .
2.12 Histopathological analysis Colon tissues fixed in 4%
paraformaldehyde were dehydrated in graded ethanol, cleared in
xylene, and embedded in paraffin. The paraffin blocks were sec-
tioned into 4-pum-thick slices, deparaffinized, stained with hema-

toxylin and eosin ( H&E ), dehydrated, mounted, and observed

under a light microscope.

2.13 ELISA and oxidative stress marker detection Serum
and colon tissue levels of 5-HT and IL-1B8 were measured using
ELISA kits according to the manufacturer’s instructions. Serum su-
peroxide dismutase (SOD) activity was measured using the WST-1
method , and malondialdehyde (MDA ) levels were measured using
the TBA method.

2.14 Western blot analysis Colon tissues were homogenized
in RIPA lysis buffer and centrifuged at 12 000 rpm for 10 min at
4 °C. The supernatant was collected, and protein concentration
was determined using the BCA method. Protein samples were de-
natured, separated by SDS-PAGE, and transferred onto PVDF
membranes. Membranes were blocked with 5% non-fat milk for
two hours, then incubated overnight at 4 °C with primary antibod-
ies against 5-HT3R (1 : 1 000), 5-HT4R (1 :2 000), NLRP3
(1:2000), and B-actin (1 : 50 000). After washing with
TBST, membranes were incubated with HRP-conjugated secondary
antibodies for one hour. Protein bands were visualized using chem-
iluminescence, and densitometric analysis was performed using
Image] software. The relative expression of target proteins was
normalized to B-actin.
2.15 Statistical analysis
using SPSS 24. 0 software. Data were expressed as mean * stand-

Statistical analysis was performed

ard deviation (x + s). Normality and homogeneity of variance
were tested. For data meeting normal distribution and homogeneity
of variance, comparisons between two groups were performed using
unpaired ¢ test, comparisons among multiple groups were per-
formed using one-way analysis of variance (ANOVA), and post
hoc pairwise comparisons were performed using Student-Newman-
Keuls (SNK-Q) test. A P-value <0.05 was considered statistical-

ly significant.

3 Results and analysis

3.1 Screening of potential targets of XYXD for the treat-
ment of STC Following retrieval from the GeneCards and OMIM
databases and removal of duplicates, a total of 2 007 STC-related
pathogenic targets were identified. Concurrently, active compo-
nents and their corresponding predicted targets for the three
herbs in XYXD were obtained from the TCMSP and TargetNet da-
tabases, yielding 85 targets. By mapping drug targets against dis-
ease targets, 43 overlapping targets were ultimately identified
(Fig. 1A —B). These intersecting targets were considered the core
biological nodes mediating the therapeutic effects of XYXD in
STC. A " drug—component—core target—disease" interaction
network was constructed using Cytoscape 3. 10.2 (Fig. ID), pre-
liminarily revealing the multi-component, multi-target synergistic
characteristics of XYXD.

3.2 PPI network construction and identification of key
nodes To elucidate the protein-protein interactions involved in
XYXD intervention in STC, the 43 overlapping targets were impor-
ted into the STRING database ( confidence score=0.4). After ex-
cluding two isolated nodes, a PPI network comprising 41 protein
nodes was constructed (Fig. 1E). Topological analysis was per-

formed using Cytoscape, and nodes were ranked according to de-
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gree centrality. The results showed that hub targets with high con- GABRA1, CHRM3, and PRKCA, suggesting that XYXD may in-
nectivity were enriched in pathways related to inflammation regula- tervene in the pathological progression of STC by modulating these
tion and cellular stress, including KCNH2, GRINI, SCN5A, key proteins.
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NOTE A - B. Venn diagrams of XYXD targets and STC disease-related genes; C. Protein-protein interaction ( PPI) network analysis of XYXD-STC;
D. "Herb—active component—target" network analysis.
Fig.1 Bioinformatics analysis of key targets and molecular networks of XYXD in the treatment of STC
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3.3 GO and KEGG enrichment analysis

richment analysis was performed on the 41 overlapping targets. Bi-

GO functional en-

ological process ( BP) terms were mainly enriched in steroid re-
sponse, lipid metabolism regulation, oxidative stress, and miRNA
transcription regulation. Cellular component (CC) terms were sig-
nificantly enriched in the mitochondrial outer membrane, synaptic
membrane, and membrane microdomains (Fig.2A —B). Molecu-
lar function (MF) terms were primarily associated with nuclear re-
ceptor activity, protein kinase regulation, and transcription factor
binding ( Fig.2C).

