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.e aim of this study was to investigate the antioxidant effects of flavonoid extract of lotus leaf (FELL) in vitro and in mice with
gastric injury and elucidate the inhibitory effect of FELL on alcohol-induced gastric injury by antioxidant capacity. Gastric juice
volume and acid value were measured in the established alcohol-induced acute gastric injury model in mice. Hematoxylin and
eosin staining demonstrated themorphological changes in the gastric mucosa. FELL improved the alcohol-induced gastric lesions.
Serological testing results showed that FELL significantly increased the levels of superoxide dismutase (SOD), catalase (CAT),
glutathione (GSH), and nitric oxide (NO) and significantly reduced the levels of MDA and MPO in mice with gastric injury.
Besides, FELL significantly reduced the levels of interleukin 6 (IL-6), interleukin 12 (IL-12), tumor necrosis factor alpha (TNF-α),
and interferon gamma (IFN-c). .e quantitative polymerase chain reaction (qPCR) and Western blot results proved that FELL
upregulated the mRNA and protein expressions of SOD1, SOD2, CAT, epidermal growth factor (EGF), vascular endothelial
growth factor (VEGF), epidermal growth factor receptor (EGFR), neuronal nitric oxide synthase (nNOS), and endothelial nitric
oxide synthase (eNOS) and downregulated the expression of inducible nitric oxide synthase (iNOS) in the gastric tissue of mice
with gastric injury. Five compounds, including kaempferitrin, hyperoside, astragalin, phloridzin, and quercetin, were detected in
FELL using high-performance liquid chromatography. .us, FELL has an inhibitory effect on experimental alcohol-induced
gastric injury because of the antioxidant capacity of the five compounds. Its effect increases as the FELL concentration increases,
which is close to that of ranitidine. FELL, which is an active substance, provides a good gastroprotective effect.

1. Introduction

Lotus leaves (Nelumbo nucifera Gaertn.) are commonly
dried and used for tea and traditional Chinese medicines [1].
Lotus leaf tea is effective for weight loss and gastrointestinal
protection, and traditional Chinese medicines made of lotus
leaves have also been used for weight loss, lipid reduction,
antioxidation, anticonvulsion, and anti-liver fibrosis [2–5].
Because of its multiple effects, lotus leaf has been applied in
the development and production of healthy food and has
been proved to contain not only carbohydrates, lipids, and
proteins that are common in plants but also various bio-
active components, the most important of which are

flavonoids and alkaloids [6]. .e flavonoid extract of lotus
leaf (FELL) possesses antioxidative, anti-inflammatory, and
lipid regulatory properties through biologically active sub-
stances [7–9]. Additionally, lotus leaves have been gradually
developed and utilized in a variety of products, such as
health drinks, that have entered the market [10]. .us, lotus
leaves and the flavonoids they contain have a very good
development and utilization value. .e total flavonoids in
dried lotus leaves exceed 80mg/g [11], showing a potential
for its development and utilization.

According to earlier reports, the average annual alcohol
intake for adults is about 10 L, which is nearly 14 L for men
[12]. However, recent medical research has confirmed that the
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incidence of gastrointestinal diseases in the drinking pop-
ulation is significantly higher than that in the nondrinking
population. Regular intake of high-concentration alcohol will
lead to thinning of the gastric mucosa, necrosis and de-
tachment of epithelial cells, injury and embolism in the
microvascular endothelium, and ischemic and anoxic ne-
crosis in tissue, resulting in gastric mucosal erosion and ulcer
formation, as well as gastroduodenal mucosal damage and
related gastropathy [13]. Alcohol causes neutrophil infiltra-
tion in the gastric mucosa, releasesMPO, oxygen free radicals,
active oxidation metabolites such as superoxide anion (O2

