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1 Gastro-oesophageal acid reflux may cause airway responses such as cough, bronchoconstriction
and inflammation in asthmatic patients. Our previous results suggest that microvascular leakage
induced, in the guinea-pig airways, by intra-oesophageal hydrochloric acid (HCI) infusion was mainly
dependent on the release of tachykinins. Nociceptin, an endogenous ligand of the opioid receptor
NOP, has been shown to inhibit bronchoconstriction and cough in guinea-pig or cat by inhibiting
tachykinin release.

2 The purpose of this study was to investigate the effects of nociceptin on the intra-oesophageal HCI-
induced airway microvascular leakage evaluated by Evans blue dye extravasation measurement in
anaesthetised guinea-pigs pretreated with propranolol, atropine and phosphoramidon.

3 Infusion of intra-oesophageal HCl led to a significant increase in plasma extravasation in the main
bronchi and trachea. This increase was abolished when animals underwent a bilateral vagotomy.

4 Airway microvascular leakage was inhibited by nociceptin (3-30 ugkg' i.v.) in a dose-dependent
manner (maximal inhibition at the dose of 30 ugkg™": 19.76 +1.13 vs 90.92+14.00 ngmg™" tissue for
nociceptin and HCI infusion, respectively, in the main bronchi, P<0.01). The NOP receptor agonist
[Arg',Lys'’ ]N/OFQ mimicked the inhibitory effect of nociceptin, but at a 10-fold lower dose
(3 ugkg='i.v). The NOP receptor antagonist J-113397 had no effect on plasma protein extravasation
by itself, but was able to block the inhibitory effect of nociceptin.

5 Morphine (1 mgkg™') had a similar inhibitory effect as that of nociceptin. Naloxone pretreatment
abolished the effect of morphine, but was enable to block the inhibitory effect of nociceptin.

6 Under similar conditions, nociceptin, in the previous range of concentration, was unable to
counteract the airway microvascular leakage induced by substance P (SP).

7 These results suggest that airway plasma extravasation induced by intra-oesophageal HCI
instillation might be inhibited by specific stimulation of the NOP receptor with nociceptin. Nociceptin
is likely to act at a pre-junctional level, by inhibiting tachykinin release, since it was unable to prevent
SP-induced airway plasma extravasation.
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Introduction

Gastro-oesophageal reflux disease (GORD) is a common
clinical disorder associated with a variety of respiratory
symptoms, including bronchoconstriction and chronic cough
(Spaulding et al., 1982; Irwin et al., 1989; Ing et al., 1991). It
has been shown that GORD is more frequent in asthmatic
patients (Harding & Sontag, 2000), and that drugs which
inhibit acid secretion, such as proton pump inhibitors, are able
to improve the peak expiratory flow in GORD-related
asthmatic patients (Tsugeno et al., 2003). Experimental studies
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have shown that oesophageal hydrochloric acid (HCI) perfu-
sion induces a slight bronchoconstriction in dogs (Mansfield
et al., 1981), cats (Tuchman ez al., 1984) and rabbits (Gallelli
et al., 2003), as well as in asthmatic patients (Spaulding et al.,
1982; Hervé et al., 1986). Oesophageal HCIl perfusion also
induces airway microvascular leakage in guinea-pigs and
rabbits (Hamamoto et al., 1997; Daoui et al., 2002; Gallelli
et al., 2003).

The mechanisms by which GORD might enhance asthmatic
symptoms remain unclear. A reflux theory based on the
microaspirations of acid contents in the airways has been
suggested. Although instillation of acid into the airways
produces bronchospasm in animals (Tuchman et al., 1984;



