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Abstract: Gastric ulcer is a common gastrointestinal disease caused by excessive gastric acid secretion, which has been
recognized as one of the most common causes of morbidity and mortality in the world. The skin of Rana chensinensis is
rich in collagen and many previous studies have shown that it has certain bioactivity. Therefore, we extracted and
purified collagen with a molecular weight less than 10000 Da from the skin of Rana chensinensis, and studied its gastric
protective mechanism through the model of ethanol-induced gastric ulcer in Balb/c mice. The results showed that
through macroscopic observation and significantly reduced ulcer index, it was proved that PCRCS could protect gastric
mucosa and alleviate the damage of ethanol to gastric mucosa. PCRCS reduced ethanol-induced oxidative stress by
boosting depleted SOD levels and dramatically lowering MDA levels, as well as significantly reducing lipid
peroxidation. Additionally PCRCS (Protein Chinese Rana chesinensis Skin) additionally decreased the launch of
inflammatory mediators TNF-a and IL-6 and more desirable the content material of protective elements NO and PGE2 in
gastric mucosa. Based on these findings, we believe that PCRCS has potential stomach protective effects on ethanol-

induced gastric ulcer, which may be achieved by inhibiting oxidative stress and stomach inflammation.
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INTRODUCTION

With the change in people's diet and lifestyle, the
incidence of gastric ulcers is increasing, which has a
negative impact on people's health, quality of life and life
safety. The gastric ulcer, also known as peptic ulcer, is a
frequent and frequently-occurring disorder characterized
by gastric mucosa injury. Its clinical incidence rate is
high, affecting about 10% of the global population
and the incidence rate in Chinais 6.1% (Sharifi-Rad et
al., 2018; Xie et al., 2020). The disease can be caused by
diet, helicobacter pylori and drug infections (such as
NSAIDS) (Ciciliato et al., 2022). After the onset, patients
may have acid reflux, abdominal pain, bleeding and other
symptoms and gastric perforation may occur in severe
cases, which is not conducive to health (Mansour et al.,
2022). Recently, drugs for treating gastric ulcer have been
effectively used, including antacids, proton pump
inhibitors and histamine H, receptor antagonists.
However, these drugs may still cause side effects that
cannot be ignored, such as liver inflammation, nephritis
and gastric acid deficiency (Devi et al., 2021; Schubert
2017). Therefore, many studies have focused on new
methods to prevent gastric mucosal damage.

Amphibian skin contains many bioactive substances,
which have great application value and development
potential (Borges ef al., 2022). Amphibian medicine has a
long history in China and there are more than 30 species
of medicinal amphibians in the “Chinese Medical

*Corresponding author: e-mail: 13844780605@163.com

Literature Library of Medicinal Animals”. Ancient
prescriptions are mainly used to treat toothache and sore
poison. The existing research shows that related proteins
extracted from the Chaco tree frog (Boana raniceps) and
frog skin can be used in anti-inflammatory, anti-
oxidation, bacteriostasis, inhibition of gastric acid
secretion and wound healing (de Sousa et al., 2022; Ye et
al, 2022). Up to now, most of the studies on
R.chensinensis have focused on in vitro studies, showing
good antibacterial and anti-inflammatory effects (Chen et
al., 2018; Ji et al, 2022; Sang et al., 2018). However,
there are hardly any reports about pharmacological
studies of collagen from Rana chensinensis skin in
treating gastrointestinal diseases in vivo. Therefore, in this
study, collagen (molecular weight less than 10000 Da)
was extracted and purified from the skin of
R.chensinensis and the protective effect on ethanol-
induced gastric ulcers was discussed.

MATERIALS AND METHODS

Materials

L-NAME and carbenoxolone are products of Sigma
Company; anhydrous ethanol and formalin are products
of Tianjin Chemical Reagent Factory. Cimetidine at
Shanxi Tongda Pharmaceutical Co., LTD. All reagents
used in this study were of in analytical grade.

Animals
R. chensinensis of both sexes (weight range 15-20g) were
collected in Changbai Mountain ecological park (Antu,
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China).The animals were anesthetized by immersion in
ice and sacrificed by decapitation and pithing. Skin was
immediately removed, frozen at -80°C until the time of
extraction.

Male Balb/c mice (6-7 weeks old; 20-25 g) were obtained
from Yanbian University (Jilin, China). Before the
experiments, acquired adaptive feeding was performed for
1 week in standard animal rearing conditions with ample
water and standard chow. Keep room temperature at
25°C+1°C  and the humidity was 50% =+ 3%.
Simultaneously, the period of light dark alteration was
12 h/12 h. The feeding conditions are in accordance with
CPCSEA (Committee for Control and Supervision of
Animal Experiments) standards. All animal experiments
complied with the ARRIVE guidelines.

