
ORIGINAL RESEARCH
published: 01 March 2022

doi: 10.3389/fnut.2022.840566

Frontiers in Nutrition | www.frontiersin.org 1 March 2022 | Volume 9 | Article 840566

Edited by:

Zhaojun Wei,

Hefei University of Technology, China

Reviewed by:

Qinglin Sheng,

Northwest University, China

Jian MIng,

Southwest University, China

*Correspondence:

Xin Zhao

zhaoxin@cque.edu.cn

†These authors have contributed

equally to this work

Specialty section:

This article was submitted to

Nutrition and Food Science

Technology,

a section of the journal

Frontiers in Nutrition

Received: 21 December 2021

Accepted: 07 February 2022

Published: 01 March 2022

Citation:

Hu T, Zhou L, Wang X, Zhou X, Yi R,

Long X and Zhao X (2022)

Prophylactic Effect of Lactobacillus

fermentum TKSN02 on Gastric Injury

Induced by Hydrochloric Acid/Ethanol

in Mice Through Its Antioxidant

Capacity. Front. Nutr. 9:840566.

doi: 10.3389/fnut.2022.840566

Prophylactic Effect of Lactobacillus
fermentum TKSN02 on Gastric Injury
Induced by Hydrochloric
Acid/Ethanol in Mice Through Its
Antioxidant Capacity
Tiantian Hu 1†, Liang Zhou 2†, Xiaoli Wang 1, Xianrong Zhou 1, Ruokun Yi 1, Xingyao Long 1

and Xin Zhao 1*

1Chongqing Engineering Laboratory for Research and Development of Functional Food, Chongqing Collaborative Innovation

Center for Functional Food, Chongqing Engineering Research Center of Functional Food, Chongqing University of Education,

Chongqing, China, 2 TCM (Rheumatic Immunology/Geriatrics) Department, People’s Hospital of Chongqing Banan District,

Chongqing, China

In this article, the preventive and protective effect of a new Lactobacillus fermentum,

(Lactobacillus fermentum TKSN02: LF-N2), which was isolated and identified from

Xinjiang naturally fermented yogurt, on hydrochloric acid (HCl)/ethanol induced gastric

injury in mice was studied. A total of 40 mice were divided into the following five

groups: normal, model, LF-N2, LB (Lactobacillus bulgaricus), and Ranitidine groups.

Except for the normal and model groups, mice in the other groups were treated with

LF-N2, LB (Lactobacillus bulgaricus), and Ranitidine separately, and the injury of the

gastric tissue was observed by taking photos and pathological sections. The levels of

oxidation indicators, gastrointestinal hormone and the inflammatory cytokines in serum

and gastric tissue in each groupweremeasured. Further more, the gene expression levels

of oxidative stress and inflammation related genes in the colon tissue were determined by

the Real-Time PCR method. Pathological observation confirmed that LF-N2 could inhibit

the gastric injury caused by HCl/ethanol. Observation of the appearance of the gastric

indicated that LF-N2 could effectively reduce the area of gastric injury. Biochemical results

showed that the serum gastrin (GAS) and gastric motilin (MTL) levels in the LF-N2 group

were significantly lower and the serum somatostatin (SS) level was higher than in the

model group and there was no significant difference between all treatment groups. The

activities of total superoxide dismutase (T-SOD) and glutathione (GSH) were increased

while themalondialdehyde (MDA) content was decreased in LF-N2 treatment groupmice,

which suggested that LF-N2 has a good antioxidant effect. Further RT-PCR experiments

also showed that LF-N2 could promote the related mRNA expression of antioxidant

enzymes (Cu/Zn-SOD, Mn-SOD, and CAT) and anti-inflammatory cytokines (IL-4, and

IL-10), while it inhibited the gene expression of pro-inflammatory cytokine (IL-6) and

apoptosis factor (Caspase-3). As observed, LF-N2 exerted a good preventive effect

on HCl/ethanol induced gastric injury in mice, and the effect was close to that of LB,

which indicated that LF-N2 has potential use as a probiotic due to its gastric injury

treatment effects.
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INTRODUCTION

