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Impairment of PAR-2-mediated relaxation system in colonic
smooth muscle after intestinal inflammation
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1 Protease-activated receptor (PAR)-2 plays important roles in intestinal inflammatory responses.
Changes in PAR-2-mediated smooth muscle function may contribute pathophysiologically to the
intestinal motility disorders often observed in inflammatory bowel disease (IBD).

2 Stimulation of PAR-2 by trypsin-induced relaxation of carbachol- and KCl-induced contractions
in normal rat colonic smooth muscle was completely resolved by tissue pretreatment with apamin, but
not by pretreatment with -lNMMA or a cocktail of neuronal blockers (tetrodotoxin, hexamethonium
and propranolol).

3 In colon inflamed by dextran sodium sulphate (DSS), trypsin-induced inhibitory effects were
significantly reduced. Relaxation induced by SLIGRL-NH,, a selective PAR-2-activating peptide, was
also reduced in DSS-treated rat colon. However, inhibitory effects of 1-ethylbenzimidazolin-2-one, an
activator of small conductance Ca’*-activated K+ channel, were unaffected.

4 Expression of PAR-2 mRNA in colonic muscularis externa was significantly lower in DSS-treated
rats than in control rats.

5 These results suggest that the PAR-2 mediated relaxation system in colonic smooth muscle is
suppressed in this experimental colitis rat model, and may contribute to motility disorders in IBD.
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Introduction

Protease-activated receptors (PARs) are a novel family of
seven-transmembrane G-protein-coupled receptors activated
by proteolytic cleavage of the extracellular N-terminal domain,
resulting in the generation of a new tethered ligand activating
the receptor itself (Vu et al., 1991; Nystedt et al., 1994;
Hollenberg et al., 1996; Ishihara et al., 1997). To date, four
members of this family have been identified and all are
activated by endogenous proteinases. Among the PAR family,
the function of protease-activated receptor-2 (PAR-2) has been
widely studied, and this receptor is known to be involved in
inflammation, allergies, haemorrhaging, exocrine activities and
intestinal ion transport (Nguyen et al., 1999; Kawabata et al.,
2000c; Ossovskaya & Bunnett, 2004).

Intestinal motility is reportedly impaired in patients with
inflammatory bowel disease (IBD) such as Crohn’s disease and
ulcerative colitis (Reddy et al., 1991; Annese et al., 1997
Kinoshita er al., 2003), and alterations to intestinal motor
function are often associated with indications of inflammation
(Koch et al., 1988; Bossone et al., 2001). The development of
intestinal dysmotility may in turn result in abnormal growth
of intestinal microflora, subsequently inducing a translocation
of bacteria or bacterial products through the impaired mucosal
barrier. These events probably form a vicious cycle, increasing
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the severity of intestinal injury. Furthermore, trinitrobenzene
sulphonic acid-induced colitis induces a loss of inhibitory
nitrergic neurotransmission in rabbits (Depoortere et al., 2002),
and dextran sulphate sodium (DSS)-induced colitis also impairs
non-adrenergic, non-cholinergic inhibitory neuron-dependent
relaxation in the distal colon of rats (Mizuta et al., 2000).
PAR-2 is highly expressed in cells of the gastrointestinal
tract such as epithelial cells, neuronal elements and myocytes
(Nystedt et al., 1994; Vergnolle, 2000; Kawabata, 2002), and
activated with trypsin, mast cell tryptase and factors VIIa and
Xa (Ossovskaya & Bunnett, 2004). Although the mechanisms
of PAR-2-induced inflammation are not clearly understood,
PAR-2 activation is thought to be linked to proinflammatory
responses in intestinal tissues (Cenac et al., 2002; 2003).
Moreover, PAR-2 reportedly modulates smooth muscle
motility, and activation of these receptors induces relaxant,
contractile or biphasic responses (Kawabata et al., 2000a, b;
Mule et al., 2002a, b). As intestinal inflammation is associated
with the generation and release of proteases that are potential
activators of PAR-2, identifying the role of PAR-2 in intestinal
inflammatory disease is important. However, in pathophysio-
logical conditions involving the gastrointestinal tract, such
as IBD, the behaviour of PAR-2 in smooth muscle cells
and the effect of PAR-2 agonists on contraction have not been
fully elucidated. The present study thus aimed to assess
possible changes in PAR-2-mediated relaxation pathways
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in colonic smooth muscle contractions using a rat model of
DSS-induced colitis.

