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1 Mouse brain slices preincubated with [3H]-noradrenaline or [3H]-serotonin were superfused with
medium containing naloxone 10 mM; we studied whether nociceptin (the endogenous ligand at ORL1

receptors) a�ects monoamine release. Furthermore, the a�nities of ORL1 ligands were determined
using [3H]-nociceptin binding.

2 The electrically (0.3 Hz) evoked tritium over¯ow in mouse cortex slices preincubated with [3H]-
noradrenaline was inhibited by nociceptin and [Tyr14]-nociceptin (maximally by 80%; pEC50 7.52
and 8.28) but not a�ected by [des-Phe1]-nociceptin (pEC5056). The ORL1 antagonist naloxone
benzoylhydrazone antagonized the e�ect of nociceptin and [Tyr14]-nociceptin.

3 The e�ect of nociceptin did not desensitize, was not a�ected by blockade of NO synthase, cyclo-
oxygenase and P1-purinoceptors and was decreased by the a2-adrenoceptor agonist talipexole.
Nociceptin also inhibited the evoked over¯ow in mouse cerebellar, hippocampal and hypothalamic
slices in a manner sensitive to naloxone benzoylhydrazone.

4 The electrically (3 Hz) evoked tritium over¯ow in mouse cortex slices preincubated with [3H]-
serotonin was inhibited by nociceptin; naloxone benzoylhydrazone antagonized this e�ect.

5 The a�nities (pKi) for [3H]-nociceptin binding to mouse cortex membranes were: nociceptin,
8.71; [Tyr14]-nociceptin, 9.82; [des-Phe1]-nociceptin, 55.5; naloxone benzoylhydrazone, 5.85;
naloxone, 54.5.

6 In conclusion, nociceptin inhibits noradrenaline release in the mouse cortex via ORL1 receptors,
which interact with presynaptic a2-autoreceptors on noradrenergic neurones. The e�ect of nociceptin
does not desensitize nor does it involve NO, prostanoids or adenosine. Nociceptin also attenuates
noradrenaline release from several subcortical regions and serotonin release from cortical slices by a
naloxone benzoylhydrazone-sensitive mechanism.

Keywords: Nociceptin; orphanin FQ; ORL1 receptor; noradrenaline release; serotonin release; mouse brain cortex;
presynaptic receptors; [3H]-nociceptin binding

Abbreviations: [des-Phe1]-N, [des-Phe1]-nociceptin; DMSO, dimethylsulphoxide; 5-HT, 5-hydroxytryptamine (serotonin); L-
NAME, No-nitro-L-arginine methyl ester; NA, noradrenaline; NBH, naloxone benzoylhydrazone; ORL1, opioid
receptor-like1; PMSF, phenylmethylsulphonyl ¯uoride; PSS, physiological salt solution; S, electrical stimulation;
spec. act., speci®c activity; t, collection period in which basal tritium e�ux was determined; [Tyr14]-N, [Tyr14]-
nociceptin

Introduction

A fourth type of opioid receptor, termed opioid receptor-like1
(ORL1) (Mollereau et al., 1994), orphan opioid (Henderson &
McKnight, 1997) or, tentatively, OP4 receptor (Hamon, 1998),
has been cloned by several groups in 1994 (for review, see

Henderson & McKnight, 1997; Meunier, 1997). The heptade-
capeptide nociceptin (also termed orphanin FQ) has been
identi®ed as endogenous ligand at this receptor (Meunier et al.,
1995; Reinscheid et al., 1995). Despite the high structural

resemblance of the ORL1 receptor to the classical opioid
receptors, most of the ligands at the classical opioid receptors
have very low a�nity for the ORL1 receptor; another striking

di�erence to the classical opioid receptors is the fact that
nociceptin elicits a hyperalgetic rather than an analgetic
response in rodents (for review, see Henderson & McKnight,

1997; Meunier, 1997).
On the other hand, ORL1 and classical opioid receptors

resemble each other in one important functional aspect; thus,
ORL1 receptors, like the classical opioid receptors (for review,

see Illes, 1989; Jackisch, 1991; Mulder & Scho�elmeer, 1993;