−),
and protease, and adheres to the vascular endothelium,
producing vascular occlusion and mucosal damage [14]. Free
radicals play an important role in the process of alcohol-
induced gastric mucosal damage..ere are increased levels of
lipid peroxides and free radicals in the gastric mucosa of
chronic drinkers [15]. Oxygen free radicals on mitochondria
act to reduce ATP production, leading to dysfunctional Na+-
K+-ATPase and elevated Na+ concentration in cells, triggering
Na+-Ca2+ exchange, and increasing intracellular calcium. .e
high calcium level activates phospholipase A2, promotes
degradation of phospholipase, and reduces the content of
membrane phospholipid. .e abnormality in the membrane
structure causes an abnormal increase in membrane per-
meability to Ca2+. Besides, active oxygen can directly inhibit
Ca2+-Mg2+-ATPase, eventually leading to calcium overload.
.us, oxygen free radicals may serve as a trigger for calcium
overload, and alcohol-induced gastric mucosal damage may
be related to the decreased membrane fluidity caused by
intracellular calcium overload and excessive oxygen free
radicals [16]. .e active substances in natural plants are
conducive to the reproduction and the growth of probiotics in
the intestine, playing a positive role in promoting the con-
struction of microenvironment in the intestine. Besides, they
inhibit the atrophy of the gastric and intestinal mucosa and
protect the barrier function of the gastric and intestinal
mucosa [17]. Moreover, the active substances in natural
plants, especially flavonoids, generally have a good antioxi-
dant effect, endowing them with biological activities on in-
flammation, cancer, and other diseases [18–20]. So far, there
has been no report on the damage of FELL to the murine
gastric mucosa. .is study aimed to investigate the antioxi-
dant effect of FELL in vitro and its inhibitory effect on alcohol-
induced gastric injury in mice using in vitro and in vivo
experiments, providing a theoretical basis for the develop-
ment and the utilization of FELL and the evaluation of its
nutritional value.

2. Materials and Methods

2.1. Extraction of FELL. For FELL extraction, 300 g of Anhui
lotus leaves was ground and added to a 5 L beaker with 3 L of
70% ethanol at a ratio of 1 : 20. .e beaker was sealed with
plastic film and heated in a water bath at 60°C for 3 h. .e
mixture in the beaker was then filtered to obtain crude
extract of FELL after cooling. FL-3 macroporous resin
(Jiangsu Hecheng New Material Co., Ltd., Nanjing, Jiangsu,
China) was loaded into a glass column, through which the
crude extract was slowly passed. .e filtrate passing through

the column, for the first time, was discarded, and the column
was further eluted with 70% ethanol until the resin became
colorless. .e eluted solution was collected in a beaker,
followed by rotary evaporation to remove the ethanol in the
solution and finally obtain the FELL.

2.2. HPLC. For HPLC analysis, 10mg FELL was accurately
weighed and dissolved in 1mL dimethylsulfoxide (DMSO).
.e components of FELL were detected as follows: C18
column (Agilent Zorbax SB-C, 5 μm, 4.6× 250mm); mobile
phase B, 0.1% glacial acetic acid; mobile phase C, acetonitrile;
column temperature, 35°C; flow rate, 0.5mL/min; detection
wavelength, 280 nm; and injection volume, 10 μL (UltiMate
3000 high-performance liquid chromatography, .ermo
Fisher Scientific, Inc., Waltham, MA, USA).

2.3. Animal Grouping and Treatment. Fifty male Kunming
mice (Chongqing Medical University, Chongqing, China)
were randomly assigned into five groups (n� 10): normal
group, control group, ranitidine group, low-dose FELL group
(LFELL, 50mg/kg), and high-dose FELL group (HFELL,
100mg/kg). .e mice in the normal group and the control
group were given 0.2mL of normal saline. .ose in the
ranitidine group, LFELL group, and HFELL group were given
0.2mL of ranitidine (50mg/kg b.w., body weight), FELL
extract (50mg/kg b.w.), and FELL extract (100mg/kg b.w.),
respectively. After gavage on the 14th day, all of the mice had
fasted for 24 h, but free water was allowed. On the 15th day,
except for the normal group, the remaining mice were in-
duced gastric injury by gavage (mixture solution of 60%
anhydrous ethanol and 40% 150mmol/L hydrochloric acid)
at a dose of 0.1mL/10 g [21]. All of the mice were sacrificed
30min after gavage. Blood specimens were collected and
centrifuged at 4°C at 4,000 r/min for 10min to collect the
upper serum specimens. .e entire stomach, 1.5 cm from the
cardia to the pylorus, was removed. .e gastric juice was
collected, and the pH of the gastric juice was measured. .e
stomach was opened along the greater curvature, washed with
iced physiological saline, and photographed..e damage area
of the gastric mucosa and the inhibition rate of gastric injury
were calculated using ImageJ software. .e gastric tissue of
1 cm× 0.5 cm was fixed in 10% formalin solution for path-
ological section. .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 201910025B.

