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Hedysari on gastric ulcers induced by acetic acid
in rats
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The dry root of Hedysarum polybotrys Hand.-Mazz., commonly known as “Hong Qi”, has a variety of

health benefits. The present study was undertaken to explore the anti-gastric ulcer potential effect of

Hedysarum polysaccharides (HPS; HPS-50, HPS-80), the principal active fraction of Radix Hedysari (RH).

The anti-gastric ulcer effects of HPS were evaluated using an animal model of ulcerative lesions induced

by acetic acid. The effects of antioxidant factors, anti-inflammatory cytokines, and mucosal blood flow

regulatory factor levels in the gastric tissue homogenate of rats were analyzed for the bioactivities of HPS.

The results showed that, compared with the acetic acid-induced ulcerated group, the ulcer inhibition rate

of HPS-treated rats was significantly increased. The pathological findings suggested that mucosal regen-

eration, cell migration, and inflammatory cell infiltration were decreased, and collagen fibers were signifi-

cantly reduced. Extensive granulation tissue proliferation indicated the healing stage was initiated,

suggesting a good prognosis. The oxidative stress status of the gastric ulcer rats was improved, the levels

of TNF-α and IL-6 were significantly decreased, and the levels of PGE-2 and NO were increased (P <

0.05). HPS-80-H may be a promising ingredient for incorporation into functional foods or nutritional sup-

plements for the prevention of gastric ulcers.

1. Introduction

Radix Hedysari (RH, referred to as “Hong Qi”), a time-honored
folk herb used in traditional China, comes from the dry root of
Hedysarum polybotrys Hand.-Mazz. RH is found widely distrib-
uted in regions of northwest China and exported to
southeast Asian countries in the form of functional foods.1,2

In the daily diet of Chinese people, RH is often used to
cook soup and to make drinks because it acts as a flavor
enhancer and dietary supplement, effectively performing two
functions. Additionally, RH is also a very good Chinese herbal
medicine.3

The gastric ulcer is a lesion characterized by necrosis,
neutrophil infiltration, blood flow reduction, increased
oxidative stress and inflammation. It is one of the common
diseases of the human gastrointestinal system, affecting
approximately 5–10% of the world population, and is difficult
to cure completely, thus, relapse occurs often.4,5 The mecha-
nism responsible for the development and relapse of a gastric

ulcer is so complex that it has not been fully elucidated.6 It is
generally accepted that it results from an imbalance between
exogenous damaging agents, such as reactive oxygen species,
alcohol consumption, cigarette smoking, Helicobacter pylori
and the frequent use of nonsteroidal anti-inflammatory
drugs (NSAIDs), and the endogenous protective mechanisms
of the stomach (the mucosal barrier, mucus secretion, efflux of
bicarbonate, increasing antioxidant levels, cell regeneration,
prostaglandins, and nitric oxide among others).7,8 Despite
the fact that many synthetic drugs are used in the clinic to
manage gastric ulcer disease, including proton pump
inhibitors, antacids, and antihistaminic agents, these treat-
ments are insufficient for complete ulcer healing, thus they are
intimately linked to ulcer recurrence.9 Additionally, the
majority of treatments result in several adverse reactions,
such as hypersensitivity, arrhythmia, hepatic injury, and
hematopoietic changes, which limit their applications.10,11

Therefore, non-toxic, easily accessible, and affordable anti-
ulcer medications are urgently needed, thus, research is
ongoing in this area.12

Wang et al. found that Hericium erinaceus (HE) is well
known as a valuable food product and an important medicinal
fungus. A polysaccharide from the cultured mycelium of HE
significantly inhibited the growth of MC cells obtained from
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human gastric mucosa epithelium (GES-1) transformed by
N-methyl-nitro-N-nitrosoguanidine and had a good protective
effect on the gastric mucosa.13 Additionally, Dendrobium
officinale Kimura et Migo was often used as a health
supplement in high-quality food products. Its polysaccharides
protect gastric mucosal cells against oxidative damage-
induced apoptosis.14 In recent years, polysaccharides of
natural origin have become of increasing interest owing to
their low toxicity, lack of residue, no drug resistance, and
significant activity.15,16