According to the World Health Organization (1) 2014 global
alcohol and health report, 5.1% of the global burden of disease is
attributed to alcohol consumption. In recent years, an increasing
number of diseases have been caused by alcohol, among
which alcohol-induced gastric injury is particularly prominent.
Mucosal injury, chronic gastritis, and gastric ulcer are the
important manifestations of gastric injury (2, 3). When alcohol,
acid, irritant substances, and some drugs achieve a certain
concentration or dose, they can disrupt the gastric environmental
homeostasis and the barrier function of gastric mucosa itself, and
induce gastric injury (4). Stomach injury can lead to obvious
gastrointestinal abnormalities. The clinical manifestations are
abdominal pain, loss of appetite, nausea and vomiting, abdominal
distension and belching, intragastric bleeding, and hematemesis.
In addition, long-term and regular consumption of alcoholic
beverages has been considered as a risk factor for causes of
various cancers, especially for increasing the risk of gastric
cancer (5, 6).

Inhibition of gastric acid secretion and protection of gastric
mucosa are the main methods to prevent and treat alcohol-
induced gastric mucosal injury. The protective mechanism
involves blocking the expression of inflammatory factors,
reducing the inflammatory response, and preventing the signal
transduction of gastric mucosal lesions (5). Currently, most of the
drugs available in the market for the treatment of gastric ulcer,
such as ranitidine and omeprazole, have an obvious curative
effect. However, long-term use of such drugs can cause side
effects and adverse reactions (7). Therefore, it is necessary
to develop a more effective and safer anti-ulcer functional
drug food.

Probiotics are living microorganisms that can adjust a
variety of physiological functions by affecting the flora of
the digestive tract. When administered in adequate amounts,
probiotics are beneficial to the health of the host. The beneficial
effect of probiotics has been widely explored in the study of
gastrointestinal diseases. Probiotics have been proved to exert
preventive and protective effects on intestinal inflammation and
mucosal damage caused due to various reasons (8–12). Currently,
there are many studies on the preventive and protective effects
of probiotics on gastric injury, including the good effect of
probiotics in the prevention and treatment of Helicobacter pylori
related gastropathy and the preventive and protective effect on
gastric injury caused by non-steroidal anti-inflammatory and
analgesic drugs (NSAIDs), such as aspirin, acetic acid, and
ethanol. It has potential research value in alcohol-induced gastric

injury (13–15).
Due to great differences in the health functions of different

strains of probiotics, the strains found in traditional fermented

food in various countries have their own advantages and are
considered to have research prospects. Xinjiang, located in the
southwest of China, has a favorable climate and rich dairy
products since ancient times. Through long-term selection
and inheritance, naturally fermented yogurt has achieved high
nutritional value and unique flavor, and it has become one of
the favorite foods of local residents. It is naturally fermented by

lactic acid bacteria (LAB), and its yield is far more than that of
fresh milk.

A new Lactobacillus fermentum, named L. fermentum TKSN2
(LF-N2), was isolated from the yogurt in Yili Prefecture, Xinjiang.
In this study, a mouse model of gastric injury was established
by the interaction of alcohol and hydrochloric acid (HCl). The
gastric- protective potential of LF-N2 in the mouse model of
gastric injury induced by HCl/ethanol solution was studied by
taking Lactobacillus isolated from Xinjiang naturally fermented
yogurt as the research object, ranitidine as the positive drug
control, and Lactobacillus bulgaricus (LB) as the comparative
strain. Compared with LB, this strain of Lactobacillus has
great potential.

MATERIALS AND METHODS

Preparation of Lactobacillus fermentans
Lactobacillus fermentum TKSN02 used in this study was
isolated and identified from the traditional fermented yak
yogurt samples obtained from herdsmen in Kuoketiereke
Township, Tekes County, Yili Prefecture, Xinjiang, China.
The preservation number was CGMCC No. 18221 in China
General Microbiological Culture Collection Center, Beijing,
China (hereafter referred to as LF-N2). Lactobacillus bulgaricus
was purchased from the Institute of Microbiology of the
Chinese Academy of Sciences, Beijing, China (delbrueckii subsp.
Bulgaricus: CGMCC No. 1.16075, hereafter referred to as LB).
After activation on two occasions, frozen LF-N2 and LB were
counted, and the volume of bacterial suspension solution was
prepared by determining the concentration and number of
bacteria required for gavage administration.

