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Abstract

We have reported that neutrophil infiltration into gastric mucosa is closely related to gastric mucosal lesion development in rats with
water immersion restraint stress. In this study, we examined the effect of teprenone, which is known to prevent gastric mucosal injury
through stimulation of gastric mucus synthesis and secretion, on neutrophil infiltration into the gastric mucosa of rats with water
immersion restraint stress. Pre- and post-administration of teprenone (200 mg/kg, p.o.) significantly attenuated the neutrophil infiltration
into the gastric mucosa and the lesion development found at 6 h of water immersion restraint stress with preservation of gastric mucosal
hexosamine and adherent mucus levels. These results indicate that teprenone exerts protective and preventive actions against water
immersion restraint stress-induced gastric mucosal lesions in rats and suggest that these actions could be related to the preservation of
gastric mucus synthesis and secretion and inhibition of neutrophil infiltration into the gastric mucosal tissue. © 1998 Elsevier Science

B.V. All rights reserved.
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1. Introduction

Teprenone (6,10,14,18-tetramethyl-5,9,13,17-non-
adecatetraen-2-one, geranylgeranylacetone) is an anti-ulcer
drug developed in Japan (Murakami et al., 1981) and
clinically used for the treatment of gastric ulcer and gastri-
tis. It is known that teprenone enhances mucus synthesis
and secretion in gastric cells (Terano et d., 1986). Further-
more, it has been demonstrated that teprenone protects
gastric mucosal tissues against injury in various experi-
mental gastric ulcer models through preservation of gastric
mucus synthesis or secretion (Murakami et al., 1981, 1982;
Ito et a., 1986; Kunisaki and Sugiyama, 1992; Seno et al.,
1995; Tanoue et al., 1996).

It has been suggested that lipid peroxidation plays an
important role in the pathogenesis of gastric mucosal
lesions induced by water immersion restraint stress
(Yoshikawa et al., 1986; Itoh et al., 1991). We have
recently reported that in rats subjected to water immersion
restraint stress, the development of gastric mucosal lesions
is closely related to the enhanced formation of lipid perox-
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ide and enhanced oxidation of non-protein sulfhydryl
(non-protein SH) which depend on an increased generation
of oxygen free radicals, such as superoxide anion (O;) via
the xanthine—xanthine oxidase system and neutrophils
(Nishida et al., 1997). Itoh et a. (1991) have reported that
when administered to rats before the onset of water immer-
sion restraint stress, teprenone protects gastric mucosal
tissue against the stress-induced injury with attenuations of
increased adenine nucleotide degradation and lipid per-
oxidation in gastric mucosal tissue and have suggested that
teprenone could exert this protective effect through inhibi-
tion of the xanthine—xanthine oxidase system in gastric
mucosal tissues. It has also been reported that teprenone
exerts a protective effect against cold-restraint stress-in-
duced gastric mucosal injury with suppression of increased
gastric mucosal lipid peroxide formation in rats (Kunisaki
and Sugiyama, 1992). Therefore, it can be thought that
teprenone prevents gastric mucosal injury both through the
maintenance of gastric mucus synthesis or secretion of
gastric mucus and inhibition of gastric mucosal lipid per-
oxide formation. As mentioned, a potential source of reac-
tive oxygen metabolites in tissues is the neutrophils which
contain NADPH oxidase that reduces molecular oxygen to
O,, resulting in its conversion to H,0, (McCord and
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Fridovich, 1979). These findings may allow us to assume
that suppression of neutrophil infiltration into the gastric
mucosa of rats with water immersion restraint stress leads
to the prevention of lipid peroxide formation in the gastric
mucosal tissue. In fact, our previous report indicates that in
rats pre-treated with anti-polymorphonuclear anti-serum,
lipid peroxide formation in the gastric mucosa of rats with
water immersion restraint stress is significantly attenuated
with the prevention of neutrophil infiltration into the gas-
tric mucosal tissue. Therefore, there is a possibility that the
preventive effect of teprenone on gastric mucosal lipid
peroxide formation in rats with water immersion restraint
stress is in part due to its inhibitory effects on neutrophil
infiltration into the gastric mucosal tissue (Nishida et al.,
1997). However, it is unknown whether or not teprenone
has an inhibitory effect on neutrophil infiltration into the
gastric mucosa of rats with water immersion restraint
stress.