Collagen extraction of R. chensinensis skin

The skin of R. chensinensis (500g) was chopped and
washed with distilled water thrice. After that the skins
were immersed in NaCO; (200mL, 10%) for 4h and
washed once again. Collagen was successively extracted
from the skin with papain (100mg) in citrate buffer
solution (200mL, pH=5.5). The enzymatic hydrolysate
was stirred for 36 h at room temperature and filtered with
gauze. Sodium chloride (40 g) was dissolved in a filtrate.
After 24h, the filtrate was percolated; the precipitate was
dissolved in acetic acid (10mL, 0.5mol/L) and lyophilized
to obtain collagen (Neves et al., 2017).

Determination of the molecular weight of CRCS

The CRCS (Chinese Rana Chesinensis Skin) molecular
weight was determined by Sephadex G100 gel pillar (1.1
cmx 60 cm) and the particle size of the Sephadex G100
gel pillar was 100-200 mesh. 0.3mL samples were
injected into a gel column and elution was carried out
with 0.05mol/L Tris-HCl (pH 7.2 and a flow rate of
0.3mL/min) at 25°C. The absorbance at 220 Nm was
detected. The correspondence relationship between the
peak elution volume and molecular weight and the
molecular weight of the CRCS can be estimated (Zeng et
al., 2018).

Preparation of PCRCS and determination of protein
Collagen (PCRCS) with molecular weight less than 10000
Da was separated and purified from CRCS by
ultrafiltration membrane and freeze-dried. The content
and purity of CRCS and PCRCS were determined by the
hydroxyproline method (Cissell et al, 2017) and the
molecular weight of PCRCS was further verified by 2.4
method.

Hydroxyl radicals scavenging activity (HRS) of PCRCS

A changed technique detailed in a prior literature study
was used to evaluate the hydroxyl radical scavenging
effect (Dong et al., 2013). 0.1 mL sample concentration,
0.2 mL PBS (0.2mM) and 0.1mL FeSO,4 (0.75mM) were

combined and 0.1mL H,O, was added and shocked for 1
min. After that, 0.1mL phenanthroline anhydrous ethanol
(0.75mM) was added to the mixture, which was then put
in a water bath at 50 °C for 1h. At 536nm, the
combination was finally identified as As;. The following
was interpreted as Ap, Ab and As;:

Ap: sample was replaced by distilled water

Ab: H,0, was replaced by distilled water

As,: the sample was replaced by L-ascorbic acid

The hydroxyl radicals scavenging activity is expressed as:
% HRS =[ (As-Ap) / (Ab-Ap) ] x 100%

Determination of the reducing activity of PCRCS

The reducing activity of PCRCS was evaluated by the
methods detailed in previous literature studies and
compared with l-ascorbic acid (Vc) and the results were
compared to L-ascorbic acid (Vc) (Francavilla et al,
2013).

Acute gastric ulcers induced by absolute ethanol

Mice were randomly divided into 4 groups, each group
had 6 mice. They are control group C (without treatment),
absolute ethanol group ABE (10mL/kg), purified collagen
group PCRCS (60mg/kg PCRCS dissolved in saline) and
cimetidine group CIM (50mg/kg, positive control drug
dissolved in saline).

Except the control group and absolute ethanol group, the
mice in other groups were pretreated with PCRCS
(60mg/kg) and CIM (50mg/kg) by intragastric
administration 6 days before death. On the 7th day, one
hour after drug treatment, mice in the ABE, PCRCS and
CIM groups were given absolute alcohol (10mL/kg)
orally to induce acute ulcer, while the control group had
no treatment. One hour after the ulcer was induced,
euthanasia was performed on all mice. Quickly remove
the stomach and divide each stomach into two parts. Part
of the stomach was soaked in 10% formaldehyde for
histological evaluation, while the other part of the
stomach tissue was kept at -80°C for biochemical analysis.
The damaged area (mm’) was measured with a
micrometer under a dissecting microscope (x 10) and the
ulcer index (UI) was calculated (Dejban ef al., 2020). The
rest is used to determine biochemical changes.

Determination of biochemical changes

Superoxide Dismutase (SOD) assay

Stomach tissues were homogenized using saline and the
supernatant was collected by centrifugation at 10000 rpm
for 5 min at 4°C. Superoxide dismutase (SOD) activity
was measured separately according to Misra's protocol
(Guo et al., 2020; Vandi et al., 2022).

Malondialdehyde estimation (MDA) assay

The color that developed during the reaction of MDA
with thiobarbituric acid was detected by ultraviolet
spectrophotometer. We could calculate the content of
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MDA according to the absorption value of mixture (Jain
et al., 1989).

Nitric oxide Assays

Based on the Grice diazotization reaction, the
concentration of nitric oxide (NO) is determined by
measuring the nitrite formed by NO oxidation (Li et al.,
2021; Roy & Wilkerson 1984).

