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Background: Qingchang Tongluo Decoction (QTF) is clinically used for the treatment of intestinal fibrosis in Crohn’s Disease (CD). 
However, the role of QTF in CD-associated fibrosis and its potential pharmacological mechanism remains unclear.
Purpose: The objective of this study was to elucidate the potential mechanism of QTF in treating CD-associated fibrosis, employing 
a combination of bioinformatics approaches — encompassing network pharmacology and molecular docking — complemented by 
experimental validation.
Methods: To investigate the material basis and potential protective mechanism of QTF, a network pharmacology analysis was 
conducted. The core components and targets of QTF underwent molecular docking analysis to corroborate the findings obtained from 
network pharmacology. In vitro, a colon fibrotic model was established by stimulating IEC-6 cells with 10 ng/mL of transforming 
growth factor(TGF-β1). In vivo, an intestinal fibrosis model was induced in BALB/c mice by TNBS. The role of QTF in inhibiting the 
TGF-β1/Smad signaling pathway was investigated through RT-qPCR, Western blotting, immunohistochemistry staining, and immuno-
fluorescence staining.
Results: Network pharmacology analysis revealed that QTF could exert its protective effect. Bioinformatics analysis suggested that 
Flavone and Isoflavone might be the key components of the study. Additionally, AKT1, IL-6, TNF, and VEGFA were identified as 
potential therapeutic targets. Furthermore, experimental validation and molecular docking were employed to corroborate the results 
obtained from network pharmacology. RT-qPCR, Immunofluorescence, and Western blotting results demonstrated that QTF signifi-
cantly improved colon function and inhibited pathological intestinal fibrosis in vivo and in vitro.
Conclusion: Through the application of network pharmacology, molecular docking, and experimental validation, QTF could be 
confirmed to inhibit the proliferation of intestinal fibroblasts associated with CD and reduce the expression of Collagen I and VEGFA. 
This effect is achieved through the attenuation of ECM accumulation, primarily via the inhibition of the TGF-β1/Smad signaling 
pathway.
Keywords: Qingchang Tongluo Decoction, Crohn’s Disease, intestinal fibrosis, network pharmacology, Pharmacology

Introduction
Crohn’s Disease (CD) is a recurrent systemic inflammatory disorder predominantly impacting the gastrointestinal tract, 
with intestinal fibrosis representing major gastrointestinal complications.1 Inflammatory reactions trigger tissue healing, 
yet an inadequate equilibrium between the synthesis and breakdown of extracellular matrix (ECM) proteins can 
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occasionally result in fibrosis.2 Although surgical intervention is one of the effective methods for treating fibrosis, 
epidemiological surveys show that the postoperative recurrence rate of fibrosis in 75% of CD patients who receive 
surgery is 70%-90%, ultimately requiring the need for further bowel resection.3,4 Intestinal fibrosis associated with CD 
significantly impairs patients’ quality of life and serves as an indicator of unfavorable treatment outcomes.5 Therefore, 
the methodology for alternative strategies to prevent intestinal fibrosis has become an important goal in the treatment 
of CD.

Fibroblasts, myofibroblasts, and smooth muscle cells represent distinct types of intestinal mesenchymal cells that 
produce ECM and facilitate the recruitment of Collagen I.6 In addition, another important pathological feature is the 
proliferation of capillary endothelial cells caused by the accumulation of VEGFA.7 Specific growth factors like 
transforming growth factor TGF-β1 induce Collagen I and VEGFA expression and lead to the differentiation of 
myofibroblast-like cells.8,9 Meanwhile, other cell types such as endothelial cells are transformed into myofibroblasts 
promoting VEGFA expression under the repeated stimulation by pro-inflammatory factors, chemokines, and more. This 
leads to ECM deposition, lamina propria thickening, stricture formation, and intestinal obstruction.10 TGF-β1 is 
implicated in fibrotic processes in various human tissues and organs, including the lungs, kidneys, and the heart. 
Additionally, it is recognized as a significant contributor to intestinal fibrosis in CD, a conclusion supported by both 
clinical observations and experimental fibrosis models.11–14

This study utilizes network pharmacology to analyze and predict the potential mechanisms of drug intervention in 
diseases, offering a comprehensive, macroscopic perspective. The method of network pharmacology has been widely 
utilized in the innovation of Chinese herbal medicine.15 This approach offers fresh insights into the complex systems of 
Traditional Chinese Medicine (TCM) and provides scientific and technological support for clinical practices.16 Molecular 
docking, on the other hand, investigates the interactions between different molecules and predicts their binding affinities 
and modes.17

TCM is characterized by its multi-target effects, minimal side effects, and a high efficacy profile.18 Research has 
indicated that various TCM therapies can alleviate symptoms of CD, encompassing inflammation reduction, immune 
modulation, microbiota regulation, and facilitation of normal healing in damaged tissues.19,20 The findings of this study 
suggest that TCM may represent a promising therapeutic option for the prevention and treatment of CD-associated 
intestinal fibrosis. Within the framework of TCM theory, the primary pathogenesis of CD-related intestinal fibrosis is 
attributed to the retention of damp-toxin, stagnation of Qi and blood, and malnourishment of the intestinal network. 
Qingchang Tongluo Decoction (QTF) is an innovative derivation combining elements of Qingchang Huashi granule, 
Huangqin Tang, and Xianfang Huoming Yin. In the affiliated hospital of Nanjing University of Chinese Medicine, QTF 
has been utilized in the management of intestinal fibrosis associated with CD.21 QTF is composed of 15 TCM herbs 
(Table 1), including Scutellaria baicalensis Georgi [Labiatae, Scutellariae Radix, SR], Paeoniae Rubra [Paeoniaceae, 
Paeoniae Radix Rubra, PRR], Sophora flavescens Aiton [Legume, Sophorae Flavescentis Radix, SFR], Phellodendron 
amurense Rupr. [Rutaceae, Phellodendri Amurensis Cortex, PAC], Smilacis Glabrae [Smilacaceae, Smilacis Glabrae 
Rhizoma, SGR], Angelica Sinensis preparata [Apiaceae, Angelicae Sinensis Radix Preparata, ASP], Angelica dahurica 
[Apiaceae, Angelicae Dahuricae Radix, ADR], Citrus aurantium L. [Rutaceae, Aurantii Fructus, AF], Atractylodes 
Macrocephela preparata [Asteraceae, Atractylodis Macrocephalae Rhizoma Preparata, AMRP], Saposhnikovia 
[Apiaceae, Saposhnikoviae Radix, SR], Commiphora myrrha [Burseraceae, Myrrha, M], Nidus Vespae [Vespidae, 
Vespae Nidus, VN], Cynanchum dubium [Apocynaceae, Cynanchi Atrati Radix, CAR], Dioscorea opposita preparata 
[Dioscoreaceae, Dioscoreae Rhizoma Preparata, DRP], and Glycyrrhiza uralensis Fisch. [Legume, Glycyrrhizae Radix, 
GR]. The botanical nomenclature of the plant has been verified through the MPNS database (http://mpns.kew.org). 
Clinically, it has been confirmed that clearing intestinal dampness is effective in treating inflammatory bowel disease, and 
Invigorating blood circulation and dissolving blood stasis as a treatment for fibrosis.22,23 Although QTF is a clinical 
approach for treating CD, the efficacy and underlying mechanisms of QTF in treating CD-associated intestinal fibrosis 
remain unclear and warrant further investigation.

