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Preventive effect of Lactobacillus plantarum 
HFY09 on HCl/ethanol-induced gastric injury 
in mice
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Abstract 

The aim of this study was to investigate the effect of Lactobacillus plantarum HFY09 on gastric injury induced by HCl/
ethanol in Kunming mice. The results showed that HFY09-H inhibited any increases in gastric juice volume, main-
tained the normal pH value of gastric acid, and reduced the damage caused to the gastric mucosa and gastric wall, 
the inhibition rate on the injury area reaches 63.70%. Compared with the negative control group, HFY09 increased the 
levels of serum somatostatin (SS) and vasoactive intestinal peptide (VIP), and also decreased the levels of substance 
P (SP), endothelin-1 (ET-1), interleukin-6 (IL-6), interleukin-12 (IL-12), tumor necrosis factor-α (TNF-α), and interferon-γ 
(IFN-γ). In addition, real time fluorescent quantitative PCR (Q-PCR) also confirmed that high-dose HFY09  (109 CFU/kg/
day) upregulated the mRNA expression of copper/zinc superoxide dismutase (Cu/Zn-SOD), manganese superoxide 
dismutase (Mn-SOD), catalase (CAT), endothelial nitric oxide synthase (eNOS), and neuronal nitric oxide synthase 
(nNOS), and downregulated the expression of inducible nitric oxide synthase (iNOS) and cyclooxygenase-2 (COX-2). 
At the same time, the results of the HFY09 treatment group were similar to those of the ranitidine treatment group. 
These results indicate that HFY09 can prevent gastric injury induced by HCl/ethanol in vivo. Therefore, HFY09 may 
play a potential role in the treatment of gastric diseases.

Keywords: Lactobacillus plantarum HFY09, Gastric injury, mRNA expression, Mice

© The Author(s) 2020. This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material 
in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material 
is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the 
permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creat iveco 
mmons .org/licen ses/by/4.0/.

Introduction
Gastric injury is an infectious or chemical attack factor 
that breaks down the mucosal defense system, which 
will cause epithelial damage or ulcers in the stomach [1, 
2]. Current research shows that bacteria, drugs, smok-
ing, and alcohol consumption can cause gastric mucosal 
damage. Alcohol is the main component of alcohol. It is 
fat soluble and can produce acetaldehyde, which has a 
strong carcinogenic effect that begins from the time it 

enters the mouth and continues when it enters the blood 
circulation. Although the gastric mucosa can metabolize 
ethanol and acetaldehyde through alcohol dehydrogenase 
and acetaldehyde dehydrogenase, the carcinogenic effect 
of acetaldehyde cannot be underestimated [3]. Therefore, 
alcoholism can cause gastric bleeding, gastric erosion, 
and long-term drinking can cause gastric diseases, can-
cer, alcoholic hepatitis, fatty liver and other alcoholic dis-
eases [3–5]. HCl may also cause gastric mucosal damage, 
and ethanol may reach the mucosa and induce rupture of 
blood vessel wall cells [6].

Probiotics and some new biological drugs have been 
widely studied as new therapies to treat stomach-related 
diseases. There is growing evidence that probiotics are 
beneficial to host health [7]. Numerous studies have con-
firmed that yeast and lactobacillus are the main resident 
microorganisms in the stomach that are beneficial to 
the human body. Among them, yeast is colonized in the 
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gastric secretory area, while lactobacillus is colonized in 
the non-secretory area, and this is regarded as the main 
force that maintains the micro-ecological balance in the 
stomach [8]. Kwon et  al. [9] studied ethanol-induced 
gastritis and liver injury in mouse models and found 
that Lactobacillus plantarum LC27 and Bifidobacterium 
longum LC67 played a significant role in repairing gas-
tritis by stimulating the immune system and fibroblasts. 
Senol et  al. [10, 11] found that rats pretreated with a 
probiotic mixture exhibited significantly reduced acute 
gastric mucosal damage caused by aspirin or ethanol. 
Oliveira et al. [12] showed that animal experiments have 
also confirmed that Lactobacillus reuteri DSM 17938 can 
prevent the gastric damage caused by ethanol.

Lactobacillus plantarum HFY09 is a Lactobacillus that 
was isolated from natural fermented yak yoghurt and 
identified by our research team. In this study, we used a 
solution of hydrochloric acid and ethanol to establish a 
mouse model of chemical gastric injury to study the pre-
ventive effects of Lactobacillus plantarum H0FY9 on gas-
tric injury in mice. The results can provide insight for the 
development of probiotics. However, due to the use of a 
variety of probiotics, the mechanisms governing treat-
ment and gastric-related diseases require further study.