As a very important bioactive constituent in RH,
Hedysarum polysaccharides (HPS) have attracted the attention
of many researchers because of their extensive pharmacologi-
cal activities. Our research group confirmed that HPS have
immunomodulatory,3 anti-osteoporosis,17 antioxidation18 and
inhibitory effects on endotoxin-induced uveitis in rats.19 In our
previous study, a new extraction method involving a complex
enzyme combined with ultrasonication was developed in
which enzymatic hydrolysis induced polysaccharide dis-
sociation from plant cells and proteins using cellulase and
papain as complex enzymes, followed by extraction of the dis-
sociated polysaccharide using ultrasonication. Using this easy
separation and purification method, HPS with high purity and
good water solubility were obtained.20 HPS-50 was found to
consist of 91.44% polysaccharide, 3.99% protein and 1.51%
uronic acid while HPS-80 consisted of 92.25% polysaccharide,
4.71% protein and 3.28% uronic acid. The weight-average
molecular mass was measured to be 9 kDa for HPS-50 and
6.49 kDa for HPS-80 by HPGPC-MALLS. HPS were composed of
rhamnose, arabinose, mannose, glucose, and galactose with
varying content.3 To date, the gastroprotective activities of HPS
have not been reported. In the 2015 edition of the
Pharmacopoeia of the People’s Republic of China, it was
reported that RH has the effect of “healing sore and promoting
granulation”. Combined with a discussion on the special
pathological characteristics of gastric ulcer, in this study, we
report our investigations into the anti-gastric ulcer activity of
HPS in vitro.

Acetic acid-induced ulcer in rats is one of the standard
models used to conduct pathophysiological and pharmaco-
logical studies on gastric ulcers.21 To reduce the postoperative
mortality of the experimental animals, acetic acid filter
paper was used to generate the ulcer because it is more mild
and effective thus, helps to avoid the abdominal adhesion
caused by direct burning of the gastric antrum with acetic
acid. On this basis, we investigated the gastroprotective
effects of HPS pretreatment against acetic acid-induced
gastric injury by examining the ulcer lesions and histological
changes. Moreover, the antioxidant and anti-inflammatory
activities as well as the PGE-2 and NO levels in the gastric
tissue homogenate of rats with gastric ulcer were measured.
This is the first report with multiple angles on the effects of
HPS on acetic acid-induced gastric injury in rats and its
possible protective mechanism in vivo, and it lays a theoretical
foundation for the development of HPS as a functional food
ingredient.3

2. Materials and methods
2.1 Materials and chemicals

The root of RH was collected from the mountain area in Wudu
City, Gansu Province, China, in July 2018. The material was
authenticated by Prof. Zhigang Ma, School of Pharmacy,
Lanzhou University. A voucher specimen (No. 2018-0715) was
deposited at the Institute of Traditional Chinese Medicine and
Natural Medicines, School of Pharmacy, Lanzhou University,
China. The total superoxide dismutase (T-SOD), total anti-
oxidant capacity (T-AOC), catalase (CAT), malondialdehyde
(MDA), and nitric oxide (NO) kits were purchased from
Nanjing Jiancheng Bioengineering Institute of China (Nanjing,
China). The ELISA kits to measure tumor necrosis factor-α
(TNF-α), interleukin 6 (IL-6), and prostaglandin-e2 (PGE-2)
were purchased from Jiangsu Meimian Industrial Co., Ltd
(Jiangsu, China). All other chemicals and reagents used in this
research were of analytical grade.

2.2 Preparation of Hedysarum polysaccharides

Polysaccharides were prepared from the RH using complex
enzymatic hydrolysis combined with ultrasonic extraction
methods according to our previously reported work.3,20 The
detailed extraction and isolation procedures of HPS are sum-
marized in Fig. 1.

2.3 Animal and experimental design

2.3.1 Animals. Male adult Sprague-Dawley rats weighing
between 180 g and 220 g were fed food and water ad libitum
for one week of acclimation under standard laboratory con-
ditions (22 ± 2 °C, 12 h light/dark cycle, and relative humidity
of 50 ± 5%). All procedures and experimental protocols
were approved by the Ethical Committee of Animal Care and
Use, Lanzhou University, (Certificate Number. SCXK
(gan)2018-0002), and were carried out in accordance with
international standards and the ethical guidelines on animal
welfare.