Determination the Hydrophobic Property
A sample of 5mL reactivated bacterial was centrifuged and
resuspend in 5mL PBS (phosphate buffer) buffer (50mM, pH
6.5), and then the suspension was centrifuged at 3,000 rpm for
10min; the process was repeated once again. PBS was used as the
blank of absorption, the final bacteria suspension was adjusted
by PBS buffer to make a 1.00 absorbance (denoted as A0) at
560 nm. In total 4mL of the bacteria suspension was mixed with
0.8mL of dimethylbenzene, vibrated for 30 s and then placed for
stratification. The aqueous layer wasmeasured for the absorbance
(denoted as A) at 560 nm (blank: PBS buffer) and the results
were recorded.

Tolerance to Artificial Gastric Juice
Artificial gastric juice consists of 0.2% NaCl and 0.35% pepsin,
and then 1 mol/L of HCl was added to adjust the pH of the
prepared artificial gastric juice to 3.0. In a survey, 0.22µm filter
membrane was used to filter the artificial gastric juice to sterilize
and set aside. Resuspend the centrifuged bacterial fluid with equal
volume of sterile saline, and then 1ml of bacterial solution was
mixed with 9ml of artificial gastric juice. One mL of the above
mixture was taken as a sample for 0 h, and the remaining 9mL of
mix was placed in a constant temperature water bath shaker (37
◦C, 150 r/min) for 3 h. The samples of 0 h and 3 h were diluted
by 10 times gradient, the appropriate gradient was selected by
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the method of plate coating to determine the number of live
bacteria, and the survival rate (%) was calculated according to
The following formula:

survival rate (%) = 3-h viable count (CFU/mL)/0-h viable
count (CFU/mL)× 100.

Resistance to Bile Salts
In total, 0.3% pig bile salt solution was added to MRS-THIO
medium (MRS medium containing 0.2% sodium thiol acetate)
to its final concentration of 0.3%. Then, 5mL of the activated
strain was inoculated with 2% (v/v) inoculation volume into
MRS-THIO media without and with 0.3% bile salt separately,
followed by incubation at 37◦C for 24 h. The optical density (OD)
of the medium was determined at 600 nm. The tolerance to bile
salts was calculated based on the following formula: bile salts
tolerance (%) = (OD of 0.3% bile salts medium – OD of the
blankmedium)/(OD of 0.0% bile salts medium –OD of the blank
medium)× 100.

Detection of DPPH Radical Scavenging
Ability
The DPPH radical scavenging ability of LF-N2 was measured
by using 0.2mM DPPH solution with absolute ethanol. Equal
volume of the test sample (1mL) and DPPH solution were
thoroughly mixed and incubated in dark for 30min at room
temperature, and then centrifuged at 6,000 rpm for 10min.
The supernatant was taken and the absorbance at 517 nm
was measured, namely A1. The absorbance value, A2, was
measured with anhydrous ethanol instead of DPPH solution.
Sterile distilled water was used instead of the sample solution and
the absorbance value, A3, was measured. DPPH clearance rate
was calculated according to the formula: DPPH clearance (%) =
(1-(A1-A2)/A3)× 100.

Animal Experiment
Forty C57BL/6 mice (SPF grade, male, aged 5 weeks) were
purchased from Chongqing Medical University and adaptively
fed in an environment at constant temperature and humidity for
a week. Forty mice were randomly divided into the following
five groups (n = 8): Normal group, Model group, LF-N2 group,
LB group, and Ranitidine group. Mice in the normal and model
groups were treated with normal saline once a day by gavage for
14 days (0.1 mL/10 g), while mice in the bacterial intervention
group were treated with LF-N2 or LB liquid (1.0 × 109 CFU/kg)
by gavage for 14 days. Mice in the drug treatment group were
given ranitidine (200 mg/kg) by gavage every day. On the 14th
day after the end of gavage, the mice were fasted for 24 h but
allowed to drink freely. Excluding the normal group, the other
groups were treated with a mixture of 60% ethanol and 40% 150
mmol/mL HCl by gavage at a dose of 0.1 mL/10 g according to
the weight of mice once (16).

All mice were exposed to CO2 for 30min after gastric injury
was induced. The blood was taken from the ocular venous
plexus by eyeball extraction, and then the serum was obtained by
centrifugation (4,000 rpm for 10min at 4◦C and the supernatant
stored at −80◦C), and other tissues were collected for fixation
and cryopreservation.

