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Preventive effect of polysaccharides from the large
yellow croaker swim bladder on HCl/ethanol
induced gastric injury in mice
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Abstract. In the present study the preventive effect of polysac-
charides from the large yellow croaker swim bladder (PLYCSB)
on HCl/ethanol-induced gastric injury in ICR mice was
investigated. A high dose of PLYCSB (50 mg/kg) was found
to reduce the levels of the serum proinflammatory cytokines
interleukin (IL)-1pB, IL-6, IL-8, as well as increase the levels of
IL-4 compared with those in mice treated with a low dose of
PLYCSB (25 mg/kg) and control mice. The somatostatin and
vasoactive intestinal peptide serum levels in PLYCSB-treated
mice were higher compared with those in control mice, whilst
motilin and substance P serum levels were lower compared
with those in control mice. The extent of the gastric injury
in the mice treated with PLYCSB was lower compared with
that in the control mice; however, the results obtained for mice
treated with a high dose of PLYCSB were similar to those for
omeprazole-treated mice. In addition, the superoxide dismutase
and glutathione peroxidase activities of PLYCSB-treated mice
were higher compared with those of the control mice, and
similar to those observed in normal and omeprazole-treated
mice. Furthermore, PLYCSB-treated mice showed levels of
nitric oxide and malondialdehyde that were similar to those
in the normal group. Using PCR and western blot analysis, it
was demonstrated that PLYCSB significantly inhibited inflam-
mation in the tissues of the HCl/ethanol induced gastric injury
mice by downregulating the expression of inducible nitric oxide
synthase, cyclooxygenase-2, tumor necrosis factor-o and IL-1{.
These results suggest that PLYCSB has an inhibitory effect
against gastric injury that is comparable to that of the gastric
injury drug omeprazole. Therefore, PLYCSB has the potential
to be used as a natural therapeutic drug.
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Introduction

The swim bladder is an organ that is important for balance
and polysaccharides account for as much as 10% of its weight.
The large yellow croaker (Larimichthys crocea) is one of the
main commercial fish in the coastal waters of China, and its
swim bladder is rich in protein, microelements and vitamins.
It is used in traditional Chinese medicine since it is considered
to have curative effects against a number of different condi-
tions, including amnesia, insomnia, dizziness, anepithymia
and weakness after giving birth (1). A previous study has also
suggested that the large yellow croaker swim bladder may serve
to remove free radicals and protect against certain types of
cancer (2). Polysaccharides are important functional materials.
It has been shown that polysaccharides present in the swim
bladder may accelerate wound healing, as well as prevent infec-
tion and thrombus formation (3). In addition, in vivo studies
have demonstrated that polysaccharides from Lentinus edodes
and spirulina seaweed serve to prevent and cure injury (4,5).

Gastric injury is damage to the stomach. It may occur
due to chemical injury and may involve injury to the gastric
mucosa. Ethanol promotes the rapid formation of lesions in the
stomach due to an inflammatory reaction (6). Ethanol-induced
gastric injury is associated with the loss of epithelial cells,
mucosal edema and subepithelial hemorrhage (7). Therefore,
in the present study HCl/ethanol was used for the chemical
induction of gastric injury.

In the present study, the preventive effect of polysaccha-
rides from the large yellow croaker swim bladder (PLYCSB) on
gastric injury was investigated. The serum levels of inflamma-
tory-associated cytokines were used to evaluate the preventive
effect of PLYCSB on HCl/ethanol-induced gastric injury in
ICR mice. In addition, gastric tissue histology was used to
determine the preventive effects in vivo. Furthermore, the
mRNA and protein expression levels of superoxide dismutase
(SOD), glutathione peroxidase (GSH-Px), nitric oxide (NO)
and malondialdehyde (MDA) in the tissues were analyzed in
order to determine the preventive effect of PLYCSB.