1078 C. Rouget et al

Nociceptin and gastro-oesophageal reflux

Ishikawa et al., 1999; Ricciardolo, 2001), pulmonary aspira-
tion of refluxed stomach content has not been convincingly
demonstrated in clinical or isotopic studies of large groups of
asthmatic patients with gastro-oesophageal reflux (Ghaed &
Stein, 1979; Berquist et al., 1981). A reflex theory
involving vagus and sensory nerves has also been suggested
(Mansfield & Stein, 1978; Kjellen et al., 1981; Hervé et al.,
1986). The role of vagus nerves and of cholinergic transmission
has been demonstrated in both animals and humans. In dogs
(Mansfield & Stein, 1978; Mansfield er al., 1981) and
guinea-pigs (Hamamoto et al, 1997; Advenier et al.,
2002), both bilateral vagotomy and atropine treatment
inhibit airway resistance increase or microvascular leakage
induced by oesophagus HCI infusion. Colson et al. (1990) and
Hervé et al. (1986) found that, in asthmatic patients,
reduction in forced expiratory volume in 1s or maximal
expiratory flow at 50% of the vital capacity and oxygen
saturation induced by oesophageal acid was abolished by
atropine pretreatment. In animals, sensory nerves and
tachykinins are involved in the airway effects of HCI infusion.
Indeed, airway plasma extravasation or pulmonary resistance
increase induced by intra-oesophageal HCI infusion in guinea-
pigs or rabbits are abolished either by a pretreatment with
capsaicin, which induces a depletion of tachykinins from
sensory nerves, or by treatment with neurokinin NK,; (FK 888,
SR 140333) or NK; (SR 142801) receptor antagonists
(Hamamoto et al., 1997; Daoui et al., 2002; Gallelli et al.,
2003).

Nociceptin (Meunier et al., 1995; Reinscheid et al., 1995), a
17 amino-acid peptide, is the endogenous ligand for the opioid
receptor-like 1 receptor (Mollereau et al., 1994), recently
named NOP receptor, which has an overall 60% homology
with the classical MOP, DOP and KOP opioid receptors. The
NOP receptor contains seven transmembrane domains and is a
member of the G;,-coupled receptor superfamily. The cellular
mechanisms of action of nociceptin (activation of K™ and
inhibition of Ca®* channels, inhibition of cyclic AMP
production) are probably the same as for other opioid
receptors (Meunier, 1997). In vivo experiments have demon-
strated that nociceptin is involved in a wide variety of
biological functions such as nociception, anxiety and memory
processes, food intake, regulation of arterial blood pressure
and spontaneous locomotor activity (Calo et al., 2000). In the
airways, nociceptin was found to inhibit the contractions of
the guinea-pig isolated bronchus induced by electrical field
stimulation (EFS) (Fischer et al., 1998), an effect that is
mediated by a pre-junctional mechanism not involving
the classical opioid receptors. Other studies performed in
guinea-pigs showed that nociceptin inhibits acetylcholine
release in the trachea (Patel et al., 1997) and capsaicin-
induced bronchoconstriction in isolated lungs (Corboz et al.,
2000). In vivo, nociceptin was found to inhibit cough provoked
by capsaicin in guinea-pig (McLeod ez al., 2001) or by
mechanical stimulation of intra-thoracic airways in the cat
(Bolser et al., 2001). Taken altogether, these studies demon-
strate that nociceptin may influence airway physiology
by modulating cholinergic and/or tachykinergic neuro-
transmission.

The purpose of the present study was to investigate the effect
of NOP receptor stimulation by nociceptin on airway
microvascular leakage induced by intra-oesophageal HCI
instillation in guinea-pigs.

Methods
Animal preparation

The study was approved by the committee of animal use and
care of the university. Male Hartley guinea-pigs (N=97)
weighing 250-350 g were used throughout this study. Animals
were  anaesthetised intraperitoneally  with  urethane
(1.25gkg™"). Additional injections were given as necessary.
The left jugular vein was cannulated for injection of drugs. At
30 min before experimentation, animals were pretreated with
atropine (3mgkg™" i.p.), propranolol (1mgkg™"' i.p.) to block
muscarinic and f-adrenergic receptors, and phosphoramidon
(Imgkg™ i.p.) to reduce tachykinin metabolism. The oeso-
phageal wall was partly sectioned at the level of the third to
fifth tracheal cartilage ring and a catheter was placed in the
mid-oesophagus. The oesophagus was ligated at the upper
portion to avoid HCIl leakage. The lower end of the
oesophagus was then exposed from the abdomen and ligated
to block communication between the oesophagus and the
stomach. Thus, there was no leakage of fluid from the
oesophagus.