2.4.Measurements of Serum SOD, CAT, GSH, NO, andMDA.
Plasma was separated by centrifugation at 4,000 r /min for
10min..e serum levels of SOD, CAT, GSH, NO, andMDA
were measured using kits (Nanjing Jiancheng Bioengi-
neering Institute, Nanjing, Jiangsu, China).

2.5. Measurements of Serum IL-6, IL-12, TNF-α, and IFN-c.
.e serum levels of SOD, CAT, GSH, NO, MDA, and MPO
were measured by kits (Nanjing Jiancheng Bioengineering
Institute).
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2.6. Observation of Sections. .e gastric tissue was fixed in
10% formalin solution for 48 h, dehydrated, cleared, waxed,
embedded, sectioned, and stained with hematoxylin and
eosin (H&E). .e morphological changes in the tissues were
observed using an optical microscope (BX43 optical mi-
croscope, Olympus, Tokyo, Japan).

2.7. Measurement of Related mRNA Expression in the Gastric
Tissue. Portions of the left and right gastric tissue (50mg)
were homogenized, from which the total RNA was extracted
by Trizol (.ermo Fisher Scientific, Inc., Waltham, MA,
USA) and measured using a microspectrophotometer
(Nano-300, Hangzhou Allsheng Instruments Co., Ltd,
Hangzhou, Zhejiang, China). .e RNA solution was further
diluted to 1 μg/mL.We added 1 μL of oligo Primer dT to 1 μL
of RNA solution (1 μg/μL) and 10 μL of sterile ultrapure
water, reacted at 65°C for 5min, and then mixed well with
4 μL of reaction buffer, 1 μL of Riblock RNase Inhibitor, and
2 μL of dNTP, followed by the addition of 1 μL of Revert Aid
M-mu/v RT (.ermo Fisher Scientific) for synthesis of
cDNA at 42°C for 60min and 70°C for 5min. We added
10 μL of Master, 1 μL of upstream primer, 1 μL of down-
stream primer, 1 μL of cDNA template, and 7 μL of sterilized
ultrapure water into an eight-well PCR strip, mixed, and
centrifuged. .e amplification conditions (StepOne Plus,
.ermo Fisher Scientific) were as follows: denaturation at
95°C for 15min, annealing at 60°C for 1 h, extension at 95°C
for 15min, 40 cycles. Taking GAPDH as the internal ref-
erence gene, the relative expression of each gene was cal-
culated by 2−ΔΔCT [22]. .e corresponding gene primer
sequence is shown in Table 1.

2.8. Data Process. All of the data are expressed as mean-
± standard deviation values. One-way analysis of variance
was used to analyze the differences (SPSS17.0 software). A
P< 0.05 was considered to be statistically significant.

3. Results

3.1. Components of FELL. As shown in Figure 1, FELL
mainly contains five chemicals, including kaempferitrin,
hyperoside, astragalin, phloridzin, and quercetin at 478.51,
232.74, 12.62, 5.67, and 0.49mg/g, respectively.

3.2. Gastric Juice Volume and Gastric Acid Value. Table 2
shows that the gastric juice volume of the control group is
the highest, and that of the mice fed with FELL, regardless of
concentration, is significantly lower than that of the control
group (P< 0.05). .e gastric juice volume of the mice in the
HFELL group is close to that of the normal group and the
ranitidine group. .e pH of gastric juice is significantly
lower in the other groups than in the control group
(P< 0.05).