Smith & Leslie, 1993), occur as presynaptic receptors on nerve

endings and their activation causes inhibition of transmitter
release. Nociceptin inhibits transmitter release (determined
directly or via the endorgan response) in a series of peripheral

tissues, including the guinea-pig ileum and the rat and mouse
vas deferens (for review, see Henderson & McKnight, 1997;
Meunier, 1997). With respect to the CNS, Vaughan et al.
(1997) found that nociceptin, at a presynaptic site, inhibited

the evoked fast GABAergic and glutamatergic postsynaptic
currents in rat periaqueductal gray slices. The inhibitory e�ect
of nociceptin on glutamate release was measured directly by

Nicol et al. (1996) in rat brain cortex slices. Furthermore,
administration of nociceptin into the ventricle or the ventral
tegmental area inhibited dopamine release in the nucleus

accumbens of the anaesthetized rat (Murphy et al., 1996;
1997). By contrast, nociceptin, administered intrastriatally to
conscious rats, increased dopamine release in the striatum
(Konya et al., 1998) and, when administered to the ventral

tegmental area of the anaesthetized rat, facilitated GABA and
glutamate release in this brain region (Murphy et al., 1997).
The facilitatory e�ects of nociceptin in the latter two in vivo

studies might be explained by the involvement of presynaptic
inhibitory ORL1 receptors located on interneurones.*Author for correspondence; E-mail: e.schlicker@uni-bonn.de
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We have recently shown on superfused cerebrocortical slices
from the mouse, rat and guinea-pig that nociceptin inhibits the
release also of noradrenaline via presynaptic ORL1 receptors

(Schlicker et al., 1998). The aims of the present study were to
examine whether this inhibitory e�ect (1) desensitizes upon
prolonged exposure to nociceptin, (2) involves endogenous
mediators like adenosine, NO or prostanoids, (3) is in¯uenced

by simultaneous activation or blockade of the presynaptic a2-
autoreceptor, (4) extends to subcortical brain regions and (5)
also extends to the release of serotonin. The a�nity of

nociceptin and related drugs at ORL1 receptors was
determined in binding studies at mouse brain cortex
membranes, using the radioligand [3H]-nociceptin.

Methods

Superfusion studies

Slices (0.3 mm thick, diameter 3 mm) were prepared from

various brain regions of male NMRI mice. The slices were
incubated for 60 min with physiological salt solution (PSS) of
378C containing [3H]-noradrenaline 25 nM or [3H]-serotonin

100 nM and then superfused with PSS of 378C for 110 min at a
¯ow rate of 1 ml min71. The superfusate was collected in 5-
min samples. The PSS was composed as follows (mM): NaCl

118, NaHCO3 25, KCl 4.8, CaCl2 1.3, KH2PO4 1.2, MgSO4 1.2,
ascorbic acid 0.06, EDTA 0.03, glucose 10; it was aerated with
95% O2 and 5% CO2.

Tritium over¯ow was evoked by two 2-min periods of
electrical ®eld stimulation 40 (S1) and 90 min (S2) after onset of
superfusion. The stimulation parameters were 0.3 Hz, 50 mA,
2 ms for slices preincubated with [3H]-noradrenaline (`standard

stimulation') and 3 Hz, 100 mA, 2 ms for slices preincubated
with [3H]-serotonin. Nociceptin, [Tyr14]-nociceptin, [des-Phe1]-
nociceptin or tetrodotoxin was added to (or Ca2+ ions were

omitted from) the PSS from 62 min of superfusion onward
whereas other drugs were present in the PSS throughout
superfusion (Figure 1A).

