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ties, bestowed by increased prostaglandin and increased
superoxide dismutase activities in the gastric mucosa.
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Introduction

Wine drinking has been appreciated for a long time all
over the world, and recent health-oriented trends have
heightened interest in the physiological effect of polyp-
henols contained in wine. “Polyphenol” is a generic
designation of elements in plants that contain two or
more phenolic hydroxy residues in a molecule. These
elements are important constituents for the protection
and maintenance of plant species. Proanthocyanidin
(PA), a major constituent of grape-seed polyphenols
contained in wine, is a chemical compound made by
the condensation and polymerization of flavan-3-ol or
flavan-3, 4-diols at the 4�–6� or the 4�–8� positions, and it
is a condensed tannin. PA has been discussed in relation
to the famous French paradox,1,2 and has been reported
to improve ischemic cardiovascular disease3 and to help
prevent atherosclerosis.4 It has already been used as a
vascular remedy for the prevention of lifestyle-related
diseases in Europe. Its beneficial effects on the
gastrointestinal tract include enhancement of bacterial
flora in the intestine, preventive action against colo-
rectal cancer,5,6 a decrease in the prevalence of Helico-
bacter pylori in wine-producing areas,7 and antiulcer
effects.8 However, PA’s antiulcer effects have not been
elaborated in previous reports.

Therefore, in an attempt to clarify the mechanism
of PA’s inhibitory effect on gastric mucosal injury, we
used a water-immersion restraint (WIR) stress model
in rats. In addition, we investigated the mechanism

Background. Proanthocyanidin, a grape-seed polyphe-
nol, has been reported to have protective properties
against vascular injury and ulcers, preventive effects
against atherosclerosis and cancer, and antioxidative
effects, such as improving lipid metabolism and slowing
aging. However, little has been reported on its antiulcer
effects. We aimed to elucidate the antiulcer mechanism
of proanthocyanidin. Methods. Gravinol, containing
89.3% proanthocyanidin, was used. Proanthocyanidin
solution, in distilled water, at 0.002%, 0.02%, 0.2%, or
1%, was given to rats ad libitum for 2 weeks. Distilled
water was given to control rats. The effect of proan-
thocyanidin on gastric mucosal injury was investigated
with the water-immersion restraint stress model. The
ratios of areas of hemorrhagic erosion were compared
as the lesion index. Myeloperoxidase activities were
also examined, as an index of tissue injury. Superoxide
dismutase activity was measured to examine its antioxi-
dative effect. Furthermore, serum gastrin, somatostatin,
histamine, and prostaglandin E2 levels were measured
in this rat model. Results. Proanthocyanidin administra-
tion significantly suppressed gastric mucosal injury,
induced by water-immersion restraint stress, in a dose-
dependent manner. Myeloperoxidase activities were
also significantly inhibited, whereas superoxide dis-
mutase activities were significantly stimulated. As to
gastrointestinal hormones, the secretion of gastrin,
somatostatin, and histamine was significantly inhibited,
while prostaglandin E2 secretion was significantly stimu-
lated. Conclusions. Proanthocyanidin was shown to
have a protective effect on the gastric mucosa. The
mechanisms underlying the effect of proanthocyanidin
were considered to be the following: anti-gastrin and
anti-histamine effects to prevent attacks by water-
immersion restraint stress, and mucoprotective proper-
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from the aspect of antioxidative properties, and effects
on prostaglandin (PG) and gastrointestinal tract
hormones.

Materials and methods

Reagents

PA was provided in the form of crude PA (Gravinol S;
lot GVL0003) as a gift from Kikkoman (Tokyo, Japan).
Gravinol S contains 89.3% PA. The composition of PA
included: dimers, 6.6%; trimers, 5.0%; tetramers, 2.9%;
oligomers, 74.8%; and pentamers, 6.6% or more.

Elements other than PA included: monomeric
flavonols (2.53% (�)-catechin, 2.17% (�)-epicatechin,
1.37% (�)-epigallocatechin, and 0.53% (�)-epigallo-
catechin gallate); 2.24% moisture; 1.06% protein; and
0.8% ash.