3.3. Inhibition of Gastric Mucosal Damage in Mice.
Figure 2 and Table 3 show the largest gastric mucosal
damage area in the control group. After administration of

FELL and ranitidine, the damage area decreases. Calculation
reveals that the inhibition rate of HFELL on gastric injury is
significantly higher than that of LFELL, which is close to that
of ranitidine.

3.4. Histopathology. After H&E staining, the histopatho-
logical changes of the gastric tissue were observed under an
optical microscope. As shown in Figure 3, the gastric mucosa
of normal mice is nearly free of rupture or damage, the
glands are arranged orderly, and no inflammatory cell in-
filtration in the lamina propria mucosae is observed, indi-
cating that saline by gavage cannot cause injury to the gastric
mucosa. Compared with the normal group, the model group
represents serious rupture and detachment of gastric mu-
cosa, disordered arrangement of glands, and serious in-
flammatory cell infiltration of the lamina propria, suggesting
successful modeling of gastric mucosal injury. .e gastric
mucosa in the FELL and ranitidine groups shows patho-
logical damage in different degrees, but better than in the
model group. Similar to ranitidine, HFELL has a better
inhibitory effect on the gastric mucosal damage. .e epi-
thelial cells of the gastric mucosa are nearly complete, and
the glands are arranged orderly with lower secretion of
inflammatory cells.

3.5.Measurements of Serum SOD, CAT, GSH, NO, andMDA.
In Table 4, compared with the normal group, the SOD,
CAT, GSH, and NO levels in the control group are sig-
nificantly reduced (P< 0.05), and the MDA level is

Table 1: Sequences of primers used in the qPCR assay.

Gene name Sequence
SOD1 Forward: 5′-AACCAGTTGTGTTGTCAGGAC-3′
(Cu/
Zn-SOD)

Reverse: 5′-CCACCATGTTTCTTAGAGTG
AGG-3′

SOD2 Forward: 5′-CAGACCTGCCTTACGACTATGG-
3′

(Mn-SOD) Reverse: 5′-CTCGGTGGCGTTGAGATTGTT-3′

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

EGF Forward: 5′-TGGGTCTCGGATTGGGCT-3′
Reverse: 5′-ACCACAACCAGTGACGAGGG-3′

EGFR

Forward: 5′-GCCATCTGGGCCAAAGATACC-
3′

Reverse: 5′-GTCTTCGCATGAATAGGCCAAT-
3′

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

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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significantly increased (P< 0.05). Compared with the
model group, the serum levels of SOD, CAT, GSH, and NO
in the FELL groups are significantly increased (P< 0.05),
but the serum MDA level in the FELL group is significantly
lower than that of the control group (P< 0.05). .e serum
levels of SOD, CAT, GSH, NO, and MDA in the HFELL
group are closer to those in the normal group and the
ranitidine group.

3.6. Measurements of Serum IL-6, IL-12, TNF-α, and IFN-c.
As shown in Table 5, the levels of IL-6, IL-12, TNF-α, and
IFN-c in the normal group are the lowest, but those in the
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Figure 1: Liquid chromatogram of (a) standard products and (b) flavonoid extract of lotus leaf. (1) Kaempferitrin, (2) hyperoside, (3)
astragalin, (4) phloridzin, and (5) quercetin.

Table 2: Gastric secretion volume and pH of gastric juice in mice
with gastric injury.