Matrix prostaglandin E, (PGE;) TNF-o and IL-6 assay
Enzyme-linked immunosorbent assay kit (Elisa Biotech,
Shanghai, China) was used to determine the levels of
PGE,, IL-6 and TNF-a in stomach tissues. All procedures
were performed according to the manufacturer's
instructions.

Gastroprotective mechanisms of PCRCS

To clarify the protective mechanism of PCRCS on the
stomach, the improved method of Matsuda (1999) was
used to further evaluate endogenous nitric oxide
(Matsuda, Li & Yoshikawa 1999). After fasting for 24h,
mice were divided into 6 groups (n=6 in each
group). Three groups were intraperitoneally injected with
0.9% NaCl solution (10mL/kg), while the other three
groups were intraperitoneally injected with methyl N-
nitro-l-arginine (70mg/kg). After 30 min, the mice were
given 1% Tween 80 (vehicle group), carbenicillin (CAR
100mg/kg) or PCRCS (60mg/kg) orally. One hour later,
all mice received absolute ethanol (10mL/kg) to induce
gastric injury. After 1h of ethanol intake, the animals
were euthanized and the stomach was immediately
dissected and treated (as mentioned earlier) to determine
the ulcer index.

STATISTICAL ANALYSIS

SPSS software (version 22.0) was used to statistically
analyze all the data. A one-way ANOVA was used for
finding any significant difference between treatments, p <
0.05 was considered to be significant and further
significance between groups was analyzed using a
Duncan post hoc test. Results are presented as the mean +
standard deviation of 3 independent experiments.

RESULTS

Determination of molecular weight of CRCS

The washing volume curve of the control sample weight
is shown in table.1 and the elution volume curve of the
control sample is shown in fig. 1A. The molecular CRCS
was calculated according to fig. 1A and B. All the
molecular weight of CRCS is less than 30000 Da and the
minimum is 200 Da. There were several short peptides in
the structure of CRCS (about 80% less than 10000 Da).

Protein content and purity of CRCS and PCRCS
According to the data in table 2, after separation and
purification, the purity of PCRCS was significantly
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improved and the purity increased to more than 80%.
Sephadex G 100 gel column chromatography showed that
the molecular weight of PCRCS was less than 10000 Da.

Table 1: Elution volume of Control sample

Molecular weight | Washing volume
Control sample (Da) (mL)
Bovine serum albumin 68 000 15
Chicken ovalbumin 43 000 31.5
Trypsin 23300 55.5
Lysozyme 14 300 70.5
A 5.0
y=-0.0118x+5.0142
4.8 R*=0.9908
4.6
=
[=2]
= 4.4
4.2
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Fig. 1: A: Gel filtration of the control sample on
Sephadex G100, eluting with 0.05 mol/L Tris-HCI (pH
7.2). The flow rate was 0.3mL/min. The elution volume
curve of the Control sample was obtained. B: The elution
volume curve of CRCS.

Table 2: Collagen content and purity

Total protein content/% | Purity (dry weight %)
CRCS 82.47+0.61 73.44+0.58
PCRCS 81.27+0.45 80.47+0.39

Data are presented as the mean + SD (n = 3) per group.

Hydroxyl radicals scavenging activity (HRS) of PCRCS

Hydroxyl radicals are the most reactive free radicals in
biological tissue proteins and readily react with DNA,
proteins and lipids (Patial et al., 2022). Therefore, the
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hydroxyl radical scavenging ability can also estimate the
antioxidant activity of proteins or peptides. Fig. 2 shows
the radical scavenging activity of PCRCS at eight
different concentrations ranging from 2 to 16mg/mL and
compared with ascorbic acid as a standard reference.
PCRCS exhibited almost similar radical scavenging
activity to ascorbic acid at 16mg/mL and showed
significant antioxidant activity up to 80.5% of radical
scavenging activity at this concentration.

Concentration of V- (mg/mL)
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Fig. 2: Scavenging effect of collagen and V¢ on hydroxyl
free radical. Results are given as meantSD of 3
independent experiments.

Reducing activity

The reducing activity of PCRCS and Vc is shown in fig.
3. The results show that the higher the concentration of
PCRCS, the stronger the reducing activity. 16mg/mL
PCRCS has comparable reducing power to 1.2mg/mL Vec.
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Fig. 3: Reducing the capacity of the CRCS and Vc.

Results are given as mean+SD of 3 independent
experiments.