Gravinol S was diluted with distilled water to prepare
solutions at concentrations of 0.002%, 0.02%, 0.2%,
and 1%.

Methods

Male Wistar rats, weighing 130–160 g (Charles River
Japan, Tokyo, Japan), were kept in a 12-h light-and-
dark cycle environment. Room conditions were tem-
perature of 23°C and 50% humidity. The animals were
fed a commercial diet (Oriental Yeast, Tokyo, Japan).
Distilled water was given to a control group, and a
0.002%, 0.02%, 0.2%, or 1% PA solution was given
to each of four PA groups. The five groups were com-
pared. Distilled water with or without PA was given
ad libitum for 2 weeks. In the PA groups, the intake
was measured by a metabolic gauge. On average, the
intake of PA in its crude form was as follows: 0.694 �
0.347 mg/body per day in the 0.002% PA group; 7.34
� 2.45mg/body per day in the 0.02% PA group; 66.02 �
11.5 mg/body per day in the 0.2% PA group; and 341.4
� 74.7mg/body per day in the 1% PA group. There
were no significant differences in body weight among
the five groups after 2 weeks. All experiments were
performed after 24-h fasting, during which distilled
water with or without PA was given ad libitum.
The WIR model was prepared only to induce gastric
mucosal injury.

All animal experiments were performed with the ap-
proval of the Ethics Committee of Nihon University
School of Medicine.

Preparation of gastric mucosal injury and measurement
of the lesion index
A gastric mucosal injury model induced by WIR stress
was prepared according to the method of Takagi and

Okabe.9 Rats were immobilized in a restraint cage and
were immersed, up to the xiphoid process, for 4h in a
water bath controlled at 23°C. Later, under anesthesia
with pentobarbital sodium, the abdomen was incised
and the stomach was extracted. After dissection along
the greater curvature of the stomach, the extent of gas-
tric mucosal injury was observed. Photographs of the
resected stomach were taken with a digital camera
(COOLPIX990; Nikon, Tokyo, Japan). The ratio of the
total area of hemorrhagic erosion in the corpus to the
total mucosal area in the corpus was measured with Mac
SCOPE, which is an image analysis software program
(Mitani, Chiba, Japan). The ratio was designated as the
lesion index.

In the same model, gastric mucosal tissue was
collected and homogenized. Myeloperoxidase (MPO)
activity was measured using the COBAS-FARA
method,11,12 and superoxide dismutase (SOD) activity in
the gastric mucosal tissue was measured using a nitrite-
kit method.10

The resected gastric mucosal tissue was snap-frozen,
and a 25-fold volume of 0.5% hexadecyltrimethylam-
monium bromide (HTAB) in a potassium phosphate
buffer, at a pH of 6.0, was added later. The tissue was
homogenized on a beaker full of ice. Ultrasound treat-
ment (for 30s at 20 kHz) was repeated five times. After
three freeze-and-thaw cycles at 37°C, the homogenate
was centrifuged at 25°C and 23 000rpm for 15 min for
extraction.

MPO measurement
We added 2.9 ml of 50-nM phosphate buffer at pH 6.0
(containing 0.167 mg/ml o-dianisidine dihydrochloride
and 0.0005% hydrogen peroxide) to 0.1 ml of sample.
The mixture was incubated for 15min and the optical
density (OD) was then measured at a wavelength of
460 nm.

SOD measurement
Distilled water, or 0.1 ml of 10mM KCN and 0.4 ml of
distilled water, was added to 0.1ml of sample. To this,
0.2 ml of the reaction reagent, prepared by the addition
of 10 ml of distilled water, was added, and the mixture
was incubated at 37°C for 5–10 min. Then, 0.2ml of the
enzyme solution was added and the mixture was incu-
bated at 37°C for 30 min. Color developer was added,
and the mixture was incubated at room temperature for
30 min. The OD was measured at 550nm.