Materials and methods
PLYCSB preparation. Wild Yellow Sea Larimichthys crocea

were purchased in Shandong, China. The swim bladders from
the Larimichthys crocea (1 kg) were freeze-dried and then



CHEN et al: PREVENTIVE EFFECT OF PLYCSB ON GASTRIC INJURY

crushed. Petroleum ether (3 1) was added to the swim bladder
and reflux extraction was performed twice (1 h each time)
at 60°C to remove the protein, and the residue was gathered
following filtration. A total of 3 I absolute ethanol was then
added and reflux extraction was performed for a further 3 h,
and the residue without protein was filtered and gathered.
Finally, 3 1 water was added, the residue was extracted at 60°C
for 2 h and the filtered liquid was collected. Crude polysac-
charides from the large yellow croaker swim bladder were
obtained following evaporation (8).

Animals. Seven-week-old male ICR mice (n=50) were
purchased from the Experimental Animal Center of Chongqing
Medical University (Chongqing, China). The mice were main-
tained at 23+1°C with a relative humidity of 50+5% and a 12-h
light/dark cycle. The mice had unlimited access to a standard
mouse chow diet and water.

Gastric injury experiment. The mice were divided into five
groups (n=10 in each group). The normal group mice received
no treatment during the experimental period. The control group
mice received no treatment for the first 4 weeks. The PLYCSB
group mice were orally administered either 25 or 50 mg/kg
PLYCSB every day for 4 weeks. The mice of the omeprazole
group (a drug cure comparator group) received a 25 mg/kg oral
dose of omeprazole daily for 4 weeks. Then, after fasting for
24 h, the control and treatment groups were administered 1 ml
HCl/ethanol (60% in 150 mM HCI) via esophageal intubation.
After 1 h the mice were sacrificed using ether anesthesia. The
stomachs were removed and 10 ml formalin (1%) was injected
for 10 min to inflate the stomach and to fix the tissue walls, as
well as to open the greater curvature (9). The

of hemorrhagic lesions developed in the stomach was
measured using a digital camera (D550; Canon, Tokyo,
Japan) with a square grid. The images were analyzed using
Image]J software (National Institutes of Health, Bethesda, MD,
USA) using the following formula: Gastric injury inhibitory
rate (%) = (gastric injury area of control mice - gastric injury
area of treated mice)/gastric injury area of control mice. The
gastric secretion volume from each mouse was measured
using a 10-ml measuring cylinder. The pH of the gastric juice
was measured using a pH meter (SevenEasy pH meter; Mettler
Toledo, Schwerzenbach, Switzerland) after being diluted
10-fold with distilled water. The experimental protocol was
approved by the Animal Ethics Committee of Chongqing
Medical University.

Analysis of inflammation-associated cytokines in serum
by enzyme-linked immunosorbent assay (ELISA). For the
serum cytokine assay, blood from the inferior vena cava
was collected in a tube and centrifuged at 730 x g at 4°C for
10 min. The serum was aspirated and assayed as described
below. The concentrations of inflammation-associated cyto-
kines, interleukin (IL)-1p, IL-4, IL-6 and IL-8, in serum were
measured using an ELISA in accordance with the manufac-
turer's instructions (Biolegend, San Diego, CA, USA). Briefly,
biotinylated antibody reagent was added to 96-well plates. The
supernatants from the homogenized serum were then added
and the plates were incubated at 37°C in CO, for 2 h. The
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plates were washed with phosphate-buffered saline (PBS),
streptavidin-horseradish peroxidase (HRP) solution was added
and the plate was then incubated for a further 30 min at room
temperature. The absorbance was measured at 450 nm using a
microplate reader (iMark; Bio-Rad, Hercules, CA, USA) (10).

Determination of MOT (motilin), SS (somatostatin), SP
(substance P) and VIP (vasoactive intestinal peptide) levels
in the serum. Blood was collected from the mice in a tube and
centrifuged at 730 x g at 4°C for 10 min. The MOT, SS, SP and
VIP levels in the serum were then determined using commer-
cially available kits (Beijing Pu'er Weiye Bio-Technology Co.,
Ltd., Beijing, China).