In some of the nine experimental series (see Results), the
protocol was modi®ed. In the second series, tritium over¯ow
was evoked at 3 Hz; in order to administer the same number of
pulses (i.e. 36) as in the experiments with 0.3 Hz, the duration

of stimulation was 12 s. In the third series, nociceptin was
added to the PSS from 72 or 82 min of superfusion onward
(Figure 1A). In the fourth series of experiments, the super-

fusion lasted for 210 min and four 2-min periods of electrical
®eld stimulation were administered after 40, 90, 140 and
190 min of superfusion (S1, S2, S3 and S4) (Figure 1B). In the

seventh series, the current strength was 12.5 (instead of 50)
mA.

At the end of superfusion, the radioactivity of the slices and

the superfusate samples was determined by liquid scintillation
counting. Tritium e�ux was calculated as a fraction of the
tritium content of the tissue at the onset of the respective
collection period (fractional rate of tritium e�ux). For this

purpose, tritium in this collection period was divided by the
sum of tritium determined in this collection period, all
subsequent collection periods and the slice. In order to

quantify the e�ects of drugs on basal tritium e�ux, the
fractional rates of tritium e�ux in the 5-min collection periods
from 55 ± 60 (t1), from 85 ± 90 (t2) and, if applicable, from 135 ±

140 (t3) and from 185 ± 190 min of superfusion (t4) were
determined. The stimulation-evoked tritium over¯ow was
calculated as the amount of tritium in excess of the basal
tritium e�ux (the latter was assumed to decline linearly from

the 5-min period immediately before Sn to the 5-min sample
collected 15 ± 20 min after onset of stimulation) and expressed
as per cent of tissue tritium at the onset of the respective

stimulation. To quantify drug-induced e�ects on the stimu-
lated tritium over¯ow, the ratio of the over¯ow evoked by S2

and, if applicable, by S3 or S4 over that evoked by S1 was
determined or the over¯ow evoked by S1 obtained in the

presence of a given drug was compared to that obtained in its
absence.

Binding studies

These were carried out essentially as described by Dooley &

Houghten (1996). Cerebral cortex from male NMRI mice or
male Wistar rats was homogenized in medium containing Tris-
HCl bu�er 50 mM (pH 7.4), EDTA 2 mM, sucrose 0.3 M and

phenylmethylsulphonyl ¯uoride (PMSF) 100 mM with a Potter-
Elvehjem homogenizer (10 strokes, 1200 r.p.m.) and centri-
fuged at 1000 g for 10 min (48C). The supernatant was
centrifuged at 35,0006g for 10 min and the ®nal pellet was

resuspended in sucrose-free bu�er solution and frozen at
7808C.

The binding assay was performed in Tris-HCl bu�er (Tris-

HCl 50 mM (pH 7.4), EDTA 2 mM, PMSF 100 mM) in a ®nal
volume of 0.5 ml containing 70 ± 100 mg protein. Saturation
curves were obtained by incubating [3H]-nociceptin at eight

concentrations ranging from 0.05 ± 12 nM (258C). The incuba-
tion was terminated after 60 min by rapid vacuum ®ltration
through polyethylenimine (0.3%)-pretreated Whatman GF/C

®lters followed by rapid washing of the incubation tubes and
®lters three times with 2 ml Tris bu�er. Non-speci®c binding
was determined with nociceptin 5 mM. Competition assays
were performed as described for saturation studies; the

concentration of [3H]-nociceptin was 0.5 nM (unspeci®c
binding at this concentration was 10%). Ki values were
determined using ten concentrations of the drug under study.

Protein was assayed according to the method described by
Bradford (1976). Saturation and displacement curves were
analysed using the programme GraphPadPrism (Prism;

GraphPad Software, San Diego, CA, U.S.A.).

Statistical analysis

Results are given as means+s.e.m. of n experiments (super-
fusion studies) or n experiments in triplicate (binding studies).
Student's t-test was used for comparison of mean values; if

more than one experimental series was compared to the same
control, the Bonferroni correction was applied. In order to
evaluate whether the displacement of [3H]-nociceptin binding

by the drugs under study is better ®tted by a one- or two-site
model, the F-test was used.