2.3.2 Acetic acid-induced chronic gastric ulcers in rats. The
acetic acid model of gastric ulcers is an easy and common
method that has some resemblance to an acute chronic gastric
ulcer in humans. Chronic gastric ulcers were induced in rats
by the method of Luisa Mota da Silva with slight
modifications.22

Sprague-Dawley rats were randomly assigned into seven
groups of nine animals each and were deprived of food for
24 h but allowed free access to water before gastric ulcer induc-
tion. Briefly, animals were anesthetized with diethyl ether by
inhalation, an approximately 2 cm opening was made from the
middle of the xiphoid process along the middle line of the
abdomen. After entering the abdominal cavity, the rat stomach
was gently pulled out and the antrum wall of the stomach was
identified. Then the surface of the gastric serosa was dried
with cotton swabs. A circular filter paper about 5 mm in dia-
meter with the proper amount of glacial (99.5%) acetic acid
was applied for 30 s × 2 times (one filter paper per time) to the
serous layer of the antrum. Then, the acetic acid was wiped
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away, the area was immediately washed with PBS buffer, and
the rats were fasted for one day.23 A control group of 10 rats
were treated in the same way but using a circular filter paper
about 5 mm in diameter with the proper amount of PBS
buffer, and thus the structural integrity of the gastric mucosa
was not damaged. On the third day after the ulcer induction,
groups of animals were treated with water (10 mL kg−1),
omeprazole (40 mg kg−1, proton pump inhibitor), HPS-50-L
(200 mg kg−1), HPS-50-H (400 mg kg−1), HPS-80-L
(200 mg kg−1) and HPS-80-H (400 mg kg−1) once daily for
7 days by gavage.3,19 Omeprazole and HPS were dissolved
immediately before oral administration in water.

2.3.3 Macroscopic examination of gastric ulcer induced by
acetic acid in rats. (I) During the treatments, the body weight
of all groups were recorded daily at 10 am to evaluate any poss-
ible chronic toxicity induced by HPS.24 The rate of live weight
growth was calculated by the following formula (1):

½End mass ðgÞ � initial mass ðgÞ�=initial mass ðgÞ � 100%:

ð1Þ

(II) The quantity of rat food consumed was accurately
measured by determining the surplus feed every 24 h to
assess whether their diet habits changed after gastric ulcer

induction compared with the control group. The daily
feed intake per 100 g of rat was calculated by the following
formula (2):

½Daily feed quality ðgÞ=daily rat mass ð100 gÞ�: ð2Þ

(III) On the day following the last treatment, all rats were
deprived of food for 24 h and sacrificed. The first three rats in
each group were ligated at the pylorus and cardia and given an
intragastric injection with 8 mL paraformaldehyde solution
(4%, w/v) for tissue fixation. The stomach was removed and
placed in a beaker containing paraformaldehyde solution for
20 min, then opened along the greater curvature and rinsed
with PBS. Next, the stomach tissue was spread out for obser-
vation and photographed. The color, elasticity, wrinkle
arrangement, hyperemia, edema, erosion, and ulceration of
the gastric mucosa were observed. The stomachs of the
remaining 6 rats in each group were cut through, then washed
with PBS buffer and immediately stored at −80 °C until
analysis.

2.3.4 Evaluation of gross lesions on the gastric mucosa.
The total ulcer area was measured using Photoshop CS6
Extended software (Adobe, San Jose, CA, USA). The ulcer index

Fig. 1 The detailed extraction and isolation procedures of HPS.
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and the rate of protection of ulceration were calculated by the
following formula:

Ulcer index ¼ulcer partial pixel number=

total gastric pixel amount � 100%
ð3Þ

%protection of ulceration ¼
ðulcer index inmodel group� ulcer index in each groupÞ=
ulcer index inmodel group� 100%:

ð4Þ
2.3.5 Gastric histopathological assessments. After the

photographs and observations were recorded, a 1.0 cm ×
1.0 cm piece of gastric tissue was taken from the same position
in the antrum, fixed in 4% paraformaldehyde solution and
embedded in paraffin for microscopic analysis. Paraffin-
embedded blocks were cut into sections of 5 mm in thickness
and stained with hematoxylin and eosin (H&E).25 Pathological
changes of the gastric tissue were imaged by a DFC-295 Leica
microscope equipped with a Leica Microsystems Ltd system.
The gastric sections were observed and photographed under a
microscope with a magnification of 100× and 200×.