This study investigated the active constituents, potential targets, and molecular mechanisms of QTF in the treatment 
of intestinal fibrosis, employing network pharmacology, molecular docking, and experimental validation.
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Material and Methods
Reagents
The 2,4,6-Trinitrobenzenesulfonic acid (TNBS, 5%, P2297) was purchased from Sigma-Aldrich (USA). Isoflurane 
(R510-22-8) was acquired from Ruiwode Life Science (Shenzhen, China). Anhydrous ethanol (20210528) was obtained 
from Sinopharm Chemical Reagent. Olive oil (8001–25-0) was procured from Yuanye Bio-Technology (Shanghai, 
China); Rat intestinal epithelium cell (IEC-6, BNCC100548) were sourced from BeNa Culture Collection Co., Ltd. 
1%TNBS Presensitization Solution (anhydrous ethanol: olive oil = 4:1); For Western blotting, β-actin (66009–1), anti- 
Vimentin (10366–1), anti-α-smooth muscle actin (α-SMA,55135–1), anti-TGF-β1 (21,898–1), anti-Smad2 (12,570–1) 
antibodies were secured from Proteintech, HRP-labeled goat anti-rabbit IgG (GB23303) and HRP-labeled goat anti- 
mouse IgG (GB23301) was acquired from Wuhan Servicebio Technology. Anti-Collagen I antibody (GB114197) and 
anti-VEGFA antibody (GB11034B) were obtained by way of Wuhan Servicebio Technology. Lipopolysaccharide 
(LPS,437627) was gained from Sigma-Aldrich (USA). TGF-β1 (HY-P73615) was derived from MedChemExpress. 
TRIzolTM Reagent (15596018) was supplied from Invitrogen; HiScript II RT SuperMix for qPCR (R323-01), ChamQ 
SYBR qPCR Master Mix (Q311-02), and the Cell Counting Kit (CCK)-8 cell viability assay kit were acquired from 
Vazyme Biotech (Nanjing, China); PCR Primers (QP-D09-01) were synthesized by General Biotech (Shanghai, China).

QTF Extraction Process
All herbal ingredients were procured from Jiangsu Province Hospital of Chinese Medicine (China). The composition and 
ratios of QTF are detailed in Table 1. The herbal components were immersed in distilled water (W: V, 1:10) for 1 
h. Subsequently, the mixture underwent two 40 min extraction cycles with equal volumes of distilled water. After the dual 
extraction process, the solution was further evaporated and concentrated to achieve a final concentration of 13.45 g/kg for the 

Table 1 Composition of QTF

Chinese name Herb Name Medicinal Part Dry weight (g) Herbal Source  
Provenance

Huangqin Scutellaria baicalensis Georgi Root 10 Hebei

Chishao Paeoniae Rubra Root 15 Neimenggu

Kushen Sophora flavescens Aiton Root 10 Shanxi

Huangbai Phellodendron amurense Rupr. Bark 10 Anhui

Tu Fuling Smilacis Glabrae Root 30 Guangxi

Chao Danggui Angelica Sinensis preparata Root 10 Gansu

Baizhi Angelica dahurica Root 10 Sichuan

Chenpi Citrus aurantium L. Pericarpium 10 Jiangxi

Chao Baizhu Atractylodes Macrocephela preparata Root 10 Zhejiang

Fangfeng Saposhnikovia Root 10 Neimenggu

Moyao Commiphora myrrha Resin 10 Hainan

Lu Fengfang Nidus Vespae Honeycomb 6 Yunan

Xu Changqing Cynanchum dubium Root 15 Shandong

Chao Shanyao Dioscorea opposita preparata Root 20 Henan

Sheng Gancao Glycyrrhiza uralensis Fisch. Root 6 Neimenggu

Notes: Plant names have been checked with http://www.theplantlist.org.
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QTF-L group or 26.90 g/kg for the QTF-H group. QTF extracts utilized for cell studies were filtered through a 0.22 µm pore 
size membrane to eliminate biological impurities. All concentrated QTF extracts were preserved at −80°C until use.

UPLC-MS Analysis of QTF
Aliquots of QTF samples were thawed and prepared for UPLC-MS analysis as described in a previous publication.24 A 5 
μL aliquot of prepared QTF was filtered through a 0.22 µm filter and analyzed using a UPLC-ESI-Q-orbitrap-MS system, 
consisting of the Shimadzu Nexera X2 LC-30AD and the Q Exactive™ Plus Hybrid Quadrupole-Orbitrap™ Mass 
Spectrometer by Thermo Scientific, San Jose, USA. ACQUITY UPLC® high strength silica (HSS) T3 columns 
(2.1×100 mm, 1.8μm) from Waters, Milford, MA, USA, were employed for liquid chromatography separation with 
a flow rate of 0.3 mL/min. The mobile phases consisted of A: 0.1% formic acid in water and B: 100% acetonitrile, 
following an elution gradient from 0% B for 2 min, linearly increasing to 48% B in 4 min, and reaching 100% B in 4 
min, maintained for 2 min. Raw MS data were processed in MS-DIAL, encompassing retention time correction, peak 
alignment, and peak area extraction. QTF constituents were identified by matching peak information against Shanghai 
BIO PROFILE Co., Ltd’s in-house secondary mass spectrometry database.

Network Pharmacology Analysis
Network pharmacology analysis was employed to further explore the protective mechanism of QTF against diseases. 
Active chemical components from the 15 herbs in QTF were identified using UPLC-MS. The TCMSP database (https:// 
www.tcmsp-e.com/) was utilized to gather target components and therapeutic targets were retrieved from the OMIM 
database (https://omim.org/), Genecards database (https://www.genecards.org), TTD database (https://db.idrbla.net/ttd/), 
and Drugbank database (https://go.drugbank.com). Target names were converted to gene symbols using the UniProKB 
database (https://www.uniprot.org) and subsequently input into the STRING database (https://string-db.org) for protein- 
protein interaction (PPI) analysis. The interaction networks were visualized using Cytoscape software (https://www.cyto- 
scape.org/). Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analysis was conducted using the 
Metascape databases (https://metascape.org/).

