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Abstract
BACKGROUND 
Gastric precancerous lesions (GPL) precede the development of gastric cancer 
(GC). They are characterized by gastric mucosal intestinal metaplasia and 
dysplasia caused by various factors such as inflammation, bacterial infection, and 
injury. Abnormalities in autophagy and glycolysis affect GPL progression, and 
their effective regulation can aid in GPL treatment and GC prevention. Xiaoji-
anzhong decoction (XJZ) is a classic compound for the treatment of digestive 
system diseases in ancient China which can inhibit the progression of GPL. 
However, its specific mechanism of action is still unclear.

AIM 
To investigate the therapeutic effects of XJZ decoction on a rat GPL model and the 
mechanisms underlying its effects on autophagy and glycolysis regulation in 
GPLs.
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METHODS 
Wistar rats were randomly divided into six groups of five rats each and all groups except the 
control group were subjected to GPL model construction for 18 wk. The rats’ body weight was 
monitored every 2 wk starting from the beginning of modeling. Gastric histopathology was 
examined using hematoxylin-eosin staining and Alcian blue-periodic acid-Schiff staining. 
Autophagy was observed using transmission electron microscopy. The expressions of autophagy, 
hypoxia, and glycolysis related proteins in gastric mucosa were detected using immunohisto-
chemistry and immunofluorescence. The expressions of the following proteins in gastric tissues: B 
cell lymphoma/Leukemia-2 and adenovirus E1B19000 interacting protein 3 (Bnip-3), microtubule 
associated protein 1 light chain 3 (LC-3), moesin-like BCL2-interacting protein 1 (Beclin-1), 
phosphatidylinositol 3-kimase (PI3K), protein kinase B (AKT), mammalian target of rapamycin 
(mTOR), p53, AMP-activated protein kinase (AMPK), and Unc-51 like kinase 1 (ULK1) were 
detected using western blot. The relative expressions of autophagy, hypoxia, and glycolysis related 
mRNA in gastric tissues was detected using reverse transcription-polymerase chain reaction.

RESULTS 
Treatment with XJZ increased the rats’ body weight and improved GPL-related histopathological 
manifestations. It also decreased autophagosome and autolysosome formation in gastric tissues 
and reduced Bnip-3, Beclin-1, and LC-3II expressions, resulting in inhibition of autophagy. 
Moreover, XJZ down-regulated glycolysis-related monocarboxylate transporter (MCT1), MCT4, 
and CD147 expressions. XJZ prevented the increase of autophagy level by decreasing gastric 
mucosal hypoxia, activating the PI3K/AKT/mTOR pathway, inhibiting the p53/AMPK pathway 
activation and ULK1 Ser-317 and Ser-555 phosphorylation. In addition, XJZ improved abnormal 
gastric mucosal glucose metabolism by ameliorating gastric mucosal hypoxia and inhibiting ULK1 
expression.

CONCLUSION 
This study demonstrates that XJZ may inhibit autophagy and glycolysis in GPL gastric mucosal 
cells by improving gastric mucosal hypoxia and regulating PI3K/AKT/mTOR and p53/ 
AMPK/ULK1 signaling pathways, providing a feasible strategy for the GPL treatment.

Key Words: Xiaojianzhong decoction; Gastric precancerous lesions; Autophagy; Glycolysis; Gastric mucosal 
cells; Herb

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Xiaojianzhong Decoction is a classic compound for the treatment of digestive system diseases in 
ancient China, and it also shows good curative effect in the treatment of gastric precancerous lesions 
(GPL). Many studies have shown that the levels of autophagy and glycolysis influence the progression of 
GPL. Our study found that Xiaojianzhong Decoction can improve the pathological manifestations of 
gastric mucosa in GPL rats, and inhibits the expression of autophagy, glycolysis-related proteins and 
mRNA. Xiaojianzhong decoction (XJZ) prevented the increase of autophagy levels by decreasing gastric 
mucosal hypoxia, activating the phosphatidylinositol 3-kimase/protein kinase B/mammalian target of 
rapamycin pathway, inhibiting the p53/AMP-activated protein kinase pathway activation and Unc-51 Like 
kinase 1 (ULK1) Ser-317 and Ser-555 phosphorylation. In addition, XJZ improved abnormal gastric 
mucosal glucose metabolism by ameliorating gastric mucosal hypoxia and inhibiting ULK1 expression.

Citation: Zhang JX, Bao SC, Chen J, Chen T, Wei HL, Zhou XY, Li JT, Yan SG. Xiaojianzhong decoction 
prevents gastric precancerous lesions in rats by inhibiting autophagy and glycolysis in gastric mucosal cells. World 
J Gastrointest Oncol 2023; 15(3): 464-489
URL: https://www.wjgnet.com/1948-5204/full/v15/i3/464.htm
DOI: https://dx.doi.org/10.4251/wjgo.v15.i3.464

INTRODUCTION
Gastric precancerous lesions (GPLs) are histopathological changes of the gastric mucosa that are prone 
to cancer, mainly including intestinal metaplasia (IM) and dysplasia (Dys), accompanied by local 
mucosal inflammation and atrophy[1]. As an early pathological process before the occurrence of gastric 
cancer (GC), GPL is reversible, and preventing the progression of GPL can reduce the morbidity and 
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mortality of GC, so it is significant to carry out early prevention and treatment in the GPL stage. 
Epidemiological surveys show that the incidence of GPL in patients undergoing endoscopy in East Asia 
is as high as 23.2%; among them, 32.0% have IM and 10.6% have Dys, and the incidence of GC in these 
patients is 23.8% and 7.3%, respectively. Thus, the prevention and treatment of GPLs are crucial and 
urgent[2].

GPL occurs in the epithelial cells and glands of the gastric mucosa. The continuous action of multiple 
factors such as Helicobacter pylori infection and inflammatory injury causes gastric mucosal cells to 
atrophy or decrease in number, and the abnormal repair of the gastric mucosa causes the replacement of 
lamina propria glands by goblet cells and the gradual development of IM and Dys. Autophagy is a 
process in which cells autonomously generate autophagosomes to phagocytose intracellular 
functionally damaged or senescent cell structures and then combine with lysosomes for digestion, 
energy production, and reuse by the body. As an important factor affecting the fate of IM and Dys cells, 
autophagy is present throughout the course of GPL[3]. An appropriate level of autophagy maintains 
intracellular homeostasis and avoids the accumulation of gene damage or even canceration. The 
complex local microenvironment comprising hypoxia, ischemia, and dysregulation of the signaling 
molecule activation in GPLs leads to increased autophagy. This increase in autophagy not only helps the 
GPL dysplastic cells to repair damaged organelles, maintain the stability of the internal environment, 
and ensure survival but also increases the damage and death of normal gastric mucosal cells[4,5]. Thus, 
inhibition of high levels of autophagy in gastric mucosal cells may be effective in preventing GPL 
progression. However, there is currently a lack of drugs that can inhibit autophagy in gastric mucosal 
cells and effectively treat GPL. Moreover, the complex local microenvironment of the GPL gastric 
mucosa is a favorable condition for activating glycolysis. Many studies have shown that cells in the GPL 
stage have high levels of glycolysis. Glycolysis accelerates adenosine triphosphate (ATP) production 
and promotes the proliferation of dysplastic cells in the gastric mucosa and the accumulation of lactate. 
The end product of this process promotes the formation of an acidic microenvironment in the gastric 
mucosa which facilitates tumor occurrence and development[6,7]. In summary, the activation of 
glycolysis and high levels of autophagy may together contribute to GPL deterioration.