Histopathological Observation of the
Stomach
The gastric tissue of mice was placed on the test bench,
laid out, and photographed and then tissue measuring about
0.5 cm in length and width was cut for paraffin section and
hematoxylin and eosin (H&E) staining. The gastric tissue were
immersed in 10% formalin fixation solution for 48 h, followed by
dehydration, embedding in paraffin, sectioning with a thickness
of 5–8µm, and staining with H&E, and finally photographed
under a microscope with different magnification (Olympus,
Tokyo, Japan).

Detection of Oxidative Stress Factors in
Serum and Gastric Tissue
Blood samples were collected by enucleating eyeball method,
and then they were centrifuged at 4,000 rpm for 10min at 4◦C
to obtain serum. The serum was aspirated and saved standby
at −80◦C for future use. The contents of malondialdehyde
(MDA) and glutathione (GSH) in serum, the activity of total
superoxide dismutase (T-SOD), and the content of MDA in the
gastric tissue homogenate of mice were determined according
to the instructions of the respective kit (Solarbio Life Sciences,
Beijing, China).

Detection of Gastrointestinal Hormones
and Inflammatory Factors in Serum and
Gastric Tissue
Serum levels of gastrin (GAS), somatostatin (SS) and interleukin-
4 (IL-4), interleukin-6 (IL-6), and interleukin-10 (IL-10) were
measured according to the instructions of ELISA kit. Further,
50mg gastric tissue was homogenized (50mg gastric tissue and
4–6 magnetic beads are put into the homogenization tube. The
parameters of the homogenizer were set to 60 M/s, 30 sec
pause/30 sec vibration and 6 cycles. After homogenization, the
homogenization solution was transferred to a new centrifugal
tube for use), and then the level of MTL in the gastric tissue
homogenate was determined according to the instructions of
ELISA kit (Solarbio Life Sciences, Beijing, China).

Detection of mRNA Expression
Total RNA was extracted from 50 to 100mg gastric tissue
of each sample using TRIzol reagent (Invitrogen, Carlsbad,
CA, USA). Then, the RNA solution was diluted to 1 µg/µL
after the concentration and purity of RNA were detected.
RNA was reverse-transcribed into cDNA following the reverse
transcription kit instructions (Tiangen Biotech Co., Ltd., Beijing,
China). Finally, the target gene was amplified by real-time
quantitative polymerase chain reaction using the gene primers
listed in Table 1.

Statistical Analysis
All data were expressed as mean ± standard deviation.
Differences between individual groups were assessed by one-way
analysis of variance (ANOVA) with Duncan’s multiple range test.
P < 0.05 indicated a statistically significant difference.
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TABLE 1 | Sequences of gene primers used in qPCR.

Gene name Sequence

CAT Forward: 5′-GGAGGCGGGAACCCAATAG-3′

Reverse: 5′-GTGTGCCATCTCGTCAGTGAA-3′

Caspase-3 Forward: 5’-TCTGACTGGAAAGCCGAAAC-3’

Reverse: 5’-GCAAGCCATCTCCTCATCAG-3’

Mn-SOD Forward: 5’-CAGACCTGCCTTACGACTATGG-3’

Reverse: 5’-CTCGGTGGCGTTGAGATTGTT-3’

Cu/Zn-SOD Forward: 5′-AACCAGTTGTGTTGTCAGGAC-3′

Reverse: 5′-CCACCATGTTTCTTAGAGTGAGG-3′

eNOS Forward: 5′-TCAGCCATCACAGTGTTCCC-3′

Reverse: 5′-ATAGCCCGCATAGCGTATCAG-3′

nNOS Forward: 5′-GAATACCAGCCTGATCCATGGAA-3′

Reverse: 5′-TCCTCCAGGAGGGTGTCCACCGCATG-3′

GAPDH Forward: 5′-AGGTCGGTGTGAACGGATTTG-3′

Reverse: 5′-GGGGTCGTTGATGGCAACA-3′

FIGURE 1 | Observation of gastric mucosa in mice. LF-N2, Lactobacillus

fermentum TKSN02 (1 × 109 CFU//kg); LB, Lactobacillus bulgaricus (1 × 109

CFU/kg); ranitidine (200µg/g).

