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1 Proteinase-activated receptor-2 (PAR2), expressed in capsaicin-sensitive sensory neurons, plays a
protective role in gastric mucosa. The present study evaluated gastric mucosal cytoprotective effect of
2-furoyl-LIGRL-NH2, a novel highly potent PAR2 agonist, in ddY mice and in wild-type and PAR2-
knockout mice of C57BL/6 background.

2 Gastric mucosal injury was created by oral administration of HCl/ethanol solution in the mice.
The native PAR2-activating peptide SLIGRL-NH2, administered intraperitoneally (i.p.) at
0.3–1 mmol kg�1 in combination with amastatin, an aminopeptidase inhibitor, but not alone, revealed
gastric mucosal protection in ddY mice, which was abolished by ablation of capsaicin-sensitive
sensory neurons.

3 I.p. administration of 2-furoyl-LIGRL-NH2 at 0.1mmol kg�1, without combined treatment with
amastatin, exhibited gastric mucosal cytoprotective activity in ddY mice, the potency being much
greater than SLIGRL-NH2 in combination with amastatin. This effect was also inhibited by capsaicin
pretreatment.

4 Oral administration of 2-furoyl-LIGRL-NH2 at 0.003–0.03mmol kg�1 also protected against
gastric mucosal lesion in a capsaicin-reversible manner in ddY mice.

5 I.p. 2-furoyl-LIGRL-NH2 at 0.1–0.3 mmol kg�1 caused prompt salivation in anesthetized mice,
whereas its oral administration at 0.003–1mmol kg�1 was incapable of eliciting salivation.
6 In wild-type, but not PAR2-knockout, mice of C57BL/6 background, i.p. administration of
2-furoyl-LIGRL-NH2 caused gastric mucosal protection.

7 Thus, 2-furoyl-LIGRL-NH2 is considered a potent and orally available gastric mucosal protective
agent. Our data also substantiate a role for PAR2 in gastric mucosal protection and the selective
nature of 2-furoyl-LIGRL-NH2.
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Introduction

Proteinase-activated receptors (PARs) are a family of G-

protein-coupled seven-transmembrane domain receptors, con-

sisting of four members, PARs 1–4 (Ossovskaya & Bunnett,

2004). Thrombin cleaves the N-terminal extracellular domain

of PAR1, PAR3 and PAR4, but not PAR2, at the specific site

and exposes the tethered ligand (‘SFLLRN—’ for human

PAR1, ‘TFRGAP—’ for human PAR3 and ‘GYPGQV—’ for

human PAR4), which binds to the body of the receptor itself,

resulting in receptor activation. Trypsin, tryptase and coagula-

tion factors VIIa and Xa, but not thrombin, are capable of

activating PAR2 by unmasking the N-terminal receptor-

activating sequence (‘SLIGKV—’ for human PAR2). PAR1,

PAR2 and PAR4 can also be activated nonenzymatically by

SFLLR, SLIGKV and GYPGQV, respectively, synthetic

peptides based on the tethered ligand sequences (Ossovskaya

& Bunnett, 2004). PARs, particularly PAR2 and PAR1, are

distributed extensively in the mammalian body, participating

in the modulation of various physiological functions (Hollen-

berg & Compton, 2002; Kawabata, 2002; 2003). In the

gastrointestinal tract, both PAR2 and PAR1 modulates multi-

ple gastric functions, being primarily protective in gastric

mucosa (Kawabata et al., 2001a; 2003; 2004b; Kawabata,

2002; 2003; Kawao et al., 2002; 2003; Nishikawa et al., 2002).