Methods
Induction of colitis and tissue preparation

Colonic inflammation was induced in male Sprague—Dawley
rats (7- to 10 weeks old) by administering 5% (wtvol™") DSS
(molecular weight, 36,000-50,000) in drinking water for 5 or 7
days (DSS-treated rats). For each control, drinking water
without DSS was supplied for 5 or 7 days (control rats).
Procedures and care were approved by the Animal Care and
Use Committee of Yamaguchi University. Rats were anaes-
thetised using ether, stunned by a blow on the head and
exsanguinated. The distal colon was then excised. To assess the
severity of colitis, body weight and length of the colon were
measured. Colonic tissue isolated from control or DSS-treated
rats was cut open along the mesenteric attachment, and the
mucosal layer was removed. The following experiments mainly
used rats treated with DSS for 7 days. In some experiments,
rats treated with DSS for 5 days were used. The remaining
muscle layers prepared for mechanical experiments were
placed in tris (hydroxymethyl) aminomethane (Tris)-buffered
solution (NaCl, 123.7mmMm; KCIl, 2.7mM; MgCl,, 1.0mMm;
CaCl, 1.8 mM; glucose, 5.5mM; Tris, 25 mM; and ethylenedia-
minetetraacetic acid (EDTA), 0.01 mM; pH 7.4 at 37°C).

Myeloperoxidase assay

Myeloperoxidase (MPO) activity was measured as an index of
tissue inflammation in tissue extracts using a slight modifica-
tion of previously described methods (Bradley ez al., 1982).
The mucosal layer removed from the distal colon or the
smooth muscle layer was homogenised in 1ml of 50 mMm
potassium phosphate buffer containing 0.5% hexadecyltri-
methylammonium bromide (pH 6.0) using a Polytron homo-
geniser (Kinematica, Lucerne, Switzerland). Homogenates
were frozen in liquid nitrogen and thawed using a sonicator
(Taitec, Nagoya, Japan). These procedures were repeated three
times, then homogenate was centrifuged at 40,000 x g for
30min at 4°C. Supernatants were used to measure MPO
activity. MPO in the sample was activated by 0.0005% H,O,
in potassium phosphate buffer solution containing 0.5mM
o-dianosidine dihydrochloride (pH 6.0). Optical density was
recorded using a spectrophotometer (Hitachi, Tokyo, Japan)
and converted to MPO activity using the standard curve for
human leukeocyte MPO. Concentrations of protein in super-
natants were measured using a protein assay kit (Bio-Rad,
Tokyo, Japan) based on the methods of Bradford (1976). For
protein assay, bovine serum albumin was used as a standard.

Measurement of muscle tension

Muscle strips isolated from the distal colon were suspended
along the circular axis in a tissue bath filled with Tris-buffered
solution at 37°C in an atmosphere of 100% O, (pH 7.4).
Responses of circular smooth muscle were measured isome-
trically under a resting tension of 10 mN and recorded. After
equilibration for 15min in a bath, each strip was repeatedly
exposed to 65.4mM KCI until responses stabilised. Concentra-

tion-response curves for KCl and carbachol were obtained
using single application of agonists. To avoid the possibility
of changes in tissue sensitivity during the course of this
experiment, each dose of agonist was applied at random. At
the end of tension measurements, wet weight of each muscle
strip was measured. To evaluate absolute force induced by
KCl or carbachol, area under the curve (AUC) of each agonist
was calculated and normalised to wet weight of each strip.

For experiments to evaluate relaxations induced by PAR-2
agonist and 1-ethylbenzimidazolin-2-one (1-EBIO), each strip
was precontracted using KCIl or carbachol. PAR-2 agonists
and 1-EBIO were applied at Smin after the addition of
agonists. In KCl-stimulated colon, each contraction level was
compared before and after addition of PAR-2 agonists. In rat
colonic circular smooth muscle, carbachol induced large phasic
contractions followed by oscillatory contraction that were
smaller than phasic contractions, but the relaxing effects are
difficult to evaluate (Figure 3a). To evaluate the inhibitory
effects of PAR-2 agonists and 1-EBIO on carbachol-induced
contraction, AUCs in the presence and absence of PAR-2
agonists and 1-EBIO were compared.