Drugs

R-(7)-[Ring-2, 5, 6-3H]-noradrenaline (speci®c activity (spec.
act.) 46.8 Ci mmol71), [1, 2-3H[N]]-serotonin creatinine sul-

phate (spec. act. 27.5 Ci mmol71) (NEN, Zaventem, Belgium);
[leucyl-3H]-nociceptin (spec. act. 157 ± 170 Ci mmol71) (Amer-
sham, Braunschweig, Germany); carbetapentane citrate (To-

cris/Biotrend, KoÈ ln, Germany); desipramine hydrochloride
(Ciba-Geigy, Wehr, Germany); naloxone benzoylhydrazone,
rimcazole dihydrochloride, 8-(p-sulphophenyl)theophylline

(RBI/Biotrend, KoÈ ln, Germany); indalpine (RhoÃ ne-Poulenc,
Gennevilliers, France); metitepine maleate (Ho�mann-La
Roche, Basel, Switzerland); naloxone hydrochloride, naprox-
en, No-nitro-L-arginine methyl ester (L-NAME) (Sigma,
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MuÈ nchen, Germany); nociceptin (Bachem, Heidelberg, Ger-
many or Tocris/Biotrend, KoÈ ln, Germany); [des-Phe1]-noci-
ceptin (custom synthesis by Eurogentec, Seraing, Belgium);

[Tyr14]-nociceptin (custom synthesis by Eurogentec or
Genosys, Cambridge, England); rauwolscine hydrochloride,
tetrodotoxin (Roth, Karlsruhe, Germany); talipexole dihy-
drochloride (former name B-HT 920) (Thomae, Biberach,

Germany). Stock solutions of the drugs were prepared with
ethanol (naloxone benzoylhydrazone), dimethylsulphoxide
(DMSO) (naproxen, 8-(p-sulphophenyl)-theophylline), HCl

0.01 M (indalpine), citrate bu�er 0.1 M (pH 4.8) (tetrodotoxin)
or water (other drugs) and diluted with PSS (superfusion
experiments) or water (binding experiments) to the concentra-

tion required. The organic solvents by themselves (ethanol or
DMSO up to 0.3%) did not a�ect tritium e�ux or [3H]-
nociceptin binding.

Results

Superfusion experiments (general)

Basal tritium e�ux was quanti®ed in the 5-min sample from

55 ± 60 min of superfusion (t1) when the drug under study was
present throughout superfusion and as the ratio t2/t1 and, if
applicable, t3/t1 and t4/t1 when the drug was added to the

medium after t1. Basal tritium e�ux expressed as the fractional
rate of tritium e�ux during t1 is given in Table 1 for the
various experimental conditions (i.e. slices from various brain

regions and preincubated with various [3H]-monoamines). The
ratios t2/t1, t3/t1 and t4/t1 in control experiments were uniformly
about 0.7 ± 0.8. None of the drugs under study a�ected basal
tritium e�ux (results not shown).

For quanti®cation of the evoked tritium over¯ow, tritium
over¯ow evoked by S1 (after 40 min of superfusion) was
considered when the drug under study was present throughout

superfusion and the ratios S2/S1 and, if applicable, S3/S1 and
S4/S1 were used when the drug was added to the medium after
S1 (Figure 1). S1 values obtained for a variety of experimental

conditions are presented in Tables 1 and 5. The Sn/S1 values in
control experiments were near unity (see text, Tables 1, 3 and 4
and legends to Figures 3 and 4).

Addition of tetrodotoxin 1 mM to, or omission of Ca2+ ions

from, the medium inhibited (by at least 84%) the electrically
evoked tritium over¯ow (S2/S1) in mouse cerebellar, hippo-
campal and hypothalamic slices preincubated with [3H]-

noradrenaline (and superfused with medium containing
desipramine 1 mM and rauwolscine 1 mM) and in mouse cortex
slices preincubated with [3H]-serotonin (and superfused with

medium containing indalpine 10 mM and metitepine 3.2 mM)
(n=4 each, results not shown). Very similar results had been
obtained previously for mouse brain cortex slices preincubated

with [3H]-noradrenaline (Schlicker et al., 1992).