Materials and methods
Laboratory strain
Lactobacillus plantarum HFY09 was stored in the China 
General Microbiological Culture Collection Center 
(CGMCC No. 16633, Beijing, China). HFY09 was iso-
lated from Sichuan yak yoghurt. Lactobacillus delbrueckii 
subspecies Bulgaria (LB; CGMCC No. 1.16075) was used 
as the comparative strain of HFY09.

Mouse model of gastric damage
Sixty Kunming (KM) mice (6 weeks old, male) were ran-
domly divided into 6 groups (n = 10) after adaptive feed-
ing for 1 week. Namely, Normal group, negative control 
group, ranitidine group, Lactobacillus delbrueckii sub-
species Bulgaria group (LB group), low concentration 
HFY09 group (HFY09-L group) and high concentration 
HFY09 group (HFY09-H group). The normal and nega-
tive control groups were intragastrically administered 
saline solution, the ranitidine group was intragastri-
cally administered 50 mg/kg of ranitidine. The HFY09-L 
and HFY09-H mice were intragastrically administered 
1.0 × 108  CFU/kg and 1.0 × 109  CFU/kg HFY09 suspen-
sion, respectively, and LB mice were intragastrically 
administered 1.0 × 109  CFU/kg LB suspension. On the 
first 14  days, the normal group and the negative con-
trol group were provided with free diet and drinking 
water, the ranitidine group was given ranitidine solution, 
the Lactobacillus plantarum HFY09 group was given 

low-and high-dose bacterial suspension, and LB suspen-
sion was administered to the LB group. All groups were 
processed for 14 days.

After the 15th day, the mice were fasted for 24  h and 
were then treated with induction solution HCl/ethanol 
solution (60% ethanol and 40% 150  mmol/L HCl mix-
ture) by gavage. The induced dose was 10 mL/kg [5, 13]. 
Except for the normal group, the other groups were given 
the same dose of HCl/ethanol solution, and the normal 
group was given the same volume of normal saline. Half 
an hour later, mouse blood was obtained and centri-
fuged at 4  °C, 4000 rpm, 10 min. The amount of gastric 
secretion and pH value of the gastric juice were meas-
ured. The area of gastric injury was analyzed by ImageJ 
software, and the inhibition rate of gastric injury was 
calculated: Inhibitory rate of gastric injury (%) = area of 
gastric injury/area of gastric tissue × 100 [14]. The spe-
cific administration method and dosage are shown in 
Table 1. This study was approved by the Ethics Commit-
tee of Chongqing Collaborative Innovation Center for 
Functional Food (KJQN201901619), Chongqing, China.

Mouse serum ET‑1, SP, SS, and VIP level measurement
Serum was collected from the mice and stored at − 80 °C. 
The serum endothelin-1 (ET-1) (ml001965), substance 
P (SP) (ml001885), somatostatin (SS) (ml101826), and 
vasoact iveintestinal peptide (VIP) (ml001911) levels 
were determined according to kit instructions (Shang-
hai Enzyme Linked Biotechnology Co., Ltd, Shanghai, 
China).

Mouse cytokine IL‑6, IL‑12, TNF‑α, and IFN‑γ level 
measurement
The levels of cytokines interleukin-6 (IL-6) (ml002293), 
interleukin-12 (IL-12) (ml037868), tumor necrosis 
factor-α (TNF-α) (ml209800), and interferon-γ (IFN-
γ) (ml22709) in serum were measured according to the 

Table 1 Group of experiment animals

Group 1–14 day 15 day

Normal Physiological saline (10 mL/
kg)

–

Negative control Physiological saline (10 mL/
kg)

HCl/ethanol (10 mL/kg)

Ranitidine Ranitidine (50 mg/kg) HCl/ethanol (10 mL/kg)

LB LB (1.0 × 109 CFU/kg, 10 mL/
kg)

HCl/ethanol (10 mL/kg)

HFY09-H HFY09 (1.0 × 109 CFU/kg, 
10 mL/kg)

HCl/ethanol (10 mL/kg)

HFY09-L HFY09 (1.0 × 108 CFU/kg, 
10 mL/kg)

HCl/ethanol (10 mL/kg)
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corresponding kit instructions (Shanghai Enzyme Linked 
Biotechnology Co., Ltd, Shanghai, China).