2.3.6 Periodic acid and Schiff’s staining. Briefly, mucin
contents were determined by periodic acid–Schiff (PAS) stain-
ing in the stomach tissues.

2.3.7 Determination of related biochemical indexes in
gastric tissues. Tissue samples of the stomachs were weighed,
minced, and homogenized with cold PBS buffer, pH 7.2 (w/v,
1 : 9), and divided into two parts. One portion was centrifuged
for 10 min at 2500 rpm to obtain the supernatant for the deter-
mination of the level of oxidative stress (MDA level and SOD,
CAT, and T-AOC activities). Additionally, the NO, PGE-2, and
gastric tissue protein content were also determined from the
supernatant. The other portion was centrifuged for 10 min at
5000 rpm to determine the level of inflammatory cytokines
(TNF-α and IL-6) using specific ELISA kits.26

2.3.8 Statistical analysis. Data are expressed as the mean ±
SD, and “n” refers to the number of rats used in the experi-
ments. Statistical analyses were determined by one-way ana-
lysis of variance (ANOVA) followed by least significant differ-
ence comparison tests. Differences were considered significant
at *P < 0.05 and **P < 0.01.

3. Results and discussion
3.1 Effects of HPS on the weight gain rate and food intake

High dose oral administration of HPS (400 mg/per kg body
weight) did not produce any mortality, changes in clinical and/
or behavior signs or adverse reactions during the course of the
study. Body weight and food consumption also remained
unchanged.26 These results show that HPS are relatively safe.

According to Table 1, the weight gain rate of the gastric
ulcer rats induced by the acetic acid application was signifi-
cantly lower than that of the other groups. The clinical symp-
toms of ulcer patients include nausea, vomiting, belching, and

bloating, and are often accompanied by regular pain in the left
upper abdomen or sternum, dull pain, distending pain, and
burning pain.27 Pain often occurs 1 h after a meal as when the
stomach expands the area of the ulcer increases and the
amount of gastric acid secretion in the stomach increases. The
creep friction between the food and the gastric mucosa during
peristalsis stimulates the ulcer and causes pain and to avoid
this kind of pain, gastric peristalsis slows down.24 As shown in
Table 1, the decrease in weight gain rate of the model group
suggests that the gastric ulcer may affect the digestion and
absorption function of the rats and ultimately lead to slow
weight gain. There was no significant difference in weight gain
between the treatment groups and the model group, but the
slight observed increases in weight gain rate may help to allevi-
ate the effects of a gastric ulcer. According to the analysis of the
average food intake of rats in each group, there was no signifi-
cant difference between any group and the model group indicat-
ing that gastric ulcer had little effect on the food intake of rats.

3.2 Effects of HPS on ulcer index and protection of
ulceration in rats with acetic acid-induced gastric ulcer

At present, common methods of establishing a gastric ulcer
model include ethanol induction,24 NSAIDs induction,28 acetic
acid,5 and water-immersion stress stimulation.5 A comprehen-
sive, systematic simulation and evaluation were conducted in
some cases.5 Based on the principles of location, severity,
chronic degree, healing process, as well as the repeatability
and similarity of the model, we finally selected the acetic acid
method, which is the most similar to human chronic gastric
ulcers, to be used in the subsequent research.29

Acetic acid injury occurs by alteration of multiple factors
such as prostaglandins, growth factors, adherent mucus, nitric
oxide, and cytokines.30 The gross appearance of the rat
stomachs after treatment with acetic acid to induce gastric
mucosal damage is shown in Fig. 2A–C. In the control group,
the stomach shape and color of the gastric mucosa were
natural, some capillaries were visible, the elasticity was good
and the folds were neatly arranged. Additionally, there was no
congestion, edema, erosion or ulceration in the control group.
However, the model group rats had poor gastric elasticity and
abnormal morphology. After cutting along the great curvature
of the stomach, it could be seen that the ulcer formed by the

