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Abstract 

Purpose: To determine the impact of omeprazole on gastric mucosa injury in young mice with 
Helicobacter pylori (Hp) infection, and underlying mechanism. 
Methods: The young mice were assigned to control, model and drug groups. The control group was not 
treated, while model and drug groups were mice with Hp infection. Mice in the model group were given 
omeprazole. The mRNA and protein expression levels of PIEN, PI3K, AKT and P-Akt were assayed 
with real-time PCR and Western blotting, respectively.  
Results: The mRNA levels of PI3K, AKT and P-Akt were significantly increased in model mice, relative 
to controls, while PIEN mRNA levels were lower (p < 0.05). The mRNA and protein expressions of PI3K, 
AKT and P-Akt were significantly down-regulated in drug group, relative to model mice (F = 131.750, p 
< 0.05; F = 268.440, p < 0.05; F = 91.560, p < 0.05). 
Conclusion: Omeprazole reduces inflammatory response, improves oxidative stress response, and 
alleviates gastric mucosal damage in young mice infected with Helicobacter pylori, probably through a 
mechanism related to the regulation of mRNA and protein expressions in PI3K-Akt signal route. This 
finding may be useful in the development of new drugs for protection against gastric mucosal lesion. 
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INTRODUCTION 
 
Helicobacter pylori (Hp) is a gram-negative, 
aerobic microorganism which changes the 
physiology of its host and destroys host immune 
response [1]. Helicobacter pylori (Hp) not only 
leads to chronic gastritis and peptic ulcer, but is 
associated with the pathogenesis of gastric 
adenocarcinoma, gastric mucosa-associated 

lymphoma, and other diseases [2]. Chronic 
gastritis (CG) is a disease that seriously 
compromises the digestive system and adversely 
affects human health [3]. Prilosec is a proton 
pump inhibitor that inhibits gastric acid secretion, 
alleviates gastric mucosal damage and protects 
the gastric mucosal barrier. It is often used in 
clinical treatment of gastric ulcer and duodenal 
ulcer, but the mechanism involved in its effects 
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remains poorly understood [4]. The present 
research on 60 Balb/C pups was carried out to 
study the influence of omeprazole on 
Helicobacter pylori-mediated damage in gastric 
mucosa, as well as the underlying mechanism. 
 
EXPERIMENTAL 
 
Materials 
 
Sixty (60) Balb/C baby mice aged 6-8 weeks, 
and weighing 17-20 g, were employed in this 
investigation, and were kept at temperature 
range of 19-26℃and humidity of 40 - 70 % under 
a 12-h light/12-h dark cycle. The young mice 
received laboratory diet and drinking water ad 
libitum. The animal experiments were carried out 
in keeping with regulations on the use and care 
of experimental animals. Omeprazole was 
provided by Zhejiang Pharmaceutical Co. Ltd, 
Xinchang Pharmaceutical Factory (National drug 
approval number: H20030309; specification: 20 
mg). 
 
Cell culture 
 
Helicobacter pylori (Hp) was cultured in an 
incubator at 37 ℃. The monoclonal pin-like 
transparent colonies were inoculated in a new 
petri dish and cultured for 3 days, and transferred 
to Brinolet broth. The absorbance of the bacterial 
broth was measured at a wavelength of 660 nm. 
A bacterial suspension of concentration of 1×109 

CFU/mL was prepared. 
 
Animals and treatments 
 
Sixty Balb/C mice were allotted to control, model 
and drug groups. The control group was not 
treated, while model and drug groups were 
model mice with Hp infection. The Hp 
suspension was administered intragastrically for 
14 days, and the model group was given 
omeprazole (10 mg/kg) via intragastric 
administration for 1 week, once a day after the 
successful establishment of the Hp mouse 
model. This research was approved by the 
Animal Ethical Committee of Jiujiang University 
(approval no. 20200891), and performed 
according to the guidelines of "Principles of 
Laboratory Animal Care" (NIH publication no. 85-
23, revised 1985) [5]. 
 
Evaluation of test indices 
 
Morphology of gastric tissues 
 
The gastric antrum tissues of the young mice 
were excised and cut into 0.5 cm × 0.2 cm 
sections which were subjected to fixation in 4 % 

paraformaldehyde for 24 h, dehydration in 
increasing alcohol concentrations, clearing and 
embedding in wax. Slices of 5-μm thickness 
were cut using a microtome. The slices were 
dried in an incubator at 38 ℃, and stained with H 
& E, followed by microscopic observation. 
 
