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Abstract

Defunctionalization of capsaicin-sensitive afferent nerves by pretreatment with a neurotoxic dose of capsaicin aggravates gastric ulcers in
rats. In the present study, we investigated the roles of vanilloid receptors in gastric antral ulcers, using vanilloid receptor agonists and
antagonists. Gastric antral ulcers were induced by a combination of diethyldithiocarbamate and 1 N HCI in refed rats. The administration of
ruthenium red (1.5 mg/kg, s.c., twice daily) aggravated gastric antral ulcers (ulcer index: control, 33.7 + 13.7 mm? ruthenium red,
99.9 + 11.0 mm?). A similar result was observed in rats pretreated with a neurotoxic dose of capsaicin. On the other hand, capsaicin (1—10
mg/kg, p.o., twice daily) inhibited antral ulcer formation (ulcer index: control, 99.2 + 20.6 mm?; capsaicin 10 mg/kg, 37.0 + 11.7 mm?). A
similar effect was obtained in rats treated with the novel antiulcer drug, lafutidine (3—10 mg/kg, p.o., twice daily), which has gastroprotective
activity mediated by capsaicin-sensitive afferent nerves. The antiulcer effects of capsaicin and lafutidine were abolished by ruthenium red and
by pretreatment with a neurotoxic dose of capsaicin. These results suggest that vanilloid receptors play a gastroprotective role in gastric antral
ulcers. In addition, treatment with ruthenium red may be an alternative tool for defunctionalization of capsaicin-sensitive afferent nerves.

© 2001 Published by Elsevier Science B.V.
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1. Introduction

Capsaicin-sensitive afferent nerves have long been a
focus of studies on gastroprotection in the gut. Caterina et
al. (1997) reported that capsaicin, the main pungent
ingredient of chili peppers, binds to specific receptors,
the vanilloid receptors. Vanilloid receptors are ionotropic
receptors on primary afferent nerves. Capsaicin stimulates
primary afferent nerves by opening the nonselective cation
channels involved in vanilloid receptors, resulting in local
release of neurotransmitters such as calcitonin gene-related
peptide (CGRP) and substance P (Holzer, 1998; Abdel-
Salam et al., 1997, Mozsik et al., 1997). On the other
hand, the function of capsaicin-sensitive afferent nerves is
lost after a few days on pretreatment with a neurotoxic
dose of capsaicin (Holzer, 1991; Abdel-Salam et al., 1997;
Mozsik et al., 1997).
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It was reported that capsaicin inhibits the formation of
lesions in the stomach via the activation of gastroprotective
mechanisms such as an increase in gastric mucosal blood
flow (Holzer and Lippe, 1988). Furthermore, it was reported
that a neurotoxic dose of capsaicin potentiates the formation
and delays the healing of gastric lesions through degener-
ation of capsaicin-sensitive afferent nerves (Esplugues and
Whittle, 1990; Takeuchi et al., 1994a,b).

In the present study, we tried to elucidate the role of
vanilloid receptors in the gastroprotective action of capsaicin
by using the so-called functional vanilloid receptor agonists
and antagonists. Ruthenium red and capsazepine are func-
tional antagonists of vanilloid receptors. Ruthenium red is
shown to block nonselective cation channels involved in
vanilloid receptors (Maggi et al., 1988, 1989; Wood et al.,
1988; Szallasi and Blumberg, 1999). On the other hand,
capsazepine binds to vanilloid receptors and competitively
antagonizes the effect of capsaicin (Dickenson and Dray,
1991). In the present study, we used ruthenium red as a
functional antagonist of vanilloid receptors. Capsazepine
could have been used as an antagonist in our investigation.
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Another study we performed showed that capsazepine
inhibited capsaicin-induced gastroprotection at a dose 10
times higher than that of ruthenium red against HCl-induced
lesions (to be submitted). Rudd and Wai (2001) reported that
ruthenium red is 100 times more potent than capsazepine to
inhibit the emetic action of capsaicin. Thus, the usefulness
of capsazepine is limited by its moderate potency (Szallasi
and Blumberg, 1999). One should be careful when using
capsazepine at relatively higher doses as a vanilloid receptor
antagonist because the drug blocks voltage-dependent cal-
cium channels and nicotinic acetylcholine receptors (Szallasi
and Blumberg, 1999). Therefore, capsazepine is not neces-
sarily a better tool than ruthenium red as an antagonist of
vanilloid receptors. In addition, it would have been too
costly to study the effect of capsazepine administered twice
daily for 3 days on formation of antral ulcers in our
investigation. Therefore, ruthenium red was used instead
of capsazepine.