Pathological observation of gastric tissue in mouse
One third of the gastric tissues of mice were removed and 
placed in 10% formalin neutral fixative solution for 48 h 
for histopathological analysis. After hematoxylin–eosin 
(HE) staining [15], the histopathological morphology was 
observed.

mRNA expression determination (Q‑PCR assay)
Real time fluorescent quantitative PCR (Q-PCR) is a 
method for measuring the total amount of products 
after each polymerase chain reaction (PCR) cycle using 
fluorescent chemicals in a DNA amplification reaction.
[13, 16]. The objective genes and housekeeper gene were 
all reacted by fluorescence quantitative PCR to obtain 
cycle threshold (CT) values, and calculate the relative 
expression of mRNA in samples by relative compari-
son and quantitative method  (2−ΔΔCt method) [17, 18]. 
Q-PCR was used to detect the relative expression of 
antioxidant enzymes (copper/zinc superoxide dismutase 
(Cu/Zn-SOD), manganese superoxide dismutase (Mn-
SOD), catalase (CAT)), inflammatory regulatory factors 
(endothelial nitric oxide synthase (eNOS), neuronal nitric 
oxide synthase (nNOS), inducible nitric oxide synthase 
(iNOS), and cyclooxygenase-2 (COX-2)), and epidermal 
growth factor (EGF) and receptor (EGFR) mRNA in the 
gastric tissues of different groups of mice. Table 2 shows 
the corresponding gene primer sequence.

Statistical analysis
The data are expressed as the mean ± SD. The difference 
between the mean values of each group was evaluated by 
single factor analysis. The significant difference was indi-
cated by the analysis of variance (ANOVA) of the Dun-
can multi-range test (P < 0.05). All figures were drawn 
with Origin 8.0 software [19].

Results
Determination of gastric mucosal injury
As shown in Fig. 1 and Table 3, compared with the nor-
mal group, the gastric mucosa in the negative control 
group exhibited obvious bleeding and erosion, with the 
largest area of gastric mucosa damage. After treatment 
with HFY09, ranitidine, and LB, the area of injury was 
significantly reduced (P < 0.05), and ranitidine has the 
most obvious inhibitory effect on gastric injury. The rate 
of inhibition by HFY09-H was between the rates of ran-
itidine  and  HFY09-L. Therefore, HFY09 can reduce the 
effect of gastric injury on gastric mucosa.

Determination of volume and pH of mouse gastric juice
The volume of gastric juice and pH value of gastric juice 
in each group are shown in Table  4. The normal mice 
had the least amount of gastric juice and the highest 
pH value of gastric juice. The negative control group 
was the opposite. The HFY09-H and ranitidine group 
can effectively ameliorate the adverse changes in gas-
tric juice volume and pH caused by HCl/ethanol in 
mice, which are manifested the pH value of gastric juice 
and the amount of gastric juice were closer to that of 
healthy mice.

Pathological observation of mouse gastric tissue
A pathological section of gastric tissue in mice with acute 
gastric injury induced by HCl/ethanol is shown in Fig. 2. 
The gastric mucosa of normal mice is intact, and there 
is no inflammatory cell infiltration. However, the gas-
tric mucosal epithelial cells are significantly reduced, the 
intercellular space is significantly increased in negative 
control group of mice, and gastric damage is the most 
obvious. After treatment with HFY09 and ranitidine, 
the gastric mucosal structure of mice was improved, the 
structure of each layer was clear, and the damage was 
reduced. Compared with the normal group, the gastric 
mucosal cells in the HFY09 low-dose group were still 
partially exfoliated, but also improved. Therefore, HFY09 

