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Abstract

AIM: To study the role of gastric mucosal ascorbic acid
(AA) in the progression of acute gastric mucosal lesions
induced by compound 48/80 (C48/80), a mast cell
degranulator, in rats.

METHODS: C48/80 (0.75 mg/kg) was intraperitoneally
injected to fasted Wistar rats. Oral administration of AA
(10, 50 or 100 mg/kg) was performed 0.5 h after C48/80
treatment. Determinations for gastric mucosal lesion
severity and blood flow, and assays for gastric mucosal
total AA, reduced AA, oxidized AA, vitamin E, thiobarbituric
acid reactive substances (TBARS), adherent mucus, nitrite/
nitrate (NOx), non-protein SH (NPSH), and myeloperoxidase
(MPO), and serum total AA, reduced AA, oxidized AA,
and NOx were conducted 0.5 and 3 h after C48/80
treatment.

RESULTS: Gastric mucosal lesions occurred 0.5 h after
C48/80 treatment and progressed at 3 h. Gastric mucosal
blood flow decreased 0.5 h after C48/80 treatment but
the decrease was recovered at 3 h. Gastric mucosal
total AA, reduced AA, vitamin E, and adherent mucus
concentrations decreased 3 h after C48/80 treatment.
Gastric mucosal oxidized AA concentration remained
unchanged after C48/80 treatment. Gastric mucosal NPSH
concentration decreased 0.5 h after C48/80 treatment,
but the decrease was recovered at 3 h. Gastric mucosal
TBARS concentration and MPO activity increased 0.5 h
after C48/80 treatment and further increased at 3 h.
Serum total AA and reduced AA concentrations increased
0.5 h after C48/80 treatment and further increased at
3 h, while serum oxidized AA concentration increased at
0.5 h. Serum and gastric mucosal NOx concentrations
increased 3 h after C48/80 treatment. AA administration
to C48/80-treated rats at 0.5 h after the treatment
prevented the gastric mucosal lesion progression and the

changes in gastric mucosal total AA, reduced AA, vitamin
E, adherent mucus, NOx, and TBARS concentrations and
MPO activity and serum NOx concentration found at 3 h
after the treatment dose-dependently. The AA administration
to C48/80-treated rats caused further increases in serum
total AA and reduced AA concentrations at 3 h after the
treatment dose-dependently.

CONCLUSION: Gastric mucosal AA plays a critical role in
the progression of C48/80-induced acute gastric mucosal
lesions in rats.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.

Key words: Compound 48/80; Ascorbic acid; Non-protein SH;
Vitamin E; Nitric oxide; Lipid peroxidation; Inflammation

Kamiya Y, Ohta Y, Imai Y, Arisawa T, Nakano H. A critical

role of gastric mucosal ascorbic acid in the progression of

acute gastric mucosal lesions induced by compound 48/80

in rats. World J Gastroenterol  2005; 11(9): 1324-1332

http://www.wjgnet.com/1007-9327/11/1324.asp

INTRODUCTION

Ascorbic acid (AA), also known as vitamin C, exerts an
antioxidant action both by itself and by interacting with
reduced glutathione (GSH) or vitamin E[1,2]. Ascorbic acid
scavenges reactive oxygen species (ROS) such as superoxide
radical (O2

-), hydrogen peroxide (H2O2), hydroxyl radical
(OH·), singlet oxygen, and hypochlorous acid (HOCl), which
is produced from H2O2 and Cl- via myeloperoxidase (MPO)
present in neutrophils, in vitro[3-7]. In addition, AA scavenges
peroxynitrite (ONOO-), a highly reactive nitrogen oxide
species, which is produced by the reaction of O2

- and nitric
oxide (NO) in vitro[8-10]. It is known that AA scavenges O2

-

generated by activated NADPH oxidase in neutrophils and
in the hypoxanthine-xanthine oxidase (XO) system in vitro[11-13].
It is also known that AA prevents neutrophil adherence to
endothelium by scavenging ROS derived from activated
neutrophils in vitro[14].

Ekman et al[15, 16] have reported that a single intraarterial
pretreatment with AA reduces gastric bleeding after
hemorrhagic shock and retransfusion in rats and that the
same AA pretreatment prevents gastric mucosal energy
depletion after hemorrhagic shock and gastric mucosal vessel
injury after retransfusion in rats. Huang and Neu[17] have
shown in 5-d starved rats with HCl treatment that the oral



AA administration during starvation and HCl treatment
protects against gastric damage induced by starvation plus
HCl through attenuation of decreased gastric GSH and
mucus levels and increased gastric lipid peroxide level and
acid back-diffusion. In addition, Pohle et al[18] have shown that
human volunteers who were given aspirin for 3 d of oral AA
administration during aspirin treatment protect themselves
against aspirin-induced gastric damage by preventing
increases in neutrophil infiltration and lipid peroxidation
induced by ROS, the major source of which is probably
activated neutrophils, and decreases in blood flow and
antioxidant defense systems mediated by superoxide
dismutase, glutathione peroxidase, and AA in the gastric
tissue. Thus, administration of AA protects against acute
gastric damage in experimental animals and humans.
However, there is little information on the role of  gastric
mucosal AA in the development of acute gastric damage.