Determination of SOD, GSH-Px, NO and MDA levels. The
gastric tissue was homogenized using a high-speed tissue
homogenizer (T10; IKA-Werke GmbH & Co. KG, Staufen,
Germany) at 730 x g at 4°C for 10 min. The SOD, GSH-Px,
NO and MDA levels were then determined using commer-
cially available kits (Nanjing Juli Institute of Biomedical
Engineering, Nanjing, China).

Analysis of the expression of inflammation-associated genes
in gastric tissue using PCR. Total RNA from the gastric
tissue cells was isolated using TRIzol® reagent (Invitrogen
Life Technologies, Carlsbad, CA, USA) in accordance with
the manufacturer's instructions. The RNA was digested with
RNase-free DNase (Roche, Basel, Switzerland) for 15 min
at 37°C and purified using an RNeasy kit (Qiagen, Hilden,
Germany) in accordance with the manufacturer's instructions.
Total RNA (2 pg) was incubated at 37°C for 1 h with avian
myeloblastosis virus reverse transcriptase (GE Healthcare,
Little Chalfont, United Kingdom) with random hexanucleo-
tides to form cDNA, in accordance with the manufacturer's
instructions. The following primers were used to specifically
amplify the genes of interest: inducible nitric oxide synthase
(iNOS) forward, 5-AGA GAG ATC GGG TTC ACA-3' and
reverse, 5'-CAC AGA ACT GAG GGT ACA-3"; cyclooxy-
genase-2 (COX-2) forward, 5-TTA AAA TGA GAT TGT CCG
AA-3"and reverse, 5'-AGA TCA CCT CTG CCT GAG TA-3'
tumor necrosis factor-a (TNF-a) forward, 5'-GAC CCT CAG
ACT CAG ATC ATC CTT CT-3' and reverse, 5'-ACG CTG
GCT CAG CCA CTC-3% and IL-1f forward, 5'-CTC CAT
GAG CTT TGT ACA AGG-3' and reverse, 5-TGC TGA TGT
ACC AGT TGG GG-3" The internal control gene of GAPDH
was amplified using the following primers: forward, 5'-CGG
AGT CAA CGG ATT TGG TC-3' and reverse, 5'-AGC CTT
CTC CAT GGT CGT GA-3'. Amplification was performed in
a thermal cycler (Eppendorf, Hamburg, Germany). The PCR
products were separated on a 1.0% agarose gel and visualized
using ethidium bromide staining (11).

Protein extraction and western blot analysis of the gastric
tissue. The total protein was obtained from the gastric tissue
using Radio-Immunoprecipitation Assay buffer as previously
described (11). The protein concentrations were determined
using a Bio-Rad protein assay kit. For the western blot
analysis, aliquots of the lysate containing 30-50 ug protein
were separated using sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE) and then electrotransferred
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Table I. Prevention of HCl/ethanol-induced gastric injury in ICR mice by treatment with PLYCSB.

Rate of gastric injury inhibition

Group Gastric injury (mm?) Inhibitory rate (%)
Normal 0.00+0.00¢ 100.00
Control 19.25+3.86" 0.00
PLYCSB (25 mg/kg) 11.87+2.66° 38.34
PLYCSB (50 mg/kg) 6.45+1.32¢ 66.49
Omeprazole (25 mg/kg) 3.88+0.98¢ 79.84

**Mean values with different letters in the same column are significantly different (P<0.05) according to Duncan's multiple range test. PLYCSB,

polysaccharides of large yellow croaker swim bladder.

Normal

Control

PLYCSB (25 mg/kg)

PLYCSB (50 mg/kg)

Omeprazole (25 mg/kg)

Figure 1. Stomachs of the mice treated with PLYCSB following the induction of gastric injury with HCl/ethanol. PLYCSB, polysaccharides of large yellow

croaker swim bladder

onto a nitrocellulose membrane (Schleicher and Schuell,
Keene, NH, USA). The membranes were then subjected
to immunoblot analysis and the proteins were visualized
using an enhanced chemiluminescence (ECL) method (GE
Healthcare). The cell lysates were separated using 12%
SDS-PAGE, transferred onto a polyvinylidene fluoride
membrane (GE Healthcare), blocked with 5% skimmed
milk and then hybridized with primary antibodies (diluted
1:1,000). The antibodies against TNF-a, IL-18, iNOS and
COX-2 were obtained from Santa Cruz Biotechnology. The
membranes were then incubated with the HRP-conjugated
secondary antibodies (Santa Cruz Biotechnology) for 1 h
at room temperature. The blots were washed 3 times with
PBS-T and then developed using an electrochemilumines-
cence (ECL) reagent (Amersham Life Science, Arlington
Heights, IL, USA).