RESULTS

In vitro Screening of LF-N2 Activities
By the in vitro experiments, the survival rate of LF-N2 in the
artificial gastric juice at pH 3.0 and in 0.3% bile salts was 91.24
± 2.11% and 11.62 ± 1.35%, and the hydrophobic property
was 14.05 ± 1.22%, the result showed that the strain was
highly resistant to artificial gastric juice. The DPPH free radical
scavenging rates of LF-N2 complete cells and non-cell extracts
were 58.2± 8.3% and 94.79± 18.4%, respectively, which showed
strong in vitro antioxidant properties.

Macroscopic Observation of the Stomach
After the HCl/ethanol gavage intervention, injuries in mouse
stomachs were observed by stomach photographs (Figure 1).
The stomachs of mice in the normal group showed no injury

and the surface of gastric mucosa was clean and smooth with
vivid color. However, there were obviously many bleeding spots
and small area injuries in the stomach of mice in the model
group. Compared with the model group, the gastric tissue of
mice in the LF-N2 and LB treatment groups showed no obvious
damage, and the color tended to be normal, leaving only a few
bleeding points. The ranitidine group was not different from the
normal group. Calculation revealed that the inhibition of LF-N2
in gastric injury was highly effective, which was close to that of
ranitidine and LB.

Pathological Observation of Gastric Tissue
Pathological changes in gastric tissue were observed under a
light microscope. As shown in Figure 2, the structure of gastric
mucosa in normal mice was complete, there was almost no
rupture or damage, the glands were arranged in an orderly
manner, the surface epithelium was intact, and there was no
inflammatory cell infiltration in the lamina propria mucus layer,
which showed that the gastric mucosa was not be damaged
by intragastric administration of normal saline. Compared with
the normal group, the model group showed severe rupture and
abscission of the upper epidermis of gastric mucosa. And the
thickness of gastric mucosa became thinner (see yellow arrow
mark), the loose connective tissue in the submucosa became
wider, and theremight be some edema. In addition, inflammatory
cell infiltration could be seen, indicating successful establishment
of a model of gastric mucosal injury. Gastric mucosa showed
different degrees of pathological damage in the three treatment
groups, but it was better than that in the model group, similar to
ranitidine, which had a good inhibitory effect on gastric mucosal
injury, and the epithelial cells of gastric mucosa were nearly
complete, the glands were arranged in an orderly manner, and
the secretion of inflammatory cells was decreased. The above
results of histological analysis showed that pretreatment with LF-
N2 could reduce (HCl)/ethanol induced histological damage of
the gastric mucosa surface and protect the gastric tissue.

Levels of Antioxidant Factors in Serum and
Gastric Tissue
As seen in Figure 3, compared with the normal group, the serum
GSH content and gastric T-SOD activity in the model group were
significantly decreased, while the MDA content was significantly
increased in model group. While compared with the model
group, the levels of T-SOD and GSH in the three treatment
intervention groups were significantly increased (P < 0.05), and
the content of MDA was significantly decreased (P < 0.05).
In general, it seems that the effect of the ranitidine group was
the best, and the indexes of serum and gastric tissue were
significantly better than those in the model group, LB Group,
and LF-N2 group, which were equivalent to those in the control
group, but there was no significant difference between the three
treatment groups.

Levels of GAS, SS, and MTL in Serum and
Gastric Tissue
The serumGAS andMTL levels inmice in the normal groupwere
the lowest, but the serum SS levels in these mice were the highest

Frontiers in Nutrition | www.frontiersin.org 4 March 2022 | Volume 9 | Article 840566

https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/journals/nutrition#articles


Hu et al. Lactobacillus fermentum Prevents Gastric Injury

FIGURE 2 | Levels of antioxidant factors in serum and gastric tissue. LF-N2, Lactobacillus fermentum TKSN02 (1 × 109 CFU//kg); LB, Lactobacillus bulgaricus (1 ×

109 CFU/kg); ranitidine (200µg/g). The yellow arrow shows the relative length.

FIGURE 3 | Levels of antioxidant factors in serum and gastric tissue, (n = 6). LF-N2, Lactobacillus fermentum TKSN02 (1 × 109 CFU//kg); LB, Lactobacillus

bulgaricus (1 × 109 CFU/kg); ranitidine (200µg/g). a−cMean values with different letters in the same bars are significantly different (P < 0.05).
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FIGURE 4 | Levels of GAS, SS and MTL in serum and gastric tissue, (n = 6). LF-N2, Lactobacillus fermentum TKSN02 (1 × 109 CFU//kg); LB, Lactobacillus

bulgaricus (1 × 109 CFU/kg); ranitidine (200µg/g). a−cMean values with different letters in the same bars are significantly different (P < 0.05).