Table 1 Effects of HPS on the weight gain rate and food intake in rats
with gastric ulcer (x ± S)

Group Weight gain rate % Food intake (g per 100 g)

Control 16.19 ± 3.366 8.532 ± 0.720
Model 13.729 ± 2.415 8.326 ± 0.432
Positive 15.196 ± 5.193 8.306 ± 0.375
HPS-50-L 15.010 ± 3.068 8.227 ± 0.705
HPS-50-H 14.878 ± 3.290 8.030 ± 0.340*
HPS-80-L 15.106 ± 2.796 8.783 ± 0.591
HPS-80-H 15.069 ± 5.264 8.550 ± 0.518

Results are provided as the mean ± SD. * P < 0.05 compared with the
model group.
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gastric mucosa had obvious necrotic foci, the ulcer was deep
and large with a round or elliptical shape. The surface of the
central depression was rough, the edge of the mucous mem-
brane was blurred and defective, and moreover, the surround-
ing tissues were congested and had undergone edema. The
area of the mucosal lesion was significantly increased. The
ulcer index and the percentage of ulcer inhibition were used to
evaluate the severity of the ulcer. According to Fig. 2B, the
Ulcer Indices in acetic acid-treated rats were significantly
increased (3.972 ± 0.128%, P < 0.01), which indicated that the
generation of the gastric ulcer model was successful.
Compared with the model group, the omeprazole group was
significantly better (1.300 ± 0.250%) with a significant differ-
ence (P < 0.01).

Post-operational treatment with HPS at doses of 200 and
400 mg kg−1 for 7 days accelerated the healing of chronic
gastric ulcers in the rat as indicated by the significant percen-
tage of ulcer inhibition by HPS-50-L (39.701 ± 3.924%),
HPS-50-H (52.048 ± 4.182%), HPS-80-L (45.774 ± 4.043%), and
HPS-80-H (60.642 ± 2.789%) when compared with the vehicle
control group (P < 0.01) (Fig. 2C). Taking into account the
ulcer index and the percentage of ulcer inhibition, it was
found that the positive drug omeprazole improved the chronic
gastric ulcer induced by gastric acid application, it curative
effect was the best and the protection of ulceration reached 67%
indicating that oral administration of HPS at all doses reduced
the ulcerated area in acetic acid-induced gastric ulcers in a

dose-dependent manner. At the highest dose (400 mg kg−1) of
HPS-80, the healing of the chronic gastric ulcer was significantly
promoted.

3.3 Histologic examinations

It can be seen from the control group in Fig. 3A(a) that the
mucosal layer was smooth as well as flat, the glandular cells
were arranged neatly, and the submucosal and the muscular
layers were intact.31 In the model group [Fig. 3B(b)], it was
observed that the mucosal layer was damaged, atrophied or
had undergone cystic expansion, part of the gland was shed
and the normal tissue structure had disappeared.
Furthermore, there were a large number of inflammatory cells
infiltrated with scattered bleeding.32 Surprisingly, the model
group developed typical pathological features of gastric ulcers,
namely an exudate layer, necrotic layer, granulation tissue
layer, and scar tissue layer. An ulcer reaches the muscle layer, a
low degree of granulation, proliferation, and fibrosis may
develop, leaving the tissue damaged without access to an
obvious healing process.33,34 This pathological feature is
highly similar to the histopathology of human chronic gastric
ulcers tissue.35 This point further confirmed the scientific
rationality of the selection of the acetic acid-induced gastric
ulcer model in this study to evaluate the anti-gastric ulcer
effect of HPS.