Degree of inflammation in gastric mucosa 
 
The degree of inflammation was graded 
according to the extent of infiltration of chronic 
inflammatory cells such as lymphocytes, plasma 
cells and eosinophils, based on the new Sydney 
system standard. In this grading system, gastric 
mucosa without inflammatory cell infiltration is 
grade 0, while the presence of a small amount of 
scattered inflammatory cell infiltration on the 
surface or bottom of gastric mucosa is grade 1. 
Grade 2 is for increased infiltration of 
inflammatory cells in all parts of the gastric 
mucosa, while the presence of a high population 
of inflammatory cells is grade 3. 
 
Oxidative stress 
 
The gastric tissue homogenates were prepared 
using a glass homogenizer with 400 μL of normal 
saline, and the homogenate was centrifuged at 
2500 rpm for 10 min. The ROS levels in the 
supernatant were measured using DCFH-DA 
method, while MDA and GSH concentrations 
were estimated with TBA method and Beutler 
modified method, respectively. 
 
Measurement of inflammatory response  
 
Blood was taken from the eyeball of each mouse 
and left at room temperature for 20 min, followed 
by centrifugation at 3000 rpm for 10 min, and the 
resultant serum was refrigerated at -20℃ to 
avoid repeated freezing and thawing. The serum 
levels of IL-1 β, IL-18 and IL-33 were assayed 
with ELISA. 
 
Expressions of protein levels 
 
The mRNA levels of PIEN, PI3K, AKT and P-Akt 
were determined using real-time PCR. Total RNA 
was extracted from gastric tissues using TRIzol 
method. The RNA was reverse-transcribed to 
cDNA and amplified, followed by real-time 
fluorescence quantitative PCR. The circulation 
threshold (CT value) of each gene was 
calculated to determine its expression level. 
 
Western blotting 
 
The relative protein amounts of p-AKT, PIEN, 
PI3K, and AKT were determined using Western 
blotting assay. Gastric tissue total protein was 
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extracted, and protein concentration was 
determined using the BCA method. The protein 
concentration was adjusted to 30 μg/μL. The 
proteins were resolved using 10 % SDS-PAGE, 
followed by electro-transfer to PVDF membranes 
which were subjected to incubation overnight at 4 
oC with 1o primary antibodies, followed by 
incubation with 2o antibody at room temperature. 
The blots were subjected to ECL and imaged. 
Gray scanning was carried out with Quantity-One 
software. 
 
Statistical analysis 
 
The SPSS20.0 software was employed for 
statistics. Measured data that conformed to 
normal distribution are expressed as mean ± SD. 
Multiple groups were compared with 1-way 
ANOVA, while SNK-q test was used for paired 
comparison. Counting data are presented as %, 
and comparison amongst groups was done with 
χ² test. Statistical significance of difference was 
assumed at p < 0.05. 
 
RESULTS 
 
Morphology of gastric mucosa 
 
The morphology of each layer of gastric mucosa 
in control mouse was intact, and the epithelial 
cells and glands were of consistent size and 
shape, and orderly arranged. Inflammatory cells 
in the mucosa lamina propria were rare. In the 
model group, gastric mucosa was thinner, 
epithelial cells and glands were disordered, and 
the number of glands was significantly reduced. 
Mucosal muscular layer was thickened and 
extended to lamina propria, showing a large 
amount of inflammatory infiltration. In the 
treatment group, the structure of each layer of 
gastric mucosa was basically intact, the glands 
were arranged orderly, and the interstitial 
inflammatory cells were lower in population. 
These results are shown in Figure 1. 
 
Graded degree of chronic inflammation of 
gastric mucosa  
 
The degree of inflammation was significantly 
higher in model mice than in control mice, but the 
degree of inflammation in drug-treated mice was 
markedly decreased, relative to model mice. 
These results are shown in Table 1. 
 
Serum inflammatory cytokine levels 
 
As shown in Table 2, the levels of IL-1β, IL-18 
and IL-33 in the model group were significantly 
higher than those in the control group, and the 
levels of IL-1β, IL-18 and IL-33 in the treatment 

group were significantly lower than those in the 
model group (p < 0.05). 
 

