
Yang et al. • Volume 2 • Number 1 • 2024

1

#These authors contributed equally to this work.
*Corresponding Author:
Wei Wei, Department of Gastrointestinal, Wangjing Hospital, China Academy of Chinese Medical Sciences, No.6 Wangjing Zhonghuan Road, Chaoyang District, 
Beijing 100102, China. Email: sxxtyy@sina.com. https://orcid.org/0000-0001-8572-921X
Received: 15 September 2023; Revised: 22 January 2024; Accepted: 19 February 2024
https://doi.org/10.54844/gmiw.2023.0532

This is an open access article distributed under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License, which allows 
others to copy and redistribute the material in any medium or format non-commercially, as long as the author is credited and the new creations are licensed under the 
identical terms.

ORIGINAL ARTICLE

Qizhi Weitong granules alleviate functional 
dyspepsia-like gastric hypersensitivity in rats by 
inh ib i t ing  in f lammatory  responses  and 
strengthening duodenal mucosal barrier

Yang Yang1,#, Xinyong Mao2,#, Xiaoying Luo3, Tao Zhang1, Liang Wang4, Ling Han4, Ping Wang4, Shuangshuang Fang1, 
Jiande D Z Chen5, Wei Wei1,*

1Department of Gastrointestinal, Wangjing Hospital, China Academy of Chinese Medical Sciences, Beijing 100102, China
2China Press of Traditional Chinese Medicine Co., Ltd., Beijing 102600, China
3Department of Treating Potential Diseases, Dongzhimen Hospital, Beijing University of Chinese Medicine, Beijing 100700, China
4China Resources Sanjiu Medical & Pharmaceutical Co., Ltd., Shenzhen 518020, Guangdong Province, China
5Division of Gastroenterology and Hepatology University of Michigan School of Medicine, Ann Arbor, Michigan 48109, USA

ABSTRACT

Background: Qizhi Weitong (QZWT) granules are a compound preparation of Chinese medicine, which are approved by the 
China Food and Drug Administration for the treatment of functional dyspepsia (FD) and have been used in clinical practice for 
decades. The objective of this study is to evaluate whether QZWT granules can alleviate gastric hypersensitivity by improving 
low-grade inflammation and the mucosal barrier in the duodenum in a functional dyspepsia-like (FD-like) model in rats. 
Methods: FD-like gastric hypersensitivity in adulthood was induced by iodoacetamide (IA) in neonatal rats. Thirty-two 
Sprague-Dawley (SD) rats were randomly classified into the control, model, QZWT, and Mosapride groups. Further, 0.2 mL 
of 0.1% iodoacetamide and 2.0% sucrose administrated by oral gavage was used to establish the FD-like rats model (once 
a day, for six consecutive days). Electromyography (EMG) was used to evaluate the visceral motor response to gastric 
dilation. After treatment, the fluorescein isothiocyanate-glucan (FITC-glucan) test was performed to evaluate duodenal 
permeability; enzyme-linked immunosorbent assay (ELISA) and quantitative polymerase chain reaction (qPCR) were used to 
evaluate the pro-inflammatory cytokines for duodenal epithelial cells and the tight junction (TJ) proteins of the duodenal 
mucosa. Results: The EMG score was elevated in the model group compared to the control group, but it decreased after 
QZWT intervention; no changes were observed between the Mosapride and model groups. Compared with the control 
group, rats in the gastric hypersensitivity model group showed a higher expression of interleukin-6 (IL-6) and tumor necrosis 
factor-α (TNF-α) and lower expression of zona occludens protein 1 (ZO-1), occludin, and desmosome (DSG2) of junction 
proteins (P < 0.05); while in the QZWT group, the expression of IL-6 and TNF-α was reduced (P < 0.01), and the expression 
of ZO-1, occludin, and DSG2 was increased compared to the model group (P < 0.05). Conclusion: QZWT granules 
alleviate visceral hypersensitivity in an FD-like model in rats by inhibiting inflammatory cytokines IL-6 and TNF-α and 
regulating junction proteins.

