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Electrical and mechanical effects of vasoactive intestinal peptide and
pituitary adenylate cyclase-activating peptide in the rat colon involve
different mechanisms
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Abstract

This work aimed to study the effects of pituitary adenylate cyclase-activating peptide (PACAP) and vasoactive intestinal peptide (VIP)
on the mechanical and electrical activity of the circular muscle of the rat colon and the mechanisms involved in such effects. Spontaneous
mechanical activity was studied in vitro in an organ bath and the membrane potential was recorded using the microel ectrode technique.
Both VIP and PACAP (0.1 wM) caused an immediate, sustained and tetrodotoxin (1 wM)-resistant inhibition of the cyclic spontaneous
mechanical activity and hyperpolarization. The small-conductance Ca?*-activated K* channel blocker, apamin (1 wM), did not change
the VIP- and PACAP-induced relaxation but reduced the hyperpolarization induced by PACAP whereas it did not change that induced by
VIP. In contrast, the purinoceptor antagonist, suramin (100 M), blocked the hyperpolarization caused by PACAP and VIP but failed to
change their mechanical inhibitory effects. Moreover, the putative PACAP and VI P receptor antagonists, PACAP-(6—38) and VIP-(10-28),
respectively, both 3 WM, failed to change the effects of either peptide and modified neither the inhibitory junction potential nor the
relaxation induced by electrical-field stimulation. Thus, these results suggest that the mechanisms mediating relaxation are not strictly
coupled to the mechanisms mediating hyperpolarization. This could be due to activation of two distinct mechanisms of action after
agonist receptor interaction. © 2000 Elsevier Science B.V. All rights reserved.
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1. Introduction

Pituitary adenylate cyclase activating peptide (PACAP)
is a vasoactive intestinal peptide (VIP)-like peptide that
was firgt isolated from ovine hypothalamus (Miyata et al.,
1989). PACAP has been found, with immunohistochemical
techniques, in nerve cell bodies and fibers of the gastro-
intestinal tract of many species, including the rat (Sundler
et al., 1992; McConalogue et al., 1995a; Portbury et a.,
1995). More recently, the presence of PACAP in the
gastrointestinal tract of the rat was confirmed with ra
dioimmunoassay and chromatography techniques (Han-
nibal et al., 1998). The synthesis of PACAP in enteric
neurons was confirmed with in situ hibridization methods
(Hannibal et a., 1998).

* Corresponding author. Tel.: +34-93-5811898; fax: +34-93-5812006.
E-mail address; marcel.jimenez@uab.es (M. Jiménez).

PACAP is a neurotransmitter that might be involved in
inhibitory actions in the gastrointestinal tract (see for
review Shuttleworth and Keef, 1995). The inhibitory effect
of PACAP has been described for many species and for
several areas of the gastrointestinal tract (Mungan et 4.,
1991; Schworer et a., 1992; McConalogue et a., 1995a;
Parkman et al., 1997) including human colon longitudina
muscle (Schworer et al., 1993). In vitro studies show that
PACAP relaxes the rat colon (Mungan et al., 1991; Kishi
et al., 1996) and ileum (Katsoulis et al., 1993; Ekblad and
Sundler, 1997). PACAP might participate in the descend-
ing relaxation phase of the peristaltic reflex (Grider et al.,
1994). Electrical-field stimulation and stretching of colon
segments induce PACAP release and descending relax-
ation of the rat colon smooth muscle (Grider et a., 1994).