Molecular Docking
Based on the results obtained from network pharmacology, the top two components of QTF and their corresponding core 
protein targets were subjected to molecular docking to assess the affinity of their interactions. The molecular structures of 
QTF’s active compounds in Mol2 format were acquired from TCMSP and processed using AutoDockTools 1.5.7, subse-
quently saving them in pdbqt format. The 3D structures of AKT1, IL-6, TNF, and VEGFA were retrieved from the PDB 
database (https://www.rcsb.org). Using Pymol, water and organic molecules were removed and replaced with hydrogen atoms 
in the target proteins, which were then imported into AutoDockTools 1.5.7 to designate as receptors and saved as pdbqt files.25 

Molecular docking was performed using AutoDockTools 1.5.7, with the results visualized using Pymol.26

Animal
All female BALB/c mice were obtained from Sibefu Biotechnology Co., Ltd (License no. SCXK2019-0010) and were 
accommodated at the Experimental Animal Center of Jiangsu Provincial Hospital of Traditional Chinese Medicine 
(License no. SYXK2017-0069). These mice were kept in specific pathogen-free (SPF) environments and provided with 
unrestricted access to a standard diet and sterilized water. All experimental procedures were approved by the Animal 
Ethics Committee of Jiangsu Province Hospital of Traditional Chinese Medicine (License no. 2022DW-05-01) in 
accordance with the guidelines of the Guide for the Care and Use of Laboratory Animals.

Establishment and Treatment of the Experimental Model
The colitis induction method used in this study was based on the original model described by Morris et al but modified 
accordingly.27 A total of 29 healthy female BALB/C mice, maintained under SPF conditions, were randomly allocated 
into four groups as follows: control group (Ctrl n=5), model group (TNBS, n=8), low-dose QTF group (TNBS+QTF-L, 
13.45 g/kg, n=8), and high-dose QTF group (TNBS+QTF-H, 26.90 g/kg, n=8). On the morning of day 1, after 
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acclimation was complete, a 1% TNBS pre-sensitization solution was applied to a 1.5 cm*1.5 cm shaved area on the 
posterior aspect of the trunk. On the morning of day 8, enemas were performed after a 12 h fasting period. The enema 
solution was prepared as a mixture of 40% anhydrous ethanol and various dosages of TNBS, with a single injection being 
100 µL. TNBS was given once a week for a total of seven times, at the following dosages: 0.75 mg, 1.5 mg, 2.5 mg, 
2.5 mg, 2.5 mg, 2.5 mg, and 2.5 mg. To perform the enema, mice were anesthetized using an isoflurane vaporizer and 
maintained in a surgical plane of anesthesia as confirmed by a negative pedal withdrawal reflex test. The mice were 
inverted and the enema syringe was inserted rectally about 4–6 cm deep before injecting the TNBS solution. Enemas 
were retained for 1 min with the mice in an inverted position.

Control group: normal access to food and water; Model group: after inducing colitis, saline solution was administered 
by oral gavage once a day; QTF groups: Commencing from the day of the initial enema, a daily oral gavage of 0.2 mL of 
QTF was administered to each group. This intragastric treatment regimen continued for a total duration of 49 days.

Histology
Approximately 10% of the distal colon and ileum tissues were fixed in 4% paraformaldehyde for 24 h. Subsequently, 
these specimens were embedded in paraffin, sectioned at a thickness of 4 µm, and underwent hematoxylin-eosin staining 
using standard procedures for subsequent histological analysis. Tissue damage was analyzed as described in a previous 
study.28 Masson’s trichrome staining was conducted to identify the collagen layer within paraffin-embedded tissues and 
quantify the extent of tissue fibrosis. The remaining colon and ileum specimens were preserved at −80°C until required 
for RNA and protein extraction.29

Real-Time Quantitative PCR (qRT-PCR)
Colon and ileum tissues as well as cells were subjected to total RNA extraction using TRIzol reagent (Invitrogen), 
followed by reverse transcription into cDNA utilizing HiScript II RT SuperMix for PCR (Vazyme). mRNA levels were 
assessed using ChamQ SYBR Green qPCR Master Mix (Vazyme). The expression levels of each target gene were 
standardized to β-actin using the 2-ΔΔt method, as presented in Table 2.

Table 2 The Sequences of Primers are Shown in Here

Gene Primer Sequence (5’- 3’)

M-β-actin F CTCATGAAGATCCTGACCGAG

R AGTCTAGAGCAACATAGCACAG

M-VEGFA F AGCTACTGCCGTCCGATTGA

R AAGGCTCACAGTGATTTTCTGG

M-vimentin F ATGTGGACGTTTCCAAGCCT

R ACCTGTCTCCGGTACTCGTT

M-α-SMA F CCCAACTGGGACCACATGG

R TACATGCGGGGGACATTGAAG

M-TIMP1 F GCAACTCGGACCTGGTCATAA

R CGGCCCGTGATGAGAAACT

M-E-cadherin F CAGGTCTCCTCATGGCTTTGC

R CTTCCGAAAAGAAGGCTGTCC

M-N-cadherin F CAGTCTTACCGAAGGATGTGC

(Continued)
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Table 2 (Continued). 

Gene Primer Sequence (5’- 3’)

