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Purpose: Precancerous lesions of gastric cancer (PLGC) represent a crucial juncture in the transformation from gastritis to gastric
cancer. Qijie Xiaopi Decoction (QJXPD), a Chinese herbal medicine formulation that has been applied in clinical practice to manage
PLGC, which is capable of effectively relieving the symptoms experienced by patients such conditions. However, its mechanism of
action remains unclear. The aim of this study is to elucidate the mechanism of action of QJXPD in the treatment of PLGC.
Methods: Ultra-high-performance liquid chromatography coupled with hybrid quadrupole-orbitrap tandem mass spectrometry
(UHPLC-Q-Exactive Orbitrap-MS) was employed to pinpoint the chemical components of QJXPD. On this basis, network pharma-
cology and molecular docking were employed to pinpoint the main ingredients, probable targets, and associated pathways of QJIXPD
in treating of PLGC. A PLGC rat model was replicated using a compound modeling method mainly based on N-methyl-N’-nitro
-N-nitrosoguanidine (MNNGQG), to observe the therapeutic effects of QJXPD on PLGC.

Results: The undiluted QJXPD solution contained 1069 compounds. Network pharmacology analysis revealed that QJXPD’s anti-
PLGC effects involved 119 active ingredients and 332 potential targets, primarily enriched in the PI3K/AKT pathway. Protein-protein
interaction (PPI) analysis suggested that TP53, AKT1, SRC, STAT3, and EGFR were the key targets. Through molecular docking, it
was discovered that the core targets exhibited a strong binding affinity with the primary active ingredients. Animal experiments have
verified that QJXPD can significantly improve the general condition in PLGC rats, increase body weight, repair the damaged gastric
mucosa and diminish the inflammatory infiltration, induce apoptosis of gastric mucosal cells, upregulate the expression of LC3,
Beclin-1, and Bax and downregulate the expression of p62 and Bcl-2. The PI3K/AKT/mTOR pathway was inhibited by QJXPD.
Conclusion: QJXPD effectively alleviated the pathological injury of gastric mucosa in PLGC rats by inhibiting the PI3K/AKT/
mTOR signaling pathway and inducing cellular autophagy and apoptosis.

Keywords: Qijie Xiaopi decoction, precancerous lesions of gastric cancer, network pharmacology, PI3K/AKT /mTOR, autophagy,
apoptosis

Introduction

Gastric cancer (GC) is regarded as one of the most common malignancies in the digestive system. According to data, in
2020, there were more than 1 million newly diagnosed cases of GC, and nearly 769,000 deaths related to it. Globally, it
ranks as the fifth most prevalent malignant tumor and the fourth principal cause of cancer-related mortalities, this
circumstance presents a severe peril to people’s lives and well-being.! GC develops in accordance with the Correa
cascade reaction model, the process begins with chronic superficial gastritis, progresses to chronic atrophic gastritis
(CAG), is then followed by the emergence of intestinal metaplasia (IM) and dysplasia (Dys), and finally leads to the
establishment of GC.? Precancerous Lesions of Gastric Cancer (PLGC) is a pathological concept that refers to the
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intestinal metaplasia and heterogeneous hyperplasia of the gastric mucosa on the basis of CAG, which is a transitional
stage from “gastritis” to “gastric cancer”,’ blocking or delaying the progression of PLGC is an effective way to prevent
and treat GC. Currently, Western medicine treats this disease with symptomatic treatment, mostly using drugs such as
eradication of Helicobacter pylori, internal gastric mucosal protectants, and folic acid tablets, and combining surgical
methods,” which lacks specific interventions. In the past few years, Traditional Chinese Medicine (TCM) therapy has
gradually manifested its merits, which treats the PLGC state under the guidance of the holistic view and the theory of
identification and treatment, and improves the symptoms of patients, even reversing the atrophy of glands, incomplete
intestinal metaplasia, and dysplasia.’

Qijie Xiaopi Decoction (QJXPD) is a clinical-experience-based prescription evolved from Zhishi Xiaopi Pill, which is
derived from “The Secret Treasury of the Orchid Chamber” written by Li Dongyuan and is a classic formula in TCM for
treating digestive system diseases,”’ multiple studies have validated the efficacy of Zhishi Xiaopi Pills in treating
PLGC.*? QIJXPD consist of 16 herbs: Astragalus mongholicus Bunge (Huangqi), RESINA DRACONIS. (Longxuejie),
Neolitsea cassia (L). Kosterm. (Guizhi), Smilax glabra Roxb. (Fuling), Paeonia lactiflora Pall. (Baishao), Perilla
frutescens (L). Britton (Zisugeng), Citrus aurantium f. aurantium (Zhishi), Magnolia officinalis Rehder & E.H. Wilson
(Houpo), Nardostachys jatamansi (D. Don) DC. (Gansong), Scleromitrion diffusum (Willd). R.J. Wang
(Baihuasheshecao), Sepiella maindroni de Rochebrune (Haipiaoxiao), Fritillaria thunbergii Miq. (Zhebeimu),
Kalanchoe pinnata (Lam). Pers. (Sanqi), Rheum officinale Baill. (Dahuang), Prunus mume (Siebold) Siebold & Zucc.
(Wumei), Glycyrrhiza glabra L. (Gancao). A data-mining research indicated that the frequently used TCM for treating
PLGC encompass Huang Qi, Wu Mei and Bai Hua She She Cao, and others.'® Currently, experiments have demonstrated
that the key components of QJXPD can boost gastrointestinal motility, protect the mucosa, prevent carcinogenesis, and
have potential therapeutic effects on PLGC. For instance, astragaloside IV regulates cell autophagy, effectively amelio-
rates gastric mucosal damage, and can even delay the progression of lesions.'' Notoginsenoside effectively suppresses
the inflammatory reaction in the gastric mucosa tissue and alleviates mucosal damage.'? Triterpenoids help maintain the
normal structure and function of the gastric mucosa and prevent the further deterioration of lesions.'> Quercetin can
effectively alleviate GC-related inflammation and optimize the tumor microenvironment.'* The flavonoid luteolin can
also treat gastric mucosal injury and inhibit gastric precancerous lesions by suppressing the STAT3/LCN2 axis.'’
Kaempferol exerts mucosal protection by modulating proinflammatory cytokines (TNF-a, IL-1p) and promoting NO
synthesis.'® The whole formula has the effects of invigorating the spleen, supplementing qi, removing blood stasis and
detoxifying. Furthermore, it has shown favorable clinical effects and can ameliorate or even reverse the gastric mucosa’s
pathological alterations.!” Nevertheless, the exact mechanism through which it mitigates PLGC remains elusive. The
chemical composition represents a crucial aspect in elucidating the action mechanism and therapeutic efficacy of TCM.
Liquid chromatography-mass spectrometry (LC-MS) integrates the ability of chromatography for rapid separation and
mass spectrometry for mass analysis, and has been widely employed in analyzing intricate concoctions.'® Network
pharmacology represents a novel discipline that has emerged on the basis of systems biology theory. This particular
discipline deploys bioinformatics and network analysis techniques to conduct in-depth analyses of biological systems, it
can elucidate the molecular mechanisms of drugs through multiple targets in the network.