Reverse transcriptase—polymerase chain reaction

Total RNA was extracted from colonic smooth muscle strips
of control and DSS-treated rat using TRIzol reagent (Invitro-
gen, Tokyo, Japan). RNA concentration was adjusted to
1 ugpl™! with RNase-free distilled water. Reverse transcrip-
tase—polymerase chain reaction (RT-PCR) was performed
using an Access Quick RT-PCR System (Promega, Tokyo,
Japan), which combined cDNA synthesis and PCR in a single
reaction. Next, 1 ul of total RNA was added to the 49-ul final
reaction mixture solution. For single-step RT-PCR, reverse
transcription (48°C for 50min) was followed by initial
denaturation at 95°C for 2min. Cycling profiles used were:
denaturing at 95°C for 30s; annealing at 55°C for 1 min and
extension at 72°C for 2min. A total of 22-32 cycles was used,
followed by a final extension step of 5Smin at 72°C. The
following oligonucleotide primers were designed (Kawabata
et al., 2000c; Nishikawa et al., 2002):

PAR-2, 5-CACCAGTAAGGGAGAAGTCT-3' (sense) and
5'-GGGCAGCACGTCGTGACAGGT-3' (antisense); and
p-actin, 5-CGTGGGCCGCCCTAGGCACCA-3 (sense) and
5-TTGGCCTTAGGGTTCAGGGGG-3' (antisense).

All primers were designed to avoid significant secondary
and complementary structures and to include a GC content of
50-60%. Suitable sizes of synthesised cDNA for PAR-2 and
p-actin were 598 and 537 bp, respectively. PCR products in
each cycle were electrophoresed on 2% agarose gel. PCR
products of the predicted size were stained using ethidium
bromide and visualised using an ultraviolet transilluminator
(UVP, Cambridge, U.K.). Quantification of each band was
performed using Scion Image densitometry analysis software
(Scion Corporation, Maryland, U.S.A.). PCR signals yielded
by PAR primers were normalised to the PCR signal generated
by primers for f-actin.

Chemicals

Chemicals used were as follows: SLIGRL-NH, (Bachem,
Bubendorf, Switzerland), carbachol, o-dianosidine dihydrochlor-
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ide, hexadecyltrimethylammonium bromide, human leukeo-
cyte MPO, tetrodotoxin (TTX), hexamethonium, propra-
nolol (Sigma, Tokyo, Japan); EDTA (Dojindo Laboratories,
Tokyo, Japan); trypsin, apamin, 1-EBIO, DSS (36,000-50,000
molecular weight), Tris (Wako Pure Chemical, Osaka,
Japan) and bovine serum albumin (Roche Diagnostics,
Tokyo, Japan).

Statistical analyses

Results are expressed as means+standard error of the
mean (s.e.m.). Statistical evaluation of data was performed
using paired or unpaired Student’s f-tests for comparisons
between two groups and one-way analysis of variance
(ANOVA) followed by the Tukey test for comparisons among
>3 groups with Prism software (Graph Pad Software,
California, U.S.A.). Values of P<0.05 were considered
statistically significant.

Results
Clinical observations in DSS-treated rat colon

Rats treated with 5% (wtvol™') DSS developed bloody
diarrhoea 5-7 days after initiating DSS treatment. Although
mean body weight for control and DSS-treated rats at 7 days
was increased, rate of increments in bodyweight was sig-
nificantly lower for DSS-treated rats than for control rats
(Figure 1la). Mean colon length was also significantly
decreased in DSS-treated rats (Figure 1b). Bloody stool and
fresh blood were found in the opened colons of DSS-treated
rats. Although MPO activity was significantly increased in the
mucosal layer of DSS-treated rat colon, MPO activities in the
smooth muscle layer of DSS-treated colon were not signifi-
cantly changed (Figure 1c).

KCI- and carbachol-induced contractions

The preliminary experiments analysed length—tension relation-
ships stimulated using 65.4 mM KCl in colonic circular smooth
muscles isolated from control and DSS-treated rats, confirm-
ing that the relationship was unchanged after DSS treatment
(optimal resting tension: 10mN) (data not shown). We first
examined the effects of KCl (15.4-65.4 mM) on contractions in
control and DSS-treated rat colonic smooth muscle. Absolute
contractile forces induced by KCl tended to be slightly smaller
in DSS-treated rats than in control rats, but no significant
differences were identified (Figure 2a). Next, carbachol-
induced contractions were compared between control and
DSS-treated rats. Carbachol (1 nM—10 uM)-induced contrac-
tions were significantly decreased in DSS-treated rat colon
compared with control rat colon (Figure 2b).