Superfusion experiments on mouse brain cortex slices
preincubated with [3H]-noradrenaline

In most of the experimental series, the slices were superfused
with medium containing an inhibitor of the neuronal

noradrenaline transporter, desipramine 1 mM, the a2-auto-
receptor antagonist rauwolscine 1 mM plus the opioid receptor
antagonist naloxone 10 mM (`standard medium') and the

parameters of electrical ®eld stimulation were 0.3 Hz, 50 mA
and 2 ms (for 2 min) (`standard stimulation'). In the ®rst series
(performed with standard medium and standard stimulation),
the electrically evoked tritium over¯ow, expressed as S2/S1, was

T
a
b
le

1
B
a
sa
l
a
n
d
el
ec
tr
ic
a
ll
y
ev
o
k
ed

tr
it
iu
m

o
v
er
¯
o
w

fr
o
m

su
p
er
fu
se
d
m
o
u
se

b
ra
in

co
rt
ex

sl
ic
es

p
re
in
cu
b
a
te
d
w
it
h
[3
H
]-
n
o
ra
d
re
n
a
li
n
e
([
3
H
]-
N
A
)
o
r
[3
H
]-
se
ro
to
n
in

([
3
H
]-
5
-H

T
),
a
n
d
e�

ec
t
o
f
n
o
ci
ce
p
ti
n

o
n
th
e
ev
o
k
ed

tr
it
iu
m

o
v
er
¯
o
w

S
ti
m
u
la
ti
o
n

B
a
sa
l
tr
it
iu
m

E
vo
k
ed

tr
it
iu
m

o
ve
r¯
o
w
:
S
2
/S

1

p
a
ra
m
et
er
s;

d
u
ra
ti
o
n
o
f

A
u
x
il
ia
ry

d
ru
g
s
(m

M
):

e�
u
x
d
u
ri
n
g

t 1
:
fr
a
ct
io
n
a
l

T
ri
ti
u
m

o
ve
r¯
o
w

ev
o
k
ed

b
y
S
1
:
%

N
o
N
B
H

N
o
ci
ce
p
ti
n

N
B
H

5
m M

N
o
ci
ce
p
ti
n

[
3
H
]
-M

o
n
o
a
m
in
e

st
im

u
la
ti
o
n

B
ra
in

re
g
io
n

N
a
lo
x
o
n
e
(
1
0
)
+

ra
te

(m
in

7
1
)

o
f
ti
ss
u
e
tr
it
iu
m

0
0
.1

mM
0

0
.1

mM

[3
H
]-
N
A

[3
H
]-
N
A

[3
H
]-
N
A

[3
H
]-
N
A

[3
H
]-
N
A

[3
H
]-
5
-H

T

0
.3

H
z,

5
0
m
A
;
1
2
0
s

0
.3

H
z,

5
0
m
A
;
1
2
0
s

0
.3

H
z,

5
0
m
A
;
1
2
0
s

0
.3

H
z,

5
0
m
A
;
1
2
0
s

3
H
z,

5
0
m
A
;
1
2
s

3
H
z,

1
0
0
m
A
;
1
2
0
s

C
er
eb
el
lu
m

H
ip
p
o
ca
m
p
u
s

H
y
p
o
th
a
la
m
u
s

C
o
rt
ex

C
o
rt
ex

C
o
rt
ex

D
es
ip
ra
m
in
e
(1
)+

ra
u
w
o
ls
ci
n
e
(1
)

D
es
ip
ra
m
in
e
(1
)+

ra
u
w
o
ls
ci
n
e
(1
)

D
es
ip
ra
m
in
e
(1
)+

ra
u
w
o
ls
ci
n
e
(1
)

D
es
ip
ra
m
in
e
(1
)+

ra
u
w
o
ls
ci
n
e
(1
)

D
es
ip
ra
m
in
e
(1
)+

ra
u
w
o
ls
ci
n
e
(1
)

In
d
a
lp
in
e
(1
0
)+

m
et
it
ep
in
e
(3
.2
)