In recent years, many researches have shown that the pathogenesis of PLGC stems from the dysregulation of cell
growth, proliferation, and apoptosis resulting from the combined effects of multiple factors and genes, and autophagy is
involved in this biological process.'” Investigations have shown that pre-cancerous cells are capable of utilizing
autophagy as a strategic mechanism to mitigate inflammation and eliminate detrimental metabolites. This action serves
as a safeguard, preventing the malignant transformation of cells.”® As such, augmenting autophagy to modulate the
equilibrium of the intracellular environment and enhance the cell’s self-clearance capacity is of vital significance in
impeding the onset and development of GC. Autophagy can either facilitate or impede apoptosis, and reciprocally,
apoptosis can also either promote or suppress autophagy, the pathophysiology and progression of many diseases are
closely linked to the intricate, reciprocal regulatory effects between autophagy and apoptosis.?’ The PI3K/AKT/mTOR
pathway is one of the mechanisms involved in autophagy regulation,”® it has been determined that this route is
abnormally activated during the development of PLGC,**** research has confirmed that TCM plays a protective role
against gastric mucosal injury in PLGC, this may be associated with its regulation of cell autophagy and apoptosis via the
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PI3K/AKT/mTOR pathway.?® Therefore, targeted regulation of this pathway holds immense significance in forestalling
the progression of GC.

In the present investigation, our primary objective was to clarify the underlying mechanism of QJXPD in treating
PLGC. Firstly, the Ultra-high-performance liquid chromatography coupled with hybrid quadrupole-orbitrap tandem mass
spectrometry (UHPLC-Q-Exactive Orbitrap-MS) was employed to pinpoint the active compounds of QJXPD.
Subsequently, the key targets and related pathways through which QJXPD ameliorates PLGC were then predicted via
network pharmacology and molecular docking. Finally, the potential mechanism was verified in in-vivo experiments
using a PLGC rat model, providing experimental evidence in favor of TCM’s clinical use. The schematic diagram of
study is shown in Figure 1.

Materials and Methods

Animals

72 male Sprague-Dawley (SD) rats of specific pathogen-free (SPF) grade were procured from the Laboratory Animal
Center of Ningxia Medical University. The animal production license number of this center is SYXK (Ning) 2020-0001.
These experimental animals were housed in the SPF-grade laboratory (20-25 °C, 40-60% humidity, 12/12 h light and
dark cycle) and fed a standard diet. After a 2-week adaptation period, experiments commenced. All animal procedures
complied with the ethical principles of laboratory animals. The Animal Ethics Committee of Ningxia Medical University
granted ethical approval for this experiment (IACUC-NYLAC-2023-198). The animal experiments were conducted in
accordance with the Guide for the Care and Use of Laboratory Animals published by the National Research
Council (NRC).

Drugs
Huangqi 15 g (2405002), Longxuejie 10 g (21100143), Guizhi 10 g (2406021), Fuling 10 g (YZ2404005), Baishao 12
g (230530-1), Zisugeng 12 g (2401009), Zhishi 12 g (2312016), Houpo 10 g (2403137), Gansong 12 g (2404001),
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Baihuasheshecao 9 g (2310180), Haipiaoxiao 12 g (240126), Zhebeimu 12 g (2401064), Sangi 10 g (2402085), Dahuang
3 g (2205111), Wumei 10 g (240226), Gancao 6 g (2406157). The Chinese herbal decoction pieces used in this formula
were procured from Yongshoutang and Kangtailong Chinese Herbal Decoction Pieces Co., Ltd. Ranitidine hydrochloride
(20230215) was obtained from Shanxi Yunpeng Pharmaceutical Group Co., Ltd. (Shanxi, China). N-methyl-N'-nitro
-N-nitrosoguanidine (MNNG, M813171) was purchased from Shanghai Macklin Biochemical Co., Ltd. (Shanghai,
China). Ammonia water (ST01046) was bought from Hubio (Shenzhen, China). Absolute ethanol (20231223) was
obtained from Ningxia Hongyang Chemical (Yinchuan, China). Folic acid tablets (BS945) was purchased from Biosharp
(Hefei, China).

