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1 The mediators of nonadrenergic, noncholinergic (NANC) relaxation in longitudinal muscle of
the jejunum and ileum of Wistar rats were examined in vitro.

2 Treatment of the jejunal and ileal segments with a-chymotrypsin resulted in decreases in the
NANC relaxations induced by electrical ®eld stimulation (EFS) by about one half.

3 The NANC relaxations were also decreased by about one half after the segments had been
desensitized to neurotensin. A neurotensin receptor antagonist, SR48692 (10 mM) inhibited the
NANC relaxation by 56 and 34% in the jejunal and ileal segments, respectively.

4 An inhibitor of small conductance Ca2+-activated K+ channel (SK channel), apamin (100 nM)
also inhibited the NANC relaxation by 83 and 63%, respectively. Exogenous neurotensin-induced
relaxations of the two segments were abolished by apamin.

5 In the ileal segments, NG-nitro-L-arginine (L-NOARG, 100 mM), inhibited the NANC relaxation
by 43%. L-NOARG, but not apamin, further inhibited the relaxation which persisted after the
desensitization to neurotensin. Apamin with SR48692 inhibited the relaxation only to the same
extent as apamin alone.

6 EFS induced inhibitory junction potentials (i.j.ps) in the longitudinal muscle cells of the ileum.
I.j.ps consisted of a rapid and a delayed phase. L-NOARG signi®cantly inhibited only the delayed
phase.

7 EFS induced only a rapid i.j.ps in the jejunum. SR48692 and apamin inhibited the i.j.ps.

8 These ®ndings suggest that neurotensin and unknown substance(s) mediate NANC relaxation via
SK channels in the jejunum of Wistar rats, and that neurotensin via SK channels and nitric oxide
not via SK channels separately mediate the relaxation in the ileum.
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Introduction

In the rat intestine, nitric oxide has been suggested to
participate in nonadrenergic noncholinergic (NANC) relaxa-
tion of longitudinal muscle. However, an extent of its

participation was di�erent among intestinal regions. For
example, in NANC relaxation of longitudinal muscle of 8-
week-old Wistar rat intestine, nitric oxide has a very

signi®cant role in the proximal colon and a moderate role in
the ileum and the distal colon, but no role in the jejunum and
rectum (Takeuchi et al., 1998). Vasoactive intestinal peptide

(VIP) and pituitary adenylate cyclase activating peptide
(PACAP) were also suggested to partially participate the
relaxation only in the distal colon among the regions studied
(Okishio et al., 2000). These results suggest that nitric oxide

solely mediates NANC relaxation in the proximal colon and
nitric oxide, VIP and PACAP mediate that in the distal colon
of Wistar rats. Thus, the mediators of NANC relaxation in

the regions other than the proximal and distal colon of Wistar
rat intestine have not been determined thoroughly.
A high concentration of neurotensin is present in the

gastrointestinal tract of the rat (Carraway & Leeman, 1976)
as well as the bovine (Kitabgi et al., 1976) and human
intestine (Hammer et al., 1980). A relaxant e�ect of

neurotensin was ®rst reported in the rat duodenum (Carr-
away & Leeman, 1973). Subsequent studies also show that
neurotensin induces relaxation of the rat ileum (Kitabgi &

Freychet, 1978) and the proximal colon (MuleÁ & Serio, 1997),
the dog gastric corpus (McLean & Fox, 1983), the guinea-pig
ileum (Goedert et al., 1984) and colon (Kitabgi & Vincent,
1981). The role of neurotensin as a mediator of NANC

relaxation was ®rst suggested by Goedert et al. (1984)
according to indirect evidence that apamin, an antagonist
of small conductance Ca2+-activated K+ channel (SK

channel, Castle et al., 1989), inhibits both the neurotensin-
and the nerve stimulation-induced relaxations of the ileal
smooth muscle of guinea-pigs. However, no persuasive
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evidence for the role of neurotensin in NANC relaxation has
been presented so far. In the present study the mediator of
NANC relaxation in longitudinal muscle of the jejunum and

ileum of 8-week-old Wistar rats was searched. A role of
neurotensin as a mediator of the relaxation in these intestinal
regions will be shown.

Methods

Preparations of jejunal and ileal segments of rat intestine

Male Wistar rats (8-week-old) purchased from JCL Inc.