Accumulating evidence indicates that natural medicines and their formulations play a unique role in 
the treatment of digestive diseases. In recent years, the discovery of natural medicines has occupied an 
important position in the field of new drug development. It is very promising to find safer and more 
effective natural medicines and foods against GPL. Xiaojianzhong decoction (XJZ), the formula of which 
comes from the ancient Chinese medical practitioner Zhang Zhongjing’s Treatise on Febrile and Miscel-
laneous Diseases, is a classic traditional Chinese medicine compound for the treatment of gastrointestinal 
diseases and contains six edible herbal medicines: Maltose, cassia twig, paeonia lactiflora, ginger, 
licorice, and jujube. Studies have found that the main components of these drugs have certain 
therapeutic effects on the diseased gastric mucosa. For example, cinnamaldehyde and 6-shogaol can 
inhibit autophagy of gastric mucosal cells, inhibit Hp reproduction, and have anti-inflammatory and 
analgesic effects[8,9]; paeoniflorin can regulate immune function, act as antioxidants, and inhibits 
glycolysis[10].

Therefore, in this study, we investigated the therapeutic effects of XJZ on GPL and its underlying 
mechanisms by constructing a rat GPL model with N-methyl-N’-nitro-N-nitrosoguanidine (MNNG), 
with the aim of assessing the potential of XJZ as a therapeutic drug for GPL.

MATERIALS AND METHODS
Chemicals and reagents
The ingredients-maltose, cassia twig, paeonia lactiflora, ginger, licorice, and jujube-of XJZ were 
purchased from Xingshengde Pharmaceutical Co., Ltd. (Xi’an, China). MNNG and Tretinoin were 
purchased from Solarbio Technology Co., Ltd. (Beijing, China). Superoxide dismutase (SOD) and 
malondialdehyde (MDA) biochemical detection kits were purchased from Nanjing Jiancheng Bioengin-
eering Institute (Nanjing, Jiangsu Province, China). Alanine aminotransferase (ALT) and creatinine (Cr) 
biochemical detection kits were purchased from Changchun Huili Biotechnology Co., Ltd. (Changchun, 
Jilin Province, China). Caudal-type homeobox protein 2 (CDX-2), Ki-67, p62, Sirtuin 6 (SIRT6), 
microtubule associated protein 1 Light chain 3 (LC-3), and moesin-like BCL2-interacting protein 1 
(Beclin-1) antibodies were purchased from Proteintech Group, Inc (Wuhan, Hubei Province, China). 
Phosphatidylinositol 3-kimase (PI3K)/p-PI3K, protein kinase B (AKT)/p-AKT, mammalian target of 
rapamycin (mTOR)/p-mTOR, Unc-51 Like kinase 1 (ULK1)/p-ULK1 Ser-317/p-ULK1 Ser-555, p53/p-
p53, and AMP-activated protein kinase (AMPK)/p-AMPK antibodies were purchased from ABCAM 
(United States). Hypoxia-inducible factor-1α (HIF-1α), B cell lymphoma/leukemia-2 and adenovirus 
E1B19000 interacting protein 3 (Bnip-3), and CD147 antibodies were purchased from Wuhan Boster 
Biological Technology Co., Ltd. (Wuhan, Hubei Province, China). Trizol and Western blot chemilumin-
escence reagents were purchased from Ambion Thermo Fisher Scientific CN (Shanghai, China).
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Animal model construction and sampling
The male Wistar rats used in this study, which were provided by Beijing Spelford Laboratory Animal 
Co., Ltd, were housed in specific pathogen free-class animal rooms. All the animal experiments were 
approved by the Experimental Animal Ethics Committee of Shaanxi University of Chinese Medicine. 
Every effort was made to reduce the number of animals used and alleviate their suffering. As presented 
in Figure 1A, routinely fed with water and food. They were acclimatized for 1 wk and then divided into 
six groups (five rats per group) according to random number method: Control, model (MNNG, 180 mg/
L, free to be drunk in the dark; hot ranitidine-salt solution, 2.25 g/L, 40 °C; and 20% ethanol, 2.50 mL/
d), XJZ-L (low dose of XJZ, 1.875 g/kg; MNNG, 180 mg/L; hot ranitidine-salt solution, 2.25 g/L, 40 °C; 
and 20% ethanol 2.50 mL/d), XJZ-M (middle dose of XJZ, 3.75 g/kg; MNNG, 180 mg/L; hot ranitidine-
salt solution, 2.25 g/L, 40 °C; 20% ethanol 2.50 mL/d), XJZ-H (high dose of XJZ, 7.50 g/kg; MNNG, 180 
mg/L, hot ranitidine-salt solution, 2.25 g/L, 40 °C; and 20% ethanol 2.50 mL/d), and tretinoin (tretinoin, 
0.04 g/kg; MNNG, 180 mg/L; hot ranitidine-salt solution, 2.25 g/L, 40 °C; and 20% ethanol, 2.50 mL/d). 
The model was constructed by the MNNG compound modeling method (MNNG was free to be drunk 
in the dark, and hot ranitidine-salt solution and 20% ethanol were alternately gavaged) combined with 
"starvation-satiation alternation". After 18 wk, the control and model groups were gavaged with saline, 
and the remaining four groups were gavaged with the corresponding concentrations of drugs. After 4 
wk of intervention, pentobarbital anesthesia was administered. Blood was collected from the abdominal 
aorta and centrifuged; next, the serum was extracted and frozen in an ultra-low temperature 
refrigerator. The whole stomach was cut along the greater curvature, and the tissue at the junction 
between the gastric body and the gastric antrum was taken. Two pieces of flat gastric tissue were cut. 
One was fixed in 2.5% glutaraldehyde, and stored at 4 °C for transmission electron microscopy; the 
other was fixed in 4.0% paraformaldehyde for immunofluorescence, immunohistochemistry, and 
pathological staining. The remaining tissues were placed in cryovials and frozen with liquid nitrogen 
for protein and mRNA detection.