Preparation of isolated rat stomach infusion model and
measurement of gastrointestinal hormones
Figure 1 shows the isolated stomach infusion method13

used. The rats were anesthetized with pentobarbital
sodium to prepare for the isolated stomach infusion
model. The stomach, duodenum, and associated vessels
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were resected. Polyethylene tubes were inserted and
fixed into the celiac artery and the portal vein. Other
arteries, veins, and the pancreas were ligated and ex-
cised. After ligation, polyethylene tubes were inserted
and fixed to the cardia and pyloric regions of the
resected stomach. Subsequently, the resected stomach
was bathed in Krebs Ringer-bicarbonate buffer
(KRBB) supplemented with 4% dextran and 0.8g/dl
glucose, gassed with 95% O2 and 5% CO2, and im-
mersed in the solution at 37°C, pH 7.4 for the following
experiment. To exclude the effect of gastric acid, the
extracted stomach canal was perfused at a rate of 2ml/
min with NaOH solution adjusted to a pH of 7.4 with
the addition of 1% HEPES. The vascular system was
also perfused from the celiac artery, at a rate of 2ml/
min, with KRBB supplemented with 4% dextran, 0.8g/
dl glucose, and bovine serum albumin (Sigma Chemical,
St Louis, USA), and the solution was resuspended at
0.2g/dl, bubbled with 95% O2 and 5% CO2, and ad-
justed to pH 7.4. The temperature of both solutions (i.e.,
the extracted stomach canal and the vascular system)
was maintained at 37°C. The perfusate draining from
the portal vein was sampled every 2min and fraction-
ated. To exclude the influence of these procedures, the
sample was collected after 20min of perfusion. Gastrin,
somatostatin, and histamine levels in the collected
samples were measured by radioimmunoassay (RIA),
and PGE2 was measured by radioimmunoassay with
polyethylene glycol (RIA-PEG).

Statistical analysis
The values for obtained data were presented as means
� SD, and dose-dependency was statistically analyzed
by analysis of variance (ANOVA). When a P value
was less than 0.05, it was considered statistically
significant.

Results

Effects on gastric mucosal injury induced by
WIR stress

The lesion index (Fig. 2)
The lesion index was 26.44 � 10.52 in the control group,
19.67 � 2.41 in the 0.002% PA group, 12.67 � 1.73 in
the 0.02% PA group, 8.38 � 1.14 in the 0.2% group, and
5.62 � 1.23 in the 1% PA group. The lesion index de-
creased in a dose-dependent manner, and the inhibition
of gastric mucosal injury was significant (ANOVA;
P � 0.01).

MPO activities (Fig. 3)
The MPO activity in the gastric mucosal tissue was 39.22
� 10.7U/mg protein in the control group, 37.47 �
11.26U/mg protein in the 0.002% PA group, 30.65
� 9.5 U/mg protein in the 0.02% PA group, 24.37 �
4.50U/mg protein in the 0.2% PA group, and 17.05 �
6.50U/mg protein in the 1% PA group. The MPO ac-
tivities were significantly inhibited in a dose-dependent
manner (ANOVA; P � 0.01).

Fig 1. Isolated rat stomach infusion model. KRB, Krebs-
Ringer bicarbonate; Hepes, N-[2-hydroxyethyl]piperazine-N�-
[2-ethanesulfonic acid]

Fig 2. Protective effects of proanthocyanidin (PA) on gastric
mucosal lesions induced by water-immersion restraint stress.
The lesion index was determined as the ratio of the area
of mucosal hemorrhagic erosion to the stomach body area.
In comparision with findings in the control group (n � 10), the
lesion index was significantly (**P � 0.01; analysis of variance
[ANOVA]) decreased in the 0.002% proanthocyanidin-
treated group (n � 10), the 0.02% proanthocyanidin-treated
group (n � 10), the 0.2% proanthocyanidin-treated group
(n � 10), and the 1% proanthocyanidin-treated group
(n � 10)
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SOD activities (Fig. 3)
The SOD activity in the gastric mucosal tissue was 10.05
� 0.92U/mg protein in the control group, 10.76 �
1.19 U/mg protein in the 0.002% PA group, 11.45
� 1.71U/mg protein in the 0.02% PA group, 13.08 �
1.42 U/mg protein in the 0.2% PA group, and 13.43 �
1.40 U/mg protein in the 1% PA group. The SOD acti-
vities were significantly stimulated in a dose-dependent
manner (ANOVA; P � 0.01).

