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Aim: Lactobacillus fermentum XY18 (LF-XY18) is a bacterial strain with satisfactory
antioxidant properties in vitro that we previously isolated from Xinjiang yogurt. This article
will explore the preventive effect of LF-XY 18 on acute gastric injury and provide the basis
for the innovative development and application of lactic acid bacteria (LAB).

Methods: Kunming mice underwent gastric injury induced by hydrochloric acid and
ethanol. LF-XY18 isolated from yogurt in Xinyuan County in the Yili region of Xinjiang
was subsequently administered intragastrically to mice for 2 weeks to explore the mechanism
of LF-XY18 in preventing gastric injury via its antioxidant effects.

Results: There was decreased gastric juice volume, gastric injury area, and formation of
gastric mucosal lesions in the LF-XY'18 mice as compared to those in the control mice, while
LF-XY18 prevented the decrease in the gastric juice pH value in mice. Compared with the
gastric injury model group mice, LF-XY 18 reduced the serum levels of motilin, substance P,
interleukin-6, interleukin-12, tumor necrosis factor-o, and interferon-y but increased the
serum levels of somatostatin and vasoactive intestinal peptide. The activities of superoxide
dismutase, glutathione peroxidase, glutathione, and nitric oxide were increased in the gastric
tissue of the LF-XY 18 mice compared with the control mice, but malondialdehyde activity
was decreased in the LF-XY18 mice. Quantitative polymerase chain reaction analysis
illustrated that in the gastric tissue of LF-XY 18 mice, the messenger RNA (mRNA) expres-
sion of occludin, epidermal growth factor (EGF), EGF receptor, vascular EGF, inhibitor
kappa-B-0, neuronal nitric oxide synthase, endothelial nitric oxide synthase, cuprozinc
superoxide dismutase, manganese superoxide dismutase, and catalase was stronger than
that in the control mice, but the mRNA expression of activated B cells (NF-kB), inducible
nitric oxide synthase, and cyclooxygenase-2 was weaker than in the control mice.
Conclusion: These results indicate that LF-XY'18 has a potential role in the prevention of gastric
injury through antioxidant effects, and a high concentration (1.0 x 10° CFU/kg b.w.) of LF-XY18
has a stronger anti-gastric injury effect than a low concentration (1.0 x 103 CFU/kg b.w.).
Keywords: Lactobacillus fermentum XY 18, gastric injury, HCl/ethanol-induced, mice,
antioxidant

Introduction

Alcohol production and consumption occur worldwide, and the intake of alcohol
per capita in 2016 was approximately 6.4 L.! Excessive alcohol intake has become
a global danger to human health that cannot be ignored, with the death toll having
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reached approximately 3 million.> Alcohol is one of the
main exogenous invasive factors that cause inflammatory
damage to the gastric mucosa in vivo. Excessive alcohol
consumption can result in acute gastric mucosal damage,
with symptoms such as hemorrhage, necrosis, edema, and
microcirculation damage.’ In addition, long-term alcohol
consumption can give rise to gastric ulcers, gastritis, gas-
tric cancer, and other severe gastric mucosal lesions.* Until
now, there has been a gap to be filled in terms of the
mechanism of alcohol-induced acute gastric injury, but
research has confirmed that oxidative stress and inflamma-
tory responses are strongly linked to the development of
acute gastric mucosal lesions.” The stomach is stimulated
by external factors such as the invasion of excessive etha-
nol, which activates the transient receptor potential vanil-
loid 1. Substance P (SP) can be released as a result,
activating the neurokinin type 1 receptor in gastric epithe-
lial cells, which leads to an increase in reactive oxygen
species that can bring about the lipid peroxidation of
gastric mucosal cell membranes.” Additionally, ethanol
can cause DNA strand breakage, and DNA bases can
combine with the malondialdehyde (MDA) produced by
the lipid peroxidation of oxygen free radicals, causing
mutational damage to the gastric mucosa.® The release of
lysosomal enzymes caused by the lipid peroxidation of cell
membranes also aggravates gastric mucosal injury. High-
dose ethanol destroys the defense barrier of the gastric
mucosal antioxidant system, decreases nitric oxide (NO)
and glutathione (GSH) activities, and exacerbates acute
gastric mucosal injury.”® Hydrochloric acid (HCI) can
also induce acute gastric mucosal injury and decrease
gastric mucosal blood flow.*

Acute alcoholic gastric injury can primarily be alle-
viated by reducing the ethanol and oxygen free radical
levels in vivo, which will subsequently reduce the oxida-
tive damage that they cause.’ At present, ranitidine, ome-
prazole, and other drugs have obvious curative effects on
gastric ulcers, although various adverse effects are often
observed due to long-term use of these drugs.'® Therefore,
the development of functional health foods that prevent
and treat acute gastric mucosal injury induced by ethanol
is particularly important. The antioxidant properties of
probiotics act upon the gastrointestinal tract,'" reducing
lipid peroxidation and SP levels and alleviating the symp-
toms of alcohol-induced acute gastric mucosal injury, and
very few side effects have been observed due to the use of
probiotics.'?

Xinyuan County in the Yili region of Xinjiang is
located in northwest China, with a temperate climate and
abundant rainfall. The abundance of forage grass resources
can be used for livestock breeding. The yogurt produced in
the Yili region is a traditional fermented dairy product that
is rich in essential nutrients, such as essential amino acids,
lactose, lactic acid, fats, and minerals. Its nutritional value
and health effects are far superior to those of ordinary
yogurt, and its pH, fermentation time, and the natural
fermentation temperature are suitable for microbial
growth.'® Our research team isolated a new strain of lactic
acid bacteria (LAB) from yogurt originating from Xinyuan
County, Yili, Xinjiang, China, and we named it
Lactobacillus fermentum XY18 (LF-XY18). Our early
research demonstrated that the LAB
Xinjiang Kashi yogurt and Qinghai-Tibet Plateau yak

isolated from

yogurt could more effectively through its antioxidant prop-
erties prevent acute gastric injury induced by HCl/ethanol
as compared to Lactobacillus delbrueckii subsp. bulgari-
cus (LB), which is commonly used in commerce.'*'"
Probiotics can be used as a substitute for antibiotics to
eliminate Helicobacter pylori in vivo, while protecting
gastric mucosal cells from invasion and causing minimal
side effects.'® Lactobacillus reuteri DSM 17938, which
has been applied in the field of functional food research
and development for many years, has many beneficial
gastrointestinal tract functions, such as alleviating human
gastrointestinal diseases, ameliorating children’s colic, and
reducing constipation and diarrhea.!” The probiotic mix-
ture VSL #3® (containing 8 probiotic bacteria) lessens the
release of pro-inflammatory factors and enhances the
expression of vascular regeneration proteins to relieve
alcohol-induced gastric ulcers.'® Lactobacillus plantarum
LC27 and Bifidobacterium longum LC67 can prevent and
treat acute gastric mucosal damage and liver injury caused
by alcohol through their antioxidant effects.'”

