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polyphenols prevent HCl/ethanol
induced gastric damage through its antioxidant
ability in mice

Jing Zhang,†ab De-Yun Lu,†c Ying Yuan,a Jingxia Chen,a Sha Yi,a Benchou Chen*a

and Xin Zhao *b

The aim of this study was to study the preventive effects of polyphenols extracted from Liubao Insect tea on

gastric injury. The content of Liubao Insect tea polyphenols (LITP) was 72.36% by ion precipitation extraction

method. HCl/ethanol-induced gastric injury in mice led to increased gastric juice volume and decreased

pH. LITP increased the gastric juice pH value and reduced the gastric juice volume at slightly lower

quantities than ranitidine. Visual observation of gastric tissue showed that LITP could effectively reduce

the area of gastric injury, and higher concentrations of LITP had a greater effect. Pathological

observation also confirmed that LITP can reduce the cell damage and inflammatory effects, and play

a role in preventing gastric injury. Serum cytokine assays showed that LITP could reduce the levels of IL-

6 (interleukin 6), TNF-a (tumor necrosis factor alpha) and IFN-g (interferon gamma) induced by gastric

injury, and the effects of higher concentration of LITP were similar to those of ranitidine. The results

showed that LITP could increase SOD (superoxide dismutase) and GSH (glutathione) levels; decrease

MDA (malondialdehyde) and MPO (myeloperoxidase) levels; up-regulate the expression of Cu/Zn-SOD

(cuprozinc-superoxide dismutase), Mn-SOD (manganese superoxide dismutase), CAT (catalase), nNOS

(neuronal nitric oxide synthase), eNOS (endothelial nitric oxide synthase); and down-regulate the

expression of iNOS (inducible nitric oxide synthase), COX-2 (cyclooxygenase-2), TNF-a, and IL-1b

(interleukin-1 beta) in mice with gastric injury, thus inhibiting gastric injury. We demonstrate that LITP is

an active substance which could prevent gastric injury in experimental animals. With the increase of LITP

concentration, its effects on preventing gastric injury were stronger and similar to those of ranitidine.
1 Introduction

Liubao Insect tea is a health or medicinal tea produced in
Guangxi, China, made for the excreted droppings of insects that
have eaten tea leaves.1 Droppings from Hydrillodes morosa
Butler, Nodaria niphona Butler, Aglossa dimidiate Haworth.,
Herculia glaucinalis L., and Fujimacia bicoloralis (Leech) that
have fed on Trifolium pratense and other plants have been used
to produce the tea. The products are processed aer collection
to produce insect tea products.2 Insect tea contains 17 minerals
such as K, Mg, Ca, Na, Fe, Mn and Zn, including 10 trace
elements essential for the human body. Quantities of Fe, Zn, Ca
and Mg are higher in insect tea than in some famous tea
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varieties.3 In addition, insect tea is also rich in crude protein,
crude ber, fat, tea polyphenols, caffeine, sugar, vitamins, and
amino acids.4,5 As a traditional Chinese medicinal drink, it has
been reported to ush toxins out of the body, detoxify,
strengthen the stomach and aid digestion. Benecial effects on
diarrhea, epistaxis, gingival bleeding and hemorrhoids
bleeding have also been reported.6

Alcoholic gastric injury, a mucosal injury caused by excessive
alcohol consumption, oen manifests clinically as gastritis.7

Ethanol directly damages gastric mucosal epithelial cells and
submucosal vessels, making gastric mucosa vulnerable to
various digestive enzymes, bile and gastric acid, and causing H+

antidiffusion. Additionally, ethanol can cause injury of the
submucosal vascular endothelium, dilatation of blood vessels,
rupture of small blood vessels, submucosal hemorrhage, and
other changes, further destroying the mucosal barrier. As
damage to the mucosal epithelium and vascular endothelium
produces a large number of inammatory mediators, this can
lead to neutrophil inltration, which further aggravates
mucosal damage.8 Higher concentrations of ethanol have
a strong stimulating effect on the gastric mucosa and can cause
necrosis of mucosal epithelial cells.9 The oxidative stress
This journal is © The Royal Society of Chemistry 2020
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produced by free radicals attacking cells is closely related to
gastric injury. The increase of free radicals and the weakening
of antioxidant mechanisms leads to cell damage, promotes cell
inammation, and triggers and aggravates gastric injury.10

Studies have shown that the polyphenols contained in insect tea
inhibit gastric injury, have anti-oxidation, anti-cancer, anti-
bacterial and anti-viral properties, lower blood sugar and
blood pressure, reduce body fat and weight, and prevent
cancer.11–13 Tea can effectively regulate the microecology and
calcium status in the digestive system, thus regulating the
immunity of the body and reducing inammation. It may play
a conservative role in treating inammation and avoiding
surgery.14–17

At present, there are few studies on Liubao Insect tea poly-
phenols (LITP), and little is understood about the active
substances in this natural beverage. A mouse model of alcoholic
gastric injury was established, the aim of this study was to the
preventive effects of LITP on alcoholic gastric injury, and the
mechanism of LITP's effects on gastric injury in mice was
observed through biochemical and molecular analysis of serum
and tissue, including inhibitory effects of LITP on proin-
ammatory factors and tissue damage induced by oxidative
stress. The results of this study provide a theoretical basis for
new applications of Liubao Insect tea, a food with biological
activity. We also provide a protocol for LITP extraction.
Although this study was conducted in experimental animals,
a foundation is laid for further clinical research of LITP.
2 Materials and methods
2.1 Liubao Insect tea polyphenols extraction