R TCTCACAGCATACACCGTGC

M-collagen I F TGGGATTCCCTGGACCTAA

R GCTCCAGCTTCTCCATCTTT

M-collagen III F CCCACAGCCTTCTACACCT

R CCAGGGTCACCATTTCTC

M-fibronectin F ATGTGGACCCCTCCTGATAGT

R GCCCAGTGATTTCAGCAAAGG

M-TGF-β1 F AACTAAGGCTCGCCAGTCC

R GCGGTCCACCATTAGCAC

M-Smad2 F GTATGGACACAGGCTCTCCG

R TGTGACGCATGGAAGGTCTC

M-Smad3 F CAGCCTGTTTCTGAGACCAC

R GCGATACACCACCTGTTAGTTC

M-Smad4 F CAGGACAGCAGCAGAATG

R CAATACTCAGGAGCAGGATG

R-GAPDH F GAAGGTCGGTGTGAACGGAT

R ACCAGCTTCCCATTCTCAGC

R-α-SMA F AGACCCTCTTCCAGCCATCT

R CCCCGAGAGGACGTTGTTAG

R-fibronectin F CACCCAAAGACGCTACCAGT

R GGCACTTCCTTTTCCACGTC

R-vimentin F TGCGGCTGCGAGAAAAATTG

R TCAAGGTCAAGACGTGCCAG

R-collagen I F TGGTACATCAGCCCAAACCC

R GATCGGAACCTTCGCTTCCA

R-collagen III F AGAGGCTTTGATGGACGCAA

R GGTCCAACCTCACCCTTAGC

R-TIMP1 F TAAAGCCTGTAGCTGTGCCC

R AGCGTCGAATCCTTTGAGCA

R-E-cadherin F TTGAGAATGAGGTCGGTGCC

R CAGAATGCCCTCGTTGGTCT

R-N-cadherin F ATCCCTCCGATCAACTTGCC

R ATGAAGATGCCCGTTGGAGG

(Continued)
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Western Blotting
Total proteins were extracted from both colon tissues and cells and were subsequently separated based on their size using 
either 10% or 12% gradient SDS-PAGE (Bis-Tris Midi Gel, Invitrogen). Proteins were then transferred to blotting 
membranes before being blocked and incubated with α-SMA, Vimentin, TGF-β1, Smad2, and β-actin primary antibodies. 
Blotting membranes were incubated with HRP-labeled secondary antibodies and developed with HRP substrate. Using 
the ChemiDocTM XRS+ system, immunoreactive bands were visualized and analyzed. β-actin was used as a loading 
control to normalize protein levels. Then the intensity was calculated by ImageJ. Raw data from Western blotting are 
shown in Supplementary Material 2.

Immunohistochemistry and Immunofluorescence
For the detection of α-SMA, Vimentin, TGF-β1, Smad2, VEGFA, and Collagen I, mouse colons were fixed in Carnoy’s 
fixative without flushing the luminal content, followed by paraffin embedding and sectioning at 3 µm thickness. After 
dewaxing and rehydration, the specimens were subjected to antigen retrieval by steaming in citrate buffer (pH 6) 
(Solarbio, China) at 100°C for 20 min. The sections were blocked with 5% BSA at room temperature for 1.5 
h. Staining was performed using anti-α-SMA antibody (1:100), anti-Vimentin antibody (1:5000), anti-TGF-β1 antibody 
(1:400), anti-Smad2 antibody (1:500), anti-VEGFA antibody (1:400), and anti-Collagen I antibody (1:500), followed by 
overnight incubation at 4°C. The secondary antibody was detected using a FITC-conjugated goat anti-rabbit secondary 
antibody or goat anti-mouse antibody and incubated for 1 h at room temperature. DAPI was applied at room temperature 
for 10 min for nuclei staining. Finally, coverslips were mounted using an antifade mounting medium (Servicebio, China).

Cell Culture and Cell Viability Assay
IEC-6 cells were cultured under sterile conditions in Dulbecco’s Modified Eagle Medium (C3110-0500, VivaCell 
Biosciences), mixed with 10% fetal bovine serum (C04001-500, VivaCell Biosciences) and 1% penicillin-streptomycin- 
amphotericin B, and incubated at 37°C with a 5% CO2 atmosphere in a cell culture flask.

IEC-6 cells were seeded at a density of 10^4 cells per well in 96-well plates, with each well containing 100 µL of 
medium. The cells were subsequently treated with varying concentrations of QTF (ranging from 0 to 1600 µg/mL) for 24 
h. Following this incubation period, the Cell Counting Kit-8 (CCK-8) reagent was introduced for an additional 1 to 4 h, 
and the metabolic activity was assessed by quantifying the absorbance of light at 450 nm.

Table 2 (Continued). 

Gene Primer Sequence (5’- 3’)

R-TGF-β1 F CACTCCCGTGGCTTCTAGTG

R GGACTGGCGAGCCTTAGTTT

R-Smad2 F TCCGGCTGAACTGTCTCCTA

R TGTGACGCATGGAAGGTCTC

R-Smad3 F GTGCGAGAAGGCGGTCAAGA

R TTGGTGTTCACGTTCTGCGT

R-Smad4 F CCCCGTGCTGGATTGAGATT

R GTCTAAAGGCTGTGGGTCCG

R-VEGFA F CGACAGAAGGGGAGCAGAAA

R GCTGGCTTTGGTGAGGTTTG
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Cell Treatment
For experiments, the cells were distributed into 6-well plates, with each well containing 3 × 10^5 cells, and then separated 
into 5 groups (n=3): control group (Ctrl), LPS-treated group (LPS), QTF-treated groups with concentrations of 3.125 µg/ 
mL, 6.25 µg/mL, and 12.5 µg/mL. In the LPS-treated groups, when cell confluence reached 75%, lipopolysaccharide 
(LPS, Sigma, USA) at a concentration of 1 µg/mL was employed to induce cell injury for 24 h. Simultaneously, QTF was 
added to inhibit LPS-induced injury. A similar grouping method was employed for TGF-β1-induced EMT in cells. TGF- 
β1 (MedChemExpress, HY-P73615) was used to induce fibrosis/EMT in IEC-6 cells. When cell confluence reached 50%, 
IEC-6 cells were incubated with TGF-β1 (10 ng/mL) to induce EMT for 24 h. After one day, cells were cultured with 
different doses (3.125 µg/mL, 6.25 µg/mL, 12.5 µg/mL) of QTF for 24 h. Subsequently, cell samples were collected for 
subsequent protein and mRNA measurements.

Statistical Analysis
GraphPad Prism (Version 8.0.1; GraphPad Software, Inc.; San Diego, CA, USA) served as the primary software for 
statistical analysis in this study. The results underwent analysis for normality and homogeneity using the Shapiro–Wilk 
test. The statistical significance of experimental results was assessed using a one-way analysis of variance (ANOVA) 
followed by Tukey’s multiple comparisons test, where statistical significance was defined as P < 0.05. All graphs were 
generated using GraphPad Prism, and the data were presented as the mean ± standard error (SEM).

Results
The Chemical Components of QTF
To pinpoint the prominent chemical constituents within QTF, UPLC-MS analysis was conducted. Figure 1A and 
B illustrated the total ion chromatograms for both positive ESI mode and negative ESI mode, respectively. A total of 
494 compounds were either identified or tentatively characterized by comparing their retention times, precise mass, and 
MS/MS fragment data with reference standards or information documented in the literature. The representative com-
pounds from each herb presented in QTF were distinctly labeled and detailed in Table 3. Additionally, the chemical 
structures and extracted ion chromatography (EIC) findings could be found in Supplementary Figure 1.