 
 
Figure 1: Gastric mucosa morphology in each group. 
H&E staining image of gastric mucosa of young rats in 
control group (A), model group (B), and treatment 
group (C) 
 
Table 1: Degree of chronic inflammation in gastric 
mucosa in each group (n, %) 
 
Group 0 Grade 1 Grade 2 Grade 3 

Control 
20 

(100) 
0 (0) 0 (0) 0 (0) 

Model 0 (0) 0 (0) 14 (70) 6 (30)
Drug  2 (10) 5 (25) 12 (60) 1 (5) 
χ² 65.178 
P-value ＜0.001 

 
Serum oxidative stress response 
 
Table 3 shows that the ROS and MDA levels of 
the pups were markedly higher in model mice 
than in control mice, while GSH level was 
markedly decreased, relative to control mice. 
However, there were lower ROS and MDA 
concentrations in the pups in drug-treated group 
than in model pups, while GSH level was 
markedly higher than values in model pups (p < 
0.05). 
 
MRNA levels of genes associated with PI3K-
Akt signal route 
 
The mRNA expression levels of PI3K, AKT and 
P-Akt were markedly up-regulated in model mice, 
relative to control mice, while mRNA level of 
PIEN was markedly lower than the control value. 
However, mRNA expressions of these 
parameters (except for PIEN mRNA) were 
markedly down-regulated in the treatment group, 
when compared to model mice (Table 4). 
 
Protein levels of factors associated with 
PI3K-Akt signal route 
 
As shown in Figure 2, the protein levels of PI3K, 
AKT and P-Akt were markedly up-regulated in 
model mice, relative to controls, while protein 
level of PIEN was markedly lower. In contrast, 
the protein levels of these factors (except for 
PIEN) were markedly down-regulated in the 
treatment group, relative to model mice, while the 
protein level of PIEN was markedly up-regulated, 
relative to model mice. 
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Table 2: Levels of serum inflammatory cytokines in each group (mean ± SD) 
 
Group IL-1β (pg/ml) IL-18 (pg/ml) IL-33 (pg/ml) 
Control  10.26±2.53 56.59±13.58 42.38±10.58 
Model  36.52±5.64a 136.52±20.54a 125.64±20.16a 
Drug  20.19±4.85ab 76.85±14.38ab 80.23±16.52ab 
F 170.870 127.410 131.770 
P ＜0.001 ＜0.001 ＜0.001 
aP < 0.05, vs control; bp < 0.05, vs the model mice 
 
Table 3: Serum oxidative stress responses of young mice in each group (mean ± SD) 
 
Group ROS (mg/L) MDA (nmol/g) GSH (μmol/kg) 
Control  2.71±0.16 0.15±0.03 3.26±0.19 
Model  3.58±0.21a 0.38±0.05a 2.06±0.15a 
Drug  3.06±0.21ab 0.24±0.03ab 2.71±0.23ab 
F 101.040 187.440 194.170 
P-value ＜0.001 ＜0.001 ＜0.001 
aP < 0.05, vs control pups; bp < 0.05, vs model pups 
 

Table 4: mRNA expression levels of PI3K-Akt signaling pathway in each group 
 

Group PIEN PI3K AKT p-AKT 
Control  1.62±0.52 0.48±0.06 0.41±0.06 0.59±0.12 
Model  0.36±0.05a 1.25±0.24a 1.25±0.12a 1.35±0.26a 
Drug  1.03±0.16ab 0.89±0.08ab 0.95±0.15ab 0.88±0.12ab 
F 79.890 131.750 268.440 91.560 
P ＜0.001 ＜0.001 ＜0.001 ＜0.001 
aP < 0.05, vs control; bp < 0.05, vs model 

 

 
 
Figure 2: Relative protein expressions of PI3K-Akt 
signal route-associated factors in each group 
 
DISCUSSION 
 
Heliobacteria pylori (Hp) infection can lead to 
degeneration of the gastric mucosa epithelium, 
inflammatory cell infiltration, intestinal 
metaplasia, gland atrophy and atypical 
hyperplasia. This infection is an important factor 
that influences the pathogenesis of chronic 
gastritis, peptic ulcer and gastric mucosa-
associated lymphoid tissue lymphoma, and is 
closely related to the occurrence of gastric 
cancer. The World health Organization (WHO) 
has classified Hp as a class Ⅰ carcinogenic 
factor [6,7]. Malfertheiner et al showed that 
patients with Hp infection complicated with 
chronic gastritis had a significantly increased risk 

of gastric cancer [8]. Therefore, studies on the 
mechanism of pathogenicity of Hp infection, and 
the search for drugs to treat Hp infection 
complicated with gastritis have attracted a lot of 
attention from researchers. 
 