Liubao Insect tea is a special drink made by insect larvae, which
excretes fecal particles aer eating Liubao tea (Camellia sinensis
var. assamica). The Liubao Insect tea was purchased from
Guangxi Wuzhou Shengyuan Tea Co., Ltd. (Wuzhou, Guangxi,
China). Liubao Insect tea was crushed into powder, and 100 g
was added to 150 mL of 45% (volume ratio) ethanol in water.
The extract was heated in a constant temperature water bath
(90 �C, 30 min). Aer performing a second, independent
Fig. 1 Experimental design of this study. Ranitidine group: 50 mg kg�1

Insect tea polyphenols dose; VLITPL group: 50mg kg�1 b.w. Liubao Insect
polyphenols dose; LITPH group: 200 mg kg�1 b.w. Liubao Insect tea po

This journal is © The Royal Society of Chemistry 2020
extraction as above, the two solutions were pooled. The pH of
the extract was adjusted to 6.1 using 15% HCl. 160 mL of AlCl3
(6 g) and ZnCl2 (12 g) was added to induce precipitation. The
mixture was centrifuged (3000 rpm, 10 min) and the precipitate
was retained. 200 mL 12% HCl was added, and aer an addi-
tional centrifugation, the supernatant was retained. Poly-
phenols were then extracted by adding 450 mL ethyl acetate,
followed by rotating evaporation.18

2.2 Determination of polyphenols composition

The methanol was added (2 mL, chromatographic grade)
separately to the following accurately weighed compounds:
catechin, rutin, isoquercetin, isochlorogenic acid B, iso-
chlorogenic acid A, quercetin, rhizocarpin, quercetin and
kaempferol standards. Each standard substance was fully dis-
solved by oscillation to obtain the standard solution. The
methanol (10 mL, chromatographic grade) was added to dried
Liubao tea polyphenol and Liubao Insect tea polyphenol
extracts (5 mg), and was dissolved using oscillation. Samples
were ltered with the 0.22 mm microporous membrane to
obtain the tea polyphenol solution. Component analysis was
carried out under the following chromatographic conditions:
mobile phase A was 0.5% acetic acid water; mobile phase B was
acetonitrile; the ow rate was set at 0.5 mL min�1; chromato-
graphic column was Accucore C18 (2.6 mm, 4.6 � 150 mm); the
column temperature was 30 �C; wavelength was 359 nm;
injection volume was 5 mL. The gradient elution conditions were
pre-equilibrium, 10 min, 88% A–12% B; 0–30 min, 12–45% B;
30–35 min, 45–100% B, 35–40 min, 100% B. The chromato-
graphic peak area of each component was recorded to analyze
the content of each component (Ultimate 3000; Thermo Fisher
Scientic, Inc., Waltham, MA, USA).19

2.3 Cytotoxic test

GES-1 human gastric epithelial cells were inoculated in DMEM
liquid culture medium containing 10% inactivated calf serum
to prepare cell suspension with concentration of 1 � 104 cells
per mL. The GES-1 cells were inoculated with 200 mL per well in
96 well culture plate. Aer 24 h of culture in CO2 incubator, the
b.w. ranitidine treatment dose; ELITPL group: 25 mg kg�1 b.w. Liubao
tea polyphenols dose; LITPL group: 100mg kg�1 b.w. Liubao Insect tea
lyphenols dose.

RSC Adv., 2020, 10, 4984–4995 | 4985
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upper liquid culture medium was discarded aer the cells
adhered to the wall, and then different concentrations of LITP
were added into each well for 48 h. Finally, discard the upper
liquid medium and add 200 mL liquid medium containing MTT
reagent at a concentration of 5 mg mL�1 (weight concentration)
into each hole for 4 h, and then add 200 mL DMSO into each
hole for 30 min, measure the OD value of each hole at the
wavelength of 570 nm and calculate the cell survival rate
according to the formula: survival rate (%) ¼ (OD value of
treatment well/OD value of blank well) � 100.
Table 1 Sequences of primers used in the qPCR assaya

Gene name Sequence

Cu/Zn-SOD Forward: 50-AACCAGTTGTGTTGTCAGGAC-30

Reverse: 50-CCACCATGTTTCTTAGAGTGAGG-30

Mn-SOD Forward: 50-CAGACCTGCCTTACGACTATGG-30

Reverse: 50-CTCGGTGGCGTTGAGATTGTT-30

CAT Forward: 50-GGAGGCGGGAACCCAATAG-30

Reverse: 50-GTGTGCCATCTCGTCAGTGAA-30

iNOS Forward: 50-AGAGAGATCGGGTTCACA-30

Reverse: 50-CACAGAACTGAGGGTACA-30

nNOS Forward: 50-TCGTCCAACTTCTGGGCTCTT-30

Reverse: 50-CCTTCTCTTCCTCCCCTCTCTTC-30

eNOS Forward: 50-TCAGCCATCACAGTGTTCCC-30
2.4 Induction of gastric injury in mice

Fiy 6 week-old SPF Kunming mice (male, body weight: 20 �
2 g, Chongqing Medical University. Chongqing, China) were
maintained with free diet (basic feed) and drinking water, with
pads changed every 2 days for one week at 25 �C and 60%
relative humidity. The mice were divided with 10 mice each into
eight groups: normal group, control group, extremely low
concentration group (ELITPL), very low concentration group
(VLITPL), low concentration group (LITPL), high concentration
group (LITPH group), and ranitidine group. LITP was diluted
with distilled water to different experimental concentrations.
Normal group and control group were given normal saline, and
ELITPL, VLITPL, LITPL and LITPH mice were given LITP at
25 mg kg�1, 50 mg kg�1, 100 mg kg�1 and 200 mg kg�1

respectively by gavage for 14 d. Ranitidine group mice were fed
with ranitidine at a concentration of 50 mg kg�1 for 14 d (Fig. 1).
On the 14th day, all mice were fasted for 24 h. On the 15th day,
all mice except the normal group were given 0.1 mL ethanol
mixture (60% ethanol, 40% 150 mmol L�1 hydrochloric acid)
per 10 g body weight, 1 h aer gastric administration.11 Aer
30 min of intragastric administration, the mice were killed by
cervical disloca, the eyeball blood was collected and gastric
tissue was dissected for use. Gastric juice volume and pH value
were measured. The degree of gastric mucosal injury was naked
eye observed, and the inhibition rate of gastric injury was
calculated aer taking pictures to judge the inhibition effect of
gastric injury. The study was conducted in accordance with the
protocol was approved by the Ethics Committee of Chongqing
Collaborative Innovation Center for Functional Food
(201901002B, Chongqing, China).
Reverse: 50-ATAGCCCGCATAGCGTATCAG-30