Gastroprotective effect

Macroscopic and microscopic observations of the gastric
protection effect of PCRCS are shown in fig. 4.
Compared with the control group, the absolute alcohol
injury group can observe obvious gastric injury (fig. 4A).
Compared with the anhydrous alcohol group, the
macroscopic pathological changes of gastric tissue injury
after PCRCS treatment were significantly reduced (fig.
4A). This is proved by the ulcer index evaluated by
microscope (fig. 4B) Compared with the control group,
ABE group caused severe damage to the gastric mucosa
of mice and the ulcer index was 67.3+7.10mm’. Mice
treated with CIM and PCRCS showed protective effects
on the ulcer and the collagen-induced protective response
was close to that of cimetidine.

80 »
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g
E 40}
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20 F
| 0 T
| C ABE PCRCS CIM

Fig. 4: Macroscopic and microscopic pathological
changes of PCRCS in the protection of the stomach. (A)
Macroscopic effect of PCRCS on ethanol induction. (B)
Effect of PCRCS on ethanol-induced microscopic scores.
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C (a): without treatment. ABE (b): with only absolute
ethanol. PCRCS (c): with purified collagen (60mg/kg)
and absolute ethanol. CIM (d): with cimetidine (50mg/kg)
and absolute ethanol. Data are presented as the mean+SD
(n=3) per group, "P<0.01 compared with the normal

group; P<0.01 compared with the absolute ethanol
group.
Biochemical analysis

Effects of PCRCS on SOD and MDA

The results of SOD and MDA in the stomach tissue are
shown in fig. 5. Compared with group C, the SOD level
of the ABE group decreased significantly (fig. 5B,
p<0.01), while that of ulcer group pretreated by PCRCS
increased significantly (p<0.01). Simultaneously, the
ABE group significantly increased the level of MDA in
stomach (fig. 5A, p<0.01). PCRCS treatment significantly
reduced the level of malondialdehyde (p<0.01).
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Fig. 5: The content of MDA(A) and SOD(B) in different
group. C: without treatment. ABE: with only absolute
ethanol. PCRCS: with purified collagen (60mg/kg) and
absolute ethanol. CIM: with cimetidine (50mg/kg) and

Content of MDA ( nmol/mg )

CIM

Su-Yun Shi et al

absolute ethanol. Data are presented as the mean+SD
(n=3) per group, “P<0.01 compared with the normal
group;  P<0.01 compared with the absolute ethanol
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Fig. 6: The content of NO(A), PGE,(B), TNF-a(C) and
IL-6(D) in different group. C: without treatment. ABE:
with only absolute ethanol. PCRCS: with purified
collagen (60mg/kg) and absolute ethanol. CIM: with
cimetidine (50mg/kg) and absolute ethanol. Data are
presented as the meantSD (n=3) per group, ""P<0.01
compared with the normal group; * P<0.01 compared with
the absolute ethanol group.
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Fig. 7: Effect of collagen (PCRCS) and carbenoxolone
(CAR) on gastric lesions induced by absolute ethanol in
mice pretreated with L-NAME (70mg/kg). C: Vehicle
with 1% Tween 80 and absolute ethanol. L-NAME+C:
with absolute ethanol and L-NAME. L-NAME+PCRCS:
with L-NAME PCRCS (60mg/kg) and absolute ethanol.
L-NAME+CAR: with L-NAME  Carbenoxolone
100mg/kg and absolute ethanol. Data are presented as the
mean+SD (n=3) per group, **p<0.01 compared with the
L-NAME processing group.
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Effects of PCRCS on NO, PGE;, TNF-a and IL-6

The results of determination of NO, PEG,, TNF-a and IL-
6 in stomach tissues are shown in fig. 6. Compared with
group C, the contents of NO and PGE, in stomach tissue
induced by absolute ethanol were significantly decreased
(figs. 6A, B, p<0.01). After PCRCS treatment, the levels
of NO and PGE, increased significantly (figs. 6A, B,
p<0.01) and the effect was similar to that of the CIM
treatment group. It is worth mentioning that, compared
with the CIM group, the activity of PCRCS on NO tends
to increase. Compared with normal tissues, the content of
inflammatory cytokines TNF-a and IL-6 in mice induced
by ethanol was significantly increased (fig. 6C, D,
p<0.01). The levels of TNF-a and IL-6 in the PCRCS
group and CIM groups were significantly decreased (figs.
6C, D, p<0.01). The results showed that collagen and
cimetidine had similar anti-inflammatory activities.

Gastroprotective mechanisms of PCRCS

The ulcer indces of the PCRCS group and CAR groups
with L-NAME (60.6+9.79mm?, 66.9+7.32mm?, fig. 7.)
was significantly higher than that of their respective
groups without L-NAME (18.5+5.53mm?, 20.8+6.48mm?>,
p<0.01). It was previously reported that L-NAME
(70mg/kg) was high enough to block the synthesis of NO
(citation). L-NAME weakened the gastric protective
effect of PCRCS (60mg/kg) and CAR (100mg/kg) (fig.
7).