Omeprazole is a fat-soluble weak base sub-
pump inhibitor that is easily concentrated in 
acidic environment. It inhibits the activities of H+ - 
K+-ATPase and suppresses the secretion of 
gastric acid, thereby reducing the acid content of 
gastric juice. It is often employed for treating 
gastric ulcer, duodenal ulcer and sundry stomach 
ailments [9-11]. In this study, the gastric mucosa 
of the model group was thin, the epithelial cells 
and glands were disorganized, and the mucous 
muscle layer was thickened, with a lot of 
inflammatory infiltration. However, in the 
treatment group, the structure of each layer of 
gastric mucosa was basically intact, and there 
were fewer interstitial inflammatory cells. These 
results suggest that omeprazole mitigated gastric 
mucosal damage and protected gastric mucosal 
barrier in Hp-infected pups. 
 
Earlier investigations have demonstrated that 
induction of IL-1β production in mouse stomach 
produced spontaneous gastritis and gastric 
cancer. It has been shown that Hp infection and 
chronic gastritis led to abnormal expression level 
of IL-18 [12]. A study by TuHongfei et al 
demonstrated that serum levels of IL-33 in peptic 
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ulcer subjects were highly expressed [13]. In this 
study, the degree of inflammation was markedly 
higher in model mice than in control mice, while 
degree of inflammation was markedly lower in 
omeprazole-treated mice than in model mice. 
There were markedly higher expressions of IL-
1β, IL-18 and IL-33 in model mice than in control 
mice, but these were markedly decreased in the 
drug-treated mice, relative to model mice. Thus, 
omeprazole reduced the inflammatory response 
and decreased the damage to gastric mucosa 
caused by inflammatory response in Hp-infected 
young mice. 
 
It is known that ROS are strong oxidants. High 
levels of ROS damage cells through lipid 
peroxidation and aggravate tissue damage, 
leading to a variety of diseases. Qin Jin et al 
showed that Hp infection led to increased 
intracellular ROS contents [14]. Reduced 
glutathione (GSH) is an important physiological 
antioxidant. During oxidative stress, GSH plays 
an antioxidant role as a free radical scavenger. 
Malondialdehyde (MDA) is typical index of lipid 
peroxidation: changes in MDA level are indicative 
of the degree of oxidative damage caused by 
ROS in cells [15]. In this study, ROS and MDA 
levels were markedly higher in pups in model 
group than in control pups, while GSH was 
markedly decreased, relative to controls. 
However, ROS and MDA levels of pups in drug 
group were markedly decreased, relative to 
model mice, but GSH concentration was 
markedly higher. Thus, omeprazole mitigated 
oxidative stress response, protected normal cell 
function, and inhibited gastritis in Hp-infected 
young mice. 
 
Signal through the PI3K/Akt route is crucial for 
intracellular conduction of membrane receptor 
signals: it controls cell viability, apoptosis, 
metastasis and other cellular processes [16]. 
Recent studies have found that Hp infection can 
activate PI3K/Akt signaling pathway [17]. Sun 
Yuesheng et al found that gastric cancer due to 
Hp infection is relatively severe, and is related to 
Hp-induced up-regulation of PI3K/AKT signal 
route and its influence on the expression of 
apoptosis and invasion genes related to cancer 
cells [18]. In this study, there were markedly up-
regulated mRNA levels of genes associated with 
PI3K/AKT route in model mice, while PIEN 
mRNA was markedly down-regulated, relative to 
controls. However, mRNA and protein 
expressions of P13K/AKT-associated factors 
were markedly down-regulated, relative to model 
mice, while levels of PIEN mRNA and protein 
were markedly up-regulated. Thus, omeprazole-
mediated mitigation of gastric mucosa injury in 
Hp-infected young mice may be related to the 

regulation of mRNA and protein expressions of 
genes associated with the PI3K-Akt signaling 
pathway. 
 
CONCLUSION 
 
Omeprazole reduces inflammatory response, 
decreases oxidative stress response, and 
alleviates gastric mucosal damage in infant mice 
infected with Hp via a mechanism related to the 
regulation of mRNA and protein expressions of 
PI3K-Akt signal route-associated genes. This 
finding may be useful in the development of new 
drugs aimed at protection against gastric 
mucosal injury. 
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