At present, there has been insufficient domestic and
foreign research performed using LF-XY18. Because our
team holds the independent intellectual property rights for
LF-XY18, we treated HCl/ethanol-induced mice with this
bacterial strain and determined its ability to prevent and
alleviate gastric mucosal damage through its antioxidant
effects. The results of this study will help to further our
understanding of the mechanisms involved in preventing
and alleviating acute gastric injury and pave the way for
the application of LF-XY 18 in the field of functional food.
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Materials and Methods

Isolation and Preliminary ldentification of

LAB

A 1-mL yogurt sample obtained from Hongyuan County,
Yili, Xinjiang, was added to 9 mL of sterile saline solution,
and the yogurt sample was diluted by gradient. Then, 100
uL of 1074, 107, 10°°, and 1077 gradient dilution samples
was evenly coated onto sterilized plates containing Man,
Rogosa, and Sharpe (MRS) agar medium (Becton,
Dickinson and Company, USA). After culturing at 37°C
for 2448 h, the morphology of the LAB colonies was
observed and recorded. LAB with different morphologies
were selected, and after culturing in a constant temperature
incubator at 37°C for 48 h, different LAB colony shapes
were selected again for streaking on plates. This process was
repeated until pure single colonies with the same shape were
obtained. The pure LAB colonies were selected and then
inoculated into 5 mL of MRS liquid medium. After cultur-
ing at 37°C for 24 h, 1 mL of the MRS liquid medium was
immediately centrifuged at 12,000 rpm for 1 min. After
discarding the supernatant, 200-500 pL of sterile normal
saline was added, and the bacteria were microscopically
examined by Gram stain. Finally, the strain was re-
inoculated into 5 mL of MRS liquid medium, and after 24
h of incubation at 37°C, the DNA of the LAB was extracted
(Beijing Tianjin Biotechnology Co., Ltd., Beijing, China).
The 16S ribosomal DNA (rDNA) gene from the LAB strain
was amplified by PCR (upstream primer: 27F (5'-AGA GTT
TGA TCC TGG CTC AG-3'); downstream primer: 1495R
(5'-CTA CGG CTA CCTTGT TAC GA-3')). The size range
of the MW ladder (Thermo Fisher Scientific, Waltham,
USA) used was 14.4 to 116 kDa, and agarose gel electro-
phoresis was used to detect the product. The 16S rDNA
method was used to successfully sequence the PCR products
detected, and NCBI’s BLAST (Basic Local Alignment
Search Tool) was used to compare and analyze the

20
sequences. ¢

Determination of LAB Tolerance to 0.3%

Bile Salts

For preparation of 0.3% bile salts MRS-THIO culture
medium, porcine bile salts and 0.2% sodium thioglycollate
MRS broth were added to MRS-THIO culture medium,
and then sterilized at 121°C for 15 min. The sample group
received MRS-THIO culture medium with 0.3% bile salts,
the control group received MRS-THIO culture medium
without bile salts (0.0%), and the blank group received

MRS-THIO culture medium without LAB. Next, 5 mL of
2% (v/v) activated strain was inoculated into the sample
group and the control group media, respectively. After
culturing for 24 hours at 37°C, the ODgg9 nm values of
the three groups were determined, and the bile salt toler-
ance (%) of the strain was calculated according to the
formula: bile salt tolerance (%)=(ODgoy of the sample
group-ODgoo of the blank group)/(ODgg of the control
group-ODyq, of the blank group)x100.%!

Determination of the LAB Tolerance to

Artificial Gastric Juice

The artificial gastric juice was prepared with 0.2% NaCl
and 0.35% pepsin. Then, the pH was adjusted to 3.0 with 1
M HCI, sterile-filtered with a 0.22-pm filter membrane,
and set aside. To isolate the bacteria, 5 mL of bacteria-
containing medium was centrifuged at 3000 rpm for 10
minutes. The supernatant was discarded, and then, 5 mL of
sterile normal saline was added and evenly mixed with the
LAB. Next, 1 mL bacterial suspension was added to 9 mL
pH 3.0 artificial gastric juice, mixed evenly, and then,
1 mL of the mixture was treated for 0 h as an artificial
gastric juice sample and the remaining mixture was main-
tained at 37°C and 150 rpm for 3 h in a water bath shaker.
The 0 and 3 h samples were sequentially diluted 10 times
and then cultured at 37°C for 48 h by spreading on agar
plates. The appropriate gradient was selected to determine
the survival rate according to the formula: survival rate
(%)=(3 h viable count)/(0 h viable count)x100.%

Detection of DPPH Radical Scavenging
Ability of LAB

To measure the ability of LAB to scavenge DPPH radi-
cals, 0.2 mM DPPH solution was prepared with absolute
ethanol. Next, 1 mL of the sample to be tested was added
to 1 mL 0.2 mM DPPH solution, thoroughly mixed,
incubated in the dark for 30 min at room temperature,
and then centrifuged at 6000 rpm for 10 min. The super-
natant was removed for the determination of absorbance
at the wavelength of 517 nm, namely A,;. The DPPH
solution was replaced with absolute ethanol to measure
the absorbance value, namely A,. The sample solution
was replaced with sterile distilled water to measure the
absorbance value, namely A;. The DPPH clearance was
determined according to the formula: DPPH clearance
(%)=(1-(A1-A5)/A3)x100.7
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The Culture and Preparation Conditions

for the in vivo Assay of LAB Strains

L. fermentum XY 18 (LF-XY18) was preserved in the China
General Microbiological Culture Collection (CGMCC No.
16279, Beijing, China). After two generations of activation
of the LF-XY18 strain previously frozen at —=80°C, 100 uL of
culture medium containing the second-generation activated
LF-XY18 strain was placed in 10 mL of MRS medium and
cultured at 37°C for 24 hours. Then, the supernatant of the
MRS medium was removed and added to 10 mL of normal
saline in a centrifuge tube containing LF-XY18 at the bottom,
shaken well, centrifuged at 4000 rpm for 10 min, and then, the
bacteria were repeatedly washed using this protocol. Finally,
5 mL normal saline was added, and the bacterial suspension
was ready to be used after shaking as a gavage for mice.