Table 2 Sequences of primers used in the Q-PCR assay

Gene name Sequence

Cu/Zn-SOD Forward: 5′-AAC CAG TTG TGT TGT CAG GAC-3′

Reverse: 5′-CCA CCA TGT TTC TTA GAG TGAGG-3′

Mn-SOD Forward: 5′-CAG ACC TGC CTT ACG ACT ATGG-3′

Reverse: 5′-CTC GGT GGC GTT GAG ATT GTT-3′

CAT Forward: 5′-GGA GGC GGG AAC CCA ATA G-3′

Reverse: 5′-GTG TGC CAT CTC GTC AGT GAA-3′

eNOS Forward: 5′-TCA GCC ATC ACA GTG TTC CC-3′

Reverse:5′-ATA GCC CGC ATA GCG TAT CAG-3′

nNOS Forward: 5′-ACG GCA AAC TGC ACA AAG C-3′

Reverse:5′-CGT TCT CTG AAT ACG GGT TGTTG-3′

iNOS Forward: 5′-GTT CTC AGC CCA ACA ATA CAAGA-3′

Reverse: 5′-GTG GAC GGG TCG ATG TCA C-3′

COX-2 Forward: 5′-GGT GCC TGG TCT GAT GAT G-3′

Reverse: 5′-TGC TGG TTT GGA ATA GTT GCT-3′

EGR Forward: 5′-GCC AAG CTC AGA AGG CTA C-3′

Reverse: 5′-CAG GCC AGC CTC GTC TCA T-3′

EGRF Forward: 5′-CAG AAG CCA TCT CTG ACT CCC-3′

Reverse: 5′-GTC CAG TGG TCA ACA AGG TG-3′

β-Actin Forward: 5′-GGC TGT ATT CCC CTC CAT CG-3′

Reverse: 5′-CCA GTT GGT AAC AAT GCC ATGT-3′
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has a protective effect on gastric injury to a certain 
extent, with a stronger effect at high concentrations.

Determination of ET‑1, SP, SS, and VIP levels in mouse 
serum
The levels of SS and VIP were the highest, and ET-1 
and SP were the lowest in the normal group (Table 5). 

However, four indexes of gastric ulcer in the negative 
control group were opposite to those in the normal 
group. After treatment, the levels of serum SS and VIP 
were significantly increased (P < 0.05), and the levels 
of SP and ET-1 were significantly decreased (P < 0.05). 
The ability of HFY09 to regulate serum SS, SP, VIP and 
ET-1 was between the raninidine and LB groups, and 
the effect was higher than that of LB group.

Fig. 1 Observation on the appearance of gastric tissue in experimental groups

Table 3 Gastric injury area and  inhibition rate of  gastric 
injury (n = 10)

Values presented are the means ± SD. a–e In the same column, values with 
different letters are significantly different (P < 0.05) according to Duncan’s 
multiple-range test

Normal = normal mice; Negative control = mice treated with HCl/ethanol 
(10 mL/kg); Ranitidine = 50 mg/kg per day by gavage; HFY09 = mice treated 
with HCl/ethanol (15th day) and doses (L, H) of Lactobacillus plantarum HFY09 
 (108,  109 CFU/kg per day); LB = mice treated with HCl/ethanol (15th day) and 
Lactobacillus delbrueckii subsp. bulgaricus  (109 CFU/kg per day)

Group Gastric injury area 
 (mm2)

Gastric injury 
inhibitory rate 
(%)

Normal 0.00 ± 0.00a 100 ± 0.00e

Negative control 21.85 ± 2.38f –

Ranitidine 3.33 ± 0.81b 84.46 ± 5.37d

LB 17.24 ± 0.65e 20.80 ± 5.64a

HFY09-H 7.87 ± 0.31c 63.70 ± 5.38c

HFY09-L 11.58 ± 1.00d 46.95 ± 1.19b

Table 4 Gastric juice volume and pH of experimental mice 
(n = 10)

Values presented are the means ± SD. a–e In the same column, values with 
different letters are significantly different (P < 0.05) according to Duncan’s 
multiple-range test

Normal = normal mice; Negative control = mice treated with HCl/ethanol 
(10 mL/kg); Ranitidine = 50 mg/kg per day by gavage; HFY09 = mice treated 
with HCl/ethanol (15th day) and doses (L, H) of Lactobacillus plantarum HFY09 
 (108,  109 CFU/kg per day); LB = mice treated with HCl/ethanol (15th day) and 
Lactobacillus delbrueckii subsp. bulgaricus  (109 CFU/kg per day)

Group Gastric juice volume 
(mL)

pH value of gastric acid

Normal 0.143 ± 0.005a 3.700 ± 0.483c

Negative control 0.342 ± 0.061d 1.400 ± 0.882a

Ranitidine 0.175 ± 0.043b 2.600 ± 0.843b

LB 0.310 ± 0.085d 1.444 ± 0.699a

HFY09-H 0.217 ± 0.059bc 2.200 ± 0.541ab

HFY09-L 0.269 ± 0.079 cd 1.500 ± 0.707a
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Determination of IL‑6, IL‑12, TNF‑α, and IFN‑γ levels 
in mouse serum
The levels of IL-6, IL-12, TNF-α, and IFN-γ were the 
lowest in healthy mice. However, the level of inflamma-
tory factors was increased in mice with gastric injury 
induced by HCl/ethanol, and decreased after treatment 
(Table  6). The decrease was the greatest in the raniti-
dine group, followed by the HFY09-H treatment group. 
The effect of reducing inflammatory factors in the 
HFY09-H group was stronger than that in the HFY09-L 
group.