Suppression of PAR-2 agonist -induced relaxation

PAR-2 agonists such as trypsin and SLIGRL-NH, induced
relaxation in rat colonic circular smooth muscle. In the study
of mechanical responses, adopting the same size of precon-
tractions is important for comparing PAR-2-induced relaxa-
tion in control and DSS-treated rat colon. For this reason,
different concentrations of carbachol and KCI were used in
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Figure 1 Changes in body weight, colon length and myeloperox-
idase (MPO) activity in control and dextran sodium sulphate (DSS)-
treated rat colon. Body weight of rats treated with DSS for 7 days
was significantly decreased compared to control rats. Body weight
of rats at day 0 was considered 100% (a). Length of the whole colon
was significantly decreased in DSS-treated rats (b). MPO activity
was significantly increased in the mucosal layer of DSS-treated rat
colon (¢). **P<0.01, n=6-9.

control and DSS-treated rats. Single application of 0.3 uM
carbachol to control rat colon induced contraction at
0.114+0.03AUCmg~' wet weight. In the colons of rats
treated with DSS for 5 and 7 days, 1 uM carbachol induced
contractions at 0.12+0.04 and 0.09+0.03AUCmg! wet
weight, respectively. Single application of 20.4mM KCI
induced contraction at 0.22+0.02AUCmg™~"' wet weight in
control rat colon, while 25.4mM KCI induced contraction
at 0.25+0.06 AUCmg~' wet weight in rat colon treated
with DSS for 7 days. No significant differences were noted
in each agonist-induced contraction between control and
DSS-treated rat colon.

In control rat colonic circular smooth muscle, 0.3 uM
carbachol induced phasic contraction followed by oscillatory
contraction (Figure 3a). No differences in contractile pattern
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Figure 2 Analytical results of alterations in contractions induced
by KCI (a) and carbachol (b) in control and DSS-treated rat colon.
Contractile response was calculated as area under the curve (AUC),
and AUC was normalised by wet weight of tissues (AUCmg™'
w.w.). Results are expressed as means+s.e.m. of 10-11 experiments.
*P<0.05, **P<0.01.

were induced by carbachol in control and DSS-treated rat
colon. At Smin after addition of 0.3 uM carbachol, addition
of 1uM trypsin induced strong and sustained relaxation in
control rat colon (Figure 3b). In rat colon treated with DSS for
7 days, addition of 1 uM trypsin evoked only mild relaxation in
the presence of 1 uM carbachol (Figure 3c¢).

Figure 3d shows the quantitative data for relaxations, and
relaxation induced by 1uM trypsin was significantly smaller
in DSS-treated rat colon than in control rat colon. This
suppression was dependent on duration of DSS treatment. In
the presence of 65.4 mM KClI, trypsin did not induce relaxation
in control rat colon (data not shown). Although trypsin
evoked a large phasic relaxation for 20.4mM KCl-induced
contraction in control rat colon (Figure 4a), only mild phasic
relaxation was observed with the addition of trypsin in DSS-
treated rat colon (Figure 4b). Figure 4c shows quantitative
data demonstrating that relaxation induced by 1uM trypsin
was significantly smaller in DSS-treated rat colon than in
control rat colon. Single application of SLIGRL-NH, (30 uMm)
induced relaxation in control rat colon contracted using 0.3 uM
carbachol. Amplitude of relaxation induced by SLIGRL-NH,
was almost equal to that induced by 1 uM trypsin. In DSS-
treated rat colon contracted using 1 uM carbachol, relaxation
induced by the addition of 30 uM SLIGRL-NH, was also
significantly smaller than that in control rat colon (Figure 5).

Involvement of Ca’™ -sensitive small conductance K+
channels

To evaluate the inhibitory mechanism of trypsin, 0.1 uM
apamin was applied 20min before addition of 0.3 uM
carbachol in control rat colon. Trypsin (1 uM) was applied
Smin after addition of carbachol. The inhibitory effects of
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Figure 3 Inhibitory effect of trypsin on carbachol-induced contraction in control and DSS-treated rat colon. Typical results of
0.3 uM carbachol-induced contraction for 10 min in control rat colon (a). Trypsin (1 uM) was applied at Smin after addition
of 0.3 uM carbachol in control rat colon (b) and 1 uM carbachol in rat colon treated with DSS for 7 days (c). Analytical results
of relaxations in control rat colon and DSS-treated rat colon (treated with DSS for 5 days (day 5) or 7 days (day 7)) (d). AUC of
carbachol in the absence of trypsin was considered 100%. Results are expressed as means +s.e.m. of 6-12 experiments. ** P<0.01 vs