Establishment of Acute Gastric Injury in
Mice

Under the condition of moving, drinking, and eating freely,
6-week-old, male, 23-25 g Kunming mice, which were pur-
chased from the Experimental Animal Center of Chongqing
Medical University (Chongqing, China), were maintained in
laboratory mouse cages for 1 week and then divided into 5
groups at random, each with 10 mice. The groups were normal,
gastric injury model, ranitidine, LF-XY18-L, and LF-XY'18
-H. The normal and control mice received intragastric doses of
0.1 mL/10 g body weight (b.w.) of distilled water daily, and the
mice in the ranitidine group received intragastric doses of
30 mg/kg b.w. of ranitidine solution daily. The LF-XY18-L
and LF-XY 18-H mice were gavaged with 1.0 x 10®* CFU/kg b.
w. and 1.0 x 10° CFU/kg b.w. of L. fermentum liquid, respec-
tively. After 14 days of gavage, all mice were fasted for 24
h but were permitted to drink and move freely. Except for the
normal mice, after fasting, the mice in the other groups were
treated with a stomach damage inducer (0.1 mL HCl/ethanol/
10 g bw, 60% in 150 mM HCl) administered
intragastrically.'* The normal group receive an equivalent
amount of distilled water. After 0.5 h, the mice were killed with
CO,. Retro-orbital sinus blood collection was immediately
performed, and the gastric tissue was then dissected. Finally,
mouse serum (obtained by centrifugation of blood at 4000 rpm
for 10 min), gastric juice, and stomach tissue were measured
and examined. The protocol for these experiments was
Ethics
Collaborative Innovation Center for Functional Food
(202001029B), Chongqing, China, and the guidelines fol-
lowed for the welfare of the laboratory animals was GB/T

approved by the Committee of Chongqing

358922018 Laboratory Animal Guidelines for Ethical
Review of Animal Welfare.?*

Observation of the Degree of Gastric
Injury

A 10-mL graduated cylinder and pH test paper were used to
determine the gastric fluid volume and the gastric juice pH,
respectively. Then, the entire stomach of each mouse was
fixed in 10 mL of 1% formalin tissue fixative for 10 min. The
entire stomach was then cut along the great curvature of the
stomach, rinsed with cold physiological saline, and spread
out and flattened. The morphology and degree of damage to
the stomach were photographed. ImagelJ v1.44 software and
Equation 1 were used to measure the area of stomach injury
(mm?).* Finally, using 1% formalin as a tissue fixative,
a piece of mung bean-sized stomach tissue was cut to pre-
pare and observe pathological stomach sections. The gastric
injury inhibitory rate (%)=(1-gastric injury area of sample
treated mice/gastric injury area of injury group mice)x100.

Histopathological Observation of the

Stomach

After fixing the stomach tissue with 10% formalin solution
for 48 h, the stomach tissue was dehydrated with 95%
ethanol for 24 h, and then, hematoxylin and eosin (H&E)
slices were prepared through a series of waxing, embedding,
slicing, dewaxing, dyeing, dehydration, and sealing. Finally,
the morphology of the stomach tissue was observed using
a light microscope (BX43, Olympus, Tokyo, Japan). Ulcer
and inflammation scores were used to observe the histo-
pathology of the stomach. The specific method, with appro-
priate modifications, was based on the study of Cheng et al.*®

Determination of Motilin (MOT),
Somatostatin (SS), Substance P (SP), and
Vasoactive Intestinal Peptide (VIP) Levels

in Serum

Using an enzyme-linked immunosorbent assay (ELISA)
kit (Nanjing Jiancheng Bioengineering Institute, Nanjing
City, China), the MOT, SS, SP, and VIP serum levels were
tested according to the instructions provided with the kit.

Determination of Cytokine Levels in

Serum
The serum levels of cytokines (interleukin (IL)-6, IL-12,
tumor necrosis factor (TNF)-a, and interferon (IFN)-y)
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were detected using an ELISA kit (Abcam, Cambridge,
MA, USA) according to the instructions provided with
the kit.

Determination of Superoxide Dismutase
(SOD), Glutathione Peroxidase
(GSH-Px), Glutathione (GSH), Nitric
Oxide (NO), and Malondialdehyde

(MDA) Activity in Stomach Tissue

The activity of SOD, GSH-Px, GSH, NO, and MDA in
stomach tissue was determined using a biochemical kit
(Nanjing Jiancheng Bioengineering Institute, Nanjing,
China).

Determination of Related mRNA

Expression in Stomach Tissue

For the total RNA extraction, 100 mg of gastric tissue was
placed in a homogenization tube with 1 mL of TRIzol
reagent (Invitrogen, Carlsbad, CA, USA). After homogeni-
zation, 200 pL of chloroform (Chongqing Xinjian Chemical
Reagents Co., Ltd., Chongqing, China) was added to the
tissue homogenate, and then it was incubated at 4°C for 5
min. At the same temperature, centrifugation was performed
at 14,000 rpm for 15 min. The supernatant was then centri-
fuged, and isopropanol (Chongging Xinjian Chemical
Reagent Co., Ltd., Chongqging, China) of equal volume
was added. After centrifugation under the same conditions,
the yellow-white precipitate in the lower layer was the total
RNA extracted from the stomach tissue. It was then diluted
to 1 pg/ul. Using the total RNA as a template, complemen-
tary DNA (cDNA) derived from reverse transcription was
mixed by centrifugation with 10 pL. Master Mix, 1.0 pL
upstream primer, 1.0 uL downstream primer, 1.0 uL cDNA
template, and 7.0 pL sterile ultrapure water (purified in-
house). Finally, an automatic thermocycler (QuantStudio 6
Flex Real-Time PCR; Life Technologies, Gaithersburg, MD,
USA) was used to perform qPCR for 40 cycles at 95°C for
15 min, 60°C for 1 h, and 95°C for 15 min. GAPDH was
chosen as an internal reference, and the relative expression
level for each gene was calculated by the 2T method.?
In Table 1, the related gene primer sequences are shown.