(Osaka, Japan) were used in the present study. Although we
had indicated the strain of rats used as just Wistar in our
previous papers, Wistar-ST rats belonging to a subclass of

Wistar strain were used in those studies. The rats were lightly
anaesthetized with ether and then stunned by a blow on the
head and bled via the carotid arteries. Segments of the
jejunum and ileum were removed and placed in Tyrode

solution consisting of (in mM): NaCl 137, KCl 2.7, CaCl2 1.8,
MgCl2 1.1, NaH2PO4 0.42, NaHCO3 11.9 and glucose 5.6.
The contents of the excised segments were gently ¯ushed out

with Tyrode solution. Jejunal and ileal segments, 2.5 cm in
length, were excised from the proximal part of the jejunum
and the central part of the ileum, respectively.

Recording of responses of longitudinal muscle of rat
jejunum and ileum to electrical field stimulation (EFS)

Intact segments of the jejunum and ileum were suspended in
an organ bath containing 5 ml of Tyrode solution maintained
at 378C and bubbled with 95% O2: 5% CO2. One end of each

segment was attached to a transducer and the other end was
mounted on an anodal electrode placed at the bottom of the
bath. Atropine (1 mM) and guanethidine (5 mM) were present

throughout the experiment to block cholinergic and adrener-
gic responses, respectively. After an equilibration period of
30 min, responses of the longitudinal muscle to EFS with

trains of 100 pulses of 0.5-ms width, 30 V intensity, and 0.3 ±
10 Hz frequency, were recorded isotonically with a 10-min
interval between tests. Drugs were added to the bathing ¯uid,
when responses to EFS became reproducible. The long-

itudinal muscle was subjected to a resting load of 0.75 g.
Since apamin shortened only duration of the relaxation
without a�ecting amplitude at lower concentrations and it at

higher concentrations inhibited the amplitude, too (see the
text and Figure 5), the extent of relaxation was expressed as
the area under the line of resting tone that was drawn on the

bottom of resting spontaneous contractile activity (broken
lines in Figure 1) as described elsewhere (Kishi et al., 2000)
throughout the present study.

Treatment of the jejunal and ileal segments with
a-chymotrypsin

Jejunal and ileal segments were treated with a-chymotrypsin
by adding the agent to the organ bath at a ®nal concentration
of 3 units ml71, which is known to reduce the response of the

tissue to peptide agonists (De Beurme & Lefebvre, 1987).
Also in our preliminary experiments, exogenously added
neurotensin did not a�ect mechanical responses of the

segments at all after a pretreatment of the segments with
this concentration of a-chymotrypsin for 20 min at 378C.

Recording of membrane potentials in longitudinal muscle
of jejunum and ileum

The segments of the jejunum and ileum were mounted in a
1.5 ml organ bath maintained at 308C and perfused
continuously with Tyrode solution at a rate of 3 ml min71.

This temperature allowed stable recording of the membrane
potentials, since the spontaneous and evoked mechanical
responses were reduced. Atropine (1 mM) and guanethidine

(5 mM) were added to the bathing solution throughout the
experiment. Membrane potentials were recorded with a
conventional glass microelectrode ®lled with 3 M KCl with
a resistance of 50 ± 80 MO. Inhibitory junction potentials

were elicited by EFS to intramural nerves within the segment
with square-wave pulses of 0.5 ms duration at an appropriate
intensity (10 ± 30 V). The electrode impalement was made

into the longitudinal muscle cells of the super®cial layer from
the serosal side (Takewaki & Ohashi, 1977). The stimulus
pulses were delivered with a pair of Ag-AgCl wire electrodes,

one on the serosal surface 1 ± 2 mm away from the impaled
glass microelectrode and the other in the solution. The
distance between the two electrodes was about 20 mm.

