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1 The neurotransmitters involved in NANC relaxation and their possible interactions were
investigated in mouse isolated stomach, recording the motor responses as changes of endoluminal
pressure from whole organ.

2 Field stimulation produced tetrodotoxin-sensitive, frequency-dependent, biphasic responses: rapid
transient relaxation followed by a delayed inhibitory component.

3 The inhibitor of the synthesis of nitric oxide (NO), l-NAME, abolished the rapid relaxation and
significantly reduced the slow relaxation. Apamin, blocker of Ca2þ -dependent Kþ channels, or
ADPbS, which desensitises P2y purinoceptors, reduced the slow relaxation to 2–8Hz, without
affecting that to 16–32Hz or the fast relaxation. a-Chymotrypsin or vasoactive intestinal polypeptide
6–28 (VIP6–28), antagonist of VIP receptors, failed to affect the fast component or the delayed
relaxation to 2–4Hz, but antagonised the slow component to 8–32Hz.

4 Relaxation to sodium nitroprusside was not affected by l-NAME, apamin or ADPbS, but was
reduced by a-chymotrypsin or VIP6–28. Relaxation to VIP was abolished by a-chymotrypsin,
antagonised by VIP6–28, but was not affected by l-NAME, apamin or ADPbS. Relaxation to ATP
was abolished by apamin, antagonised by ADPbS, but was not affected by l-NAME or a-
chymotrypsin.

5 The present results suggest that NO is responsible for the rapid relaxation and partly for the slow
relaxation. ATP is involved in the slow relaxation evoked by low frequencies of stimulation. VIP is
responsible for the slow relaxation evoked by high frequencies of stimulation. The different
neurotransmitters appear to work in parallel, although NO could serve also as a neuromodulator that
facilitates release of VIP.
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Introduction

In the stomach, nonadrenergic, noncholinergic (NANC) in-

hibitory neurones are responsible for receptive relaxation, a

response through which the organ adapts to receive a large

volume with only a minimal increase in pressure during food

intake (Abrahamsson, 1973; Desai et al., 1991). Nitric oxide

(NO) has been shown to be a critical mediator of relaxation

(Desai et al., 1991), but other inhibitory transmitters, such as

vasoactive intestinal polypeptide (VIP) and adenosine tripho-

sphate (ATP) may also contribute to the gastric inhibitory

neurotransmission (Grider et al., 1985; Jenkinson & Reid, 2000).

There is a lot of controversy about the interaction between

NO and VIP in mediating relaxation of the gastric smooth

muscle. Some studies on guinea-pig and rat have indicated that

NO influences the release of VIP and vice versa (Grider et al.,

1992; Makhlouf & Grider, 1993; Jin et al., 1996), whereas

other studies in the rat, guinea-pig, cat, pig and dog have

suggested that NO and VIP act in parallel (Lefebvre et al.,

1992; Barbier & Lefebvre, 1993; Desai et al., 1994; Bayguinov

et al., 1999; Dick & Lefebvre, 2000; Ergün et al., 2001).

Moreover, NOS may colocalise with ATP or VIP in the

myenteric plexus (Belai & Burnstock, 1994), but the nature of

the interaction between NO and purinergic neurotransmitters

remains unclear.

In the stomach of the mouse, which is being used

increasingly as experimental model because of the advent of

gene-targeting technology, the interaction between VIP and

NO as NANC neurotransmitters has not been fully clarified.

In mouse, NO acts as a NANC inhibitory neurotransmitter in

the gut including gastric fundus (Yano et al., 1995; Mashimo

et al., 1996; Pfeifer et al., 1998; Baccari et al., 2000; Ny et al.,

2000; Selemidis & Cocks, 2000; Ergün & Ŏ̈ülener, 2001; Mulè

& Serio, 2002). Some reports also suggest the participation of a
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peptide, such as VIP, in NANC transmission in the mouse

stomach (Mashimo et al., 1996; Baccari et al., 2000; Ergün &

Öǧülener, 2001). However, it is still unsettled if VIP and NO

are sequentially linked or act in parallel to induce relaxation.

Furthermore, none of these studies investigated whether the

relaxation to NO depends on VIP release from the enteric

nerves. In addition, although recent data indicate that ATP

acting on P2y receptors causes relaxation of the murine gastric

fundus (Giaroni et al., 2002), little is known about the

contribution of ATP in the neurogenic mechanical relaxation

of the gastric smooth muscle of the mouse and its possible

interplay with the other neurotransmitters.