In addition, it has been demonstrated that gastric mucin
interacts with oxygen free radicals in vitro (Grisham et al.,
1987). Seno et al. (1995) have reported that an increase in
gastric mucin, which is caused by teprenone-stimulated
gastric mucus synthesis and secretion, results to the protec-
tion of gastric mucosal tissue against ischemia/reperfu-
sion-induced injury in rats. It has been known that is-
chemia/reperfusion-induced gastric mucosal lesions are
caused by oxygen free radicals derived from xanthine—
xanthine oxidase system and /or neutrophils (Y oshikawa et
al., 1989; Andrew et a., 1992). Therefore, there is also a
possibility that teprenone-mediated increase in gastric
mucin contributes to the suppression of increases in gastric
mucosal lipid peroxide formation and non-protein SH oxi-
dation in rats with water immersion restraint stress, which
leads to the prevention of gastric mucosal lesion develop-
ment.

In this study, therefore, we examined the effect of
teprenone administration on the infiltration of neutrophils
into the gastric mucosal tissues during the development of
gastric mucosal lesions in rats with water immersion re-
straint stress. This neutrophil infiltration into the gastric
mucosal tissue was assessed based on myeloperoxidase
activity, an index of neutrophil infiltration (Krawisz et al.,
1984), in the tissue. In addition, we examined the effect of
teprenone administration on changes in the concentrations
of lipid peroxide, non-protein SH, hexosamine (a marker
of gastric mucin) and the adherent mucus in gastric mu-
cosal tissues during the development of gastric mucosal
lesions in the water immersion restraint-stressed rats was
examined.

2. Materials and methods
2.1. Chemicals

3,3,5,5-tetramethylbenzidine (Sigma, St. Louis, MO,
USA); dioctyl sodium sulfosuccinate (docusate sodium)

(DSS) (Tokyo Kasel Kogyo, Tokyo, Japan); ethylenedi-
aminetetraacetic acid (EDTA), N, N-dimethylformamide,
thiobarbituric acid, 5,5-dithiobis (2-nitrobenzoic acid), al-
cian blue 8gx, glucosamine and other chemicals (Wako,
Oszka, Japan); and teprenone (vitamin E-free) (Eisai,
Tokyo, Japan) were used.

2.2. Induction of gastric mucosal lesions

Seven-week-old male Wistar rats weighing 200-210 g
(Shizuoka Laboratory Animal Center, Hamamatsu, Japan)
were used. These animals were starved for 24 h prior to
the experiments, but were allowed free access to water.
Rats were restrained in a wire cage and immersed up to the
depth of the xiphoid processin a 23°C water bath for 3 and
6 h to produce water immersion restraint stress-induced
gastric mucosal lesions as described by Takagi and Okabe
(1968). Rats were killed under ether anesthesia after appli-
cation of 0, 3 and 6 h of water immersion restraint, blood
was collected from the inferior vena cava and the stomachs
were removed. The collected blood was separated into
serum. The removed stomachs were cut open along with
the greater curvature and the gastric mucosa was removed
onice using a small pair of scissors. For the observation of
gastric lesion, the stomachs of the rats with and without
water immersion restraint, after ligation of the esophagus
at 5 mm proximal to the gastroesophageal junction and the
duodenum at 10 mm distal to the pylorus, were infused
with approximately 10 ml of saline and secured by liga-
tures at both the esophagus and the duodenum. The stom-
achs were removed and were fixed with 10% formal-
dehyde for 10 min and cut open along the greater curva-
ture. The gastric mucosa was carefully examined for le-
sions recognized as linear breaks (erosions) at the mucosal
surface of the glandular part under a stereoscopic micro-
scope (X 10). The extent of the lesion (lesion index) is
expressed as the sum of the length of these breaks per
stomach. All animals received human care in compliance
with the guideline of the Animal Care and Use Committee
of Fujita Health University.