DISCUSSION

The digestive system's most prevalent and common
ailment is the gastric ulcer. After the onset, it is easy to
cause epigastric pain. Severe cases may cause ulcer
perforation, gastric bleeding and death (Tanyeli et al.,
2017). Research shows that most peptic ulcer diseases are
caused by inflammation and oxidative stress. These
diseases plague 700 million people worldwide, causing a
global disease burden (Lee et al., 2022). Although various
gastric protective drugs have been used to treat and
prevent gastric ulcer diseases, there are still reports of side
effects such as cardiovascular diseases, hypomagnesemia
and increased risk of gastric cancer. Therefore,
developing a safe and tremendous gastric protective to
forestall peptic ulcers is critical.

Alcohol  consumption, stress, non-steroidal anti-
inflammatory drugs and Helicobacter pylori infection can
all increase the possibility of gastric ulcer (Eraslan ef al.,
2020). Alcohol intake is one of these risk factors that can
directly affect stomach motility and metabolism, causing
oxidative stress and inflammatory reaction, leading to
gastric mucosa damage and ulcer (Zhang et al., 2018).
Therefore, we induced gastric ulcer in mice by taking
absolute alcohol orally and tested the protective effect of
collagen (PCRCS) extracted and purified from the skin of
R. chensinensis on gastric ulcer. We found that compared

with the absolute ethanol group, animals pretreated by
PCRCS had less macroscopic damage, the stomach
damage index was lower (18.67+£5.08) and reduced
oxidative stress and inflammatory response. Studies have
shown that cimetidine (CIM) has an obvious inhibitory
effect on gastric ulcer, so this study selected this drug as a
positive control to explore the therapeutic effect of
PCRCS on gastric ulcer (Yan et al, 2021). The results
showed that PCRCS had the same gastric protection effect
as CIM and could effectively protect mice from acute
gastric mucosal injury caused by ethanol.

Through in vitro experimental studies of hydroxyl radical
scavenging activity, we found that PCRCS has good
antioxidant activity in vitro, whereas in vivo antioxidant
research is mainly carried out through the levels of SOD
and MDA. Studies have shown that ethanol can induce
oxidation reactions in vivo by increasing the imbalance
between antioxidants and ROS and then damaging gastric
mucosa (Bin Jardan er al, 2020). Asan important
antioxidant enzyme, SOD mainly converts superoxide
radicals into water molecules, providing ROS
with major antioxidant defense, thus reducing oxidation
reaction and protecting the stomach (Zheng et al., 2021).
Additionally, MDA, as the final product of
polyunsaturated fatty acids, is often used as an index to
evaluate lipid peroxidation in gastric mucosa (Ahmad et
al., 2019). Our research shows that absolute ethanol can
significantly increase the amount of MDA in the stomach
tissue and limit the degree of antioxidant enzyme SOD,
which is consistent with previous research results (Ruiz-
Hurtado et al., 2021). PCRCS pretreatment significantly
inhibited lipid peroxidation in the gastric tissue and
enhanced the activity of SOD in gastric tissue, which
indicating that PCRCS could protect the stomach by
reducing the level of oxidative stress.

Both NO and PGE, are defense factors of the gastric
mucosa. NO is one of the most important defense media
against Helicobacter pylori (Lin et al., 2020; Vandi et al.,
2022). In addition to its antibacterial effect, NO protects
the integrity of mucosal barrier and gastric epithelium by
reducing gastric acid secretion of parietal cells. PGE2
controls gastric mucus production and enhances gastric
blood flow to protect the stomach mucosa from harm (Fu
et al., 2021). PGE, can also improve microcirculation and
promote tissue repair process (Lin et al., 2020). This
study found that ethanol-induced gastric ulcer can lead to
severe gastric mucosal injury and this organism change
can decrease NO and PGE, content in the gastric tissue.
This is consistent with the results of previous studies. It
was found that PCRCS pretreatment improved this
phenomenon and significantly increased the contents of
NO and PGE, in stomach tissue (p<0.05). It is worth
mentioning that, compared with the CIM group, the
activity of PCRCS on NO tends to increase.
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To further understand the mechanism of action of PCRCS
on NO, we injected L-NAME (nitric oxide synthesis
inhibitor) into mice to explore the mechanism of action of
NO (Dejban et al., 2020). Compared with the PCRCS
group, the ulcer index of the PCRCS group treated with
L-NAME increased by 216.4%. Therefore, it is further
proved that PCRCS can play an anti-ulcer role by
increasing the NO level.