Therefore, the purpose of the present study was to

investigate the contribution of NO, VIP and ATP to NANC

responses, and the possible interactions between the different

neurotransmitters in mouse isolated stomach. It has been

reported that it is important to consider the experimental

method when studying the influence of NOS inhibitors on the

relaxation induced by VIP in gastric preparations (Dick &

Lefebvre, 2000; Dick et al., 2000). In fact, many of the studies

upon which the serial cascade model is based were performed

on isolated gastric smooth muscle cells, whereas the majority

of studies on gastric muscular strips have not supported the

serial cascade model of enteric inhibitory neurotransmission.

So, we carried out experiments using the isolated whole organ,

in order to study the muscle function under conditions where

the influence of external factors is removed, but the muscle

itself performs in a manner analogous to its in vivo capacity.

Methods

Experiments were authorised by the Ministero della Sanità

(Rome, Italy). Mice (male, C57BL/10SnJ, 20–35 g) were killed

by cervical dislocation. The abdomen was immediately

opened, the oesophagus was tied proximal to the lower

oesophageal sphincter, and the entire stomach was excised.

Preparations were mounted in a custom-designed organ bath

continuously perfused with oxygenated (95% O2 and 5% CO2)

and heated (371C) Krebs solution with the following composi-

tion (mm): NaCl 119; KCl 4.5; MgSO4 2.5; NaHCO3 25;

KH2PO4 1.2; CaCl2 2.5; glucose 11.1. The Krebs solution

always contained atropine (1 mm) and guanethidine (1 mm) to
block cholinergic and adrenergic responses, and thus to impose

NANC recording conditions. The pyloric end was tied around

the mouth of a J-tube, which was connected via a T catheter to

a standard pressure transducer (Statham Mod. P23XL). The

mechanical activity was recorded on an ink-writer polygraph

(Grass model 7D). To provide electrical field stimulation

(EFS), a pair of platinum plates was placed in parallel on

either side of the entire stomach. EFS was applied by an S88

square-wave pulse generator (Grass Medical Instruments,

Quincy, MA, U.S.A.) coupled via a stimulus isolation unit

(Grass SIU5) to the electrodes. Preparations were allowed to

equilibrate for about 60min before starting the experiment.

Experimental protocol

After the equilibration time, EFS was performed or relaxant

agents were administered. EFS (0.5ms duration, supramaxi-

mal voltage, in trains of 5 s, 2–32Hz) was applied to the tissue

at 10min intervals. After the relaxant responses to NANC

nerve stimulation had been obtained, the Krebs solution was

changed with one containing one or more antagonists of the

putative mediators or of mechanisms of NANC relaxation and

the tissue was incubated for at least 30min before recording a

second series of responses to EFS. The antagonists tested were:

No-nitro-l-arginine methyl ester (l-NAME, 300mm), apamin
(0.1 mm), a-chymotrypsin (10Uml�1), VIP6–28 (10 mm) and

adenosine 50-O-(2-thiodiphosphate) (ADPbS) (10mm). The

efficacy and the specificity of these blocking drugs at the

concentrations used were verified by testing their effects on

the relaxant responses induced by exogenous agonists (data

not shown). Then, in separate experimental gastric prepara-

tions, the responses to noncumulative concentrations of

sodium nitroprusside (SNP), VIP and ATP were examined in

the absence and presence of the different inhibitors/antago-

nists. The agonists were added to the bath after switching off

the perfusion.

Data analysis and statistical tests

The amplitude values of the relaxant responses to EFS refer to

the maximal peak obtained during the stimulation period.

Responses to SNP, VIP and ATP have been expressed as a

percentage of the maximum response obtained in the same

tissue to 10 mm SNP, 0.3mm VIP and 1mm ATP, respectively.

All data are expressed as mean values7s.e.m. The letter n

indicates the number of experiments, and it is equivalent to the

number of experimental animals. Statistical analysis was

performed by means of paired Student’s t-test or analysis of

variance, followed by Bonferroni’s t-test, when appropriate. A

probability value of less than 0.05 was regarded as significant.