2.3. Teprenone treatment

Teprenone (50, 100 and 200 mg/kg) suspended in 5%
arabic gum, was orally administered at 0.5 h before the
beginning of water immersion restraint stress. Another
group of rats oraly received teprenone (200 mg,/kg) sus-
pended in 5% arabic gum 3 h after the onset of the stress.
Five percent arabic gum, used as vehicle, was given to
control rats in the same manner. The dosage of teprenone
was decided according to previous reports (Ito et al., 1986;
Bilski et a., 1988; Morimoto et a., 1991; Terano et a.,
1991; Itoh et al., 1991; Namiki et al., 1994).
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2.4. Biochemical determinations

Immediately after gastric mucosal collection, the mu-
cosa was disrupted in 9 vols of ice-cold 50 mM Tris—HCl
buffer (pH 7.5) using a microhomogenizer and the pre-
pared homogenate was sonicated on ice for 60 s using a
Handy Sonic model UR-20P (Tomy Seiko, Tokyo). The
sonicated homogenate was centrifuged at 10000 X g for
20 min at 4°C and the resultant supernatant was used for
the assay sample. Gastric mucosal myeloperoxidase was
assayed by the method of Suzuki et al. (1983) measuring
the H,O,-dependent oxidation of tetraethylbenzidine at
37°C. One unit (U) of this activity is defined as the amount
of enzyme causing a change in the absorbance of 1.0 per
min at 655 nm. To investigate the direct effect of teprenone
on myeloperoxidase activity in gastric mucosal tissues, 10
to 100 pg/ml of teprenone dissolved in 0.01% Tween 80
were added to the supernatant of gastric mucosal ho-
mogenates obtained from rats with water immersion re-
straint stress for 6 h. Myeloperoxidase activities in the
supernatants containing various concentrations of teprenone
were assayed using the above-mentioned method.

Immediately after the collection of gastric mucosa
tissues, the mucosal tissue was disrupted in 9 vols of 0.15
M KCI containing 1 mM EDTA using a microhomoge-
nizer. Lipid peroxide in the homogenate was determined
according to the method of Ohkawa et al. (1979) using the
thiobarbituric acid reaction. The content of lipid peroxide
is expressed as the amount of malondialdehyde. Non-pro-
tein SH in the homogenate was measured by the 5,5-di-
thiobis (2-nitrobenzoic acid) method of Sedlak and Lind-
say (1968).

Gastric mucosal mucin extracted with Triton X-100 was
hydrolyzed with hydrochloric acid. Hexosamine obtained
from the hydrolyzed mucin was assayed by the method of
Neuhaus and Letzring (1957) using glucosamine as a
standard. The determined gastric mucosal hexosamine was
used as an indicator for gastric mucosal mucus synthesis.
Briefly, the prepared sample and standard were incubated
with acetylacetone at 100°C for 15 min. The mixtures were
further mixed with Ehrlich’s reagent and were allowed to
stand at room temperature for 40 min. The optical density
of the resultant red pigment was read at 550 nm. The
concentration of gastric mucosal hexosamine was esti-
mated from the optical density of the sample in compari-
son with that of the standard.