Potential Inflammation-Related Intestinal Fibrosis Therapeutic Mechanisms of QTF 
Through Network Pharmacological Analysis
Network pharmacology analysis was performed to elucidate the underlying mechanism behind QTF’s protective effect 
against fibrosis. Based on the UPLC- MS results, a total of 94 active ingredients were identified, and 278 potential 
fibrosis-related targets from relevant databases were retrieved (Figure 2A and Supplementary Table 1). Through 
a comparison of QTF targets and those associated with intestinal fibrosis, we found that QTF contained 136 targets 
with its active ingredients (Figure 2B). The top 2 constituents were Flavone (MOL000008) and Isoflavone (MOL000392) 
shown in Table 4. Genes corresponding to these target proteins were entered into the STRING database to construct a PPI 
network, which encompassed 136 nodes and 2963 edges (Figure 2C). PPI network analysis suggested that VEGFA could 
potentially be the most critical target for QTF’s anti-fibrosis therapy (Figure 2D). Subsequently, a hub network 
comprising 21 nodes and 209 edges was identified based on median values of BC, CC, and double degree 
(Figure 2E). As a result, the top 4 targets, including VEGFA, AKT1, IL-6, and TNF, were predicted to be the key 
targets of QTF for fibrosis therapy (Table 5).

KEGG signaling pathway and GO enrichment analyses of the 136 intersecting genes identified earlier revealed that 
the targeted genes were associated with biological processes, including responses to inorganic substances, positive 
regulation of cell migration, and the remarkable regulation of smooth muscle cell proliferation (Figure 3A). Cellular 
components were mainly enhanced in the pathways in cancer, lipid and atherosclerosis, IL-4, and IL-13 signaling 
(Figure 3B). For molecular functions, these targets were mainly included in kinase binding, RNA polymerase II-specific 
DNA-binding transcription factor binding, and signaling receptor activator activity (Figure 3C). The results of KEGG 
found that these targets were closely related to “JAK-STAT signaling pathway”, “NF-kappa B signaling pathway” and 
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Figure 1 Analysis of QTF components by UPLC-MS. (A and B) The total ion chromatograms of QTF in (A) positive ESI mode and (B) negative ESI mode.
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“VEGF signaling pathway” (Figure 3D and E). Utilizing network pharmacology analysis, it has been elucidated that QTF 
can ameliorate inflammation-associated intestinal fibrosis through the inhibition of inflammatory pathways and VEGF 
signaling.

QTF Treatment Ameliorates TNBS-Induced Colitis in Mice
Initially, the potential therapeutic benefits of QTF in a TNBS-induced colitis model were explored (Figure 4A). The 
changes in mouse body weight, colon length, colon weight, and histopathology were monitored throughout the experi-
ment. TNBS was administered rectally once a week, following a modified protocol recently described by Wirtz et al.30 

Compared with the TNBS group, QTF treatment elevated the body weight of mice from the fourth TNBS instillation to 
the end of the experiment while decreasing both the colon weight/colon length ratios and the colon weight/body weight 
ratios (Figure 4B–D).

Given the pivotal role of proinflammatory cytokines in colitis onset, the influence of QTF on these factors was 
assessed. QTF treatment significantly lowered the levels of interleukin (IL), including IL-6, IL-1β, IL-17, and IL-23, in 
colonic and ileum tissue (Figure 4E and F). Additionally, QTF notably inhibited the infiltration of inflammatory cells and 
preserved the architecture of intestinal mucosa (Figure 4G and H). Collectively, these findings suggest that QTF 
treatment mitigated TNBS-induced colitis.

QTF Can Regulate the Expression of TGF-β1-Induced Fibrosis Factors in IEC-6 Cells
To comprehend the mechanism underlying the impact of QTF, in vitro experiments were conducted to assess the 
influence of QTF on a pivotal profibrotic pathway, namely the TGF-β1/Smad/VEGF pathway, which serves as 
a central mediator of fibrogenesis. Firstly, the CCK-8 assay was utilized to assess cell viability with QTF treatment. 
The results showed that QTF was not cytotoxic at concentrations of 0–400 µg/mL in IEC-6 cells. QTF concentrations of 
3.125 6.25, and 12.5 µg/mL were selected for subsequent experiments considering safety and toxicity parameters 
(Figure 5A). The pro-inflammatory cytokines mRNA expression was detected to evaluate inflammation levels in the 

Table 3 Chemical Characterization of Bioactive Compounds in QTF

NO. Name Formula Class RT (min) Intensity

① Sophoridine C15H24N2O Alkaloids 5.13 165,549

② Paeonal C9H10O3 Organic acids 5.58 11,092

③ Prim-O-glucosylcimifugin C22H28O11 Chromones 5.87 14,034,912

④ NEG-Paeoniforin C23H28O11 Terpene glycosides 5.86 442,534

⑤ Lysine C6H14N2O2 D-alpha-amino acids 1.10 5962

⑥ NEG-Isocitric Acid C6H8O7 Tricarboxylic acids 1.44 1198

⑦ Glycyrrhetic Acid C30H46O4 Triterpenoids 7.77 10,114

⑧ NEG-Ellagic Acid C14H6O8 Hydrolyzable tannins 6.06 5,281,855

⑨ Berberine C20H18NO4 Protoberberine alkaloids 12.69 2353

⑩ Atractylenolide III C15H20O3 Eudesmanolides, secoeudesmanolides 8.49 155,948

⑪ Imperatorin C16H14O4 Coumarin 8.58 10,212

⑫ Ferulic acid C10H10O4 Phenolic compounds 6.35 445,858

⑬ Baicalin C21H18O11 Flavonoids 6.93 64,982

⑭ NEG-Hesperetin-7-O-Neohesperidoside C28H34O15 Glycosides 6.25 124,511,252

⑮ NEG-Astilbin C21H22O11 Flavonoids 6.13 119,258
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LPS-treated IEC-6 cells. IEC-6 cells treated with QTF led to a significant decrease in the levels of IL-6, IL-1β, TNF-α, 
IL-17, and IL-23 compared to the LPS group (Figure 5B).