However, the mechanisms underlying the mucosal cytoprotec-

tive effects of PAR2 and PAR1 agonists appear to be greatly

different. The mucosal cytoprotection by PAR2 agonists is

mediated by activation of capsaicin-sensitive sensory neurons

but independent of endogenous prostanoids (Kawabata et al.,

2001a), whereas PAR1 agonists cause prostanoid-dependent

mucosal protection in a manner independent of sensory

neurons (Kawabata et al., 2004b). Both PAR2 and PAR1
modulate gastrointestinal smooth muscle motility (Saifeddine

et al., 1996; Corvera et al., 1997; Cocks et al., 1999; Kawabata
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et al., 2001b; Kawabata, 2003). PAR2, but not PAR1, is

involved in the regulation of salivary and pancreatic exocrine

secretion (Nguyen et al., 1999; Kawabata et al., 2000). There

is also evidence that PAR2 plays a proinflammatory role in

the colon (Cenac et al., 2002) and participates in visceral

pain/hyperalgesia (Coelho et al., 2002; Kawao et al., 2004),

although PAR2 is also anti-inflammatory under certain

conditions (Fiorucci et al., 2001).

Both potent and selective agonists and antagonists for

PAR2, if any, would be of therapeutic benefit and also useful

as research tools. Although studies to screen peptide and/or

nonpeptide antagonists for PAR2 have been performed, no

appropriate PAR2 antagonists with satisfactory potency and

selectivity are available so far. In contrast, some peptide

agonists with improved potency and selectivity have been

reported (Al-Ani et al., 1999), although nonpeptide agonists

have yet to be developed. Strikingly, substitution of the

N-terminal serine residue with a furoyl group in native PAR2-

activating peptides causes dramatic enhancement of agonistic

activity (Ferrell et al., 2003), leading to the development of

2-furoyl-LIGRL-NH2, the most potent nonenzyme agonist for

PAR2 (Kawabata et al., 2004a). The potency of 2-furoyl-

LIGRL-NH2 relative to the native peptide SLIGRL-NH2 is

approximately 10, 20 and 100, as evaluated by the Ca2þ

signaling assay in cultured cells, the vasorelaxation assay in rat

superior mesenteric artery and the in vivo salivation assay in

mice, respectively. The greatly different relative potency of

these peptides in the in vitro and in vivo assay systems can be

explained, in part, by the metabolic resistance of 2-furoyl-

LIGRL-NH2 to aminopeptidase that rapidly degrades

SLIGRL-NH2 (Kawabata et al., 2004a). McGuire et al.

(2004) have independently reported the effectiveness of

2-furoyl-LIGRL-ornithine-NH2, which is almost equipotent

to 2-furoyl-LIGRL-NH2 (Kawabata et al., 2004a). In the

present study, we first examined whether parenteral adminis-

tration of SLIGRL-NH2 could protect against gastric mucosal

injury in ddY mice, as in Wistar rats (Kawabata et al., 2001a),

and then evaluated and characterized the effectiveness of

parenteral and oral 2-furoyl-LIGRL-NH2 as a gastric mucosal

cytoprotective agent, in comparison with the native peptide.

Finally, we used wild-type and PAR2-knockout mice of

C57BL/6 background in order to obtain ultimate evidence

for involvement of PAR2 in gastric mucosal protection and the

selective nature of 2-furoyl-LIGRL-NH2.

Methods

Animals

Male ddY mice weighing 20–25 g were purchased from Japan

SLC Inc. (Shizuoka, Japan). Female wild-type (PAR2
þ /þ ) and

PAR2-knockout (PAR2
�/�) mice of C57BL/6 background were

provided from Kowa Company (Tokyo, Japan) in the present

experiments. The PAR2-knockout strain was prepared as

described previously (Ferrell et al., 2003), and maintained by

backcrossing heterozygous (PAR2
þ /�) males with C57BL/6

females at each generation. The genotype of the mice was

confirmed by Southern blot analysis and PCR analysis of

DNA obtained from tail biopsy. Homozygous (PAR2
�/�) and

wild-type (PAR2
þ /þ ) female mice generated from male and

female PAR2
þ /� mice at backcross generation 8 were used at

8–12 weeks of age for the experiments. All animals were used

with approval by the Kinki University School of Pharmaceu-

tical Sciences’ Committee for the Care and Use of Laboratory

Animals, on the basis of Guiding Principles for the Care and

Use of Laboratory Animals Approved by The Japanese

Pharmacological Society.