The removed stomach was cut open along the greater
curvature and was rinsed with 10 ml of ice-cold 0.25 M
sucrose. 50 mm? (approximately 8 mm in diameter) of the
glandular portion of the stomach was excised with a
scalpel and its wet weight was obtained. Gastric mucosal
adherent mucus was assayed by the method of Kitagawa et
al. (1986) using alcian blue staining. The determined gas-
tric mucosal adherent mucus was used as an indicator for
gastric mucus secretion. Briefly, the excised stomach was
soaked in 2 ml of 0.1% alcian blue, which was dissolved

in 0.16 M sucrose buffered with 0.05 M sodium acetate
(pH 5.8), for 2 h. Uncomplexed dye was removed by two
successive washes in 2 ml of 0.25 M sucrose for 15 and 45
min and the dye complex with mucus was extracted with 2
ml of 30% DSS for 2 h. After centrifugation (3000 rpm for
10 min), the optical density of the solution of alcian blue
extracted with DSS was read at 620 nm and the concentra-
tion of the extracted alcian blue was calculated in compari-
son with a calibration curve obtained from known concen-
trations of alcian blue solutions. The concentration of
gastric mucosal adherent mucus was expressed as that of
alcian blue that adhered to the gastric mucosal surface
(ng/g tissue).

2.5. Satistical analysis

Results obtained were expressed as means+ S.D. Re-
sults were analyzed by computerized statistical packages
(Super Andysis of Variance, Statview Il) if necessary.
Each mean value was compared by One-way ANOVA and
Fisher's protected least significant difference for multiple
comparisons as the post-hoc test. The level of significance
was taken as P < 0.05.

3. Results

When rats were subjected to water immersion restraint
stress over a 6-h period, gastric mucosal lesions developed
as shown in Fig. 1. The magnitude and development of
gastric mucosal lesions in the present study were identical
with those shown in previous reports (Hirota et al., 1989,
1990; Hamagjima et al., 1994). In contrast, there were no
lesions in rats without the stress (data not shown). Oral
administration of teprenone (50, 100 and 200 mg/kg) at
0.5 h prior to water immersion restraint stress induction
prevented the lesion development at 3 and 6 h of the stress
in a dose-dependent manner, with ICg, values of 62 and
141 mg/kg, respectively (Fig. 1).

As shown in Fig. 2, myeloperoxidase activity, an indi-
cator of neutrophil infiltration (Krawisz et al., 1984), in the
gastric mucosa of rats subjected to water immersion re-
straint stress for 3 and 6 h, significantly increased; rats
with 3 and 6 h of the stress had 2.2- or 3.2-fold higher
gastric mucosa myeloperoxidase activity, respectively,
than control rats without the stress. This water immersion
restraint stress-induced increase in gastric mucosal
myeloperoxidase activity was significantly prevented by
pre-treatment with teprenone at doses of 50, 100 and 200
mg,/kg (Fig. 2). Furthermore, when teprenone was admin-
istered at the same doses to control rats without water
immersion restraint stress, the gastric mucosal myeloperox-
idase activity was dightly, but significantly decreased in a
dose-dependent manner (Fig. 2).

Lipid peroxide concentrations in the gastric mucosa of
rats with 3 and 6 h of water immersion restraint stress
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Fig. 1. Effect of pre-treatment with teprenone on the development of gastric mucosal lesions in rats with water immersion restraint stress over a 6-h period.
Rats received oral administration of teprenone (50, 100 and 200 mg/kg) a 0.5 h prior to water immersion restraint stress induction. Rats without
teprenone pre-treatment received oral administration of an equal volume of 5% arabic gum used as vehicle. These rats were subjected to water immersion
restraint stress for 3 and 6 h. Each value represents the mean + S.D. for 7—10 animals. #P < 0.05 compared with water immersion restraint-stressed rats

without teprenone pre-treatment.

were 1.3- and 1.6-fold higher than those of control rats
without the stress, respectively (Fig. 3A). Non-protein SH
concentrations in the gastric mucosa of rats subjected to
water immersion restraint stress for 3 and 6 h were 55 and
50% of those of control rats without the stress, respectively
(Fig. 3B). Pre-treatment with teprenone at doses of 50, 100
and 200 mg/kg almost dose-dependently attenuated the
increase in gastric mucosal lipid peroxide concentration
and the decrease in gastric mucosal non-protein SH con-
centration in rats subjected to water immersion restraint
stress for 3 and 6 h (Fig. 3). However, treatment with
teprenone at the same doses had no effect on gastric
mucosal lipid peroxide and non-protein SH concentrations
in control rats without the stress (Fig. 3).