Reagents

Methanol (A452-4), acetonitrile (A998-4), and formic acid (A117-50) were purchased from Thermo Fisher Scientific
China Co., Ltd. (Massachusetts, USA). Pre-stained Protein Marker (KF002-250) was bought from Shenzhen Sunview
Biotechnology Co., Ltd. (Shenzhen, China). PI3K (GTX636838), p-mTOR (GTX132803), p62 (GTX100685), and LC3
(GTX127375) antibodies were purchased from Gene Tex (Texas, USA). p-AKT (YP0006), Beclin-1 (YM1326), Bcl-2
(YMS8319), and secondary antibody (RS0002) were obtained from ImmunoWay (California, USA). Bax (50599-2-Ig)
antibody was bought from Wuhan Sanying Biotechnology Co., Ltd. (Wuhan, China). TUNEL assay kit (G1504), and
antifade mounting medium (G1401) were purchased from Servicebio Biotechnology Co., Ltd. (Wuhan, China). ECL
chemiluminescence substrate (KGC460), and total protein extraction kit (KGB5303-50) were obtained from KeyGEN
BioTECH Co., Ltd. (Jiangsu, China). Protein Loading Buffer (P1040) was bought from Solarbio Science & Technology
Co., Ltd. (Beijing, China). Protein-free rapid blocking buffer (PS108P) was obtained from Epizyme Biomedical
Technology Co., Ltd (Shanghai, China).

Equipment

Donatello dehydrator (Diapath, Italy); JB-P5 embedding machine (Wuhan Junjie Electronics Co., Ltd).; RM2016
microtome (Leica, Germany); KD-P tissue flotation bath (Jinhua Kedi Instrument and Equipment Co., Ltd., Zhejiang
Province); DS-2S100 decolorization shaker (Wuhan Servicebio Technology Co., Ltd).; Eclipse C1 upright fluorescence
microscope (Nikon, Japan); Pannoramic MIDI scanner (3DHISTECH, Hungary); PET 4 mini-vertical electrophoresis
transfer tank (Yeasen Biotech Co., Ltd., Shanghai); Amersham Imager 680RGB ultrasensitive multi-functional imager
(GE, USA).

Sample Preparation for Identifying Chemical Substances

Preparation of QJXPD

QJXPD was prepared with a compatibility ratio of 15:10:10:10:12:12:12:10:12:9:12:12:10:3:10:6. A 10-fold volume of
distilled water was added to the mixture, followed by 2 h soaking and double decoction. The filtrates from both
decoctions were combined and subsequently concentrated to a final density of 3.47 g/mL.

Preparation of Sample Solution

The concentrated QJXPD solution was uniformly mixed, and approximately 100 pL was transferred into a centrifuge
tube. Subsequently, 900 uL of water (containing 4 pg/mL mixed internal standard) was added, followed by vortex
oscillation for 1 min. The tube was then placed in an ice-water bath and subjected to ultrasonic extraction for 60 min,
then centrifuged for 10 min. After 5-fold dilution with water, 200 pL of the solution was transferred to an insert-equipped
vial for analysis.

UHPLC-Q-Exactive Orbitrap MS/MS Analysis

Instrument and UHPLC-Q-Exactive Orbitrap-MS Conditions

An UHPLC-Q-Exactive Orbitrap analysis was conducted with a liquid chromatography-mass spectrometry setup. It
combined an ACQUITY UPLC I - Class plus from Waters (Milford, USA) and a Q-Exactive Orbitrap from Thermo
Fisher Scientific (Waltham, MA, USA), operating in Full Scan/Data Dependent (full MS/dd - MS2) acquisition mode.
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Chromatographic separation used a Waters ACQUITY UPLC HSS T3 column at 45 °C. A (water with 0.1% formic acid)
and B (acetonitrile) served as the mobile phases. The gradient elution program had the following profile: 0—2 min, 5%-
5% B; 2—4 min, 5%-30% B; 4-8min, 30%-50% B; 8—10min, 50%-80% B; 10-14 min, 80%-100% B; 14—15 min, 100%-
100% B; 15-15.1 min, 100%-5% B; 15.1-16 min, 5% —5% B. The sample injection volume was 5 pL, and the flow rate
was 0.35 mL/min. The Q-Exactive Orbitrap MS with a heated electrospray ionization source (HESI) operated in positive
and negative ion modes, scanning from m/z 100-1200. The mass spectrometer’s operation had these settings: the ion
spray voltage was 3000 V for (-)-ESI and 3800 V for (+)-ESI, 320 °C capillary temperature, 350 °C auxiliary gas heater
temperature, 35 arb sheath gas flow rate, 8 arb auxiliary gas flow rate, 210400 nm PDA scan range, and 10, 20, 40 eV
collision energies for MS/MS acquisition.

MS Data Preprocessing and Statistical Analysis

Raw LC-MS data were processed using Progenesis QI V3.0 software (Nonlinear, Dynamics, Newcastle, UK), involving
baseline filtering, peak identification, integration, retention time correction, peak alignment, and normalization. Key
parameters included a 5-ppm tolerance for precursors and 10-ppm for products. Compound identification relied on
accurate mass-to-charge ratio (m/z), secondary fragments, and isotope distribution. Qualitative analysis was conducted
with The LuMet-TCM (Luming Biotech CO., Ltd, Shanghai, China). Among the substances identified qualitatively in the
QI search database, those with a total retention score of 40 or above were chosen as components of the original formula.

Network Pharmacology Analysis
First, the Traditional Chinese Medicine Systems Pharmacology Database (TCMSP, https://old.tcmsp-e.com/tcmsp.php)

and High-throughput Chinese Medicine Experiment Reference Database (Herb, http://herb.ac.cn/) were used to search
for the active components in QJXPD. The active components retrieved from these databases were intersected with those
identified in the original solution via UHPLC-Q-Exactive Orbitrap-MS to determine the key active ingredients of the
drug. Subsequently, SwissTargetPrediction (http://www.swisstargetprediction.ch/) was used to predict the targets. Next,

Uniprot (https://www.uniprot.org/) was employed to convert target proteins into standard gene names. Disease targets

related to PLGC were searched in GeneCards (https://www.genecards.org/) and OMIM (https://www.omim.org) using

“Precancerous lesions of gastric cancer” as the keyword. Targets associated with the main ingredients of QJXPD were
intersected with the disease targets, and a “Drug-Disease” intersection gene Venn diagram was generated. After that,
a “Drug-Ingredient-Target-Disease” network diagram was constructed using Cytoscape V3.10.0 (http://cytoscape.org),
followed by visual analysis. The STRING online database V12.0 (https://cn.string-db.org/) was utilized, and data with
a confidence level > 0.9 were selected to analyze the “Drug-Disease” intersection genes, yielding a PPI network. Core

genes of the network were screened out based on degree. Finally, Gene Ontology (GO) and Kyoto Encyclopedia of Genes
and Genomes (KEGG) analyses of the drug-disease intersection targets were conducted via DAVID (https://davidbioin
formatics.nih.gov/).