Statistical Analysis

SPSS Statistics 19 software (SPSS Inc., Chicago, IL,
USA) was used to perform one-way analysis of variance
(ANOVA) and Student-Newman-Keuls test (S-N-K)

Table | Sequences of Primers Used in the qPCR Assay

Gene Name | Sequence
Occludin Forward: 5'-TAAGAGCTTACAGGCAGAACTAG-3’
Reverse: 5'-CTGTCATAATCTCCCACCATC-3’
EGF Forward: 5'-GCCAAGCTCAGAAGGCTAC-3’
Reverse: 5'-CAGGCCAGCCTCGTCTCAT-3’
EGFR Forward: 5'-CAGAAGCCATCTCTGACTCCC-3’
Reverse: 5'-GTCCAGTGGTCAACAAGGTG-3’
VEGF Forward: 5'-TGTCTATCAAGGGAGTGTGTGC-3’
Reverse: 5'-TGGAGTATTTCCGTGACCG-3'
NF-xB Forward: 5'-CATGTCTCACTCCACAGCT-3’
Reverse: 5'-CCGGAGAGACCATTGGGA-3’
IxBa Forward: 5-GCTGAAGAAGGAGCGGCTACT-3’
Reverse: 5-TCGTACTCCTCGTCTTTCATGGA-3’
nNOS Forward: 5'-GAGAGGATTCTGAAGATGAGGG-3’
Reverse: 5-TTGCTAATGAGGGAGTTGTTC-3’
eNOS Forward: 5-TGTTTGTCTGCGGCGATGT-3’
Reverse: 5-GGGTGCGTATGCGGCTTGTC-3’
iNOS Forward: 5'-CATTGGAAGTGAAGCGTTTCG-3’
Reverse: 5'-CACAGAACTGAGGGTACA-3’
COX-2 Forward: 5'-TTAAAATGAGATTGTCCGAA-3’
Reverse: 5'-AGATCACCTCTGCCTGAGTA-3’
Cu/Zn-SOD Forward: 5'-GAAGAGAGGCATGTTGGAGA-3’
Reverse: 5'-CCAATTACACCACGAGCCAA-3’
Mn-SOD Forward: 5'-TTCAATAAGGAGCAGGGAC-3’
Reverse: 5'-CAGTGTAAGGCTGACGGTTT-3’
CAT Forward: 5'-AGATACTCCAAGGCGAAGGTG-3’
Reverse: 5-AAAGCCACGAGGGTCACGAAC-3’
GAPDH Forward: 5'-ATGGGTGTGAACCACGAGA-3’
Reverse: 5'-CAGGGATGATGTTCTGGGCA-3’

multiple range tests for all data. The results are expressed
as the mean = standard deviation, with P < 0.05 indicating
a statistical difference. The graphics were drawn using
Origin 8.0 software (MicroCal Software, Northampton,
MA, USA).

Results
Isolation and ldentification of LF-XY |8

The vast majority of the colonies were round and white or
milky white with regular edges and moist, smooth surfaces
(Figure 1A). Gram staining was used to preliminarily
identify the LAB. Under the microscope at 100x oil
immersion, the observed cell morphologies of the strain
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Figure | (A) Colony morphology, (B) Gram staining result, and (C) 16S rDNA agarose gel electrophoresis of PCR-amplified product of Lactobacillus fermentum XY 18.
Note: M, 2000 bp DNA ladder; 0: negative gastric injury model group; I: Lactobacillus fermentum XY 18.

were long and short rods. Importantly, no bud propagation
was detected (Figure 1B), and therefore, it was determined
that the isolated strain was a Gram-positive bacillus.
Agarose gel electrophoresis was used to detect the 16S
rDNA amplification products of this strain (Figure 1C).
Sterile ultrapure water was used as the negative control.
There were no bands in lane 0, which indicated that there
was no contamination in the PCR amplification process.
The specific amplified fragment length of the band in lane
1 was consistent with the expectation, approximately 1500
bp. The 16S rDNA method was used to examine the
sequence, and the BLAST program was used for compar-
ison and analysis. The results showed that the strain exhib-
ited  99.93%
fermentum  (Limosilactobacillus  fermentum) in the
GenBank database (GenBank No. CP034193.1).
Therefore, it pertained to Lactobacillus fermentum and

homology with known Lactobacillus

was named L. fermentum XY18.

Resistance of LAB to Bile Salts, Artificial

Gastric Juice, and DPPH Free Radical
Figure 2 shows that the survival rates of LF-XY 18 in 0.3%
bile salts and pH 3.0 artificial gastric juice were 15.90%

and 74.79%, respectively. The DPPH free radical

scavenging rates of LF-XY18 complete cells and non-
cell extracts were 34.92% and 31.52%, respectively. The
above experimental results indicated that LF-XY18 was
strongly tolerant of bile salts and gastric acid, and because
it also showed strong in vitro antioxidant properties, it has
the potential to be used as a probiotic strain.

Volume and pH of Gastric Juice

As seen in Table 2, the mice in the gastric injury model
group produced the largest gastric juice volume (0.42 mL)
and the lowest gastric juice pH (1.57) (P < 0.05).
However, these 2 indexes exhibited the opposite tendency
in normal mice compared with the control mice (P < 0.05).
Compared with the gastric injury model group, LF-XY18
effectively prevented the increase in gastric juice volume
and the decrease in gastric juice pH. In addition, the effect
of LF-XY18-H was similar to that of ranitidine and sig-
nificantly better than that of LF-XY18-L (P < 0.05).

Observation of Gastric Morphology

Figure 3 and Table 3 show that the normal mice had ruddy,
smooth gastric mucosa without any signs of injury. The
surface of the gastric mucosa showed the largest area of
black hemorrhagic injury in the gastric injury model group
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Figure 2 Resistance of LAB to bile salts, artificial gastric juice, and the DPPH free
radical. (A) Survival rate in 0.3% bile salt. (B) Survival rate in artificial gastric juice at
pH 3.0. (C) DPPH free radical scavenging rates for complete cells. (D) DPPH free
radical scavenging rates for non-cell extracts.

mice, who were not subject to any preventive measures
(0.47 + 0.07 cm®) (P < 0.05). Except for the ranitidine
group, the gastric injury inhibition rate of the LF-XY 18-H
group was closest to that of the normal group, which was
61.0 £ 6.01% (0.18 = 0.03 cm? of the gastric injury area)
(P < 0.05). In summary, LF-XY18 effectively inhibited
gastric injury in mice, and there was a relationship
between its preventive effect and its concentration.