Experimental gastric mucosal lesion in mice

After 18–24 h fast, conscious mice received oral administration

of 150mM HCl/60% ethanol in a volume of 0.3ml, and were

killed by cervical dislocation under ether anesthesia after 1 h.

The stomach was then excised and fixed in 10% formalin

solution. A digital photograph of the whole stomach was taken

and analyzed for the size of the injured area by an image

process program (Win Roof, Fukui, Japan) in a blinded

evaluation. Lesion area is expressed as a percentage of the total

area of the stomach except for the fundus. The test compounds

including SLIGRL-NH2 and 2-furoyl-LIGRL-NH2 were

administered intraperitoneally (i.p.) 5min before or orally 1 h

before challenge with oral administration of HCl/ethanol.

Amastatin, an inhibitor of aminopeptidase that degrades

peptides, was administered i.p. immediately before i.p.

injection with SLIGRL-NH2.

Salivation bioassay in mice

After 18–24 h fast, mice were anesthetized with i.p. adminis-

tration of 1.5 g kg�1 urethane, and fixed in a supine position.

According to the previously described method (Kawabata

et al., 2004a), cotton was placed in the mouth of each mouse,

and repeatedly replaced with new one every 5min. The

difference of the weight of cotton before and after the

placement of the cotton in the mouth was defined as the

amount of secreted and absorbed saliva for each 5-min

interval. Salivation was monitored for 45min after i.p. or oral

administration of 2-furoyl-LIGRL-NH2.

Ablation of capsaicin-sensitive sensory neurons

Ablation of capsaicin-sensitive sensory neurons was conducted

by repeated administration of capsaicin. Briefly, the mice

received subcutaneous administration of capsaicin in doses of

25, 50 and 50mgkg�1 (125mg kg�1 in total), three times, at 0, 6

and 32 h, respectively. Before each dose of capsaicin, the mice

were anesthetized with i.p. pentobarbital at 45mg kg�1. The

mice were used for experiments 10 to 13 days after the last dose

of capsaicin. In the preliminary experiments, the efficacy of

capsaicin treatment was verified as described previously

(Barrachina et al., 1997; Steinhoff et al., 2000).

Reverse transcriptase–polymerase chain reaction (RT–
PCR) for detection of PAR2 mRNA in mouse stomach

The wild-type and PAR2-knockout C57BL/6 background mice

were killed by exsanguination under urethane anesthesia, and

the stomach was excised. Total RNA, extracted from the tissue

homogenate in the TRIzol reagent (Invitrogen, CA, U.S.A.),

was reverse-transcribed and then amplified by PCR using the

RNA LA PCR kit (AMV) version 1.1 (Takara, Japan). The

PCR primers were: 50-CAACAGTAAAGGAAGAAGTCT-30

and 50-AGGCAGCACATCGTGGCAGGT-30 for mouse
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PAR2; and 50-TGCATCCTGCACCACCAACT-30 and 50-
AACACGGAAGGCCATGCCAG-30 for mouse GAPDH.
The PCR reactions for PAR2 and GAPDH were allowed to

proceed for 35 and 30 cycles, respectively (941C for 30 s, 551C

for 30 s and 721C for 60 s). The PCR products (601 bp for

PAR2 and 259 bp for GAPDH) were visualized by 2% agarose

gel electrophoresis followed by the ethidium bromide staining.

Drugs

SLIGRL-NH2 and 2-furol-LIGRL-NH2 were synthesized by a

solid-phase method and purified by high-performance liquid

chromatography (HPLC), and the composition and purity

were determined by mass spectrometry. Amastatin and

capsaicin were purchased from Sigma-Aldrich (St Louis,

MO, U.S.A.). Capsaicin was dissolved in a solution containing

10% ethanol, 10% Tween-80 and 80% saline, and all other

chemicals were dissolved in saline.

