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Liupao tea is a traditional Chinese tea drink. ,e preventive effect of crude polyphenols in Liupao tea on HCl/ethanol-induced
gastric injury was investigated in this study. After a model of gastric injury in mice was established, mouse serum and tissues were
analyzed by biochemical and molecular biological methods. ,e results showed that Liupao tea polyphenols (LTPs) could
effectively reduce the area of gastric mucosal lesions, decrease the volume of gastric juice, and increase the pH of gastric juice in
mice with gastric injury. Observations of the pathology revealed that LTPs could alleviate cell necrosis and gastric mucosal injury
in mice with gastric injury.,e SOD activity and GSH level were decreased in mice after gastric injury, while the level of MDAwas
increased. LTPs could inhibit the changes caused by gastric injury and make the SOD activity, GSH, and MDA levels close to the
normal levels. In addition, LTPs could upregulate the mRNA expression of Cu/Zn-SOD, Mn-SOD, CAT, nNOS, and eNOS and
downregulate the expression of iNOS in the gastric tissue of mice with gastric injury. ,erefore, LTPs can effectively prevent HCl/
ethanol-induced gastric injury. HPLC analysis showed that LTP contains six bioactive substances of gallic acid, catechin, caffeine,
epicatechin, epigallocatechin gallate, and epicatechin gallate, so the effect of LTP might mainly come from these six components.
,e effect of a high concentration of LTP is similar to that of ranitidine. LTPs represent a kind of active substance with a protective
effect on gastric tissue.

1. Introduction

Liupao tea is black tea named after the town where it was
discovered: Liubao Township, Cangwu County, Wuzhou
City, Guangxi Province. Because of its unique areca aroma,
this tea has been listed as 1 of 24 varieties of Chinese tea [1].
,e mice research shows that Liupao tea contains not only
various essential amino acids, vitamins, and trace elements
but also more lipid-decomposing enzymes than other types
of tea. ,erefore, long-term drinking of Liupao tea has a
strong effect on lipid metabolism in processes such as
decomposing fat and reducing fat compounds, cholesterol,
and triglycerides, and it also helps with weight loss and

contributes to fitness [2]. Modern scientific animal ex-
periment research has found that tea is helpful as an an-
tioxidant, antitumor, antibacterial, and antivirus agent; as
an ameliorating compound in hypoglycemia and hypo-
tension; and as contributor to fat reduction, weight re-
duction, cancer prevention, and radiation protection, and
the polyphenols contained in tea play a main role in these
functions [3–5]. Furthermore, some studies have shown
that the polyphenol content in Liupao tea is lower than that
in green tea, but the epigallocatechin gallate and epi-
catechin gallate content in Liupao tea is higher. ,ere are
abundant polyphenols and theanine in Liupao tea, which
have strong antioxidant capacity [6].
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Alcohol-induced gastric injury is a mucosal injury
caused by excessive drinking that is often manifested as
gastritis in the clinic [7]. Ethanol can directly damage gastric
epithelial cells and submucosal vessels. Ethanol directly
damages gastric mucosal epithelial cells, thus destroying the
gastric mucosal barrier. Hydrophobic alkyl groups and
hydrophilic hydroxyl groups of the ethanol molecules can
directly destroy the defense system of the gastric mucosa,
which in turn makes the gastric mucosa vulnerable to
various digestive enzymes, bile, and gastric acid, causing
further H+ antidiffusion, thereby aggravating the damage to
the gastric mucosa. Ethanol can cause injury to the sub-
mucosal vascular endothelium and can cause dilatation of
blood vessels, rupture of small blood vessels, submucosal
hemorrhage, and other changes that further destroy the
mucosal barrier. As damage to the mucosal epithelium and
vascular endothelium activates many inflammatory medi-
ators, alcohol consumption can also cause neutrophil in-
filtration and further aggravate mucosal damage [8]. In
addition, a high concentration of ethanol has a strong
stimulating effect on the gastric mucosa, which can lead to
the necrosis of mucosal epithelial cells [9]. Currently, the
frequent occurrence of gastritis, gastric ulcers, gastric per-
foration, gastric bleeding, and other gastric diseases is
drawing attention to alcohol-induced gastric injury. ,e
preventive effect and application of bioactive substances on
alcohol-induced gastric injury have also become hot topics
in research and in drug treatment. In this study, hydro-
chloric acid was added as inducer to increase the effect of
alcohol to induce gastric injury. Cu/Zn-SOD, Mn-SOD, and
CAT are all sensitive indexes of oxidative damage. Ethanol/
HCl can cause severe oxidative stress in gastric tissue, which
makes Cu/Zn-SOD, Mn-SOD, and CAT change greatly [7].
NOS exists in normal gastric tissue, and NOS will change
significantly after gastric tissue injury. eNOS, nNOS, and
iNOS will change accordingly [9]. ,erefore, this study also
chose these sensitive indicators for research.