Effects on gastrointestinal hormones and PGE2

Effects on gastrin secretion (Fig. 4)
The gastrin level in the gastric mucosal tissue was 132.50
� 58.25pg/dl in the control group, 67.62 � 19.32pg/dl in
the 0.002% PA group, 39.62 � 14.43pg/dl in the 0.02%
PA group, 37.87 � 17.98pg/dl in the 0.2% PA group,
and 34.71 � 21.92 pg/dl in the 1% PA group. Gastrin
secretion was significantly inhibited in a dose-
dependent manner (ANOVA; P � 0.05).

Fig 3. Effects of proanthocyanidin on
myeloperoxidase (MPO) activity and
superoxide dismutase (SOD) activity in
the gastric mucosal tissue. In comparison
with findings in the control group (n � 8),
the secretion of MPO was significantly
(**P � 0.01) inhibited, and that of
SOD was significantly stimulated, in the
0.002% proanthocyanidin-treated group
(n � 8), the 0.02% proanthocyanidin-
treated group (n � 8), the 0.2% proan-
thocyanidin-treated group (n � 8), and
the 1% proanthocyanidin-treated group
(n � 8)

Fig 4. Effects of proanthocyanidin on
gastrin, somatostatin, histamine, and pros-
taglandin E2 release in the perfusate.
In comparison with findings in the control
group (n � 8), the secretion of gastrin,
somatostatin, and histamine was signi-
ficantly (*P � 0.05) inhibited in the
0.002% proanthocyanidin-treated group
(n � 8), the 0.02% proanthocyanidin-
treated group (n � 8), the 0.2%
proanthocyanidin-treated group (n � 8),
and the 1% proanthocyanidin-treated
group (n � 8). In comparison with findings
in the control group (n � 8), the secre-
tion of prostaglandin E2 was signifi-
cantly (**P � 0.01) stimulated in the
0.002% proanthocyanidin-treated group
(n � 8), the 0.02% proanthocyanidin-
treated group (n � 8), the 0.2%
proanthocyanidin-treated group (n � 8),
and the 1% proanthocyanidin-treated
group (n � 8)
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Effects on somatostatin secretion (Fig. 4)
The somatostatin level in the gastric mucosal tissue
was 205.30 � 52.06pg/dl in the control group, 70.87 �
18.88pg/dl in the 0.002% PA group, 65.50 � 25.37 pg/dl
in the 0.02% PA group, 54.12 � 7.93 pg/dl in the 0.2%
PA group, and 51.75 � 19.08 pg/dl in the 1% PA group.
Somatostatin secretion was significantly inhibited in a
dose-dependent manner (ANOVA; P � 0.05).

Effects on histamine secretion (Fig. 4)
The histamine level in the gastric mucosal tissue was
212.5 � 77.08nM/l in the control group, 186.25 �
30.67nM/l in the 0.002% PA group, 155.12 � 53.22nM/
l in the 0.02% PA group, 140.75 � 42.46 nM/l in the
0.2% PA group, and 155 � 21.32 nM/l in the 1% PA
group. Histamine secretion was significantly inhibited in
a dose-dependent manner (ANOVA; P � 0.05).

Effects on PGE2 secretion (Fig. 4)
The PGE2 level in the gastric mucosal tissue was 43 �
7.38pg/dl in the control group, 60.87 � 19.14pg/dl in the
0.002% PA group, 75.12 � 12.42 pg/dl in the 0.02% PA
group, 108.25 � 27.23 pg/dl in the 0.2% PA group, and
127.75 � 47.46 pg/dl in the 1% PA group. PGE2 secre-
tion was significantly stimulated in a dose-dependent
manner (ANOVA; P � 0.01).

Discussion

We focused on the antiulcer effects of PA, and exam-
ined the lesion index in a gastric mucosal injury model
created by WIR stress.