Statistical analysis

Data are shown as mean7s.e.m. Statistical analysis was
performed by Student’s t-test for two-group data and by

Tukey’s test for multiple-group data, and significance was

accepted when Po0.05.

Results

Protective effect of i.p. administration of the native
PAR2-activating peptide SLIGRL-NH2 on the gastric
mucosal injury caused by HCl/ethanol in ddY mice

SLIGRL-NH2, when administered i.p. at 0.03–1mmol kg�1 in
combination with i.p. 2.5mgkg�1 amastatin, an inhibitor of

aminopeptidase, protected against HCl/ethanol-induced gas-

tric mucosal lesion in a dose-dependent manner in ddY mice,

although the largest dose, 3 mmol kg�1, of SLIGRL-NH2
exhibited a relatively reduced protective activity (Figure 1a

and b). In contrast, SLIGRL-NH2, given i.p. at 1 mmol kg�1

alone without combined administration of amastatin, pro-

duced no significant effects. These characteristics are in

agreement with those shown in Wistar rats in the previous

study (Kawabata et al., 2001a). The gastric mucosal cytopro-

tective effect of i.p. SLIGRL-NH2 at 1 mmol kg�1 in combina-
tion with amastatin disappeared when capsaicin-sensitive

sensory neurons were ablated by pretreatment with large

doses of capsaicin (Figure 1c).

Gastric mucosal cytoprotection caused by i.p. and oral
administration of the potent PAR2-activating peptide
2-furoyl-LIGRL-NH2 in ddY mice with HCl/ethanol-
induced gastric mucosal injury

The potent PAR2-activating peptide 2-furoyl-LIGRL-NH2,

administered i.p. at 0.01–0.1mmol kg�1, alone without com-
bined administration with amastatin, exerted gastric mucosal

protection in a dose-dependent manner in ddY mice with HCl/

ethanol-induced mucosal lesion (Figure 2a). Of note is that, in

our preliminary experiments, i.p. 2-furoyl-LIGRL-NH2 at

1 mmol kg�1 exhibited no significant protective activity (data
not shown). Interestingly, 2-furoyl-LIGRL-NH2 at 0.003–

0.03mmol kg�1, when administered orally 1 h before challenge
with oral HCl/ethanol, revealed significant protective effects in

the gastric injury model, although oral 2-furoyl-LIGRL-NH2
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Figure 1 Protective effects of parenteral administration of the
native PAR2-activating peptide SLIGRL-NH2 on HCl/ethanol-
evoked gastric mucosal injury in ddY mice. SLIGRL-NH2 at
0.03–3 mmol kg�1 in combination with amastatin at 2.5mmol kg�1

was administered i.p. 5min before oral administration of 150mM
HCl/60% ethanol in mice. (a) Typical photographs for the HCl/
ethanol-evoked gastric mucosal injury in the mice pretreated with
i.p. vehicle or SLIGRL-NH2 at 1 mmol kg�1 in combination with
amastatin. (b) Dose-related gastric mucosal protective effect of i.p.
SLIGRL-NH2 in combination with amastatin or alone in the mice.
Data show the mean with s.e.m. from 26 (vehicleþ amastatin) or 10
to 15 (others) mice. (c) Effect of ablation of capsaicin-sensitive
sensory neurons on the gastric mucosal protection exerted by i.p.
SLIGRL-NH2 at 1 mmol kg�1 in combination with amastatin.
Ablation of the sensory neurons was achieved by pretreatment with
repeated doses of capsaicin. Data show the mean with s.e.m. from 4
to 5 mice. ns, not significant; V, vehicle.
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at the largest dose, 0.1 mmol kg�1, had no significant effect
(Figure 2b). In our preliminary experiments, 2-furoyl-LIGRL-

NH2, when administered orally 15 or 30min before oral HCl/

ethanol, failed to exhibit protective effect (data not shown).