Key words: Qizhi Weitong granules, functional dyspepsia, inflammatory cytokine, duodenal mucosal barrier, visceral 
hypersensitivity
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INTRODUCTION

Functional dyspepsia (FD) is a common functional 
disorder of the stomach and intestine that has no 
obvious cause. It is usually manifested as postprandial 
fullness, early fullness, epigastric pain, and epigastric 
burning. The worldwide incidence of FD is 7.2%, and it 
is prone to recurrence. It brings a heavy physical and 
mental burden to patients and severely affects their 
quality of life.[1] Moreover, it has been found that low-
grade duodenal inflammation could cause abdominal 
distension and abdominal pain by inducing local sensory 
and motion disorders.[2] There are several lines of 
evidence that duodenal low-grade inflammation may be 
involved in the etiopathogenesis of FD, thereby 
inducing duodenal barrier dysfunction and becoming 
associated with visceral hypersensitivity.[3] However, no 
effective treatment is available for impaired mechanical 
barriers and tight junction (TJ) proteins.

Traditional Chinese medicine (TCM), with multiple 
targets and multiple pathways, has been used for over 
4000 years in China and also offers beneficial methods 
for the treatment of FD. Qizhi Weitong (QZWT) 
granules, a common Chinese patent medicine to treat 
dyspepsia, which contains six TCMs—Radix bupleuri, 
Hovenia dulcis, Radix paeoniae alba, Corydalis tuber, 
Sweet attached, and Main licorice have been shown to 
be effective for treating FD.[4] However, its effective 
mechanism remains unclear. The aim of this study was 
to evaluate whether QZWT granules could alleviate 
gastric hypersensitivity by improving the mucosal barrier 
and low-grade inflammation in the duodenum. With the 
development of bioinformatics technology, the main 
pharmacological effects and key targets of TCMs have 
been discovered.[5,6] In this study, the TCM system 
pharmacology (TCMSP) database and analysis platform 
were used to investigate the effective targets of QZWT. 
In TCMSP, the active components, key absorption, 
distribution, metabolism, and excretion (ADME) 
parameters, drug-likeness, molecular targets in vivo, 
regulatory pathways, and related diseases of Chinese 
medicines were provided.[7] A human genome database, 
Genecards (https://www.genecards.org), is another 
platform that provides information on genomes, 
proteomes, transcription, inheritance, and functions of 
all known human genes.[8] In this study, a protein-protein 
interaction (PPI) network was built with other 
bioinformatics methods and based on the STRING 
database,[9] and the network was refined in Cytoscape 
3.8.0.[10] With the DAVID 6.8 database, Kyoto 
Encyclopedia of Genes and Genomes (KEGG) pathway 
enrichment analysis was performed on the genes corres-
ponding to drug disease.[11] With bioinformatics analysis, 
the mechanism of QZWT in treating FD was revealed 
from microscopic perspectives as “gene target” and 

“signaling pathway”.

MATERIALS AND METHODS

Preparation of animals
Thirty-two specific pathogen free (SPF) grade, five-day-
old, healthy, male Sprague-Dawley (SD) rats were 
provided by SPF (Beijing) Biotechnology Co., Ltd. 
(Experimental Animal License No. SCXK[J]2011–0004). 
Rats were housed in an environment with a temperature 

of 22 ± 1℃ (diurnal range of temperature no higher 

than 4 ℃), relative humidity of 50% ± 1%, and a light/
dark cycle of 12/12 h. All animals were fed with normal 
food and allowed to drink sterilized water ad libitum. All 
animal studies (including the mice euthanasia procedure) 
were performed in compliance with the regulations and 
guidelines of the Institute of Acupuncture and 
Moxibustion, China Academy of Chinese Medical 
Sciences institutional animal care, and conducted 
according to the Association for Assessment and 
Accreditation of Laboratory Animal Care (AAALAC) 
and the Institutional Animal Care and Use Committee 
(IACUC) guidelines. The animal protocol was approved 
by the Committee on Animal Care and Use of the 
Institute of Acupuncture and Moxibustion, China 
Academy of Chinese Medical Sciences (No. D2019-11-
14-1).