At present, there are few studies on Liupao tea poly-
phenols (LTPs), and there is insufficient understanding of
the potential application of the active substances in this
natural beverage. In this study, the polyphenols of Liupao tea
were extracted by ion precipitation method. ,e polyphe-
nols of Liupao tea with high purity were studied to verify the
effect of the most important active substances in conven-
tional tea water. A mouse model of alcoholic gastric injury
was established to observe the preventive effect of LTPs on
alcohol-induced gastric injury; furthermore, the mechanism
of LTPs on oxidative stress induced by gastric injury in mice
was specifically observed. Liupao tea is only used as a
nonmedicinal drink at present.,e serum and tissue of mice
were analyzed by biochemical detection techniques and
molecular biology experiments. With the results of this
study, new ideas for the further application of Liupao tea are
advanced, and in particular, the mechanism of the Liupao
tea extracts is explained in detail to add to an accumulating
theoretical basis for better application of functional con-
sumables with biological activity. Although only focused on
experimental animals, this study also laid the foundation for
further clinical research on LTPs.

2. Materials and Methods

2.1. Extraction of Tea Polyphenols. First, Liupao tea was
crushed into powder by instant grinding method to form tea
powder of more than 600mesh. Liupao tea (100 g) was added
to 45% (volume ratio) of 150mL of ethanol solution. ,e
extract was heated in a constant temperature water bath
(90C) for 30min. After the extraction was repeated, two
extracts were combined.,e pH of the combined extract was
adjusted to 6.1 (15% hydrochloric acid solution was used). A
mixed precipitator consisting of 160mL of AlCl3 (6 g) and
ZnCl2 (12 g) was added to the precipitate. ,e mixture was
centrifuged (3000 r/min) for 10min and retained for pre-
cipitation. ,en, 200mL of hydrochloric acid (12% volume
ratio) was added to the precipitate collected after the cen-
trifugation for transdissolution. ,e supernatant was sepa-
rated by centrifugation and then extracted by adding 450mL
of ethyl acetate in aliquot fractions [10]. ,e polyphenol
extract was obtained by combining the extracts and sub-
jecting them to rotating evaporation.

2.2. Determination of Polyphenols by HPLC. ,e 10mg
standard gallic acid, catechin, caffeine, epicatechin, epi-
gallocatechin gallate, and epicatechin gallate (vacuum drying
at 25C for 24 h, purity 98%, Shanghai Yuanye Biotechnology
Co., Ltd., Shanghai, China) was precisely weighed to the
nearest 0.01mg, and the standard was placed in a 10mL
volumetric flask to dissolve and volume with the appropriate
amount of methanol.,e 12.5mg of polyphenols extract was
accurately weighed and put into a 25mL volumetric flask
and then methanol was added to dissolve, volume, and shake
to obtain 0.5mg/mL of test solution. ,e polyphenol so-
lution was filtered by 0.22 μm needle filtration membrane.
Under the condition DAD detector; pentafluorophenyl
column (150mm× 2.1mm, 2.6 μm, ,ermo Fisher Scien-
tific, Inc., Waltham,MA, USA); mobile phase A: 0.1% formic
acid aqueous solution, mobile phase B: acetonitrile; flow
rate: 0.6mL/min; column temperature: 30C; injection vol-
ume: 10 μL; detection wavelength: 280 nm) of liquid chro-
matography (UltiMate3000 HPLC System, ,ermo Fisher
Scientific), the mixed standard was determined [11]. At the
same time, the determination was carried out under the
above-mentioned liquid chromatography conditions, and
the chromatogram information of the test solution was
compared (Table 1).