Molecular Docking
The 3D structures of the core genes in the PPI network were retrieved from the Protein Data Bank (PDB) database
(https://www.rcsb.org). Water molecules and impurities were removed from the proteins using PyMOL V3.1.0 software.

The 3D conformations of the main components of QJIXPD were obtained from the PubChem database. AutoDockTools
V1.5.6 software was used to hydrogenate the target proteins and small molecules, and a grid box centered on the original
ligand was set. Molecular docking between the compound molecules and target proteins was simulated using AutoDock
Vina, and the binding energy between the main components and core target proteins was calculated. Finally, the docking
results were exported for visual analysis.

In-vivo Experimental Verification

Experimental Grouping and Drug Administration Methods

Using the random number table method, 12 male SD rats were selected from a total of 72 to form the control group, and
the remaining 60 rats were designated for establishing the PLGC model. Rats in the control group were fed normally,
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while those in the model group were subjected to a five-factor compound modeling method mainly based on MNNG:?®
(1) Free access to MNNG solution: Rats were provided with an MNNG solution (100 pg/mL) for free drinking daily. (2)
Abnormal feeding and fasting protocol: Normal feeding for 2 days followed by fasting for 1 day. (3) On fasting days, rats
were intragastrically administered 2 mL per rat of 20% anhydrous ethanol (water was withheld 1 hour before and after
intragastric administration). (4) On fasting days, the MNNG solution was discontinued, and 0.1% ammonia water was
provided for free drinking instead. (5) Chemical drug-induced injury: Rats were intragastrically administered 1 mL/100
g of a 0.003 g/mL ranitidine solution daily. The modeling period lasted for 30 weeks. Twenty-six weeks later, two rats
were randomly sampled, and gastric tissues were collected for observation of histopathological changes under a light
microscope. Gastric mucosal atrophy, reduced number of proper glands due to inflammatory cell infiltration, intestinal
metaplasia, and dysplasia of varying degrees were regarded as indicators of successful establishment of the PLGC
model.?”® After successful modeling, the rats were allocated into different groups: the model group, folic acid group,
and high-dose, medium-dose, and low-dose QJXPD groups, with 12 rats in each group. The QJXPD groups were
intragastrically administered 34.65, 17.33, and 8.66 g/kg daily, respectively (the doses were equivalent to 2 times, 1 time,
and 0.5 times the dose for a 60 kg adult). The positive control group was intragastrically administered folic acid at
a dosage of 0.002 g/kg. Meanwhile, the control group and model group were intragastrically administered an equal
volume of physiological saline daily. The intervention lasted for 90 days. After completion of the intervention, the rats
were sacrificed and gastric tissues were collected.

Observation of General Conditions
During the experiment, the activity status, fur gloss, fecal characteristics, and body weight of the rats were observed.

HE Staining

The gastric antrum tissues were first subjected to gradient dehydration followed by xylene clearing. Subsequently,
paraffin embedding, slicing, and hematoxylin-eosin (HE) staining were carried out. After dehydration and sealing, the
alterations in the antral tissues of rats from each group were examined using an optical microscope. Then, a pathological

27,28
d>"

assessment of the rat gastric tissues was performe with the evaluation criteria detailed in Table 1.

TUNEL Staining

Paraffin-embedded antral tissue sections were prepared, and the procedure was then performed rigorously according to
the instructions of the TUNEL detection kit. Observations were made using a fluorescence microscope under light-
shielding conditions. After staining, apoptotic cells exhibited cyan-green fluorescence. The apoptosis rates of apoptotic
cells among various groups were calculated and compared.

Immunofluorescence Colony-Staining

After dewaxing and rehydrating gastric tissue paraffin sections, antigen retrieval was conducted sequentially, followed by
washing with PBS. Blocking solution was added to cover the tissue, and blocking was performed at room temperature
(RT) in the dark for 30 min. Primary antibodies against the target proteins PI3K, p-AKT, p-mTOR, p62, LC3, and Beclin-
1 (1:200) were then added separately, and the sections were placed flat in a moist chamber for incubation at 4°C

Table | Histopathological Evaluation Criteria for Precancerous Lesions of Gastric Cancer

Score Histopathological Judgment Criteria
Calculation

The structural layers of the gastric mucosa are intact, and no obvious inflammatory changes are observed.
The structural layers of the gastric mucosa are basically intact, and inflammatory changes can be observed.

The gastric mucosal epithelial layer becomes thinner, the number of glands decreases, mild atrophy, and intestinal metaplasia.

w N — O

The gastric mucosal epithelial layer is thinned or disappeared, with a reduction in the number of glands, moderate atrophy, and
intestinal metaplasia.
4 The gastric mucosal epithelial layer disappears, with a decrease in the number of glands, severe atrophy, intestinal metaplasia, or

the presence of low-grade intraepithelial neoplasia.
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overnight. Next, the specimens were washed with PBS, secondary antibodies were added, and the specimens were
incubated in the dark at RT for 50 min. After another PBS wash, DAPI staining solution was added for incubation for
10 min. The sections were mounted with an anti-fluorescence quenching medium, and images were captured using
a fluorescence microscope.