High-performance liquid chromatography
First, we collected 9 g of paeonia lactiflora, 9 g of cassia twig, 6 g of licorice, 9 g of ginger, six jujubes (24 
g), and 30 g of maltose and added 11.5 times of water. The mixture was soaked for 30 min, decocted for 
1.5 h, and then filtered. Next, eight times of water was added to the filter residue, and the mixture was 
decocted for 1 h and filtered. The filtrates were combined. Maltose (30 g) was added to melt, and the 
mixture was concentrated to 1. 05 mg/mL of raw drug and then centrifuged. Subsequently, 1 mL of the 
centrifuge was taken, and methanol was added until the volume was 10 mL. After coarse filtration, the 
filtrate was passed through a 0.22 μm microporous membrane to obtain the injection solution. Chroma-
tographic column: Acuity-I-Class UPLC-BEH C18 column (2.1 mm × 100.0 mm, 1.7 μm); mobile phase: 
Acetonitrile (A)-0.1% phosphoric acid water; volume flow rate: 0.2 mL/min; column temperature: 30 °C; 
and injection volume: 2 μL.

Body weight monitoring
Each rat was weighed every 16 d. At each measurement, the rats were weighed several times until stable 
weight values were obtained continuously to ensure accurate monitoring results.

Histopathological analysis
The fixed gastric tissues were dehydrated, paraffin-embedded, and sectioned into 2-μm-thick slices, 
deparaffinized, and rehydrated using an ethanol gradient. Gastric tissues were stained using 
hematoxylin-eosin (H&E) and alcian blue-periodic acid-Schiff (AB-PAS) staining. The images were 
collected using light microscopy.

Serum biochemical test
Serum ALT, Cr, MDA, and SOD were detected using a Rayto automatic biochemical analyzer and a 
FlexStation3 multimode microplate reader (Molecular Devices) according to the manufacturers’ 
instructions.

Transmission electron microscopy
After the gastric tissues were fixed in glutaraldehyde for 3-4 h, the cells were collected by scraping, 
centrifuged at 1000 rpm to settle the cells, and placed again in 2.5% glutaraldehyde for 4 h at 4 °C. The 
cells were rinsed three times for 15 min each in 0.1 M phosphate buffer. Next, 1% osmic acid-phosphate 
buffer was used to fix the cells at room temperature (20 °C) for 2 h and the ethanol gradient was used to 
dehydrate the cells for 15 min/time. The cells were infiltrated overnight with a mixture of acetone and 
812 embedding medium (1:1), followed by pure 812 embedding medium overnight. After embedding 
and sectioning, the uranium-lead double staining solution was used to stain the cells for 15 min, and the 
sections were dried at room temperature overnight. Images were observed and acquired under an 
electron microscope.
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Figure 1 Effects of Xiaojianzhong decoction on body weight, gastric mucosal pathological conditions and liver kidney toxicity in N-
methyl-N’-nitro-N-nitrosoguanidine-induced gastric precancerous lesions rats. A: Schematic diagram of model construction and treatment; B: 
Schematic diagram of weight change in rats; C: Representative images of hematoxylin-eosin and alcian blue-periodic acid-Schiff staining of gastric tissues; D-G: Ki-
67 and caudal-type homeobox protein 2 (CDX-2) expression was determined using immunohistochemistry (n = 5); Ki-67 and CDX-2 positive score was determined 
using Image J; H: Superoxide dismutase and malondialdehyde levels in serum (n = 3); I: Alanine aminotransferase and creatinine levels in serum (n = 3). Data are 
expressed as mean ± SD. aP < 0.05, bP < 0.01, cP < 0.001 vs control group; dP < 0.05, eP < 0.01, fP < 0.001 vs model group. XJZ-L: Low dose of Xiaojianzhong 
decoction; XJZ-M: Middle dose of Xiaojianzhong decoction; XJZ-H: High dose of Xiaojianzhong decoction; SOD: Superoxide dismutase; MDA: Malondialdehyde; 
ALT: Alanine aminotransferase; Cr: Creatinine.

Immunohistochemical analysis
Paraffin sections (3 μm thick) were deparaffinized and then rehydrated with an ethanol gradient. The 
sections were incubated with 3% H2O2 to remove endogenous peroxidase and then incubated with Ki-
67, CDX-2, p62, and SIRT6 antibodies (1:100) overnight at 4 °C, followed by incubation with HRP-
conjugated secondary antibodies at 37 °C for 30 min. The sections were then stained with hematoxylin 
and observed under sealed conditions. Images were collected.
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Immunofluorescence analysis
Gastric tissue sections were deparaffinized and subjected to antigen retrieval and serum blocking. The 
sections were then incubated with HIF-1α, Bnip-3, Beclin-1, and CD147 antibodies (1:100) overnight at 4 
°C, rinsed with PBST, incubated with diluted fluorescent secondary antibodies for 1 h at 37 °C, and 
rinsed with PBST. After that, the sections were incubated with DAPI in the dark to stain the nuclei, and 
the excess DAPI was washed off by PBST. The sections were sealed with a mounting solution containing 
an anti-fluorescence quencher, and images were collected using a laser confocal fluorescence 
microscope.

Western blot analysis
Gastric tissue samples were placed in a 2-mL EP tube and lysed and homogenized with 200 μL of lysis 
buffer. After being fully lysed on ice, the lysate was transferred to a centrifuge tube and centrifuged at 4 
°C and 12000 rpm for 5 min, and the supernatant was separated into centrifuge tubes and placed at -20 
°C. The protein samples and standard proteins diluted with PBS were added to 96-well plates and 
incubated for 15 min at 37 °C in the dark. The protein supernatant and buffer were incubated in a 
boiling water bath. The prepared protein samples and MAKER were added to the loading wells for 
electrophoresis blocking and membrane transfer. Next, 5% skim milk powder was added and blocked 
the membrane at room temperature on a shaker for 2 h. The PVDF membrane was then mixed with 
antibodies against HIF-1α (1:4000), Bnip-3 (1:1000), LC-3 (1:4000), Beclin-1 (1:1000), p-PI3K (1:1000), and 
PI3K (1:1000), p-AKT (1:3000), AKT (1:2000), p-mTOR (1:5000), mTOR (1:10000), p-p53 (1:1000), p53 
(1:1000), p-AMPK (1:1000), AMPK (1:2000), p-ULK1 ser317 (1:1000), p-ULK1 ser555 (1:1000), ULK1 
(1:1000), β-actin (1:1000), and Lamin B (1:1000) for overnight incubation at 4 °C. The PVDF membranes 
were washed well with TBST five times and incubated with secondary antibodies for 2 h. Protein bands 
were visualized using an ELC reagent followed by exposure on X-ray film (Supplementary material).