Measurement of airway microvascular leakage

Vascular permeability was quantified by the extravasation of
Evans blue dye (Rogers et al., 1988). Evans blue dye
(B30mgkg™") was injected into the jugular vein, followed
1 min later by intra-oesophageal HCl (1 N, 0.4ml) or saline
(0.9%) infusion. Previous experiments have determined HCI
IN to produce the maximum of Evans blue extravasation
(Daoui et al., 2002). At 10 min after completion of the intra-
oesophageal HCI or saline infusion, the thorax was opened up.
Animals were perfused with phosphate buffer via the left
ventricle. The lungs were then removed. The connective
tissues, vasculature and parenchyma were gently scraped away
and the airways were divided into two components, trachea
and main bronchi (Rogers et al., 1988). The tissues were
blotted dry, weighed and their dye content was extracted in
formamide at 37°C for 18 h. Dye concentration was quantified
by light absorbance at 620 nm (DCP spectrophotometer; Vital,
Dieren, Netherlands), and tissue content (ng dyemg™' wet
weight tissue) was calculated from a standard curve of dye
concentrations in the 0.5-10 ugml~' range.

Evaluation of the effect of bilateral vagotomy on HCI-
induced airway plasma protein extravasation

Vagus nerves were cut bilaterally at the fourth tracheal
cartilage level. After 5min, Evans blue dye (30mgkg™") was
injected intravenously. After 1min, 1N HCI (0.4ml) was
infused into the oesophagus for 10min and then the Evans
blue dye leakage was measured.

Measurement of the effect of nociceptin on HCI-induced
airway microvascular leakage

To evaluate the effect of nociceptin on airway plasma
extravasation, either nociceptin (3, 10 and 30 ugkg™") or its
saline vehicle was injected intravenously 1min before Evans
blue dye. In similar conditions, a NOP receptor agonist,
[Arg'!,Lys'*]N/OFQ, or its saline vehicle was tested (0.3 and
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3ugkg™"). In complementary experiments, J-113397, a non-
peptide NOP receptor antagonist (Kawamoto et al., 1999;
Bigoni et al., 2000; Ozaki et al., 2000), or its vehicle (see
Materials) was injected at the dose of 3mgkg™' 10 min before
nociceptin injection. In another set of experiments, nociceptin
effect was compared to that of morphine: a single dose of
morphine (Imgkg™") or its vehicle (see Materials) was
administered intravenously 10min before dye infusion. The
MOP, DOP and KOP receptor antagonist naloxone (3mg kg™'
i.v) or its saline vehicle were given 10 min before morphine
(Imgkg™") or 19 min before nociceptin (30 ugkg™") injection.

Evaluation of nociceptin effect on substance P (SP)-
induced airway microvascular leakage

In order to assess the mechanism of action of nociceptin, an
SP-induced airway plasma extravasation was performed. SP
(0.3 ugkg™") was injected intravenously 5min before Evans
blue dye injection. Leakage was measured 10min later.
Nociceptin was used at the dose of 30 ugkg™".

Materials

Atropine sulphate, Evans blue dye, formamide, naloxone,
nociceptin, phosphoramidon and propranolol were obtained
from Sigma, St Quentin Fallavier, France. HCI and urethane
were obtained from Prolabo, Paris, France. SP was obtained
from Bachem, Voisins-le-Bretonneux, France. The following
drugs were dissolved in 0.9% NaCl: [Arg' Lys'’IN/OFQ,
which was a gift from Dr Calo and Pr Regoli (University of
Ferrara, Italy), atropine sulphate, Evans blue dye, naloxone,
nociceptin, phosphoramidon, propranolol and SP. Morphine
was dissolved in a mixture of HCl I N, ethanol and saline
(1/12/87). Morphine and J-113397 were gifts from Dr Emonds-
Alt, (Sanofi-Synthelabo Recherche, Montpellier, France).
The chemical name of J-113397 is 1-[(3R,4R)]-1-cyclooctyl-
methyl-3-hydroxymethyl-4-piperidyl]-3-ethyl-1,3-dihydro-2H-
benzimidazol-2-one. This compound was dissolved in a
mixture of HCI 1 N, ethanol and saline (10/10/80).

Statistical analysis

Data are expressed as means +s.e.m. Statistical analysis of the
results was performed by using Student’s z-test for unpaired
data. Differences among groups were considered significant
when P<0.05.