Western Blot

For each group of rats, 0.1 g of partial gastric tissue was collected, and total protein was extracted from the gastric tissue.
Loading buffer was added, and the mixture was heated in a boiling water bath for denaturation for 10 minutes, then
stored at —20°C in a freezer for later use. A polyacrylamide gel was prepared, protein was loaded, electrophoresis was
performed, the membrane was transferred, and blocking was then conducted. The membrane was incubated with primary
antibodies (1:1000 for Beclin-1 and Bcl-2; 1:2000 for PI3K, p-AKT, p-mTOR, p62, LC3, and Bax) at 4°C overnight.
Secondary antibody (1:5000) was then added for incubation at RT for 2 h, followed by the addition of ECL reagent for
development. Finally, grayscale analysis was performed using Image J V2.14.0.

Statistical Analysis

Experimental data were analyzed using GraphPad Prism 9.0. Measurement data were presented as mean + standard
deviation (SD). One-way analysis of variance (ANOVA) followed by Tukey’s multiple comparisons test was used to
compare the data involving multiple group comparisons. P<0.05 was regarded as statistically significant.

Results

Identification of Components of QJXPD

QJXPD was analyzed by LC-MS, and the compounds were preliminarily identified. Figure 2A and B shows the UHPLC-
MS chromatograms of QJXPD in positive and negative ion modes. We made a comparison between QJXPD and the
standard substance database (LuMet-TCM). According to the precise mass-to-charge ratio (m/z), secondary fragments,
and isotope distribution, 1069 ingredients in QJXPD were recognized, including flavonoids, terpenoids, phenols, sugars
and glycosides, alkaloids, and other compounds. The content and quantity distribution of its component classification are
shown in Figure 2C and D.

Network Pharmacological Analysis

A total of 945 active ingredients were acquired through database searches. After intersecting these with the identified
components of the original solution, 119 key ingredients and 398 targets of active ingredients were determined. When
searching the GeneCards and OMIM databases, 2027 potential biomarkers associated with PLGC were retrieved.
Subsequently, through intersection analysis, 332 potential targets were identified as common to both the targets
corresponding to the active ingredients of the drug and the disease-related proteins (Figure 3A). PPI network showed
core targets, including TP53, AKTI1, SRC, STAT3, and EGFR (Figure 3B). Drug-compound-common targe-disease
network to illustrate the relationship between active ingredients and their corresponding targets in drugs (Figure 3C).
From the GO enrichment analysis, 832 GO terms were obtained (Figure 4A). In the BP terms, they were mainly focused
on positive regulation of transcription by RNA polymerase II, signal transduction, and negative regulation of the
apoptotic process. The CC terms were mainly concentrated in the cytosol, cytoplasm, and nucleus. The MF terms
were mainly related to protein binding, identical protein binding, and ATP binding. The KEGG pathway enrichment
analysis screened out 179 pathways related to PLGC. These chiefly encompassed pathways in cancer, the PI3K-AKT
pathway, and the MAPK pathway (Figure 4B).

Main Active Ingredients of QJXPD

Among the components through which QJIXPD exerts its therapeutic effects, the top five active ingredients were
identified as Quercetin, Resveratrol, Genistein, Kaempferol, and Luteolin, based on their degree values. The chemical
details of these five ingredients are presented in Table 2.
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Figure 2 Chromatogram and Component Classification Diagram of QJXPD. (A) Positive total ion chromatogram of QJXPD; (B) Negative total ion chromatogram of
QJXPD; (C) Distribution diagram of component classification content of QJXPD; (D) Distribution diagram of the quantity of component classification of QJXPD.

Molecular Docking Results
The docking results showed that Quercetin, Resveratrol, Genistein, Kaempferol, and Luteolin have good binding energies
with TP53, AKT1, SRC, STAT3, and EGFR, the docking score and 3D pattern diagrams were displayed in Figure SA and B.

QJXPD Improves the General Condition and Gastric Mucosal Tissue Pathological
Changes in PLGC Rats

QJXPD has a notable impact on the growth and development of rats. In the control group, rats exhibit a good mental
state, with normal activities. Their fur is soft and smooth, reactions are rapid and sensitive, and stools are well-formed.
The rats in the model group show lethargy, slow reactions, squinting, drowsiness, fatigue, laziness, loose and soft stools,
and dull and dry fur. After drug intervention, the general condition of rats in each drug-administered group improved
compared to the model group. The model group had significantly lower body mass than the control group (P<0.01). In
contrast, TCM groups and the folic acid group showed significantly increased body mass compared to the model group
(P<0.01), indicating QJIXPD can improve PLGC rats’ general condition (Figure 6A). Pathological scoring showed that
(Figure 6B and C), the model group had a significantly higher score than the control group (P<0.01), while the high-dose
QJXPD group had a significantly lower score than the model group (P<0.01). HE staining was employed to evaluate
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Figure 3 Common targets for QJXPD and PLGC, core targets, and drug-disease-compound-common target network. (A) Venn diagram of common targets for QJXPD
genes and PLGC proteins. (B) Core targets were chosen based on degree values. The larger size of a node represented a higher value of degree. The deeper color
represented the more importance in the PPl network. (C) Drug-compound-common targe-disease network. The light blue nodes represented the common targets for
QJXPD genes and PLGC proteins, the dark blue nodes represent the drug composition of QJXPD, whereas the green nodes represented common compounds for QJXPD
and PLGC.