Drugs

The neurotensin antagonist SR48692 was a kind gift from

Sano® Recherche, Toulouse, France. NG-Nitro-L-arginine (L-
NOARG), a-chymotrypsin and apamin were purchased from
Sigma Chemical Co., St. Louis, U.S.A. Neurotensin was from

the Peptide Institute, Osaka, Japan. Atropine sulphate and
tetrodotoxin were from Wako Pure Chemical, Osaka, Japan.
1H-[1,2,4]oxadiazolo[4,3-a]quinoxalin-1-one (ODQ) was from

Figure 1 E�ect of a-chymotrypsin on EFS-induced relaxation of
longitudinal muscle in the jejunum of Wistar rats. When repetitive
EFS at 10 Hz for 10 s led to reproducible relaxation, jejunal
segments were treated with a-chymotrypsin (3 U ml71) for 20 min.
The relaxation after the treatment was compared to the control
relaxation immediately before the treatment. The continuous line
indicates the presence of a-chymotrypsin in the bathing ¯uid. After
recording normal spontaneous movements, the chart was run at a
fast speed immediately before the stimulation to make the relaxant
response clear. Black bold lines indicate the duration of EFS for 10 s.
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Dojindo Laboratories, Kumamoto, Japan. Drugs were added
to the organ bath in a volume of less than 1.0% of the
bathing solution. SR48692 was dissolved in dimethyl

sulphoxide at stock solution. The ®nal dimethyl sulphoxide
concentration was 0.1%, which did not have any e�ect on
preparations. These volumes of the vehicle of the drugs,
redistilled water, did not a�ect the spontaneous contractile

activity or muscle tone.

Results

Effects of a-chymotrypsin on EFS-induced NANC
relaxation of longitudinal muscle of the jejunum and ileum
of Wistar rats

The e�ect of a-chymotrypsin treatment was examined to
determine the possible participation of peptidergic neurons in
NANC relaxation of longitudinal muscle of the jejunum and
ileum. Treatment of the segments of the jejunum and ileumwith

a-chymotrypsin (3 units ml71) for 30 min had no signi®cant
e�ect on the muscle tone, spontaneous contractile activity, nor
EFS-induced o� contraction. In some preparations, however,

this treatment moderately inhibited the spontaneous contractile
activity and slightly decreased the muscle tone. In the segments
of the jejunum, treatment with a-chymotrypsin for 20 min

resulted in a decrease in EFS-induced NANC relaxation by
51% (Figure 1; areas under the resting tone in this experiment
were 640 and 270 in arbitrary unit for the relaxations before

and after the treatment, respectively. Data are summarized in
Table 1). The treatment of the segments of the ileum also
resulted in a decrease in the relaxation by 50% (Table 1). These
data suggest that some inhibitory peptidergic neurons mediate

NANC relaxation. In our previous study, the relaxations in the

jejunum and ileum were not a�ected by a VIP antagonist and a
PACAP antagonist (Okishio et al., 2000). So we next studied a
possible role of neurotensin as one of candidates for the peptide

mediator of the relaxation.

Effects of neurotensin and a neurotensin antagonist on
motility and EFS-induced NANC relaxation in jejunal
and ileal segments

Neurotensin at 100 nM caused slow gradual relaxation of

longitudinal muscle of the jejunum and inhibited the
spontaneous contractile activity. Extent of the relaxation
induced by 100 nM neurotensin was 44.7+4.2% (n=5) of the

maximum relaxation induced by 30 mM papaverine. However,
the spontaneous contractile activity and muscle tone were
restored within 10 min, even in the presence of neurotensin.

Repetitive application of 100 nM neurotensin, every 10 min
without washing, markedly decreased the sensitivity of the
segments to neurotensin, and complete desensitization was
consistently achieved after 2 or 3 consecutive applications of

neurotensin. EFS-induced NANC relaxation signi®cantly
decreased in the desensitized preparations by 55% (Table
1). Similar desensitization to neurotensin and a decrease in

the NANC relaxation after desensitization were also observed
in the ileal segment (Figure 2, Table 1).
In another series of experiments, we examined the inhibitory

e�ect of the desensitization on relaxation induced by EFS at
di�erent frequencies. The magnitude of the inhibition in the
jejunum and ileum was roughly equal at di�erent frequencies

(Figure 3). In subsequent studies, the segments were
stimulated at 10 Hz with good reproducibility of response.
SR48692 at 10 mM, a neurotensin receptor antagonist

(LabbeÂ -JullieÂ et al., 1995), had a slight inhibitory e�ect on

the basal tone but no e�ect on spontaneous contractile
activity of the longitudinal muscle of the jejunum and ileum.
SR48692 partially inhibited the NANC relaxation induced by