Three types of VIP/PACAP receptors have been de-
scribed. PACAP-1 receptors exhibit high affinity for
PACAP. The VIP-1/PACAP-2 and the VIP-2 /PACAP-3
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receptors show equally high affinity for VIP and PACAP.
Smooth muscle cells of rabbit and guinea-pig stomach and
taenia coli only express VIP-2 /PACAP-3 receptors (Teng
et al., 1998). However, results of pharmacological and
functional studies suggest that VIP and PACAP use differ-
ent receptors and pathways. PACAP is more potent than
VIP to relax precontrated smooth muscle from different
areas of the gastrointestinal tract, including the rat colon
(Mungan et a., 1991) and ileum (Katsoulis et a., 1993;
Ekblad and Sundler, 1997). Apamin, a small-conductance
Ca’*-activated K™ channel blocker, inhibits the PACAP-
but not the VIP-induced relaxation in the human colon and
the guinea-pig taenia caeci (Schworer et a., 1992, 1993).
Three receptors have recently been suggested to exist in
the rat ileal longitudina muscle (Ekblad and Sundler,
1997): (1) a PACAP receptor (sensitive to apamin), (2) a
PACAP receptor that might be activated by PACAP-27
and PACAP-38 and (3) a VIP receptor.

The pathway involved in PACAP-induced relaxation is
controversial and might be different, depending on the
species and area of the gastrointestinal tract considered.
These differences are mainly related to the sensitivity to
apamin, suramin and nitric oxide (NO) synthase inhibitors.

(1D In the guinea-pig taenia caeci and colon, apamin
reduces the relaxation and hyperpolarization induced by
PACAP (Schworer et a., 1992; McConalogue et al., 1995b;
Zagorodnyuk et al., 1996). However, the PACAP-induced
relaxation is not modified by apamin in the rat ileum
(Katsoulis et al., 1993) and apamin does not block the
increase in CAMP induced by PACAP in the guinea-pig
caecum (McConalogue et al., 1995a).

(2) Suramin, a purinoceptor antagonist, might also block
the effects of PACAP. In the guinea-pig taenia caecum,
suramin reduces the hyperpolarization induced by PACAP
but does not affect the inhibitory junction potential (Mc-
Conalogue et al., 1995b). In contrast, in the circular mus-
cle of the guinea-pig colon, suramin blocks the hyperpolar-
ization induced by PACAP and the fast component of the
inhibitory junction potential (IJP) (Zagorodnyuk et al.,
1996).

(3) NO synthase inhibitors have been reported to abol-
ish the inhibitory effect of VIP and PACAP in the rat
colon, suggesting that NO pathways might be activated by
these neurotransmitters (Grider et al., 1994). However, NO
is not involved in PACAP-induced relaxation in the longi-
tudinal muscle of the human colon (Schworer et al., 1993).

We have recently reported that the cyclic mechanical
activity in the rat proximal colon is due to myogenic cyclic
depolarizations. Electrical-field stimulation induces a
biphasic 1JP followed by a relaxation. The fast component
of the IJP is sensitive to apamin and to suramin whereas
the second component is sensitive to NO synthase in-
hibitors (Pluja et al., 1999). Our results suggest that ATP
and NO might be two inhibitory neurotransmitters in-
volved in nonadrenergic, noncholinergic inhibitory path-
ways. A similar conclusion was reached for the rat distal

colon, using a nicotinic agonist (Borjesson et a., 1997).
However, according to the results described above, the use
of apamin, suramin and NO synthase inhibitors (Pluja et
al., 1999) does not allow one to rule out the possibility that
PACAP might be a neurotransmitter involved in nonadren-
ergic noncholinergic (NANC) relaxations. Accordingly,
the aim of this study was to study PACAP and VIP
pathways inducing hyperpolarization and relaxation in the
circular muscle of the rat colon.

2. Material and methods
2.1. Tissue preparation

Male Sprague—Dawley rats (8—10 weeks old), weighing
300-350 g, were kept at a constant temperature (21-23°C),
with a lighting cycle of 12 h light /12 h dark, and fasted
overnight (18 h) but allowed ad libitum access to water.
The rats were killed by decapitation and bled (this proce-
dure was approved by the Ethical Committee of the Uni-
versitat Autonoma de Barcelona). The colon was then
removed and placed in Krebs solution consisting of (in
mM): glucose 10.10; NaCl 115.48; NaHCO, 21.90; KCl,
4.61; NaH,PO, 1.14; CaCl, 2.50 and MgSO, 1.16, bub-
bled with a mixture of 5% CO,-95% O, (pH 7.4). All
studies (microelectrode and organ bath) were carried out
under NANC conditions (atropine, propranolol and phento-
lamine, 1 u.M). The mucosal and submucosal layers were
carefully removed and circular muscle strips were cut 1 cm
long and 0.3 cm wide.