Abbreviations: B3, Quercetin; LX]9, Resveratrol; WMé69, Genistein; A5, Kaempferol; D3, Luteolin.
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Figure 4 Enrichment analysis of the GO and KEGG pathways of potential targets. (A) A bar chart presents the top 30 results from GO enrichment analyses, categorized by
Biological Process (BP), Cellular Component (CC), and Molecular Function (MF). The length of each bar corresponds to the number of genes, while the color indicates the
P-value threshold for the enrichment of potential targets within the Gene Ontology. (B) The top 30 pathways enriched by the KEGG pathway. The x axis shows the gene
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Table 2 Identification of the Chemical Constituents of QJXPD

No | RT (min) M/Z Formula | Adducts | Mode | Compounds Source

456 627.1548 | CsH 05 M+H POS Quercetin Huanggqi, Sanqi, VWumei

|

2 5.65 246.1121 | Ci4H,,05 | M+NH, POS Resveratrol Longxuejie

3 6.89 271.0595 | Ci5H,00s M+H POS Genistein Wumei

4 7.02 285.0402 | CsH,¢oO¢ M-H NEG Kaempferol Huanggqi, Baishao, Wumei
5 6.17 285.0404 | C sH,00¢ M-H NEG Luteolin Zhishi, Guizhi

gastric mucosal lesions (Figure 6D). In the control group, gastric mucosa was intact with normal epithelium, orderly
glands, no dilation, and no inflammation. The model group had severely thinned mucosa, deformed and fewer glands,
dilated cavities, and abundant inflammation. The folic acid group had relatively thin mucosa, fewer and less-orderly cells
and glands, and more inflammation in parts. Compared with the model group, the low, medium, and high-dose QJXPD
groups showed graded mucosal repair, with more and better-arranged glands and less inflammation. This indicates
QJXPD protects PLGC rats’ gastric mucosa, with the high-dose showing the best efficacy.

QJXPD Activates Autophagy in Gastric Mucosal Cells of PLGC Rats

IFC enables the detection of target-protein localization and expression in tissues (Figure 7A-D). We applied it to detect
autophagy-related protein expression in the antral tissue of PLGC rats. Compared with the control group, the expression
of p62 protein in the antral tissue of rats in the model group was elevated (P<0.01), while the expression of LC3 and
Beclin-1 proteins was reduced (P<0.01). Compared with the model group, the expression of p62 protein in the high-dose
QJXPD group was decreased (P<0.01), and the expression of LC3 and Beclin-1 proteins was increased (P<0.01).
Western blot analysis revealed that (Figure 7E and F), when compared to the control group, the expression of p62 protein
in the gastric tissue of rats in the model group was increased (P<0.01), while the expression of LC3 and Beclin-1 proteins
was decreased (P<0.01). In comparison with the model group, the expression of p62 protein in the high-dose QJIXPD
group was decreased (P<0.01), and the expression of LC3 and Beclin-1 proteins was increased (P<0.01). Results from
both experiments demonstrated that QJXPD could activate autophagy in gastric mucosal cells of PLGC rats.

QJXPD Induces Gastric Mucosal Cell Apoptosis in PLGC Rats

The TUNEL staining method was employed to assess the cell apoptosis status (Figure 8A and B). Results demonstrated
that the apoptosis rate of antral tissue cells in the high-dose QJXPD group was higher than that in the model group
(P<0.01), suggesting that QJXPD can promote apoptosis of gastric mucosal cells in PLGC rats. Western blot was applied
to detect the changes in apoptosis-related proteins (Figure 8C and D). Compared with the control group, the expression of
Bcl-2 protein in the gastric tissue of rats in the model group was upregulated (P<0.01), while the expression of Bax
protein was downregulated (P<0.01). Compared with the model group, the expression of Bcl-2 protein in the QJIXPD
high-dose group was decreased (P<0.01), and the expression of Bax protein was increased (P<0.01). Both experimental
approaches consistently demonstrated that QJXPD induces apoptosis of gastric mucosal cells in PLGC rats.

QJXPD Inhibits the Activation of the PI3K/AKT/mTOR Pathway

PI3K and AKT can affect various biological processes, including tumor cell proliferation, apoptosis, angiogenesis, and
metabolism. mTOR is a crucial regulator in the autophagy initiation stage, which can negatively regulate the occurrence of
autophagy.”” ' To elucidate the mechanism of QJXPD in treating PLGC rats, we analyzed the PI3K/AKT/mTOR pathway.
IFC results indicated that (Figure 9A—D), compared with the control group, the expression of PI3K, p-AKT, and p-mTOR
proteins in the gastric tissue of rats in the model group was upregulated (P<0.01); compared with the model group, the
expression of PI3K, p-AKT, and p-mTOR proteins in the QJIXPD high-dose group was downregulated (P<0.01). Western blot
analysis further corroborated these findings (Figure 9E and F). Similar to the IFC results, the expression of PI3K, p-AKT, and
p-mTOR proteins in the model group was notably increased compared with the control group (P<0.01). And when compared
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Kaempferol -

Luteolin -

Figure 5 Molecular docking heat maps and models that pair the top 5 main ingredients with the top 5 core targets. (A) The binding energy (kcal/mol) between the main
ingredients and the core targets. (B) Molecular Docking 3D Diagrams of main ingredients with the core targets. a~e: Quercetin docking TP53, AKT1, SRC, STAT3, EGFR;
f~j: Resveratrol docking TP53, AKTI, SRC, STAT3, EGFR; k~o: Genistein docking TP53, AKTI, SRC, STAT3, EGFR; p~t: Kaempferol docking TP53, AKTI, SRC, STAT3,
EGFR; u~y: Luteolin docking TP53, AKTI, SRC, STAT3, EGFR.

with the model group, the expression of these proteins in the high-dose QJXPD group was notably decreased (P<0.01).
Findings from the two experiments indicated that QJXPD suppresses the activation of the PI3K/AKT/mTOR pathway.