2.3. Animal Experiment. Fifty 6-week-old SPF Kunming
mice (males with a body weight of 20± 2 g) had a free diet
(basic feed) and drinking water with pads changed every 2
days for one week under room temperature conditions of
25C and relative humidity of 60%. Every twomice were kept
in a cage.,emice were divided into five groups: the normal
group, model group, low-concentration group (LLTP), high-
concentration group (HLTP), and ranitidine group, with 10
mice in each group. ,e normal group and the model group
were given normal saline by gavage, and the mice in the
LLTP and HLTP groups were fed LTPs at 100mg/kg and
200mg/kg by gavage, respectively.,emice in the ranitidine
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group were fed ranitidine at a concentration of 50mg/kg by
gavage for 14 days. On the 14th day, all mice were subjected
to fasting for 24 h after the sample was fed to the mice. On
the 15th day, all mice except those in the normal group were
administered an ethanol mixture (60% ethanol and 40%
150mmol/L hydrochloric acid) for 1 h after being fed first
with the sample and then with an ethanol mixture of 0.1mL
per 10 g of mouse body weight [12]. After 30min of
intragastric administration and after anesthesia by injection
of 1% pentobarbital sodium, eyeball blood was collected, and
the gastric tissue was dissected for use. ,e gastric juice was
collected with a register and then measured with a 1.2mL
high-precision measuring cylinder; then the collected gastric
juice was measured with a pH meter (Orion Star™ A211,
,ermo Fisher Scientific, Inc.) to determine the pH value. In
addition, the degree of gastric mucosal injury was observed
intuitively, and the inhibition of gastric injury was calculated
from the pictures taken to judge the inhibitory effects of
gastric injury using image J 1.44 software. ,e protocol for
these experiments was approved by the Animal Ethics
Committee of Chongqing Collaborative Innovation Center
for Functional Food, and the animal permit number is
201807008B.

2.4. SOD, GSH, and MDA Level Determination. After blood
plasma centrifugation at 4000 rpm for 10min, the upper
serum was collected. ,e stomachs of the mice were pro-
cessed into a 10% homogenate and centrifuged at 4000 rpm
for 10min. ,e serum and tissue supernatant were used to
measure the levels of SOD, GSH, and MDA, which were
determined according to the kit instructions (Nanjing
Jiancheng Bioengineering Institute, Nanjing, Jiangsu,
China).

2.5. PathologyObservation. ,e stomach tissues (0.5 cm2) of
the mice were fixed in 10% formalin solution for 48 h. ,e
gastric tissues were dehydrated until transparent, embedded
in wax and sectioned, and stained with H&E. ,e mor-
phological changes of the gastric tissues were observed under
an optical microscope (BX43; Olympus, Tokyo, Japan). Dr.
Peng Peng is an expert in digestive medicine. He completed
the pathological examination of the gastric tissues of mice in
this study.

2.6. Quantitative PCR (qPCR) Assay. ,e stomach tissue of
mice was crushed; then, the general RNA in the stomach
tissue was extracted by RNAzol (Invitrogen, Carlsbad, CA,
USA), and the general RNA concentration was diluted to

1 μg/μL. ,en, from the general diluted 5 μL solution, the
RNA was extracted and retrieved for use with a reverse
transcription kit to obtain the cDNA template. Next, 2 μL of
the cDNA template was mixed with 10 μL of SYBR Green
PCR Master Mix and 1 μL upstream and downstream
primers (Table 2) for reaction at 95C for 15 s and 55C for
30 s and for 40 cycles at 72C for 35 s. Finally, the relative
expression of the gene was calculated by the 2− ΔΔCt method
with GAPDH as the internal reference at 95C for 30 s and
55C for 35 s (StepOnePlus Real-Time PCR System; ,ermo
Fisher Scientific, Waltham, MA, USA) [13].

2.7. Statistical Analysis. ,ree parallel experiments were
carried out on the serum and tissue indexes of each mouse,
and the average values were determined. Data are presented
as mean± standard deviation (SD). ,en, the data were
analyzed by using SAS 9.1 statistical software. ,e one-way
ANOVA method followed by Duncan’s new MRT test was
used to determine whether there were significant differences
among the groups at the level of p< 0.05.

3. Results

3.1. Components of Polyphenols of LTP. ,e results show that
LTP contains six components, including five polyphenols
and one alkaloid. Five kinds of substances were gallic acid,
catechin, epicatechin, epigallocatechin gallate, and epi-
catechin gallate, respectively. ,e content in LTP was 41.04,
12.98, 55.59, 134.88, and 184.76mg/g. One alkaloid was
caffeine, and the content in LTP was 225.56mg/g (Figure 1).