2.2. Recordings of spontaneous mechanical activity

Muscle strips were attached with silk threads to a stable
mount in the bottom of a 10-ml organ bath filled with
carbogenated Krebs solution at 37 + 1°C. The upper end
was tied to an isometric force transducer (Harvard VF-1)
connected to an amplifier and then to a computer. Data
were digitized (25 Hz) and simultaneously displayed and
collected using Datawin2 software (Panlab-Barcelona)
coupled to an 1SC-16 A /D card installed in a PC Pentium
computer. A tension of 1 g was applied and the tissue was
allowed to equilibrate for 1 h. After this period, the strips
displayed spontaneous phasic activity. The amplitude, du-
ration and frequency of the contractions in response to
drugs were measured before and after drug addition.

2.3. Microelectrode recordings

Muscle strips were placed (circular muscle side up) in a
Sylgard-coated chamber and continuously perfused with
carbogenated Krebs solution at 37 + 1°C. Preparations were
allowed to equilibrate for approximately 1 h before experi-
ments started. Circular muscle cells were impaled with
glass microelectrodes (R=40-60 M Q) filled with 3 M



L. Pluja et al. / European Journal of Pharmacology 389 (2000) 217-224 219

KCl. The membrane potential was measured using a stan-
dard electrometer Duo773 (WPI, FL, USA). The data were
displayed on a digital storage oscilloscope 4026 (Racal-
Dana, England), and simultaneously digitized (100 Hz)
and collected using EGAA software coupled to an 1SC-16
A /D card (RC Electronics, CA, USA) installed in a 486
PC computer. As we previously reported, the presence of
nifedipine (1 wM) did not modify either the resting mem-
brane potential or the IJPs induced by electrical-field
stimulation (Pluja et a., 1999). Thus, al intracellular
recordings were made in the presence of nifedipine, since
the absence of spontaneous contractions significantly in-
creased the duration of impalements.

2.4. Inhibitory junction potential and mechanical inhibi-
tion induced by electrical-field stimulation

Electrical-field stimulation was used in order to induce
an IJP. Train stimulation had the following characteristics:
total duration 100 ms, frequency 20 Hz, pulse duration 0.3
ms and increasing amplitude strengths (5, 10, 12, 15, 17,
20 and 25 V). In order to characterise the fast and the slow
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component of the I1JP, the amplitude and duration of the
hyperpolarization were measured in the control and in the
presence of the antagonist (Pluja et al., 1999). The same
equipment was used to evaluate the effect of electrical-field
stimulation on mechanical activity. Repeated pulses (one
each 0.5 s) of 10, 15 and 25 V (pulse duration 0.3 ms,
frequency 20 Hz, train duration 100 ms) were used to
inhibit the spontaneous activity (Pluja et al., 1999).

2.5. Solutions and drugs

The following drugs were used: nifedipine, N-nitro-L-
arginine (L-NOARG), phentolamine (Sigma Chemicals, St.
Louis, USA); tetrodotoxin, atropine sulphate, propranolal,
suramin, apamin (Research Biochemicals International,
Natick, USA); vasoactive intestinal peptide (VIP), pituitary
adenylate cyclase activating peptide (PACAP 27) (Peptide
Institute, Osaka, Japan); VIP-(10-28) (Peninsula L aborato-
ries, Belmont, USA); PACAP-(6—38) (Bachem, UK). Stock
solutions were made by dissolving drugs in distilled water
except for nifedipine which was dissolved in ethanol.
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Fig. 1. (A) Recordings showing the effects of VIP (0.1 wM) and PACAP (0.1 nM) on spontaneous mechanical activity. (B) Intracellular microelectrode
recordings showing the effects of VIP (0.1 wM) and PACAP (0.1 wM) on the resting membrane potential under control conditions. (C) Mechanical
recordings showing the effect of VIP (0.1 wM) and PACAP (0.1 M) in the presence of tetrodotoxin (1 M) on spontaneous cyclic contractions. (D)
Intracellular recordings that show the responses to VIP (0.1 wM) and PACAP (0.1 M) of the resting membrane potential in the presence of tetrodotoxin