COX-2 Forward: 50-GGTGCCTGGTCTGATGATG-30

Reverse: 50-TGCTGGTTTGGAATAGTTGCT-30

TNF-a Forward: 50-GACCCTCAGACTCAGAT
CATCCTTCT-30

Reverse: 50-ACGCTGGCTCAGCCACTC-30

IL-1b Forward: 50-CTCCATGAGCTTTGTACAAGG-30

Reverse: 50-TGCTGATGTACCAGTTGGGG-30

GAPDH
(house-keeping gene,

Forward: 50-AGGTCGGTGTGAACGGATTTG-30

Reverse: 50-GGGGTCGTTGATGGCAACA-30
2.5 Pathological observation

The gastric tissues of 0.5 cm2 mice were xed in 10% formalin
solution for 48 h. The gastric tissues were dehydrated, claried,
waxed, embedded, sectioned, and stained with H&E. The
morphological changes of the gastric tissues were observed
under optical microscope (BX43, Olympus, Tokyo, Japan).
control gene)

a Cu/Zn-SOD: cuprozinc-superoxide dismutase; Mn-SOD: manganese
superoxide dismutase; CAT: catalase; nNOS: neuronal nitric oxide
synthase; eNOS: endothelial nitric oxide synthase; iNOS: inducible
nitric oxide synthase; COX-2: cyclooxygenase-2; TNF-a: tumor necrosis
factor alpha; IL-1b: Interleukin-1 beta; GAPDH: glyceraldehyde-3-
phosphate dehydrogenase.
2.6 Serum cytokine levels determination

Aer blood plasma centrifugation at 4000 rpm for 10 min, the
upper serum was collected and the cytokine levels of IL-6, TNF-
a and IFN-g in the serum of mice were determined according to
the kit instructions (Abcam, Cambridge, Massachusetts, USA).
4986 | RSC Adv., 2020, 10, 4984–4995
2.7 Serum and gastric tissue oxidation levels determination

The 9 mL of cold saline (4 �C) was added to 1 g of gastric tissue,
and then 10% of the homogenate was prepared. Then the
homogenate was centrifuged at 4000 rpm for 10 min. The
supernatant was collected and the levels of SOD, GSH, MDA and
MPO in serum and gastric tissue were determined according to
the kit instructions (Nanjing Jiancheng Bioengineering Insti-
tute, Nanjing City, China).

2.8 sIgA levels of gastric and small intestinal mucosa
determination

The gastric mucosa and small intestinal mucosa were cleaned
with PBS, then 0.1 g mucosa was scraped with slide glass and
put into centrifuge tube, 0.5 mL PBS was added and shaked and
mixed evenly, then centrifuged at 12 000 rpm for 10 min in 4 �C,
and detected with detection kit (Nanjing Jiancheng Bioengi-
neering Institute).

2.9 Quantitative PCR (qPCR) assay

The gastric tissue of mice was crushed, and the general RNA in
gastric tissue was extracted by RNAzol (Invitrogen, Carlsbad,
CA, USA), then the total RNA concentration was diluted to 1 mg
mL�1. Then the diluted general RNA solution of 5 mL was
extracted and retrieved by reverse transcription kit to obtain the
cDNA template. 2 mL of cDNA template were mixed with 10 mL of
SYBR Green PCR Master Mix (Thermo Fisher Scientic, Wal-
tham, MA, USA) and 1 mL upstream and downstream primers (1
This journal is © The Royal Society of Chemistry 2020
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Fig. 2 Polyphenol constituents of Liubao tea and Liubao Insect tea. (A) Standard chromatograms; (B) polyphenols of Liubao tea chromatograms;
(C) polyphenols of Liubao Insect tea chromatograms. (1) catechin; (2) rutin; (3) isoquercetin; (4) isochlorogenic acid B; (5) isochlorogenic acid A;
(6) quercetin; (7) rhizocarpin; (8) quercetin; (9) kaempferol.

This journal is © The Royal Society of Chemistry 2020 RSC Adv., 2020, 10, 4984–4995 | 4987
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Table 4 Gastric juice volume and pH of gastric juice in mice with
gastric injurya

Group Gastric juice volume (mL) pH of gastric juice

Normal 0.12 � 0.02e 4.47 � 0.35a

Control 0.35 � 0.03a 1.89 � 0.21d

Ranitidine 0.19 � 0.03d 3.87 � 0.23b

ELITPL 0.34 � 0.02a 1.91 � 0.20d

VLITPH 0.31 � 0.03a 2.03 � 0.22d

LITPL 0.27 � 0.03b 2.42 � 0.24c

LITPH 0.22 � 0.02c 3.71 � 0.31b

a Values presented are the mean � standard deviation. a–eMean values
with different letters in the same column are signicantly different
(P < 0.05) according to Duncan's new MRT. Ranitidine group: 50 mg
kg�1 b.w. ranitidine treatment dose; ELITPL group: 25 mg kg�1 b.w.
Liubao Insect tea polyphenols dose; VLITPL group: 50 mg kg�1 b.w.
Liubao Insect tea polyphenols dose; LITPL group: 100 mg kg�1 b.w.
Liubao Insect tea polyphenols dose; LITPH group: 200 mg kg�1 b.w.
Liubao Insect tea polyphenols dose.
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mg mL�1) (Table 1). To react under 95 �C for 15 s, as well as 55 �C
for 30 s, then 40 cycles under 72 �C for 35 s. Finally, under the
conditions of 95 �C for 30 s, 55 �C for 35 s, the test was carried
out. GAPDH was used as a control, and 2�DDCt method was used
to calculate the relative gene expression.20

2.10 Statistical analysis

Three parallel experiments were carried out on the serum and
tissue indexes of each mouse, and then the average values were
taken. Then the data were analyzed by SAS 9.1 statistical soware
(SAS Institute Inc., Cary, NC, USA). The one-way ANOVA method
and Duncan's test were used to analyze whether there were
signicant differences among the groups at the level of P < 0.05.