Of note is that oral administration of SLIGRL-NH2 at

0.3–3mmol kg�1 with or without combined administration of
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Figure 2 Dose-related protective effects of i.p. and oral adminis-
tration of the potent PAR2-activating peptide 2-furoyl-LIGRL-NH2
on HCl/ethanol-evoked gastric mucosal injury in ddY mice. 2-
furoyl-LIGRL-NH2 (2f-LIGRL-NH2) at 0.01–0.1 mmol kg�1 and
0.003–0.1 mmol kg�1 was administered i.p. 5min before (a) and orally
1 h before (b) oral administration of 150mM HCl/60% ethanol,
respectively, in the mice. Data show the mean with s.e.m. from 10 to
18 mice. ns, not significant; V, vehicle.
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Figure 3 Effect of ablation of capsaicin-sensitive sensory neurons
on the mucosal protection caused by i.p. or oral 2-furoyl-LIGRL-
NH2 (2f-LIGRL-NH2) in the ddY mice with HCl/ethanol-evoked
gastric mucosal injury. Ablation of the sensory neurons was
achieved by pretreatment with repeated doses of capsaicin. 2-
furoyl-LIGRL-NH2 (2f-LIGRL-NH2) at 0.1 and 0.03 mmol kg�1 was
administered i.p. 5min before (a) and orally 1 h before (b) oral
administration of 150mM HCl/60% ethanol, respectively, in the
mice. Data show the mean with s.e.m. from 8 to 10 mice. ns, not
significant; V, vehicle.
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amastatin produced no significant gastric mucosal protection

in ddY mice (data not shown). The gastric mucosal protective

effect of either i.p. or oral administration of 2-furoyl-LIGRL-

NH2 (at 0.1 and 0.03mmol kg�1 for i.p and oral doses,

respectively) was inhibited by ablation of capsaicin-sensitive

sensory neurons (Figure 3).

Effects of i.p. or oral administration of 2-furoyl-LIGRL-
NH2 on salivary exocrine secretion in mice

It is of importance to know if the gastric mucosal protection

caused by orally administered 2-furoyl-LIGRL-NH2 is due to

its local effect on the gastric mucosa or a consequence of its

absorption and systemic distribution. Although 2-furoyl-

LIGRL-NH2 in blood stream is considered metabolically

more stable than the native peptide SLIGRL-NH2 due to its

resistance to aminopeptidase (Kawabata et al., 2004a), it is

very difficult to determine and monitor the blood levels of

2-furoyl-LIGRL-NH2 because of its rapid clearance. In

addition, problems to perform pharmacokinetic experiments

include difficulty in repeated blood sampling in mice and

insufficient sensitivity of usual HPLC analysis to detect blood

levels of 2-furoyl-LIGRL-NH2 when given i.p. or orally at

effective doses, 0.003–0.1 mmol kg�1. In this context, we

monitored the time course of the effect of 2-furoyl-LIGRL-

NH2 as a secretagogue for salivation in anesthetized mice. I.p.

administration of 2-furoyl-LIGRL-NH2 at 0.1mmol kg�1, the

maximal dose in the gastric mucosal protection assay (see

Figure 2a), caused prompt salivation, an effect peaking at

10min and disappearing at 40min (Figure 4a). The salivation

caused by i.p. 2-furoyl-LIGRL-NH2 is thus relatively delayed

and persistent, compared to the effect of i.v. administration of

2-furoyl-LIGRL-NH2 in the previous study (Kawabata et al.,

2004a). The dose-related experiments showed that 2-furoyl-

LIGRL-NH2 produced no additional effect at 0.3 mmol kg�1

and was inactive as a secretagogue at 0.03 mmol kg�1. On the
other hand, oral administration of 2-furoyl-LIGRL-NH2 at

0.03mmol kg�1 that was protective against gastric mucosal
injury (see Figure 2b), produced no salivation for 45min

(Figure 4b). Lower and higher oral doses, 0.003, 0.3 and

1mmol kg�1, of 2-furoyl-LIGRL-NH2 also failed to cause
salivation (Figure 4d).