Reverse transcription-polymerase chain reaction analysis
The gastric tissue was added with 1 mL of Trizol reagent, ground into a pulp with a homogenizer, and 
transferred to an RNase-free 1.5-mL EP tube for lysis for 10 min. Next, 200 μL of chloroform was added 
and mixed well; the mixture was placed at room temperature for 5 min and centrifuged at 4 °C and 
12000 rpm for 8 min. The upper aqueous phase was transferred to a new 1.5 mL EP tube, and 400 μL of 
isopropanol was added. The mixture was mixed well, placed at room temperature for 10 min, and 
centrifuged at 4 °C and 12000 rpm for 10 min. The supernatant was discarded and 1 mL of RNase-free 
75% ethanol was added. The mixture was vortexed and mixed well, followed by centrifugation at 10000 
rpm for 5 min at 4 °C. The supernatant was discarded, the RNA precipitate was dried for 5-10 min, and 
the precipitate was dissolved in 20 μL of DEPC water. Then, 2 μL of dissolved RNA was taken, and the 
purity and concentration of RNA were calculated using a microspectrophotometer (see Table 1 for 
primer sequences).

Statistical analysis
All quantitative data are presented as mean ± SD. Statistical analysis was performed using GraphPad 
Prism version 7 (GraphPad Software Inc., San Diego, CA, United States). Comparisons between the 
groups were performed using a one-way analysis of variance, whereas multiple comparisons were 
performed using LSD. Statistical significance was set at P < 0.05, P < 0.01, or P < 0.001.

RESULTS
Chemical profiling of the constituents in XJZ
We analyzed the main components of XJZ using UPLC-Q-Orbitrap HRMS and successfully identified 
the main components of XJZ, which is recommended by the Chinese Pharmacopeia 2020. The results 
showed that XJZ samples contained abundant chromatographic peaks (Figure 2A), indicating the 
presence of a large number of natural constituents, including albiflorin, paeoniflorin, liquiritin, 
cinnamaldehyde, and 6-gingerol (Figure 2B-F).

XJZ prevents MNNG-induced GPL progression in rats
MNNG is typically used to construct a GPL animal model because it has the advantages of high stability 
and easy administration[11]. In this experiment, GPL was successfully induced in rats by a compound 
modeling method of drinking MNNG freely in the dark + 20% ethanol/hot saline-ranitidine by 
alternating gavage + alternating "satiation-starvation" (Figure 1A). After 4 wk of treatment, we observed 
that XJZ increased the body weight of rats in a time- and dose-dependent manner (Figure 1B), 
ameliorated the morphological abnormalities of gastric mucosa in GPL rats in a dose-dependent 
manner, promoted the restoration of the integrity and regularity of the gastric mucosal gland structures 
and reduced the secretion of IM acidic mucus in the gastric mucosa (Figure 1C). In addition to the 
disorder of glandular structure and the secretion of acidic mucus, the gastric mucosa of GPL also shows 
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Table 1 Primer pair sequences

Gene Primer Sequence, 5’-3’ PCR products

Forward CACGATGGAGGGGCCGGACTCATCB-actin

Reverse TAAAGACCTCTATGCCAACACAGT

240 bp

Forward GCAACAAGTCCTCTGCCAAARat PI3K

Reverse ACGTAATAGAGGAGCTGGGC

222 bp

Forward GCTCTTCTTCCACCTGTCTCGRat AKT

Reverse CACAGCCCGAAGTCCGTTA

186 bp

Forward GAGATACGCCGTCATTCCTRat mTOR

Reverse ATGCTCAAACACCTCCACC

199 bp

Forward GCGGCGAGAACGAGAAGAAAAATAGRat HIF-1α

Reverse GAAGTGGCAACTGATGAGCAAG

129 bp

Forward TGTATGCCGGAGGTCCTATCRat MCT1

Reverse AGTTGAAAGCAAGCCCAAGA

177 bp

Forward ACGGCAGGTTTCATAACAGGRat MCT4

Reverse GCCATACGAGATCCCAAAGA

162 bp

Forward GGTCAAGTCGGCCAGAAAATRat Bnip-3

Reverse TTGTCAGACGCCTTCCAATG

207 bp

Forward AAAATGGGGCACGGATGAAGRat LC3

Reverse GCAGGTCTTCAAAATGCCCA

155 bp

Forward TCTCCGAGAGGCAGGTTAAARat CDX-2

Reverse GCAAGGAGGTCACAGGACTC

186 bp

Forward TTATCATGTCCCAGCACTACGATHomo ULK1

Reverse AAATTCATCAAAGTCCATGCGGT

242 bp

Forward GGCACCATCGTAACCTCTGTRat CD147

Reverse CAGGCTCAGGAAGGAAGATG

211 bp

Forward GAGGTACCGACTTGTTCCCTRat Beclin-1

Reverse CCTTTCTCCACGTCCATCCT

225 bp

AKT: Protein kinase B; Beclin-1: Moesin-like BCL2-interacting protein 1; Bnip-3: B cell lymphoma/Leukemia-2 and adenovirus E1B19000 interacting 
protein 3; HIF-1α: Hypoxia-inducible factor-1α; LC-3: Microtubule associated protein 1 light chain 3; PCR: Polymerase chain reaction; PI3K: 
Phosphatidylinositol 3-kimase; MCT: Monocarboxylate transporter; mTOR: Mammalian target of rapamycin signaling pathway; ULK1: Unc-51 like kinase 
1.

the positive expression of related markers (Figure 1D-G). We found that XJZ decreased the positive 
expression of Dys and IM markers Ki-67 and CDX-2 in gastric mucosa tissues in a dose-dependent 
manner (Figure 1D-G).

We next investigated the protective effect of XJZ on the gastric mucosa and its effect on the liver and 
kidney. The results revealed that XJZ reduced serum MDA levels and increased SOD levels in rats, as 
well as reduced the levels of ALT and Cr, which are serum markers of liver and kidney injury 
(Figure 1H and I). These results indicate that XJZ can improve the general condition of rats, inhibit IM 
and Dys, has an antioxidant damage effect, has some protective effects on gastric mucosa, and has little 
effect on the liver and kidney of rats, making it an ideal drug for inhibiting GPL.