Statistical analysis. Data are presented as the mean + standard
deviation. Differences between the mean values between the
groups were analyzed using a one-way analysis of variance
with Duncan's multiple range test. P<0.05 was considered to
indicate a statistically significant difference. SAS version 9.1
(SAS Institute Inc., Cary, NC, USA) was used to conduct the
statistical analyses.

Results

Gastric injury levels. Administration of PLYCSB to mice prior
to the induction of gastritis was found to reduce gastric injury.
The mice in the control group demonstrated a gastric injury
area of 19.25+3.86 mm?. Treatment with 25 and 50 mg/kg
PLYCSB resulted in a gastric injury inhibition index of 38.34
and 66.49%, respectively (Table I and Fig. 1). In particular, the
greater level of protection against gastric injury was achieved
with the higher dose of PLYCSB. The protective effect of
50 mg/kg PLYCSB was comparable with that observed for
omeprazole (79.84%), which was used as the positive drug
control.

Gastric secretion volume and pH of the gastric juice. The
gastric secretion volume of normal mice was the lowest
(0.15+0.07 ml) among all the groups (Fig. 2A). The volume
was increased in the control mice (0.75+0.11 ml); however, the
increase was attenuated following treatment with 25 mg/kg
PLYCSB (0.47+0.09 ml), 50 mg/kg PLYCSB (0.31+0.06 ml)
and omeprazole (0.24+0.05 ml). The pH values of the gastric
juices were 3.68+0.42, 0.98+0.12, 1.74+0.27, 2.51+0.21
and 2.86+0.22 for the normal, control, 25 mg/kg PLYCSB,
50 mg/kg PLYCSB and omeprazole groups, respectively
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Table II. Serum IL-1f, IL-4, IL-6 and IL-8 cytokine levels of PLYCSB-treated mice with HCl/ethanol-induced gastric injury.

Group IL-1P (pg/ml) IL-4 (pg/ml) IL-6 (pg/ml) IL-8 (pg/ml)
Normal 44 82+3.62° 25.12+1.15° 32.71£3.82° 45.52+2.85¢
Control 120.65+17.56* 10.65+1.34° 97.25+£9.70* 91.34+£1.92*
PLYCSB (25 mg/kg) 90.66+7.78" 15.24+0.92¢ 69.88+5.57° 73.18+2.02°
PLYCSB (50 mg/kg) 71.97+3.58¢ 18.98+0.61¢ 50.53+3.35¢ 62.15+1.71¢
Omeprazole (25 mg/kg) 61.30£5.22¢ 21.12+0.82° 4391+2.12¢ 57.63+1.32¢

“*Mean values with different letters in the same column are significantly different (P<0.05) according to Duncan's multiple range test. PLYCSB,
polysaccharides of large yellow croaker swim bladder; IL, interleukin.

Table III. Serum MOT, SS, SP and VIP levels of PLYCSB-treated mice with HCl/ethanol-induced gastric injury.