Gastric mucosal hexosamine concentration, which was
used as an index for gastric mucus synthesis, in rats
subjected to 3 and 6 h of water immersion restraint stress
was significantly decreased; gastric mucosal hexosamine
concentrations in the rats subjected to the stress for 3 and 6
h were 82 and 72% of those in control rats without the
stress, respectively (Fig. 4A). Pre-treatment with 100 and

200 mg/kg of teprenone significantly prevented the de-
crease in gastric mucosal hexosamine concentration in rats
subjected to water immersion restraint stress for 3 and 6 h,
and aso significantly increased gastric mucosal hex-
osamine concentration in control rats without the stress
(Fig. 4A). When the change in gastric mucosa adherent
mucus concentration, which was used as an indicator for
gastric mucus secretion, was examined in rats subjected to
water immersion restraint stress for 3 and 6 h, the adherent
mucus concentrations in the rats with 3 and 6 h of the
stress were 47 and 41% of those in control rats without the
stress, respectively (Fig. 4B). The decrease in gastric
adherent mucus concentration at 3 or 6 h of water immer-
sion restraint stress was significantly prevented by pre-
treatment with 100 and 200 mg/kg of teprenone. Further-
more, pre-treatment with teprenone at the same doses
increased gastric adherent mucus concentration in control
rats without water immersion restraint stress in a dose-de-
pendent manner (Fig. 4A). In addition, regarding the
preservative actions of teprenone on the gastric mucus
synthesis and secretion in rats with water immersion re-
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Fig. 2. Effect of pre-treatment with teprenone on the change in gastric mucosal myeloperoxidase activity in rats with water immersion restraint stress over
a 6-h period. Rats received oral administration of teprenone (50, 100 and 200 mg/kg) at 0.5 h prior to water immersion restraint stress induction. Rats
without teprenone pre-treatment received oral administration of an equal volume of 5% arabic gum used as vehicle. These rats were subjected to water
immersion restraint stress for 3 and 6 h. Each value represents the mean + SD. for 7-10 animals. #P < 0.05 compared with water immersion
restraint-stressed rats without teprenone pre-treatment. * P < 0.05 compared with control rats without teprenone pre-treatment and water immersion
restraint stress.
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Fig. 3. Effect of pre-treatment with teprenone on the changes in gastric mucosal lipid peroxide (A) and non-protein SH (B) concentrations in rats with
water immersion restraint stress over a 6-h period. Rats received oral administration of teprenone (50, 100 and 200 mg,/kg) a 0.5 h prior to water
immersion restraint stress induction. Rats without teprenone pre-treatment received oral administration of an equal volume of 5% arabic gum used as
vehicle. These rats were subjected to water immersion restraint stress for 3 and 6 h. Each vaue represents the mean + S.D. for 7-10 animals. #P < 0.05
compared with water immersion restraint-stressed rats without teprenone pre-treatment. * Malondialdehyde.

straint stress, the action of teprenone on gastric mucus onset of the stress, this post-teprenone administration pre-
synthesis was slightly weaker than the action on gastric vented not only gastric mucosal lesion development in rats
mucus secretion. subjected to 6 h of the stress, but also increased gastric