3 Results
3.1 Composition analysis of Liubao tea polyphenols and
Liubao Insect tea polyphenols

It was found that Liubao tea polyphenols contained catechin,
rutin, isoquercetin, isochlorogenic acid B, isochlorogenic acid,
quercitrin, rhizocarpin and quercetin by HPLC (Fig. 2, Table 2).
Aer the process of insect metabolism, the polyphenols in Liubao
Insect tea changed greatly from the rawmaterial Liubao tea. It was
found that there were only four polyphenols in Liubao Insect tea
polyphenols (catechin, rutin, isoquercetin and isochlorogenic acid
B), and the content of catechin was greatly increased.
Table 2 Polyphenol contents of Liubao tea and Liubao Insect tea

Polyphenol

Liubao tea
polyphenols
(mg g�1)

Liubao Insect tea
polyphenols
(mg g�1)

Catechin 342.207 � 0.033 715.204 � 0.026
Rutin 12.893 � 0.012 6.887 � 0.013
Isoquercetin 4.300 � 0.012 1.428 � 0.012
Isochlorogenic acid B 6.716 � 0.015 0.081 � 0.005
Isochlorogenic acid A 0.269 � 0.006 —
Quercetin 288.754 � 0.022 —
Rhizocarpin 0.537 � 0.011 —
Quercetin 0.027 � 0.002 —

Table 3 Cell proliferation effect on Liubao Insect tea polyphenols in
GES-1 human gastric epithelial cells

Treatment OD570

Proliferation
inhibition rate (%)

Untreated (0 mg mL�1) 0.472 � 0.004 —
1 mg mL�1 0.471 � 0.006 0.2 � 0.0
2 mg mL�1 0.469 � 0.005 0.6 � 0.1
3 mg mL�1 0.468 � 0.005 0.8 � 0.1
4 mg mL�1 0.463 � 0.007 1.7 � 0.2
5 mg mL�1 0.415 � 0.009 12.1 � 0.4
6 mg mL�1 0.378 � 0.011 19.9 � 0.6
7 mg mL�1 0.315 � 0.010 33.3 � 0.7
8 mg mL�1 0.245 � 0.012 48.1 � 1.1
9 mg mL�1 0.147 � 0.009 68.9 � 1.0
10 mg mL�1 0.112 � 0.007 76.3 � 0.9

4988 | RSC Adv., 2020, 10, 4984–4995
3.2 Cytotoxicity of Liubao Insect tea polyphenols

As shown in Table 3, at the concentration of 0–4 mg mL�1 LITP,
the growth of normal gastric mucosa cells GES-1 was not
abnormal, and the proliferation of GES-1 cells was inhibited
when the concentration was higher than 4 mg mL�1 LITP.
According to the concentration conversion of animal experi-
ment, the LITP had no toxic effect on gastric mucosa at the
concentration of 0–200 mg kg�1.
3.3 Gastric juice volume and pH of gastric juice

As shown in Table 4, the control group's gastric juice had the
largest volume and lowest pH, while the normal group's had the
lowest volume and highest pH. Compared with the control
group, both LITP concentrations and ranitidine reduced the
gastric juice volume and increased the pH value in mice with
gastric injury. LITPH had a similar effect to ranitidine, which
produced gastric juice volume and pH closest to values found in
the normal group. Compared with the control group, ELITPL
and VLITPH did not signicantly (P > 0.05) decrease the gastric
juice volume and increase the pH of gastric juice.
3.4 Gastric injury inhibitory effect

Fig. 3 and Table 5 showed that the gastric mucosa of normal mice
was intact, normal color, smooth surface, and without bleeding,
erosion, or other damage. The control group exhibited a large area
of gastric mucosal injury. In the LITP and ranitidine groups, this
area was signicantly reduced (P < 0.05), and the reduction in the
LITPHgroupwas larger than that of the LITPL group, slightly lower
than that of ranitidine. Thus, LITP could effectively reduce the area
of alcohol damage to gastric mucosa, and reduce the degree of
gastric injury. Compared with the control group, ELITPL and
VLITPH did not obvious reduce the area of gastric injury. And the
ED50 of LITP was 137.8 mg kg�1. Based on the above experimental
results, we choose the concentrations of 100 and 200 mg kg�1 for
further in-depth experiments.
This journal is © The Royal Society of Chemistry 2020
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Fig. 3 Observation of gastric injury in mice with gastric injury. Ranitidine group: 50 mg kg�1 b.w. ranitidine treatment dose; ELITPL group: 25 mg
kg�1 b.w. Liubao Insect tea polyphenols dose; VLITPL group: 50mg kg�1 b.w. Liubao Insect tea polyphenols dose; LITPL group: 100mg kg�1 b.w.
Liubao Insect tea polyphenols dose; LITPH group: 200 mg kg�1 b.w. Liubao Insect tea polyphenols dose.
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3.5 Pathological observation