(1 uM).
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2.6. Satistical analysis

The data are expressed as means+ SE.M. A paired
Student’s t-test was used to compare mechanical activity
and membrane potential measurements in the absence and
in the presence of drugs. A two-factor (volts and treat-
ment) paired analysis of variance (ANOVA) was used to
compare the amplitude and duration of the IJP. A P value
< 0.05 was considered statistically significant.

3. Results

3.1. Effects of VIP and PACAP on the spontaneous me-
chanical activity and on the resting membrane potential

The resting membrane potential of circular muscle cells
from the rat colon was —45.04+ 2.4 mV (n=26). The
circular muscle of the rat colon showed spontaneous me-
chanical activity consisting of cyclic contractions which
occurred at a frequency of 0.64 + 0.05 contractions/min
and averaged 3.3 + 0.1 g amplitude and 22.6 + 1.4 s dura-
tion (n=29).

VIP (0.1 pM, n=6) and PACAP (0.1 pM, n=5)
abolished the spontaneous contractions (Fig. 1A). The
neural blocker, tetrodotoxin (1 wM, n=6), increased the
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Fig. 2. (A) Mechanical recordings showing the effects of VIP (0.1 wM)
and PACAP (0.1 wM) on the spontaneous contractile activity in the
presence of apamin (1 wM). Intracellular microelectrode recordings
showing the effect of VIP (0.1 wM) and PACAP (0.1 M) on the resting
membrane potential in the presence of apamin (1 uM) (B and C,
respectively).
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Fig. 3. (A) Mechanical recordings showing the effects of VIP (0.1 uM)
and PACAP (0.1 wM) on the spontaneous cyclic activity in the presence
of suramin (100 wM). Intracellular microelectrode recordings showing
the effect of VIP (0.1 wM) and PACAP (0.1 wM) on the resting

membrane potential in the presence of suramin (100 wM) (B and C,
respectively).

amplitude (2.7 +£ 0.6 vs. 48+ 0.7 g; P<0.01) and fre-
guency (0.80 + 0.25 vs. 1.14 + 0.33 contractions/min; P
< 0.05) and did not modify the duration of cyclic sponta-
neous contractions. In the presence of tetrodotoxin (1
M), both VIP and PACAP (0.1 uM, n = 4) abolished the
spontaneous mechanical activity also (Fig. 1C).

Perfusion of VIP (0.1 wM, n=5; P<0.01) caused a
hyperpolarization of 6.8 + 1.4 mV of the membrane poten-
tia (Fig. 1B). This hyperpolarization was resistant to
tetrodotoxin (1 wM) (9.3+ 1.6 mV, n=4) (Fig. 1D).
PACAP (0.1 uM, n=4) hyperpolarized the muscle cells
by 8.0+ 1.8 mV (P < 0.05, Fig. 1B). In the presence of
tetrodotoxin (1 wM, n=5) a PACAP-induced hyperpolar-
ization was also observed (10.0 + 2.5 mV) (Fig. 1D).

3.2. Effect of apamin on the VIP and PACAP response

The small-conductance Ca’*-activated K™ channel
blocker, apamin (1 wM, n=6), increased the amplitude
(35+0.5vs 49+ 0.6 g, P<0.01) and frequency (0.65
+0.17 vs 0.94 + 0.13 contractions/min; P < 0.05) and
did not modify the duration of phasic contractions. Apamin
(1 wM) failed to block either VIP or PACAP (0.1 uM,
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n = 4)-induced relaxations of the circular colon muscle
(Fig. 2A).