3.2. Gastric Juice Volume and pH in Mice. As shown in
Table 3, the gastric juice volume of the model group was the
largest, and the pH of the gastric juice was the lowest, while
the gastric juice volume of the normal group was the
smallest, and the pH of the gastric juice was the highest.
Compared with the model group, both the LTP and rani-
tidine groups demonstrated a reduction in the gastric juice
volume and an increase in the gastric juice pH in mice with
gastric injury, and the effect of the high LTP concentration
was similar to that of ranitidine, which can affect the gastric
juice volume and gastric juice pH such that it tends to be
normal in mice. LTPs can effectively reduce the increase in
gastric juice volume and the decrease in gastric juice pH
caused by gastric injury.

3.3. Observation of GastricMorphology. Figure 2 and Table 4
show that the gastric mucosa of normal mice was intact with

Table 1: Linear range of liquid chromatography in this study.

Standard Sample quantity (μL) Regression equation R2

Gallic acid 22–26 y� 6.5691x − 0.8633 0.9983
Catechin 22–26 y� 2.09x+ 0.0484 0.9983
Caffeine 22–26 y� 2.6679x+ 0.0328 0.9989
Epicatechin 21–25 y� 1.2862x+ 9.4873 0.604
Epigallocatechin gallate 21–25 y� 2.81x+ 4.2467 0.9989
Epicatechin gallate 21–25 y� 2.0218x+ 1.0386 0.9983
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Table 2: Sequences of primers used in the qPCR assay.

Gene name Sequence

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

Mn-SOD Forward: 5′-CAGACCTGCCTTACGACTATGG-3′
Reverse: 5′-CTCGGTGGCGTTGAGATTGTT-3′

CAT Forward: 5′-GGAGGCGGGAACCCAATAG-3′
Reverse: 5′-GTGTGCCATCTCGTCAGTGAA-3′

iNOS Forward: 5′-AGAGAGATCGGGTTCACA-3′
Reverse: 5′-CACAGAACTGAGGGTACA-3′

nNOS Forward: 5′-TCGTCCAACTTCTGGGCTCTT-3′
Reverse: 5′-CCTTCTCTTCCTCCCCTCTCTTC-3′

eNOS Forward: 5′-TCAGCCATCACAGTGTTCCC-3′
Reverse: 5′-ATAGCCCGCATAGCGTATCAG-3′

GAPDH Forward: 5′-AGGTCGGTGTGAACGGATTTG-3′
Reverse: 5′-GGGGTCGTTGATGGCAACA-3′
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Figure 1: Polyphenol constituents of Liupao tea. (a) Standard chromatograms. (b) Polyphenols of Liupao tea chromatograms. 1: gallic acid;
2: catechin; 3: caffeine; 4: epicatechin; 5: epigallocatechin gallate; 6: epicatechin gallate.
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normal color and a smooth surface and without bleeding,
erosion, or other damage. Ethanol caused a large area of
gastric mucosal injury (model group). LTPs and ranitidine
could significantly reduce the area of gastric mucosal injury
(p< 0.05), and the effect of HLTP was stronger than that of
LLTP, which was slightly lower than that of ranitidine. ,us,
LTPs can effectively reduce the area of alcohol damage to the
gastric mucosa and reduce the degree of gastric injury.

3.4. Pathology Observation. As shown in Figure 3, the
structure of the gastric tissue in the normal mice is complete.
,e cells were arranged tightly and orderly, the sizes of the
cells were the same, and the surface epithelium was intact
and was not detached. In the model group, the structure of
the gastric tissue was incomplete. ,e number of cells was
sharply decreased, the arrangement of cells was completely
disrupted, the upper epidermis was exfoliated, and serious
hemorrhage had occurred in the cells and tissues. In the
LLTP group, the cells in the stomach tissue of mice were not
uniform in size and were arranged loosely; additionally,
some cells were destroyed, evidence of hemorrhage and
congestion was observed among the cells, and some of the
mucosa was exfoliated.,e order and tightness of cells in the
HLTP group were more normal than those in the LLTP
group. ,e upper epidermis was more complete, and the
congestion and hemorrhage were not as severe compared
with the congestion and hemorrhage observed in the LLTP
group. In the ranitidine group, the gastric tissue cells were
arranged closely, and only individual cells were scattered.
Mucosal exfoliation was not obvious, and there was little
congestion between the cells and tissues. ,e results showed
that the LTPs could protect gastric tissue and avoid the
damage caused by ethanol, and the effect of a high dose was
better than that of a low dose.