Compound 48/80 (C48/80) is known to cause
degranulation of connective tissue mast cells, but not
mucosal mast cells, with release of serotonin and histamine
from the cells[19,20]. We have shown in rats with a single
C48/80 treatment that gastric mucosal lesions develop with
decreases in Se-glutathione peroxidase activity and vitamin
E content and increases in neutrophil infiltration, XO activity,
and lipid peroxide level in the gastric mucosal tissue, and
that gastric mucosal blood flow is reduced with gastric
mucosal lesion formation, while the decreased blood flow
is recovered with the lesion progression and recovery[21].
We have also shown in rats treated once with C48/80 that
neutrophils infiltrating into the gastric mucosal tissue
participate in gastric mucosal lesion formation and progression,
while the xanthine-XO system in the gastric mucosal tissue
takes part mainly in the lesion progression[22]. Our recent
report has shown in rats treated once with C48/80 that an
increase in the gastric mucosal level of nitrite/nitrate (NOx),
an index of NO production, which is closely associated
with induction of nitric oxide synthase in neutrophils
infiltrating into the gastric mucosa, contributes to the
progression of  acute gastric mucosal lesions[23]. Furthermore,
our recent report has shown that the gastric mucosal levels
of total AA and reduced AA decrease during the progression
of C48/80-induced acute gastric mucosal lesions in rats
although no change in the gastric mucosal level of oxidized
AA, i.e., dehydroascorbic acid, occurs during the lesion
progression[24]. Thus, gastric mucosal AA is depleted with
the progression of C48/80-induced acute gastric mucosal
lesions in rats. However, there is no information on whether
gastric mucosal AA plays a critical role in the progression
of C48/80-induced acute gastric mucosal lesions.

In the present study, therefore, we attempted to clarify
the role of gastric mucosal AA in the progression of C48/80-
induced acute gastric mucosal lesions in rats, namely, we
investigated the effect of AA administered orally after the
occurrence of gastric mucosal lesions on the progression
of the lesions and the changes in the gastric mucosal levels
of total AA, reduced AA, oxidized AA, vitamin E, non-
protein SH (NPSH), adherent mucus, thiobarbituric acid
reactive substances (TBARS), an index of lipid peroxidation,
NOx and the activity of MPO, an index of tissue neutrophil
infiltration[25], with gastric mucosal lesion progression in

C48/80-treated rats. In addition, the changes in the serum levels
of total AA, reduced AA, oxidized AA, and NOx with gastric
mucosal lesion progression were examined in the C48/80-
treated rats with and without post-AA administration.

MATERIALS AND METHODS

Materials
Compound 48/80 and 3, 3’,5, 5’-tetramethylbenzidine
were purchased from Sigma Chemicals (St. Louis, MO).
L-AA (reduced form), ,’-dipyridyl, disodium octyl
sulfosuccinate (DSS), 5,5’-dithiobis (2-nitobenzoic acid)
(DTNB), dithiothreitol (DTT), EDTA, N-ethylmaleimide
(NEM), GSH, sodium dodecyl sulfate, RRR--tocopherol
(-Toc.), RRR--tocopherol, trichloroacetic acid (TCA), and
other chemicals were purchased from Wako Pure Chemical
Ind., Ltd (Osaka, Japan). All chemicals were used without
further purification.

Animals
Male Wistar rats aged 6 wk were purchased from Japan
SLC Co. (Hamamatsu, Japan). The animals were housed in
cages in a ventilated animal room with controlled temperature
(23±2 ℃) and relative humidity (55±5%) with 12 h of
light (7:00 to 19:00). The animals were maintained with
free access to rat chow, Oriental MF (Oriental Yeast Co.,
Tokyo, Japan) and tap water ad libitum for one week. All
animals received humane care in compliance with Guidelines
for the Management of Laboratory Animals in Fujita Health
University.

Induction and observation of gastric mucosal lesions
Rats (7 wk old) fasted for 24 h received a single intraperitoneal
injection of compound 48/80 (0.75 mg/kg body weight),
dissolved in distilled water, as described previously[21-24]. The
control rats received an intraperitoneal injection of an equal
volume of distilled water. All animals were maintained with
free access to water and without food during the experiment.
The animals were sacrificed under ether anesthesia 0.5 or
3 h after compound 48/80 injection. The stomachs were
removed, inflated with 10 mL of 0.9% NaCl, and put into
40 g/L formaldehyde formalin for 10 min. The stomachs
were then opened along the greater curvature and examined
for lesions in the glandular part under a dissecting microscope
(×10). The severity of gastric mucosal lesions was estimated
using the index of the following eight grades of lesions as
described in our previous reports[21-24]: grade 0, no lesion
(normal); grade I, edema only; grade II, damaged area of
1-10 mm2; grade III, damaged area of 11-20 mm2; grade
IV, damaged area of 21-30 mm2; grade V, damaged area
of 31-40 mm2; grade VI, damaged area of 41-50 mm2;
grade VII, damaged area of >51 mm2.