The levels of TNF-a and IL-6 are closely related to the
severity of gastric mucosa inflammation. Inhibiting the
release of inflammatory cytokines is considered as one of
the effective methods to reduce the severity of gastric
mucosa (Luo et al., 2018; Rajamanickam et al., 2020).
Consistent with previous research results, alcohol intake
can lead to acute inflammatory reaction and the
production of pro-inflammatory cytokines TNF-a and IL-
6 in gastric tissue induced by ulcer is significantly
increased (Liu et al, 2021). PCRCS pretreatment can
significantly reduce the expression of TNF-a and IL-6 in
gastric tissues of mice induced by ethanol, suggesting that
PCRCS could protect the acute gastric ulcer induced by
ethanol by inhibiting inflammatory reaction.

In this study, the anti-ulcer effect of purified collagen
(PCRCS, molecular weight less than 10000 Da) from R.
chensinensis skin was reported for the first time. The
results showed that the physicochemical and
morphological parameters of the stomach in the
pretreatment group of PCRCS were improved and the
lower ulcer index (18.67+5.08) proved the anti-ulcer
activity of PCRCS. Additionally, our research focuses on
the changes of oxidative stress and inflammatory
response, order to clarify the protective matrix of PCRCS
against ethanol-induced gastric mucosal injury. The
results showed that PCRCS could inhibit gastric mucosal
injury caused by ethanol by increasing the level of
antioxidant enzymes, activating gastric mucosal defense
factors, inhibiting lipid peroxidation and pro-
inflammatory factors in gastric tissue.

CONCLUSION

Our research results show that PCRCS can treat gastric
mucosal injury induced by ethanol and its protective
mechanism is mainly through inhibiting oxidative stress
and inflammatory factors. The effective intervention of
PCRCS on mucosal damage caused by absolute alcohol
and its non-toxic characteristics may make collagen a
potential tool for preventing and treating gastric ulcer.
However, further research is needed to clarify the exact
chemical structure of PCRCS and its potential gastric
protective mechanism.

REFERENCES

Ahmad M, Aslam B, Muhammad F, Mohsin M and Raza

Su-Yun Shi et al

A (2019). Gastroprotective and antioxidant potential of
Euphorbia prostrata against aspirin induced gastric
ulcers in rabbits. Pak. J. Pharm. Sci., 32(1): 7-13.

Bin Jardan YA, Ansari MA, Raish M, Alkharfy KM, Ahad
A, Al-Jenoobi FI, Haq N, Khan MR and Ahmad A
(2020). Sinapic acid ameliorates oxidative stress,
inflammation and apoptosis in acute doxorubicin-
induced cardiotoxicity via the nf-kb-mediated pathway.
Biomed. Res. Int., 2020: 3921796.

Borges BT, Oliveira RS, Leal AP, Rosa ME, Barreto YC,
Gomes Dos Santos T, de Brum Vieira P, Dal Belo CA
and Vinadé L (2022). Modulation of the cholinergic
pathway induced by skin secretion of Phyllomedusa
iheringii Boulenger, 1885 in a vertebrate model.
Toxicon, 210(8): 115-122.

Chen YL, Bian XL, Guo FJ, Wu YC and Li YM (2018).
Two new 19-norbufadienolides with cardiotonic
activity isolated from the venom of Bufo bufo
gargarizans. Fitoterapia, 131(6): 215-220.

Ciciliato MP, De Souza MC, Tarran CM, de Castilho ALT,
Vieira AJ and Rozza AL (2022). Anti-Inflammatory
effect of vanillin protects the stomach against ulcer
formation. Pharmaceutics, 14(4): 755.

Cissell DD, Link JM, Hu JC and Athanasiou KA (2017).
A modified hydroxyproline assay based on
hydrochloric acid in Ehrlich's solution accurately
measures tissue collagen content. Tissue Eng Part C
Methods, 23(4): 243-250.

de Sousa NA, Marani MM, Lopes ALF, Silva EM,
Barbosa EA, Vasconcelos AG, Kuzniewski FTB,
Lustosa SS, Gomes KP, Colugnati DB, Rocha JA,
Santos LH, Benquerer MP, Quelemes P, Véras L,
Moreira DC, Gadelha KKL, Magalhdes PJC, Placido
A, Eaton P, Nicolau L, Medeiros JVR and Leite J
(2022). BR-bombesin: a novel bombesin-related
peptide from the skin secretion of the Chaco tree frog
(Boana raniceps) with physiological gastric effects.
Amino Acids. 54(5): 733-747.

Dejban P, Eslami F, Rahimi N, Takzare N, Jahansouz M
and Dehpour AR (2020). Involvement of nitric oxide
pathway in the anti-inflammatory effect of modafinil
on indomethacin-, stress- and ethanol -induced gastric
mucosal injury in rat. Eur. J. Pharmacol., 887(46):
173579.