Drugs

The following drugs were used: ATP, atropine sulphate,

ADPbS, guanethidine monosulphate, l-NAME, tetrodotoxin

(TTX), apamin, a-chymotrypsin, VIP, VIP6–28, SNP (all

purchased from Sigma Chemical Corp., St Louis, MO,

U.S.A.). The stock solutions were prepared by dissolving all

drugs in distilled water and kept frozen. The working solutions

were prepared fresh on the day of the experiment by diluting

the stock solutions with Krebs solution.

Results

Responses to NANC nerve stimulation

EFS (2–32Hz) induced TTX-sensitive, frequency-dependent

relaxations. These consisted of a rapid and transient first

phase, reaching its maximum within 2 s, followed by a second

phase with a slower onset time and a longer duration. As

previously described, the rapid relaxation reached the maximal

amplitude at 8Hz, whereas the delayed prolonged relaxation

was enhanced in amplitude and duration as the stimulation

frequency was increased (Mulè & Serio, 2002). l-NAME

(300mm), which increased the resting endoluminal pressure

(1–2 cm H2O), caused the abolition of the fast relaxation and

often unmasked a NANC contraction. l-NAME also reduced

the second long-lasting relaxant phase evoked at all frequen-

cies tested (Figure 1). This suggests that NO is responsible for
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the fast relaxation and it is also involved in the long-lasting

relaxation.

To investigate the involvement of a purinergic pathway in

mediating the gastric response to EFS, we examined the effects

induced by apamin (0.1 mm) or by desensitisation of the P2y

purinergic receptors with ADPbs (10mm). Neither drug

affected the resting endoluminal pressure. In the presence of

apamin (0.1 mm), the slow relaxation evoked by EFS at

frequencies up to 8Hz was significantly reduced, whereas the

slow relaxation evoked by EFS at frequencies higher than 8Hz

as well as the fast relaxation were not modified (Figure 2). The

desensitisation of P2y purinergic receptors with ADPbs (10mm)

significantly reduced only the slow component evoked by low

frequencies of stimulation (up to 8Hz). The addition to the

bath of l-NAME (300mm) after ADPbs (10mm) abolished the

slow relaxation to 2–8Hz, and significantly reduced the slow

component to 16–32Hz (Figure 3).

To investigate whether VIP participates in the evoked

gastric relaxation, we performed some experiments using

a-chymotrypsin, an enzyme that cleaves peptides at the level

of tyrosine residues (present in VIP and also in other peptides).

a-chymotrypsin (10Uml�1), which increased the resting

endoluminal pressure (about 1 cm H2O), significantly de-

creased only the slow component in response to high

frequencies (8–32Hz), suggesting an involvement of a peptide

(Figure 4). The VIP receptor antagonist, VIP6-28 (10 mm),
enhanced the resting endoluminal pressure (1–1.5 cm H2O)

and significantly reduced only the slow relaxation evoked by

high frequencies (8–32Hz). The subsequent addition of l-

NAME (300mm) in the continuous presence of VIP6–28

(10mm) abolished the slow component to high frequencies (16–

32Hz) and reduced partially the slow component to low

frequencies (2–8Hz) (Figure 5).

Relaxation to SNP, VIP and ATP

The NO donor, SNP (1 nm–10mm) produced a concentration-

dependent well-maintained relaxation. The magnitude of

relaxation to SNP was not affected by l-NAME (300 mm),
apamin (0.1 mm) or ADPbS (10mm), but it was significantly

Figure 1 Original tracings illustrating the effect of l-NAME on the
EFS-evoked NANC relaxations. EFS (0.5ms, supramaximal vol-
tage, for 5 s, 2–32Hz) evoked biphasic responses, consisting of a fast
relaxation followed by a slow relaxation. l-NAME (300 mm)
abolished the early fast component and reduced the slow relaxation.
Arrows indicate EFS.

Figure 2 Effects of apamin on the amplitude of the two compo-
nents of NANC relaxation evoked by different stimulation
frequencies. Apamin (0.1 mm) did not modify the fast relaxation,
but it significantly reduced the slow relaxation to 2–8Hz, without
affecting that to higher frequencies of stimulation. All values are
mean7s.e.m., n¼ 4. *Po0.05 when compared to the respective
control conditions (using Student’s t-test).