Administration of AA
Rats treated with and without C48/80 received a single
oral administration of AA dissolved in distilled water (10,
50 or 100 mg/kg body weight) or distilled water at a dose
of 1 mL/100 g body weight at 0.5 h after the treatment.

Sample collection and biochemical determinations
Rats with and without C48/80 treatment were sacrificed
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under ether anesthesia at 0.5 or 3 h after the treatment at
which time blood was collected from the inferior vena
cava. Serum was obtained from the collected blood by
centrifugation. Immediately after sacrifice, stomachs were
isolated and gastric mucosal tissues were collected from the
isolated stomachs. The collected gastric mucosal tissues and
serum were stored at -80 ℃ until use. Gastric mucosal
tissue was homogenized in 9 volumes of ice-cold 0.15 mol/L
KCl containing 1 mmol/L EDTA on ice using a micro-
homogenizer M-100 (Tokai-Irika Co., Tokyo, Japan). This
homogenate was used for the assays of AA, NPSH, and
TBARS. Total AA, reduced AA, and oxidized AA in gastric
mucosal tissues and serum were assayed by the method of
Zannoni et al [26]. and Okamura[27] as follows. For the
determination of  total AA, 0.3 mL of  10% gastric mucosal
homogenate or serum was incubated with 0.1 mL of
10 mmol/L DTT at 37 ℃ for 30 min to convert all AA in
an oxidized form in the homogenate or serum to its reduced
form and then the excess DTT was removed with 0.1 mL
of 0.5% NEM. An aliquot of the supernatant obtained
after deproteinization with 0.5 mL of ice-cold 10% TCA
was used for the assay of the resultant reduced AA plus the
original reduced AA. For the determination of  reduced AA,
0.3 mL of 10% gastric mucosal homogenate or serum was
mixed with 0.2 mL of  a solution of  10 mmol/L DTT-0.5%
NEM. An aliquot of the supernatant obtained after
deproteinization with 0.5 mL of ice-cold 10% TCA was
used for the assay of reduced AA. Reduced AA in each
sample was measured by the ,’-dipyridyl method. The
concentration of  reduced AA was determined using the
standard curve of  authentic L-AA in a reduced form.
The concentration of oxidized AA in gastric mucosal
homogenates or serum was estimated from the difference
between the concentrations of total AA and reduced AA
determined. Gastric mucosal NPSH was assayed by the
DTNB method of Sedlak and Lindsay[28] using GSH as a
standard. Gastric mucosal TBARS was spectrophotometrically
assayed by the method of Ohkawa et al [29] using the
thiobarbituric acid reaction except that 1.0 mmol/L EDTA
was added to the reaction mixture. The amount of gastric
mucosal TBARS was expressed as that of malondialdehyde
(MDA) equivalents. Gastric mucosal vitamin E was assayed
by the method of  Mitton and Trevithick[30] using high-
performance liquid chromatography (HPLC) with
electrochemical detection with some modifications as
follows. Gastric mucosal tissue (50 mg) was mixed with
500 L of ice cold phosphate-buffered saline containing
1 mmol/L EDTA (pH 7.0), 50 L of butylated hydroxytoluene
dissolved in ethanol, and 500 L of 0.1 mol/L sodium
dodecyl sulfate, and then homogenized on ice using a micro-
homogenizer M-100. The homogenate was mixed with
2.0 mL of a mixture of acetonitrile and acetone (1:1 v/v)
and 100 L of 10 mol/L RRR--tocopherol used as an
internal standard in a glass test tube with a cup and then
shaken vigorously for 5 min using a shaker model SA-31
(Yamato Scientific Co., Tokyo, Japan). After shaking,
4.0 mL of hexane was added to the mixture. Once stirred
on Vortex mixer vigorously, the mixture containing hexane
was centrifuged at 2 000 r/min for 5 min. The layer of
hexane was carefully collected in a small glass test tube and