In mice from the normal group, the structure of gastric tissue is
complete, the cells are arranged tightly and orderly, the size of
the cells is the same, and the surface epithelium is intact and
does not fall off (Fig. 4). In the control group, the structure of
gastric tissue was incomplete, the number of cells decreased
sharply, the arrangement of cells was completely disrupted, the
upper epidermis was exfoliated, and serious hemorrhage
occurred between cells and tissues. In the LITPL group, the cells
were not uniform in size, arranged loosely, some of them were
destroyed, there were hemorrhage and congestion among the
cells, and some of the mucosa was exfoliated. The order and
tightness of cells in LITPH group were more normal than those
in LITPL group, the upper epidermis was more complete, and
the phenomenon of congestion and hemorrhage was alleviated
Table 5 Activated carbon propulsive rate of mice with activated
carbon-induced constipationa

Group
Gastric injury
area (mm2)

Gastric injury inhibitory
rate (%)

Normal 0.00 � 0.00e 100.00 � 0.00a

Control 22.57 � 2.83a 0.00 � 0.00g

Ranitidine 3.97 � 0.41d 82.41 � 2.67b

ELITPL 22.08 � 2.16a 2.17 � 0.36f

VLITPH 20.86 � 2.61a 7.58 � 1.31e

LITPL 14.39 � 1.86b 36.24 � 1.89d

LITPH 5.32 � 0.51c 76.43 � 2.37c

a Values presented are the mean � standard deviation. a–g Mean
values with different letters in the same column are signicantly
different (P < 0.05) according to Duncan's new MRT. Ranitidine
group: 50 mg kg�1 b.w. ranitidine treatment dose; ELITPL group:
25 mg kg�1 b.w. Liubao Insect tea polyphenols dose; VLITPL group:
50 mg kg�1 b.w. Liubao Insect tea polyphenols dose; LITPL group:
100 mg kg�1 b.w. Liubao Insect tea polyphenols dose; LITPH group:
200 mg kg�1 b.w. Liubao Insect tea polyphenols dose.

This journal is © The Royal Society of Chemistry 2020
compared with that in LITPL group. In the ranitidine group, the
gastric tissue cells were arranged closely, and only individual
cells were scattered; the mucosal exfoliation was not obvious,
and there was little congestion between the cells and tissues.
These results showed that LITP could protect gastric tissue and
avoid the damage caused by ethanol, and the effect of high dose
was better than that of low dose.
3.6 Cytokine levels of IL-6, TNF-a and IFN-g in serum of
mouse

As shown in Table 6, serum cytokine levels of IL-6, TNF-a and
IFN-g in mice of normal group were lowest, but these levels in
mice of control group were highest. Aer treatment with LITP
and ranitidine, the IL-6, TNF-a and IFN-g levels in mice with
gastric injury were reduced, and the LITPH treatment had
higher reductive effect than LITPL, though not as high an effect
as ranitidine.
3.7 SOD, GSH, MDA and MPO levels in serum and gastric
tissue of mouse

Tables 7 and 8 showed that the levels of SOD and GSH were the
lowest in the control group, while the levels of MDA andMPOwere
the highest. The gastric tissue of normal mice showed the oppo-
site: the levels of SOD and GSH in gastric tissue were the highest,
while the levels of MDA and MPO were the lowest. LITP could
signicantly increase SOD and GSH levels in gastric tissue of mice
with gastric injury (P < 0.05) and decreaseMDA andMPO levels (P <
0.05),making the indexes close to the normal group; the higher the
concentration, the more obvious the effects; the higher the
concentration of LITP, the closer the effects to ranitidine.
3.8 SOD, GSH, MDA and MPO levels in serum and gastric
tissue of mouse

Table 9 showed that LITP could improve the levels of sIgA
antibody in small intestine and gastric mucosa of mice with
RSC Adv., 2020, 10, 4984–4995 | 4989
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Fig. 4 Pathological observation of gastric injury in mice with gastric injury. Ranitidine group: 50 mg kg�1 b.w. ranitidine treatment dose; LITPL
group: 100 mg kg�1 b.w. Liubao Insect tea polyphenols dose; LITPH group: 200 mg kg�1 b.w. Liubao Insect tea polyphenols dose.

Table 6 Cytokine levels of IL-6, TNF-a and IFN-g in serum of mouse
with gastric injurya

Group IL-6 (pg mL�1) TNF-a (pg mL�1) IFN-g (pg mL�1)

Normal 42.77 � 3.52e 36.79 � 2.12e 31.12 � 1.86e

Control 166.08 � 8.32a 128.35 � 4.36a 120.38 � 3.97a

Ranitidine 68.32 � 3.20d 49.30 � 3.34d 42.08 � 2.91d

LITPL 122.83 � 5.39b 97.28 � 4.09b 87.96 � 4.80b

LITPH 79.31 � 2.88c 58.17 � 3.12c 55.17 � 2.08c

a Values presented are the mean � standard deviation. a–eMean values
with different letters in the same column are signicantly different (P
< 0.05) according to Duncan's new MRT. Ranitidine group: 50 mg
kg�1 b.w. ranitidine treatment dose; LITPL group: 100 mg kg�1 b.w.
Liubao Insect tea polyphenols dose; LITPH group: 200 mg kg�1 b.w.
Liubao Insect tea polyphenols dose.
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gastric injury, and the results also showed that the level of sIgA
antibody in gastric mucosa was higher than that in small
intestine mucosa. Meanwhile, with the increased of LITP
concentration, the levels of sIgA antibody also increased.
Table 7 Levels of SOD, GSH, MDA and MPO in serum of mouse with ga

Group SOD (U mL�1) GSH (mg mL�

Normal 144.70 � 5.37a 14.06 � 1.39a

Control 51.09 � 3.25e 3.42 � 0.48e

Ranitidine 118.91 � 3.92b 11.01 � 1.26b

LITPL 83.25 � 2.69d 7.24 � 0.82d

LITPH 107.36 � 3.02c 9.06 � 0.55c

a Values presented are the mean� standard deviation. a–eMean values with
according to Duncan's new MRT. Ranitidine group: 50 mg kg�1 b.w. ranit
polyphenols dose; LITPH group: 200 mg kg�1 b.w. Liubao Insect tea polyp