Histopathology of Stomach Tissue

The cells in the stomach tissue of the normal mice (score:
0.00 + 0.00) were tightly arranged without becoming dis-
lodged, the structures were relatively complete, and the
stomach glands were clearly visible (Figure 4). In the gas-
tric injury model group mice (score: 10.5 + 1.08), the cells
in the stomach tissue were very disorderly, and severe
shedding occurred. Additionally, there was inflammatory

Table 2 Gastric Secretion Volume and pH in Mice Gastric Juice
(n=10)

Group Gastric juice volume | pH of Gastric
(mL) Juice

Normal 0.14 + 0.06¢ 3.42 +0.37°

Gastric injury model | 0.42 £ 0.12° 1.57 + 0.15°

Ranitidine 0.24 + 0.07° 3.08 £ 0.16°

LF-XY18-L 0.34 + 0.08° 221 £0.19

LF-XY18-H 0.28 + 0.08™ 2.86 + 0.18°

Notes: ““Mean values with different letters in the same column are significantly different
(P < 0.05) according to S-N-K multiple-range test. Ranitidine group: 30 mg kg ' bw.
ranitidine treatment dose; LF-XY 18-L group: 1.0 x 108 CFU/kg b.w. LF-XY 18 treatment
dose; and LF-XY18-H group: 1.0 x 10° CFU/kg b.w. LF-XY |8 treatment dose.

cell infiltration, the submucosal blood vessels were hypere-
mic with symptoms of edema, and large-area focal ulcers
were noted in the gastric mucosa. The mice in the ranitidine
group (score: 1.90 + 0.57) exhibited only slight tissue
damage, and the cell arrangement and structural integrity
were similar to those of the normal mice. Importantly, LF-
XY 18-H (score: 2.60 £+ 0.70) exhibited a preventative effect
on gastric damage that was comparable to ranitidine; the
gastric tissue cells were tightly arranged and slightly loose,
there were no obvious symptoms of hyperemia or edema in
submucosal blood vessels, and the gland structure was
relatively complete. Under the preventive effect of LF-
XY18-L (score: 6.40 + 0.84), gastric tissue cells were
loosely arranged, focal ulcers appeared, submucosal blood
vessels were dilated and edematous, and inflammatory cell
infiltration was noted. Therefore, it was observed that LF-
XY 18-H effectively prevented gastric injury in mice.

MOT, SS, SP, and VIP Levels in Serum
Table 4 shows that the mice in the gastric injury model
group had the highest MOT and SP serum levels (137.27
png/L and 146.11 ug/L, respectively), while the SS and VIP
serum levels were the lowest (45.73 pg/L and 39.04 pg/L,
respectively) (P < 0.05). The preventive treatment of rani-
tidine and LF-XY 18-H significantly lessened the MOT and
SP serum levels in the mice and increased the levels of SS
and VIP (P < 0.05). In addition, the MOT, SS, SP, and VIP
levels of these 2 treatment groups were similar to those of
the normal group. The preventive treatment of LF-XY 18-L
also decreased the MOT and SP
increased the SS and VIP serum levels, but its effect was
far less than that of LF-XY18-H.

serum levels and

Cytokine Levels in Serum

The lowest IL-6, IL-12, TNF-0, and IFN-y serum levels
were measured in the normal mice, while these serum
cytokine levels in the gastric injury model group mice
were the highest (Table 5). After the preventive treatment,
compared with the gastric injury model group mice, there
were different degrees of reduction in the IL-6, IL-12,
TNF-0, and IFN-y serum levels in each treatment group.
According to the treatment effects, they were arranged
from strong to weak as follows: ranitidine > LF-XY18-H
> LF-XY18-L. Therefore, LF-XY18-H strongly inhibited
the increase in IL-6, IL-12, TNF-0, and IFN-y serum
levels, with values of 81.13 pg/mL, 418.30 pg/mL, 71.26
pg/mL, and 62.95 pg/mL, respectively (P < 0.05).
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Figure 3 Gastric morphology of studied mice. Ranitidine group: 30 mg kg ™' b.w. ranitidine treatment dose; LF-XY 8-L group: 1.0x10® CFU/kg b.w. LF-XY 8 treatment

dose; and LF-XY 18-H group: 1.0x10° CFU/kg b.w. LF-XY I8 treatment dose.

SOD, GSH-Px, GSH, NO, and MDA

Activity in Gastric Tissue

The gastric tissue of the normal mice exhibited the highest
SOD, GSH-Px, GSH, and NO activity, at 218.35 U/mg prot,
241.32 U/mg prot, 7.49 mg/g prot, and 11.85 mmol/g prot,
respectively, and the lowest MDA activity, at 3.45 nmol/mg
prot (P < 0.05) (Table 6). The activities of SOD, GSH-Px,
GSH, and NO in the gastric tissues of mice treated with LF-
XY18-H were higher than those in the LF-XY 18-L and gastric
injury model group mice, and they was similar to those in the
ranitidine mice. However, the opposite trend was observed for
MDA activity (P < 0.05). LF-XY18-H more effectively

Table 3 Gastric Morphology of Mice (n = 10)

Group Gastric Injury
Gastric Injury Area Inhibitory Rate
(em?) (%)
Normal 0.0 £ 0.0° 100 + 0.0°
Gastric injury model | 0.47 £ 0.07° 0.0 + 0.0°
Ranitidine 0.08 * 0.04¢ 822+ 7.55°
LF-XY18-L 0.33 £ 0.04° 30.9 + 8.13¢
LF-XY18-H 0.18 £ 0.03¢ 61.0 £ 6.01°

Notes: “°Mean values with different letters in the same column are significantly different
(P < 0.05) according to S-N-K multiple-range test. Ranitidine group: 30 mg kg ' bw.
ranitidine treatment dose; LF-XY 18-L group: 1.0 x 108 CFU/kg b.w. LF-XY I8 treatment
dose; and LF-XY 18-H group: 1.0 x 10° CFU/kg b.w. LF-XY 18 treatment dose.

increased the activities of SOD, GSH-Px, GSH, and NO, and
decreased MDA activity in the gastric tissue of mice so as to
be similar to those of normal mice.