Results

Effect of bilateral vagotomy on airway plasma
extravasation induced by oesophageal stimulation with
HCI

Infusion of 1 N HCl into the oesophagus significantly increased
plasma extravasation in the trachea (8.74+2.31 s
75.48+15.64ngmg~" tissue for saline and HCI infusion
respectively, P<0.01) and main bronchi (24.68+2.02 vs
90.924+14.00ngmg~" tissue for saline and HCI infusion,
P<0.01) (Figure 1). Plasma extravasation was significantly
reduced after bilateral vagotomy performed 5 min before HCI
infusion (Figure 1).

Effect of NOP receptor activation on HCI-induced plasma
extravasation. Comparison with morphine

Nociceptin decreased the microvascular leakage in a dose-
dependent manner, in the trachea and main bronchi (Figure 2).
Maximal inhibition was reached at the dose of 30 ugkg™
(19.76 +1.13 vs 90.92+ 14.00 ngmg "' tissue for nociceptin and
HCI infusion, respectively, in the main bronchi, P<0.01)
(Figure 2). The effect of [Arg'*,Lys'*]N/OFQ, a NOP receptor
agonist, was tested on the model (Figure 3). This agonist
produced an effect that was equivalent to that of nociceptin,
but at a 10-fold lower dose (3 ugkg™") than nociceptin. The
NOP receptor antagonist J-113397 (3mgkg ") had no effect by
itself on HCl-induced microvascular leakage, but was able to
block the inhibitory effect of nociceptin (Figure 4). The
inhibitory effect of nociceptin was mimicked by a dose of
I mgkg~" of morphine. This effect was abolished by naloxone
(MOP, DOP and KOP receptor antagonist) pretreatment,
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Figure 1 Effect of intra-oesophageal HCI instillation on plasma
protein extravasation in guinea-pig trachea and main bronchi.
Comparison with the effect of bilateral vagotomy. Guinea-pigs were
pretreated with atropine (3mgkg™"), propranolol (1 mgkg ') and
phosphoramidon (1 mgkg™"). Data are expressed as mean+s.e.m.,
n=3-4 per group. “P<0.01 vs —HCI, **P<0.01 vs +HCI.

Trachea Main bronchi
120 1~ 120
#
100 # 100
§ 80
o i
Sao 80
52
@ o 60 - 60 4
S E
w g 40 . 404 "
£ ’_T_‘
20 A *x 201 ﬁ
0 ,__\I__l N 0 N
=] Q \\} N
)2\0 ;2\0 N o5 :2\0 >:2\0 > Q0 o

Nociceptin (ug.kg™) Nociceptin (pg.kg™)

Figure 2 Effect of nociceptin (3-10 or 30 ugkg™") on the micro-
vascular leakage induced by intra-oesophageal HCI infusion in
guinea-pig trachea and main bronchi. Guinea-pigs were pretreated
with atropine (3mgkg™"), propranolol (1 mgkg™") and phosphor-
amidon (1 mgkg™'). Data are expressed as mean+s.e.m., n=3-4 per
group. P <0.01 vs —HCI, *P<0.05 vs +HCI, **P<0.01 vs +HCI.

British Journal of Pharmacology vol 141 (6)



1080 C. Rouget et al

Nociceptin and gastro-oesophageal reflux

Trachea

Main bronchi

120 -
100 #
80 -

60

Evans blue
(ng.mg" tissue)

40 -

20 | x

0-

N O o5 o
\2\0 )g\o (g\ N

q‘# S —
3> [Arg'4,Lys!'SIN/OFQ
¥ g™ Lys"]

oF [Arg" LysSINIOFQ
(ugkg-1)

&S :
A (Hg-kg-1)
o&°

& &

.
2%

Figure 3 Comparison of the effects of [Arg'¥,Lys'’ ]N/OFQ (0.3~
3ugkg™"), an agonist of NOP receptor, and of nociceptin
(B0ugkg™") on the airway plasma extravasation in guinea-pigs
pretreated with atropine (3mgkg™"), propranolol (1 mgkg~') and
phosphoramidon (1 mgkg™'). Data are expressed as mean+s.e.m.,
n=3-4 per group. "P<0.01 vs —HCIl, *P<0.05 vs +HCI,
**P<0.01 vs +HCI.
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Figure 4 Effect of J-113397 (3mgkg™"'), a NOP receptor antago-
nist, on the inhibitory effect of nociceptin (30 ugkg™"). Guinea-pigs
were pretreated with atropine (3mgkg~"), propranolol (1 mgkg™")
and phosphoramidon (1 mgkg™"). J-113397 was administered 10 min
before nociceptin. Data are expressed as mean +s.e.m., n=3-5 per
group. #*P<0.01 vs —HCI, *P<0.05 vs +HCI.

whereas nociceptin effect was insensitive to such treatment
(Figure 5).