The VIP (0.1 wM)-induced hyperpolarization was resis-
tant to apamin (1 uM) (6.0 £ 1.5 mV, n=>5) (Fig. 2B). In
the presence of apamin (1 uM, n=6), PACAP (0.1 u.M)
did not hyperpolarize the smooth muscle. Though a resid-
ual effect (3.3+ 1.4 mV) was observed, it did not reach
statistical significance (Fig. 2C).

3.3. Effect of suramin on the VIP and PACAP response

In the presence of suramin (100 uM, n=8), a
purinoceptor blocker, the amplitude and frequency of con-
tractions increased (3.2 + 0.4 vs. 46+ 0.5 g and 0.52 +
0.08 vs. 0.76 4+ 0.12 contractions/min, respectively; both
P < 0.05) whereas their duration was not affected. VIP and
PACAP (0.1 wM, n=4) abolished the spontaneous me-
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Fig. 4. Mechanical recordings showing the effects of VIP (A) and
PACAP (B) (both 0.1 M) on the spontaneous contractile activity in the
presence of L-NOARG (1 mM). Panels C, E and G show the effects of
VIP (0.01 pM and 0.1 p.M) in the presence of VIP-(10-28) (1-3 uM).
Panels D, F and H show the effects of PACAP (0.01 wM and 0.1 wM) in
the presence of PACAP-(6-38) (1-3 uM).
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Fig. 5. Effect of electrical-field stimulation on the inhibitory junction
potential (IJP) and mechanical activity in presence of VIP-(10-28) and
PACAP-(6-38). Panels A and B show the effect of both putative
antagonists on the IJP elicited by electrical-field stimulation (5, 10, 12,
15, 17, 20 and 25 V; pulse duration 0.3 ms, frequency 20 Hz, train
duration 100 ms). Panel C shows the effect of both putative antagonists
on the mechanica activity in the control, in the presence of VIP-(10-28)
and PACAP-(6-38). Electrica-field stimulation (10 V, pulse duration 0.3
ms, frequency 20 Hz, train duration 100 ms) one stimulus each 0.5 s for
at least 2 min. Similar results were obtained when 15 and 25 V were
applied. Recordings obtained from three different tissues.

chanical activity in the presence of suramin (100 wM)
(Fig. 3A). In the presence of suramin (100 wM), neither
VIP (0.1 wM, n=6) nor PACAP (0.1 uM, n= 6) hyper-
polarized circular muscle cells (Fig. 3B and C).

3.4. Effect of L-NOARG on VIP and PACAP response

In order to check if the inhibitory response to VIP and
PACAP was related to activation of NO pathways, we
tested the effect of both peptides in the presence of L-
NOARG, a NO synthase inhibitor. L-NOARG (1 mM,
n=5), increased the amplitude (3.7+ 1.0 vs. 5.2+ 1.1 g;
P < 0.05) and frequency of contractions (0.44 + 0.05 vs.
0.72 + 0.04 contractions/min; P < 0.01) but did not mod-
ify their duration. L-NOARG did not modify the inhibitory
effects of VIP and PACAP (0.1 M, n = 4) on the sponta-
neous contractions (Fig. 4A and B).
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3.5. Effect of VIP-(10-28) and PACAP-(6—38) on the VIP-
and PACAP-induced relaxations

Addition to the bath of either the VIP receptor antago-
nist, VIP-(10-28) (1 wM, n=5), or the PACAP receptor
antagonist, PACAP-(6—38) (1 uM, n= 6), did not modify
the characteristics of the spontaneous mechanical activity
(Fig. 4E and F). At a higher concentration (3 wM), both
VIP-(10-28) (n=4) and PACAP-(6-38) (n=5) in-
creased the amplitude of spontaneous cyclic contractions
(32404 vs. 34+04 g, P<0.05 and 3.0+ 0.6 vs.
44+ 11 g; P<0.05, respectively), but did not modify
either the duration or the frequency (Fig. 4C, D, G and H).
However, VIP-(10-28) (1-3 uM, n=4) and PACAP-(6—
38) (1-3 uM, n=4) failed to block the VIP- and
PACAP-induced relaxation, respectively (0.1 uM, n=4)
(Fig. 4C and D). In order to check if the dose of the
agonists was too high, we used the agonists at 0.01 M.
However, at this concentration, VIP-(10-28) and PACAP-
(6-38) (1-3 uM, n=4) failed to block the VIP- and
PACAP-induced relaxation (Fig. 4E, F, G and H).