Discussion
Epidemiological studies®” indicated a link between CAG development and the long-term consumption of carcinogens
such as nitrite. MNNG is a strong nitrite mutagen, the histological characteristics of GC induced by it are similar to those

11990 ‘= Journal of Inflammation Research 2025:18



Shan et al

>
o
@

s
800- S 8- 4
5 0 *%
=
600- 2 6- L
5 S O -2
N = #H#t
£ 400 2 4 3 g2
3 o o4 0
s -
200- 6 2 1-
S
[
Ko}
0 E o1 0-
P4 AN AN N
S & VN R ® S & NN R
& 066 &0 _\go -\go .‘go o'bo\ Oéé ob .\go .‘80 .\go 000\
N N
; ¢ TS ¢ VT

QJXPD-M QJXPD-H

Folic acid

Figure 6 Changes in body weight and histopathological alterations of the gastric mucosa in rats. (A) Changes in body weight of rats in each group at the end of treatment.
(B and C) Effect of QJXPD on the graded distribution and quantitative score of the degree of gastric mucosal lesions in the PLGC rat model (n=6). (D) Histopathological
Changes of the Gastric Mucosa in Various Groups (HE staining, Bar=200pm). Compared to the control group, **P <0.01; Compared to the model group, *P <0.01.

of human GC.* 1t is commonly used to replicate animal models of CAG, PLGC, and GC,** long-term low-concentration
intake of MNNG combined with abnormal satiety can increase the probability of successfully replicating PLGC animal
models,*” resulting in different degrees of pathological manifestation.*® Meanwhile, as PLGC result from the combined
action of multiple factors and requires a long-term process, when using MNNG to establish a PLGC rat model, it is often
combined with other factors.>” Liang Guoying et al*® also successfully established a PLGC rat model after 16 weeks of
combined modeling using the method of free drinking of MNNG solution, irregular feeding patterns, and intragastric
administration of sodium deoxycholate and ethanol. In this experiment, the combined method employed was allowing the
rats to freely drink a 100 pg/mL MNNG solution along with a 0.003 g/mL ranitidine solution. The feeding pattern was to
feed for 2 days and then fast for 1 day. On the fasting days, rats were given 20% absolute ethanol via intragastric
administration, and they were also allowed to freely drink 0.1% ammonia water. After 26 weeks, compared with the
control-group rats, the gastric mucosa of the antrum tissue in the model group was notably thinner, the glands were
deformed, decreased in number, and disorderly arranged, the glandular lumens were obviously dilated, and has
substantial inflammatory cell infiltrations. Moreover, the pathological scores of the rat gastric tissues increased
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expression in gastric sinus tissue of PLGC rats detected by Western Blot. (F) Protein expression of p62, LC3, and Beclin-| analyzed by Western blotting. n=3-6. Compared
to the control group, *¥*P <0.01; Compared to the model group, *P <0.01.

significantly, indicating the successful induction of the PLGC model. Through the intervention of QJXPD, the body
weight of the PLGC model rats increased, the pathological conditions of the gastric mucosa improved, and the
pathological scores declined. These findings imply that QJXPD has a significant therapeutic impact on PLGC rats.
QJXPD is an effective prescription for the treatment of PLGC. Previous studies conducted by our research team have
also confirmed the safety of QJXPD. In this research, we elucidate the chemical components of QJXPD through UHPLC-
Q-Exactive Orbitrap-MS. In comparison with positive standards, 1069 compounds were recognized in QJXPD, encom-
passing flavonoids, terpenoids, phenols, sugars and glycosides, alkaloids, and other compounds. Most of these com-
pounds have the function of regulating autophagic cell death, which is an important way to achieve its anti-tumor
efficacy.®” After network pharmacology analysis, we predicted that 119 active ingredients and 332 potential targets were

capable of ameliorating PLGC. The main ingredients included quercetin, resveratrol, genistein, kaempferol, and luteolin.
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Figure 8 QJXPD promotes apoptosis of gastric mucosal cells in PLGC rats. (A) TUNEL method to detect apoptosis. (B) Cell apoptosis analysis using the TUNEL method.
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analyzed by Western blotting. n=3-6. Compared to the control group, **P <0.01; Compared to the model group, *P <0.01.

Quercetin can activate and up-regulate the expression of the pS3 gene, suppress the proliferation and migration ability of

40,41

GC cells, and alleviate inflammatory damage to the gastric mucosa, and it has been proven to have anti-cancer

activities related to apoptosis and autophagy induction.** Resveratrol can prevent and treat the occurrence and progres-

sion of GC by promoting tumor cell apoptosis while suppressing their proliferation, invasion, and migration.***

Genistein exerts a potent inhibitory impact on the proliferation of GC cells and can induce their apoptosis.*®
Kaempferol can lower the expression of inflammatory factors in the gastric mucosa of rats with PLGC, thereby delaying
the progression of the disease.*” Luteolin can alleviate the degree of gastric mucosal inflammation and the extent of
damage in PLGC rats,*® effectively halt the progression of GC.*’ These findings suggesting that the effective components
of QJXPD exert synergistic effects, QJIXPD may be an effective drug for treating or reversing PLGC, and further
highlights the great significance of exploring the underlying mechanism of QJXPD in PLGC treatment.

The key targets of QJXPD in treating PLGC include TP53, AKT1, SRC, STAT3, and EGFR. TP53 serves is a crucial
tumor-suppressor gene, studies have found that there is a certain correlation between gastric mucosal injury and changes
in TP53 expression,” and TP53 gradually increases during the “inflammation-cancer” transformation process, with the
strongest expression in GC.”' This gene plays a significant role in regulating autophagy, when encountering stressors
such as a lack of nutrients or low-oxygen (hypoxic) environments, TP53 can induce autophagy, it achieves this induction
by suppressing the mTOR signaling route.”> AKT1 exhibits a high expression state in the PLGC and the GC stage,'?
many TCM monomers can suppress the proliferation, invasion and migration of GC cells and stimulate cell apoptosis and
autophagy through the PI3K/AKT pathway.’® SRC protein demonstrates a high-level expression in GC tissues, when the
expression of the SRC protein is inhibited, it can curtail the proliferation of GC cells and facilitate apoptosis.’* STAT3
assumes a crucial role in the advancement of GC, high-level expression of the STAT3 gene favors the survival of GC
cells, and phosphorylated STAT3 can further promote the proliferation of GC cells.’>>® EGFR abnormal overexpression
is strongly associated with GC pathogenesis and its precancerous stages, its expression rises as gastric mucosa progresses