Thirty-two SD rats were randomly divided into four 

groups (eight rats in each group): The control group, the 

model group, the QZWT group, and the Mosapride 

group. The model group, the QZWT group, and the 

Mosapride group received gastric perfusion with 

iodoacetamide to establish a rat model with gastric 

hypersensitivity (gastric perfusion of 0.2 mL of 0.1% 

iodoacetamide in 2% sucrose by oral gavage) at the age of 

ten days. The control group received 0.2 mL of 2% 

sucrose by oral gavage. The gastric perfusion was 

performed once a day for six consecutive days. Rats in all 
groups were normally fed until they were eight weeks old, 
after which the model was evaluated. There was no 

significant difference in bodyweights (300–400 g) 

between the control and model groups. The animals then 

received QZWT granules, which were mixed with 

distilled water and prepared in to an aqueous solution of 

0.27 g/mL; Mosapride citrate tablets were mixed with 

distilled water and prepared in to an aqueous solution of 

0.27 mg/mL. Since the age of nine weeks, rats in the 

QZWT group were administered 1.35 g/kg/d of the 

aqueous solution of QZWT granules, and those in the 

Mosapride group were administered 1.35 mg/kg/d of the 

aqueous solution of Mosapride for gastric perfusion of a 

volume of 0.5 mL/100 g. The control and model groups 

were administered 0.5 mL/100 g of distilled water for 

gastric perfusion. The gastric perfusion for each group 

was performed once a day for 14 consecutive days.

https://www.genecards.org
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Drugs
QZWT granules were made from Radix bupleuri, 
Hovenia dulcis, Radix paeoniae alba, Corydalis tuber, 
Sweet attached, and Main licorice (ratio of 9 : 10 : 12 : 10 
: 10 : 5, Liaoning China Resources Benxi Sanyao Co., 
Ltd., Batch No. 20100623). Mosapride Citrate tablets 
were manufactured by Lunan Beite Pharmaceutical Co., 
Ltd. (Batch No. 19990317, Table 1).

Table 1: Herbs of the QZWT.

Chinese name English name Latin name

CHAI HU Radix bupleuri Bupleuri Radix

ZHI QIAO Hovenia dulcis Aurantii Fructus

BAI SHAO Radix paeoniae alba Paeonia lactiflora Pall

YAN HU SUO Corydalis tuber Corydalis Rhizoma

XIANG FU Sweet attached Cyperi Rhizoma

ZHI GAN CAO Main licorice Glycyrrhizae

QZWT, Qizhi Weitong.

Surgical procedures
All rats were made to fast for 24 h before surgery to 
ensure that the stomach was empty at the time of 
surgery. The rats were then anesthetized with isoflurane 
inhalation (2%–3%) and maintained in a deep anesthesia 
condition with muscle relaxation during the subsequent 
procedures. Using previously described methods,[12,13] 
after a midline abdominal incision, a latex balloon 
(diameter: 2.0–2.5 cm) attached to polyethylene tubing 
(PE240) for gastric distension (GD) was inserted into 
the gastric fundus through a small gastric incision. The 
polyethylene tubing was passed through the 
subcutaneous layer of the abdomen to the back of the 
neck. A pair of cardiac pacing wires (Medtronic 
Streamline 6494) was used for electromyography (EMG) 
recording (bipolar), spaced 0.5 cm apart, and then 
sutured on the right acromiotrapezius muscle of the rat’s 
neck.[14] The electrode wires were passed underneath the 
skin to externalize at the back of the neck, close to the 
polyethylene tubing. All surgical procedures were 
completed consecutively in the order listed above, and 
surgery was completed within 1.5 h for each rat.

Measurements of abdominal withdraw reflex 
(AWR) and EMG
Visceromotor reflex (VMR) was assessed using the 
AWR score and the EMG activity. Behavioral responses 
to GD were assessed by visual observation of the AWR 
by a blinded observer and scored in the following 
manner: (1) normal behavior without response; (2) 
contraction of abdominal muscles; (3) lifting of the 
abdominal wall; and (4) body arching and lifting of 
pelvic structures.