KEGG pathway analysis (Fig.2D) revealed that the core tar-
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gets were significantly enriched in pathways such as lipid metabo-
lism and atherosclerosis, the 1L-17 signaling pathway, the TNF
signaling pathway, and the NOD-like receptor signaling pathway.
Notably, the enrichment of the NOD-like receptor pathway directly
implicates the NLRP3 inflammasome, a key initiator of inflammatory
responses. Combined with the GO analysis results, which highlight-
ed oxidative stress, mitochondrial stress, and membrane structural
damage, these findings preliminarily suggest that XYXD may allevi-
ate colonic tissue immune injury by inhibiting NLRP3-mediated in-
flammatory responses. This bioinformatics prediction provides a

clear direction for subsequent in vivo experimental validation.
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NOTE A -C. GO enrichment analysis of key targets, including biological processes (BP), cellular components (CC), and molecular functions ( MF) ;

D. KEGG pathway enrichment analysis, in which the NOD-like receptor pathway was identified as a key pathway.
Fig.2 Functional enrichment and pathway analyses of key targets of XYXD in the treatment of STC
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3.4 General condition and body weight comparison among

different groups During the experimental period, rats in the
control group were energetic, with lustrous fur and free movement.
From days 3 to 4 after model establishment, rats in the model group
gradually exhibited signs of lethargy, dull fur, and a tendency to
huddle together with reduced activity. Following drug intervention,
rats in both the XYXD and mosapride groups showed varying de-
grees of improvement in mental status and activity level, with the
XYXD group demonstrating superior effects compared to the mosa-
pride group.

3.5 Effects of XYXD on defecation function and gastrointes-
tinal motility in STC rats

drug intervention ( Fig. 3 —4) showed that,

Evaluation after the completion of
compared with the
control group, rats in the model group exhibited a significantly
prolonged time to first black stool defecation, as well as marked
and water content

decreases in fecal pellet count, wet weight,

(P<0.05),
model. Compared with the model group, both the XYXD and mo-
sapride groups significantly shortened the time to first black stool

confirming severe intestinal transit impairment in the

defecation and improved all fecal parameters (P <0.05).
In the small intestinal propulsion experiment (Fig.5), the
small intestinal propulsion rate in the model group was significant-

ly lower than that in the control group (P <0.05). Following drug
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NOTE A. Control group; B. Model group; C. XYXD group; D. Mo-
sapride group. n =5.

Fig.3 Comparison of fecal traits and particle number of rats in
each group

administration, both the XYXD and mosapride groups exhibited a
marked increase in small intestinal propulsion rate (P <0.05). In
particular, the XYXD group was slightly superior to the mosapride
group in shortening the time to first black stool defecation (P <
0.05) , whereas no statistically significant difference was observed
between the two groups in terms of small intestinal propulsion rate
(P>0.05).

3.6 Effects of XYXD on histopathological injury and oxida-
tive stress in colon tissue H&E staining results (Fig. 6) showed
that compared with the control group, the model group exhibited
disordered colonic tissue structure, significant thickening of the
mucosal layer, irregular glandular architecture, and extensive in-
flammatory cell infiltration in the lamina propria and submucosa,

indicating marked inflammation in the colon. Compared with the
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NOTE A. Comparison of number of feces among groups; B. Compari-
son of fecal water content among groups; C. Comparison of time
to first melena among groups. “P <0.05 , “*P <0.01,
***P<0.001, ****P<0.0001; n=5.

Fig.4 Comparison of gastrointestinal motility and intestinal func-

>

tion among the rats in each group

model group, the XYXD group still displayed focal inflammatory
cell infiltration, mainly localized in the submucosa; however, the
degree of inflammation was substantially alleviated, with glandular
structures largely preserved and overall tissue integrity improved.
The mosapride group showed a more intact colonic tissue structure
with regularly arranged glands in the mucosal layer and only mild

inflammatory cell infiltration in localized areas.