Occludin, EGF, EGFR, and VEGF mRNA

Expression in Gastric Tissue

The gastric tissue of the gastric injury model group mice had
the weakest occludin, epidermal growth factor (EGF), EGF
receptor (EGFR), and vascular EGF (VEGF) mRNA expres-
sion intensities (Figure 5A) (P < 0.05). After the effects of
ranitidine and LF-XY18, the mRNA expression of occludin,
EGF, EGFR, and VEGF in the treatment-of-gastric-injury
mice were markedly enhanced (P < 0.05), with the preventive
effect of ranitidine (3.33, 5.26, 3.20, and 2.55 fold greater than
that of the control) altering the mRNA expression of occludin,
EGF, EGFR, and VEGF in mice with gastric injury so that it
was similar to that of normal mice (3.96, 6.45, 3.94, and 2.88
fold of the control) (P < 0.05). The effect of LF-XY18-H
(2.87, 4.15, 2.86, and 2.07 fold of the control) was stronger
than that of LF-XY18-L (1.46, 2.61, 1.63, and 1.46 fold of the
control), and its effect was similar to that of ranitidine.

NF-kB and IkBa mRNA Expression in

Gastric Tissue
As shown in Figure 5B, the gastric tissue of normal mice
(0.12 and 2.78 fold of the control) exhibited the lowest
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Figure 4 H&E pathological observation of mouse gastric injury induced by HCl/ethanol. Magnification 40x and 400x%. The black arrows in the figure indicate the degree of
focal ulcers, edema, and the degree of cell looseness in the gastric mucosa. a—d denote values with different letters in the same column that are significantly different (P <
0.05) according to the S-N-K multiple-range test. Ranitidine group: 30 mg kg ' b.w. ranitidine treatment dose; LF-XY 18-L group: 1.0x10® CFU/kg b.w. LF-XY 18 treatment

dose; and LF-XY18-H group: 1.0x10° CFU/kg b.w. LF-XY I8 treatment dose.

mRNA expression of activated B cells (NF-kB) and the
highest inhibitor kappa-B-a (IkBa) mRNA expression.
However, the mRNA expression of NF-kB and IkBa in

Table 4 Serum Levels of MOT, SS, SP and VIP in Mice (n = 10)

the gastric tissue of the gastric injury model group mice
was the opposite (P < 0.05). Under the preventive effect of
ranitidine (0.28 and 2.21 fold of the control), the mRNA

Serum Level MOT (ug/L) SS (ug/L) SP (pg/L) VIP (ug/L)
Normal 49.90 + 3.84° 125.68 + 10.74° 65.72 + 3.29° 104.47 + 10.36°
Gastric injury model 137.27 + 12.72° 4573 + 4.02¢ 146.11 + 8.33° 39.04 + 3.46°
Ranitidine 61.42 + 3.67¢ 119.08 + 12.66° 84.45 + 5.349 89.73 + 8.17°
LF-XY18-L 112.53 + 8.48° 76.56 + 3.26° 125.20 + 9.80° 63.40 + 5.00¢
LF-XY18-H 79.23 + 3.37° 98.81 + 6.46° 106.58 + 4.93¢ 7851 + 6.53¢

Notes: “*Mean values with different letters in the same column are significantly different (P < 0.05) according to S-N-K multiple-range test. Ranitidine group: 30 mg kg™' b.
w. ranitidine treatment dose; LF-XYI8-L group: 1.0 x 108 CFU/kg b.w. LF-XY I8 treatment dose; and LF-XY18-H group: 1.0 x 10° CFU/kg b.w. LF-XY18 treatment dose.

Table 5 Serum Cytokine IL-6, IL-12, TNF-o and IFN-y Levels in Mice (n = 10)

Serum Level

IL-6 (pg/mL)

IL-12 (pg/mL)

TNF-o (pg/mL)

IFN-y (pg/mL)

Normal

Gastric injury model
Ranitidine
LF-XY18-L
LF-XY18-H

44.10 + 3.78°
137.43 + 9.45°
6891 £ 3.03¢
125.48 + 11.94°
81.13 £57I°

232.62 + 10.93°
822.63 + 21.86°
266.41 + 8.73¢
590.74 + 12.85°
41830 + 17.07°

41.69 +251°
136.22 + 11.85°
54.81 + 6.80°
104.53 + 6.23°
7126 + 6.01°

36.20 + 4.37°
123.89 + 9.62°
47.85 + 3.93¢
96.40 + 6.51°
62.95 + 7.89°

Notes: “°Mean values with different letters in the same column are significantly different (P < 0.05) according to S-N-K multiple-range test. Ranitidine group: 30 mg kg™' b.
w. ranitidine treatment dose; LF-XY I8-L group: 1.0 x 10% CFU/kg b.w. LF-XY 18 treatment dose; and LF-XY 18-H group: 1.0 x 10° CFU/kg b.w. LF-XY 8 treatment dose.
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Table 6 Gastric-Tissue Activities of SOD, GSH-Px, GSH, NO and MDA in Mice (n = 10)

Group SOD (U/mgprot) | GSH-Px (U/mgprot) | GSH (mg/gprot) | NO (mmol/gprot) | MDA (nmol/mgprot)
Normal 21835 + 15.23° 241.32 + 16.06° 7.49 + 0.81° 11.85 + 0.85° 3.45 + 0.38°
Gastric injury model | 103.63 + 7.95° 126.27 + 7.46° 1.68 + 0.30° 3.74 + 0.39° 8.8l + 1.13°
Ranitidine 188.79 + 7.47° 217.67 + 10.77° 6.37 + 0.53° 10.47 + 0.79° 428 + 0.62°
LF-XY18-L 135.80 + 13.34¢ 145.59 + 11.55¢ 3.42 + 0.38¢ 5.94 + 0.40¢ 7.16 + 0.28°
LF-XY 18-H 165.50 + 11.54° 182.86 + 11.62° 5.01 + 0.64 9.22 + 0.29° 5.09 + 0.44

Notes: “°Mean values with different letters in the same column are significantly different (P < 0.05) according to S-N-K multiple-range test. Ranitidine group: 30 mg kg ' b.
w. ranitidine treatment dose; LF-XY18-L group: 1.0 x 108 CFU/kg b.w. LF-XY 18 treatment dose; and LF-XY18-H group: 1.0 x 10° CFU/kg b.w. LF-XY 18 treatment dose.