Protective effect of 2-furoyl-LIGRL-NH2 on HCl/
ethanol-induced gastric mucosal injury in wild-type
and PAR2-knockout mice of C57BL/6 background

To obtain ultimate evidence for involvement of PAR2 in

gastric mucosal protection and selective nature of 2-furoyl-

LIGRL-NH2, we next employed wild-type and PAR2-knock-

out mice of C57BL/6 background. The presence and absence

of PAR2 mRNA in the stomach were confirmed in wild-type

and PAR2-knockout mice, respectively (Figure 5a). In the

wild-type mice, as in ddY mice, i.p. administration of 2-furoyl-
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Figure 4 Activity of 2-furoyl-LIGRL-NH2, administered i.p. or orally, as a secretagogue for saliva in ddY mice. 2-furoyl-LIGRL-
NH2 (2f-LIGRL-NH2) was administered i.p. and orally, respectively, to the mouse under urethane anesthesia. (a and b) Time-
related salivation activity of i.p. (a) and oral (b) administration of 2-furoyl-LIGRL-NH2 (2f-LIGRL-NH2) at 0.1 and
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LIGRL-NH2 significantly reduced the HCl/ethanol-evoked

gastric mucosal lesion. In contrast, i.p. 2-furoyl-LIGRL-NH2
produced no significant gastric mucosal protection in PAR2-

knockout mice.

Discussion

The present data show that the native PAR2-activating peptide

SLIGRL-NH2 in combination with amastatin, administered

i.p., exhibits gastric mucosal cytoprotective activity by

activating capsaicin-sensitive sensory neurons in mice, as in

rats (Kawabata et al., 2001a), and that the novel potent PAR2
agonist 2-furoyl-LIGRL-NH2, even without combined admin-

istration of amastatin, is much more potent as a gastric

mucosal protective agent than SLIGRL-NH2. Of importance

is that oral administration of 2-furoyl-LIGRL-NH2, but not

SLIGRL-NH2, is also highly effective. It is clear from the data

in the salivation assay that the gastric mucosal protection

caused by oral 2-furoyl-LIGRL-NH2 is a result of its local

effect on the gastric mucosa, but not its absorption followed by

systemic distribution. Finally, the data obtained from the

experiments employing wild-type and PAR2-knockout mice of

C57BL/6 background provide ultimate evidence for involve-

ment of PAR2 in gastric mucosal cytoprotection and selective

nature of 2-furoyl-LIGRL-NH2.

PAR2 plays multiple roles in gastric mucosa (Kawabata,

2002; 2003). Parenteral administration of PAR2-activating

peptides causes prompt secretion of gastric mucus by activat-

ing capsaicin-sensitive sensory neurons in rats, which is in

agreement with their neurally mediated mucosal cytoprotective

effect in rats and mice in the previous (Kawabata et al., 2001a)

and present studies, respectively. The mechanisms underlying

the evoked mucus secretion appear to involve activation of the

CGRP-CGRP1 receptor pathway and the neurokinin-NK2
receptor pathway (Kawabata et al., 2001a). Nonetheless,

PAR2 agonists exert various actions in the stomach that are

independent of capsaicin-sensitive sensory neurons (Kawaba-

ta, 2002; 2003). Parenteral administration of PAR2 agonists

suppresses carbachol-evoked gastric acid secretion by un-

known mechanisms independent of sensory neurons (Nishika-

wa et al., 2002), and causes transient increase in gastric

mucosal blood flow possibly by activating endothelial PAR2 in

the gastric arterioles followed mainly by activation of the

endothelium-derived hyperpolarizing factor (EDHF) pathway

(Kawabata et al., 2001a; 2003). These non-neuronal actions of

PAR2 agonists might promote their neurally mediated gastric

mucosal protective effect. In contrast, immunoreactive PAR2
is abundantly expressed in gastric mucosal chief cells, and

PAR2 stimulation actually causes pepsinogen secretion (Ka-

wao et al., 2002). Thus, the roles played by PAR2 in the gastric

mucosa are complex, although PAR2 is considered primarily

protective in the gastric mucosa (Kawabata, 2002; 2003). Since

no appropriate PAR2 antagonist is available at present, our

present evidence obtained from PAR2-knockout mice is critical

to substantiate involvement of PAR2 in gastric mucosal

cytoprotection.