Intestinal pra

0 |
Control  Model XVXD  Mosapride
Group

NOTE A. Small intestinal propulsion rate in the control group; B.
Small intestinal propulsion rate in the model group; C. Small
intestinal propulsion rate in the XYXD group; D. Small intesti-
nal propulsion rate in the Mosapride group; E. Statistical graph
of small intestinal propulsion rates in each group. * P <0.05,
" P<0.01; n=3.

Fig. 5 Comparison of small intestinal propulsion rate in rats in

each group

Serological analysis revealed (Fig. 7) that compared with
the control group, the model group exhibited significantly elevat-
ed levels of the pro-inflammatory cytokine IL-1B and the oxida-
tive stress marker MDA | along with a marked decrease in the ac-
tivity of the antioxidant enzyme SOD (P <0.001). Following

XYXD intervention, IL-1B and MDA levels were significantly

downregulated, while SOD activity was substantially restored

(P <0.001). These findings indicate that XYXD exerts potent

anti-inflammatory and anti-oxidative stress effects, with improve-

ments in inflammatory markers comparable to those observed in

the mosapride group.
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11 B 1 pe/al.

NOTE A. Control group showing intact mucosal architecture with regularly arranged glands; B. Model group, arrow indicates extensive inflammatory cell in-

filtration; C. XYXD group, arrow indicates substantially alleviated inflammation, with glandular structures largely preserved and overall tissue integ-

rity improved; D. Mosapride group, arrow indicates mild inflammatory cell infiltration in localized areas,
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Fig.6 Effects of XYXD on the morphology of colon tissue in rats (HE)
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Fig. 7 Effects of XYXD group on serum IL-18, SOD and MDA
contents in STC rats
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3.7 Effects of XYXD on 5-HT expression in STC rats

ELISA analysis revealed that compared with the control group, the
5-HT content in colon tissue was significantly decreased in the
model group (P <0.001). Following XYXD intervention, colonic
5-HT levels were effectively elevated (P <0.05) ,

XYXD modulates the secretion of intestinal neurotransmitters. The

suggesting that

comparison among groups is presented in Fig. 8.

3.8 Effects of XYXD on NLRP3, 5-HT3R, and 5-HT4R
protein expression in STC rats Western blot analysis was per-
formed to assess the protein expression levels of NLRP3 and 5-HT-
related receptors. Compared with the control group, the model
group exhibited significantly increased NLRP3 protein expression
and significantly decreased expression levels of 5-HT3R and
5-HT4R in colon tissue (P <0.05). Compared with the model

group, both the XYXD and mosapride groups showed significantly

Oumml XVXD

Mosapride Control Model VXD Mosapride

:
i
Hmu-_wm.

"sns...
'm
ol
LI

Control Model XVXD Mosapride Control Model XVXD Mosapride
Group Group Group

NOTE A -D. Comparison of NLRP3/5-HTR3/5-HTR4 protein expres-
sion levels in colon tissue among groups. “P <0.05, **P <
0.01, "**P<0.001, ****P<0.0001; n=3.

Electrophoresis of colon tissue protein expression in each

L5

SAITRA/GAPDH

NP3/ B-setin
St =2
SHITRY/GAPDH
o o

Control Model ~XYXD Mosapride

Fig.9
group



8 Medicinal Plant 2026

reduced NLRP3 expression and significantly increased expression
levels of 5-HT3R and 5-HT4R (P <0.05). The comparison

among groups is shown in Fig.9.

4 Discussion
The refractory nature of STC often stems from a vicious cycle of in-
testinal neuronal degeneration and microenvironmental dysregula-
tion. In this study, through network pharmacology predictions fol-
lowed by in wvivo experimental validation, we demonstrated that
XYXD improves colonic transit function via a dual mechanism in-
volving anti-inflammatory effects and pro-motility actions. This
finding not only provides evidence for the clinical application of
the classic formula from the Synopsis of the Golden Chamber,
known for its principle of " breaking blood stasis and expelling
blood stasis", but also elucidates the molecular mechanism by
which it alleviates intestinal motility disorders from the perspective
of inflammatory regulation.