0
.0
0
3
4
+

0
.0
0
0
3

0
.0
0
3
0
+

0
.0
0
0
2

0
.0
0
2
3
+

0
.0
0
0
1

0
.0
0
2
5
+

0
.0
0
0
2

0
.0
0
3
0
+

0
.0
0
0
2

0
.0
0
8
6
+

0
.0
0
0
5

4
.9
6
+
0
.3
0

5
.4
8
+
0
.4
9

1
.8
2
+
0
.1
5

8
.4
4
+
0
.6
3

7
.3
8
+
0
.7
0

8
.7
7
+
0
.8
7

1
.1
2
+
0
.0
9

1
.2
5
+
0
.0
4

1
.1
0
+
0
.0
6

1
.1
5
+
0
.0
4

0
.9
5
+
0
.0
2

0
.9
4
+
0
.1
0

0
.3
9
+
0
.0
6
*
*
(3
5
+
5
){

0
.4
8
+
0
.0
6
*
*
(3
8
+
5
)

0
.4
1
+
0
.0
8
*
*
(3
7
+
7
)

0
.5
1
+
0
.0
3
*
*
(4
4
+
3
)

0
.5
1
+
0
.0
4
*
*
(5
4
+
4
)

0
.7
0
+
0
.0
4
*

(7
4
+
4
)

1
.1
3
+

0
.0
7

1
.2
0
+

0
.0
2

0
.9
5
+

0
.0
7

1
.1
2
+

0
.0
1

0
.8
8
+

0
.0
4

0
.9
7
+

0
.0
5

1
.1
0
+

0
.0
6
(9
7
+
5
)

1
.1
1
+

0
.0
3
(9
3
+
3
)

0
.9
3
+

0
.0
8
(9
8
+
8
)

1
.0
7
+

0
.0
4
(9
6
+
4
)

0
.8
9
+

0
.0
4
(1
0
1
+
5
)

0
.9
6
+

0
.0
4
(9
9
+
4
)

T
h
e
sl
ic
es

w
er
e
su
p
er
fu
se
d
fo
r
1
1
0
m
in

w
it
h
m
ed
iu
m

co
n
ta
in
in
g
a
se
le
ct
iv
e
in
h
ib
it
o
r
o
f
th
e
re
sp
ec
ti
v
e
n
eu
ro
n
a
l
m
o
n
o
a
m
in
e
tr
a
n
sp
o
rt
er

(d
es
ip
ra
m
in
e
o
r
in
d
a
lp
in
e)
,
a
se
le
ct
iv
e
a
n
ta
g
o
n
is
t
a
t
th
e
re
sp
ec
ti
v
e

a
u
to
re
ce
p
to
r
(r
a
u
w
o
ls
ci
n
e
o
r
m
et
it
ep
in
e)
,
th
e
o
p
io
id

re
ce
p
to
r
a
n
ta
g
o
n
is
t
n
a
lo
x
o
n
e
a
n
d
,
in

so
m
e
ex
p
er
im

en
ts
,
th
e
u
n
se
le
ct
iv
e
O
R
L
1
re
ce
p
to
r
a
n
ta
g
o
n
is
t
n
a
lo
x
o
n
e
b
en
zo
y
lh
y
d
ra
zo
n
e
(N