The rats were given seven days for recovery following 

the surgical procedure. Then, the EMG activity from the 
acromiotrapezius muscle was recorded in response to 
GD. GD was performed by rapidly inflating the 
chronically implanted gastric balloon to constant 
pressures of 0 (baseline), 20, 40, 60 and 80 mmHg 
sequentially for 20 s with a 2-minute rest between two 
consecutive distention levels .  The EMG was 
continuously recorded during the experiment using a 
Biopac EMG recording system (Lab-Chart Pro 8; 
BIOPAC Systems, Inc, AD instrument, USA). The 
EMG signal was amplified, filtered at 300 Hz, and 
digitized at 2000 Hz. The area under the curve (AUC) of 
the EMG was calculated by the AcqKnowledge® 
software version 3.7 (BIOPAC Systems, Inc., AD 
instrument, USA). The AUC of the EMG activity during 
the 20-s GD divided by the preceding 20-s baseline 
AUC without GD was defined as the EMG response to 
GD (represented as a percentage value).

The pathological morphology of gastric 
tissue
Each rat was anesthetized with 1% pentobarbital 
sodium, after which the stomach was removed, cut open 

along the great curve, and soaked in 4% formalin at 4 ℃ 
for 72 h. Its paraffin-embedded tissue specimen was 
stained with hematoxylin-eosin (H & E) for histological 
evaluation.

Measurement of duodenum permeability 
using FITC-dextran assay
After 12 h of fasting, each rat was fed with 500 mg/kg 
of FITC-dextran (4.4 kDa, Sigma-Aldrich, USA) 
dissolved in olybutylene succinate (PBS) for gastric 
perfusion. Three hours before the animal was sacrificed, 
a 0.2 mL gastric perfusion with 25 mg/mL FITC-
dextran diluted with PBS was performed. Then, a 0.15 
mL blood sample was collected with an ethylene 
diaminete traaceti acid (EDTA) test tube before and at 
60 min and 120 min after gastric perfusion. Blood 

samples were centrifuged at 4 ℃ and 3000 rpm for 10 

min after precipitation, and approximately 200 µL of the 
supernatant was collected. A fluorescence spectropho-
tometer (Fluoroskan FL, Thermo scientific, USA) of an 
excitation wavelength of 480 nm and an emission 
wavelength of 520 nm was used to measure the 
fluorescein concentration; the content of FITC-dextran 
was calculated according to the standard curve.

Inquiry of FD-related gene targets
Functional dyspepsia was used as the keyword for 
inquiry in the Genecards database for FD-related genes. 
To improve the prediction accuracy, the relevance score 

was set as ≥ 20 to screen the disease genes for the 
following bioinformatics analysis. Effectively active 
components and effect targets of QZWT granules were 
recorded and screened.
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Collection and screening of effectively active 
components and effect targets of QZWT 
granules
The TCM system pharmacology database and the 
analysis platform (TCMSP; http://Lsp.nwu.edu.cn/tcms
p.php) were inquired for the chemical components of 
the six TCMs included in QZWT granules. Oral 

bioavailability (OB) was set as ≥ 30%, and drug-likeness 

(DL) was set as ≥ 0.18 to screen all chemical 
components for the effectively active ones, after which 
the effect targets were predicted. The Uniprot database (
http://www.uniprot.org/) was consulted to correct the 
names of all target genes to canonical names.

Functional analysis of the predicted genes 
with STRING and DAVID databases
FD-related genes and the gene targets of QZWT 
granules were input in VENNY (https://bioinfogp.cnb.
csic.es/tools/venny/) to map out the intersection 
targets. STRING database was inquired for the PPI of 
intersection genes, and data of high confidence of 0.7 
were collected. Targets presented in the PPI network 
were input in the DAVID database (https://david.ncifcr
f.gov) for KEGG pathway enrichment analysis. The 
TCM-component-target-pathway network was built in 
Cytoscape.

Enzyme-linked immunosorbent assay (ELISA)
The duodenal tissue was homogeneously rinsed with 

PBS and stored overnight at 20 ℃. After being frozen 
and thawed twice, the tissue’s membrane was ruptured, 

and 10,000 g of the tissue was centrifuged at 4 ℃ for 10 
min. The supernatant was then collected and 

immediately tested. An ELISA kit for IL-6 and TNF-α 
of rats (Expandbiotech, China) was used to measure IL-

6 and TNF-α concentrations, as instructed. IL-6 and 

TNF-α antibodies and conjugates were incubated with 

the supernatant at 37 ℃ for one hour, and a 450-nm 
ELISA instrument (Bio-Tek Instruments, USA) was 

used to detect signals. IL-6 and TNF-α concentrations 

were expressed in μg/L.