Defunctionalization of capsaicin-sensitive afferent nerves
by pretreatment with a neurotoxic dose of capsaicin has
been used in the study of capsaicin-sensitive afferent nerves,
but this involves time-consuming and labour-intensive ani-
mal care (Holzer, 1991; Abdel-Salam et al., 1997; Mozsik et
al., 1997). We, thus, investigated whether administration of
ruthenium red could be substituted for pretreatment with a
neurotoxic dose of capsaicin.

In most gastric ulcer models in animals, gastric lesions
are induced in the corpus of the stomach. Oi et al. (1968,
1969) reported that human gastric ulcers are located in the
antrum of the stomach in most cases. We studied animal
gastric antral ulcer models and produced gastric ulcers
selectively in the antrum of the stomach in rats (Uchida et
al.,, 1991a,b; 1999). Rat gastric antral ulcers are similar to
human ulcers with regard to location and histology. We
studied the involvement of vanilloid receptors in gastro-
protection using this method.

Recently, a novel histamine H, receptor antagonist,
lafutidine (( % )-2-(furfurylsulfinyl)-N-[4-[4-(piperidino-
methyl)-2-pyridyl]oxy-(Z)-2-butenyl] acetamide), which
protects gastric mucosa through activation of capsaicin-
sensitive afferent nerves (Yamaura et al., 1992; Shibata et
al., 1993; Onodera et al., 1995), has come into clinical use
for peptic ulcers. We chose it as an activator of the vanilloid
receptor-mediated pathway. In the present study, we inves-
tigated the involvement of vanilloid receptors in lafutidine-
induced gastroprotection, using ruthenium red. The effect
was compared with that of famotidine, another histamine H,
receptor antagonist.

2. Materials and methods
2.1. Animals

Seven-week-old male Sprague—Dawley rats (160—290
g, Charles River, Japan) were used after preliminary rear-

ing on tap water and a pellet diet in cages with raised
mesh floors. The experiments were carried out in strict
accordance with Guiding Principles for the Care and Use
of Laboratory Animals approved by the Japanese Pharma-
cological Society and the guideline approved by the
Ethical Committee on Animal Care and Animal Experi-
ment of the Faculty of Pharmaceutical Sciences, Chiba
University.

2.2. Chemicals

Capsaicin (Wako, Osaka, Japan) was dissolved in a
solution of 10% ethanol, 10% Tween 80 (Kanto Chemical,
Tokyo, Japan) and 80% physiological saline for subcuta-
neous administration or in 5% ethanol plus 0.1% Tween 80
solution for oral administration. Famotidine (Sigma, St.
Louis, MO, USA) and lafutidine were suspended in 5%
gum arabic solution. Ruthenium red (Sigma), diethyldithio-
carbamate (Wako), terbutaline (Sigma) and aminophylline
(Sigma) were dissolved in saline. Each agent was given
orally in a volume of 0.5 ml/100 g body weight, subcuta-
neously in a volume of 0.2 ml/100 g and intramuscularly in
a volume of 0.05 ml/100 g. Lafutidine was the kind gift of
Taiho Pharmaceutical (Tokyo, Japan).

2.3. Gastric antral ulcers

Gastric antral ulcers were induced by treatment with 1
N HCI in refed rats as described previously (Uchida et al.,
1999). Briefly, rats were deprived of food but allowed free
access to tap water for 48 h before the experiment. The
fasted rats were refed later for 1 h, then injected subcuta-
neously with diethyldithiocarbamate at a dose of 250 mg/
kg. One hour later, 1 N HCI was administered orally in a
volume of 0.5 ml/100 g. The rats were deprived of food
but allowed free access to tap water for 6 h after HCI
administration. Capsaicin (1, 3 or 10 mg/kg), famotidine (3
mg/kg) or lafutidine (3 or 10 mg/kg) was given orally
twice daily for 3 days after the HCI treatment. Ruthenium
red (1.5 mg/kg) or diethyldithiocarbamate (250 mg/kg) was
injected subcutaneously 30 min before treatment with the
gastroprotective drugs twice daily for 3 days from day 1.
On day 4 after HCI administration, the animals were killed
by deep chloroform anesthesia for evaluation of gastric
ulcers.