Effect of nociceptin on SP-induced airway microvascular
leakage

Nociceptin had no significant influence on SP (0.3. ugkg™")-
induced plasma extravasation either in trachea or in the main
bronchi (Figure 6).

Discussion

In the present study, we found that, in guinea-pigs pretreated
with atropine, propranolol and phosphoramidon, oesophageal
stimulation by HCl infusion causes plasma extravasation in the
trachea and main bronchi. Airway microvascular leakage, a
manifestation of neurogenic inflammation, was abolished
either by nociceptin (10-30 ugkg™"), by the NOP receptor
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Figure 5 Effect of morphine (1 mgkg™") on airway plasma exuda-
tion in guinea-pigs pretreated with atropine (3mgkg™"), propranolol
(Imgkg™") and phosphoramidon (1 mgkg™"). Morphine was given
intravenously 10 min before dye infusion. Naloxone was injected at
the dose of 3mgkg™, 10min before morphine or 19min before
nociceptin. Data are expressed as mean +s.e.m., n=2-5 per group.
#P<0.01 vs —HCI, *P<0.05 vs +HCI, **P<0.01 vs +HCI.

agonist [Arg', Lys"’IN/OFQ (0.3-3 ugkg™") or by morphine
(Imgkg"). The protective effect of nociceptin was abolished
by pretreatment with J-113397, a NOP receptor antagonist,
but not by naloxone, an antagonist of classical opioid
receptors, showing that the MOP, KOP and DOP opioid
receptors are not involved in the suppressant activity of
nociceptin. In addition, we have shown that nociceptin did not
inhibit SP-induced microvascular leakage in airways, suggest-
ing that nociceptin does not act via a postsynaptic inhibitory
effect at the level of the vasculature. Our present results,
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Figure 6 Effect of nociceptin on SP-induced plasma extravasation
on the trachea and main bronchi of guinea-pigs pretreated with
atropine (3mgkg™"), propranolol (1 mgkg~") and phosphoramidon
(Imgkg™). SP (0.3 ugkg™") was injected 5min before dye infusion.
Data are expressed as mean+s.e.m., n=4 per group.

combined with previous results of our group (Daoui et al.,
2002) showing that tachykinins play an important role in this
model of plasma extravasation induced in the airways by intra-
oesophageal HCI infusion (see introduction), suggest that
nociceptin could exert its preventative effect on sensory nerves
at a presynaptic level.

Several types of protective effect against sensory nerve
activation involving nociceptin have been reported in airways,
such as inhibition of the contractions of the guinea-pig isolated
bronchus induced by EFS (Fischer et al., 1998), or inhibition
of capsaicin-induced bronchoconstriction in guinea-pig iso-
lated lung (Corboz et al., 2000). In addition, it has been shown
that nociceptin can inhibit capsaicin-induced bronchoconstric-
tion via an activation of an inward-rectifier K* channel (Jia
et al., 2002). In human isolated bronchi, nociceptin was shown
to inhibit airway hyper-responsiveness induced by fenoterol
(Faisy et al., 2003). In the gastro-intestinal tract, nociceptin
was described to inhibit in vitro the high-frequency EFS-
mediated nonadrenergic noncholinergic (NANC) contractions
of the longitudinal muscle of the guinea-pig ileum (Nicholson
et al., 1998; Osinski & Brown, 2000).

Under our experimental conditions, nociceptin exerts its
protective effect against airway microvascular leakage at very
low doses. [Arg'* Lys' IN/OFQ effects were observed at doses
10-fold lower than that of nociceptin, a ratio of dose in
agreement with the reported results by Rizzi et al. (2002). This
range of doses contrasts with that used by McLeod et al.
(2001) for inhibition of cough in guinea-pig. These authors
have shown that nociceptin significantly reduced cough
induced by aerosolised capsaicin only at 3mgkg™' (iv.,
immediately before cough test). However, in our study, the
protective effect of nociceptin was observed in the same range
of doses as that described in other in vivo studies in the gastro-
intestinal tract (Osinski & Brown, 2000), suggesting that the
mechanism and/or site of action of nociceptin for inhibition of

cough induced by capsaicin and for airway microvascular
leakage induced by intra-oesophageal HCI are different.