Quantitative polymerase chain reaction 
(qPCR) assay
Real-time fluorescent quantitation was used to measure 
the mRNA expression in Zona Occluden-1 (ZO-1), 
Occludin, and desmosome (DSG2) in the duodenum. 
Briefly, 20 mg of the duodenal tissue was weighed and 

fully ground in 300 µL of tissue lysate. Total RNA was 
extracted from it according to the instructions on the 
total RNA extraction kit for animal tissues. A full 
wavelength spectrophotometer was used to measure the 
concentration and purity of total RNA. RNA samples of 
1.8 to 2.2 A260/A280 were collected for the next 
experiment. In addition, 2% agarose gel was used to 

measure the integrity. The total RNA was reversed into 
cDNA according to the instruct ions on the 
PrimeScript™ RT reagent Kit with gDNA Eraser 
(Takara Bio, JPN). The primers were designed and 

synthesized by TaKaRa. β-actin gene was used as an 
internal control The primers used were shown in Supple
mentary Table 1. The quantitative experiment was 
performed following the procedure of 5-min pre-

denaturation at 95 ℃, 30 s denaturation at 95 ℃, 10 s 

annealing at 54 ℃ and 10 s extension at 72 ℃, and 
repeated circularly 40 times. 2-△△Ct (with Ct representing 
the cycle threshold) was used to express the relative 
mRNA expression in ZO-1, Occludin, and DSG2.

Data analysis
Statistical analysis was performed using Prism software 
version 6.0 (Graphpad Software, San Diego, California, 

USA). All values were presented as the means ± standard 
deviation (SD). Student’s t-test or a two-way repeated 
measures analysis of variance (ANOVA) was used for 
comparison. P < 0.05 was considered statistically 
significant.

RESULTS

Validation of the FD-like rats
The gastric histology of the rats’ stomachs revealed 
superficial sloughing of the mucosa in the model group 
without any evidence of deeper injury or inflammation. 
There was no significant change in the gastric histology 
between the iodoacetamide (IA) and control groups 
(Figure 1A). As depicted in Figure 1B, the rate of AWR 
and EMG was significantly increased in the model group 
compared to that in the control group (P < 0.01), which 
further suggested that the FD-like rats model was 
successfully established.

QZWT modulates visceral hypersensitivity in 
FD-like rats
Visceral hypersensitivity is commonly observed in FD. 
Previous studies found that FD patients had higher 
visceral sensitivity compared to controls.[15] In our study, 
under incremental balloon pressure of 40 mmHg, 60 
mmHg, and 80 mmHg, the gastric sensitivity of FD-like 
rats was obviously higher compared to that of normal 
rats. The treatment using QZWT, but not Mosapride, 
considerably reduced gastric sensitivity in FD-like rats, 
which confirmed the existence of visceral hypersens-
itivity and suggested that QZWT treatment could be 
used to relieve FD (Figure 2).

The outcomes of the FITC-dextran test
The duodenum permeability was significantly higher in 
the FD-like rats. Plasma FITC-dextran was detectable 
beginning from 60 min after the oral gavage. FITC-
dextran and was measured for two hours. We found that 

http://Lsp.nwu.edu.cn/tcmsp.php
http://Lsp.nwu.edu.cn/tcmsp.php
http://www.uniprot.org/
https://bioinfogp.cnb.csic.es/tools/venny/
https://bioinfogp.cnb.csic.es/tools/venny/
https://david.ncifcrf.gov
https://david.ncifcrf.gov
gmiw.2023.0532-SupplementaryMaterials.pdf
gmiw.2023.0532-SupplementaryMaterials.pdf
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Figure 1. Validation of functional dyspepsia in rats in the model (FD) and control groups. (A) H & E staining for gastric morphology (photomicrography, 
×10). (B) There was a significant difference in the rate of AWR and EMG between the two groups. Data are mean ± SD. Control vs. FD, ##P < 0.01; n = 8 
animals in the control group; n = 24 animals in the model group. H & E, hematoxylin and eosin; FD, functional dyspepsia; AWR, abdominal withdraw 
reflex; EMG, electromyography.

the duodenum permeability in the model group was 
higher than that in the control group at 60 min and 120 
min. In contrast, the QZWT treatment normalized the 
duodenum permeability at 60 min and 120 min, 
compared with the control group, and reduced the 
duodenum permeability in comparison with the 
Mosapride treatment at all time points (Figure 3).