In fibrotic processes, various fibrosis marker proteins, including VEGFA, α-SMA, and Vimentin, were released, when 
activated fibroblasts directly contribute to fibrogenesis. To verify the role of QTF in affecting the expression of fibrosis 
factors, TGF-β1 protein activated the fibrotic state in IEC-6 cells. The expression levels of VEGFA, α-SMA, Vimentin, 
Collagen I, Fibronectin, N-cadherin, and TIMP1 were downregulated in the QTF group (Figure 5C–I). In addition, 
E-cadherin expression levels were downregulated in the TGF-β1 group compared to the control group, which was 
upregulated in the QTF groups compared to the TGF-β1 group (Figure 5J). The same result was reached that protein 
expression levels for α-SMA and Vimentin in IEC-6 cells (Figure 5K). These findings indicate that QTF can ameliorate 
the expression of fibrosis-related factors induced by TGF-β1 in IEC-6 cells.

qRT-PCR and Western blotting analyses were employed to estimate the expression of TGF-β1 and Smads associated 
with IBD fibrosis. Following QTF treatment, there was a substantial decrease in the mRNA expression levels of TGF-β1, 

Figure 2 QTF’s active ingredient-target interactions and their relevance to intestinal fibrosis-related targets. (A) Compound-target network of QTF constructed using 
Cytoscape. (B) Venn diagram of common targets of QTF and intestinal fibrosis. (C) The PPI network analysis of core targets. (D) Hub-network extracted from the PPI 
network based on the degree value. (E) Hub-network extracted from the PPI network of the top 21 targets based on the degree value, Betweenness Centrality and 
Closeness Centrality.
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Smad2, Smad3, and Smad4 (Figure 5L - N). In terms of protein expression, the levels of TGF-β1 and Smad2 in the TGF- 
β1 group were notably superior to those in the control group, but they decreased in the QTF groups (Figure 5O). These 
findings provide further evidence that QTF can modulate the TGF-β1-induced expression of fibrosis-related factors in 
IEC-6 cells by suppressing the TGF-β1/Smad signaling pathway.

QTF Reduces Chronic Colitis-Associated Intestinal Fibrosis by Downregulating the 
TGF-β1/Smad/VEGF Signaling Pathway
To evaluate the impact of QTF on chronic colitis complications, the mice model of intestinal fibrosis through weekly 
incremental TNBS induction was established. During the fibrosis process, activated fibroblasts release various fibrosis 
marker proteins, including VEGFA, α-SMA, Collagen I, and Vimentin, which directly contribute to fibrogenesis. We 
investigated whether QTF could restrain the activation of fibroblasts and the subsequent expression of fibrosis markers. 
The assessment of marker protein expression was carried out using qRT-PCR, immunohistochemistry, immunofluores-
cence, and Western Blotting. Compared to the control group, the expression levels of VEGFA, Collagen I, α-SMA, 
Vimentin, TIMP1, Fibronectin, and N-cadherin were significantly increased in the TNBS model group. These fibrosis 
markers were noticeably decreased after QTF treatment (Figure 6A–G). In contrast, E-Cadherin expression was 
upregulated after QTF treatment (Figure 6H). Additionally, Masson’s trichrome staining revealed substantial Collagen 
deposition in TNBS-treated mice, which was essentially reduced with QTF treatment (Figure 6I).

Immunofluorescence staining was employed to observe the distribution pattern of VEGFA and Collagen I deposition 
in colonic tissue. In comparison with the TNBS group, QTF treatment groups had visibly less VEGFA and Collagen 
I deposition (Figure 6J and K). The disparities in α-SMA and Vimentin protein expression levels in colon tissue were 
assessed. The results revealed that the α-SMA and Vimentin protein levels in the TNBS model group were elevated in 
comparison to the control group, whereas both QTF treatment groups exhibited a contrasting trend (Figure 6L–P). The 

Table 4 Top 2 Compounds Information of QTF Network

Mol ID Molecule 
Name

Molecule 
Structure

Degree Betweenness  
Centrality

Closeness  
Centrality

MOL000008 Flavone 68 0.1745 0.4021

MOL000392 Isoflavone 62 0.0443 0.3691

Table 5 Top 4 Targets Information of PPI Network

Protein 
Name

Degree Betweenness 
Centrality

Closeness 
Centrality

AKT1 116 0.0597 0.8766

IL-6 111 0.0413 0.8491

TNF 109 0.0378 0.8385

VEGFA 104 0.0286 0.8133
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experimental results show that QTF can inhibit fibrosis and decrease the deposition of excess Collagen in colon tissue in 
a TNBS-induced IBD fibrosis mice model.

According to previous studies, the mechanisms of intestinal fibrosis involved the accumulation of ECM and deposition of 
Collagen through the TGF-β1 signaling pathway.31 Western Blotting, Immunohistochemistry, and qRT-PCR were used to 

Figure 3 Potential Inflammation-Related Intestinal Fibrosis therapeutic mechanisms of QTF through network pharmacological analysis. (A–C) biological process analysis, 
cellular component analysis, and Molecular function analysis for 136 targets constructed. (D) Top 20 enriched KEGG pathways of QTF targets constructed. (E) Sankey 
diagram to analyze the KEGG signaling pathways. The diagram features two sets of rectangular nodes: those on the left represent the treatment targets, while the nodes on 
the right correspond to various KEGG pathways.
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Figure 4 QTF attenuated intestinal colitis in TNBS-induced CD mice. (A) Animal experimental design. (B) Percent change in body weight of the mice during the 
experiment. (C and D) The ratio of colon weight/body weight change and colon weight/colon length change during the experiment. (E and F) mRNA expression levels of IL- 
6, IL- 1β, IL-17, and IL-23 in colon and small intestinal tissues. (G and H) H&E staining staining of colon and small intestinal tissues. Scale bar = 100 µm. Data is expressed as 
mean ± SEM (n ≥ 5). *P < 0.05 vs TNBS group, **P < 0.01 vs TNBS group, ***P < 0.001 vs TNBS group.
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Figure 5 QTF attenuated TGF-β-induced expression of fibrosis factors in IEC-6 cells through TGF-β1/Smad. (A) The effect of different doses of QTF on the viability of IEC- 
6 cells (%). (B) mRNA expression levels of IL-6, IL- 1β, TNF-α, IL-17, and IL-23 in IEC-6 cells. (C–J) mRNA expression levels of fibrosis factors VEGFA, α-SMA, vimentin, 
Fibronectin, TIMP1, Collagen I, N-cadherin, and E-cadherin in IEC-6 cells. (K) Protein expression levels of fibrosis factors α-SMA and Vimentin in IEC-6 cells. (L–N) mRNA 
expression levels of fibrosis factors TGF-β1, Smad2, and Smad3 in IEC-6 cells. (O) Protein expression levels of fibrosis factors TGF-β1 and Smad2 in IEC-6 cells. Data is 
expressed as mean ± SEM (n ≥ 5). *P < 0.05 vs TNBS group, **P < 0.01 vs TNBS group, ***P < 0.001 vs TNBS group.
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Figure 6 QTF attenuated colon fibrosis in TNBS-induced CD mice. (A–H) mRNA expression levels of VEGFA, α-SMA, Vimentin, Fibronectin, TIMP1, Collagen I, 
N-cadherin, and E-cadherin. (I) Masson staining trichrome staining of colon tissues. Scale bar = 100 μm. (J–K) The expression of fibrosis factors VEGFA and Collagen I in 
colon tissue was evaluated by immunofluorescence. Scale bar = 100 μm. (L–N) Relative protein expression levels and band intensities of fibrosis factors α-SMA and Vimentin 
in colon tissue, evaluated by Western blotting. (O–P) Protein expression levels of fibrosis factors α-SMA and Vimentin in colon tissue, evaluated by immunohistochemistry. 
Scale bar = 100 μm. Data is expressed as mean ± SEM (n ≥ 5). *P < 0.05 vs TNBS group, **P < 0.01 vs TNBS group, ***P < 0.001 vs TNBS group.
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assess TGF-β1 and various Smad signaling proteins, which take part in the TGF-β1 pathway. The mRNA expression levels of 
TGF-β1, Smad2, Smad3, and Smad4 were notably elevated in the TNBS model group when contrasted with the control group. 
However, in the QTF treatment groups, these expression levels were decreased (Figure 7A–D). Additionally, Western blotting 
and Immunohistochemistry analyses further demonstrated the protein expression of TGF-β1 and Smad2 (Figure 7E–I).