In this model, the lesion index was lowered in a dose-
dependent manner in the PA groups, and PA evidently
had protective properties against gastric mucosal injury.

The protective properties were confirmed by the re-
sults regarding MPO, which is a marker for tissue
mucosal injury. The administration of PA significantly
suppressed MPO activity in the gastric mucosal tissue.
MPO is known to be a marker for neutrophil infiltration
into mucosal tissue and is increased in mucosa when
stress ulcers appear.14

Active oxygen has also been considered important in
tissue injury because of its association with the hypox-
anthine-xanthine oxygenase (HIX-XO) system and the
neutrophil system.15–17 There have been reports that tis-
sue injury with neutrophil infiltration is associated with
free radicals, active oxygen, and adherence of neutro-
phils to the mucosa.18,19 It has been reported that PGs
have potent antioxidative action20–22 and free-radical
scavenger activity.23–28 As a result of the scavenging of
active oxygen and free radicals, adherence of neutro-
phils to the mucosa was indirectly inhibited, and MPO
activity was also suppressed.

Reported mechanisms of acute stress-induced gastric
mucosal injury include decreased in situ PGs,29 in-
creased acid secretion,30 disturbed microcirculation in
the gastric mucosa,31 suppressed cell cycles,32 and
increased motility of the stomach.33 In particular,
ischemia-reperfusion injury is considered important
when there is disturbed blood flow or reperfusion, be-
cause active oxygen is produced in the tissue or by
neutrophils. Furthermore, disturbed microcirculation is
induced by factors such as increased in situ permeability
of vessels in the mucosa.34

As previously mentioned, PA has antioxidative ac-
tion and free-radical scavenger activity. According to
reports that examined gastric mucosal injury from the
aspect of antioxidative action, ischemia-reperfusion in-
jury was related to the presence of free radicals and
active oxygen that is produced from oxygen mol-
ecules.35–37 Indeed, there was a report that SOD activity
was decreased in injured mucosal tissue.38

Yoshikawa et al.39 reported that SOD, a free-radical
scavenger, could remarkably inhibit gastric mucosal in-
jury induced by WIR stress. Hirota et al.40 prepared
SOD bound to albumin to maintain the concentration
of SOD in the blood for a long time, which contributed
to their obtaining the same result. In our study, SOD
activities in the gastric mucosa were stimulated in a
dose-dependent manner in the PA groups.

Altogether, it was concluded that PA scavenged free
radicals and active oxygen produced by ischemia-
reperfusion injury, which led to extended and increased
SOD activity. The increase in SOD activity was as-
sumed to have played an important role in the inhibi-
tion of gastric mucosal injury. PA’s antioxidative action
was elucidated to play a critical role as an inhibitory
factor against gastric mucosal injury.

We also examined the effect of PA on acid secretion
by measuring gastrointestinal hormones related to acid
secretion, such as gastrin, somatostatin, and histamine.

In the isolated rat stomach infusion model employed
in this study, changes in gastrointestinal hormone
levels in the stomach alone can be examined while
maintaining the interaction among G cells, D cells,
enterochromaffin-like cells (ECL) cells, and parietal
cells. The effects of hormones and nerves in the whole
body are excluded. By using this model, the effect of PA
administration alone on the changes in gastrointestinal
hormone levels could be examined. The secretion of
gastrin, somatostatin, and histamine was significantly
inhibited. There have been reports on the relationship
between hormone dynamics and acid secretion in the
isolated rat stomach infusion model,13,41 which further
support the finding that PA evidently inhibits acid
secretion.

However, the mechanisms of inhibiting acid secretion
have not been investigated in great detail. The mecha-
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nisms of inhibiting acid secretion with catechin, a tea-
leaf polyphenol, have been well investigated. The inhib-
ited acid secretion was ascribable to the inhibition
of histamine synthesis and secretion by decreased his-
tidine carboxylase (HDC) activities.42,43 Furthermore,
Sato et al.44 reported that HDC activity was decreased
via a pathway involving G cells. They used the isolated
rat stomach infusion model, and their results in regard
to the changes in gastrointestinal hormone levels were
very similar to ours with PA administration. Based on
these results, it is presumed that PA first stimulates
G cells to mainly inhibit the secretion of gastrin,
and subsequently the secretion of histamine and
somatostatin.