4990 | RSC Adv., 2020, 10, 4984–4995
3.9 Cu/Zn-SOD, Mn-SOD and CAT mRNA expression in
gastric tissue of mouse

From Fig. 5, it could be seen that the expression intensities of
Cu/Zn-SOD, Mn-SOD and CAT in the control group were the
lowest. The expression of Cu/Zn-SOD, Mn-SOD and CAT in mice
with gastric injury were signicantly increased aer the action
of LITP (P < 0.05). The effects of LITPH were stronger than those
of LITPL, and the effects were close to those of ranitidine.
3.10 nNOS, eNOS and iNOS mRNA expression in gastric
tissue of mouse

From Fig. 6, it could be seen that the expression of iNOS in
gastric tissue of normal mice was signicantly lower than those
of other groups (P < 0.05), while the expression of nNOS and
eNOS were signicantly (P < 0.05) higher than those of other
groups. The expression of nNOS, eNOS and iNOS in the control
group showed the opposite trend to those of the normal group.
The expression of nNOS and eNOS in gastric tissue of LITPH
and ranitidine mice were lower than those of normal mice,
stric injurya

1) MDA (nmol mL�1) MPO (mg mL�1)

12.39 � 0.74e 8.25 � 0.35e

55.23 � 2.61a 15.31 � 0.57a

23.79 � 1.83d 10.38 � 0.22d

40.83 � 2.63b 13.71 � 0.31b

28.36 � 2.11c 11.06 � 0.23c

different letters in the same column are signicantly different (P < 0.05)
idine treatment dose; LITPL group: 100 mg kg�1 b.w. Liubao Insect tea
henols dose.

This journal is © The Royal Society of Chemistry 2020
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Table 8 Levels of SOD, GSH, MDA and MPO in gastric tissue of mouse with gastric injurya

Group SOD (U mgprot
�1) GSH (mg gprot

�1) MDA (nmol mgprot
�1) MPO (mg mgprot

�1)

Normal 187.93 � 7.36a 6.32 � 0.51a 2.47 � 0.25e 2.02 � 0.16e

Control 102.52 � 4.83e 1.05 � 0.19e 9.82 � 0.48a 7.25 � 0.31a

Ranitidine 152.08 � 5.44b 4.83 � 0.37b 4.52 � 0.38d 3.19 � 0.20d

LITPL 129.36 � 4.05d 2.68 � 0.26d 7.05 � 0.49b 5.36 � 0.25b

LITPH 143.52 � 4.21c 4.01 � 0.24c 5.74 � 0.21c 3.92 � 0.21c

a Values presented are the mean� standard deviation. a–eMean values with different letters in the same column are signicantly different (P < 0.05)
according to Duncan's new MRT. Ranitidine group: 50 mg kg�1 b.w. ranitidine treatment dose; LITPL group: 100 mg kg�1 b.w. Liubao Insect tea
polyphenols dose; LITPH group: 200 mg kg�1 b.w. Liubao Insect tea polyphenols dose.

Table 9 Levels of sIgA antibody in gastric and small intestinal mucosa
of mouse with gastric injurya

Group
Gastric mucosa
(mmol L�1)

Small intestinal
mucosa (mmol L�1)

Normal 6.33 � 0.21a 2.03 � 0.12a

Control 1.25 � 0.17e 0.47 � 0.04e

Ranitidine 4.82 � 0.19b 1.61 � 0.08b

LITPL 2.19 � 0.20d 0.72 � 0.06d

LITPH 4.37 � 0.15c 1.29 � 0.07c

a Values presented are the mean � standard deviation. a–eMean values
with different letters in the same column are signicantly different (P
< 0.05) according to Duncan's new MRT. Ranitidine group: 50 mg
kg�1 b.w. ranitidine treatment dose; LITPL group: 100 mg kg�1 b.w.
Liubao Insect tea polyphenols dose; LITPH group: 200 mg kg�1 b.w.
Liubao Insect tea polyphenols dose.

Fig. 5 mRNA expression of Cu/Zn-SOD, Mn-SOD and CAT in gastric
deviation. (a–e) Mean values with different letters in the bars are signifi
Ranitidine group: 50 mg kg�1 b.w. ranitidine treatment dose; LITPL grou
200 mg kg�1 b.w. Liubao Insect tea polyphenols dose.

This journal is © The Royal Society of Chemistry 2020

Paper RSC Advances

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 3

0 
Ja

nu
ar

y 
20

20
. D

ow
nl

oa
de

d 
on

 1
1/

5/
20

25
 4

:5
8:

50
 A

M
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n-
N

on
C

om
m

er
ci

al
 3

.0
 U

np
or

te
d 

L
ic

en
ce

.
View Article Online
while the expression of iNOS was higher than that of normal
mice.
3.11 COX-2, TNF-a and IL-1b mRNA expression in gastric
tissue of mouse

From Fig. 7, it could be seen that the mRNA expression of COX-
2, TNF-a and IL-1b in gastric tissue of normal mice were
signicantly lower than those of other groups (P < 0.05). The
expressions of COX-2, TNF-a and IL-1b in gastric tissue of
control groupmice were the strongest. The expression of COX-2,
TNF-a and IL-1b in gastric damage mice were signicantly
reduced (P < 0.05) by LITP and ranitidine. And the expression of
COX-2, TNF-a and IL-1b in gastric tissue of LITPH and raniti-
dine were similar to those in normal mice.
intestine tissue of mice. Values presented are the mean � standard
cantly different (P < 0.05) according to Duncan's multiple-range test.
p: 100 mg kg�1 b.w. Liubao Insect tea polyphenols dose; LITPH group:

RSC Adv., 2020, 10, 4984–4995 | 4991
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Fig. 6 mRNA expression of nNOS, eNOS and iNOS in gastric intestine tissue of mice. Values presented are the mean � standard deviation. (a–e)
Mean values with different letters in the bars are significantly different (P < 0.05) according to Duncan's multiple-range test. Ranitidine group:
50 mg kg�1 b.w. ranitidine treatment dose; LITPL group: 100 mg kg�1 b.w. Liubao Insect tea polyphenols dose; LITPH group: 200 mg kg�1 b.w.
Liubao Insect tea polyphenols dose.