Prediction of FD-related genes and targets of 
QZWT granules by bioinformatics
FD-related genes were acquired from the Genecards 
database, and those with a relevance score > 20 were 
taken as  candidate  genes  for  the  fo l lowing 
bioinformatics analysis. There were 30 intersection 
targets between FD-related genes and potential effect 
targets of QZWT granules (Figure 4A). The 30 targets 
were acquired from the STRING database for PPI 

analysis, and 29 genes scored over 0.9 points in 
interaction. These 29 genes were then inputted in the 
DAVID database for KEGG pathway enrichment 
analysis, as depicted in Figure 4B.

Key targets of QZWT granules in the PPI 
network
To identify the key targets of QZWT in treating FD, 
genes involved in the PPI network were analyzed in 
Cytoscape (Figure 5). The IL-6 and TNF genes, having 
the highest node density, were analyzed.

TCM-component-target-pathway network
A visualized TCM-component-target-pathway network, 
as depicted in Figure 6, was used to explain the 
relationship between TCMs for FD and IL-6 and TNF.
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Figure 2. QZWT modulates gastric hypersensitivity in FD-like rats. (A) AWR and (B) EMG. Results are represented as means ± SEM; n = 8 rats in each 
group. *P < 0.05 compared with the control group, #P < 0.05 compared with the model group, as determined by one-way ANOVA followed by a least 
significant difference post hoc test. QZWT, Qizhi Weitong; FD, functional dyspepsia; EMG, electromyography. ANOVA, analysis of variance.

Figure 3. FD significantly increases the permeation of duodenum tissue measured by FITC-dextran in blood plasm, while QZWT, but not Mosapride, was 
able to reverse the adverse effects. Values were represented as the means ± SD (n = 8). *vs. control, #vs. model; P < 0.05. FD, functional dyspepsia; FITC, 
fluorescein isothiocyanate; QZWT, Qizhi Weitong. SD, standard deviation.

Further verification of the candidate targets 
in rat stomachs with FD
To confirm the prediction, the results of the molecular 
biology experiments are presented in Figure 7. The 
ELISA analysis revealed that the expression of IL-6 

(Figure 7A) and TNF-α (Figure 7B) in the model group 
was more upregulated in FD-like rats in comparison 
with the control group, while the expression of IL-6 and 

TNF-α in the QZWT group was significantly reduced 
compared to the model group (P < 0.01).

Comparison of mRNA expressions of ZO-1, 
occludin, and DSG2 in the duodenum of rats 
in different groups
As depicted in Figure 8, the expression of ZO-1, 
occludin, and DSG2 expressions in the duodenum was 
significantly reduced in rats in the model group 
compared with the blank control group (P < 0.05). In 
the QZWT group, the expression of ZO-1, occludin, 
and DSG2 was increased compared to that in the model 
group (P < 0.05), while there was no significant 
difference between the Mosapride and model groups.

DISCUSSION

FD is a disease related to “distention and fullness” and 
“epigastric pain” in the TCM sector. Previous 
experiments revealed that QZWT granules could 
alleviate visceral hypersensitivity in FD-like rats.[16] 
Changes in the sensitivity of the stomach and duodenum 
to mechanical and chemical stimulations are common in 
FD patients, and visceral hypersensitivity is one of the 
key pathological mechanisms related to epigastric pain 
and fullness in patients with FD.[17] Kindt et al.[18] 
examined intestinal immune activation in presumed 
postinfectious functional dyspepsia and found that all 
FD patients had low-grade mucosal inflammation and 
activated immune cells, which were related to the 
impairment of the intestinal mucosal barrier and 
abnormal sensitivity of the intestinal nerve. In the 
present study, we found that rats in the model group had 
significantly higher sensitivity of the stomach to the 
stimulation of balloon dilation than rats in the control 
group, thereby suggesting visceral hypersensitivity. This 
data also indicated that FD-like rats had a lower sensory 
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Figure 4. PPI analysis and KEGG pathway enrichment analysis. (A) Targets shared between FD-related genes and QZWT granule-related targets on the 
Venn map. (B) KEGG pathway enrichment analysis of genes involved in the treatment of FD by QZWT granules. The P-value used here was calculated by 
the DAVID analysis tool, and the figure depicts the top seven items related to FD. QZWT, Qizhi Weitong; FD, functional dyspepsia; HIF, hypoxia 
inducible factor; NOD nucleotide-binding oligomerization domain; TNF, tumor necrosis factor.