Table 1 E�ects of various treatments on EFS-induced
relaxation of longitudinal muscle of the jejunum and ileum
of Wistar rats

% inhibition
Treatment Jejunum Ileum

a-Chymotrypsin (3 Uml71) 50.7+9.3 (7) 50.4+5.6 (4)
NT desensitization 55.3+4.2 (5) 54.2+5.3 (3)
SR48692 (10 mM) 55.7+4.5 (7) 33.7+4.8 (10)
Apamin (100 nM) 82.9+4.3 (6) 62.9+4.9 (18)
L-NOARG (100 mM) ± 43.1+1.1 (3)
ODQ ± 38.6+5.9 (3)
L-NOARG after NT ± 89.5+6.4 (3)*
desensitization

L-NOARG with SR48692 ± 73.3+0.7 (3)*
Apamin after NT ± 56.4+5.4 (3)#

desensitization
Apamin with SR48692 ± 68.4+6.5 (5)#

SR48692 after NT ± 50.3+7.9 (3)+

desensitization

Relaxations induced by EFS (10 Hz for 10 s) after the
indicated treatments are expressed as a percentage of the
control obtained before the treatments. Desensitization of
ileal segments to neurotensin (NT) was achieved by
repetitive application of neurotensin (see text). Values are
mean+s.e.mean for the numbers of experiments shown in
parentheses. *Signi®cantly di�erent from the value for L-
NOARG or NT desensitization alone, P50.05. Not
signi®cantly di�erent from the value for #apamin alone or
+NT desensitization.

Figure 2 EFS-induced relaxation of longitudinal muscle in the ileal
segments before and after desensitization of the preparation to
neurotensin. Neurotensin (100 nM) was added at the times indicated
by triangles. The line indicates the presence of neurotensin. For
further details, see legend of Figure 1.
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EFS at 10 Hz for 10 s in a concentration dependent manner,

causing maximum inhibition at 3 mM within 20 ± 40 min in
the jejunum (Figure 4 and Table 1). SR48692 also partially
inhibited the relaxation in the ileum, although it was less

e�ective, resulting in 34% inhibition at 10 mM (Figure 4,
Table 1). We were not able to examine higher concentrations
than 10 mM owing to its signi®cant inhibitory e�ect on the

muscle tone under the present experimental conditions.
Neurotensin-induced relaxations were signi®cantly inhibited
by 10 mM SR48692 but not a�ected by tetrodotoxin (1 mM)
(data not shown).

Effects of apamin on EFS- and exogenous neurotensin-
induced relaxations in jejunum

In our previous study using the Wistar-ST rat jejunum, it
was suggested that major component of NANC relaxation

in the preparation was an unknown substance-mediated
apamin-sensitive one that was inhibited by a-chymotrypsin

treatment (Niioka et al., 1997), so we next examined the
e�ect of apamin on EFS- and exogenous neurotensin-
induced relaxation in the jejunum. Apamin had slight

stimulatory e�ects on the muscle tone and spontaneous
contractile activity of the jejunal segments. Apamin at
concentrations ranging from 1 nM to 1 mM concentration-

dependently inhibited EFS-induced relaxation and at
100 nM, maximally inhibited by 83% within 10 min (Figure
5, Table 1). However, it did not show any e�ect on EFS-
induced o� contraction. Apamin at 100 nM abolished

relaxation induced by 100 nM neurotensin added exogen-
ously (n=3). These results suggest that neurotensin and
unknown mediator(s) induce NANC relaxation of long-

itudinal muscle of the jejunum in the Wistar rat via opening
of apamin-sensitive K+ channels.

Effects of apamin on EFS- and exogenous neurotensin-
induced relaxations in ileum

Apamin also had slight stimulatory e�ects on the muscle tone

and spontaneous contractile activity of the ileal segments.
Apamin at 100 nM inhibited EFS-induced relaxation by 63%
within 10 min (Table 1). Apamin at 100 nM abolished the

neurotensin (100 nM)-induced relaxation (n=5). These results
suggest that neurotensin induces NANC relaxation of
longitudinal muscle of the ileum via opening of apamin-

sensitive K+ channels.