XYXD is a classic representative formula in TCM. Original-
ly, it was used to treat postpartum abdominal pain due to retained
blood stasis and various epigastric and abdominal pain syn-

13-14
dromes'

*. In recent years, it has been widely applied in clini-
cal practice for a variety of conditions, including anti-fibrotic ther-
apy, renal protection, and anti-tumor treatment, among oth-
ers!” ™' With the expanding application and growing attention to
TCM, the clinical utility of XYXD has been extended; notably,
when used in combination therapy for constipation, it not only sig-
nificantly alleviates symptoms and improves patients’ quality of life
but also demonstrates a favorable safety profile’”’. Functional
constipation is influenced by multiple factors, including dietary
habits, lack of physical activity, and psychological factors. Pro-
longed disease progression not only leads to defecation difficulties
and perianal complications but also potentially increases the risk of
colorectal cancer. Currently, the pathogenesis of functional consti-
pation remains incompletely understood. In Western medicine,
laxatives are commonly used in clinical practice; although they
provide rapid relief, long-term use can lead to drug dependence

001 In contrast, traditional

and may induce melanosis coli
Chinese medicine offers unique advantages in the treatment of
chronic constipation, characterized by stable therapeutic efficacy
and low toxicity'™’.

In this study, network pharmacology was first employed to
predict the potential molecular mechanisms underlying the inter-
vention of XYXD in STC. The analysis revealed a total of 41 inter-
secting targets between XYXD and STC, which were significantly
enriched in inflammation- and metabolism-related pathways, in-
cluding the NOD-like receptor pathway, the IL-17 signaling path-
way, and lipid metabolism. These findings suggest that XYXD
may synergistically regulate intestinal inflammatory responses and
neurotransmitter systems through multi-target and multi-pathway
mechanisms, thereby restoring intestinal motility. This provides a
robust theoretical foundation and mechanistic rationale for the sub-

sequent in vivo experiments.

The core features of STC include diminished intestinal motili-
ty, prolonged defecation intervals, and hard stools, with local in-
testinal inflammation and neurotransmitter dysregulation following
SCI serving as key pathological underpinnings. In this study, the
model established by T8 spinal cord transection combined with
loperamide administration falls within the pathological scope of
NBD. NBD is a critical factor contributing to disability and de-
pression in patients with SCI, characterized by prolonged colonic
transit time and loss of intestinal reflex function'’. Although this
study aimed to investigate the general mechanisms underlying
STC, NBD represents the most intractable subtype of STC with the
most severe neurological impairment; therefore, findings from this
model hold significant indicative value for elucidating the deep-
seated pharmacological effects of XYXD.

From a pathophysiological perspective, SCI not only results
in physical disruption of supraspinal central control over the intes-
tine but also triggers local intestinal microenvironment remode-

2-3) The autonomic nervous system dysregulation following

ling
SCI leads to reduced colonic blood flow, tissue hypoxia, and sub-
sequent accumulation of metabolites in the colonic mucosa, a
pathological state that closely aligns with the TCM description of
STC as " intestinal collateral stasis and obstruction of qi move-

[24
ment" "

’. As a classic formula for " activating blood circulation and
resolving stasis" , the rationale behind XYXD’s therapeutic effect on
NBD does not rely solely on mechanical prokinetic action; rather, it
exerts secondary injury intervention on the ENS by improving local
circulation and the inflammatory microenvironment'™ .

In this study, rats in the model group exhibited a significant
prolongation in the time to first black stool defecation, marked re-
ductions in fecal pellet count, water content, and small intestinal
propulsion rate, as well as pathological changes in colonic tissue
including mucosal thickening, glandular disorganization, and in-
flammatory cell infiltration. Following XYXD intervention, all the
above parameters were significantly improved. Moreover, the re-
covery of general conditions such as mental status and activity lev-
el in the XYXD group was superior to that in the mosapride group,
suggesting that XYXD effectively promotes intestinal peristalsis,
increases fecal water content, and improves defecation function.
Mosapride, a commonly used prokinetic agent in clinical practice,
exerts its effects by stimulating 5-HT4 receptors on cholinergic in-
terneurons and myenteric plexus neurons in the gastrointestinal
tract, thereby promoting acetylcholine release and enhancing gas-
trointestinal motility. Although the mosapride group ameliorated
STC symptoms in this study, XYXD demonstrated superior efficacy
in certain parameters, which may be attributed to its multi-target,
multi-pathway mechanisms, reflecting the holistic regulatory ad-
vantage of TCM.