Similarly, we observed that mRNA expression levels of fibrosis-related factors such as VEGFA in the small intestine 
of mice (Figure 8A–H) and protein expression of Collagen (Figure 8I and J) align with those in the colon. Additionally, 
verification on mice small intestine showed that expression levels of TGF-β mRNA and proteins (Figure 8K and L) and 
Smads-related mRNA (Figure 8M–O) correspond similarly to those in the colon. These results show that treatment with 
QTF was much less susceptible to TNBS-induced fibrosis and that QTF functions via the TGF-β1/Smad pathway to 
alleviate TNBS-induced fibrosis in colonic or in small intestine tissue in mice.

Figure 7 QTF alleviated colon fibrosis in TNBS-induced CD mice through TGF-β1/Smad. (A–D) mRNA expression levels of TGF-β1, Smad2, Smad3, and Smad4 in colon 
tissue. (E–G) Relative protein expression levels and band intensities of colonic fibrosis factors TGF-β1 and Smad2 in colon tissues, evaluated by Western blotting. (H–I) 
Protein expression levels of colonic fibrosis factor TGF-β1 and Smad2 in colon tissues, evaluated by immunohistochemistry. Scale bar = 100 μm. Data is expressed as mean ± 
SEM (n ≥ 5). *P < 0.05 vs TNBS group, **P < 0.01 vs TNBS group, ***P < 0.001 vs TNBS group.
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Figure 8 QTF attenuated fibrosis of the small intestine in TBNS-induced CD mice. (A-H) mRNA expression levels of VEGFA, α-SMA, Vimentin, Fibronectin, Collagen I, 
Collagen III, N-cadherin, and E-cadherin in small intestine tissues. (I) Masson’s trichrome staining of small intestine tissues. Scale bar = 100 μm. (J–K) The expression of 
fibrosis factor Collagen I and TGF-β1 in small intestine tissue, evaluated by immunofluorescence. Scale bar = 100 μm.(L-O) mRNA expression levels of TGF-β1, Smad2, 
Smad3, and Smad4 in small intestine tissues. 
Notes: Data is expressed as mean ± SEM (n ≥ 5). *P < 0.05 vs TNBS group, **P < 0.01 vs TNBS group, ***P < 0.001 vs TNBS group.
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Molecular Docking Analysis
Based on the PPI network analysis and experimental findings, Flavone (MOL000008) and Isoflavone (MOL000392) 
were selected for molecular docking with the four primary targets: AKT1 (PDB ID:1UNQ), IL-6 (PDB ID: 1BQU), TNF 
(PDB ID: 2AZ5), and VEGFA (PDB ID: 6ZFL). It is generally acknowledged that the stability of the binding 
conformation correlates inversely with the binding energy between the ligand and receptor.32 The binding energy results 
from the molecular docking are presented in Table 6, demonstrating effective docking between the compound ligands and 
protein receptors (Figure 9).

Discussion
Fibrosis associated with CD poses a substantial health challenge, marked by a multifaceted pathogenesis. The lack of 
efficacious therapeutic strategies for this condition has contributed to heightened morbidity and mortality worldwide.33 

Research has identified significant advantages of TCM in managing inflammation-related diseases. TCM may improve 
symptoms, alleviate pain, reduce the adverse effects of conventional treatments, and enhance quality of life. Thus, it 
constitutes an integral part of the therapeutic regimen for CD. Within the TCM framework, the pathogenesis of CD- 
associated intestinal fibrosis is attributed to the retention of damp-toxin, stagnation of qi and blood, and malnourishment 
of the intestinal collaterals. QTF is designed to dispel dampness and detoxify, invigorate blood and resolve stasis, and 
nourish blood to unblock collaterals. In this study, the active compounds and mechanisms underlying QTF for the 
treatment of colitis-associated intestinal fibrosis were revealed using a combination of network pharmacology, molecular 
docking, and in vivo and in vitro experiments.

The extraction of active compounds from TCM plays a pivotal role in elucidating their therapeutic mechanisms. 
UPLC-MS analysis identified 494 compounds with high accuracy, which were selected as potential active compounds of 
QTF. Network pharmacology represents a robust approach to predicting pharmacological mechanisms. Previous research 
has demonstrated that the candidate compounds identified in TCM can be considered active compounds for network 
pharmacology analysis. In this study, we subjected the 94 compounds identified as potential active compounds of QTF, 
along with their respective targets, to network pharmacology analysis. The comprehensive analysis of the 278 targets 
associated with these 94 compounds and the 1236 fibrosis-related genes revealed that pathways such as “JAK-STAT 
signaling pathway”, “NF-kappa B signaling pathway” and “VEGF signaling pathway” might be implicated in the 
therapeutic mechanisms of QTF in the treatment of intestinal fibrosis. Utilizing network pharmacology analysis, it has 
been elucidated that QTF can ameliorate inflammation-associated intestinal fibrosis through the inhibition of inflamma-
tory pathways and VEGF signaling. The principal components, namely Flavone and Isoflavone, in conjunction with the 
key targets, including AKT1, IL-6, TNF, and VEGFA, are likely to elucidate the anti-fibrotic mechanism of QTF.