Journal of Inflammation Research 2025:18 hetps: 11993



Shan et al

A DAPI PI3K MERGE B
; . :
€ 2
= S
o o
] T
9 °
Q <)
:F - I‘
o o}
Q o
X <
= =)
o c
C DAPI -mTOR MERGE D
° = Control
§ 2> 200 Bl Model
o 2
g = QJXPD-H
£ 150 = *k
= 3
% s o *%k
2 % 100
= g ” 1t
3
s 50-
a g
Q g
% < o0-
G PI3K p-AKT p-mTOR
E F
= trol
Control  Model QUXPD-H Contro
25 Bl Model
PI3K |we v s ememmensamm e e 30 kD3 § ' sk 0 QJXPD-H
I 2.0 *% *%k
[a]
< #
- e e D G oo e o
P-AKT e 56kDa g 45 i .
2z
0
P-MTOR  |== o= emmmamemem e 289 kDa § '-07
2 0.5
GAPDH |emesssssssasssanes( 35Dy
© 0.0-

PI3K p-AKT p-mTOR

Figure 9 QJXPD inhibits the activation of PI3K/AKT/mTOR signaling pathway. (A~C) IFC to detect the impact of QJXPD on the expression of PI3K, p-AKT, and p-mTOR
proteins in gastric sinus tissues of PLGC rats. (D) Average fluorescence intensity of PI3K, p-AKT, and p-mTOR analyzed by IFC. (E) Effect of QJXPD on PI3K, p-AKT,
p-mTOR protein expression in gastric sinus tissues of PLGC rats detected by Western blotting. (F) Protein expression of PI3K, p-AKT, and p-mTOR analyzed by Western
blotting. n=3-6. Compared to the control group, **P <0.01; Compared to the model group, “*P <0.01.

from chronic inflammation to GC. Research has shown that the EGFR/PI3K/AKT pathway is abnormally activated in
a rat model of PLGC, inhibition of this pathway has been shown to effectively ameliorate PLGC.?” Evidently, QJIXPD
might influence the onset and progression of PLGC through the regulation of the key targets mentioned above.

The findings from the KEGG enrichment analysis indicated that QJXPD can ameliorate PLGC via diverse pathways,
including the PI3K/AKT and the MAPK pathway. Collectively, the aforementioned data suggest that QJXPD acts on
PLGC via multiple ingredients, targets, and pathways. Integrating the key targets, enrichment pathway analysis, and
a comprehensive review of relevant literature, we conducted subsequent experimental validation regarding the involve-
ment of the PI3K/AKT/mTOR pathway. It should be emphasized that the outcomes of molecular docking revealed that
the principal active ingredients of QJXPD exhibit favorable binding affinity to the key targets. Moreover, in-vivo
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experiments demonstrated that QJXPD can mitigate PLGC. It achieves this by triggering autophagy and apoptosis
through the inhibition of the PI3K/AKT/mTOR pathway.

Autophagy and apoptosis are both interconnected and distinct from each other, and serve as crucial biological
processes in the initiation and progression of GC. Studies have shown that the level of autophagy is inhibited during
the PLGC stage, especially when dysplasia occurs.’®>° Therefore, promoting autophagy is an important approach for
treating mild to severe PLGC. In the CAG stage, excessive apoptosis of gastric mucosal epithelial cells leads to mucosal
atrophy changes, while in the dysplasia stage, apoptosis disorders occur and proliferation continues to increase, thereby
triggering hyperplasia.®® The PI3K/AKT/mTOR pathway is a crucial route for regulating cell autophagy and apoptosis.®!
Under physiological conditions, PI3K can convert phosphatidylinositol bisphosphate into phosphatidylinositol trispho-
sphate, bind to AKT and phosphorylate it, and p-AKT upregulates mTOR expression, thereby inhibiting cell autophagy.®®
This pathway can also suppress cell survival by regulating apoptosis-related genes such as Bax and Bcl-2.%* Studies have
shown that by inhibiting the PI3K/AKT/mTOR pathway, cell apoptosis and autophagy can be regulated, thus offering
a protective function against gastric mucosal damage in PLGC.> Evidently, the PI3K/AKT/mTOR pathway is tightly
linked to the state and function of cells. Studies have confirmed®* that the PI3K/AKT/mTOR pathway is activated in the
gastric tissues of rats with precancerous gastric lesions and in gastric cancer cells. TCM can induce protective cell
autophagy by suppressing the PI3K/Akt/mTOR pathway, thereby delaying the onset and development of GC. In this
study, the expression of PI3K, p-AKT, p-mTOR, p62 and Bcl-2 proteins in the antral tissue of PLGC model rats was
notably elevated, while the expression of Beclin-1, LC3 and Bax proteins was significantly decreased. This indicates that
the PI3K/AKT/mTOR pathway was dysregulated and cellular autophagy and apoptosis are inhibited. After intervention
with QJXPD, the expression of PI3K, p-AKT, p-mTOR, p62 and Bcl-2 proteins was significantly lowered, and the
expression of Beclin-1, LC3 and Bax proteins was notably increased, and the cells in the gastric antrum tissue show
a higher apoptosis rate. This suggests that QJXPD may activate cell autophagy and promote cell apoptosis by suppressing
the PI3K/AKT/mTOR pathway, thus achieving the purpose of treating PLGC (Figure 10).
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Figure 10 The mechanism of action of QJXPD in treating PLGC.
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Conclusion

This study combined UHPLC-Q-Exactive Orbitrap-MS, network pharmacology, molecular Docking, and experimental
verification to uncover the possible mechanism of action of QJXPD in treating PLGC. By replicating the PLGC rat
model, it was verified that QJXPD may alleviate the gastric mucosal pathological damage in PLGC rats by suppressing
the PI3K/AKT/mTOR pathway estimated by network pharmacology, promoting cell autophagy and apoptosis. This
provides an experimental foundation for the clinical management of GC and PLGC. Nevertheless, this study has certain
limitations, for instance, the interrelationship between autophagy and apoptosis still needs to be elucidated, which will be
one of the focuses of future research.
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