3.5. SOD, GSH, and MDA Levels. Tables 5 and 6 show that,
for the model group, the SOD activity and GSH level were
the lowest, and the level of MDA was the highest. ,e gastric
tissue of the normal mice showed the opposite situation; the
SOD activity and GSH level in the gastric tissue were the
highest, while the level of MDA was the lowest. ,e LTPs
significantly increased SOD activity and GSH level in the
gastric tissue of the mice with gastric injury (p< 0.05) and
decreased the MDA levels (p< 0.05), making the index close

to that of the normal group. ,e higher the concentration,
themore obvious the effect that was observed, and the higher
the concentration of LTPs present, the closer the effect was
to that of ranitidine.

3.6. mRNA Expression of Cu/Zn-SOD, Mn-SOD, and CAT.
Figure 4 shows that the intensity of the expression of Cu/Zn-
SOD,Mn-SOD, and CATin the model group was the lowest.
,e expression of Cu/Zn-SOD, Mn-SOD, and CAT in the
gastric tissues of the mice with gastric injury was signifi-
cantly increased after the action of LTP (p< 0.05). ,e effect
of HLTP was better than that of LLTP, and the effect was
close to that of ranitidine.

3.7. mRNA Expression of nNOS, eNOS, and iNOS.
Figure 5 shows that the expression of iNOS in the gastric
tissue of the normal mice was significantly lower than that of
other groups (p< 0.05), while the expression levels of nNOS
and eNOS were significantly higher than those of other
groups. ,e expression of nNOS, eNOS, and iNOS in the
model group showed the opposite trend to that of the normal
group.,e expression of nNOS and eNOS in the gastric tissues
of HLTP- and ranitidine-treated mice was lower than that in
normal mice, while the expression of iNOS was higher than
that in normal mice.

4. Discussion

,e alcohol-induced gastric injury model is used to test
human gastric acid secretion and imitate alcohol-induced
acute digestive injury. ,is damage model is helpful for
studying whether potential bioactive substances have pro-
tective and antioxidant effects on the gastric tissue. An
ethanol/hydrochloric acid solution can be used to observe
the ulceration of the gastric mucosa in mice after gastric
damage is induced [14]. After ethanol treatment, the
transmembrane potential difference reflecting the gastric
mucosal barrier decreased significantly, Na+ and K+ diffu-
sion into the gastric cavity increased, and H+ reverse osmosis
also increased. Ethanol can also directly damage the epi-
thelial cells of gastric mucosa, thus damaging the barrier of
gastric mucosa, causing H+ antidiffusion and further ag-
gravating the damage of gastric mucosa. ,e combination of
hydrochloric acid and ethanol can increase H+ in gastric
cavity and aggravate gastric injury; that is to say, it can
maintain the mechanism of ethanol on gastric injury and
enhance the effect, which is convenient to verify the func-
tional function of food [15]. ,e area of ulceration can be
used to determine the degree of gastric injury directly, and
other related indicators can be used to determine the degree
of gastric injury [14].

Unlike infectious diseases, gastric injury is multifactorial
and develops through different contexts, which are mainly
caused by different risk factors and unhealthy lifestyles.
Ethanol is considered to be an important inducer of human
gastric injury, mainly because alcohol easily penetrates
and destroys the gastric mucosa, exposing it to gastric acid and
pepsinogen. Under the combined action of gastric acid and

Table 3: Gastric secretion volume and pH of gastric juice in mice
with gastric injury.