Group Gastric secretion volume (mL) pH of gastric juice
Normal 0.10± 0.01d 4.80± 0.13a
Control 0.29± 0.02a 1.72± 0.15e
Ranitidine 0.16± 0.01c 4.02± 0.11b
LFELL 0.22± 0.02b 2.54± 0.22d
HFELL 0.17± 0.02c 3.60± 0.14c
a–bMean values with different letters in the same column are significantly
different (P< 0.05) according to Duncan’s new MRT. .e ranitidine group,
50mg/kg b.w. ranitidine treatment dose; the LLTP group, 50mg/kg b.w.
flavonoid extract of lotus leaf dose; and the HLTP group, 100mg/kg b.w.
flavonoid extract of lotus leaf.
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Figure 2: Observation of gastric mucosa in mice with gastric injury. .e ranitidine group, 50mg/kg b.w. ranitidine treatment dose; the
LLTP group, 50mg/kg b.w. flavonoid extract of lotus leaf dose; and the HLTP group, 100mg/kg b.w. flavonoid extract of lotus leaf. (a)
Normal. (b) Control. (c) Ranitidine. (d) LFELL. (e) HFELL.

Table 3: 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
Control 29.86± 1.22a —
Ranitidine 6.53± 0.42d 78.08± 1.99b
LFELL 17.06± 1.89b 42.94± 5.01d
HFELL 7.75± 0.34c 74.04± 1.32c
a–eMean values with different letters in the same column are significantly different (P< 0.05) according to Duncan’s newMRT..e ranitidine group, 50mg/kg
b.w. ranitidine treatment dose; the LLTP group, 50mg/kg b.w. flavonoid extract of lotus leaf dose; and the HLTP group, 100mg/kg b.w. flavonoid extract of
lotus leaf.

(a) (b) (c)

(d) (e)

Figure 3: H&E staining pathological observation of gastric mucosa in mice with gastric injury. .e ranitidine group, 50mg/kg b.w.
ranitidine treatment dose; the LLTP group, 50mg/kg b.w. flavonoid extract of lotus leaf dose; and the HLTP group, 100mg/kg b.w. flavonoid
extract of lotus leaf. (a) Normal. (b) Control. (c) Ranitidine. (d) LFELL. (e) HFELL.
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control group are the highest. Under the effects of FELL and
ranitidine, the levels of these cytokines in the gastric injury
mice decrease. .e capability of HFELL reducing these
inflammatory cytokines is higher than that of LFELL, and
slightly lower than that of ranitidine.

3.7.mRNAExpression of SOD1, SOD2, andCATin theGastric
Tissue. Figure 4 illustrates that mRNA and protein ex-
pressions of SOD1, SOD2, and CAT in the gastric tissue of
mice after alcohol-induced gastric injury are lower than
those of normal mice. After the gastric injury mice were
administered FELL and ranitidine, the expressions of SOD1,
SOD2, and CAT increased. .e ability of HFELL upregu-
lating the expression is greater than LFELL but slightly lower
than ranitidine.

3.8.mRNAExpression of EGF,VEGF, andEGFR in theGastric
Tissue. As shown in Figure 5, the expressions of EGF,
VEGF, and EGFR are the lowest in the control group and the
highest in the normal group. .e expression in the gastric
tissues of mice in the ranitidine group, LFELL group, and
HFELL group is higher than that in the control group.
Besides, the expression is higher in the HFELL group than in
the LFELL group but lower than that in the ranitidine group.

3.9.mRNAExpressionofnNOS, eNOS,and iNOS in theGastric
Tissue. As shown in Figure 6, the expressions of eNOS and
nNOS are the highest in the normal group, but the ex-
pression of iNOS is the lowest. Compared with the normal
group, the expressions of eNOS and nNOS in the control
group are significantly reduced (P< 0.05), and that of iNOS
is significantly increased (P< 0.05). Compared with the
control group, the expressions of eNOS and nNOS increase
in the gastric tissues of the LFELL, HFELL, and ranitidine
groups, but that of iNOS decreases significantly (P< 0.05).
.e expressions of nNOS, eNOS, and iNOS in the gastric
tissues of the HFELL and ranitidine groups are closer to
those of the normal group.