The potent protective effect of i.p. 2-furoyl-LIGRL-NH2
without combined administration of the aminopeptidase

inhibitor amastatin, as shown in the present study, is

considered to be due to the enhanced agonistic activity and

improved metabolic resistance to aminopeptidase, compared

with the native peptides (Kawabata et al., 2004a). The oral

availability of 2-furoyl-LIGRL-NH2 as a gastric mucosal

protective agent is particularly beneficial to consider its clinical

application. In addition, the evidence that the protective effect

of oral 2-furoyl-LIGRL-NH2 may occur without its systemic

distribution is also advantageous to avoid its side effects on

organs other than the stomach. The finding that the oral

effective dose range of 2-furoyl-LIGRL-NH2 was much lower

than its i.p. effective doses also supports possible involvement

of local protective effects of oral 2-furoyl-LIGRL-NH2 in the

stomach without systemic distribution, being preferable to

consider therapeutic application. Of note is that oral admin-

istration of 2-furoyl-LIGRL-NH2 itself in a dose range that

was effective in the gastric mucosal protection assay, did not

apparently cause any mucosal damage or inflammatory

symptoms throughout the gastrointestinal tract (Kawabata

et al., unpublished data), although intracolonic administration

of PAR2 agonists may cause colonic inflammation and/or
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Figure 5 Protective effect of 2-furoyl-LIGRL-NH2 on the HCl/
ethanol-evoked gastric mucosal injury in wild-type and PAR2-
knockout mice of C57BL/6 background. (a) Detection of mRNA
for PAR2 in the stomach isolated from the wild-type, but not
PAR2-knockout (PAR2-KO), mice. (b) 2-furoyl-LIGRL-NH2 (2f-
LIGRL-NH2) at 0.1mmol kg�1 was administered i.p. 5min before
oral administration of 150mM HCl/60% ethanol in the wild-type
and PAR2-knockout mice. V, vehicle; ns, not significant. Data show
the mean with s.e.m. from 14 to 18 mice.
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visceral hyperalgesia in mice or rats (Cenac et al., 2002; Coelho

et al., 2002; Kawao et al., 2004).

The unusual present finding that both i.p. and/or oral

administration of both the PAR2 agonists had no significant

protective effect at high doses in mice is consistent to several

previous reports concerning the gastric mucosal protective effect

of agonists for PAR2 or PAR1 in rats and also the salivation

by PAR2 agonists (Kawabata et al., 2000; 2001a; 2004b).

Considering that PAR2 often plays a dual role, being pro- and

anti-inflammatory, in other organs including the lung and colon

(Cocks & Moffatt, 2001; Kawabata, 2002; 2003), it can be

speculated that a possible proinflammatory effect of PAR2
agonists at high doses might overcome the protective effect in

gastric mucosa. Another point to be addressed is that 2-furoyl-

LIGRL-NH2, when administered i.p. 5min before oral HCl/

ethanol, produced protective effect, whereas it was effective

when given orally 1 h, but not 15 or 30min, before HCl/ethanol.

Since the protective effect of oral 2-furoyl-LIGRL-NH2 is

attributable to its local effect in gastric mucosa without systemic

distribution, as mentioned above, it is likely that orally

administered 2-furoyl-LIGRL-NH2 might take more than

30min to reach its possible effective sites through some barriers

including mucus gel layers in the gastric mucosal surface before

large dilution or washout with subsequent oral HCl/ethanol.

Based on our present findings, we conclude that PAR2 plays

a protective role in gastric mucosa and propose that the novel

PAR2 agonist 2-furoyl-LIGRL-NH2 is an orally available

potent gastric mucosal protective agent.
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