Table 6 The Binding Energy of Compound and 
Targets (Kcal/Mol)

Target PDB ID Compound Affinity 
(Kcal/mol)

AKT1 1UNQ Flavone −4.95

Isoflavone −5.18

IL-6 1BQU Flavone −6.89

Isoflavone −4.47

TNF 2AZ5 Flavone −6.05

Isoflavone −5.39

VEGFA 6ZFL Flavone −5.54

Isoflavone −5.94
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Accordingly, a consensus appears to exist regarding the mechanism by which CD leads to intestinal fibrosis: intestinal 
damage can be triggered by specific detrimental factors, leading to a direct inflammatory response. As can be seen from 
Figure 4, the anti-inflammatory action of QTF was confirmed. Of interest, the TNBS+QTF-L group exhibited better 
expression of inflammatory factors compared to the TNBS+QTF-H group in Figure 4, indicating that the efficacy of the 
drug is not directly proportional to the dosage. Several reasons may account for this phenomenon. Firstly, interactions 
between drugs and other substances in the body can affect absorption, distribution, and metabolism, thus influencing 
efficacy of drugs.34 Secondly, many drugs exhibit non-linear concentration-response curves, where increasing the dose 
may no longer significantly enhance efficacy.35 Lastly, some drugs have a narrow therapeutic window, being ineffective 
at low doses and potentially causing toxicity at high doses.36 Regardless, achieving efficacy at lower drug doses is 
preferable. This not only meets therapeutic requirements but also addresses resource limitations. Because anti- 
inflammatory agents have minimal effect on fibrosis once it has started,37 we believe that QTF’s anti-inflammatory 
properties alone do not fully explain its protective effects. As a consequence, it is crucial to clarify the mechanisms that 
control fibrogenesis.

Wound healing is a physiological process initiated by inflammation, and its outcome may entail tissue restoration with 
the return to normal morphology and function or replacement by fibrotic tissue. This outcome is contingent on the 
balance between the production and degradation of extracellular matrix proteins.38 Surgical interventions are typically 
employed to manage these complications.5 In the context of CD development and exacerbation, TNBS-induced acute 
colitis can progress to severe chronic inflammation, characterized by irregular epithelial structure, thickened intestinal 
walls, substantial infiltration of mononuclear cells, and persistent collagen deposition.39 Numerous studies have high-
lighted the pivotal role of the inflammatory response in intestinal fibrosis development and progression.40 Moreover, the 
TGF-β1/Smad/VEGF signaling pathway is recognized as a master regulator of intestinal fibrosis. Consequently, the 
progression from CD to fibrosis is believed to involve various detrimental factors that inflict damage upon the intestinal, 
triggering an immediate inflammatory response.41 Ultimately, this leads to the deposition of ECM proteins into the 
normal intestinal structures, culminating in the formation of fibrotic tissue.40 In the present study, we not only observed 
the inflammatory changes induced by TNBS in mice (Figure 4) but also assessed alterations in multiple fibrosis-related 
factors at both the mRNA and protein levels (Figures 6–7). These findings corroborate the ameliorative effects of QTF on 
intestinal fibrosis.

Figure 9 Molecular Docking Analysis. (A) AKT1 with Flavone. (B) IL-6 with Flavone. (C) TNF with Flavone. (D) VEGFA with Flavone. (E) AKT1 with Isoflavone. (F) IL-6 
with Isoflavone. (G) TNF with Isoflavone. (H) VEGFA with Isoflavone. The hydrogen bonds were indicated by dashed lines and the length was added around the lines.
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In recent clinical studies of patients with colitis, it has been found that fibrosis is common in the small intestine of CD 
patients, and its incidence is far higher than that of any other intestinal sites.5 However, most fundamental research 
regarding CD rarely explores the progression of fibrosis related to the small intestine.42 We hypothesized that the factors 
leading to fibrosis of the small intestine will also change when TNBS is used to induce IBD in a mouse model. As shown 
in Figure 8, In TNBS-induced mice, the levels of these factors in the small intestine were notably elevated, but they 
showed a decrease following QTF treatment. In addition, IEC-6 cells were used to further confirm that QTF regulates the 
deposition of collagen and the expression of fibrosis factors (Figure 5).

Steroids are widely utilized for the treatment of various fibrotic conditions. However, there are no precise drugs 
tailored for the treatment of intestinal fibrosis. Furthermore, the precise molecular targets responsible for the anti-fibrotic 
effects of steroids have remained elusive.43 This study unequivocally demonstrates that QTF leads to the downregulation 
of the TGFβ1-Smad-VEGF signaling pathway, resulting in the inhibition of fibrotic factors such as VEGFA, α-SMA, 
Vimentin, and Collagen I (Figures 5–8). Ultimately, our screening identified two core biologically active compounds, 
Flavone and Isoflavone, along with four representative targets: AKT1, IL-6, TNF, and VEGFA. The results of molecular 
docking indicate the effective binding of these compounds to their respective protein targets, suggesting a stable 
interaction (Figure 9). The activation of TGF-β1-mediated signaling pathways underlies the pathogenesis of stricture- 
related complications in both CD patients and animal models (Figure 10). In this context, this study offers a novel and 
clinically significant insight into the management of these complications. We have explored the mechanism through 
which QTF suppresses the development of TNBS-induced colitis and have concluded that it also holds promise for the 
treatment of intestinal fibrosis, as supported by several independent observations.

Figure 10 Signaling pathway displaying how QTF regulates CD-induced intestinal fibrosis through inhibiting the TGF-β1/Smad/VEGF pathway.
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The higher incidence of fibrosis in CD is probably the result of transmural bowel inflammation, which exposes ECM- 
producing mesenchymal cells to fibrotic mediators.44 Biopsy samples obtained from tissues with or without strictures 
have indicated that pathogenic mechanisms identified in myofibroblast cell lines may also contribute to the development 
of intestinal strictures in CD patients.45 In clinical practice, surgical intervention is often the primary choice for patients 
with fibrosis; however, the post-operative recurrence rate is substantial. In terms of pharmaceutical treatments, biological 
agents are commonly employed, but their efficacy is often limited, with high recurrence rates, ultimately failing to slow 
down the fibrotic progression.46 Consequently, treatments such as QTF may offer more promising outcomes compared to 
current therapeutic options. QTF alleviates intestinal fibrosis by targeting the classical fibrosis pathway involving TGF- 
β1-Smad-VEGF. Nevertheless, there may be other molecular mechanisms associated with intestinal fibrosis in CD. This 
raises an intriguing question that should be addressed in future studies: how does QTF interact functionally with the 
diverse molecular mechanisms underlying CD-associated fibrosis to inhibit its pathogenesis?

Conclusion
In conclusion, QTF can ameliorates inflammation-associated intestinal fibrosis by inhibiting the TGF-β1-Smad-VEGF 
pathway, impacting both colonic and small intestinal fibrosis. Experimental studies of this novel medicine will provide 
more options for the treatment of fibrosis and advance our understanding of the mechanisms behind alternative treatment 
strategies.
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