Group Gastric secretion volume (mL) pH of gastric juice
Normal 0.12± 0.04b 4.90± 0.87a
Model 0.23± 0.05a 3.14± 0.78b
Ranitidine 0.15± 0.04ab 4.14± 0.90ab
LLTP 0.15± 0.05ab 4.20± 0.45ab
HLTP 0.16± 0.05ab 4.52± 0.30a
a-bMean values with different letters in the same column are significantly
different (p< 0.05) according to Duncan’s new MRT. Ranitidine group:
50mg/kg b.w. ranitidine treatment dose; LLTP group: 100mg/kg b.w.
Liupao tea polyphenols dose; and HLTP group: 200mg/kg b.w. Liupao tea
polyphenols dose.
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pepsinogen, severe vasoconstriction occurs in a short time
and is accompanied by rapid dilation of small arteries. ,ese
reactions of blood vessels promote vascular injury and ul-
timately lead to gastric injury [16]. In the preexperiment,
only 100, 200, 300, 400, and 500mg/mL LTP were used to
treat the mice, and there was no significant difference in
SOD activity among the groups. Under the condition of
induced gastric injury, the SOD activity of mice in each
group increased with the increase of the concentration of
LTP at the concentrations of 100, 200, 300, 400, and 500mg/
mL. According to the statistical data of tea drinking per
capita, the concentrations of 100 and 200mg/mL LTP were
selected for further study. In this experiment, LTPs effec-
tively reduced the area of gastric injury caused by ethanol/
hydrochloric acid and protected the gastric mucosa. ,e
inhibition rate of gastric injury in the LTP experimental

groups was similar to that in the normal group and the
ranitidine drug treatment group, indicating that LTPs have a
certain preventive effect on the formation of gastric injury.

,e inhibition of free radical chain reaction by plant
polyphenols is one of the most important mechanisms for
plant polyphenols to protect gastric tissue through antiox-
idant function. Free radical scavenger is an antioxidant that
can destroy the reaction chain by reacting with free radicals,
in which phenolic hydroxyl group can reduce free radicals by
providing an electron; aromatic oxygen free radical com-
pounds are stable due to resonance effect [17]. Polyphenols
can enter the lipid bilayer of gastric mucosa cell membrane,
so as to protect the whole lipid bilayer from oxidation [18].
,e binding of polyphenols to lipid bilayers and membrane
proteins can affect the electrical properties of membrane.
,e change of membrane fluidity caused by polyphenols can
inhibit inflammation [19]. ,ese effects might also be re-
flected in the protection of gastric tissue by LTP.

Normally, gastric juices do not affect the gastric mucosa.
After gastric mucosa injury, however, the stomach is
stimulated and secretes many gastric acids, which increase
the volume of gastric juice in the stomach and decrease the
pH of the gastric juice, leading to the aggravation of damage
to the gastric mucosa and thus causing a vicious circle of
exacerbated damage to the stomach [20]. In this study, LTPs
could effectively reduce the volume of gastric juice and
increase the pH of the gastric juice in mice with gastric
injury, thus protecting the gastric tissue and alleviating the
alcohol-induced gastric injury.

,e neurotype, endothelial type, and inducible type of
NOS are nNOS, eNOS, and iNOS, respectively. NOS is the
rate-limiting enzyme of NO synthesis and widely exists in

(a) (b) (c)

(d) (e)

Figure 2: Observation of gastric injury in mice with gastric injury. Ranitidine group: 50mg/kg b.w. ranitidine treatment dose; LLTP group:
100mg/kg b.w. Liupao tea polyphenols dose; and HLTP group: 200mg/kg b.w. Liupao tea polyphenols dose. (a) Normal. (b) Model.
(c) Ranitidine. (d) LLTP. (e) HLTP.

Table 4: Gastric injury area and inhibition rate of gastric injury in
mice.

Group Gastric injury area
(mm2) Gastric injury inhibitory rate (%)

Normal 0.00± 0.00e 100.00± 0.00a
Model 21.42± 2.75a
Ranitidine 4.62± 1.13d 78.21± 2.77b
LLTP 14.79± 1.49b 30.95± 2.04d
HLTP 8.31± 1.22c 61.20± 2.53c
a− eMean values with different letters in the same column are significantly
different (p< 0.05) according to Duncan’s new MRT. Ranitidine group:
50mg/kg b.w. ranitidine treatment dose; LLTP group: 100mg/kg b.w.
Liupao tea polyphenols dose; and HLTP group: 200mg/kg b.w. Liupao tea
polyphenols dose.
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the normal tissues of humans and animals [21]. Under
normal physiological conditions, the mechanism of NO
production, release, diffusion, and inactivation is precisely
regulated in the nervous system, largely through the acti-
vation and deactivation of nNOS [22]. nNOS plays an
important role in the nervous system and is distributed in
gastric mucosal epithelial cells. nNOS regulates blood flow
and muscle contraction by regulating NO to control the
degree of gastric injury. ,e decrease in nNOS levels leads to
the aggravation of gastric tissue damage [23].,e expression
and activity of eNOS are relatively stable. NO derived from
eNOS is mainly involved in promoting epithelial repair,
regulating gastric mucosal blood flow and adaptive cell
protection by inhibiting gastric acid secretion, enhancing
mucus barrier function, and promoting vascular regenera-
tion [24]. In addition, eNOS can inhibit the oxidative
damage in blood vessels caused by oxidative stress and can
relax and protect blood vessels [25]. Once iNOS is activated,
the enzymatic activity will last for a long time and produce a