Gene expression of Cu/Zn‑SOD, Mn‑SOD, and CAT 
in the mouse gastric tissue
The expression of Mn-SOD, Cu/Zn-SOD, and CAT in the 
mouse stomach was detected by Q-PCR. The results in 
Fig.  3 show that the expression levels of Mn-SOD, Cu/
Zn-SOD, and CAT mRNA were the highest in the gastric 
tissues of healthy mice, and were lowest in the negative 
control group. Mn-SOD, Cu/Zn-SOD, and CAT in the 
ranitidine group and the HFY09-H group were higher 
than those in the negative control group, and the expres-
sion level of ranitidine group was higher than that of the 

Fig. 2 H&E pathological observation of gastric in mouse. Magnification ×100

Table 5 The levels of ET-1, SP, SS and VIP in serum of mice (n = 10)

Values presented are the means ± SD. a–e In the same column, values with different letters are significantly different (P < 0.05) according to Duncan’s multiple-range 
test

Normal = normal mice; Negative control = mice treated with HCl/ethanol (10 mL/kg); Ranitidine = 50 mg/kg per day by gavage; HFY09 = mice treated with HCl/
ethanol (15th day) and doses (L, H) of Lactobacillus plantarum HFY09  (108,  109 CFU/kg per day); LB = mice treated with HCl/ethanol (15th day) and Lactobacillus 
delbrueckii subsp. bulgaricus  (109 CFU/kg per day)

Group ET‑1 (ng/L) SP (ng/L) SS (ng/L) VIP (ng/L)

Normal 70.91 ± 5.56a 65.82 ± 4.14a 211.97 ± 8.47e 431.27 ± 28.55e

Negative control 122.61 ± 12.51d 152.51 ± 17.67f 112.55 ± 2.59a 212.92 ± 38.12a

Ranitidine 85.23 ± 8.89b 75.87 ± 6.04b 189.61 ± 15.15d 423.18 ± 20.43e

LB 108.36 ± 14.93c 129.35 ± 16.59e 144.74 ± 13.55c 312.87 ± 26.92c

HFY09-H 92.80 ± 9.44b 92.91 ± 5.87c 152.51 ± 12.04c 351.04 ± 34.56d

HFY09-L 109.29 ± 12.51c 103.29 ± 3.73d 122.60 ± 4.93b 268.59 ± 34.33b
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Table 6 The levels of IL-6, IL-12, TNF-α and IFN-γ in serum of mice (n = 10)

Values presented are the means ± SD. a–e In the same column, values with different letters are significantly different (P < 0.05) according to Duncan’s multiple-range 
test

Normal = normal mice; Negative control = mice treated with HCl/ethanol (10 mL/kg); Ranitidine = 50 mg/kg per day by gavage; HFY09 = mice treated with HCl/
ethanol (15th day) and doses (L, H) of Lactobacillus plantarum HFY09  (108,  109 CFU/kg per day); LB = mice treated with HCl/ethanol (15th day) and Lactobacillus 
delbrueckii subsp. bulgaricus  (109 CFU/kg per day)

Group IL‑6 (ng/L) IL‑12 (ng/L) TNF‑α (ng/L) IFN‑γ (ng/L)

Normal 102.74 ± 10.01a 6.89 ± 0.92a 675.64 ± 63.24a 487.99 ± 20.17a

Negative control 183.82 ± 15.21f 14.16 ± 1.22e 1340.68 ± 163.49e 821.75 ± 36.09e

Ranitidine 113.49 ± 12.65b 8.19 ± 0.85b 881.84 ± 97.42b 615.99 ± 79.51b

LB 154.97 ± 14.62e 12.51 ± 1.23d 997.38 ± 73.06c 764.75 ± 8.59d

HFY09-H 127.51 ± 7.64c 8.87 ± 1.24b 938.40 ± 123.45ab 683.67 ± 44.81c

HFY09-L 134.19 ± 12.48d 11.21 ± 0.96c 1095.18 ± 84.21d 853.74 ± 49.54e

Fig. 3 mRNA expression level of Cu/Zn-SOD, Mn-SOD and CAT in mouse gastric
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HFY09-H treatment group. The expression level of LB 
was similar to that of HFY09-L.