XJZ inhibits autophagy of gastric mucosal cells in GPL rats 
As a biological process throughout GPL, autophagy maintains the survival of IM and Dys cells and 
destroys normal gastric mucosal cells. These effects promote GPL progression. Therefore, we examined 
autophagy levels in the gastric mucosal cells of rats. Transmission electron microscopy revealed that the 
formation of crescent-shaped autophagosomes, double-membrane autophagic vesicles, and the number 
of autolysosomes in the gastric mucosal tissue in the model group were significantly increased 
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Figure 2 Result of the high-performance liquid chromatography method coupled with triple-quadrupole tandem mass spectrometry 
assays of the chemical composition of Xiaojianzhong decoction. A: High-performance liquid chromatography chromatogram; B-F: Compounds 
contained in Xiaojianzhong decoction.

compared with those in the control group, whereas XJZ reduced the formation of all the above 
autophagy-related structures in the gastric mucosal tissue (Figure 3A). Furthermore, we detected the 
related proteins involved in autophagy. The results showed that XJZ decreased Beclin-1 and LC-3II 
protein expressions and transcript levels in a dose-dependent manner (Figure 3B-E), increased p62 
expression in gastric mucosal tissues (brown) (Figure 3F and G), and reduced the co-expression of Bnip-
3 and Beclin-1 in the gastric mucosa (Figure 3H-J). These findings indicate that XJZ can inhibit autopha-
gosome formation and autophagy level in GPL gastric mucosal tissues.

XJZ promotes the activation of the PI3K/AKT/mTOR signaling pathway to inhibit autophagy
The PI3K/AKT/mTOR signaling pathway is a classical pathway that regulates autophagy, and its 
inhibition activates autophagy[12]. We found that XJZ promoted PI3K, AKT, mTOR protein 
phosphorylation, and mRNA expressions in a dose-dependent manner (Figure 4), suggesting that it 
inhibits autophagy by activating the PI3K/AKT/mTOR signaling pathway. However, autophagy is also 
regulated by other mechanisms; for example, hypoxia is an important trigger of autophagy. Many 
studies have confirmed that the inflammatory state of the GPL gastric mucosa increases cellular oxygen 
consumption and creates a hypoxic microenvironment. Therefore, we explored the effect of XJZ on 
gastric mucosal hypoxia.
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Figure 3 Effects of Xiaojianzhong decoction on autophagy of gastric mucosal epithelial cells in N-methyl-N’-nitro-N-nitrosoguanidine-
induced gastric precancerous lesions rats. A: Observation of autophagy in rat gastric epithelial cells by transmission electron microscope (the red arrows in 
the figure are autophagosomes or autophagolysosomes); B and C: Western blot analysis was performed to detect BCL2-interacting protein 1 (Beclin-1), microtubule 
associated protein 1 light chain 3 (LC-3) II protein expression (n = 3); D and E: Beclin-1, LC-3II mRNA expression was determined using real-time polymerase chain 
reaction analysis (n = 3); F and G: p62 expression was determined using immunohistochemistry (n = 5); p62 positive score was determined using Image J; H-J: B cell 
lymphoma/leukemia-2 and adenovirus E1B19000 interacting protein 3 (Bnip-3), Beclin-1 proteins expression was determined using immunofluorescence (n = 5); 
Bnip-3, Beclin-1 porteins positive score was determined using ImageJ. Data are expressed as mean ± SD. aP < 0.05, bP < 0.01, cP < 0.001 vs control group; dP < 
0.05, eP < 0.01, fP < 0.001 vs model group. XJZ-L: Low dose of Xiaojianzhong decoction; XJZ-M: Middle dose of Xiaojianzhong decoction; XJZ-H: High dose of 
Xiaojianzhong decoction; Beclin-1: BCL2-interacting protein 1; LC-3: Microtubule associated protein 1 light chain 3.

Figure 4 Xiaojianzhong decoction up-regulates phosphatidylinositol 3-kimase/protein kinase B/mammalian target of rapamycin signaling 
pathway in N-methyl-N’-nitro-N-nitrosoguanidine-induced gastric precancerous lesions rats. A-C: Western blot analysis was performed to detect 
phosphorylated-phosphatidylinositol 3-kimase (p-PI3K), phosphorylated-protein kinase B (p-AKT), and phosphorylated-mammalian target of rapamycin (p-mTOR) 
protein expression (n = 3); D-F: PI3K, AKT, and mTOR mRNA expression was determined using real-time polymerase chain reaction analysis (n = 3). Data are 
expressed as mean ± standard deviation. aP < 0.05, bP < 0.01, cP < 0.001 vs control group; dP < 0.05, eP < 0.01, fP < 0.001 vs model group. XJZ-L: Low dose of 
Xiaojianzhong decoction; XJZ-M: Middle dose of Xiaojianzhong decoction; XJZ-H: High dose of Xiaojianzhong decoction.

XJZ ameliorates gastric mucosal hypoxia to inhibit autophagy and glycolysis in GPL rats
The hypoxic microenvironment of GPL gastric mucosa promotes the stable expression of HIF-1α, a 
marker of tissue hypoxia, and HIF-1α can specifically induce autophagy under hypoxia[13]. To 
investigate whether XJZ could inhibit autophagy by improving gastric mucosal hypoxia, we examined 
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the activation of HIF-1α and related autophagic pathways. The results revealed that XJZ dose-
dependently inhibited HIF-1α and Bnip-3 protein and mRNA expressions (Figure 5A-D) and reduced 
the co-expression of HIF-1α and Bnip-3 protein in the gastric mucosa (Figure 5E-G). Thus, XJZ can 
ameliorate hypoxia of gastric mucosa in the GPLs and inhibit the activation of the HIF-1α/Bnip-3 
signaling pathway, thereby decreasing autophagy.

In addition to regulating autophagy, hypoxia also causes abnormal glucose metabolism. HIF-1α can 
directly promote the transcription of glycolytic target genes and change the metabolic mode from 
aerobic oxidative phosphorylation to anaerobic glycolysis, thereby accelerating the cellular energy 
supply and promoting dysplastic cell proliferation, and GPL deterioration[14]. We observed that XJZ 
dose-dependently reduced the co-expression of HIF-1α and CD147 (Figure 6A-C), which assists in 
lactate transport, in the rat gastric mucosa and inhibited the mRNA transcription of Monocarboxylate 
transporter (MCT1), MCT4, and CD147 (Figure 6D-F). Immunohistochemistry results revealed that XJZ 
promoted the expression of glycolysis co-repressor SIRT6 in the gastric mucosa, while the structure of 
gastric mucosal glands returned to normal (Figure 6G and H). Therefore, gastric mucosal hypoxia and 
HIF-1α expression, as important factors of glycolysis initiation, may be regulated by XJZ, thereby 
inhibiting glycolysis and preventing GPL progression.

XJZ inhibits ULK1 activation to improve abnormal glucose metabolism and autophagy
To further elucidate the underlying mechanism of glycolysis inhibition by XJZ, we next investigated the 
effect of XJZ on the activation of ULK1, a signaling molecule involved in initiating glycolysis. Our 
experiments revealed that XJZ effectively inhibited the transcriptional level and expression of ULK1 in 
gastric mucosa (Figure 7A-C), suggesting that the improvement of glucose metabolism by XJZ may be 
related to ULK1 inhibition.