In the presence of VIP-(10-28) (1 wM), PACAP (0.1
uM, n=4) abolished the cyclic mechanica activity. VIP
(0.1 wM, n=4) also abolished spontaneous cyclic con-
tractions in the presence of PACAP-(6-38) (1 wM). The
combination of VIP-(10-28) and PACAP-(6-38) (1 M)
did not modify either the VIP-induced relaxation or the
PACAP one (both 0.1 .M, n=4) (data not shown).

3.6. Effect of VIP-(10-28) and PACAP-(6-38) on the IJP
and relaxation induced by electrical-field stimulation

Neither VIP-(10-28) (3 wM) nor PACAP-(6-38) (3
wM) modified the 1JPs €elicited by electrical-field stimula-
tion (both n=6; Fig. 5A and B). The fast and the slow
components of the 1JPs were still recorded in presence of
both putative antagonists (ANOVA: P> 0.05). Accord-
ingly, an inhibitory effect on the spontaneous mechanical
activity induced by electrical-field stimulation (10, 15 and
25 V) was still recorded in the presence of both putative
antagonists (n = 3) (Fig. 5C).

4. Discussion

This study showed that VIP and PACAP inhibit the
spontaneous mechanical activity due to cyclic depolariza-
tion of the circular muscle of the rat colon (Pluja et al.,
1999). In contrast to the results found with mouse colon
(Lyster et al., 1995), tetrodotoxin increases phasic contrac-
tions, suggesting that cyclic depolarizations are myogenic
in the rat colon. In the presence of tetrodotoxin, both VIP
and PACAP abolished the mechanical activity, suggesting
an effect on muscle. This result is very similar to the
inhibition of spontaneous activity found in the longitudinal
muscle of the human sigmoid colon (Schworer et al.,
1993).

Even in the presence of tetrodotoxin, VIP and PACAP
hyperpolarized the smooth muscle. PACAP-induced hyper-
polarization had been demonstrated in the guinea-pig colon
and taenia caecum and rat distal colon (McConalogue et
al., 1995b; Kishi et al., 1996; Zagorodnyuk et al., 1996).
Moreover, in the guinea-pig taenia caecum, PACAP in-
creases membrane conductance (McConalogue et al.,
1995h). The hyperpolarization induced by VIP and PACAP
prevents the cell from reaching the threshold potential that
alows L-type Ca&2* channel opening. This results in a
blockade of spontaneous mechanical activity.

Apamin increases the frequency and amplitude of spon-
taneous contractions. This result suggests that at least one
of the spontaneously released inhibitory transmitters acti-
vates small-conductance Ca’*-activated K* channels.
However, as we now showed, apamin failed to block
PACAP- and VIP-induced inhibition of cyclic mechanical
activity. In contrast, apamin blocked the hyperpolarization
induced by PACAP but not that due to VIP. This result
suggests that PACAP causes hyperpolarization through
small-conductance Ca’*-activated K™ channels but relax-
ation can dtill be observed when apamin is added previ-
oudly to the organ bath. A similar result has been reported
for the guinea-pig colon (Zagorodnyuk et al., 1996).