4. Discussion

Alcohol (ethanol) has a significant effect on the gastric
mucosa and is closely related to various gastric mucosal
diseases. Alcohol-induced gastric mucosal damage is ob-
served more commonly in the clinic. .e carbon-oxygen

bond and hydrogen-oxygen bond in alcohol molecules can
easily rupture, resulting in oxidation reaction, which can
cause gastric mucosal damage [23]. Flavonoids can im-
prove antioxidant and free radical scavenging capability in
animals. .e hydrogen atoms on the phenolic hydroxyl
group can bind with the peroxy radicals to form flavonoid
free radicals and react with other free radicals to terminate
the free-radical chain reaction [24]. Ranitidine is one of the
most widely used drugs in the treatment of ulcerative
diseases. It can effectively inhibit the secretion of gastric
acid and reduce the activity of gastric acid and gastric
enzyme. It is mainly used in the treatment of excessive
gastric acid and gastric ulcer [25]. .erefore, ranitidine was
used as a drug positive control in the study and compared
with the FELL.

Too much secretion or too low pH of gastric juice will
aggravate gastric injury [26]. .us, FELL can reduce ex-
cessive secretion and maintain a normal pH value of gastric
juice and decrease to a certain extent the acute injury effect
of high-concentration alcohol on the stomach.

Increasingly, more studies have reported that the alco-
hol-induced gastric injury is related to the elevated level of
active oxygen in the body [27]. .ere are enzyme and
nonenzyme antioxidant defense systems in the body, in-
cluding SOD, GSH, and CAT. SOD, GSH, and CAT have
been proven to scavenge superoxide, hydrogen peroxide,
hydroxyl, and lipid hydrogen peroxide radicals, thus re-
ducing the oxidative damage of tissues [28]. In particular,
SOD1 (Cu/Zn-SOD) in the cytoplasm of eukaryotic cells and
SOD2 (Mn-SOD) in mitochondria play important roles in
the process of oxidative stress in the body. Regulating these
two SOD enzymes can effectively maintain oxidative balance
in the body and reduce the damage [29]. MDA is an in-
dicator to evaluate lipid peroxidation, and its content is
positively related to the degree of cell injury. When the
content of reactive oxygen in the body exceeds the scav-
enging capability of the antioxidant defense system, the
gastrointestinal immune function will be seriously damaged
by free radicals, resulting in tissue and organ damage [30].
Exogenous NO has been proven to reduce the damage of
alcohol to the gastric mucosa without excessive NO, but the
endogenous NO can scavenge oxygen free radicals and
reduce the degree of acute gastric mucosal damage, sug-
gesting a protective effect of NO on the gastric mucosa [31].
Serological parameters indicate that FELL can regulate the
oxidation degree in mice with gastric injury and, thus, in-
hibit gastric injury by reducing oxidation.

Table 4: Serum SOD, CAT, GSH, NO, and MDA levels in mice with gastric injury.

Group SOD (U/mL) CAT (U/mL) GSH (µmol/L) NO (µmol/L) MDA (µmol/L)
Normal 139.52± 6.07a 36.36± 2.02a 12.87± 0.30a 104.11± 4.84a 5.92± 0.17e
Control 74.42± 4.34e 11.76± 0.67e 7.12± 0.30e 73.13± 2.71e 14.90± 0.51a
Ranitidine 116.26± 3.73b 27.02± 1.01b 11.22± 0.36b 90.66± 1.24b 8.25± 0.31d
LFELL 87.95± 3.92d 18.54± 0.78d 8.56± 0.20d 77.96± 1.54d 12.21± 0.43b
HFELL 102.27± 6.04c 25.32± 0.60c 9.36± 0.25c 85.75± 1.43c 9.68± 0.28c
a–eMean values with different letters in the same column are significantly different (P< 0.05) according to Duncan’s newMRT..e ranitidine group, 50mg/kg
b.w. ranitidine treatment dose; the LLTP group, 50mg/kg b.w. flavonoid extract of lotus leaf dose; and the HLTP group, 100mg/kg b.w. flavonoid extract of
lotus leaf.
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.e EGF can thicken the cell wall of mucosal cells when
the mucosa is damaged so that it can better resist tissue
damage caused by oxidative stress, prevent further expan-
sion of the damage area, and accelerate the growth of

mucosal cells (epithelial cells on the surface of the stomach,
cervical mucosal cells in the secreting acid glands, cardiac
gland cells, and pyloric gland cells). After the gastric envi-
ronment is considerably improved by the EGF, the mucosal

a

e

b

d

c

0.0

2.0

4.0

6.0

8.0

Normal Model Ranitidine LFELL HFELL

m
RN

A 
ex

pr
es

sio
n 

re
la

tiv
e t

o 
m

od
el

 