Notably, in addition to affecting glycolysis, ULK1 activation also promotes autophagy initiation. The 
p53 nucleoprotein upstream of ULK1 promotes the phosphorylation of the ULK1 Ser-317 and Ser-555 
sites by activating AMPK, thus activating autophagy[15,16]. We next examined the phosphorylation 
levels of ULK1 autophagy-related sites and the p53/AMPK signaling pathway. The results showed that 
XJZ inhibited the phosphorylation of p53 nucleoprotein, AMPK, and ULK1 Ser-317 and Ser-555 sites in a 
dose-dependent manner (Figure 7D-G) and reduced p53 expression in gastric mucosa (Figure 7H-I). The 
above results suggest that XJZ may also inhibit autophagy by regulating the phosphorylation levels of 
the p53/AMPK pathway and ULK1 autophagy-related sites (Figure 8).

DISCUSSION
GPL is inevitable for the occurrence and development of GC. In the past few decades, the incidence of 
GPLs has been increasing worldwide, predominantly in East Asia, South America, and Central Europe
[17,18]. Although the importance of preventing and treating GPL has been clarified, many patients are 
unable to receive timely and effective treatment, eventually leading to GC. In this study, we reported 
that the traditional Chinese herbal medicine XJZ has a preventive and therapeutic effect on GPLs and 
that the possible underlying mechanism is related to inhibiting autophagy and improving the hypoxic 
environment of gastric mucosa and abnormal glucose metabolism.

When GPL occurs, normal gastric mucosal cells are gradually replaced by IM and Dys cells, a large 
amount of acidic mucus is secreted, and CDX-2 and Ki-67 are abnormally expressed[19,20]. CDX-2 is a 
nuclear transcription factor that is mainly expressed in the small intestine and colon. When it is 
ectopically expressed in the gastric mucosa, it marks the occurrence of IM[21]. Ki-67 is closely related to 
cell proliferation and ribosome transcription and is often used to assess the level of tumor proliferation. 
If the gastric mucosa expresses Ki-67, it indicates the occurrence of Dys[22]. XJZ improved the general 
condition of GPL rats, reduced the degree of gastric mucosal injury and pathology, inhibited CDX-2 and 
Ki-67 expressions in gastric mucosa, adjusted serum MDA and SOD levels associated with oxidative 
stress injury, and protected the gastric mucosal barrier. All these pathomechanisms may be related to 
the inhibition of autophagy by XJZ.

Autophagy is an essential and highly conserved biological process that occurs in various human cells. 
Autophagy is activated during the GPLs by factors such as hypoxia and signaling molecule disorders 
and affects the pathological process of GPL. However, few studies have analyzed the role of autophagy 
in GPLs. Autophagy can remove harmful factors from IM and Dys cells through lysosomes. The 
increase in its level not only maintains the stability of the intracellular environment and cell survival in 
dysplastic cells but also exacerbates the gastric mucosal injury and genomic disorders by promoting the 
autophagic death of normal cells[23,24]. Thus, uncontrolled autophagy further promotes GPL deteri-
oration. Bnip-3 binds to and activates LC3, which exists in two forms: LC3-I and LC3-II, and LC3-II is 
involved in autophagosome formation, together with autophagy-related protein Beclin-1[25]. In 
addition, LC3-II can bind the autophagy substrate p62 to autophagosomes to promote the formation 
and degradation of autophagy-lysosomes[26]. This degradation also degrades the "task-completed" p62 
to decrease its expression, so the p62 Level can reflect the autophagy level. XJZ can reduce the formation 
of autophagosomes and autolysosomes, inhibit the protein expressions and transcription levels of Bnip-
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Figure 5 Effects of Xiaojianzhong decoction on gastric mucosal hypoxia in N-methyl-N’-nitro-N-nitrosoguanidine-induced gastric 
precancerous lesions rats. A and B: Western blot analysis was performed to detect hypoxia-inducible factor 1α (HIF-1α), E1B19000 interacting protein 3 (Bnip-
3) protein expression (n = 3); C and D: HIF-1α, Bnip-3 mRNA expression was determined using real-time polymerase chain reaction analysis (n = 3); E-G: Hypoxia-
induced autophagy-related protein HIF-1α, Bnip-3 expression was determined using immunofluorescence (n = 5); HIF-1α, Bnip-3 proteins positive score was 
determined using Image J. Data are expressed as mean ± SD. aP < 0.05, bP < 0.01, cP < 0.001 vs control group; dP < 0.05, eP < 0.01, fP < 0.001 vs model group. 
XJZ-L: Low dose of Xiaojianzhong decoction; XJZ-M: Middle dose of Xiaojianzhong decoction; XJZ-H: High dose of Xiaojianzhong decoction; HIF-1α: Hypoxia-
inducible factor 1α; Bnip-3: B cell lymphoma/Leukemia-2 and adenovirus E1B19000 interacting protein 3.

3, Beclin-1, and LC-3II; and promote p62 expression in the gastric mucosa of rats with GPL, suggesting 
that XJZ has a rather comprehensive inhibitory effect on autophagy.

The PI3K/Akt/mTOR pathway is a classical autophagy regulatory pathway. PI3K activation 
promotes AKT activation, which further binds AKT to the TSC1/2 complex to activate mTOR. The 
mTOR can form two complexes, mTORC1 and mTORC2. The mTORC1 promotes the phosphorylation 
of the ribosomal protein P70S6K, and the phosphorylated P70S6K, in turn, activates mTOR to 
downregulate the expression of ULK1, which is involved in the initiation of autophagy, thereby 
inhibiting autophagy[27,28]. XJZ can increase the protein phosphorylation and transcription levels of 
PI3K, Akt, and mTOR in the gastric mucosa, which may be one of the potential mechanisms by which 
XJZ inhibits autophagy. In addition to the PI3K/Akt/mTOR pathway, hypoxia, a characteristic state of 
GPL gastric mucosa, also affected the initiation of autophagy.