Group MOT (ug/l) SS (ug/l) SP (ug/l) VIP (ug/l)
Normal 41.3+£2.1¢ 115.6+10.7* 60.6+2.1° 97.7£3.4*
Control 93.6+4.1* 57.6x+4.2° 118.3+2.6 43.8+1.8°
PLYCSB (25 mg/kg) 67.3£5.7° 75.2+5.1¢ 83.6+2.2° 60.3+1.9¢
PLYCSB (50 mg/kg) 56.1+£3.2° 90.3+2.5¢ 72.6+2.8¢ 78.6+2.0°
Omeprazole (25 mg/kg) 51.2+2.0¢ 98.3+6.6° 67.3£2.4¢ 84.6+1.8°

“*Mean values with different letters in the same column are significantly different (P<0.05) according to Duncan's multiple range test. PLYCSB,
polysaccharides of large yellow croaker swim bladder; MOT, motilin; SS, somatostatin; SP, substance P; VIP, vasoactive intestinal peptide
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Figure 2. Gastric secretion volume of mice treated with PLYCSB following the induction of gastric injury with HCl/ethanol. Mean values with different letters
over the bars are significantly different (P<0.05) according to Duncan's multiple range test. PLYCSB, polysaccharides of large yellow croaker swim bladder.

(Fig. 2B). These results demonstrate that there is a reduction in
gastric secretion and an increase in gastric pH in mice treated
with PLYCSB compared with those in the control mice.

Effect of PLYCSB on serum levels of the cytokines IL-1f, IL-4,
IL-6 and IL-8. The levels of IL-1f3, IL-6 and IL-8 were lowest
in the normal mice; however, in control mice these levels were
significantly increased (Table II). The levels of IL-1f, IL-6
and IL-8 in mice treated with 25 and 50 mg/kg PLYCSB were
lower compared with those in control mice. Furthermore, the
mice treated with 50 mg/kg PLYCSB showed expression levels
of IL-1P, IL-6 and IL-8 that were comparable with those in
mice treated with omeprazole, and the expression levels were
only slightly higher compared with those in normal mice. The
level of IL-4 in all groups showed the opposite trend compared

with that for the levels of IL-1f3, IL-6 and IL-8. In the present
study it was shown that the levels of IL-1p, IL-6 and IL-8 in
the HCl/ethanol-induced gastric injury mice were markedly
decreased, whilst the level of IL-4 was markedly increased
following treatment with PLYCSB.

Effect of PLYCSB on serum levels of MOT, SS, SP and VIP.
The levels of MOT and SP were highest in the control mice,
whilst the levels of SS and VIP were lowest in the control mice
amongst all groups (Table III). In the PLYCSB-treated mice,
the levels of MOT, SP, SS and VIP were significantly different
from those in the control mice. The high dose of PLYCSB
(50 mg/kg PLYCSB) and omeprazole treatment significantly
attenuated the HCl/ethanol-induced changes in these levels,
with results comparable with those in the normal mice.
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Table I'V. Tissue SOD, GSH-Px, NO and MDA levels in PLYCSB-treated mice with HCl/ethanol-induced gastric injury.

Group SOD (kU/) GSH-Px (mmol/l) NO (zmol/) MDA (pzmol/l)
Normal 336.12+38.92* 3.92+0.37* 13.74+1.55¢ 12.87+1.79°
Control 222.35+35.11¢° 2.11+0.28¢ 2.35+0.45¢ 63.11+4.56*
PLYCSB (25 mg/kg) 262.91+27.79¢ 2.79+0.30¢ 6.11+1.08¢ 41.36+3.87°
PLYCSB (50 mg/kg) 291.30+17.28¢ 3.41+0.22¢ 10.36+1.05¢ 28.71+1.56¢
Omeprazole (25 mg/kg) 308.76+22.35° 3.61x0.12° 11.85+0.42° 19.78+3.54¢

“*Mean values with different letters in the same column are significantly different (P<0.05) according to Duncan's multiple range test. PLYCSB,
polysaccharides of large yellow croaker swim bladder; SOD, superoxide dismutase; GSH-Px, glutathione peroxidase; NO, nitrogen oxide;

MDA, malondialdehyde.

PLYCSB Omeprazole

Normal Control (25 mg/kg) (50 mg/kg) (25 mgkg)

PLYCSB

Omeprazole
kg) (25 mg/ke)

Figure 3. Effect of of PLYCSB on the mRNA and protein expression of iNOS, COX-2, TNF-a and IL-1f in mice with HCl/ethanol-induced gastric injury.
PLYCSB, polysaccharides of large yellow croaker swim bladder; iNOS, inducible nitric oxide synthase; COX-2, cyclooxygenase-2; TNF-a, tumor necrosis

factor-a; IL-1p, interleukin-1f3.