2.4. Gross morphological evaluation of gastric antral ulcers

After the rats were Kkilled, the stomach was excised and
the pylorus and cardia of the stomach were ligated. Seven
milliliters of saline was instilled into the stomach and the
outside of the stomach was fixed with 5% formalin for 20
min. The stomach was rinsed with saline and cut along the
greater curvature. Gastric antral ulcers were evaluated
using a software for image analysis (NIH Image version
1.55, Wayne Rasband, National Institutes of Health,
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Bethesda, MD, USA). The areas of ulcerated gastric
antrum (mm?) were expressed as the ulcer index. Animals
who died during the experiments were excluded from the
analysis.

2.5. Histological studies

After assessment of gross damage, tissues from several
animals were fixed in 5% formalin and subsequently
embedded in paraffin for histological examination. Sections
were cut at 4 pm and stained with hematoxylin and eosin.

2.6. Defunctionalization of the capsaicin-sensitive afferent
nerves

Rats received capsaicin (125 mg/kg, s.c.) over 2 days,
with doses of 25 mg/kg in the morning and 50 mg/kg in the
afternoon on the first day and 50 mg/kg in the morning on
the second day. This treatment is known to elicit permanent
degeneration of unmyelinated afferent neurons (Holzer,
1991; Mozsik et al., 1997). Control animals received an
equal volume of vehicle (10% ethanol, 10% Tween 80 and
80% physiological saline) in the same way. Capsaicin was
given under ether anesthesia. The rats were pretreated
intramuscularly with terbutaline (0.1 mg/kg) and amino-
phylline (10 mg/kg) to counteract the respiratory impair-
ment associated with capsaicin injection. In order to check
the effectiveness of the treatment, a drop of a 0.1% solution
of capsaicin was instilled into either eye of the rats and
their protective wiping movements were counted. The
capsaicin-treated animals that showed any wiping move-
ment were excluded from the study. The rats were used for
the experiment 10—14 days after the treatment with cap-
saicin.

2.7. Statistical analyses

Data are presented as means £ S.E.M. Statistical analy-
ses were performed by two-tailed Student’s #-test for com-
parison of two groups and by one-way analysis of variance
followed by Dunnett’s multiple comparison test for compar-
ison of more than three groups. Values of P<0.05 were
regarded as significant.

3. Results

3.1. Effects of ruthenium red, a blocker of cation channels
involved in vanilloid receptors, on gastric antral ulcers

HCI and diethyldithiocarbamate were administered to
refed rats to induce gastric antral ulcers. On day 4 after
the administration of HCI, severe gastric ulcers were
observed in the antral area of the stomach as indicated by
an arrow in Fig. 1A. Histological studies showed the
apparent pathology of gastric ulcers (Fig. 2A). The ulcers

A

Fig. 1. Aggravation of gastric antral ulcers by repeated administration of
diethyldithiocarbamate or ruthenium red on day 4 after HCI treatment. (A)
Control: antral ulcer induced by the combination of diethyldithiocarbamate
(250 mg/kg, s.c.) and 1 N HCI in refed rat. (B) Repeated treatment with
diethyldithiocarbamate (250 mg/kg, s.c.). (C) Repeated treatment with
ruthenium red (1.5 mg/kg, s.c.).

had penetrated the muscularis mucosae and the thickness of
the mucosa was markedly diminished, with loss of structure
of the gastric glands. On the other hand, no lesions were
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Fig. 2. Aggravation of gastric antral ulcers due to repeated administration of
ruthenium red induced on day 4 after HCI treatment in refed rat. Gastric
tissues were histologically examined for ulcers on day 4 (stained with
hematoxylin and eosin, x 40). (A) Control: antral ulcer induced by the
combination of diethyldithiocarbamate (250 mg/kg, s.c.) and 1 N HCI (5
ml/kg, p.o.) in refed rat. (B) Repeated treatment with ruthenium red (1.5
mg/kg, s.c.).

found in the corpus area (Fig. 1A). Antral ulcers present on
day 1 reached a maximum on days 3—4 and thereafter
decreased gradually as reported previously (Uchida et al.,
1999).