Compared with the model group, after treatment with ome-
prazole [Fig. 3C(c)], the glands were neatly arranged with a

Fig. 2 Effect of HPS on acetic acid-induced gastric injury in rats. Macroscopic images of the gastric mucosal damage (A), ulcer index (B) and protec-
tion of ulceration (C) are shown. The data represent the mean ± SD (n = 6); *P < 0.05 and **P < 0.01 compared with the model group.
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small number of inflammatory cells infiltrating the tissue and
a healing area appearing on the edge of the ulcer, mainly
showing the migration of epithelial cells toward the granula-
tion tissue. Cell proliferation and formation of small glandular
structures are the essential processes of gastric mucosal regen-
eration. Animals subjected to HPS therapy showed mucosal
regeneration, cell migration, re-epithelialization, glandular
edema, and reduced inflammatory exudation in the ulcer area
indicating faster healing.36,37 Among them, the HPS-80-H
group had the best outcome [Fig. 3G(g)]. Epithelial tissue
around the mucous layer was completely covered, inflamma-

tory cell infiltration was decreased, collagen fibers were signifi-
cantly reduced, and extensive granulation tissue proliferation,
fibrosis, and mucosal regeneration were observed, indicating
that the healing stage had started and the prognosis was good.
In general, although the epithelium was intact, there were
obvious histological and ultra-structural abnormalities in the
primary ulcer.38

The gastric wall mucus plays an important role as a defen-
sive barrier of the gastric epithelium against necrotizing
agents such as acid and pepsin. To investigate whether HPS
protect the intact gastric wall from acetic acid-induced gastric

Fig. 3 Effect of HPS pretreatment on histological sections in the rat stomach. Histopathological sections of the stomach were stained with hema-
toxylin–eosin (H & E) and periodic acid–Schiff (PAS), low-magnification images are represented by uppercase letters (100×) and high-magnification
images (200×) are represented in lowercase letters. Scale bar, 50 μm and 100 μm respectively. #, gastric glands; &, submucosa; *, muscularis; @, exu-
dation layer; $, necrotic layer; R, granulation tissue layer; V, scar tissue layer.
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injury, PAS staining was performed on the gastric tissues to
detect glycogen, mucin, and other polysaccharides.10,11 The
mucus secreted by the upper mucous layer of normal gastric
mucosa connects with cells to form a gastric mucosal protec-
tive barrier. It was not difficult to see in Fig. 3H(h)–Q(q) that
PAS-stained sections of gastric tissue from normal rats showed
a mucosal layer with regular glandular arrangements and
dense and uniform mucin-producing cells. However, gastric
mucosal damage is mostly caused by the destruction of gastric
mucosal cells, and loss of PAS staining during gastric mucosal
erosion and ulceration was evident. In the model group, the
entire staining was mild or absent because of the damage and/
or loss of the mucosal layer.39 After treatment with HPS or
omeprazole, glycoprotein staining was stronger in the gastric
mucosa of rats. Approximately 50–70% mucin was recovered
after 7 days of HPS treatment indicating a 2–3 fold increase in
the healing process together with the rapid regeneration of the
mucin regulatory structure. The proliferation, migration, and
tissue protection of mucosal cells from the HPS treated groups
with HPS-80-H being the best were promoted by replacing the
damaged mucous layer.40

3.4 Effects of HPS on the activity of antioxidants in the
gastric tissue homogenate of rats with gastric ulcer

After the gastric mucosa was stimulated by acetic acid, over-
expression of reactive oxygen species could directly or

indirectly attack tissues and induce oxidative damage of bio-
macromolecules (such as protein, lipids, lipoproteins, and
nucleic acids), and undergo peroxidation to form ulcers.40 Free
radicals play an important role in ulcerative and destructive
lesions in the gastrointestinal tract through the production of
pro-inflammatory factors that are toxic to cells and tissues and
their production may lead to declines in the antioxidant
defense system of the stomach (Fig. 4).41,42

By comparing our results with those of X. Yang et al., it was
evident that HPS had excellent antioxidant activity in vitro.20

HPS-50 and HPS-80 possessed DPPH free radical scavenging,
hydroxyl radical scavenging, and nitrite free radical activities
from 1–7 g L−1 and the in vitro antioxidant activity of HPS-80
was stronger than that of HPS-50 at the same dose. The
efficacy of HPS in the treatment of gastric ulcer caused by
acetic acid was so remarkable that we investigated whether it
improved the oxidative stress state of the gastric tissue and the
cure rate of the ulcer. The antioxidant effect of HPS was
assessed by measuring the activities of T-SOD, CAT, T-AOC,
and MDA.43