Figure 3 Effects of the desensitisation of the P2y purinergic
receptors with ADPbs on the amplitude of the two components of
NANC relaxation evoked by different stimulation frequencies.
ADPbs (10mm for 30min) did not modify the fast relaxation, but
it significantly reduced the slow relaxation to 2–8Hz, without
affecting that to higher frequency of stimulation. The subsequent
addition of l-NAME (300 mm) abolished the fast relaxation and the
slow relaxation to 2–8Hz, and significantly reduced the second slow
component to 16–32Hz. All values are mean7s.e.m., n¼ 4.
*Po0.05 when compared to the respective control conditions (using
ANOVA followed by Bonferroni’s t-test).
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reduced by exposure to a-chymotrypsin (10Uml�1) or VIP6–

28 (10 mm) (Figure 6).
VIP (0.1–100 nm) produced a slowly developing relaxation

that was not affected by l-NAME (300mm), apamin (0.1 mm)
or ADPbS (10mm), but was antagonised by VIP6–28 (10 mm)
and abolished by a-chymotrypsin (10Uml�1) (Figure 7).

ATP (1 mm–1mm) produced a sustained relaxation, which

was abolished by apamin (0.1 mm), greatly reduced by

desensitisation of the P2y purinergic receptors with ADPbs
(10mm), but it was not affected by l-NAME (300mm) or by a-
chymotrypsin (10Uml�1) (Figure 8).

Discussion

The results of the present study suggest that several

neurotransmitters are responsible for the inhibitory mechani-

cal responses of the mouse stomach. NO, VIP and ATP are

differently involved in the nerve-evoked NANC relaxation.

The NO inhibitory action appears to be due, at least in part, to

VIP release, but no other interactions between the neuro-

transmitters were evident.

Previous studies in mouse gastric smooth muscle have

shown that NANC inhibitory nerve stimulation evoked a

biphasic relaxation, characterised by a rapid and transient

‘first’ phase followed by a ‘second’ phase, slower in onset and

long-lasting, which was more evident in response to high

frequencies of stimulation (Pfeifer et al., 1998; Baccari et al.,

2000; Dick et al., 2002). The first component has been reported

to be nitrergic in nature (Pfeifer et al., 1998; Baccari et al.,

2000; Dick et al., 2002; Mulè & Serio, 2002), whereas the

‘second’ phase has been suggested to be peptidergic, likely

Figure 4 Effects of a-chymotrypsin on the amplitude of the two
components of NANC relaxation evoked by different stimulation
frequencies. a-chymotrypsin (10Uml�1) did not modify the fast
relaxation and the slow relaxation to low frequencies, but it
significantly reduced that to high frequencies of stimulation. All
values are mean7s.e.m., n¼ 6. *Po0.05 when compared to the
respective control conditions (using Student’s t-test).

Figure 5 Effects of VIP6–28, a selective antagonist of VIP
receptors, on the amplitude of the two components of NANC
relaxation evoked by different stimulation frequencies. VIP6–28
(10 mm) did not modify the fast relaxation and the slow relaxation to
low frequencies, but it significantly reduced that to high frequencies
of stimulation. The subsequent addition of l-NAME (300 mm)
abolished the fast relaxations and the slow relaxations to 16–32Hz,
and significantly reduced the second slow component to 2–8Hz. All
values are mean7s.e.m., n¼ 4. *Po0.05 when compared to the
respective control conditions (using ANOVA followed by Bonfer-
roni’s t-test).

Figure 6 Concentration–response curves for SNP-induced relaxa-
tion in mouse gastric preparations before and after different
pharmacological treatment. Apamin (0.1 mm, n¼ 4), ADPbs
(10 mm, n¼ 5) and l-NAME (300 mm, n¼ 5) did not alter the
responses to SNP. a-Chymotrypsin (aCT) (10Uml�1, n¼ 5) and
VIP6–28 (10 mm, n¼ 5) reduced the effectiveness of SNP. All values
are mean7s.e.m., and are reported as a percentage of the maximum
effect induced by 10 mm SNP. *Po0.05 vs control (using paired
Student’s t-test).
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mediated by VIP (Baccari et al., 2000). These results were

obtained in strips precontracted by carbachol or endothelin,

but it should be kept in mind that contractile agonists, used to

raise basal tension, lead to stimulation of protein kinase C and

inactivation of smooth muscle NOS (Murthy et al., 1994), thus

possibly masking the production of NO. Our results using the

noncontracted whole stomach confirm that the fast component

of the NANC relaxation is mediated exclusively by NO

irrespective of the frequency of stimulation. In fact, fast

relaxation was abolished by l-NAME, but it was not affected

by desensitisation of P2y purinoceptors with ADPbs, by a-
chymotrypsin or by VIP6–28. Moreover, l-NAME reduced

the slow relaxation evoked by all frequencies of stimulation,

suggesting that NO is also partly responsible for this

component, together with other inhibitory transmitter(s).