B
H
).
N
o
ci
ce
p
ti
n

(w
h
en

n
ec
es
sa
ry
)
w
a
s
a
d
d
ed

to
th
e
m
ed
iu
m

fr
o
m

6
2
m
in

o
f
su
p
er
fu
si
o
n
o
n
w
a
rd
.
T
ri
ti
u
m

o
v
er
¯
o
w

w
a
s
ev
o
k
ed

a
ft
er

4
0
a
n
d
9
0
m
in

o
f
su
p
er
fu
si
o
n
(S

1
,
S
2
).
T
h
e
st
im

u
la
ti
o
n
p
a
ra
m
et
er
s
a
re

in
d
ic
a
te
d
in

th
e
ta
b
le
;
th
e
w
id
th

o
f
p
u
ls
es

w
a
s
2
m
s.
B
a
sa
l
tr
it
iu
m

e�
u
x
(t
1
)
w
a
s
d
et
er
m
in
ed

in
th
e
5
-m

in
sa
m
p
le

fr
o
m

5
5
±
6
0
m
in
.
M
ea
n
s+

s.
e.
m
.
o
f
4
±
1
0
ex
p
er
im

en
ts
.
{M

ea
n
+
s.
e.
m
.,
ex
p
re
ss
ed

a
s
p
er

ce
n
t
o
f
th
e

m
ea
n
in

th
e
co
rr
es
p
o
n
d
in
g
co
n
tr
o
l.
*
P
5

0
.0
5
,
*
*
P
5
0
.0
0
1
,
co
m
p
a
re
d
to

th
e
co
rr
es
p
o
n
d
in
g
co
n
tr
o
l.

Nociceptin inhibits monoamine release in the brain302 S. Werthwein et al



inhibited in a concentration-dependent manner by nociceptin
and more potently by [Tyr14]-nociceptin; the maximum
inhibitory e�ect was about 80% for both peptides (Figure

2A). (Identical results were obtained when nociceptin from
Tocris/Biotrend (instead of from Bachem) and [Tyr14]-
nociceptin from Genosys (instead of from Eurogentec) were
used; results not shown). The pEC50 values were graphically

determined on the basis of the concentrations causing an
inhibition by 40% (Table 2). [des-Phe1]-nociceptin up to 1 mM
did not a�ect the evoked over¯ow (Figure 2A). The inhibitory

e�ect of nociceptin and [Tyr14]-nociceptin on the evoked
over¯ow was antagonized by naloxone benzoylhydrazone
5 mM (Tables 1 and 3), which, per se, did not a�ect the evoked

over¯ow (S1) (n=8, not shown).
In the second series, slices were superfused with standard

medium; however, tritium over¯ow was evoked at 3 Hz (pulses

of 50 mA and 2 ms); the duration of stimulation was 12 s.
Nociceptin 0.1 mM inhibited the evoked over¯ow (S2/S1) also
under this condition, in a manner sensitive to naloxone
benzoylhydrazone, although the degree of inhibition tended

to be lower at 3 than at 0.3 Hz (Table 1).
In the third experimental series, slices were superfused with

standard medium; standard stimulation was administered. The

electrically evoked tritium over¯ow (S2/S1) was 1.08+0.03 in
eight controls and 0.20+0.01 when nociceptin 1 mM was added
to the medium from 62 min of superfusion (usual procedure;

n=6, P50.001). When nociceptin was added from 72 or
82 min of superfusion (Figure 1A), the S2/S1 values were
0.20+0.01 and 0.19+0.01, respectively (n=5± 6, P50.001 for

both values, compared to controls).
In the fourth series of experiments, slices were superfused

with standard medium. The duration of the experiments was
210 min and four 2 min periods of electrical stimulation

(0.3 Hz, 50 mA, 2 ms) were administered after 40, 90, 140 and
190 min (S1, S2, S3 and S4) (Figure 1B). Nociceptin 1 mM,
added to the medium at 62 min of superfusion and kept in the