Figure 5. Interaction network among the 29 key nodes.

threshold of mechanical stimulation and higher 
sensitivity and intolerance to pain.

The mechanical barrier of the intestinal mucosa is 
composed of epithelial cells and the mucous layer and is 
connected by TJs, gap junctions, adhesion junctions, and 
desmosome junctions. TJ proteins can be divided into 

DSG2, occludin, and ZO-1.[19] A complete mechanical 
barrier can prevent toxins, bacteria, and other harmful 
substances from entering the proper layer and invading 
the intestinal mucosal barrier.[20] Impairment of the 
intestinal mucosal barrier, particularly the mechanical 
barrier, may be an important pathogenesis of recurrent 
and long-lasting FD.[21] TJ proteins play a key role in the 
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Figure 6. TCM-component-target-pathway network. The hexagon represents a TCM, the circle represents a chemical component, the diamond represents a 
gene, and the triangle represents a pathway. HIF, hypoxia inducible factor; NOD nucleotide-binding oligomerization domain; TNF, tumor necrosis factor.

Figure 7. QZWT attenuates inflammatory responses. (A) The expression of IL-6 of four groups. (B) The expression of TNF-α of four groups. Values were 
represented as the means ± SD (n = 8). *vs. control, #vs. model; P < 0.05. QZWT, Qizhi Weitong Granules; IL, interleukin-6; TNF, tumor necrosis factor. 
SD, standard deviation.

structure and function of the mechanical barrier. They 
constitute a dynamic barrier that can block the translo-
cation of “bad” microorganisms and selectively let a few 
nutrients pass through. Therefore, in the event of a 
structural disorder of TJ proteins, the permeability of the 

intestine is disrupted, which may lead to FD and other 
disorders.[22] A recent study found that FD patients had 
mild inflammation in the duodenum, which leads to 
decreased mRNA expressions in epithelial TJ proteins 
(mainly occludin and ZO-1 as well as DSG2, the 
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Figure 8. QZWT enhances epithelial barrier function of rats. (A) The expression of ZO-1 of four groups. (B) The expression of occluding of four groups. (
C) The expression of DSG2 of four groups. Values were represented as the means ± SD (n = 8). *vs. control, #vs. model; P < 0.05). QZWT, Qizhi Weitong. 
SD, standard deviation.

desmosome), and, in turn, structural and functional 
abnormalities of intestinal epithelial TJ protein.[21] In this 
study, we found that QZWT granules may increase the 
mRNA expression in duodenal TJ proteins (occludin, 

ZO-1, and DSG2) and reduce IL-6 and TNF-α levels in 
FD-like rats. Recent studies also reported that TCM may 
alleviate visceral hypersensitivity or regulate the 
expressions of TJ proteins in the duodena.[23–24] 
Moreover, the results of our study verified the 
correlation of FD with low-grade duodenal inflam-
mation and impairment of the mechanical epithelial 
barrier of the duodenal mucosa. Therefore, improving 
the mechanical epithelial barrier of the mucosa and 
reducing inflammatory responses could be the key 
aspects for alleviating visceral hypersensitivity in FD. 
Our study demonstrated that QZWT granules could 
treat FD with multiple targets through the above 
pathways.

CONCLUSIONS

This study revealed that QZWT could alleviate visceral 
hypersensitivity in FD-like rats by regulating the 
expressions of occludin, ZO-1, and DSG2 and 
improving low-grade duodenal inflammation. Our study 
results, together with the methods used by different 
bioinformatics databases to predict the key targets that 
can be verified based on molecular biology, may be 
useful for exploring TCM mechanisms.
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