control; P <0.01 vs day 5; w.o., washing out.
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Figure 4 Inhibitory effect of trypsin on KCl-induced contractions
in control and DSS-treated rat colon. Trypsin (1 uM) was applied for
Smin at 5min after the addition of 20.4 mM KCl in control rat colon
(a) and 25.4mM in DSS-treated rat colon (b). Analytical results of
relaxations in control and DSS-treated rat colon (c). Contraction
induced by KCI just before addition of trypsin was considered
100%. Results are expressed as means+s.e.m. of 5-6 experiments.
**P<0.01; w.o., washing out.
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Figure 5 Inhibitory effect of SLIGRL-NH, on carbachol-induced
contraction in control and DSS-treated rat colon. SLIGRL-NH,
(30 um) was applied Smin after the addition of 0.3 uM carbachol in
control and 1uM in DSS-treated rat colon for Smin. AUC of
carbachol in the absence of SLIGRL-NH, was considered 100%.
Results are expressed as means+s.e.m. of 7-9 experiments.
*P<0.05.

trypsin on carbachol-induced contraction were almost com-
pletely suppressed in the presence of apamin (Figure 6a).
We next examined the effect of INMMA, a NO synthetase
inhibitor, or a cocktail of neural blockers such as TTX,
hexamethonium and propranolol on trypsin-induced relaxa-
tion. Either -lNMMA (200 uM) or a cocktail of TTX (1 um),
hexamethonium (100 uM) and propranolol (5 uM) was applied
20 min before the addition of 0.3 uM carbachol in control rat
colon. Trypsin (1 uM) was applied Smin after addition of

carbachol, and neither - NMMA nor neural blockers exerted
any effect on trypsin-induced relaxation (Figure 6b and c).
Suppression of PAR-2 agonist-induced relaxation in DSS-
treated rat colon may be due to dysfunction of apamin-
sensitive small conductance Ca’*-activated K* (SKc,)
channels. We therefore investigated the relaxing effects of
1-EBIO, an SK, channel activator, on DSS-treated rat colon.
At S5Smin after carbachol addition, 1-EBIO (30 uM) was
applied. No significant differences in the inhibitory effects of
1-EBIO on carbachol-induced contraction were seen in control
or DSS-treated rat colon (Figure 6d).

Expression of PAR-2 mRNA detected by RT-PCR

Finally, expression of PAR-2 mRNA in rat colonic muscularis
externa was assessed in a semiquantitative manner using
RT-PCR. PCR products of PAR-2 and ff-actin were amplified
at 22, 27 and 32 cycles. In control rat colon, PCR product for
PAR-2 was detected at 22 cycles of amplification, but no PCR
product was found in DSS-treated rat colon (Figure 7a; 7 days
treatment with DSS). In contrast, expression levels of f-actin
mRNA in DSS-treated rat colon were no different from
those in control rat colon. Expression level of PAR-2 mRNA
at 27 cycles of PCR amplification was slightly smaller in
rat colon treated with DSS for 5 days and significantly smaller
in rat colon treated with DSS for 7 days compared to control
rat colon at a constant level of housekeeping gene f-actin
(Figure 7b). Decreased expression of mRNA was thus
dependent on the duration of DSS treatment.

Discussion

IBD is associated with abnormal motility, often leading to
diarrhoea or constipation. In IBD patients or animal models
of intestinal inflammation induced by treatment with DSS,
trinitrobenzenesulphonic acid or acetic acid, contractions of
colonic smooth muscle are reportedly decreased (van Bergeijk
et al., 1998; Akbarali et al., 2000; Shi & Sarna, 2000; Al-Saffar
& Hellstrom, 2001; Kinoshita et al., 2003). The present
experiments first confirmed that carbachol-induced contrac-
tion, but not KCl-induced contraction, of colonic smooth
muscle is significantly smaller in DSS-treated rats than in
control rats (Figure 2). Recent studies have clarified the
molecular mechanisms responsible for motility disorders in
the inflamed gut. These include increased activity of myosin
light chain phosphatase, which is responsible for the Ca®™-
sensitising mechanism (Ohama et al., 2003).