When 200 mg/kg of teprenone was orally administered mucosal myeloperoxidase activity and lipid peroxide con-
to water immersion restraint-stressed rats at 3 h after the centration and decreased gastric mucosal non-protein SH,
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Fig. 4. Effect of pre-treatment with teprenone on the changes in gastric mucosal hexosamine (A) and adherent mucus (B) concentrations in rats with water
immersion restraint stress over a 6-h period. Rats received oral administration of teprenone (50, 100 and 200 mg,/kg) at 0.5 h prior to water immersion
restraint stress induction. Rats without teprenone pre-treatment received oral administration of an equal volume of 5% arabic gum used as vehicle. These
rats were subjected to water immersion restraint stress for 3 and 6 h. Each value represents the mean + S.D. for 7-10 animals. #P < 0.05 compared with
water immersion restraint-stressed rats without teprenone pre-treatment. * P < 0.05 compared with control rats without teprenone pre-treatment and water
immersion restraint stress.
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Table 1

Effect of post-administration of teprenone on the progression of gastric mucosal lesions and changes in gastric mucosal myeloperoxidase activity and lipid
peroxide, non-protein SH, hexosamine and adherent mucus concentrations in rats subjected to water immersion restraint stress over a 6-h period

Control Water immersion restraint
3h 6h

Arabic gum Teprenone
Lesion index (mm) 0 11.8+ 3.6 384491 22.7+55°
Myeloperoxidase (U /g tissue) 33+05 72+ 172 109 +2.82 7.9+ 1.22b
Lipid peroxide (nmol malondialdehyde/g tissue) 423+4.1 55.4 4+ 2.92 68.1 + 3.5% 54.7 + 4.13P
Non-protein SH (mol /g tissue) 20+ 01 1140122 1.0+0.12 14+ 0.1%°
Hexosamine (mg /g tissue) 39+04 3.1+0.28 2.8+ 012 3.4+ 0.13°
Adherent mucus (g alcian blue/g tissue) 155.1 + 14.0 712+ 18.72 61.9+ 1.5% 80.0 + 5.02P

Rats were restrained in a wire cage and immersed up to the depth of the xiphoid process in a 23°C water bath to produce water immersion restraint
stress-induced gastric mucosal lesions. Rats received p.o. administration of teprenone (200 mg/kg) at 3 h after the onset of water immersion restraint
stress. Rats without teprenone pre-treatment received p.o administration of an equal volume of 5% arabic gum used as vehicle. Rats were killed 3 and 6 h
after the onset of water immersion restraint stress. Each value represents the mean + S.D. (n = 7-10). ®P < 0.05 compared with control rats without water

immersion restraint. °P < 0.05 compared with vehicle-treated rats.

hexosamine and adherent mucus concentrations in the rats
subjected to 6 h of the stress (Table 1).

4. Discussion

The results obtained in this study have clearly shown
the protective and preventive effects of teprenone on the
development of gastric mucosal lesions in rats with water
immersion restraint stress, both through the inhibition of
neutrophil infiltration into the gastric mucosal tissue and
preservation of mucus synthesis and secretion in the gas-
tric mucosal tissue. As described previously (Nishidaet al.,
1997), gastric mucosal myeloperoxidase activity, as an
indicator of neutrophil infiltration (Krawisz et al., 1984),
increased with the development of gastric mucosal lesions
in rats with water immersion restraint stress. Furthermore,
our previous study (Nishida et al., 1997) showed that
neutrophil accumulation in the damaged gastric mucosa of
rats with water immersion restraint stress occurred in
parallel with an increase in lipid peroxide concentration
and a decrease in non-protein SH concentration in the
tissue. Therefore, we have postulated that lipid peroxide
formation and sulfhydryl oxidation in the gastric mucosa
of rats with water immersion restraint stress could occur
via neutrophils-derived oxygen free radicals such as O,
and H,0,, resulting in the development of gastric mucosal
lesions.