(Figure 4). LF-N2, LB, and ranitidine treatments significantly
(P < 0.05) reduced the serum GAS and MTL levels and raised
the serum SS levels compared with those in control mice. Also,
there was no significant difference among all treatment groups.

Levels of Inflammatory Cytokines IL-4,
IL-6, and IL-10 in Serum
As seen from the results in Figure 5, compared with the normal
group, IL-4 and IL-10 levels in the model group were decreased
significantly, while the IL-6 level was increased. The expression of
IL-6 was effectively reduced, and the expressions of IL-4 and IL-
10 were increased in the three treatment groups. Although the
three treatments could reverse the expression of inflammatory
factors in the model group, there was no significant difference
among the groups.

Expression Levels of Gastric Corpus
Related Genes in Mice
The expression of several genes (Figure 6) in the gastric corpus of
mice were analyzed to understand the effects of administration
of live Lactobacillus fermentans TKSN02. The results showed
that the mRNA expressions of CAT, Mn-SOD, Cu/Zn-SOD,
eNOS, and nNOS were significantly decreased (P < 0.05) and
that of caspase-3 was increased (P < 0.05) in the model group
compared with the normal group. However, compared with the
model group, treatment with LF-N2 could significantly reverse
the expression trend of the above genes, which improved the
expressions of CAT, Mn-SOD, Cu/Zn-SOD, eNOS, and nNOS
genes and reduced the expression of caspase-3 (P < 0.05). And
there was little difference between the three treatment groups
(P > 0.05).

DISCUSSION

The combination of alcohol and HCl can aggravate injury to
the gastric mucosa. Gastric injury can lead to different degrees

of damage to other tissues and systems, such as the blood
system, digestive system, and nervous system. Long-term gastric
tissue injury and inflammation are also risk factors of gastric
cancer; hence, early prevention and treatment of gastric injury
is very important. It has been reported that some probiotics
have beneficial effects on alcohol-induced gastric injury in animal
models and clinical trials (8–10, 12). For example, related studies
have shown that Lactobacillus acidophilus can effectively alleviate
the symptoms of gastric mucosal injury in mice and inhibit the
weight loss in mice (17). In this study, the model of gastric
injury induced by alcohol and HCl was used to verify the
potential of the new Lactobacillus fermentum TKSN02 (LF-
N2) isolated and identified from Xinjiang natural fermented
yogurt in the prevention and protection of gastric injury induced
by HCl/ethanol in mice, and its potential mechanism was
preliminarily studied.

First, the potential probiotic functions of LF-N2 were
identified by measuring the acid-resistance, cholate tolerance
and hydrophobic property. LF-N2 showed high qualities in
above activities in vitro and even better acid-resistance than
LB, which could result in funcrional effects for use in animals
or humans (18). At the same time, the good antioxidant effect
of LF-N2 in vitro showed that this strain may has a high
potential for use in vivo. Further in animal experiment, after
intragastric administration of alcohol and HCl, a large area of
bleeding point and visible damage of gastric tissue were observed;
compared with the model group, the gastric injury in LF-N2,
LB, and ranitidine intervention groups was significantly reduced.
Furthermore, the pathological section confirmed that LF-N2
could inhibit the ethanol/HCl induced gastric tissue injury in
mice and effectively reduce the area of ethanol/HCl induced
gastric injury.

The mechanism of gastric mucosal injury induced by
HCl/alcohol may involve excessive gastric acid secretion, and
a decrease in the pH of gastric juice in mice aggravates the
gastric mucosal injury (19). When ethanol induced gastric
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FIGURE 5 | Inflammatory cytokines levels of IL-4, IL-6 and IL-10 in serum, (n = 6). LF-N2, Lactobacillus fermentum TKSN02 (1 × 109 CFU//kg); LB, Lactobacillus

bulgaricus (1 × 109 CFU/kg); ranitidine (200µg/g). a−cMean values with different letters in the same bars are significantly different (P < 0.05).