The results from our experiments indicate that ATP partici-

pates in the slow relaxation evoked by low frequencies of

stimulation, whereas VIP contributes to the slow relaxation

evoked by high frequencies of stimulation. Since we recorded

the pressure changes of whole stomach, our methods do not

permit the recognition of regional differences within the

stomach.

ATP has been long demonstrated to act as a NANC

inhibitory neurotransmitter in the mammalian intestine (Burn-

stock, 1990), but up to date the role of purinergic transmission

and its possible interactions with NO and VIP have not been

investigated in mouse stomach. Classically, it is generally

accepted that ATP acting on P2x purinoceptors mediate muscle

contractions, whereas P2y purinoceptors mediate muscle

relaxations (Burnstock & Kennedy, 1985). In the present

study to investigate the role of ATP in the gastric inhibitory

NANC responses, we have used ADPbs, which desensitise P2y

purinoceptors, and apamin, considered to antagonise the

purinergic NANC inhibitory responses (Costa et al., 1986;

Koh et al., 1997). The slow component of relaxation evoked at

frequencies up to 8Hz was abolished by apamin, suggesting

that it is mediated by the opening of small conductance, Ca2þ -

dependent Kþ channels. The observation that the desensitisa-

tion of P2y purinoceptors with ADPbs markedly reduced the

slow component of the relaxation induced by frequencies up to

8Hz suggests that ATP mediates this component by acting on

P2y purinoreceptors to induce opening of apamin-sensitive Kþ

channels. In support of this hypothesis, there is the observa-

tion that the relaxation to exogenous ATP was antagonised by

apamin in our preparation. ADPbs antagonised the relaxation

to exogenous ATP without affecting relaxations to either SNP

or VIP, demonstrating its selectivity for purinoceptors in this

tissue. However, it has been reported that apamin can reduce

the muscular responses to NO (Jenkinson & Reid, 2000; Xue

et al., 2000; Serio et al., 2003). In our preparation, this

possibility can be ruled out because apamin was without any

effect on the evoked nitrergic relaxation. In addition, apamin

did not affect the responses to exogenous SNP or VIP,

suggesting that these mediators do not act through the

activation of apamin-sensitive Kþ channels. Moreover, in

the present study, the relaxation induced by ATP was not

affected by l-NAME or a-chymotrypsin, thus excluding the

possibility that ATP stimulates the release of NO or a peptide.

Also, the lack of effect of ADPbS on SNP or VIP-evoked

relaxation rules out any interaction between NO and purines

as reported in other preparations (Boeckxstaens et al., 1991;

Christinck et al., 1991; Plujà et al., 1999; Xue et al., 2000) or

between VIP and purines.

To our knowledge, these data represent the first experi-

mental evidence that ATP or a related purine is involved in the

mechanical relaxation in response to nerve NANC activation

in mouse stomach. Actually, Mashimo et al. (1996), in an

electrophysiological study, suggested that in mouse gastric

fundus ATP acting on P2 receptors opens apamin-sensitive

potassium channels to produce fast inhibitory junction

potentials. However, the type of junction potential does not

Figure 7 Concentration–response curves for VIP-induced relaxa-
tion in mouse gastric preparations before and after different
pharmacological treatment. Apamin (0.1mm, n¼ 4), ADPbs
(10 mm, n¼ 5) and l-NAME (300 mm, n¼ 5) did not alter the
responses to VIP, whereas a-chymotrypsin (aCT) (10 uml�1, n¼ 5)
abolished and VIP6–28 (10 mm, n¼ 5) antagonised the response to
VIP. All values are mean7s.e.m., and are reported as a percentage
of the maximum effect induced by 0.3 mm VIP. *Po0.05 vs control
(using Student’s t-test).