then evaporated at 50 ℃ under nitrogen gas stream. After
evaporation, the residue was dissolved in 500 L of a mixture
of ethanol and methanol (1:1 v/v). The HPLC system
consisted of an EiCOM Model EP-300 HPLC pump
system (EiCOM Co., Kyoto, Japan), an EiCOM ECD-300
electrochemical detector with grassy carbon electrode, an
EiCOM ATC-300 column oven, an EiCOM SC-5ODS
column (3.0 mm ID 150 cm), and a Chromatocorder 21
data processor (System Instrument Co., Hachioji, Japan).
The analytical condition was as follows: the mobile phase
was a mixture of methanol, acetic acid, and H2O (95:3.4:
1.6 v/v) (pH 4.95) and it was continuously degassed with
an EiCOM DG-300 degasser (EiCOM Co., Kyoto, Japan).
The temperature of the column oven was 30 ℃. The flow
rate was 0.75 mL/min. The electrode potential was set at
800 mV (vs Ag/AgCl reference electrode). The injection
volume of each sample was 10 L. The amount of vitamin
E in gastric mucosal tissues was expressed as that of  -Toc.
Gastric adherent mucus was assayed by the method of
Kitagawa et al[31] as follows. The removed stomach was cut
open along with the greater curvature and rinsed with 10 mL
of ice-cold 0.25 mol/L sucrose. Then, 50 mm2 (approx.
8 mm in diameter) of the glandular portion of the stomach
was excised with a scalpel and the excised part was weighed.
The excised stomach was soaked in 2 mL of 0.1% Alcian
blue, which was dissolved in 0.16 mol/L sucrose buffered
with 0.05 mol/L sodium acetate (pH 5.8), for 2 h. Uncomplexed
dye was removed by two successive washes in 2 mL of
0.25 mol/L sucrose for 15 and 45 min, and then dye
complex with mucus was extracted with 30% DSS for 2 h.
After centrifugation (3 000 r/min for 10 min), the optical
density of the solution of Alcian blue extracted with DSS
was read at 620 nm and the concentration of the extracted
Alcian blue was calculated in comparison with a calibration
curve obtained from known concentrations of  Alcian blue
solutions. The concentration of gastric mucosal adherent
mucus was expressed as that of Alcian blue adhered to the
gastric mucosal surface (g/g tissue). NOx (nitrite/nitrate)
in gastric mucosal tissues or serum was assayed by the Griess
reaction-dependent method of  Green et al[32]. For this assay,
gastric mucosal tissue was homogenized in 9 volumes of
ice-cold 50 mmol/L Tris-HCl buffer (pH 7.5) using a micro-
homogenizer M-100. The homogenate was sonicated two
times on ice for 30 s using a Handy Sonic model UR-20P
(Tomy Seiko Co., Tokyo, Japan). The sonicated homogenate
was centrifuged at 10 000 g for 20 min at 4 ℃ and the
resultant supernatant was filtrated at 4 ℃ under centrifugation
using a membrane filter Ultrafree-MC (Millipore Co.,
Bedford, MA, USA). Serum was also filtrated using an
Ultrafree-MC. NOx in the filtrate obtained from gastric
mucosal tissues or serum was determined using a nitric oxide
assay kit (Roche Diagnostics Co., Tokyo, Japan). Gastric
mucosal MPO was assayed by the method of Suzuki et al[33].
For this enzyme assay, the supernatant fraction of  the
sonicated gastric mucosal homogenate, which was prepared
for the assay of gastric mucosal NOx, was dialyzed against
100 volumes of  50 mmol/L Tris-HCl buffer (pH 7.5) at
4 ℃ for 24 h. MPO activity in the dialyzed supernatant
was assessed by measuring the H2O2-dependent oxidation
of tetramethylbenzidine at 37 ℃. One unit (U) of this
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enzyme was defined as the amount of enzyme causing a
change in absorbance of 1.0 per min at 655 nm.

Measurement of gastric mucosal blood flow
Gastric mucosal blood flow was measured using a laser
Doppler flowmeter, Laser Flow BRL-100 (Bio Research
Center Co., Nagoya), as described in our previous reports[21-24].
Rats used for this measurement were anesthetized with
pentobarbital sodium 10 min before the onset of the
measurement and the abdomen was opened on an operation
mat. The mat was heated at 37 ℃ during the operation and
blood flow measurement. The laser probe was attached to
the serosal side of the corpus mucosa by aid of a cyanoacrylate-
typed instantaneous adhesive, Aron Alpha (Toagosei Co.,
Tokyo), and the blood flow changes were monitored on a
recorder for at least 5 min after the onset of the measurement.
Gastric mucosal blood flow in C48/80-treated rats was
expressed as a relative percentage toward the mean value
of  gastric mucosal blood flow determined in control rats
without C48/80 treatment. The values of gastric mucosal
blood flow measured in C48/80-untreated rats were
constant within at least 5% of standard deviation.

Statistical analysis
Results of  biochemical determinations in the gastric
mucosal tissue and serum were expressed as mean±SD.
The results were analyzed by computerized statistical package
(StatView). Each mean value was compared by one-way
analysis of  variance (one-way ANOVA) and Fisher’s
protected least significance difference (PLSD) for multiple
comparisons as the post hoc test. Statistical analyses of the

severity of mucosal lesions were carried out using the
Kruskal-Wallis test. Values of  significance were set at P<0.05
for both tests.

RESULTS

Effect of post-AA administration on gastric mucosal lesion
development in C48/80-treated rats
As shown in Table 1, C48/80-treated rats showed apparent
gastric mucosal lesions at 0.5 h after the treatment and
progressed gastric mucosal lesions at 3 h when the severity
of gastric mucosal lesions was estimated using the lesion
gradation. Untreated control rats showed no gastric mucosal
lesion during the experiment period (data not shown). When
AA (10, 50 or 100 mg/kg) was orally administered to
C48/80-treated rats at 0.5 h after the treatment, the severity
of gastric mucosal lesions found at 3 h after the treatment
was significantly attenuated by AA administered at a dose
of 50 or 100 mg/kg and this attenuating effect was dose-
dependent (Table 1). In addition, the severity of  gastric
mucosal lesions in the C48/80-treated group given AA at a
dose of 100 mg/kg was not significantly different from
that found at 0.5 h after the treatment (Table 1).