Gene expression of eNOS, iNOS, nNOS, and COX‑2 
in the mouse gastric tissue
The expression of COX-2, iNOS, eNOS, and nNOS in 
the mouse gastric tissue is shown in Fig.  4. The expres-
sion of eNOS and nNOS was the highest in healthy mice, 
while COX-2 and iNOS were the lowest. The negative 
control group was the opposite. HFY09 and ranitidine 
have obvious therapeutic effect, and ranitidine has the 
best improvement effect. The high-dose group (HFY09-
H) expression was significantly lower than that in the 
low-dose group (HFY09-L) and the LB treatment group, 
and the difference between HFY09-H group and the ran-
itidine group was small. These data indicated that HFY-
09 could inhibit inflammation, protect the gastric tissue 
of gastric injury mice induced by HCl/ethanol, and the 
effect was stronger at high concentrations.

Gene expression of EGF and EGFR in the mouse gastric 
tissue
Figure  5 shows the gene expression of EGF and EGFR 
in the mouse stomach. The expression level of EGF and 
EGFR in the negative control group induced by inducer 
was significantly lower than that in the healthy mice 
(P < 0.05). The effects of ranitidine, LB, and HFY09 on 
the gene expression of EGF and EGFR were significantly 
different from those of the control group (P < 0.05). 
The gene expression of EGF and EGFR in the HFY09 
high-dose group was lower than that in the ranitidine 
treatment group, but was significantly higher than that 
in the LB group and the HFY09 low-dose group. At 
the same dose, the effect of HFY09-H was more pro-
nounced than that of HFY09-L.

Fig. 4 mRNA expression level of nNOS, eNOS, iNOS and COX-2 in mouse gastric
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Discussion
Acute gastric injury is usually caused by acute alcohol 
abuse. The main symptoms are damage to the cytoplas-
mic membrane at the top of the epithelium, causing cell 
shedding, multiple gastric erosions, and ulcers [20]. If 
the blood vessels are involved, the injury can cause major 
bleeding and inflammation of the gastric mucosa. Ani-
mal experiments show that by directly observing gastric 
mucosa tissue with ulceration, the extent of gastric dam-
age can be determined by measuring the ulcerated area 
[18, 21].

Lactic acid bacteria (LAB) has special physiological 
function, can produce organic acids, enzymes, etc., can 
regulate the normal flora of gastrointestinal tract, main-
tain the micro ecological balance, improve the gastro-
intestinal function, inhibit the growth of putrefactive 
bacteria in intestinal tract. Many studies have found that 
probiotics exert a certain therapeutic effect on various 
intestinal diseases, but there are fewer studies on the 
effect of probiotics such as Lactobacillus, Bifidobacte-
rium, and Saccharomyces on gastric-related diseases [22].

In the current study, by consulting relevant studies 
[23–25] and international standards, the concentration of 
bacterial in the beverage must be higher than  107 CFU/
mL, which is why  109  CFU/mL lactobacillus is often 
used in animal experiments [26]. Therefore, we chose 
 109 CFU/kg and  108 CFU/kg as research concentrations 
to investigate the preventive effect of Lactobacillus plan-
tarum HFY09 on acute gastric injury.

The gastric juice of healthy mice did not affect the 
gastric mucosa. However, when gastric mucosa is 

stimulated, the secretion of gastric juice will increase and 
the pH value will decrease [18]. These changes aggra-
vate the damage of the gastric mucosa, which may cause 
gastritis or gastric ulcers, and long-term serious injuries 
may cause gastric cancer.[13, 18, 27]. On the one hand, 
in the current study, the pH value of gastric juice in nor-
mal group was higher than that in negative control group. 
HFY09 treatment effectively reduced the amount and 
increased the pH value of gastric juice, so as to certain 
preventive effect in alcohol induced gastric injury. On the 
other hand, by analyzing the area of gastric injury and cal-
culating the inhibition rate of gastric injury with ImageJ 
software, the degree of gastric injury in each group can 
be directly compared. There was no erosion and bleeding 
in the gastric mucosa of healthy mice (Table 3). However, 
the gastric mucosa of the negative control group was 
damaged obviously. Compared with the degree of gastric 
injury in the negative control group, the area of gastric 
injury in the low and high dose HFY09 group was signifi-
cantly reduced (P < 0.05), and the inhibition rates for gas-
tric injury were 46.95% and 63.70%, respectively, but the 
inhibition rate in HFY09-H was lower than that in ran-
itidine group (84.46%). These results suggest that HFY09 
has protective effect on gastric injury to some extent.