Recent evidence has indicated that inflammatory responses
play a pivotal role in the progression of STC. As a core component
of the innate immune system, hyperactivation of the NLRP3 in-
flammasome drives the maturation and release of IL-1B, thereby

exacerbating colonic mucosal injury™ . In this study, we observed
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significant upregulation of both NLRP3 protein and IL-18 levels in
the colon of model rats, suggesting that SCI triggers local NLRP3
inflammasome activation in the intestine, which may lead to im-
paired intestinal motility through sustained inflammatory cascades.
Following XYXD intervention, colonic NLRP3 expression and in-
flammatory infiltration were markedly reduced, and tissue structur-
al integrity was restored. These findings not only validate the pre-
dictions from network pharmacology but also align with the TCM
theory of " stasis-induced inflammation" .

Numerous studies have confirmed a close association between
aberrant NLRP3 activation and constipation. The study by Zeng

Chunlan et al'™”

. demonstrated that in the model group, colonic
expression of NLRP3 and caspase-1 was elevated, accompanied by
decreased intestinal motility and reduced fecal water content; in-
tervention with mirabilite downregulated NLRP3 and improved in-
testinal status, suggesting that dysregulation of this pathway repre-
sents an important mechanism. In a constipation study by Kasti
et al. , a loperamide-induced mouse model of constipation showed
activation of the NLRP3-GSDMD pyroptosis pathway in the colon,
with upregulation of NLRP3, caspase-1, and IL-1f, along with
intestinal epithelial pyroptosis and disruption of the intestinal bar-
rier; intervention with hawthorn-probiotic postbiotics inhibited
NLRP3 activation, alleviated damage, and relieved constipation,
confirming that NLRP3 mediates pyroptosis in the progression of
constipation ™’ . Huang Hao et al. found that in a high-fat diet-in-
duced obesity-associated constipation mouse model, colonic
NLRP3 was hyperactivated and IL-1B levels were elevated, ac-
companied by abnormalities in the myenteric plexus pathway;
NLRP3 gene knockout alleviated inflammation and restored intesti-
nal motility'™’. Furthermore, patients with constipation-predomi-
nant irritable bowel syndrome exhibited higher expression levels of
NLRP3 and IL-1B compared with healthy individuals, which were
positively correlated with intestinal motility dysfunction™’ | further
supporting the association between the two. The progression of
SCl-associated STC is accompanied by inflammatory responses.
SCI-induced activation of the NLRP3 inflammasome in the intes-
tine directly compromises the integrity of the myenteric plexus
(enteric nervous system, ENS) by mediating the release of the
pro-inflammatory cytokine IL-1(.

The present study confirmed that XYXD significantly inhibits
the NLRP3 pathway and reduces neuronal toxicity resulting from
excessive immune activation, which can be interpreted as a con-

temporary explication of the principle '

' removing stasis to protect
the collaterals". In this formula, Dahuang expels stasis and acti-
vates blood circulation, Taoren moistens dryness, and Tujiechong
unblocks meridians and breaks up accumulations. The combined
use of these three herbs achieves the therapeutic effect of " remo-
ving stasis and unblocking collaterals" by suppressing NLRP3 ac-
tivity and thereby blocking inflammatory responses, thus allevia-
ting intestinal injury caused by excessive immune activation.

As a crucial neurotransmitter in the intestine, 5-HT regulates

intestinal motility, secretion, and sensory function through binding

to different receptors, among which 5-HT3R and 5-HT4R play key
roles in promoting smooth muscle contraction and enhancing intes-

"' Under conditions of partial neural pathway

tinal propulsion”®
disruption, the compensation of intestinal motility relies primarily
on efficient signal transmission within the ENS neurotransmitter
network.