Activation of PAR-2 induces biphasic responses (contrac-
tion and relaxation) in gastrointestinal tissues, depending on
tissue-specific differences (Ossovskaya & Bunnett, 2004). In
addition, PAR-1 and -2 reportedly play dual roles in the
contraction of rat colon, with activation of PARs producing
contraction in longitudinal muscle and suppressing contrac-
tion in circular muscle (Mule ez al., 2002a). In the present
study, neither trypsin nor SLIGRL-NH,, a selective PAR-2-
activating peptide, induced any contraction when added under
resting conditions (data not shown). In the presence of
20.4mM of KCI, trypsin induced a transient inhibitory effect
in control rat colon (Figure 4a). However, trypsin did not
inhibit contraction under more depolarised conditions in the
presence of 65.4mM of KCI. Inhibitory effects of trypsin on
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carbachol-induced contraction in control rat colon were
almost completely suppressed by preincubation with apamin
(Figure 6a). These data suggest that the relaxing effect of
trypsin is mainly due to membrane hyperpolarisation through
the activation of apamin-sensitive SKc, channels. These
findings are consistent with previous reports using rat circular
and longitudinal smooth muscle (Mule et al., 2002a, b).

In rat colon, relaxation induced by PAR-2 agonists is
reportedly produced through NO release (Mule ef al., 2003). In
the present study, however, trypsin-induced relaxation was
unchanged in the presence of -NMMA (Figure 6b). PAR-2
is also apparently expressed on a subset of myenteric
neurons (Corvera et al., 1999) and the activation of PAR-2
elicits prolonged depolarisation and excitation of myenteric
neurons in guinea pig ileum (Linden et al., 2001). The
possibility thus remains that enteric neuron activation may
account for some of the present findings. We therefore treated
tissue with a cocktail of neural blockers including TTX,
hexamethonium and propranolol to verify neural involvement
in PAR-2 responses. In the presence of the cocktail of neural
blockers, the inhibitory effects of PAR-2 agonist on carbachol-
induced contraction remained unchanged (Figure 6c). These
results suggest that the inhibitory effect of PAR-2 agonist is
not due to the release of inhibitory neurotransmitters.

The present study found that the inhibitory effects of trypsin
on carbachol- and KCl-induced contraction are significantly
reduced in DSS-treated rat colonic smooth muscle (Figures 3
and 4). SLIGRL-NH,-induced relaxation was also signifi-
cantly decreased in DSS-treated rat colon (Figure 5). These
findings suggest that rat colonic smooth muscle relaxation
is mediated by the PAR-2/SK¢, channel system, but not by
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NO production or the release of inhibitory neurotransmitters,
and this system is suppressed under DSS-induced inflamma-
tory conditions. Regarding suppression of the PAR-2/SKc,
channel system, one possible mechanism would involve
reductions in the activity of SK, channels in DSS-treated
rats. To solve this problem, we used a selective activator of
SK¢, channel, 1-EBIO (Matsumoto et al., 2004). In DSS-
treated rat colon, 1-EBIO inhibited carbachol-induced con-
tractions, but the inhibitory effects of this compound were
unchanged after colonic inflammation (Figure 6d).

Another possible mechanism to explain suppression of
PAR-2-agonist-induced relaxation in DSS-treated rats would
be a reduction in PAR-2 expression in colonic smooth muscle.
Trypsin removes or destroys the tethered ligand or cleaves the
binding domain in the extracellular loop (Nystedt et al., 1994).
PARs are endocytosed and trafficked to lysosomes once
cleaved, irrevocably terminating signalling (Bohm ez al., 1996).
As the recovery of PAR-2 requires synthesis or mobilisation of
new receptors, expression of PAR-2 mRNA is important for
the maintenance of this system. We analysed expression levels
of PAR-2 mRNA in the smooth muscle layer using semi-
quantified RT-PCR experiments, and found that PAR-2
mRNA was significantly less expressed in DSS-treated rat
colon than in control rat colon (Figure 7). The present study
did not examine the mechanisms of suppression for PAR-2
mRNA, and further investigations are therefore warranted.

An alternative possibility remained that reductions in PAR-
2 effect are due to the impairment of the myogenic relaxation
system itself in DSS-treated rat colon. To exclude this
possibility, we examined the effect of forskolin, an adenylate
cyclase activator, on carbachol-induced contraction. Addition
of 0.3 uM forskolin induced vigorous relaxation both in control
and DSS-treated rat colons (unpublished data). Relaxation
induced by sodium nitroprusside, a guanylate cyclase activa-
tor, in colonic smooth muscle reportedly remains unchanged in
DSS-treated rats (Mizuta et al., 2000). These results suggest
that the myogenic relaxing system remains intact in DSS-
induced colitis.
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