It has been speculated that the inhibition of gastrin
secretion reduces HDC activities, and thereby de-
creases histamine synthesis in ECL cells. As a mecha-
nism of the inhibition of somatostatin secretion, it was
presumed that PA inhibited gastrin secretion, and
reduced somatostatin secretion via gastrin receptors on
D cells.

We investigated PGE2 in an attempt to examine the
effects of PA as a protective factor for the stomach.
PGE2 increases blood flow in the gastric mucosa, and
has mucoprotective effects in the isolated rat stomach
infusion model. As to the relationship between the pau-
city of PGs and gastric mucosal injury, the administra-
tion of neutralizing antibody against PGs caused gastric
ulcers.45,46 In the present study, by measuring PGE2 in
the isolated rat stomach infusion model, we observed
stimulation of PGE2 secretion with the administration
of PA. Ogino et al.47 reported that SOD could also
increase PGE2. Accordingly, the increased SOD activity
in the gastric mucosa induced by PA administration
seemed to influence the increase of PGE2. Because
PGE2 increases gastric mucosal blood flow and is
mucoprotective, increased PGE2 secretion inhibited the
acute stress-induced gastric mucosal injury. Therefore,
it was assumed that PA inhibited gastric mucosal injury
by strengthening mucosal protection.

In conclusion, the inhibition of mucosal injury by PA
was considered to be attributable to (i) the inhibition of
acid secretion via G cells to circumvent attacks of WIR
stress, (ii) increased PGE2 secretion, and (iii) increased
SOD activity to augment mucosal protection. These
interactions appear to inhibit acute stress-induced gas-
tric mucosal injury.

References

1. Renaud S, de Lorgeril M. Wine, alcohol, platelets, and the French
paradox for coronary heart disease. Lancet 1992;339:1523–6.

2. Renaud S, Gueguen R. The French paradox and wine drinking.
Novartis Found Symp 1998;216:208–17; discussion 217–22, 152–
8.

3. Shimada K, Watanabe H, Hosoda K, Takeuchi K, Yoshikawa J.
Effect of red wine on coronary flow-velocity reserve. Lancet 1999;
354:1002.

4. Yamakoshi J, Kataoka S, Koga T, Ariga T. Proanthocyanidin-rich
extract from grape seeds attenuates the development of aortic
atherosclerosis in cholesterol-fed rabbits. Atherosclerosis 1999;
142:139–49.

5. Kashiwada Y, Nonaka G, Nishioka I, Chang JJ, Lee KH. Antitu-
mor agents, 129. Tannins and related compounds as selective
cytotoxic agents. J Nat Prod 1992;55:1033–43.

6. Arii M. In: Proceedings of the 89th Annual Meeting of AACR,
39, 20, 2002.

7 Marimon JM, Bujanda L, Gutierrez-Stampa MA, Cosme A,
Arenas JI. In vitro bactericidal effect of wine against Helicobacter
pylori. Am J Gastroenterol 1998;93:1392.

8. Saito M, Hosoyama H, Ariga T, Kataoka S, Yamaji N. Antiulcer
activity of grape seed extract and procyanidins. J Agric Food
Chem 1998;46:1460–4.

9. Takagi K, Okabe S. The effects of drugs on the production and
recovery processes of the stress ulcer in rat. Jpn Pharmacol 1968;
18:9–18.

10. Oyanagui Y. Reevaluation of assay methods and establishment of
kit for superoxide dismutase activity. Anal Biochem 1984;142:
290–6.

11. Bradley PP, Priebat DA, Christensen RD, Rothstein G. Mea-
surement of cutaneous inflammation: estimation of neutrophil
content with an enzyme marker. J Invest Dermatol 1982;78:206–
9.