The T-SOD (Fig. 5A), CAT (Fig. 5B), and T-AOC (Fig. 5C)
activities in the gastric tissue homogenate of the model group
were significantly lower than those in the control group and
the MDA level (Fig. 5D) was significantly increased (P < 0.05;
P < 0.01), indicating that the acetic acid gastric ulcer model
triggers a severe state of oxidative stress. The activities of

Fig. 4 Effect of HPS on the antioxidative activity in the stomach of rats subjected to acetic acid-induced gastric ulcer. The levels of T-SOD (A), CAT
(B), T-AOC (C) and MDA (D) were measured by specific spectrophotometric assay kits. Data are expressed as the mean ± SD (n = 6); *P < 0.05 and
**P < 0.01 compared with the model group.
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T-SOD and CAT in the HPS-80-H treatment group were signifi-
cantly higher than those in the model group and the level of
MDA was significantly decreased (P < 0.05). Thus the gastric
ulcer rats treated with HPS-80-H showed the best improvement
in terms of their oxidative stress status and the other groups
also had some effect, but it was not obvious. By comparing
Fig. 2B and C, it shows that the degree of ulcer healing
was closely related to the improvement of oxidative stress. We
hypothesized that the mechanism of ulceration induced by
acetic acid may be inextricably linked to the stimulating state
of oxidative stress in the body. Interestingly, the positive
drug omeprazole was weaker than HPS-80-H in increasing the
activities of SOD and CAT. Omeprazole, an H + /K + /ATP
enzyme inhibitor, is transformed into an active
sulfonamide derivative in an acidic environment that
suppresses H pump function and works to treat the gastric
ulcer.28,44

There are many studies showing that when a proton pump
inhibitor is used to treat gastric ulcer, the effect is obvious
within a short period of time, but the patient can easily experi-
ence an ulcer relapse. The main reason is that a proton pump
inhibitor only functions to reduce the secretion of gastric acid.
However, the occurrence of ulcers is closely related to many
factors including oxidative stress. For the treatment of gastric
ulcer, it may be necessary to rationally improve the oxidative
state of excessive stress in the stomach so that gastric ulcer is

treated from multiple angles. HPS showed good antioxidation
activity toward gastric tissue from ulcers induced by acetic
acid, which provides a theoretical basis for the further develop-
ment of drugs and/or functional foods with potential anti-
gastric ulcer activity.

3.5 Effects of HPS on the activities of the anti-inflammatory
markers PGE-2 and NO in gastric tissue homogenate of rats
with gastric ulcer

Neutrophils play a very important role in the development and
healing of gastric mucosal inflammation and injury.14 In the
gastric mucosal of acetic acid-treated rats, neutrophil infiltra-
tion was confirmed by microscopic evidence and treatment
with HPS showed a notable inhibition of this infiltration
suggesting that HPS might possess gastroprotective effects.
The generation of inflammatory mediators is one of the impor-
tant factors in the formation of mucosal lesions. During this
process, tissues produce a large number of pro-inflammatory
cytokines, such as tumor necrosis factor-α (TNF-α) and inter-
leukin-6 (IL-6)45,46 that provide an inflammatory environment
for the development of gastric ulcers. As a local cytokine, TNF-
α is involved in the progression of inflammatory diseases, has
a variety of pro-inflammatory effects and is closely related to
the activation of the inflammatory cytokine IL-6.47,48 As shown
in Fig. 5A and B, compared with the control group, the levels
of TNF-α and IL-6 in the gastric tissue homogenate of the

Fig. 5 Effect of HPS on the levels of pro-inflammatory cytokines and gastric mucosal defensive factor levels in the stomach of rats subjected to
acetic acid-induced gastric ulcer. The levels of IL-6 (A), TNF-α (B), PGE-2 (C) and NO (D) were measured by ELISA kits. Data are expressed as the
mean ± SD (n = 6); *P < 0.05 and **P < 0.01 compared with the model group.
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model group were significantly increased (P < 0.01). After treat-
ment with HPS for 7 days, the incidence of gastric ulcer
induced by acetic acid was significantly decreased and the
levels of TNF-α and IL-6 were significantly decreased (P < 0.05;
P < 0.01). Out of the treatment groups, HPS-80 had the best
effect indicating that HPS-80 may improve the inflammatory
response by inhibiting the formation of pro-inflammatory
factors for the treatment of gastric ulcer.