Effect of post-AA administration on gastric mucosal AA levels
in C48/80-treated rats
When gastric mucosal total AA, reduced AA, and oxidized
AA concentrations in C48/80-treated and untreated control
rats were determined at 0.5 and 3 h after the treatment, the
results shown in Figure 1 were obtained. There were no
significant differences in the gastric mucosal concentrations

Figure 1  Effect of post-AA administration on gastric mucosal total AA (A), reduced AA (B), and oxidized AA (C) concentrations in C48/80-
treated rats. mean±SD (n = 5 for C48/80-untreated groups; n = 10 for C48/80-treated groups). aP<0.05 vs corresponding control rats without
C48/80 treatment; cP<0.05 vs rats treated with C48/80 alone.

Table 1 Effect of post-AA administration on gastric mucosal lesion development in rats with a single C48/80 treatment.

Time after C48/80 Lesion index (%)       P       P
treatment and groups        (vs C48/80 at 3 h)       (vs C48/80 at 0.5 h)

0  I II  III         IV             V VI      VII

0.5 h C48/80 0 20 50  30        0              0   0        0           ¯         ¯

3 h C48/80 0   0   0    0        0               20 40        40           ¯        0.05

+ AA (10 mg/kg) 0   0   0    0        10               30 50        10           NS        0.05

+ AA (50 mg/kg) 0   0   0  30        40               30   0        0       0.05        0.05

+ AA (100 mg/kg) 0   0 40  50        10              0   0        0       0.05          NS

Rats received oral administration of AA (10, 50 or 100 mg/kg) or vehicle at 0.5 h after a single intraperitoneal injection of compound 48/80 80.75 mg/kg) and the

severity of gastric mucosal lesions was estimated at 0.5 and 3 h after the compound 48/80 injection. The number of rats used in each group was 10. NS

indicates not significant.
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of total AA and reduced AA between the C48/80-treated
and untreated control rats at 0.5 h after the treatment,
although gastric mucosal oxidized AA concentration in the
C48/80-treated group tends to be higher than that in the
control group. The C48/80-treated group had significantly
lower gastric mucosal total AA and reduced AA concentrations
than the control group at 3 h after the treatment. Gastric
mucosal total AA and reduced AA concentrations in the
C48/80-treated group were 54.7 and 50.0% respectively
of those in the control group. There was no difference in
gastric mucosal oxidized AA concentration between the
C48/80-treated and control groups at 3 h after the treatment.
When AA (10, 50 or 100 mg/kg) was orally administered
to C48/80-treated rats at 0.5 h after the treatment, the
decreased gastric mucosal total AA and reduced AA
concentrations found at 3 h after the treatment were
significantly attenuated by AA administered at a dose of 50
or 100 mg/kg (but not 10 mg/kg) and this attenuating effect
was dose-dependent. Gastric mucosal total AA and reduced
AA concentrations in the C48/80-treated group given AA
at a dose of 100 mg/kg were 73.5 and 71.4%, respectively
of those in the untreated control group (Figures 1A and B).
However, the post-AA administration did not affect the
gastric mucosal oxidized AA concentration found at 3 h
after C48/80 treatment (Figure 1C). In C48/80-untreated
rats, AA administered at a dose of 50 or 100 mg/kg (but not
10 mg/kg) in the same manner caused significant increases
in gastric mucosal total AA and reduced AA concentrations
without affecting gastric mucosal oxidized AA concentration
and these increases were dose-dependent (Figure 1).

Effect of post-AA administration on serum AA levels in 48/80-
treated rats
When serum total AA, reduced AA, and oxidized AA
concentrations in the C48/80-treated and untreated control
groups were determined at 0.5 and 3 h after the treatment,
the results shown in Figure 2 were obtained. The C48/80-
treated group contained significantly higher serum total AA,
reduced AA, and oxidized AA concentrations than the
control group at 0.5 h after the treatment. Further increases
in serum total AA and reduced AA concentrations in the
C48/80-treated group occurred 3 h after the treatment.
However, there was no significant difference in serum
oxidized AA concentration between the C48/80-treated and
untreated control groups at 3 h after the treatment. When

AA (10, 50 or 100 mg/kg) was orally administered to
C48/80-treated rats at 0.5 h after the treatment, the increased
total AA and reduced AA concentrations found at 3 h after
the treatment were further increased significantly by AA
administered at a dose of 50 or 100 mg/kg (but not 10 mg/kg)
and these increases were dose-dependent (Figures 2A and B).
However, the post-AA administration did not affect the
serum oxidized AA concentration found at 3 h after C48/80
treatment (Figure 2C). In C48/80-untreated rats, AA
administered at a dose of 50 or 100 mg/kg (but not 10 mg/kg)
in the same manner caused significant increases in serum
total AA and reduced AA concentrations without affecting
serum oxidized AA concentration and these increases were
dose-dependent (Figure 2).