12. Henson PM, Zanolari B, Schwartzman NA, Hong SR. Intrac-
ellular control of human neutrophil secretion. I. C5a-Induced
stimulus-specific desensitization and the effects of cytochalasin B.
J Immunol 1987;121:851–5.

13. Matuno M, Matui T, Arakawa Y. Role of acetylcholine and gas-
trin-releasing peptide in gastrin secretion. J Gastroenterol 1996;
32:579–89.

14. Grisham MB, Hernandez LA, Granger DN. Xanthine oxidase
and neutrophil infiltration in intestinal ischemia. Am J Physiol
1986;251:G567–74.

15. Ariga T, Koshiyama I, Fukushima D. Antioxidative properties of
procyanidins B-1 and B-3 from azuki beans in aqueous systems.
Agric Biol Chem 1988;52:2717–22.

16. Teissedre PL, Frankel EN, Waterhouse AL, Peleg H, German JB.
Inhibition of in vitro human LDL oxidation by phenolic antio-
xidants from grapes and wines. J Sci Food Agric 1996;70:55–
61.

17. Vinson JA, Dabbagh YA, Serry MM, Jang J. Plant flavonoids,
especially tea flavonols, are powerful antioxidants using an in
vitro oxidation model for heart disease. J Agric Food Chem 1995;
43:2800–2.

18. Uchida S, Edamatsu R, Hiramatsu M, Mori A, Nonaka GY,
Nishioka I, et al. Condensed tannins scavenge active oxygen free
radicals. Med Sci Res 1987;15:831–2.

19. Ariga T, Hamano M. Radical scavenging action and its mode in
procyanidins B-1 and B-3 from azuki beans to peroxyradicals.
Agric Biol Chem 1990;54:2499–504.

20. Ricardo da Silva JM, Darmon N, Fernandez Y, Mitjavila S. Oxy-
gen free radical scavenger capacity in aqueous models of different
procyanidins from grape seeds. J Agric Food Chem 1991;39:1549–
52.

21. Frankel EN, Kanner J, German JB, Parks E, Kinsella JE. Inhibi-
tion of oxidation of human low-density lipoprotein by phenolic
substances in red wine. Lancet 1993;341:454–7.

22. Maffei Facino A, Carini M, Aldini G, Bombardelli E, Morazzoni
P, Morelli R. Free radicals scavenging action and anti-enzyme
activities of procyanidines from Vitis vinifera. Arzneim Forsch/
Drug Res 1994;44:592–601.

23. Saint-Cricq De Gaulejac N, Provost C, Vivas N. Comparative
study of polyphenol scavenging activities assessed by different
methods. J Agric Food Chem 1999;47:425–31.



Y. Iwasaki et al.: Protective effects of proanthocyanidin 837

24. Grisham MB, Hernandez LA, Granger DN. Xanthine oxidase
and neutrophil infiltration in intestinal ischemia. Am J Physiol
1986;252:G567–74.

25. Hernandez LA, Grisham MB, Twohig B, Arfors KE, Harlan JM,
Granger DN. Role of neutrophils in ischemia-reperfusion in-
duced microvascular injury. Am J Physiol 1987;253:H699–703.

26. Smith SM, Grisham MB, Manci EA, Granger DN, Kvietys PR.
Gastric mucosal injury in the rat. Role of iron and xanthine oxi-
dase. Gastroenterology 1987;92:950–6.

27. Kubes P, Suzuki M, Granger DN. Modulation of PAF-increased
leukocyte adherence and increased microvascular permeability.
Am J Physiol 1990;259:G859–64.

28. Suzuki M, Inauen W, Kvietys PR, Grisham MB, Meininger C,
Schelling ME, et al. Superoxide mediates reperfusion-induced
leukocyte-endothelial cell interactions. Am J Physiol 1989;257:
H1740–5.

29. Arakawa T, Kobayashi N, Nakamura H, Chono S, Yamada H,
Ono T, et al. Effect of water immersion stress on prostaglandin E2
in rat gastric mucosa. Gastroenterol Jpn 1981;16:236–41.