expression of NF-kB and IkBa in the mice with gastric
injury was similar to that of the normal group (P < 0.05).
The mRNA expression of NF-kB decreased with increas-
ing LF-XY'18 concentration, and the mRNA expression of
IxBa increased with increasing LF-XY18 concentration.

nNOS, eNOS, iNOS, and COX-2 mRNA

Expression in Gastric Tissue

The expression of neuronal nitric oxide synthase (nNOS) and
endothelial nitric oxide synthase (eNOS) mRNA (5.47 and
4.79 fold of the control) in the normal mice was significantly
stronger as compared to the other groups, while the mRNA
expression of inducible nitric oxide synthase (iNOS) and
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cyclooxygenase-2 (COX-2) (0.39 and 0.33 fold of the con-
trol) was significantly weaker than in the other groups (P <
0.05) (Figure 5C). The expression of these mRNAs in the
stomach tissue of the gastric injury model group mice
showed an opposite trend as compared to the normal mice
(P < 0.05). LF-XY'18 and ranitidine (4.04, 3.63, 0.53, and
0.49 fold of the control) significantly increased the mRNA
expression of nNOS and eNOS and significantly decreased
the mRNA expression of iNOS and COX-2 (P < 0.05).
Importantly, the mRNA expression of nNOS, eNOS, iNOS,
and COX-2 in the gastric tissue of the LF-XY18-H (3.54,
2.42,0.61, and 0.62 fold of the control) and ranitidine groups
was similar to that in the normal group (P < 0.05).
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Figure 5 mRNA expression in mouse gastric tissue with HCl/ethanol-induced gastric injury. (A) Occludin, EGF, EGFR, and VEGF; (B) NF-kB and IkBa; (C) nNOS, eNOS,
iNOS, and COX-2; (D) Cu/Zn-SOD, Mn-SOD, and CAT. a—e denote mean values with different letters in the same column that are significantly different (P < 0.05) according
to the S-N-K multiple-range test. Ranitidine group: 30 mg kg ' b.w. ranitidine treatment dose; LF-XY 18-L group: 1.0 % 108 CFU/kg b.w. LF-XY I8 treatment dose; and LF-

XY 18-H group: 1.0x 10° CFU/kg b.w. LF-XY18 treatment dose.
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Cu/Zn-SOD, Mn-SOD, and CAT mRNA

Expression in Gastric Tissue

As shown in Figure 5D, the mRNA expression of cupro-
zinc superoxide dismutase (Cu/Zn-SOD), manganese
superoxide dismutase (Mn-SOD), and catalase (CAT) in
mice of the gastric injury treatment groups was lower than
that in the normal group (4.91, 4.73, and 5.19 fold of the
control) and higher than that in the gastric injury model
group mice (P < 0.05). In particular, ranitidine (4.38, 4.01,
and 4.38 fold of the control) and LF-XY18-H (3.99, 3.30,
and 3.70 fold of the control) were more effective than LF-
XY18-L (2.54, 2.18, and 2.04 fold of the control) in
promoting the mRNA expression of Cu/Zn-SOD, Mn-
SOD, and CAT (P < 0.05).

Discussion

Our research showed that ethanol and HCl can easily
induce acute and chronic gastric injury models, and then,
we evaluated the potential efficacy of drugs for the pre-
vention and treatment of acute and chronic gastric
injury.”>*” Our team owns the independent intellectual
property rights to Lactobacillus fermentum XY18 (LF-
XY18). This study first proposed that LF-XY18 could
effectively prevent HCl/ethanol-induced acute gastric
injury. The international standard limits the concentration
of LAB in Lactobacillus beverages to 10’ CFU kg, while
the concentration of Lactobacillus used in living mouse
models is generally 10° CFU mL™"*® When the concen-
tration of Lactobacillus plantarum KSFY06 is 1.0x10°
CFU kg ' b.w., it can more optimally prevent acute gastric
injury in mice."* The present study selected 1.0x10®
CFU kg ' b.w. and 1.0x10° CFU kg ' b.w. as the study
concentrations of LF-XY18.

The treatment of acute gastric mucosal inflammatory
injury mainly focuses on 2 aspects: (i) to inhibit gastric
acid secretion and (ii) to enhance the resistance of the
gastric mucosa. In the acute gastric injury model with
HCl/ethanol as an inducer, Na" is pumped out and K" is
pumped in, thereby reducing the blood flow of the gastric
mucosa, increasing gastric acid secretion, and reducing the
gastric juice pH, thus exacerbating gastric mucosal
injury.?®> Consistent with the results of this study, acute
gastric injury can produce focal ulcers in the gastric
mucosa, leading to symptoms such as hemorrhage of the
blood vessels with edema and cell scattering.?’ In this
study, LF-XY18 decreased the amount of gastric juice
secretion, prevented the decrease in the gastric juice pH

value, and ameliorated the symptoms of hyperemia or
edema in the submucosal blood vessels. Overall,
a stronger effect was observed by LF-XY18-H as com-
pared to LF-XY18-L.

MOT and SP are both gastrointestinal hormones. After
being stimulated by various factors, the secretion of MOT
and SP increases, leading to increased gastric acid secre-
tion and decreased gastric acid pH, which aggravates the
severity of acute gastric mucosal injury.*® Acute stomach
injury caused by alcohol reduces SS and VIP levels in -
vivo.! In addition, reducing MOT and SP levels and
increasing SS and VIP levels can effectively treat gastric
injury, gastritis, and gastric ulcers.*? The results of this
study showed that LF-XY18 reduced MOT and SP levels
and increased SS and VIP levels. In addition, these effects
by LF-XY18-H are more effective than LF-XY18-L in
preventing and treating acute gastric injury.

Unrestrained consumption of alcohol can activate the
body’s immune system, causing great fluctuation in the
serum levels of pro-inflammatory cytokines such as IL-6,
interleukin-1B, and IFN-y.>® Gastric lesions continue to
deteriorate in an inflammatory environment, which is clo-
sely related to the production of inflammatory mediators.>*
LAB can inhibit the rise of TNF-o and IFN-y and increase
the serum concentration of secretory immunoglobulin A,
which is beneficial for alleviating gastric injury.”> TNF-a
is a multidirectional functional pro-inflammatory cytokine
that activates related pro-inflammatory cytokines, such as
IL-6, which all promote the inflammatory response pro-
cess. IL-12 can affect the immune system, and its serum
level is positively correlated with the degree of inflamma-
tion in gastric tissue.”® In addition, both IL-12 and IFN-y
are pro-inflammatory cytokines, and the two are closely
related.’” IFN-y can weaken the body’s antiviral effect on
non-target cell damage, while TNF-o participates in and
promotes the inflammation and damage response in vivo.'”
Compared with LF-XY18-L, LF-XY18-H more strongly
inhibited the increase in IL-6, IL-12, TNF-a, and IFN-y
levels.