Fig. 7 mRNA expression of COX-2, TNF-a and IL-1b in gastric intestine tissue of mice. Values presented are themean� standard deviation. (a–e)
Mean values with different letters in the bars are significantly different (P < 0.05) according to Duncan's multiple-range test. Ranitidine group:
50 mg kg�1 b.w. ranitidine treatment dose; LITPL group: 100 mg kg�1 b.w. Liubao Insect tea polyphenols dose; LITPH group: 200 mg kg�1 b.w.
Liubao Insect tea polyphenols dose.

4992 | RSC Adv., 2020, 10, 4984–4995 This journal is © The Royal Society of Chemistry 2020
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4 Discussion

The maximum amount of tea per person per day is recom-
mended to be 13 g of dry tea. According toWHO regulations, the
harmful substances including heavy metals and rare earth in 13
grams of dried tea are lower than the dangerous value, and have
no toxicity to human body. Therefore, this study calculated that
the intake of tea polyphenols was not more than 200 mg kg�1

through recommended tea intake. Through oral acute toxicity
test, cumulative toxicity test, thoracic bone marrow micronu-
cleus test, sperm deformity test and Salmonella typhimurium/
mammalian microsomal enzyme test, study had shown that
insect tea had no toxic effect and could be used as a new food
resource for development and utilization.21 Study had shown
that insect tea was rich in amino acids, trace elements and
vitamins, and also rich in polyphenols.22 In traditional Chinese
culture and medicine, insect tea as a drink could nourish
stomach and improve gastric function.23 Laboratory study had
also shown that insect tea soup could prevent gastric injury.24

Through the above studies, we can preliminarily conclude that
the effect of insect tea on gastric injury is to improve the body's
gastric function and enhance the resistance of gastric tissue to
chemical gastric injury, which is different from the effect of
drug treatment on gastric injury. These factors may also
contribute to the preventive effect of tea polyphenols from
Liubao tea Insect on gastric injury. In this study, we aimed to
study the preventive effect of Liubao Insect Tea as a food on
gastric injury. Aer taking Liubao Insect tea polyphenols in
advance, the gastric function of mice was strengthened, which
may play a preventive role on chemical gastric injury. Alcohol-
induced gastric injury is used to model human gastric acid
secretion and imitate alcohol-induced acute digestive injury.
This damage model is helpful to study whether potential
bioactive substances have protective and antioxidant effects on
gastric tissue. Ethanol/hydrochloric acid solution can be used to
observe the ulceration of gastric mucosa in mice aer gastric
administration. The 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.25 In this
study, LITP also could reduce the area of ulceration as indicated
in other literatures, LITP can be visually observed to reduce
gastric injury.

TNF-a is a polypeptide mediator with extensive biological
activity, which mediates tissue injury caused by various factors.
Increases of TNF-a levels are directly related to tissue injury.26

IL-6 can stimulate hepatocytes to synthesize acute phase
proteins and participate in inammation. IL-6 can also effec-
tively promote cachexia induced by TNF and IL-1 and aggravate
tissue damage.27 IFN-g can mediate the anti-viral effect of non-
target cell injury, and TNF-a participates in the injury response,
promoting tissue injury and inammation.28 This study
demonstrated that LITP could prevent and alleviate gastric
injury by reducing the inammatory factors, such as IL-6, TNF-
a and IFN-g cytokines in mice.

sIgA is a protective antibody in the mucosal immune
response. It is secreted into the intestinal cavity by the lamina
This journal is © The Royal Society of Chemistry 2020
propria cells of the mucosa. As a barrier of the body mucosa,
sIgA can inhibit the invasion of foreign antigen molecules,
neutralize the extracellular pathogenic microorganisms, and
combine with antigens to form an immune complex. Benecial
substances can activate T and B cells of mucosa associated
lymphoid tissue, stimulated by IFN-g and other factors, B cells
proliferated and transformed into B lymphoblasts with antigen-
specic antigens such as IgA, IgG and IgE, Some of sIgA were
directly distributed in the lamina propria of intestinal mucosa,
most of sIgA returned to the gastrointestinal mucosa through
mesentery and blood circulation, transformed into antibody
forming cells under the stimulation of IL-6, secreted specic
antibodies, and exerted local humoral immune response.29 It
could be seen that the LITP could effectively stimulate immu-
nity and reduce gastric injury.

Oxidative stress is the main characteristic of gastric mucosal
injury. It has been shown that damage to gastric mucosal cells is
aggravated by the decrease of antioxidants such as SOD and
GSH aer ethanol treatment. As a response to free radical
accumulation, SOD and other cell antioxidant enzymes are
considered as the rst line of defense against oxidative damage.
Similar effects are seen with GSH, which can clear free radicals
in the body over time, keep the balance between oxidation and
antioxidation, and protect the body from free radical damage.
Therefore, the content of antioxidant enzymes can directly
reect the number of free radicals in the body.30,31 Decreased
activity of antioxidant enzymes may trigger chain lipid perox-
idation, which results in decreased uidity and enhanced
permeability of biolms. MDA is an end product of lipid
oxidation, so the MDA level is oen used as a marker of lipid
peroxidation.32 MPO is closely related to inammation, and
MPO-decient neutrophils cause an oxidative reaction and
produce a large number of superoxides and oxides, resulting in
inammatory cell damage.33 Our results showed that the SOD,
GSH, MDA and MPO levels were all directly related to gastric
injury, LITP could play a similar role to antioxidants and inhibit
gastric injury by adjusting the levels of these markers to near
normal values.