30. Kitagawa H, Fujiwara M, Osumi Y. Effects of water-immersion
stress on gastric secretion and mucosal blood flow in rats. Gastro-
enterology 1979;77:298–302.

31. Murakami M, Lam SK, Inada M, Miyake T. Pathophysiology and
pathogenesis of acute gastric mucosal lesions after hypothermic
restraint stress in rats. Gastroenterology 1985;88:660–5.

32. Kuwayama H, Eastwood GL. Effects of water immersion re-
straint stress and chronic indomethacin ingestion on gastric antral
and fundic epithelial proliferation. Gastroenterology 1985;88:
362–5.

33. Garrick T, Leung FW, Buack S, Hirabayashi K, Guth PH. Gastric
motility is stimulated but overall blood flow is unaffected during
cold restraint stress in rats. Gastroenterology 1986;91:141–8.

34. Yamaguchi T. Relationship between gastric mucosal hemody-
namics and gastric motility. Gastroenterol Jpn 1990;25:299–305.

35. Itoh M, Guth PH. Role of oxygen-derived free radicals in hemor-
rhagic shock-induced gastric lesions in rat. Gastroenterology
1985;88:1162–7.

36. Murakami K, Okajima K, Uchiba M, Harada N, Liu W, Okabe H,
et al. Role of granulocyte elastase in indomethacin-induced gas-

tric mucosal lesion formation in rats. J Lab Clin Med 1997;
130:307–13.

37. Naito Y, Yoshikawa T, Matsuyama K, Yagi N, Arai M, Nakamura
Y, et al. Neutrophils, lipid peroxidation, and nitric oxide in gastric
reperfusion injury in rats. Free Radic Biol Med 1988;24:494–502.

38. Naito Y, Yoshikawa T, Ando T. Changes in superoxide dismutase
activity in the gastric mucosa of peptic ulcer patients. J Clin
Gastroenterol 1992;14(Suppl 1):S131–4.

39. Yoshikawa T, Ueda S, Naito Y, Takamura T, Miyagawa H,
Tanigawa T, et al. Role of oxygen radicals in the pathogenesis
of gastric mucosal lesions induced by water-immersion restraint
stress and burn stress in rats. J Clin Biochem Nutr 1990;8:227–34.

40. Hirota M, Inoue M, Ando Y, Morino Y. Inhibition of stress-
induced gastric mucosal injury by a long acting superoxide
dismutase that circulates bound to albumin. Arch Biochem
Biophys 1990;280:269–73.

41. Kuniyoshi N. Relation of Intragastric pH with the response of
gastrin and somatostatin secretion to electrical vagal stimulation
(in Japanese): Jpn J Gastroenterol 1991;2085–95.

42. Wendt P, Reimann HJ, Swoboda K, Hennings G, Blumel G.
The use of flavonoids as inhibitors of histidine decarboxylase
in gastric diseases. Experimental and clinical studies. Naunyn
Schmiedebergs Arch Pharmacol 1980;313(Suppl):238.

43. Lorenz W, Reimann HJ, Kusche J, Barth H, Schemal A, Nusime
H, et al. Effects of (�)-catechin on several enzymes of histamine
metabolism and on stress ulcer formation in the female rat.
Naunyn Schmiedebergs Arch Pharmacol 1975;287(Suppl):R62.

44. Sato H, Matui T, Arakawa Y. The protective effect of catechin on
gastric mucosal lesion in rats, and its hormonal mechanisms. J
Gastroenterol 2002;37:106–11.

45. Redfern JS, Blair AJ, Lee E, Feldman M. Gastrointestinal ulcer
formation in rabbits immunized with prostaglandin E2. Gastroen-
terology 1987;93:744–52.

46. Redfern JS, Feldman M. Role of endogenous prostaglandins in
preventing gastrointestinal ulceration: induction of ulcers by anti-
bodies to prostaglandins. Gastroenterology 1989;96:596–605.

47. Ogino K, Oka S, Matsuura S. Superoxide dismutase and rat gas-
tric mucosal injury—indomethacin-induced ulcer (in Japanese).
Jpn J Gastroenterol 1987;84:1389–93.