(a)

a

e

b

d

c

0.0

1.0

2.0

3.0

4.0

5.0

6.0

Normal Model Ranitidine LFELL HFELL

m
RN

A 
ex

pr
es

sio
n 

re
lat

ive
 t

o 
m

od
el 

(b)

a

e

b

d

c

0.0

1.0

2.0

3.0

4.0

5.0

Normal Model Ranitidine LFELL HFELL

m
RN

A 
ex

pr
es

sio
n 

re
lat

ive
 t

o 
m

od
el 

(c)

Figure 4: .e mRNA expression of SOD1, SOD2, CAT, and GSH 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. .e
ranitidine group, 50mg/kg b.w. ranitidine treatment dose; the LLTP group, 50mg/kg b.w. flavonoid extract of lotus leaf dose; and the HLTP
group, 100mg/kg b.w. flavonoid extract of lotus leaf. (a) SOD1. (b) SOD2. (c) CAT.

Table 5: Serum cytokine IL-6, IL-12, TNF-α, and IFN-c levels in gastric tissue of mice with gastric injury.

Group IL-6 (pg/mL) IL-12 (pg/mL) TNF-α (pg/mL) IFN-c (pg/mL)
Normal 44.61± 3.97e 204.87± 6.75e 25.22± 1.65e 18.81± 1.95e
Control 233.77± 4.52a 769.08± 23.45a 90.73± 1.93a 78.32± 2.49a
Ranitidine 68.39± 5.52d 381.32± 22.77d 41.44± 1.71d 29.13± 1.73d
LFELL 167.97± 11.62b 623.48± 29.18b 74.10± 1.34b 60.61± 4.34b
HFELL 76.07± 3.72c 458.22± 18.23c 54.46± 3.07c 36.51± 2.72c
a–eMean values with different letters in the same column are significantly different (P< 0.05) according to Duncan’s newMRT..e ranitidine group, 50mg/kg
b.w. ranitidine treatment dose; the LLTP group, 50mg/kg b.w. flavonoid extract of lotus leaf dose; and the HLTP group, 100mg/kg b.w. flavonoid extract of
lotus leaf.
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cells fully grow again and rapidly build new gastric mucosa
[32]. VEGF stimulation on vascular endothelial cells can
increase the content of NO, thus promoting oxidative stress-
induced gastric tissue lesions [33]. .e EGFR is located on
the surface of the cell membrane and is activated by binding
ligands, including EGF and TGF-α. .e EGFR can affect
angiogenesis by regulating Ang-1 and VEGF [34]. Besides, it
can be stimulated in the lesion of the body caused by oxi-
dative stress, leading to signal transduction, which plays a
role in tissue repair [35]. .us, FELL enhances alcohol-
induced gastric tissue repair via EGF, VEGF, and EGFR.

.ere are two types of NOS in the gastric mucosa:
constitutive NOS (cNOS, including eNOS and nNOS) and
inducible NOS (iNOS). cNOS catalyzes production of an
appropriate amount of NO, with a protective effect on the
gastric mucosa to a certain extent. Moreover, the occurrence
of gastric ulcer is related to excessive inhibition on eNOS and

nNOS. Inhibiting the decreased expressions of eNOS and
nNOS in the gastric tissues plays a better protective role in
the alcohol-induced gastric injury [36]. When the body is
stimulated by oxidants and other toxic substances to gen-
erate oxidative stress, some endotoxins and cytokines will
stimulate the expression of iNOS. Reducing the iNOS ex-
pression can effectively alleviate the degree of gastric injury
[37]. .is study also proved that FELL could regulate the
expression of NOS in the gastric tissues and inhibit gastric
injury.