In this study, we observed significantly reduced 5-HT levels
in both the colon and serum of model rats, along with downregulat-
ed protein expression of 5-HT3R and 5-HT4R in colonic tissue,
suggesting that dysregulation of the 5-HT system may be a key
contributor to diminished intestinal motility in STC rats. This find-
ing is consistent with the results of multiple previous studies. It
has been reported that both mRNA and protein expression levels of
5-HT3R and 5-HT4R in the colon are significantly decreased in
STC model rats, accompanied by reduced intestinal propulsion
rate and fecal water content. Similarly, in a loperamide-induced
mouse model of constipation, colonic expression of 5-HT3R and
5-HT4R was significantly downregulated, while intervention with
Torreya grandis seed oil effectively reversed these changes and

promoted recovery of intestinal peristalsis'™’.

In addition, in a
STC rat model established by intragastric administration of rhein,
decreased mRNA and protein expression of 5-HT3R and 5-HT4R
in the colon, along with impaired intestinal transit function, was
also observed. Collectively, these studies confirm that impairment
of the 5-HT signaling pathway, particularly downregulation of re-
ceptor expression, represents a critical link in the pathogenesis of
STC.

Following XYXD intervention, both serum and colonic 5-HT
levels were significantly elevated in rats, and the protein expres-
sion of 5-HT3R and 5-HT4R was markedly upregulated. In parti-
cular, the improvement in colonic 5-HT levels was superior to that
observed in the mosapride group. These findings suggest that
XYXD promotes the synthesis and release of 5-HT, upregulates
the expression of its functional receptors, and enhances gastroin-
testinal parasympathetic excitability, thereby accelerating intesti-
nal peristalsis. This strategy of "receptor sensitization" effectively
compensates for the deficiency of central motility drive, enabling
the impaired intestine to re-establish an effective peristaltic pat-
tern. Similar mechanisms have been reported in other intervention
studies. For instance, abdominal massage combined with a 5-HT4
receptor agonist significantly upregulated colonic 5-HT3R and 5-
HT4R mRNA expression in STC rats and improved intestinal pro-
pulsion rate"”’. Acupuncture at points such as Houhai and Hou-
sanli also upregulated colonic 5-HT3R and 5-HT4R mRNA ex-
pression, alleviating constipation symptoms ™. In addition,
high-dose raw Atractylodes macrocephala combined with Aurantii
Fructus was shown to promote intestinal motility by upregulating
colonic 5-HT3R and 5-HT4R expression in STC rats™®' | while
Bifidobacterium and Lactobacillus triple viable tablets were similar-
ly reported to increase colonic protein expression of 5-HT,
5-HT3R, and 5-HT4R, thereby improving intestinal transit func-

[37]

tion"”"". Collectively, these studies provide strong supporting evi-
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dence for the modulation of the 5-HT system by XYXD in amelio-
rating STC, suggesting that intervention strategies targeting
5-HT3R/5-HT4R hold promising potential for the treatment of
STC.

In the present study, XYXD employed was a clinically
commonly used granule, whose quality control was performed in
accordance with the manufacturer’s established standards. For
future research, we will establish the fingerprint of its chemical
components using techniques such as HPLC/MS and further
identify the specific active ingredients responsible for its thera-
peutic effects.

In summary, by integrating network pharmacology predictions
with in vivo experimental validation, this study demonstrates that
XYXD effectively improves defecation function and intestinal mo-
tility in STC rats. The underlying mechanism is closely associated
with inhibition of NLRP3 inflammasome activation, modulation of
the 5-HT signaling pathway, and alleviation of oxidative stress.
This study provides a scientific experimental basis for the clinical
application of XYXD in the treatment of STC and establishes a
theoretical foundation for its broader application.

5 Conclusions
XYXD may exert its therapeutic effects on STC by inhibiting NL-
RP3 inflammasome-mediated chronic inflammation, thereby allevi-
ating colonic tissue injury, and by upregulating the 5-HT/5-HTR
signaling pathway to enhance intestinal motility.
Institutional Review Board Statement :

The study was conducted in accordance with the Declaration
of Helsinki and approved by the Institutional Review Board of Fu-
jian University of Chinese Medicine, China (ID No: 3w2025170)

for studies.
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