The gastric mucosa of GPL is filled with a large number of inflammatory cells and inflammatory 
factors, and their high metabolic levels increase oxygen consumption, leading to gastric mucosal 
hypoxia and promoting the expression of the hypoxia adaptation regulator HIF-1α[29]. HIF-1α can bind 
to the autophagy-associated protein Bnip-3 through the hormone response element (HRE) binding 
domain to initiate autophagy[30], so the regulation of HIF-1α is crucial for inhibiting autophagy. Several 
studies have demonstrated that HIF-1α is activated in the hypoxic microenvironment of GPL[31,32], 
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Figure 6 Effects of Xiaojianzhong decoction on hypoxia-induced glycolysis in gastric mucosal epithelial cells. A-C: Hypoxia-induced 
glycolysis-related protein hypoxia-inducible factor 1α (HIF-1α), CD147 expression was determined using immunofluorescence (n = 5); HIF-1α, CD147 proteins 
positive score was determined using Image J; D-F: CD147, monocarboxylate transporter (MCT1), and MCT4 mRNA expression was determined using real-time 
polymerase chain reaction analysis (n = 3); G and H: Sirtuin 6 (SIRT6) expression was determined using immunohistochemistry (n = 5); SIRT-6 positive score was 
determined using Image J. Data are expressed as mean ± SD. aP < 0.05, bP < 0.01, cP < 0.001 vs control group; dP < 0.05, eP < 0.01, fP < 0.001 vs model group. 
XJZ-L: Low dose of Xiaojianzhong decoction; XJZ-M: Middle dose of Xiaojianzhong decoction; XJZ-H: High dose of Xiaojianzhong decoction; HIF-1α: Hypoxia-
inducible factor 1α; MCT: Monocarborxylat transporter.

consistent with our results. The increase in HIF-1α protein and transcript levels in the gastric mucosa of 
rats in the MNNG group indicated that the gastric mucosa was in a hypoxic state. After the intervention 
with XJZ, the protein expressions and transcription levels of HIF-1α and Bnip-3, as well as their co-
expression in the gastric mucosa were reduced, suggesting that XJZ can improve gastric mucosal 
hypoxia and may inhibit autophagy initiation for this reason.

Interestingly, we observed that XJZ also improved abnormal glucose metabolism in GPL gastric 
mucosal cells by inhibiting the expression of HIF-1α. In addition to the effect on autophagy, HIF-1α also 
promotes the shift of cellular energy metabolism from oxidative phosphorylation to glycolysis. 
Glycolysis often occurs in a hypoxic state, and the stable expression of HIF-1α promotes the 
transcription of glycolytic target genes, which eventually generate ATP and lactate through a series of 



Zhang JX et al. Study on the mechanism of XJZ

WJGO https://www.wjgnet.com 482 March 15, 2023 Volume 15 Issue 3



Zhang JX et al. Study on the mechanism of XJZ

WJGO https://www.wjgnet.com 483 March 15, 2023 Volume 15 Issue 3

Figure 7 Xiaojianzhong decoction inhibited Unc-51 Like kinase 1 and p53/AMP-activated protein kinase pathway in N-methyl-N’-nitro-N-
nitrosoguanidine-induced gastric precancerous lesions rats. A and B: Unc-51 like kinase 1 (ULK1) and p53 protein expression was determined using 
immunofluorescence (n = 5); ULK1, p53 proteins positive score was determined using Image J; C: ULK1 mRNA expression was determined using real-time 
polymerase chain reaction analysis (n = 3); D-G: Western blot analysis was performed to detect p-p53, p-AMP-activated protein kinase, p-ULK1 (Ser555), and p-
ULK1 (Ser317) protein expression (n = 3); H and I: ULK1 and p53 protein expression was determined using immunofluorescence (n = 5). Data are expressed as 
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mean ± SD. aP < 0.05, bP < 0.01, cP < 0.001 vs control group; dP < 0.05, eP < 0.01, fP < 0.001 vs model group. XJZ-L: Low dose of Xiaojianzhong decoction; XJZ-M: 
Middle dose of Xiaojianzhong decoction; XJZ-H: High dose of Xiaojianzhong decoction; ULK1: Unc-51 like kinase 1.

metabolic reactions[33]. Glycolysis is common in a variety of tumor diseases, including GC. Its rapid 
energy production meets the energy demand for tumor cell growth and proliferation, while the increase 
in efferent lactate also promotes tumor progression[34,35]. CD147 activation assists MCT1 and MCT4 in 
outward lactate transport and the increased accumulation of extracellular lactate forms an acidic 
environment suitable for tumor growth[36]. In addition, low SIRT6 expression during high glycolytic 
activity impedes the deacetylation of H3K9 and promotes the transcription of glycolysis-related genes
[37]. Our experiments revealed that XJZ reduced the co-expression of HIF-1α/CD147 in gastric mucosa 
and the transcription levels of MCT1, MCT4, and CD147. Immunohistochemistry results showed that 
the SIRT6 expression in the gastric mucosa was upregulated with the increase of XJZ dose and the GPL-
related pathological manifestations were ameliorated. These suggest that XJZ may decrease abnormal 
glucose metabolism by preventing gastric mucosa from hypoxia. Glycolysis has been a hotspot in the 
research of tumor-related diseases in recent years, but its effects on GPL remain unclear. Our results 
indicated the adverse effects of higher glycolysis level on GPL and the culprit may be closely related to 
gastric mucosal hypoxia. In addition to hypoxia, the initiation of glycolysis is also affected by various 
factors, so we continued to explore the potential mechanism of XJZ in regulating glycolysis in gastric 
mucosal cells.

ULK1 is an important signaling molecule that affects glycolysis level and is highly expressed in the 
gastric mucosa during the GPL stage. More specifically, it improves the glycolysis level by promoting 
the transcription of key glycolysis enzyme genes such as hexokinase 2 (HK2) and phosphofructokinase-
1[38]. It has previously been revealed that XJZ reduces the expression and transcription levels of ULK1 
in gastric mucosa, which suggests that the inhibition of ULK1 expression could be a potential 
mechanism by which XJZ regulates the glycolysis level. As mentioned above, ULK1 is also involved in 
the regulation of autophagy, principally due to the different regulatory roles of its upstream PI3K/
AKT/mTOR and p53/AMPK signaling pathways. Notably, p53 is an important metabolic regulator 
known to affect both autophagy and glycolysis in multiple ways[39]. On the one hand, the activation of 
nucleoprotein, p53, prompts AMPK to phosphorylate the 317 and 555 sites of ULK1, thereby activating 
autophagy[40,41]. It has also been determined that p53 can induce mitochondrial autophagy by 
increasing the Bnip-3 level[42] or promote its target, TP53INP1, to bind the LC-3 and Autophagy-related 
protein 8 (ATG8) proteins, leading to the excessive activation of autophagy or even autophagic cell 
death[43]. On the other hand, p53 activates cyclooxygenase 2 (COX-2) to promote the production of 
reactive oxygen species (ROS), while ROS, as an important product of glycolysis, stabilizes the 
expression of HIF-1α and maintains glycolytic activity[44]. In the present study, we focused on 
examining the effects of XJZ on the activation of the p53/AMPK pathway and ULK1 autophagy-related 
sites. Our results revealed that XJZ inhibited the expression of p53 in gastric mucosa and the 
phosphorylation of the nucleoprotein p53, AMPK, and the ULK1 317 and 555 sites. This indicates that 
the inhibition of the p53/AMPK signaling pathway and the phosphorylation of the ULK1 317 and 555 
sites may also represent a potential mechanism for the regulation of autophagy by XJZ in GPL. 
Moreover, the inhibition of ULK1 and the nucleoprotein p53 by XJZ may be involved in the dual 
regulation of autophagy and glycolysis in GPL. In addition, this result suggests that the inhibition of 
autophagy by XJZ may stem from the co-regulation of the PI3K/AKT/mTOR and p53/AMPK/ULK1 
pathways.