Correlation between the neurotensin- and nitric oxide-
mediated components in NANC relaxation of the ileum of
Wistar rats

Since nitric oxide was shown to partially mediate NANC

relaxation of longitudinal muscle of the ileum, but not

Figure 3 Inhibitory e�ects of desensitization of the preparations to
neurotensin on relaxations induced by EFS at various frequencies in
the jejunal and ileal segments. (A) Relaxations were induced by EFS
at 1 Hz (left) or 3 Hz (right) for 10 s before (control) and after the
desensitization to neurotensin (100 nM) in the jejunal segments. For
further details, see legends of Figures 1 and 2. (B) Relaxations induced
by EFS at the various frequencies for 10 s before and after the
desensitization are summarized. Values are expressed as percentages
of control relaxation induced at 10 Hz. (C) Inhibitory e�ects of the
desensitization on relaxation at various frequencies are expressed as
percentages of those obtained before the desensitization. Values are
expressed as percentages of the corresponding control relaxation.
Points are means+s.e.mean for three to seven experiments.

Figure 4 E�ects of SR48692 on EFS-induced relaxation of long-
itudinal muscle in the jejunum and ileum. Relaxations were induced
by EFS at 10 Hz for 10 s before (control) and after the treatment
with various concentrations of SR48692 indicated. Values are
expressed as percentages of the corresponding control relaxation.
Points are means+s.e.mean for ®ve to seven experiments.
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jejunum, in 8-week-old Wistar rats (Takeuchi et al., 1998), we
next examined correlation between the neurotensin- and nitric
oxide-mediated NANC relaxation in the ileum.
An inhibitor of nitric oxide synthase, NG-nitro-L-arginine

(L-NOARG) at 100 mM partially inhibited EFS-induced
NANC relaxation by about 45% as shown previously
(Takeuchi et al., 1998). ODQ (1 mM), an inhibitor of

soluble guanylyl cyclase, also inhibited the relaxation by
about 40%. L-NOARG signi®cantly inhibited the relaxation
within 20 min which persisted after desensitization of the

ileal segments to neurotensin (Table 1). L-NOARG
(100 mM) together with SR48692 (10 mM) inhibited the
relaxation more signi®cantly than inhibitions induced by

each drug alone (Table 2). On the other hand, SR48692
(10 mM) and apamin (100 nM) did not have any signi®cant
e�ect on the relaxation which persisted after the desensi-
tization. Apamin (100 nM) together with SR48692 (10 mM)

did not result in a greater inhibition than apamin alone
(Table 1). L-NOARG (100 mM) did not a�ect the
neurotensin (100 nM)-induced relaxation (data not shown).

Thus, neurotensin and nitric oxide are suggested to
separately mediate NANC relaxation of longitudinal muscle
of the Wistar rat ileum.

Effects of L-NOARG and SR48692 on the changes in
membrane potentials induced by EFS or neurotensin in
longitudinal muscle cells of the ileum and jejunum of
Wistar rats

The resting membrane potential of longitudinal muscle cells
of the ileum was 755.6+2.8 mV (n=39). In the presence of

atropine (1 mM) and guanethidine (5 mM), EFS with ®ve
pulses at 10 Hz induced inhibitory junction potentials (i.j.ps)
which consisted of two phases, rapid and subsequent slow
hyperpolarization. L-NOARG at 100 mM signi®cantly inhib-

ited the delayed phase, slow hyperpolarization, but it did not
a�ect the rapid phase (Figure 6, Table 2). On the other hand,
SR48692 at 10 mM and apamin at 100 nM did not show a

signi®cant e�ect on the two phases (Table 2).
The resting membrane potential of longitudinal muscle

cells of the jejunum was 753.6+1.1 mV (n=43). EFS

induced mono-phasic rapid i.j.ps, amplitude of which was
larger than that of the rapid phase in the ileum cells
(Figure 6, Table 2). SR48692 and apamin inhibited the

i.j.ps signi®cantly and completely, respectively (Figure 6,
Table 2).
Bath application of neurotensin at 100 nM did not have

any signi®cant e�ect on membrane potential of longitudinal

muscle cells of the ileum, but it at 1 mM induced slow
hyperpolarization in the cells (4.8+1.4 mV, n=6). Apamin at
100 nM completely inhibited the hyperpolarization (Figure 7).