It is well known that PGE-2 and NO are involved in the
modulation of the gastric mucosal integrity and are important
in the regulation of gastric pH and mucus secretion.37,49 They
may attenuate acetic acid-induced gastric mucosal lesions via
augmenting mucosal mucus and bicarbonate secretion,
defending epithelial cells from cytotoxins as well as inhibiting
gastric acid secretion and neutrophil adherence.50 PGE-2 is
involved in improving gastric mucin synthesis, promoting
angiogenesis, triggering mucosal cell proliferation, and regu-
lating gastric acid secretion. Hence, PGE-2 may be involved in
healing gastric mucosal damage and it likely plays a critical
role in the ulcer healing process.51

To better understand the role of PGE-2 in the healing
process, we measured PGE-2 levels in gastric tissues. As shown
in Fig. 5C, compared with the control group, PGE-2 content
was markedly reduced in the model group (P < 0.01).
Compared with the model group, the high dose of HPS-80
increased the content of PGE-2 for 7 days (P < 0.01), while
there was no significant difference among the other treatment
groups. The results suggested that the gastroprotective mecha-
nism of HPS-80-H was partly related to the positive modulation
of PGE-2 synthesis, which may lead to the increase in gastric
mucus synthesis and bicarbonate secretion and decreased
gastric acid secretion.52

NO is a neurotransmitter and messenger molecule released
by gastrointestinal non-cholinergic and non-adrenergic
nerves.53 As a mucosal blood flow regulator, it can inhibit neu-
trophil adhesion and vascular endothelial infiltration. It may
play a role in ulcer healing and gastric mucus protection by sti-
mulating growth factor formation, epithelial proliferation, and
angiogenesis.54 As shown in Fig. 5D, acetic acid pretreatment
significantly decreased the content of NO in the stomach
tissue (P < 0.01). HPS-50 and HPS-80 at 200 mg kg−1 and
400 mg kg−1 significantly increased the content of NO (P <
0.05). In general, the levels of PGE-2 and NO in the gastric
ulcer model induced by acetic acid were significantly lower
than those in the control group (P < 0.01), which indicated
that the levels of these two important mucosal protective
factors decreased significantly during the formation of the
ulcer.55 As shown in Fig. 5, the levels of PGE-2 and NO in each
HPS group were higher than those in the model group indicat-
ing that HPS could repair the damaged gastric mucosa by pro-
moting gastric mucosal cell regeneration and protecting the
integrity of the gastric mucosa. Among them, HPS-80 was
especially effective. Therefore, HPS might also exert anti-ulcer
effects by up-regulating the synthesis of NO and PGE-2, which
is consistent with the results for previously reported
polysaccharides.14,45

4. Conclusions

HPS had little effect on the weight gain rate and the food
intake of acetic acid-induced gastric ulcer model rats.
Macroscopically, HPS effectively reduced the ulcer index of the
gastric mucosa and increased the percentage of ulcer inhi-
bition. It can be seen from the histopathological studies that
HPS effectively improved gastric injury by mucosal regener-
ation and extensive granulation tissue proliferation. The rapid
regeneration of mucin regulation structure was confirmed by
PAS staining where the tissue was shown to be entering the
healing stage. Additionally, the levels of TNF-α and IL-6 were
significantly decreased, the levels of PGE-2 and NO were
increased, and the oxidative stress status of the gastric ulcer
rats was improved. In conclusion, through multi-angle ana-
lysis, the results from the present study clearly indicate that
HPS possess good anti-ulcer effects in rats. Therefore,
HPS-80 may be a promising ingredient for incorporation into
functional foods or dietary supplements for the treatment of
gastric ulcer.
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