Effect of post-AA administration on gastric mucosal vitamin
E, NPSH, and adherent mucus levels in C48/80-treated rats
As shown in Figures 3A and C, there were no differences in
gastric mucosal vitamin E and adherent mucus concentrations
between C48/80-treated and untreated control rats at 0.5 h
after the treatment, but the C48/80-treated rats had significantly
lower gastric mucosal vitamin E and adherent mucus
concentrations than the control rats at 3 h. When AA (10,
50 or 100 mg/kg) was orally administered to C48/80-
treated rats at 0.5 h after the treatment, the decreased gastric
mucosal vitamin E and adherent mucus concentrations
found at 3 h after the treatment were significantly attenuated
by AA administered at a dose of 50 or 100 mg/kg (but not
10 mg/kg), and these attenuating effects were dose-dependent
(Figures 3A and C). As shown in Figure 3B, C48/80-treated
rats had significantly lower gastric mucosal NPSH
concentration than untreated control rats at 0.5 h after the
treatment, but there was no difference in the concentration
between the two groups at 3 h. Oral administration of AA
(10, 50 or 100 mg/kg) to C48/80-treated rats at 0.5 h after
the treatment did not affect the concentration of gastric
mucosal NPSH found at 3 h after the treatment (Figure 3B).
In C48/80-untreated rats, AA administered at a dose of
10, 50 or 100 mg/kg in the same manner had no effect on
the gastric mucosal vitamin E, NPSH, and adherent mucus
concentrations (Figure 3).

Effect of post-AA administration on gastric mucosal TBARS
level and MPO activity in C48/80-treated rats
As shown in Figure 4, gastric mucosal TBARS concentration

Figure 2  Effect of post-AA administration on serum total AA (A), reduced AA (B), and oxidized AA (C) concentrations in C48/80-treated rats.
Mean±SD (n = 5 for C48/80-untreated groups; n = 10 for C48/80-treated groups). aP<0.05 vs corresponding control rats without C48/80
treatment; cP<0.05 vs rats treated with C48/80 alone.
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and MPO activity in C48/80-treated rats were significantly
higher than those in untreated control rats at 0.5 h after the
treatment and the C48/80-treated rats showed further
increases in gastric mucosal TBARS concentration and
MPO activity at 3 h after the treatment. When AA (10, 50
or 100 mg/kg) was orally administered to C48/80-treated
rats at 0.5 h after the treatment, the increased gastric
mucosal TBARS concentration and MPO activity found at
3 h after the treatment were significantly attenuated by
AA administered at a dose of 50 or 100 mg/kg (but not
10 mg/kg), and these attenuating effects were dose-dependent
(Figure 4). In C48/80-untreated rats, AA administered at a
dose of 10, 50 or 100 mg/kg in the same manner had no
effect on the gastric mucosal MPO activity, but AA
administered at a dose of 100 mg/kg (but not 10 or

50 mg/kg) reduced the gastric mucosal TBARS concentration
significantly (Figure 4).

Effect of post-AA administration on gastric mucosal and serum
NOx levels in C48/80-treated rats
As shown in Figure 5, there were no significant differences
in gastric mucosal and serum NOx concentrations between
C48/80-treated and untreated control rats at 0.5 h after
the treatment, but the C48/80-treated group had significantly
higher gastric mucosal and serum NOx concentrations than
the control group at 3 h. When AA (10, 50 or 100 mg/kg)
was orally administered to C48/80-treated rats at 0.5 h
after the treatment, the increased gastric mucosal NOx

concentration found at 3 h after the treatment was
significantly attenuated by AA administered at a dose of 50

Figure 3  Effect of post-AA administration on gastric mucosal vitamin E (A), NPSH (B), and adherent mucus (C) concentrations in C48/80-
treated rats. mean±SD (n = 5 for C48/80-untreated groups; n = 10 for C48/80-treated groups). aP<0.05 vs corresponding control rats without
C48/80 treatment; cP<0.05 vs rats treated with C48/80 alone.

Figure 4  Effect of post-AA administration on gastric mucosal TBARS concentration (A) and MPO activity (B) in C48/80-treated rats. mean±SD
(n = 5 for C48/80-untreated groups; n = 10 for C48/80-treated groups). aP<0.05 vs corresponding control rats without C48/80 treatment;
cP<0.05 vs rats treated with C48/80 alone.

Figure 5  Effect of post-AA administration on NOx concentrations in the gastric mucosal tissue (A) and serum (B) of C48/80-treated rats.
mean±SD (n = 5 for C48/80-untreated groups; n = 10 for C48/80-treated groups). aP<0.05 vs corresponding control rats without C48/80
treatment; cP<0.05 vs rats treated with C48/80 alone.
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or 100 mg/kg (but not 10 mg/kg), and this attenuating effect
was dose-dependent (Figure 5A). The post-administration
of AA at a dose of 100 mg/kg (but not 10 or 50 mg/kg)
attenuated the increased serum NOx concentration found
at 3 h after C48/80 treatment significantly (Figure 5B). In
C48/80-untreated rats, AA administered at a dose of 10,
50 or 100 mg/kg in the same manner had no effect on the
gastric mucosal and serum NOx concentrations (Figure 5).