An important inducement of gastric mucosal injury is
oxidative stress caused by external stimulation.®® There
are enzymatic and non-enzymatic antioxidant defense sys-
tems in the body, including SOD, GSH, and GSH-Px,
which scavenge superoxide, hydrogen peroxide, and
thus
tissues.”> SOD is the main enzyme that removes free

hydroxyl, reducing the oxidative damage of

radicals in the body due to its antioxidant and anti-

inflammatory  properties and other physiological
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activities.>® GSH and NO can react with lipid peroxides to
reduce tissue oxidative damage and gastric ulcer forma-
tion, and they can also accelerate the healing of gastric
ulcers.*® However, MDA activity is often used to measure
the degree of lipid peroxidation, mainly because it is the
final product of lipid oxidation.*" In this study, compared
with the gastric injury model group, LF-XY18 increased
SOD, GSH-Px, GSH, and NO activities while reducing
MDA activity, thus inhibiting gastric injury through anti-
oxidant effects.

Occludin is distributed in the epithelium of the gastric
mucosa, and the decrease in its expression increases the
permeability of the gastric mucosa, further aggravating the
oxidative damage to the gastric mucosa resulting from
alcohol, drugs, and other external factors.*? EGF is an
antioxidant in the body that can stabilize mast cells, and
LAB can enhance the mRNA expression of EGF, which in
turn promotes the repair and regrowth of damaged cells in
the gastric mucosa.*> EGFR located on the cell membrane
surface can be activated by the binding of ligands (includ-
ing EGF and TGF-a). Then, after EGFR binds to the cell
membrane, EGF can exert an antioxidant effect on target
cells, thus alleviating gastric injury.** Similar to EGF,
VEGF is a small peptide in the body. Enhanced EGFR
expression can promote VEGF and angioprotein 1 expres-
sion, thus promoting the formation of blood vessels.*> The
anti-inflammatory effect of LF-XY18 can increase the
occludin, EGFR, and VEGF expression compared with
the gastric injury model group and effectively alleviate
gastric injury.

NF-kB, which is a transcription factor that can regulate
the expression of genes related to oxidative stress, inflam-
mation, and anti-apoptosis, is widely present in various
cells.*® The combination of NF-kB and IxBa is relatively
stable under normal conditions, but when the body is
affected by external factors, the activated NF-«xB is iso-
lated from the phosphorylated IkBa and binds to specific k
gene sites, thus enhancing the expression of inflammatory
factors and inflammatory mediator genes.*’ Activation of
the NF-kB pathway may be the main cause of gastric
mucosal damage.*® In the current study, LF-XY18
decreased NF-kB expression and increased IxBo expres-
sion, thereby playing an antioxidant and inflammatory role
to prevent and alleviate gastric injury.

NO is synthesized by the catalysis of NOS, of which
there are 2 types: (i) constitutive NOS (¢cNOS, including
nNOS and eNOS) and (ii) iNOS. NO from ¢cNOS has certain
preventive and alleviating effects on gastric injury. Reducing

the expression of nNOS and increasing iNOS will worsen
the degree of gastric tissue damage.*” NO synthesized by
eNOS can reduce gastric acid volume, enhance the protec-
tive barrier function of gastric mucosa, increase the repair of
epithelial tissue cells, participate in and promote the regen-
eration of blood vessels, and accelerate the blood flow of the
gastric mucosa.’® COX-2 is a typical pro-inflammatory med-
iator in gastric injury, and it is also the inducible subtype of
COX.?® Increasing the expression of iNOS can activate the
gene expression of COX-2, thereby aggravating the degree
of inflammation of stomach injury.>" This study showed that
LF-XY18 protected the gastric mucosa by regulating NOS
and COX-2 expression in gastric tissue.

In addition, increased levels of active oxygen in the
body exacerbate the degree of alcohol-induced gastric
damage. There are two isomers of SOD: Cu/Zn-SOD and
Mn-SOD. Both are free radical scavengers. Cu/Zn-SOD is
mainly active in the cytoplasm, while Mn-SOD is mainly
distributed in the mitochondria of cells, with both having
the function of protecting tissue cells from oxidative
damage.’” Maintaining normal Cu/Zn-SOD and Mn-SOD
levels in the body could efficaciously inhibit the spread of
gastric lesions.>® As an antioxidant enzyme, CAT has the
function of removing hydrogen peroxide in the body and
can play a role in resisting the gastric lesions caused by
alcohol-induced oxidative stress.”> The oxidative damage
to gastric tissues caused by free radicals could be alle-
viated by maintaining the expression of active enzyme
genes such as Cu/Zn-SOD, MN-SOD, and CAT in vivo.!
LF-XY18 demonstrated a satisfactory antioxidant effect
through the expression of these antioxidant-related genes
to prevent alcohol-induced gastric damage, and the higher
the concentration, the stronger the antioxidant effect.

Conclusions

This study explored the preventive and alleviating effects of
L. fermentum XY18 (LF-XY'18) on gastric injury by estab-
lishing an acute gastric injury mouse model induced by HCl/
ethanol and measuring the relevant indexes in the serum and
gastric tissue. The results showed that LF-XY'18 effectively
prevents and relieves acute gastric injury, and the preventive
effects were related to its concentration. That is, the higher
the concentration of LF-XY 18, the stronger the prevention
and relief effects against acute gastric injury. In the gastric
injury mice, LF-XY18 enhanced the defense function of
enzymatic and non-enzymatic antioxidant systems in vivo,
and

inhibited oxidative stress in serum and tissues,

decreased pro-inflammatory cytokine levels and tissue
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oxidative damage. LF-XY 18 thereby restored normal gastric

function in the gastric injury mice. LF-XY 18 can be used to

develop functional foods that will prevent gastric injury and

will provide a theoretical basis for knocking out gastric

injury-related genes to treat gastric injury.
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