large amount of NO. A low concentration of NO can ef-
fectively help cells resist gene mutation and can activate the
defense ability of the organism, but a high concentration of
NO causes loss of gene mutation control, stimulates gene
mutation and aggravates tissue damage [26]. LTPs can in-
crease the expression of nNOS and eNOS in the gastric tissue
of mice with gastric injury and reduce the expression of
iNOS, thus inhibiting the inflammatory response, protecting
gastric mucosa, and inhibiting gastric injury.

Oxidative stress is the main characteristic of gastric
mucosal injury. It has been shown that the damage of gastric
mucosal cells is aggravated by a decrease in antioxidants
such as SOD, CAT, and GSH after ethanol treatment. As a
responsive element to free radical accumulation, SOD and
other cell antioxidant enzymes are considered the first line of
defense against oxidative damage. CAT and GSH have
similar effects as SOD and can clear free radicals in the body
over time to maintain the balance between oxidation and
antioxidation and protect the body from free radical damage.
,erefore, the level of antioxidant enzymes can directly
reflect the number of free radicals in the body [27, 28]. Cu/
Zn-SOD is found mainly in the cytoplasm, while Mn-SOD is
found mainly in mitochondria. ,ey have different sensi-
tivities to different factors [29]. After ethanol injury to the
gastric mucosa, the activity of SOD, CAT, and GSH in the
body will decrease significantly [14]. ,e decreased activity
of these antioxidant enzymes may trigger lipid chain per-
oxidation, which results in decreased fluidity and enhanced
permeability of biofilms. MDA is produced by lipid de-
composition of peroxide; therefore, the MDA level is often
used as a marker of lipid peroxidation, and it reacts with free
radical production [30]. In this study, the activity of SOD
and GSH in the serum and gastric tissues of the mice with

(a) (b) (c)

(d) (e)

Figure 3: Pathological observation of gastric injury in mice with gastric injury. Ranitidine group: 50mg/kg b.w. ranitidine treatment dose;
LLTP group: 100mg/kg b.w. Liupao tea polyphenols dose; and HLTP group: 200mg/kg b.w. Liupao tea polyphenols dose. (a) Normal. (b)
Model. (c) Ranitidine. (d) LLTP. (e) HLTP.

Table 5: SOD, GSH, and MDA levels in serum of mice with gastric
injury.

Group SOD (U/mL) GSH (mg/mL) MDA (nmol/mL)
Normal 169.72± 15.12a 1.25± 0.12a 11.29± 1.09e
Model 71.52± 5.33c 0.43± 0.06d 41.77± 3.85a
Ranitidine 111.87± 8.16b 1.14± 0.11ab 21.93± 2.03d
LLTP 83.20± 8.06bc 0.75± 0.07c 34.59± 2.81b
HLTP 105.38± 7.14b 1.05± 0.09b 26.81± 1.83c
a− eMean values with different letters in the same column are significantly
different (p< 0.05) according to Duncan’s new MRT. Ranitidine group:
50mg/kg b.w. ranitidine treatment dose; LLTP group: 100mg/kg b.w.
Liupao tea polyphenols dose; and HLTP group: 200mg/kg b.w. Liupao tea
polyphenols dose.
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gastric injury after LTP treatment was significantly higher
than that in the model group, and the MDA content was
significantly lower than that of the model group. Further
experiments confirmed that LTP could upregulate the ex-
pression of Cu/Zn-SOD, Mn-SOD, and CAT in the gastric
tissues of the mice with gastric injury, indicating that LBTP
could reduce the free radical damage caused by ethanol,
reduce lipid peroxidation, protect the antioxidant balance,
and inhibit the gastric injury caused by alcohol.