SOD, GSH-Px, NO and MDA levels in gastric tissue. The
activities of SOD and GSH-Px in the gastric tissue of normal
mice were higher compared with those in the other groups
(Table IV). These activities were significantly decreased
in the control mice. Mice treated with 50 mg/kg PLYCSB
and omeprazole showed SOD activities similar to those
in normal mice; however, the activity in mice treated with
25 mg/kg PLYCSB was decreased compared with that in
50 mg/kg PLYCSB-treated mice. The activity of GSH-Px in
each group followed the same trend as the activity of SOD.
The NO levels in each group of mice decreased in the order
normal, omeprazole, 50 mg/kg PLYCSB, 25 mg/kg PLYCSB
and control. The MDA levels of these groups showed the
opposite trend from that observed for the NO levels.

Effect of PLYCSB on the expression of inflammation-associ-
ated genes iNOS, COX-2, TNF-a and IL-1f5. The present study
investigated whether the anti-inflammatory actions of PLYCSB
were associated with an inhibition of inflammation-associated
genes, specifically iNOS, COX-2, TNF-a and IL-1p. As shown
in Fig. 3, the mRNA and protein expression levels of iNOS,
COX-2, TNF-a and IL-1p were reduced in the gastric tissues
treated with PLYCSB and omeprazole compared with those
in the control tissues. PLYCSB and omeprazole significantly
modulated the expression of genes associated with inflam-
mation. Additionally, the mRNA and protein expression

levels of these genes were decreased in the presence of the
PLYCSB in a dose-dependent manner. These findings indicate
that PLYCSB may help prevent gastric injury by increasing
anti-inflammatory activities. In combination, these results
showed that PLYCSB has a strong anti-inflammatory effect on
gastric injury.

Discussion

The swim bladder has been historically used in traditional
Chinese medicine. The swim bladder has previously been
shown to ameliorate different pathological conditions associ-
ated with inflammation, and it also been demonstrated to
strengthen platelet function, capillary vessels and clotting
factors (12). Swim bladders are mainly composed of polysac-
charides; however, few studies have investigated the function
of the polysaccharides from the swim bladder. In the present
study, the preventive effect of PLYCSB on gastric injury was
investigated for the first time, to the best of our knowledge.
The results demonstrated that PLYCSB conferred the same
level of protection against gastric injury as omeprazole, a drug
used to treat gastritis.

A highly acidic environment in the stomach is an impor-
tant marker of gastric injury. Gastric injury causes an increase
in gastric secretion and acid output, resulting in a significantly
decreased gastric pH (13). Mice treated with 50 mg/kg



CHEN et al: PREVENTIVE EFFECT OF PLYCSB ON GASTRIC INJURY

PLYCSB had decreased gastric secretion and a higher gastric
pH compared with that in the control and low dose PLYCSB
groups. This may explain why 50 mg/kg PLYCSB demon-
strated a greater protective effect against gastric injury,
compared with that of 25 mg/kg PLYCSB. In the present study,
PLYCSB was found to exhibit a preventive effect on gastric
injury by decreasing the levels of stomach acid.

The levels of serum cytokines, including IL-6 and IL-12,
in patients with inflammatory diseases are elevated compared
with those in healthy individuals (14). Cytokine receptors and
the inflammatory cytokines IL-6 and IL-12 have a pathogenic
role in gastric disease, and decreased expression levels of
these indicate a preventive effect against gastric injury (15,16).
IL-6 is an interleukin that functions as a proinflammatory and
anti-inflammatory cytokine (17). T cells and macrophages
secrete IL-6 to stimulate an immune response, particularly
during tissue damage, which leads to inflammation. IL-6 is
also involved in fighting infection (18). IL-4 has an important
role in inflammation and wound repair and an increase in IL-4
secretion may aid the treatment of inflammatory disease (19).
IL-8 is also associated with inflammation. Oxidative stress
increases IL-8 secretion, which then causes the recruitment
of inflammatory cells and induces an increase in oxidative
stress mediators, making IL-8 a significant factor in localized
inflammation (20).