Figure 8 Concentration–response curves for ATP-induced relaxa-
tion in mouse gastric preparations before and after different
pharmacological treatment. The response to ATP was abolished
by apamin (0.1 mm, n¼ 4), antagonised by ADPbs (10 mm, n¼ 5) and
was not altered by l-NAME (300 mm, n¼ 5) or by a-chymotrypsin
(aCT) (10Uml�1, n¼ 5). All values are mean7s.e.m., and are
reported as a percentage of the maximum effect induced by 1mm
ATP. *Po0.05 vs control (using paired Student’s t-test).
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always relate to the mechanical response, and it is therefore

important to measure mechanical responses directly to assess

the role of putative neurotransmitters in the modifications of

mechanical activity.

a-Chymotrypsin decreased the slow component in response

to high frequencies of stimulation, suggesting the involvement

of a peptide. Since the enzyme cleaves peptides at the level of

tyrosine residues, present in VIP and also in other peptides, we

also used VIP6–28, a VIP receptor antagonist (Fishbein et al.,

1994). The finding that the VIP receptor antagonist signifi-

cantly reduced the slow relaxation evoked by high frequencies

of stimulation suggests that VIP is involved in the slow

component of NANC relaxation. These results are in

agreement with other reports indicating that VIP is released

either by brief stimuli at high frequency or by sustained stimuli

at low frequency (Li & Rand, 1990; D’Amato et al., 1992a, b;

Lefebvre et al., 1995; Takahashi & Owyang, 1995; Currò &

Preziosi, 1998), and thus they confirm that the stimulation

frequency of the myenteric neurones is important, as recently

shown in the human gastric fundus: low frequency of

stimulation caused only NO release, whereas high frequency

of stimulation induced both NO and VIP release (Tonini et al.,

2000).

A matter of debate in the discussion of NO-mediated effects

in the gastrointestinal tract has been whether or not VIP is

crucial for NO-mediated effects and vice versa (Makhlouf &

Grider, 1993; Keef et al., 1994; Bayguinov et al., 1999). In the

present experiments, the finding that the relaxation induced by

VIP was insensitive to l-NAME gives evidence that in mouse

stomach, as in human, pig, guinea-pig or canine gastric

preparations (Desai et al., 1994; Lefebvre et al., 1995;

Bayguinov et al., 1999; Tonini et al., 2000), VIP does not

cause its relaxant effect by producing NO, and it excludes a

sequential mechanism between VIP and NO in the NANC

relaxation of mouse stomach. These results are in contrast with

Mashimo et al. (1996), who, in an electrophysiological study,

suggested that in mouse gastric fundus VIP, acting presynap-

tically, releases NO. Nevertheless, no evidence for this serial

interaction between VIP and NO in mouse gastric preparation

was obtained in other studies from measuring smooth muscle

contractile activity, because VIP-induced relaxation was not

influenced by inhibitors of NOS and was still present in

nNOS(�/�) mice (Dick et al., 2002).

The possibility that VIP release might be activated by NO

has been also considered in our study, because NO has been

shown to stimulate the release of VIP in different intestinal

preparations (Allescher et al., 1996; Matsuyama et al., 2002)

including guinea-pig gastric fundus (Grider et al., 1992; Grider

& Jin, 1993). The observation that, in our preparation, the

relaxation to exogenous SNP was specifically reduced by a-
chymotrypsin or VIP6–28 implies a role for VIP in the SNP-

evoked relaxation. We suggest that NO acts as a primary

neurotransmitter mediating smooth muscle relaxation, and as

a modulator enhancing VIP release. Our data do not allow us

to clarify the cellular source of NO responsible for this

neuromodulatory action. Colocalisation of NOS and VIP

immunoreactivity in the enteric neurones has been described at

gastric level (Lefebvre et al., 1995; Tonini et al., 2000);

therefore, NO of neural origin could exert this effect.

Alternatively, NO could be produced by the smooth

muscle cells (Grider et al., 1992; Murthy & Makhlouf,

1994; Mulè et al., 2001) or by interstitial cells of Cajal

(Xue et al., 1994). Further experiments are needed to clarify

this point.

In conclusion, depending on the stimulation frequency,

different neurotransmitters appear to be involved in the

inhibitory mechanical response of the mouse stomach. NO is

responsible for the rapid relaxation and appears to mediate

partly the slow relaxation. ATP or a related purine, acting on

P2y purinoceptors through opening of apamin-sensitive Kþ

channels, is involved in the slow relaxation evoked by low

frequencies of stimulation. VIP is responsible for the sustained

relaxation evoked by high frequencies of stimulation. The

different neurotransmitters appear to work in a parallel

manner, although NO could also serve as a neuromodulator

substance that facilitates release of VIP.

This work was supported by grant from the Comitato Telethon
Fondazione Onlus, Italy.
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