Discussion

Although a role of neurotensin as a mediator of NANC
relaxation had been suggested in the ileum of the guinea-pig

(Goedert et al., 1984), there has been no report of this in the
rat intestine. This report suggests association of neurotensin
with NANC relaxation in the jejunum and ileum of Wistar
rat by using a selective neurotensin receptor antagonist,

SR48692 (Gully et al., 1993, 1997) and a desensitization
method. Since the association was not found in the proximal
colon (Hata et al., 1990), distal colon and rectum (data not

shown), the regional di�erence of neurotensin as a mediator
of NANC relaxation was also shown to be similar to that of
other NANC mediators (Hata et al., 2000).

Figure 5 E�ect of apamin on EFS-induced relaxation of long-
itudinal muscle in the jejunum. (A) Relaxations were induced by
EFS at 10 Hz for 10 s before and after the treatment with apamin
at the indicated concentrations. The lines indicate the presence of
apamin in the bathing ¯uid. (B) Summary of e�ect of apamin on
EFS-induced relaxation. Relaxations in the presence of indicated
concentrations of apamin are expressed as a percentage of those
obtained before the addition of apamin. Values are means+s.e.mean
(vertical bars) for three to six experiments. For further details, see
legend of Figure 1.

Table 2 E�ects of L-NOARG, SR48692 and apamin on
EFS-induced i.j.ps of longitudinal muscle cells in the ileum
and jejunum

i.j.ps (mV)
Rapid phase Delayed phase

Ileum Control 4.2+0.8 (15) 12.4+1.7 (15)
L-NOARG 3.9+1.0 (7) 6.2+1.6 (7)*
SR48692 3.0+0.9 (8) 12.1+1.8 (8)
Apamin 2.4+1.5 (6) 12.4+1.7 (6)

Jejunum Control 8.9+0.8 (16) ±
SR48692 6.0+0.9 (11)* ±
Apamin 0 (11)* ±

I.j.ps were induced by ®ve pulses at 10 Hz in the absence
(control) or presence of L-NOARG (100 mM), SR48692
(10 mM) or apamin (100 nM). Values are means+s.e.mean
for the numbers of experiments shown in parentheses.
*Signi®cantly di�erent from the value of the corresponding
control: P50.05.
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The mediators of NANC relaxation in the ileum of
8-week-old Wistar rat

Previously nitric oxide was suggested to partially participate
in the NANC relaxation in the Wistar rat ileum: 43% of the

relaxation was nitric oxide-mediated component (Takeuchi et
al., 1998).
Neurotensin was suggested to be associated with about one

half of the relaxation based on the results obtained by

SR48692 and a desensitization method. L-NOARG, but not
apamin, further inhibited the relaxation which persisted after
treatment with SR48692 or after desensitization to neuro-

tensin of the segments. These results suggest that neurotensin,
via opening of SK channels, and nitric oxide, via SK channel-
independent mechanism, separately mediate the NANC

relaxation in the ileum of Wistar rats. However, L-NOARG
signi®cantly inhibited the delayed i.j.ps, but inhibitory e�ects
of SR48692 and apamin on the rapid phase were not

statistically signi®cant (Table 2). Because the rapid phase
induced by EFS in the ileum was too small to con®rm the
statistical signi®cance of the changes in the presence of the
both inhibitors, the results do not necessarily deny the results

of mechanical responses.

The mediator of NANC relaxation in the jejunum of
8-week-old Wistar rats

Neurotensin was suggested to mediate about one half of the
NANC relaxation in the jejunum in the present study, but no
participation of nitric oxide was shown in the previous study

(Takeuchi et al., 1998). Apamin inhibited the relaxation by
80%. Apamin also very signi®cantly inhibited EFS-induced
i.j.ps. Therefore, it seems that neurotensin and unknown

mediator(s) participate the relaxation via opening of SK
channels in the jejunum of 8-week-old Wistar rats.