Diethyldithiocarbamate, which was administered to rats
twice daily for 3 days from day 1, greatly aggravated the
gastric antral ulcers (Fig. 1B). Diethyldithiocarbamate is
known to inhibit superoxide dismutase (Heikkila et al.,
1976; Takeuchi et al., 1991). The ulcers were twice as large
as those of the control group (Fig. 3). Ruthenium red, which
was administered twice daily for 3 days from day 1,
markedly increased the ulcers (Fig. 1C). The ulcer index
was almost identical to that obtained with diethyldithiocar-
bamate treatment (Fig. 3). Deep histological injury was
observed in the stomach of ruthenium red-treated rats
(Fig. 2B). The ulcers had penetrated the tunica muscularis
and reached the serosal side. Administration of ruthenium
red had no obvious effect on the behaviour of the rats.
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Fig. 3. Effects of repeated administration of diethyldithiocarbamate (DDC)
and ruthenium red (RR) on gastric antral ulcers. Gastric antral ulcers were
induced by the combination of DDC and 1 N HCl in refed rats. DDC (250
mg/kg, s.c.) and RR (1.5 mg/kg, s.c.) were administered twice daily for 3
days after HCI treatment. Each value represents the mean + S.E.M. of data
obtained from 6—11 rats. * P<0.05, **P<0.01, significant difference
from the control group.

Reflex responses such as the wiping response were abol-

ished in rats treated with ruthenium red.
Defunctionalization of the capsaicin-sensitive afferent

nerves also induced a significant increase in the ulcer index

(Fig. 4).

3.2. Effects of vanilloid receptor agonists on gastric antral
ulcers

We examined the effect of capsaicin on gastric antral
ulcers in rats. A low dose of capsaicin inhibited the
formation of antral ulcers aggravated by successive admin-
istrations of diethyldithiocarbamate (Fig. 5). The effect
was dependent on dosage (1-3 mg/kg, p.o., twice a day
for 3 days) (Fig. 6). The maximum effect was obtained at
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Fig. 4. Effect of capsaicin-sensitive afferent nerve degeneration on gastric
antral ulcers induced by the combination of diethyldithiocarbamate and 1 N
HCl in refed rats. Each value represents the mean £ S.E.M. of data obtained
from 9—11 rats. * P<0.05, significant difference from the control group.



H. Yamamoto et al. / European Journal of Pharmacology 432 (2001) 203-210 207

Fig. 5. Macroscopic effect of capsaicin on gastric antral ulcers in rats
treated with repeated administration of diethyldithiocarbamate. (A) Control:
repeated treatment with diethyldithiocarbamate (250 mg/kg, s.c.). (B)
Repeated treatment with diethyldithiocarbamate (250 mg/kg, s.c.) and
capsaicin (3 mg/kg p.o.).

3 mg/kg. The antiulcer effect of capsaicin at 10 mg/kg
was approximately equipotent with that at 3 mg/kg.
Lafutidine, a novel histamine H, receptor antagonist, also
inhibited antral ulcer formation (3—10 mg/kg, p.o., twice a
day for 3 days) (Fig. 6). The inhibitory effect of lafutidine
at 10 mg/kg was more potent than that at 3 mg/kg. On the
other hand, 3 mg/kg famotidine, another histamine H,
receptor antagonist that does not activate capsaicin-sensi-
tive afferent nerves, induced a slight, but not significant,
decrease in the ulcer index (Fig. 6). The preliminary
experiment showed that the antiulcer effect of 10 mg/kg
famotidine (ulcer index 80.0 mm?) was almost equipotent
with that at 3 mg/kg. The maximum effect was obtained
at 3 mg/kg.

3.3. Effects of ruthenium red on gastroprotection induced by
capsaicin and lafutidine

Gastric antral ulcers induced by combination of HCI
and diethyldithiocarbamate in refed rats were aggravated

g

I =

Ulcer index (mm 2)
g

Cont 3 10

Capsaicin Laf Fam
(mg/kg, p.o.)

Cont

Fig. 6. Effects of capsaicin, lafutidine (Laf) and famotidine (Fam) on gastric
antral ulcers in diethyldithiocarbamate-treated rats. Diethyldithiocarbamate
(250 mg/kg, s.c.) was administered twice daily for 3 days after HCI
treatment. Capsaicin, Laf or Fam was administered orally twice daily for 3
days after HCI treatment. Each value represents the mean + S.E.M. of data
obtained from 4 -6 rats. One rat died in the course of the experiment in each
group of control and capsaicin 1 mg/kg. Animals who died during the
experiments were excluded from the analysis. Cont: control group.
*P<0.05, **P<0.01, significant difference from the corresponding
control group.