Cu/Zn-SOD and Mn-SOD are isomers of SOD in organisms.
Mn-SOD is a free radical scavenger and active in mitochondria.
Cu/Zn-SOD is a free radical scavenger of SOD and active in the
cytoplasm to protect visceral tissues.34 Studies have shown that
ethanol can induce oxidative stress in an organism and produce
a large number of free radicals. Mn-SOD and Cu/Zn-SOD can
inhibit free radicals and prevent gastric injury.35,36 CAT is an
antioxidant enzyme, which can inhibit oxidative stress by
clearing the body of hydrogen peroxide, slow down the oxida-
tion caused by ethanol, and thus inhibit gastric injury.37 Based
on the results of this study, LITP could enhance the expression
of Cu/Zn-SOD, Mn-SOD and CAT in mice with gastric injury,
thus playing a role in preventing gastric injury.

nNOS, eNOS and iNOS are the neurotype, endothelial type
and inducible type of NOS, respectively.38 Under normal physi-
ological conditions, the mechanism of NO production, release,
diffusion and inactivation is precisely regulated in the nervous
system, which is mainly achieved by regulating the activation
and deactivation of nNOS.39 nNOS not only plays an important
RSC Adv., 2020, 10, 4984–4995 | 4993
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role in the nervous system, but is also distributed in gastric
mucosal epithelial cells. The decrease of the nNOS level will
lead to the aggravation of gastric tissue damage.40 The expres-
sion and activity of eNOS are relatively stable. eNOS is mainly
involved in promoting epithelial repair, regulating gastric
mucosal blood ow and adaptive cell protection, inhibiting
gastric acid secretion, enhancing mucus barrier function and
promoting vascular regeneration.41 eNOS can inhibit oxidative
damage to blood vessels caused by oxidative stress, relax blood
vessels, and protect them.42 iNOS activation lasts for a long time
and produces large quantities of NO. Low concentration of NO
can effectively resist gene mutation and activate the body's
defensive ability, but high concentration of NO will inhibit
control of gene mutation, stimulate gene mutation, and
aggravate tissue damage.43 LITP could increase the expression
of nNOS and eNOS in the gastric tissue of mice with gastric
injury and reduce the expression of iNOS, thus inhibiting
inammatory response, protecting gastric mucosa, and inhib-
iting gastric injury.

Ethanol can lead to inammation of the stomach, and cau-
ses the release of a large number of inammatory factors.
Inammatory factor TNF-a is mainly secreted by monocyte–
macrophage and binds to TNF-aR1 on hepatocyte membranes,
resulting in apoptosis of stem cells and fragmentation of
double-stranded DNA.44 Inammatory factor COX-2 is not
expressed in normal tissues. Aer gastric injury, Kupffer cells
are activated. COX-2 is expressed and synthesized extensively,
and the inammatory damage of gastric tissue is aggravated.45

Aer gastric tissue damage, oxidative stress can lead to imbal-
ance of TNF-a and IL-1b inammatory factors, and increase the
content of TNF-a and IL-1b inammatory factors.46 Our results
show that LITP can reduce the expression of COX-2, TNF-a and
IL-1b in mice with gastric injury, thus playing a role in pre-
venting gastric injury.

The composition of Liubao tea changed aer insect metab-
olism. The kinds of active substances in the newly produced
Liubao Insect tea polyphenols were less than those in the
original Liubao tea, but the active ingredients were concen-
trated. The content of catechin accounted for nearly 99% of the
extracted polyphenol active substances. It can be seen that
catechin is the core active component of tea polyphenols from
Liubao Insect tea. Catechins have anti-inammatory, antimi-
crobial, antiviral and antioxidant effects. They can effectively
balance free radicals in human body by scavenging reactive
oxygen species (ROS), NO or reacting with ROS to form stable
compounds.47 The antioxidant activity of catechin can effec-
tively prevent and treat the tissue damage caused by oxidative
stress.48 In this study, catechin could also play its role in
inhibiting alcohol-induced oxidative stress injury of gastric
mucosa and protecting gastric tissue. Rutin also has strong
antioxidant activity, which can inhibit the formation of lipid
peroxides and thus inhibit inammation.49 Isoquercetin is also
a bioactive substance, which can alleviate chronic bronchitis,
coronary heart disease and hypertension.50 Isochlorogenic acid
B has more phenolic hydroxyl groups and has good antioxidant
activity. It can also inhibit inammation through antioxidant
effect.51 The combination of various antioxidants may play
4994 | RSC Adv., 2020, 10, 4984–4995
a better biological activity, enhance antioxidant activity and
protect gastric tissue from injury.

Based on the results of this study, Liubao Insect tea may
further reect its clinical effect, which needs further study. This
study preliminarily proved the preventive effect of LITP on acute
gastric injury through animal experiments. The results can fully
support the conclusion because of the use of molecular biology
and other methods. However, the research is limited to animal
experiments, and further clinical studies are needed to prove
that this kind of active substance can be better applied in
practice.

5 Conclusions

This study shows that LITP inhibits inammation and oxidative
stress in mice with gastric injury. Through gene expression level
analysis, LITP is shown to regulate the degree of gastric injury,
the level of inammatory cytokines, and the oxidative stress in
gastric tissue. We have demonstrated that LITP is a biological
active class of compounds with gastric tissue protective activity,
and has value for further development and utilization. In the
future, in-depth human trials are needed to fully verify the
clinical activity of LITP in humans.
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45 R. F. Araújo Júnior, V. B. Garcia, R. F. Leitão, G. A. Brito,

C. Miguel Ede, P. M. Guedes and A. A. de Araújo, PLoS
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