MOT and SP are excitatory gastrointestinal hormones.
The levels of MOT and SP increase following stimulation
by gastric injury (21). Once MOT is stimulated, it causes the
surplus secretion of gastric acid. An increase in gastric acid
causes the inner part of the stomach to become too acidic,
thereby compounding gastric injury (22). The results from the
present study show that the levels of MOT and SP increase
following treatment with HCl/ethanol. By contrast, SS and VIP
are inhibitory gastrointestinal hormones, which are capable of
inhibiting the secretion of gastric acid (21). It has been previ-
ously demonstrated that damaging the gastric mucosa results
in the surplus secretion of gastric fluids and a reduction of the
pH to a value lower than the normal value (23). The levels
of SS and VIP were observed to increase following treatment
with a high dose of PLYCSB compared with the levels in the
control mice, which is likely to result in a reduction in gastric
secretion volume and an increase in the pH of gastric juice. In
the present study, the gastric secretion and pH of the gastric
juice were in accordance with this.

Following gastric injury, the gastric tissue may be partially
oxidized due to damage. SOD and GSH-Px are important
antioxidants that reduce peroxide in the gastric tissue into
less harmful or harmless substances, which is important
in the recovery of gastric injury (24). Ethanol-induced
gastric mucosal damage may involve the generation of
oxygen-derived radicals, independent of the xanthine oxidase
system. By acting as oxygen radical scavengers, SOD and
GSH-Px provide significant gastroprotection (25). Tissue
injury is caused by an imbalance between the damage of the
gastric tissue and protective factors. NO serves to protect the
gastric mucosa and keep the blood flowing smoothly. NO
levels decrease significantly in patients suffering from gastric
injury. In addition, NO has been demonstrated to be an effec-
tive component to guard against gastric injury (26). MDA is a
marker of oxidative stress and it is generated in large amounts
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in the damaged areas of gastric tissue. Therefore, MDA can
be used as an indicator of gastric injury (27). The results
from the present study demonstrated that a higher concen-
tration of PLYCSB decreases the degree of gastric injury.

iNOS, COX-2, TNF-a and IL-1f genes in the tissue may
be used as biomarkers to monitor visceral damage. Following
inflammatory stimuli, COX-2 and iNOS have been shown to
induce deleterious effects in the stomach (28). iNOS and COX
2 in order to boost inflammatory responses in early stages of
tissues injury (29). Inflammatory processes are mediated by
multiple molecular mechanisms. Two of the most important
are those associated with the production of iNOS and COX-2.
The time courses by which inflammatory stimuli elicit iNOS
and COX-2 protein synthesis are similar, which indicates that
the two systems may interact with each other (30). The expres-
sion levels of TNF-a and IL-1f in patients with inflammatory
diseases are higher compared with those in healthy indi-
viduals, and lower expression levels of TNF-a and IL-1f have
been found to be indicative of improved anti-inflammatory
effects (23). In the present study, it was demonstrated that
PLYCSB significantly suppressed the expression of the inflam-
matory genes iNOS, COX-2, TNF-a and IL-1f. The levels of
the protein products of these genes were also reduced.

In conclusion, the preventive effect of PLYCSB against
gastric injury was evaluated in the present study using various
in vivo experimental methods, including the use of a serum
cytokine assay to analyze the levels of IL-1§, IL-4, IL-6 and
IL-8; analysis of the serum levels of MOT, SS, SP and VIP;
investigating the tissue levels of SOD, GSH-Px, NO and
MDA, and using PCR and western blot analysis to deter-
mine the expression levels of inflammatory-associated genes
and proteins, specifically iNOS, COX-2, TNF-a and IL-1f.
Observation of the stomachs of mice in the different treatment
groups revealed that PLYCSB had a preventive effect against
HCl/ethanol-induced gastric injury, indicating that PLYCSB
represents a potentially useful agent for the treatment or
prevention of drug-induced gastric injury in vivo.
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