In addition, histopathological observation is a kind of 
pathological examination, which is used to examine the 
pathological changes in organs, tissues or cells [13, 14]. 
In order to study and evaluate the protective effect of 
HFY09 on the gastric injury induced by HCl/ethanol, we 
analyzed the gastric tissue sections of mice. The preven-
tive effect of HFY09 on gastric injury was manifested in 

Fig. 5 mRNA expression level of EGF and EGFR in mouse gastric. a–e In the same column, values with different letters are significantly different 
(P < 0.05) according to Duncan’s multiple-range test. Normal = normal mice; Negative control = mice treated with HCl/ethanol (10 mL/kg); 
Ranitidine = 50 mg/kg per day by gavage; HFY09 = mice treated with HCl/ethanol (15th day) and doses (L, H) of Lactobacillus plantarum HFY09  (108, 
 109 CFU/kg per day); LB = mice treated with HCl/ethanol (15th day) and Lactobacillus delbrueckii subsp. bulgaricus  (109 CFU/kg per day)
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the decrease of epithelial cell abscission and the decrease 
of cell gap.

Gastrointestinal hormones such as SP, ET, SS and VIP 
can not only regulate gastric acid secretion, but also reg-
ulate gastrointestinal movement [28]. Endothelin (ET) is 
an endothelium-derived vasoconstrictor composed of 21 
amino acids. It is the most potent vasoconstrictor pep-
tide found thus far and plays an important role in gas-
tric mucosal injury [13]. Some studies showed that ET 
mainly causes damage by reducing the internal blood 
flow and weakening the protective mechanism of the gas-
tric mucosa, which will cause severe ulceration and play 
a key role in the pathogenesis of ulcerative colitis [29]. 
Gastrointestinal hormones that regulate gastric juice 
secretion include SS and VIP [30]. SS is a strong inhibi-
tor of gastric acid secretion. It has an inhibitory effect on 
cAMP production in parietal cells, which not only inhib-
its the release of GAS in G cell secreted granules, but also 
directly inhibits GAS gene expression. GAS is related to 
gastric acid secretion [31]. When the stomach is irritated, 
the decrease in SS will aggravate the secretion of gastro-
intestinal fluid and the inflammation of the gastrointesti-
nal tract [31, 32].

The VIP level is closely related to immune regulation 
and the inflammation resulting from gastric injury [32]. 
At the same time, VIP can inhibit the transcription of 
iNOS in vivo and prevent damage to the gastric mucosa 
caused by the conversion of iNOS into excessive NO [33]. 
SP is an excitatory gastrointestinal hormone, and its pro-
duction will increase under stress and will cause secre-
tion of a large amount of gastric juice and strong acidity 
in the stomach, resulting in damage to the gastric mucosa 
[13, 34]. Table  5 shows that HCl/ethanol induction has 
led to an imbalance of gastrointestinal hormone secre-
tion in mice, with significant increases (P < 0.05) in serum 
ET-1 and SP, and significant reductions (P < 0.05) in SS 
and VIP. HFY09 can alleviate the change of gastrointesti-
nal hormones, which is manifested by increasing the level 
of serum SS and VIP, reducing the level of ET-1 and SP. 
Its effect is similar to that of ranitidine.

Another effective method involves controlling the 
amount of pro-inflammatory factors. Animal experi-
ments show that the release of a large amount of oxygen 
free radicals caused by ethanol destroys the redox bal-
ance in the body, causes a variety of immune responses, 
causes the immune system in the body to release exces-
sive pro-inflammatory factors, and triggers inflamma-
tory reactions [35, 36]. The levels of IL-6, IFN-γ and 
other inflammatory cytokines in healthy people were 
lower than those in patients with inflammatory diseases 
[37]. Some researchers have found that probiotics can 
decrease the gastric damage caused by ethanol through 
their own anti-inflammatory properties. Oliveira et  al. 

found that Lactobacillus reuteri DSM 17938 supplement 
can protect the mucosal adhesions caused by ethanol-
induced gastric injury in mice [12]. Studies by Suo et al. 
found that Lactobacillus fermentum Suo can reduce the 
levels of the serum inflammatory factors IL-6, IL-12 and 
IFN-γ in mice with gastric injury induced by HCl/etha-
nol [5]. In the current study, ranitidine, LB, and HFY09 
reduced the levels of IL-6, et al. inflammation-related fac-
tors in serum. Among them, the effect of ranitidine is the 
most obvious, followed by high-dose HFY09, indicating 
that high-dose HFY09 is effective at preventing gastric 
damage.