Pre-administration of teprenone attenuated neutrophil
infiltration into the gastric mucosa of rats with water
immersion restraint stress with the prevention of an in-
crease in lipid peroxide concentration and a decrease in
non-protein SH concentration in the tissue. Because in in
vitro study, teprenone in various concentrations up to 100
pg/ml did not affect myeloperoxidase activity in the
gastric mucosa obtained from rats subjected to 6 h of water
immersion restraint stress (data not shown), it was as-
sumed that the decrease in gastric mucosal myeloperoxi-

dase activity in rats with teprenone treatment was due to
the inhibition of neutrophil infiltration, and not the direct
inhibition of myeloperoxidase activity by the drug. Be-
cause we have observed that teprenone in various concen-
trations up to 100 w.g/ml has no O; - and - HO-scavenging
activities when the O5- and -HO-scavenging activities
were checked by the cytochrome ¢ method (Forman and
Fridovich, 1973) and the deoxyribose method (Halliwell et
al., 1987), respectively, teprenone itself may not act as a
free radical scavenger against these oxygen radicals. From
these findings, it is suggested that teprenone could attenu-
ate lipid peroxide formation and sulfhydryl oxidation in
the gastric mucosa of rats with water immersion restraint
stress through the inhibition of neutrophil accumulation in
the tissue, but not its free radical scavenging effect. Kurose
and Granger (1994) have suggested the following mecha
nisms of neutrophil infiltration into tissues: first, produc-
tion of neutrophil chemoattractants, such as leukotriene B,
(lipoxygenase products), C5a and xanthine oxidase-derived
O, promote the neutrophil chemotaxis; second, expres-
sions of neutrophil-endothelial cell adherent molecules
such as P-sdlectin, CD11b/CD18, intercellular adhesion
molecule-1 (ICAM-1) and vascular cell adhesion
molecule-1 (VCAM-1) mediate neutrophil adherence and
its emigration into the tissues. Recently, Yoshida et a.
have observed that teprenone in concentrations of 10~ °—
10~ M significantly inhibit Heliobacter pylori extract-in-
duced expressions of CD11b/CD18 on neutrophils and
ICAM-1 and VCAM-1 on endothelial cells (personal com-
munication with Dr. N. Yoshida in Kyoto Prefectura
University of Medicine, Japan). Therefore, there is a possi-
bility that teprenone attenuates neutrophil infiltration into
the gastric mucosa of rats with water immersion restraint
stress through the inhibition of the expression of neu-
trophil—endothelial cell adherent molecules. In the present
study, it was found that teprenone pre-treatment dlightly,
but significantly, decreased gastric mucosal myeloperoxi-
dase activity in control rats without water immersion re-



K. Nishida et al. / European Journal of Pharmacology 354 (1998) 51-58 57

straint stress. Although this phenomenon cannot be ex-
plained precisely at present, teprenone may affect the
physiological neutrophil recruitment and expulsion in the
normal gastric mucosa.

Teprenone pre-treatment preserved both gastric mucus
synthesis and secretion in rats with water immersion re-
straint stress, although the ability of teprenone to preserve
gastric mucus synthesis was slightly lower than of preserv-
ing gastric mucus secretion. Accordingly, these preserva
tive effects of teprenone on gastric mucus synthesis and
secretion, as well as the preventive effect of this drug on
neutrophil infiltration into gastric mucosal tissues could
participate in the amelioration of gastric mucosa lesions
induced by water immersion restraint stress. However, it
seems likely that administered teprenone shows stronger
prevention against gastric mucosal lesion development than
against a decrease in gastric mucus level or neutrophil
infiltration into gastric mucosal tissues in rats with water
immersion restraint stress. Therefore, one can think that
both the preservative effect of teprenone on gastric mucus
level and the preventive effect of this drug on neutrophil
infiltration into gastric mucosal tissues synergistically con-
tribute to the attenuation of gastric mucosal lesion develop-
ment in rats with water immersion restraint stress. As
mentioned, it has been known that gastric mucin interacts
with oxygen free radicals in vitro (Grisham et al., 1987)
and that teprenone exerts a protective effect against is-
chemia/reperfusion-induced gastric mucosal lesion by
stimulating gastric mucus synthesis and secretion (Seno et
al., 1995). From these findings, it can be thought that the
preservative effects of teprenone on the gastric mucus
synthesis and secretion in rats with water immersion re-
straint stress may be related to the inhibition by the drug of
increases in lipid peroxide formation and sulfhydryl oxida
tion in the gastric mucosal tissue.