FIGURE 6 | mRNA expression in gastric tissue of mice with with HCl/ethanol-induced gastric injury. LF-N2, Lactobacillus fermentum TKSN02 (1 × 109 CFU//kg); LB,

Lactobacillus bulgaricus (1 × 109 CFU/kg); ranitidine (200µg/g). a−cMean values with different letters in the same bars are significantly different (P < 0.05).

injury causes bleeding, the blood flow to the gastric mucosa
decreases, sodium+ is pumped out, and K+ is pumped in,
resulting in a significant increase in gastric acid secretion.
Therefore, reducing gastric acid secretion is the main prevention
and treatment measure of ethanol/HCl induced gastric mucosal

injury (20). In addition, it also includes the disorder of
gastric mucosa microorganisms, oxidative damage caused by
excessive production of oxygen free radicals, and inflammatory
reaction caused by excessive production of nitric oxide
(NO) (8).
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First, several types of GAS related to gastric acid secretion
were detected. GAS and MTL belong to the GAS family,
which can coordinate the contraction of esophagus and gastric
sphincter, promote the secretion of gastric acid and pancreatic
juice, and regulate gastrointestinal peristalsis. GAS is a typical
digestive hormone and growth factor, which is mainly secreted
by gastric mucosal G cells. Its function is to regulate gastric acid
secretion and control the growth of gastric mucosal cells. A large
number of studies have shown that GAS peptide and its receptor
are related to the occurrence of cancer. SS is another important
component of digestive juice, which can inhibit GAS release and
gastric acid secretion.

After gastric mucosal injury, the secretion of GAS and MTL
was increased, which further led to an increase in gastric acid
secretion, thus reducing pH and aggravating the severity of
acute gastric mucosal injury. Research has also reported that
acute stomach injury caused by alcohol reduces the SS levels
in vivo (21). The biochemical results in this study showed
that serum GAS and gastric MTL levels in the LF-N2 group
were significantly lower and the serum SS level was higher
than the corresponding levels in the model group, and there
was no significant difference among all treatment groups. GAS
is induced by nutrients and GAS releasing peptides. On the
contrary, SS inhibits GAS release at a high concentration of
H+. This suggests that LF-N2 treatment may downregulate GAS
content and finally regulate gastric acid secretion by promoting
SS secretion.

An important inducement of gastric mucosal injury is
oxidative damage caused by excessive oxygen free radicals
caused by external stimulation. Ethanol forms acetaldehyde
under the catalysis of ethanol dehydrogenase in the stomach,
which is further catalyzed by xanthine oxidase to produce
free radicals, resulting in oxidative damage (22). MDA is a
lipid peroxide, which can reflect the level of oxygen free
radicals in organisms. In aerobic organisms, T-SOD is a
key scavenger of reactive oxygen species, which can remove
superoxide anion free radicals, protect cells from damage,
and play a vital role in the balance between oxidation and
antioxidation (23, 24). GSH is a non-protein compound and
a thiol containing compound. As an important antioxidant
and free radical scavenger in the body, GSH can eliminate
free radicals and play a strong antioxidant role (25). It is
necessary to detect the activity of antioxidant enzymes to
judge the ability of drugs or probiotics to scavenge oxygen
free radicals, and to detect the level of lipid peroxidation
product MDA to judge the severity of oxidative damage of
tissues and cells attacked by free radicals. The result obtained
in this study showed that LF-N2 increased the activities of
T-SOD and GSH, while it decreased the MDA content in
mice, which suggested that it has a good antioxidant effect.
In addition, the expression of antioxidant enzyme genes, such
as CAT and SOD were further detected. SOD is a general
term of the SOD family, and in vertebrates, SOD is primarily
expressed as Cu/Zn-SOD and Mn-SOD (26). Similar to SOD,
CAT is an important antioxidant enzymes. Free radicals can be
converted into less toxic H2O2 by SOD, and then they can be
converted into H2O by CAT, thereby scavenging free radicals

(27). In this study, Cu/Zn-SOD, Mn-SOD, and CAT mRNA
expressions in the three intervention groups were significantly
higher than those in the model group. So far, the strains
that have been proved to have antioxidant capacity include:
Lactobacillus acidophilus, Lactobacillus sake, Bifidobacterium
longum, Lactobacillus fermentum, etc (28–32).