Effect of post-AA administration on gastric mucosal blood

flow in C48/80-treated rats
As shown in Figure 6, C48/80-treated rats had about 25%
of gastric blood flow in untreated control rats at 0.5 h after
the treatment, but the decreased gastric blood flow in the
C48/80-treated group was returned to about 75% of gastric
mucosal blood flow in the control group at 3 h. Oral
administration of AA (10, 50 or 100 mg/kg) to C48/80-
treated rats at 0.5 h after the treatment did not affect the
gastric mucosal blood flow found at 3 h after the treatment
(Figure 6). Oral administration of AA to C48/80-untreated
rats in the same manner did not change the gastric mucosal
blood flow (Figure 6).

Figure 6  Effect of post-AA administration on gastric mucosal blood
flow in C48/80-treated rats. Mean±SD (n = 5 for C48/80-untreated
groups; n = 10 for C48/80-treated groups). aP<0.05 vs correspond-
ing control rats without C48/80 treatment.

DISCUSSION

The model of acute gastric mucosal lesions in rats treated
once with C48/80, a mast cell degranulator, is important
for clarifying the roles of ischemia-reperfusion, oxidative
stress, and inflammation in the pathogenesis of gastritis in
humans[21-24].

In the present study, decreases in gastric mucosal total
AA and reduced AA concentrations occurred at a
progressed stage of acute gastric mucosal lesions in rats
with a single C48/80 treatment, although increases in the
serum total AA and reduced AA concentrations were
observed at the same time point, as reported previously[24].
Oral administration of AA (10, 50 or 100 mg/kg) to
C48/80-treated rats at an early stage of acute gastric
mucosal lesions was found to attenuate the decreases in
gastric mucosal total AA and reduced AA concentrations
found at a progressed stage of the lesions by causing further
increases in serum total AA and reduced AA concentrations

in a dose-dependent manner. This oral administration of
AA to C48/80-treated rats at an early stage of acute gastric
mucosal lesions was found to reduce the severity of gastric
mucosal lesions found at a progressed stage of the lesions
in a dose-dependent manner. Thus, replenishment of
depleted AA in the gastric mucosal tissue of rats treated
once with C48/80 by oral administration of AA resulted in
the prevention of the progression of acute gastric mucosal
lesions. This finding suggests that gastric mucosal AA plays
a critical role in the progression of C48/80-induced acute
gastric mucosal lesions.

It has been shown that rats treated once with C48/80
have a marked decrease in gastric mucosal blood flow at an
early stage of acute gastric mucosal lesions and a partial
recovery of the decreased gastric mucosal blood flow at a
progressed stage of the lesions[21,22,34]. This ischemia-reperfusion-
like change of gastric mucosal blood flow is caused by
serotonin and histamine released from the degranulated
connective tissue mast cells of C48/80-treated rats[21,34]. In
the present study, no dose of AA administered to C48/80-
treated rats at an early stage of gastric mucosal lesions
affected the recovery of gastric mucosal blood flow found
at a progressed stage of the lesions. In addition, there was
no change in gastric mucosal blood flow in normal rats
given AA. It is known that AA does not inhibit C48/80-
induced histamine release from isolated rat peritoneal mast
cells[35]. It is also known that the release of serotonin and
histamine from degranulated mast cells in rats treated once
with C48/80 (0.75 mg/kg) reaches a peak around 0.5 h
after the treatment[21,36]. Therefore, these findings indicate
that gastric mucosal AA has no effect on the change in
gastric mucosal blood flow associated with serotonin and
histamine released from degranulated mast cells in rats
treated once with C48/80.

We have shown in rats treated once with C48/80 that
gastric mucosal Se-glutathione peroxidase activity and
vitamin E level decrease at a progressed stage of gastric
mucosal lesions, while gastric mucosal neutrophil infiltration,
XO activity, and lipid peroxide level begin to increase at an
early stage of the lesions and further increase at a progressed
stage of the lesions[21,22]. Vitamin E functions as a chain-
breaking antioxidant for lipid peroxidation in cell membranes
and also as a scavenger of ROS[37]. Lipid peroxidation occurs
via ROS generated not only by the xanthine-XO system
but also by activated NADPH oxidase in neutrophils[38,39].
MPO present in neutrophils mediates lipid peroxidation
in the presence of H2O2 and halide ions[40]. AA not only
scavenges ROS such as O2