by ruthenium red (1.5 mg/kg, s.c., twice daily for 3 days).
The antral ulcer index was 76.2 + 16.3 mm”. The gastro-
protective effects of capsaicin on the antral ulcers were
abolished in ruthenium red-treated rats (Fig. 7). Lafutidine
also failed to inhibit gastric antral ulcer formation in
ruthenium red-treated rats (Fig. 7). In addition, the effects
of capsaicin and lafutidine on antral ulcers were studied in
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Fig. 7. Effects of capsaicin and lafutidine (Laf) on gastric antral ulcers in
ruthenium red-treated rats. Ruthenium red (1.5 mg/kg, s.c.) was
administered twice daily for 3 days after HCI treatment. Capsaicin or Laf
was orally administered twice daily for 3 days after HCI treatment. Each
value represents the mean + S.E.M. of data obtained from 5—6 rats. One rat
died in the course of the experiment in each group of capsaicin 3 and 10
mg/kg. Animals who died during the experiments were excluded from the
analysis. Cont: control group.
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Fig. 8. Effects of capsaicin and lafutidine (Laf) on gastric antral ulcers in
rats with degenerated capsaicin-sensitive afferent nerves. Capsaicin or Laf
was administered orally twice daily for 3 days after HCI treatment. Each
value represents the mean + S.E.M. of data obtained from 4—7 rats. One rat
died in the course of the experiment in each group of control, capsaicin 3
and 10 mg/kg and lafutidine 10 mg/kg. Animals who died during the
experiments were excluded from the analysis. Cont: control group.

chemically deafferentated rats and again did not show
gastroprotection (Fig. 8).

4. Discussion
4.1. Gastric antral ulcer model

The majority of human gastric ulcers occurs in the
antrum of the stomach (Oi et al., 1968, 1969). Accordingly,
gastric ulcer models that are induced selectively in the
antral area in rats are important for studying the gastro-
protective effects of antiulcer drugs. Satoh et al. (1981) and
Maeda-Hagiwara and Watanabe (1983) established animal
models for gastric antral ulcers, but the effect of antiulcer
drugs cannot be clearly demonstrated in these models
because of low frequency and small ulcer formation. We
succeeded in inducing large antral ulcers in rats by refeed-
ing and administering HCl only (Uchida et al., 1998,
1999). This combination of refeeding and HC1 with admin-
istration of diethyldithiocarbamate elicited more severe
antral ulcers in almost all rats, thus, providing an animal
model of antral ulcers with which to evaluate effects of
antiulcer drugs. The administration of diethyldithiocarba-
mate twice daily for 3 days after ulceration significantly
aggravated the gastric antral ulcers. We used these antral
ulcer models to study the roles of vanilloid receptors in
gastroprotection.

4.2. Aggravation of gastric antral ulcers by ruthenium red
Capsaicin-sensitive afferent nerves play important roles

in the physiological function of the stomach and in defense
mechanisms of the gastric mucosa. Capsaicin stimulates the

capsaicin-sensitive afferent nerves to enhance the defensive
mechanisms of the gastric mucosa (Holzer and Lippe,
1988). When defunctionalization of capsaicin-sensitive
afferent nerves is accomplished by pretreatment with a
neurotoxic dose of capsaicin over a few days, gastric
lesions in the corpus of the stomach are aggravated
compared to those of sham-pretreated rats (Esplugues and
Whittle, 1990). We also reported that absolute ethanol-
induced lesions in the antrum are aggravated by defunc-
tionalization of capsaicin-sensitive afferent nerves (Uchida
et al., 1993).

In the present study, we used our newly established
model of gastric antral ulcers to study the roles of capsai-
cin-sensitive afferent nerves in gastroprotective mecha-
nisms. Ruthenium red aggravated gastric antral ulcers
induced by the combination of refeeding, HCl and dieth-
yldithiocarbamate by blocking cation channels involved in
vanilloid receptors. Thus, the blockade of vanilloid recep-
tors results in the weakening of gastroprotective mecha-
nisms in the gastric antrum. The functional ablation of
capsaicin-sensitive afferent nerves also increased the ulcer
index. Defunctionalization of capsaicin-sensitive afferent
nerves depletes afferent neuron-derived neuropeptides such
as CGRP and substance P from the stomach, leading to
aggravation of gastric antral ulcers due to decreased gastric
mucosal blood flow (Holzer, 1998). These results also
demonstrated the protective role of vanilloid receptors in
the antrum. It is likely that luminal proton or unidentified
endogenous agonists for vanilloid receptors protect the
gastric mucosa under physiological and pathological con-
ditions.