In contrast to what we found with PACAP, apamin did
not modify the VIP response (hyperpolarization and inhibi-
tion of spontaneous activity). This result shows that VIP
hyperpolarizes the smooth muscle through an alternative
pathway. This hyperpolarization causes inhibition of cyclic
activity. Large-conductance Ca'-activated K *channels
might be involved in the VIP response (Kishi et al., 1996).
However, in the rat proximal colon the inhibitory effect of
VIP on cyclic spontaneous activity is not blocked by
charybdotoxin (data not shown) but we cannot rule out the
possibility that charybdotoxin could block or decrease the
hyperpolarization induced by VIP.

Suramin has been used to block ATP responses in
several studies (Den Hertog et al., 1989; Fernandez et 4.,
1998; Pluja et al., 1999). However suramin reduces the
PACAP-induced hyperpolarization in the guinea-pig taenia
caecum and colon (McConalogue et al., 1995b; Zagorod-
nyuk et al., 1996). These results could suggest that suramin
is not selective for discriminating between ATP and
PACAP/VIP responses (Zagorodnyuk et al., 1996) or
aternatively that PACAP/VIP induce ATP release from
nerve endings. Accordingly, in this study we show that
both VIP- and PACAP-induced hyperpolarizations were
blocked by suramin. However, suramin did not block the
effect of PACAP or VIP on spontaneous mechanical activ-
ity. These results suggest that suramin does not discrimi-
nate between PACAP and VIP responses.

According to the results described above, several recep-
tors or mechanisms (one receptor coupled to different
intracellular pathways) might be involved in the
VIP/PACAP response: (1) a PACAP receptor or pathway
activating apamin-sensitive channels, which is sensitive to
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suramin, (2) a VIP receptor or pathway sensitive to
suramin, that does not activate apamin-sensitive K* chan-
nels and (3) a VIP/PACAP receptor or pathway perhaps
coupled to adenylate cyclase, which is apamin/suramin
insensitive. The possibility that VIP/PACAP induce ATP
release needs further studies.

It has been shown that NO synthase inhibitors decrease
the relaxant effect of VIP and PACAP in dispersed smooth
muscle cells from the rat colon (Grider et al.,1994). How-
ever, we did not find a direct relationship between
VIP/PACAP and NO in our study. NO is probably not
involved in the VIP- and PACAP-induced relaxation in the
rat gastrointestinal tract (Kishi et al., 1996; Ekblad and
Sundler, 1997). As was reported for the rat, NO synthase
inhibitors did not block spontaneous cyclic contractions in
the longitudinal muscle of the human sigmoid colon
(Schworer et al., 1993).

VIP and PACAP receptor antagonists cause a mild or
moderate increase in spontaneous contractions, suggesting
that VIP/PACAP might to some extent be released en-
dogenously. PACAP-(6—38) and VIP-(10-28) have been
used to block the relaxant phase of the peristaltic reflex
(Grider et ., 1994). However, in our study, PACAP-(6—
38) and VIP-(10-28) did not modify the relaxant effect of
either VIP or PACAP-27. Moreover PACAP-(6-38) and
VIP-(10-28) did not modify the IJP and relaxation in-
duced by electrical-field stimulation. Further studies are
needed when selective antagonists become available.

In the rat proximal colon, the fast component of the 1JP
is apamin- and suramin-sensitive (Kishi et d., 1996; Pluja
et al., 1999). Based on our results, we cannot rule out the
possibility that PACAP and/or ATP are involved in the
fast component of the 1JP: both ATP (Pluja et a., 1999)
and PACAP cause a hyperpolarization sensitive to suramin
and apamin. The second component of the 1JP, which is
suramin /apamin-insensitive and inhibited by NO synthase
inhibitors (Pluja et al., 1999), is probably not VIP-media-
ted because, according to our study, suramin abolishes the
hyperpolarization induced by VIP. VIP and PACAP might
be involved in the descending relaxation, using mecha
nisms independent of membrane potential and probably
activating adenylate cyclase, which are apamin and suramin
insensitive. This ** pharmaco-mechanical’’ coupling, which
might be independent of membrane potential, has been
reported on from recent studies (Suthamnatpong et al.,
1994; Bayguinov and Sanders, 1998; Pluja et al., 1999).
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