-, H2O2, OH, singlet oxygen, and
HOCl, but also supports the chain-breaking antioxidant
action of vitamin E by reducing vitamin E radical to vitamin
E at the lipid/aqueous interface[2-7]. In the present study,
oral administration of AA (10, 50 or 100 mg/kg) to C48/80-
treated rats at an early stage of acute gastric mucosal lesions
could attenuate the increased gastric mucosal TBARS
concentration, an index of lipid peroxidation, and the
decreased gastric mucosal vitamin E concentration found
at a progressed stage of the lesions in a dose-dependent
manner. Rat gastric mucosal tissues contain a large amount
of NPSH, a large part of which is GSH[41]. GSH converts
oxidized AA to reduced AA in a non-enzymatic manner or
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via the enzyme-dependent AA recycling system, which
contributes to the antioxidant action of AA[1]. In the present
study, gastric mucosal NPSH concentration in rats treated
once with C48/80 decreased at an early stage of acute
gastric mucosal lesions, but the decreased NPSH
concentration returned to the level in C48/80-untreated rats
at a progressed stage of the lesions, as reported previously[21].
Oral administration of AA (10, 50 or 100 mg/kg) to the
C48/80-treated rats at an early stage of acute gastric
mucosal lesions did not affect the gastric mucosal NPSH
concentration found at a progressed stage of the lesions. In
addition, the same AA administration had no effect on gastric
mucosal NPSH level in C48/80-untreated rats. Thus, there
is little possibility that GSH-dependent AA recycling in the
gastric mucosal tissue of C48/80-treated rats is impaired
at a progressed stage of acute gastric mucosal lesions. Gastric
mucus plays a critical role in the primary defense of the
gastric mucosa and provides a protective barrier in the gastric
epithelium[42]. It is known that gastric mucin interacts with
ROS, especially OH, in vitro[43]. In the present study, C48/80-
treated rats showed a marked decrease in gastric adherent
mucus concentration at a progressed stage of acute gastric
mucosal lesions, as reported previously[44]. Oral administration
of AA (10, 50 or 100 mg/kg) at an early stage of gastric
mucosal lesions attenuated this decrease in gastric adherent
mucus concentration in a dose-dependent manner. These
findings indicate that gastric mucosal AA play a very
important role in gastric mucosal antioxidant defense system
in rats treated once with C48/80.

AA can prevent the adherence of neutrophils to
endothelial cells by scavenging ROS derived from activated
neutrophils in vitro[14]. Kearns et al[45,46] have shown that
orally administered vitamin C attenuates acute ischemia-
reperfusion injury in the lung or skeletal muscle of rats by
inhibiting neutrophil infiltration into the respective tissues
and neutrophil respiratory burst activity. In the present study,
MPO activity, an index of tissue neutrophil infiltration[25],
in the gastric mucosal tissue of rats treated once with C48/80
increased at an early stage of acute gastric mucosal lesions
and further increased at a progressed stage of the lesions,
as reported previously[21-23,44]. Oral administration of AA
(10, 50 or 100 mg/kg) to the C48/80-treated rats at an early
stage of acute gastric mucosal lesions could attenuate the
increased gastric mucosal MPO activity found at a progressed
stage of the lesions in a dose-dependent manner. The
C48/80-treated rats with oral AA administration showed
further increases in serum total AA and reduced AA
concentrations, as described above. AA does not inhibit
intracellular MPO activity in neutrophils[11]. Therefore, it is
suggested that orally administered AA prevents neutrophil
infiltration into the gastric mucosal tissue of C48/80-treated
rats by replenishment of depleted gastric mucosal AA, rather
than by enhancement of serum AA level. This may allow
us to think that gastric mucosal AA itself plays an important
role in neutrophil infiltration into the gastric mucosal tissue
of rats treated once with C48/80.

We have shown in rats treated once with C48/80 that
increase in NOx level in gastric mucosal tissue occurs with
a concomitant increase in NOx level in serum and that this
NO production in gastric mucosal tissue is closely associated

with induction of nitric oxide synthase in neutrophils
infiltrating into the gastric mucosal tissue and contributes
to the progression of acute gastric mucosal lesions[23]. In
the present study, oral administration of AA (10, 50 or
100 mg/kg) to rats with a single C48/80 treatment at an
early stage of acute gastric mucosal lesions attenuated the
increases in gastric mucosal and serum NOx concentrations
in a dose-dependent manner. These results further show
that gastric mucosal AA plays an important role in neutrophil
infiltration into the gastric mucosal tissue of rats treated
once with C48/80. AA is not known to scavenge NO itself.
However, AA scavenges ONOO-, which is produced by
the reaction of O2

- and NO in vitro[8-10]. It was reported that
ONOO- participates in lipid peroxidation induced by
activated neutrophils[47] and is involved in lipid peroxidation
induced by NO in the gastric mucosal tissue of rats with
local intra-arterial infusion of NO donors[48]. Therefore,
these findings suggest that gastric mucosal AA plays an
important role in NO-induced lipid peroxidation in the
gastric mucosal tissue of rats treated once with C48/80.

In conclusion, the results of the present study indicate
that gastric mucosal AA plays a critical role in the progression
of compound 48/80-induced acute gastric mucosal lesions
in rats through its antioxidant and anti-inflammatory actions.
However, further investigation is needed to clarify the exact
role of gastric mucosal AA in the progression of C48/80-
induced acute gastric mucosal lesions.
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