Defunctionalization of capsaicin-sensitive afferent
nerves induced by a neurotoxic dose of capsaicin has been
used as a tool for studies on capsaicin-sensitive afferent
nerves, but the treatment is time-consuming and labour-
intensive. On the other hand, ruthenium red is known to
block the effects mediated by vanilloid receptors and to
inactivate capsaicin-sensitive afferent nerves (Maggi et al.,
1988; Wood et al., 1988). The present results suggest that
treatment with ruthenium red can be an alternative for
pretreatment with a neurotoxic dose of capsaicin in the
experiments with experimental ulcer models. Ruthenium
red was used for a similar purpose in analgesic experiments
(Szolcsanyi et al., 1993). Pretreatment of rats with a
neurotoxic dose of capsaicin leads to defunctionalization
of capsaicin-sensitive afferent nerves which is accompanied
by the depletion of sensory neuropeptides (Holzer, 1998).
Thus, treatment with ruthenium red may not completely
replace for the pretreatment of rats with a neurotoxic dose
of capsaicin.

4.3. Gastroprotection by capsaicin and lafutidine against
gastric antral ulcers

Capsaicin has gastroprotective effects against gastric
antral ulcers. Capsaicin inhibits the aggravation of gastric
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antral ulcers induced by successive administration of dieth-
yldithiocarbamate, probably due to the elevated gastric
mucosal blood flow produced via sensory neuropeptides
such as CGRP released by capsaicin. It is reported that
CGRP-(8-37), a CGRP receptor antagonist, and a mono-
clonal antibody to CGRP abolish capsaicin-induced gastro-
protection in acute gastric corpus lesions (Lambrecht et al.,
1993; Peskar et al., 1993). Capsaicin also promotes the
healing of acetic acid-induced gastric ulcers in rats (Kang et
al., 1996). These findings provide evidence that capsaicin-
sensitive afferent nerves play an important role in gastro-
protection against gastric antral ulcers.

Lafutidine is a novel antiulcer drug possessing a long-
lasting gastric antisecretory effect due to blockade of
histamine H, receptors (Shibata et al., 1993). In addition,
lafutidine also has gastroprotective activity due to activa-
tion of capsaicin-sensitive nerves (Onodera et al., 1995;
Umeda et al., 1999). Lafutidine has potent antiulcer effects
on indomethacin-induced gastric corpus lesions in fasted
rats (Yamaura et al., 1992) and on antral ulcers in refed rats
(Onodera et al., 1999). Further, the present study also
showed that lafutidine significantly inhibits gastric antral
ulcer formation at a dose of 10 mg/kg. The antiulcer effect
of lafutidine was compared with that of famotidine, another
histamine H, receptor antagonist. Famotidine at a dose of 3
mg/kg did not significantly inhibit gastric antral ulcer
formation. Famotidine is known to inhibit gastric acid
secretion 10 times more potently than lafutidine (Yamaura
et al.,, 1992; Shibata et al., 1993). These data confirm that
lafutidine has a gastroprotective activity unrelated to its
antisecretory activity and famotidine has no gastroprotec-
tive activity even at its higher doses (Inatomi et al., 1991;
Onodera et al., 1995).

4.4. Involvement of vanilloid receptors in capsaicin-elicited
gastroprotection

We studied the involvement of capsaicin-sensitive affer-
ent nerves and vanilloid receptors in the gastroprotective
effects of capsaicin and lafutidine using ruthenium red.
The gastroprotective effects of capsaicin and lafutidine
were abolished by treatment with ruthenium red. In
addition, capsaicin and lafutidine also failed to inhibit
gastric antral ulcer formation in chemically deafferentated
rats. These results suggest that the protective effects of
capsaicin and lafutidine are elicited mainly via activation
of wvanilloid receptors on capsaicin-sensitive afferent
nerves.

4.5. Summary

In summary, we found that the vanilloid receptor ago-
nist, capsaicin, inhibited gastric antral ulcer formation in
rats, whereas ruthenium red, which blocks cation channels
involved in vanilloid receptors, aggravated gastric antral
ulcers. This is the first demonstration that vanilloid recep-

tors play protective roles in the etiology of gastric antral
ulcer in rats. Additionally, treatment with ruthenium red
may be an alternative for the pretreatment of rats with a
neurotoxic dose of capsaicin.
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