Devi TB, Devadas K, George M, Gandhimathi A,
Chouhan D, Retnakumar RJ, Alexander SM, Varghese
J, Dharmaseelan S, Chandrika SK, Jissa VT, Das B,
Nair GB and Chattopadhyay S (2021). Low
bifidobacterium abundance in the lower gut microbiota
is associated with Helicobacter pylori-related gastric
ulcer and gastric cancer. Front. Microbiol, 12: 631140.

Dong XQ, Zou B, Zhang Y, Ge ZZ, Du J and Li CM
(2013). Preparation of A-type proanthocyanidin dimers
from peanut skins and persimmon pulp and comparison
of the antioxidant activity of A-type and B-type dimers.
Fitoterapia, 91(6): 128-139.

Eraslan E, Tanyeli A, Giiller MC, Kurt N and Yetim Z

Pak. J. Pharm. Sci., Vol.36, No.3, May 2023, pp.819-827

825



Gastroprotective effects of Chinese Rana chensinensis skin collagen against ethanol-induced gastric ulcer in mice

(2020). Agomelatine prevents indomethacin-induced
gastric ulcer in rats. Pharmacol. Rep., 72(4): 984-991.
Francavilla M, Franchi M, Monteleone M and Caroppo C
(2013). The red seaweed Gracilaria gracilis as a multi

products source. Mar. Drugs, 11(10): 3754-3776.

Fu S, Chen J, Zhang C, Shi J, Nie X, Hu Y, Fu C, Li X
and Zhang J (2021). Gastroprotective effects of
periplaneta americana 1. extract against ethanol-
induced gastric ulcer in mice by suppressing apoptosis-
related pathways. Front. Pharmacol., 12: 798421.

Guo M, Yu H, Meng M and Wang C (2020). Research on
the structural characteristics of a novel Chinese Iron
Yam polysaccharide and its  gastroprotection
mechanism against ethanol-induced gastric mucosal
lesion in a BALB/c mouse model. Food Funct., 11(7):
6054-6065.

Jain SK, McVie R, Duett J and Herbst JJ (1989).
Erythrocyte membrane lipid peroxidation and
glycosylated hemoglobin in diabetes. Diabetes, 38(12):
1539-1543.

Ji F, Zhao Y, Jiang F and Shang D (2022). Membrane
mechanism of temporin-1CEc, an antimicrobial peptide
isolated from the skin secretions of Rana chensinensis
and its systemic analogs. Bioorg. Chem, 119(1):
105544.

Lee J, Kim MH and Kim H (2022). Anti-Oxidant and
anti-inflammatory  effects of astaxanthin on
gastrointestinal diseases. /nt J Mol Sci, 23(24).

Li WS, Lin SC, Chu CH, Chang YK, Zhang X, Lin CC
and Tung YT (2021). The gastroprotective effect of
naringenin against ethanol-induced gastric ulcers in
mice through inhibiting oxidative and inflammatory
responses. Int J Mol Sci, 22(21): 11985.

Lin K, Wang Y, Gong J, Tan Y, Deng T and Wei N (2020).
Protective effects of total flavonoids from Alpinia
officinarum rhizoma against ethanol-induced gastric
ulcer in vivo and in vitro. Pharm Biol, 58(1): 854-862.

LiuJ, Lin H, Yuan L, Wang D, Wang C, Sun J, Zhang C,
Chen J, Li H and Jing S (2021). Protective effects of
anwulignan against hcl/ethanol-induced acute gastric
ulcer in mice. Evid Based Complement Alternat. Med.,
2021(3): 9998982.

Luo C, Chen H, Wang Y, Lin G, Li C, Tan L, Su Z, Lai X,
Xie J and Zeng H (2018). Protective effect of coptisine
free base on indomethacin-induced gastric ulcers in
rats:  Characterization of potential molecular
mechanisms. Life Sci, 193(3): 47-56.

Mansour RB, Beji RS, Wasli H, Zekri S, Ksouri R,
Megdiche-Ksouri W and Cardoso SM (2022).
Gastroprotective effect of microencapsulated myrtus
communis essential oil against ethanol/hcl-induced
acute gastric lesions. Molecules, 27(5): 1566.

Matsuda H, Li Y and Yoshikawa M (1999). Roles of
capsaicin-sensitive sensory nerves, endogenous nitric
oxide, sulfhydryls and  prostaglandins in
gastroprotection by momordin Ic, an oleanolic acid
oligoglycoside, on ethanol-induced gastric mucosal

lesions in rats. Life Sci, 65(2): P127-32.

Neves AC, Harnedy PA, O'Keeffe MB and FitzGerald RJ
(2017). Bioactive peptides from Atlantic salmon
(Salmo salar) with angiotensin converting enzyme and
dipeptidyl peptidase IV inhibitory and antioxidant
activities. Food Chem, 218(6): 396-405.