Kaempferitrin is a natural flavonoid glycoside, with
analgesic, anti-inflammatory, antidiabetic, and antitumor
properties, and it has also been used as chemotherapy. Other
plants with high kaempferitrin content also protect the liver
[38]. Hyperoside is an important natural product with
multiple physiological activities and has been observed to be
anti-inflammatory, reduce cholesterol, relieve pain in the
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Figure 5:.emRNA expression of EGF, VEGF, and EGFR in the gastric tissue of mice. Values presented are themean± standard deviation.
a–c Mean values with different letters in the bar are significantly different (P< 0.05) according to Duncan’s new MRT..e ranitidine group,
50mg/kg b.w. ranitidine treatment dose; the LLTP group, 50mg/kg b.w. flavonoid extract of lotus leaf dose; and the HLTP group, 100mg/kg
b.w. flavonoid extract of lotus leaf. (a) EGF. (b) EGFR. (c) VEGF.
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central nervous system, and protect the heart and cerebral
vessels [39]. Astragalin has analgesic, anti-inflammatory,
and lipid-lowering effects, as well as the ability to repair
damaged DNA, and exerts inhibitory effects on the gener-
ation of TNF-α, IL-1β, and IL-6 [40]. Phloridzin hasmultiple
important biological activities, such as reducing blood sugar,
improving memory, and antioxidation and anticancer ef-
fects, and has been used in the development of new drugs
and natural health foods [41]. Quercetin possesses anti-
oxidation, anti-inflammation, and hypotensive functions
and enhances capillary resistance [42]. FELL contains rel-
atively high amounts of kaempferitrin and hyperoside,
which are the most active constituents in FELL, and addi-
tionally, FELL is also beneficial because of the astragalin,
phloridzin, and quercetin it contains..e combined effect of

these five substances is responsible for the prevention of
gastric injury.

Lotus leaf, as a commonly used traditional Chinese
medicine or health food, has been widely used in clinical and
life, including its protective effect on stomach. However,
lotus leaf contains more components, and the relationship
between lotus leaf components and efficacy has been lacking
of relevant studies. In this study, flavonoids were extracted
from lotus leaf to evaluate their protective effect on alcohol-
induced gastric injury. FELL has been proven to have an
effect on alcohol-induced gastric injury by observing the
status of gastric juice, the appearance and the pathological
morphology of gastric tissue, the serum level of related
indices and inflammatory cytokines, and the expressions of
related mRNA in the gastric tissue. It has a good inhibitory
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Figure 6:.emRNA expression of EGF, VEGF, and EGFR in the gastric tissue of mice. Values presented are themean± standard deviation.
a–cMean values with different letters in the bar are significantly different (P< 0.05) according to Duncan’s new MRT. .e ranitidine group,
50mg/kg b.w. ranitidine treatment dose; the LLTP group, 50mg/kg b.w. flavonoid extract of lotus leaf dose; and the HLTP group, 100mg/kg
b.w. flavonoid extract of lotus leaf. (a) nNOS. (b) eNOS. (c) iNOS.
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effect, which is attributed to the antioxidant capacity.
.rough component analysis, FELL was determined to
contain five active bioactive substances, whose combined
effects constituted the inhibitory effect of FELL on gastric
injury..is study confirmed that flavonoids, one of the main
active substances in lotus leaf, have gastroprotective effect,
which is the same as the experience of using lotus leaf to
protect the stomach. However, this study clarified the
mechanism relationship between its components and effi-
cacy, laying a foundation for further study of the role of lotus
leaf. .us, FELL is an active substance with a good gas-
troprotective effect. However, this study is based on a basic
experimental model. In the future, additional experimental
research is warranted to elaborate on the molecular bio-
logical mechanism.
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