Uncontrolled drinking and gastric injury will activate the
immune system, resulting in changes in the level of inflammation
and inflammatory factors. IL-6 is a proinflammatory factor,
which is widely involved in inflammation, and it may induce
neutrophil aggregation, lead to neutrophil respiratory burst, form
reactive oxygen species, and lead to tissue inflammation (26).
However, it has been proved that IL-4 and IL-10 belong to the
family of anti-inflammatory cytokines, which can down regulate
IL-8 produced by LPS activated human polymorphonuclear
cells (PMN), and IL-10 is considered to be the most active
anti-inflammatory cytokine (33). IL-10 has been considered to
have potent broad-spectrum anti-inflammatory activity, which
has been clearly confirmed in various infection, inflammation,
and cancer models (34). Nitric oxide (NO) is an important
signaling molecule in cells, which has a protective effect
on gastric mucosa and can increase the function of gastric
mucosa. cNOS (eNOS and nNOS) is a type of key enzyme in
NO biosynthesis. A study has shown that the cNOS activity
decreases significantly after gastric mucosal injury (35). An
increase in the contents of eNOS and nNOS can effectively
prevent and alleviate gastric ulcer symptom (36, 37). In this
study, LF-N2 significantly inhibited IL-6, increased the levels
of IL-4 and IL-10 in serum, and the gene expression of
NOS in gastric tissue, thereby inhibiting gastric inflammation
and injury.

This study showed that LF-N2 can prevent acute gastric
injury by regulating the expression of antioxidant markers, pro-
inflammatory cytokines and anti-inflammatory cytokines, and
can be used to develop functional food. Although the mechanism
of LF-N2 is not clear, we speculate that it may be related to
Nrf2-ARE signaling pathway. Nrf2-ARE system is considered
as a multi organ protection system. Transcription factor Nrf2
plays an indispensable role in the induction of endogenous
antioxidant enzymes (38, 39). Under oxidative stress or injury
conditions, Nrf2 is released from the keap1-Nrf2 complex and
translocated to the nucleus, where There, the Nrf2/Maf complex
is formed and the Nrf2 are pathway is activated (40). Nrf2/Maf
complex can not only activate the dependent gene expression of
a series of antioxidant and cytoprotective proteins, but also play
a physiological role through its anti-inflammatory, antioxidant,
detoxification, autophagy and proteasome effects (41). SOD1 is
a downstream molecule of Nrf2, the nuclear accumulation of
Nrf2 can increase the expression of SOD1 and Keap1/Nrf2/ARE
regulates glutathione (GSH) levels by upregulatingGSH synthetic
and regenerative enzymes (42). In addition, Nrf2 can reverse
regulate NF-κB-driven inflammatory response, in the brain
injury model, Nrf2-KO mice produced higher levels of IL-6 than
wild-type mice (43, 44). In addition to the aspects mentioned
above, the mechanism of gastric protective effect of LF-N2
may be related to the interaction between bacterial products
and immune system. LAB and their components can activate
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macrophages, NK cells and B lymphocytes and other immune
cells. Macrophages may internalize and secrete TNF- α, NO,
IFN-γ, IL-2, IL-6, IL-8, IL-12 and IL-18, so as to play an anti-
inflammatory and even anti-tumor role. LAB peptidoglycan and
lipoteichoic acid are inducers of NOS, the cell walls of various
LAB can stimulate mouse macrophages and other immune
cells to produce NO and play an anti-inflammatory effect by
combining with oxygen to form highly lethal hydroxyl free
radicals and NO2. However, the research on the mechanism
of LF-N2 is still in the early stage of exploration, and it can
be further explored from the Nrf2/ARE signal pathway in
the future.

CONCLUSION

A new LAB was isolated from traditional Xinjiang natural
fermented yogurt and named Lactobacillus fermentum TKSN02
(LF-N2). After studying LF-N2 in the mouse model of
HCl/ethanol-induced gastric injury, we found that it not
only improves HCl/ethanol-induced gastric tissue injury
(such as histological damage of gastric mucosa surface and
gastric bleeding), but it also acts at the serum and mRNA
levels, by regulating the expression of antioxidant markers,
pro-inflammatory cytokines, and anti-inflammatory cytokines.
We propose that LF-N2 is a useful probiotic strain with
the potential to confer gastro-protection and alleviate acute
gastric injury. Other potential probiotic effects and further
clinical trials of LF-N2 treatment are necessary to determine
whether such treatment could benefit human patients with
gastric problems.
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