Many studies have shown that the expression of antiox-
idant related genes is related to inflammation, tumor and 
other chronic diseases (e.g., Cu/Zn SOD, Mn-SOD, and 
CAT) [38, 39]. Studies show that there are much higher 
quantities of xanthine oxidase in the gastrointestinal tract 
as compared to other tissues. Ethanol will be converted 
into acetaldehyde as a result of gastrointestinal metabo-
lism. Acetaldehyde will further produce oxygen free radi-
cals under the action of xanthine oxidase, which will lead 
to oxidative damage of the gastric mucosa [40]. There-
fore, oxygen free radicals are one of the important mech-
anisms involved in ethanol-induced gastric injury. Cu/
Zn SOD and Mn-SOD can scavenge superoxide, hydro-
gen peroxide, and hydroxyl and lipid peroxides, regulate 
gastric injury, and even enable recovery to normal levels 
[37].

According to the results of this study, Compared with 
the injury group, HFY09-H upregulated the expression of 
Cu/Zn SOD, Mn-SOD, and CAT mRNA, indicating that 
HCl/ethanol-induced gastric oxidative metabolism free 
radicals can be eliminated. HFY09 has a certain antioxi-
dant effect in gastric injury, and can inhibit gastric injury. 
NO is liposoluble and can freely cross the cell membrane 
and be highly oxidized. Its production depends on nitric 
oxide synthetase (NOS), including nNOS, eNOS, and 
iNOS [41]. nNOS and eNOS produce low levels of NO 
and protect the gastric mucosa to a certain extent [14, 42, 
43]. It was found that the occurrence of gastric ulcers was 
related to the over-inhibition of eNOS and nNOS levels 
[42]. In addition, we also measured the expression media-
tors of related inflammatory factors in gastric tissue, such 
as iNOS and COX-2, which inhibit the production of 
inflammatory cytokines (such as IL-6).

COX-2 is an isoenzyme of COX. Cytokines and 
endotoxin can induce COX-2 production, participate 
in inflammatory reactions, and promote the develop-
ment of inflammation [13, 44]. Therefore, COX-2 is 
highly expressed when cells are stimulated by inflam-
mation. Qian et al. [13] found that raw liubao tea poly-
phenols can downregulate the expression of COX-2, 
thus decreasing inflammation and subsequently 
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reducing gastric injury. In addition, there is a synergis-
tic effect resulting from the interaction of iNOS with 
COX-2, which can further decrease the inflammatory 
response [45]. In the current study, Lactobacillus plan-
tarum HFY09 also effectively controlled the expres-
sion of iNOS and COX-2 in mouse gastric tissue, and 
increased the expression of nNOS and eNOS, relieving 
gastric injury.

EGF can promote epithelial proliferation, tissue repair, 
and cellular protection. It plays an important role in pro-
tecting gastric mucosa from damage factors and main-
taining the integrity of the gastrointestinal mucosa. EGF 
exerts its biological effects through its receptor, EGFR 
[39]. Our results showed that the expression of EGF and 
EGFR in the gastric tissue of HCl/ethanol-induced gas-
tric injury mice was significantly lower than that of nor-
mal mice. EGF, as a protective factor, combines with its 
receptor EGFR to accelerate ulcer healing, increase tissue 
repair ability, and maintain ulcer healing quality [46, 47]. 
In the current study, the treatment of HFY09 significantly 
increased the expression level of EGF and EGFR genes in 
the gastric tissue of mice with gastric injury, indicating 
that HFY09 has a protective effect on the gastric tissue 
of mice with gastric injury, and the effect is stronger at a 
higher dose.

A model of acute gastric injury induced by HCl/ethanol 
was used to evaluate the preventive effect of Lactobacillus 
plantarum HFY09 on gastric injury. The results showed 
that HFY09 inhibited the secretion of gastric juice, main-
tained the normal pH value of gastric acid. Compared 
with the negative control group, the levels of SP, ET-1, 
IL-6, IL-12, TNF-α, and IFN-γ in the HFY09-H group 
decreased, while the levels of SS and VIP increased. Fur-
ther experiments found that HFY09 increased the expres-
sion of eNOS, nNOS, Cu/Zn SOD, Mn-SOD, EGF, and 
EGFR, and decreased the expression of iNOS and COX-2 
in gastric tissues, indicating that HFY09 could inhibit the 
apoptosis of gastric mucosal epithelial cells and play a 
biological role, which was positively correlated with the 
concentration. The results show that HFY09 can be used 
in the production of probiotic preparations, providing a 
theoretical basis for the application of probiotics.
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