Association of SK channels with NANC relaxation

Involvement of SK channels in exogenous neurotensin-
induced relaxation of intestinal smooth muscle was ®rst

suggested in the guinea-pig proximal colon and the rabbit
ileum. It has been reported that apamin inhibited the
exogenous neurotensin-induced relaxation in the mouse

distal colon, the rat ileum and duodenum, the canine
intestine and the guinea-pig jejunum and ileum (for review
see Hata et al., 2000). Involvement of SK channels in

neurotensin-mediated neurogenic relaxation was ®rst sug-
gested in the guinea-pig ileum (Goedert et al., 1984).
Association of SK channels with neurotensin-mediated
neurogenic relaxation in the jejunum and ileum was also

suggested in the present study.
However, our previous studies indicate that NANC

relaxation mediated by pituitary adenylate cyclase activating

peptide (PACAP) in the distal colon of Wistar-ST rats is
associated with SK channels (Kishi et al., 1996; Takeuchi et
al., 1999). Nitric oxide-mediated NANC relaxation was also

suggested to be associated with the SK channels in the
various tissue preparations (He & Goyal, 1993; Matsuyama
et al., 1999; Watson et al., 1996; Keef et al., 1993). These

results indicate that the NANC relaxant mediator which is
associated with SK channels di�ers among regions of the
gastrointestinal tract and species of animals. Therefore, the
mechanism of coupling of the NANC relaxant mediators and

Figure 6 E�ects of L-NOARG and SR48692 on EFS-induced i.j.ps
in the longitudinal muscle cell of the ileal and jejunal segments,
respectively. I.j.ps were induced by ®ve pulses at 10 Hz in the absence
or presence of 100 mM L-NOARG (ileum, upper traces) or 10 mM
SR48692 (jejunum, lower traces). Atropine (1 mM) and guanethidine
(5 mM) were added to the bathing ¯uid throughout the experiment.
The smooth muscle cells were treated with the drugs for 10 min
before EFS. EFS was applied at the points indicated by the dots.
Following the artifact noise with large amplitude i.j.ps with two
phases, rapid and delayed one or single rapid phase were induced in
the ileum or jejunum, respectively. Note that in the L-NOARG (in
the ileum) and SR48692 (in the jejunum) selectively inhibited the slow
and rapid phase, respectively.

Figure 7 E�ects of neurotensin in the absence or presence of
100 nM apamin on membrane potential of longitudinal smooth
muscle cell of the ileum. (A) Exogenously added neurotensin at 1 mM
induced slow hyperpolarization. (B) Inhibition of NT-induced
hyperpolarization by apamin (100 nM). Lines indicate the presence
of drugs. Apamin was added 10 min before NT-treatment. Records
in (A) and (B) were from the same longitudinal muscle cell.
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the SK channels seems one of the most interesting theme to
be solved.

Association of nitric oxide-mediated NANC relaxation
with i.j.ps in longitudinal muscle cells of the ileum

Inhibitors of nitric oxide synthesis moderately or signi®cantly

inhibited EFS-induced i.j.ps in circular smooth muscle cells of
the various tissues such as the opossum esophagus and lower
esophageal sphincter, the guinea-pig and hamster ileum, the

canine proximal colon, the guinea-pig proximal and distal
colon and the guinea-pig internal anal sphincter. Exogenously
added nitric oxide or nitroso compounds induced hyperpo-

larization of the membrane of circular muscle cells of the
opossum esophageal sphincter and esophagus, the canine
jejunum, the hamster ileum, the rat caecum, the human

colon, the canine proximal colon and the guinea-pig proximal
and distal colon. Although these numerous reports strongly
suggest that NANC inhibitory pathway involves nitric oxide-
mediated i.j.ps in various regions of gastrointestinal tract (for

review see Hata et al., 2000), few reports have suggested
involvement of the pathway in the rat intestine. Moreover, it

was shown that nitric oxide-mediated NANC relaxation was
independent of change in the membrane potentials in
longitudinal muscle of the rat proximal colon (Suthamnat-

pong et al., 1994) but dependent on activation of
sarcoplasmic reticulum Ca2+-ATPase (Takeuchi et al.,
2001). However, the present results suggest that nitric
oxide-mediated component of the relaxation of Wistar rat

ileum is associated with apamin-resistant slow i.j.ps. These
results indicate that the mechanism of nitric oxide-mediated
relaxation di�ers among regions of the gastrointestinal tract

and species of animals.
In summary, neurotensin was suggested to partially

mediate NANC relaxation of longitudinal muscle of the

jejunum and ileum of Wistar rats. SK channels were also
suggested to be associated with the relaxation mediated by
neurotensin.
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