Patial S, Kumar A, Raizada P, Le QV, Nguyen VH,
Selvasembian R, Singh P, Thakur S and Hussain CM
(2022). Potential of graphene based photocatalyst for
antiviral activity with emphasis on COVID-19: A
review. J Environ Chem Eng, 10(3): 107527.

Rajamanickam V, Yan T, Wu L, Zhao Y, Xu X, Zhu H,
Chen X, Wang M, Liu Z, Liu Z, Liang G and Wang Y
(2020). Allylated curcumin analog ca6 inhibits trxrl
and leads to ros-dependent apoptotic cell death in
gastric cancer through Akt-FoxO3a. Cancer Manag
Res, 12: 247-263.

Roy JB and Wilkerson RG (1984). Fallibility of griess
(nitrite) test. Urology, 23(3): 270-271.

Ruiz-Hurtado PA, Garduio-Siciliano L, Dominguez-
Verano P, Martinez-Galero E, Canales-Martinez MM
and Rodriguez-Monroy MA (2021). Evaluation of the
gastroprotective effects of Chihuahua propolis on
indomethacin- induced gastric ulcers in mouse.
Biomed. Pharmacother, 137(5): 111345.

Sang M, Wu Q, Xi X, Ma C, Wang L, Zhou M, Burrows
JF and Chen T (2018). Identification and target-
modifications of temporin-PE: A novel antimicrobial
peptide in the defensive skin secretions of the edible
frog, Pelophylax kl. esculentus. Biochem. Biophys. Res.
Commun., 495(4): 2539-2546.

Schubert ML (2017). Physiologic, pathophysiologic and
pharmacologic regulation of gastric acid secretion.
Curr. Opin. Gastroenterol., 33(6): 430-438.

Sharifi-Rad M, Fokou PVT, Sharopov F, Martorell M,
Ademiluyi AO, Rajkovic J, Salehi B, Martins N, Iriti M
and Sharifi-Rad J (2018). Antiulcer agents: From plant
extracts to phytochemicals in healing promotion.
Molecules, 23(7): 1751.

Tanyeli A, Eraslan E, Polat E and Bal T (2017). Protective
effect of salusin-a and salusin-f against ethanol-
induced gastric ulcer in rats. J. Basic Clin. Physiol.
Pharmacol., 28(6): 623-630.

Vandi VL, Amang AP, Mezui C, Siwe GT, Ndji GLO,
Mbida H, Baponwa O and Tan PV (2022).
Antihistaminergic and anticholinergic properties of the
root bark aqueous extract of diospyros mespiliformis
(ebenaceae) on hypersecretion of gastric acid induced
in wistar rats. Evid. Based Complement. Alternat. Med.,
2022(1): 5190499.

Xie L, Guo YL, Chen YR, Zhang LY, Wang ZC, Zhang T
and Wang B (2020). A potential drug combination of
omeprazole and patchouli alcohol significantly
normalizes oxidative stress and inflammatory
responses against gastric ulcer in ethanol-induced rat
model. Int. Immunopharmacol., 85(8): 106660.

Yan X, Huang Z, Wu Y, Yu Z, Yang K, Chen Z, Wang W,

826

Pak. J. Pharm. Sci., Vol.36, No.3, May 2023, pp.819-827



Hu H and Wang Z (2021). Sequential loading of
inclusion complex/nanoparticles improves the gastric
retention of Vladimiriae Radix essential oil to promote
the protection of acute gastric mucosal injury. /nt J
Pharm, 610(25): 121234.

Ye Z, Zhou X, Xi X, Zai Y, Zhou M, Chen X, Ma C, Chen
T, Wang L and Kwok HF (2022). In vitro and in vivo
studies on identifying and designing temporin-1ceh
from the skin secretion of Rana chensinensis as the
optimised antibacterial prototype drug. Pharmaceutics,
14(3): 604.

Zeng HJ, Liu Z, Wang YP, Yang D, Yang R and Qu LB
(2018). Studies on the anti-aging activity of a
glycoprotein isolated from Fupenzi (Rubus chingii Hu.)
and its regulation on klotho gene expression in mice
kidney. Int. J. Biol. Macromol., 119(11): 470-476.

Zhang Y, Wang H, Mei N, Ma C, Lou Z, Lv W and He G
(2018). Protective effects of polysaccharide from
Dendrobium nobile against ethanol-induced gastric
damage in rats. Int. J. Biol. Macromol., 107(Pt A): 230-
235.

Zheng L, Wang P, Wang YY, Li Z and Tian Y (2021). A
research on the mechanism of NSAID-related gastric
ulcer treated by jia wei wu qi san based on the
p38mapk signal pathway. Pak. J. Pharm. Sci., 34(2):
585-589.

Su-Yun Shi et al

Pak. J. Pharm. Sci., Vol.36, No.3, May 2023, pp.819-827

827