The low doses necessary to block airway plasma extravasa-
tion induced by intra-oesophageal HCI instillation firstly
suggest that nociceptin effects may involve peripheral nerves.
In this way, specific nociceptin-positive fibres have been
identified in guinea-pig bronchi by double-labelling immuno-
histochemistry experiments (Fischer et al., 1998). In addition,
several published in vitro evidences in guinea-pig airways (Patel
et al., 1997; Nemeth et al., 1998; Corboz et al., 2000) and gut
(Osinski & Brown, 2000) suggest that nociceptin is able to
mediate effects locally. Among the possible sites of action,
nociceptin can acts on nerve endings or on nerve connections
between the oesophagus and airways in the autonomic ganglia
(Myers & Undem, 1993; Myers et al., 1996), where anatomical
studies have demonstrated the presence of axon collaterals
from visceral afferent fibres (gastro-intestinal tract, bladder,
airways) (Coleridge et al., 1989; Mawe, 1995; Canning et al.,
1996; Myers et al., 1996). Interestingly, Canning et al. (1998)
have reported in an in vitro preparation of guinea-pig trachea
and oesophagus with their respective nerves, and in the
presence of a combination of propranolol, atropine, indo-
methacin and SR 48968 (a NK, receptor antagonist), that
capsaicin elicited concentration-dependent relaxations of the
trachea only when the adjacent oesophagus was intact. The
effect of capsaicin was abolished by tetrodotoxin. On the basis
of these results and of additional immunochemistry studies, it
was concluded that the NANC responses of the guinea-pig
trachea induced by oesophagus stimulation were mediated by
nerve fibres from parasympathetic ganglia that are intrinsic to
the adjacent oesophagus (Canning et al., 1998). Similarly, our
results suggest that stimulation by HCI of capsaicin-sensitive
fibres in the oesophagus may elicit microvascular leakage in
airways through intermediate neurons, including parasympa-
thetic ganglion neurons.

However, while a peripheral effect of nociceptin can be
suggested because of low doses needed to achieve protection
against HCl-induced microvascular leakage, a central effect of
nociceptin may also be proposed since, in agreement with
Hamamoto et al. (1997), we have shown that HCl-induced
airway microvascular leakage was abolished in guinea-pigs
after bilateral vagotomy. A peripheral reflex would not have
been affected by this manipulation. Thus, the evoked plasma
leakage in airways may be a reflex, involving the central
integration of afferent information in response to oesophageal
acidification. Indeed, several reports have suggested that
tachykinins are present in the nucleus of the solitary tract
(NTS) and might be involved in the central control of
cardiovascular and respiratory functions related to other C-
fibre-mediated reflexes (Mazzone & Geraghty, 1999, 2000). It
has also been shown, in guinea-pigs, that stimulation of the C-
fibres induced either by systemic injections of capsaicin
(Mutoh et al., 2000), bradykinin, histamine (Canning et al.,
2001), or by laryngeal mucosal application of capsaicin or
bradykinin (Mazzone & Canning, 2002) induces changes in
blood pressure, heart rate and airways. These changes are
potentiated by injection in the NTS of either SP, an effect
mediated through an activation of NK,; and/or NK; receptors
(Mutoh et al., 2000; Mazzone & Canning, 2002). Tachykinin
receptors in the NTS are also activated following intra-gastric
challenge with HCI (Jocic et al., 2001; Michl et al., 2001). Since
NOP receptors are abundantly expressed in the NTS (Bunzow
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et al., 1994; Anton et al., 1996; Mao & Wang, 2000a), and
since their activation is able to reduce the responsiveness of
NTS neurons to baroreceptor inputs (Mao & Wang, 2000a, b),
we may thus suggest that nociceptin is able to either inhibit the
tachykinin release in the NTS or reduce sensory nerve
excitability (Dong et al., 2002) in this area, and consequently
inhibit the reflex involved in the airway plasma extravasation
evoked following oesophageal acidification.

Finally, nociceptin may act on vagus nerves at the level of
jugular ganglion neurons, which play an important role in the
regulation of sensory nerve activity (Fischer ez al., 1996) and
where Fischer er al. (1998) have localised NOP receptor
mRNA.
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