On the other hand, anti-gastric ulcer drugs, such as
teprenone, are usually administered to patients with gastri-
tis or gastric ulcer after the patients are diagnosed as
having these diseases. Furthermore, neutrophil infiltration
has been observed in the gastric mucosa of patients with
severe gastritis and chronic peptic ulcers (Cutin et al.,
1987). Hence, we examined the effect of post-administra-
tion of teprenone on the progression of gastric mucosal
injury and the enhanced infiltration of neutrophils into
gastric mucosal tissues in rats with water immersion re-
straint stress. Administration of teprenone (200 mg/kg) to
water immersion restraint-stressed rats 3 h after the begin-
ning of the stress was found to significantly attenuate the
progression of gastric mucosal lesions and the enhanced
neutrophil infiltration into gastric mucosal tissues with
preservations of gastric mucus synthesis and secretion 6 h
after the beginning of the stress. These results indicate the
possibility that teprenone exerts a therapeutic effect on
stress-induced gastric mucosal lesions with inhibition of
neutrophil infiltration into gastric mucosal tissues and
preservation of gastric mucus synthesis and secretion in

the clinical use of this drug. In addition, increased lipid
peroxide concentration and decreased non-protein SH con-
centration found in the gastric mucosa of rats subjected to
6 h of water immersion restraint stress were attenuated by
this post-administration of teprenone, as well as the pre-ad-
ministration of this drug. Therefore, one can think that the
prevention of neutrophil infiltration into gastric mucosa
tissues and preservation of gastric mucus synthesis and
secretion in water immersion restraint-stressed rats with
post-teprenone administration result in the suppression of
the increase in lipid peroxide concentration and the de-
crease in non-protein SH concentration in the gastric mu-
cosal tissue.

It has been demonstrated that in rats that had ora
administration of teprenone (125 mg/kg), the peak of
teprenone concentration in the serum was observed 8—10 h
after the drug administration, while the peak of teprenone
concentration in the gastric mucosal tissue was found 2—4
h after the drug administration (Nishizawa et al., 1983).
When 150 mg (approximately 2 mg,/kg) of teprenone was
orally administered to norma healthy subjects (n= 12),
the peak of teprenone concentration in the serum was
found 5 h after the administration, although the peak in the
gastric mucosal tissue was not determined (personal com-
munication with Eisai, Tokyo, Japan). Furthermore, in
patients with severe peptic ulcer who have been oraly
administered with 50 mg of teprenone thrice daily for
1-13 days prior to surgery, the level of gastric mucosal
teprenone in the ulcer region is 11-fold higher than that in
the surrounding normal region (Nakazawa et al., 1983).
These findings indicate that in rats with ora teprenone
administration, a peak of an increase in teprenone concen-
tration in the gastric mucosal tissue is observed before an
increase in serum teprenone concentration reaches a peak
and suggest that orally administered teprenone is easily
transported to gastric mucosal tissues, resulting in an effec-
tive increase in its concentration in the tissue of rats and
possibly of human subjects. In addition, it can be thought
that orally administered teprenone reaches the lesion area
in the stomach relatively early after the drug administra-
tion and shows protective and preventive effects on the
gastric mucosal lesions.

5. Conclusion

The results obtained in this study indicate that teprenone
has protective and preventive effects on gastric mucosal
injury induced by water immersion restraint stress in rats
and suggest that these effects could be related to the
preservation of gastric mucus synthesis and secretion and
inhibition of neutrophil infiltration into the gastric mucosal
tissue. In addition, it can be expected that teprenone exerts
a therapeutic action in patients with gastric mucosal injury
with inflammation through the above-mentioned two
mechanisms.
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