Gallic acid can inhibit oxidative stress and inflammation
to improve gastric injury [31]. Catechins can also protect
tissues by reducing the content of malondialdehyde and
increasing the activity of superoxide dismutase [32]. Epi-
catechin also has the effect of alleviating the disease through

its antioxidation function. At the same time, epicatechin can
also reduce the expression of inflammation related, so as to
alleviate the inflammatory response of tissue [33]. Epi-
gallocatechin gallate is the main component of tea poly-
phenols. It has strong antioxidant effect, which can inhibit
inflammation and protect the body from oxidative stress
[33, 34]. Epicatechin gallate shows a better antioxidant effect
than epigallocatechin gallate, thus protecting the body and
reducing oxidative damage and inflammation [33, 35].
Caffeine is not a polyphenol, it is an alkaloid, but it is often
extracted together in the separation of tea polyphenols [33].
Caffeine can reduce inflammation-related cytokines and
reduce the damage of inflammation to the body, especially
caused by alcohol [33, 36]. Because of the combined action of
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Figure 5: ,e mRNA expression level of (a) nNOS, (b) eNOS, and (c) iNOS in the gastric tissue of mice. Values presented are the
mean± standard deviation. a-cMean values with different letters in the bar are significantly different (p< 0.05) according to Duncan’s new
MRT. Ranitidine group: 50mg/kg b.w. ranitidine treatment dose; LLTP group: 100mg/kg b.w. Liupao tea polyphenols dose; and HLTP
group: 200mg/kg b.w. Liupao tea polyphenols dose.
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Figure 4: ,e mRNA expression level of (a) Cu/Zn-SOD, (b) Mn-SOD, and (c) CAT in the gastric tissue of mice. Values presented are the
mean± standard deviation. a–cMean values with different letters in the bar are significantly different (p< 0.05) according to Duncan’s new
MRT. Ranitidine group: 50mg/kg b.w. ranitidine treatment dose; LLTP group: 100mg/kg b.w. Liupao tea polyphenols dose; and HLTP
group: 200mg/kg b.w. Liupao tea polyphenols dose.

Table 6: SOD, GSH, and MDA levels in gastric tissue of mice with gastric injury.

Group SOD (U/mgprot) GSH (μg/gprot) MDA (nmol/mgprot)
Normal 208.63± 18.32a 657.58± 35.17a 2.86± 0.29e
Model 125.67± 12.06d 314.08± 18.44d 8.16± 0.62a
Ranitidine 171.42± 6.91b 528.71± 30.86b 4.19± 0.36d
LLTP 140.55± 7.02c 442.93± 29.68c 7.05± 0.31b
HLTP 164.39± 10.11b 519.80± 32.05b 5.41± 0.22c
a− eMean values with different letters in the same column are significantly different (p< 0.05) according to Duncan’s new MRT. Ranitidine group: 50mg/kg
b.w. ranitidine treatment dose; LLTP group: 100mg/kg b.w. Liupao tea polyphenols dose; and HLTP group: 200mg/kg b.w. Liupao tea polyphenols dose.
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these five polyphenols and an alkaloid, it had a good anti-
oxidant effect, thus played a role in reducing gastric injury
and protecting gastric tissue.

In this study, LTPs were studied in mice with gastric
injury, and the indexes of serum and gastric tissue corre-
sponding to LTP treatment were determined. ,e results
showed that LTP could significantly repair the abnormal
indexes of gastric injury, regulate the oxidative stress in
serum and gastric tissue to close to normal levels, regulate
the expression of the related mRNA in gastric tissue, and
attenuate the gene expression in gastric tissue to near normal
such that it repairs the effects of the gastric injury on gastric
tissue.,e results also showed that LTPs had a good effect of
preventing gastric injury, and the intensity of this protection
depended on the concentration of the LTPs. ,e higher the
concentration was, the stronger the preventive effect of LTPs
on gastric injury was. ,erefore, LTPs represent a kind of
bioactive ingredient with good gastric tissue protection.
LTPs can be used and developed as active substances to
prevent alcohol-induced gastric injury; particularly, LTPs
can be used as bioactive ingredients in treatment for people
with alcoholism or for chronic HCl/ethanol induced gastric
injury repair.
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