Notably, a recent study on Escherichia coli found that HIF-1α activation can also activate autophagy 
by promoting ULK1 expression[45]; however, this result has not been confirmed in GPL-related studies. 
Our data showed that XJZ inhibited the expressions of HIF-1α and ULK1 in the gastric mucosa of GPL 
rats. It is speculated that XJZ may also affect autophagy by ameliorating gastric mucosal hypoxia to 
downregulate ULK1 expression.

Little is currently known about the effects of the main components of XJZ on both autophagy and 
glycolysis in gastric mucosal cells. Some prior studies have determined that the cinnamaldehyde found 
in XJZ can inhibit autophagy through the AMPK/mTOR/ULK1 signaling pathway in esophageal 
cancer cells, which suggests the possibility of adjusting autophagy to a level that can maintain 
intracellular homeostasis[46]. Moreover, paeoniflorin has been found to inhibit the autophagy level by 
inhibiting the expression of Beclin-1 and LC-3II in cardiomyocytes, thereby protecting the 
cardiomyocytes[47]. The 6-gingerol has been observed to inhibit autophagy by targeting the Notch 
signaling pathway in order to block breast cancer cell growth[48]. In addition, licorice chalcone A was 
found to inhibit the glycolysis level through the PI3K/AKT signaling pathway in mouse melanoma 
B16F10 cells[49]. These studies of the main components of XJZ in other disease models may provide 
useful insights into the specific components of XJZ that act in gastric mucosal cells.

In the present study, we determined that XJZ was able to effectively prevent the progression of 
MNNG-induced GPL in rats, and it may prevent the further deterioration of GPL by regulating 
autophagy, glycolysis, and gastric mucosal hypoxia. However, this study did not verify the relevant 
signaling molecules and pathways to further clarify the specific mechanism of XJZ in the treatment of 
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Figure 8 Scheme summarizing the protective effects of Xiaojianzhong decoction on N-methyl-N’-nitro-N-nitrosoguanidine-induced gastric 
precancerous lesions rats via regulation of the p53/AMP-activated protein kinase/Unc-51 like kinase 1, phosphatidylinositol 3-
kimase/protein kinase B/mammalian target of rapamycin axis and hypoxia state. AKT: Protein kinase B; AMPK: AMP-activated protein kinase; Bnip-
3: B cell lymphoma/Leukemia-2 and adenovirus E1B19000 interacting protein 3; Dys: Dysplasia; GPL: Gastric precancerous lesions; HIF-1α: Hypoxia-inducible 
factor-1α; IM: Intestinal metaplasia; MCT: Monocarboxylate transporter; MNNG: N-methyl-N’-nitro-N-nitrosoguanidine; PI3K: Phosphatidylinositol 3-kimase; mTOR: 
Mammalian target of rapamycin signaling pathway; SIRT6: Sirtuin 6; ULK1: Unc-51 like kinase 1.

GPL. Additionally, we did not perform an in-depth investigation of the specific components of XJZ that 
are effective against GPL.

CONCLUSION
The observed effect of XJZ against GPL in rats may be due to its ability to inhibit both autophagy and 
glycolysis in gastric mucosal cells. Furthermore, the intrinsic mechanism of XJZ may be related to the 
regulation of the PI3K/AKT/mTOR and p53/AMPK/ULK1 signaling pathways and the improvement 
in gastric mucosal hypoxia. Given these findings, our experiments provide new ideas for the prevention 
and treatment of GPL, in addition to providing a theoretical basis for the clinical application of XJZ in 
GPL. The results of our experiments also indicate that XJZ has great potential in the development of 
functional foods able to protect gastric mucosa and prevent GPL progression. In future studies, we will 
verify and enrich the existing research results through cellular experiments, multi-omics, and other 
means. We will also clarify the specific components of XJZ that exert therapeutic effects in order to 
render its use more precise.

ARTICLE HIGHLIGHTS
Research background
In recent years, more and more attention has been paid to the research of gastric precancerous lesions. 
Gastric precancerous lesions (GPLs) are an important histopathological stage before the occurrence of 
gastric cancer (GC). Effective treatment and reversal of it is an important means to prevent GC.

Research motivation
Xiaojianzhong decoction (XJZ) is a classic prescription in ancient China, and it is mostly used clinically 
to treat gastrointestinal diseases such as chronic atrophic gastritis. This study aimed to explore the in 
vivo mechanism of XJZ in treating GPL.

Research objectives
To study the effect and mechanism of XJZ on autophagy and glycolysis of GPL gastric mucosal 
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epithelial cells, and provide a theoretical basis for the clinical prevention and treatment of GPL.

Research methods
Using the N-methyl-N’-nitro-N-nitrosoguanidine (MNNG) compound modeling method to construct a 
model of gastric precancerous lesions in rats, intervene with XJZ, and use a variety of methods to detect 
the effects of XJZ on autophagy, glycolysis and gastric precancerous lesions in rats.

Research results
The treatment of XJZ can promote the weight gain of rats and improve the pathological manifestations 
of GPL-related tissues; the formation of autophagosomes and autolysosomes in gastric tissue is reduced, 
and the expressions of B cell lymphoma/leukemia-2 and adenovirus E1B19000 interacting protein 3, 
moesin-like BCL2-interacting protein 1, and microtubule associated protein 1 light chain 3 are reduced. 
The expression of p62 increased, and the level of autophagy was fully inhibited. XJZ inhibited the level 
of autophagy by activating the phosphatidylinositol 3-kimase/protein kinase B/mammalian target of 
rapamycin (PI3K/AKT/mTOR) pathway; while improving gastric mucosal hypoxia, it could also 
inhibit autophagy and improve abnormal glucose metabolism in gastric mucosal cells. XJZ inhibited the 
expression of Unc-51 Like kinase 1 (ULK1) to improve abnormal glucose metabolism in gastric mucosa, 
and prevented the increase of autophagy level by inhibiting p53/AMP-activated protein kinase (AMPK) 
pathway and ULK1 Ser317555 phosphorylation.

Research conclusions
Xiaojianzhong Decoction has a therapeutic effect on MNNG-induced gastric precancerous lesions, 
which may be achieved through the joint regulation of PI3K/AKT/mTOR, p53/AMPK/ULK1 signaling 
pathways and gastric mucosal hypoxia.

Research perspectives
This study mainly explores Xiaojianzhong Decoction regulates PI3K/AKT/mTOR, p53/AMPK/ULK1 
signaling pathways and gastric mucosal hypoxia to improve gastric precancerous lesions in rats.
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