medium until the end of the experiments, inhibited the evoked

Figure 1 Experimental protocol of the superfusion experiments of
the present study. (A) The majority of experiments lasted for 110 min
and two periods of electrical ®eld stimulation (¯ash symbols) starting
after 40 (S1) and 90 min of superfusion (S2) were administered.
Nociceptin, related peptides or tetrodotoxin were added to (and
Ca2+ ions were omitted from) the medium from 62 min of
superfusion onward (i.e. from 28 min before S2 onward). In few
experiments, nociceptin was added from 72 or 82 min of superfusion
onward (i.e. from 18 or 8 min before S2 onward, respectively). Other
drugs (desipramine, indalpine, metitepine, naloxone, naloxone
benzoylhydrazone, L-NAME, naproxen, rauwolscine, 8-(p-sulpho-
phenyl)theophylline and/or talipexole) were present in the medium
throughout superfusion. In most of the experimental series, the
superfusion medium contained desipramine 1 mM, rauwolscine 1 mM
plus naloxone 10 mM (`standard medium') and the stimulation
parameters were 0.3 Hz, 50 mA, 2 ms (duration of 2 min) (`standard
stimulation'). (B) The experiments shown in Figure 3 lasted for
210 min and four 2-min periods of electrical ®eld stimulation (0.3 Hz,
50 mA, 2 ms) starting after 40 (S1), 90 (S2), 140 (S3) and 190 min of
superfusion (S4) were administered. Nociceptin was added to the
medium either from 62 min to 112 min of superfusion or from
62 min until the end of superfusion. Other drugs (desipramine,
rauwolscine plus naloxone) were present in the medium throughout
superfusion.

Figure 2 E�ects of nociceptin, [Tyr14]-nociceptin ([Tyr14]-N) and [des-Phe1]-nociceptin ([des-Phe1]-N) on (A) the electrically evoked
tritium over¯ow from superfused mouse brain cortex slices preincubated with [3H]-noradrenaline and (B) the speci®c [3H]-nociceptin
binding to mouse brain cortex membranes. (A) The slices were superfused with medium containing desipramine 1 mM, rauwolscine
1 mM plus naloxone 10 mM throughout superfusion and nociceptin or one of the chemically related peptides from 62 min of
superfusion onward. Tritium over¯ow was evoked by two 2-min periods of electrical stimulation (0.3 Hz, 50 mA, 2 ms), after 40
and 90 min of superfusion (S1, S2), and the ratio of the over¯ow evoked by S2 over that evoked by S1 was determined. (B)
Membranes were incubated for 60 min with 0.5 nM [3H]-nociceptin and increasing concentrations of the competitor. The results,
which represent means+s.e.m. of four superfusion experiments (A) and 4 ± 6 binding experiments in triplicate (B), are given as per
cent of controls (controls not shown); for some data points, s.e.m. is contained within the symbol.
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over¯ow, expressed as Sn/S1, to about the same extent,
regardless of whether the time of exposure was 28 min (S2/
S1), 78 min (S3/S1) or 128 min (S4/S1) (Figure 3). When

nociceptin was present in the medium from 62 ± 112 min of
superfusion only (i.e. present during S2 but absent during S3

and S4), its inhibitory e�ect was readily reversible; the

inhibition was only 10+2% 28 min after its withdrawal (S3/
S1) and not detectable at all 78 min after its withdrawal (S4/S1)
(Figure 3).

In the ®fth experimental series, slices were superfused with
standard medium and standard stimulation was administered.
Table 4 shows that the inhibitory e�ect of nociceptin 0.1 mM on
the evoked tritium over¯ow (S2/S1) was not a�ected by L-

NAME 100 mM (an inhibitor of NO synthase), naproxen
10 mM (an inhibitor of cyclooxygenase) and 8-(p-sulphophe-
nyl)theophylline 100 mM (a P1 purinoceptor antagonist). L-

NAME, naproxen and 8-(p-sulphophenyl)theophylline per se
did not a�ect the evoked over¯ow (S1) (n=5± 6, not shown).

In the sixth series of experiments, slices were superfused

with medium containing desipramine 1 mM plus naloxone
10 mM; the standard stimulation protocol was used. Figure 4
shows that nociceptin inhibited the evoked over¯ow (S2/S1)

and that its concentration-response curve was shifted to the left
by the a2-adrenoceptor antagonist rauwolscine 1 mM and to the
right by the a2-adrenoceptor agonist talipexole 0.2 mM. Given
alone, rauwolscine increased and talipexole decreased the

evoked over¯ow (S1) (Table 5).
As shown in Table 5, rauwolscine 1 mM by itself increased

the evoked over¯ow (S1). In order to adjust the level of tritium

over¯ow to that obtained in the absence of rauwolscine, the

current strength was reduced from 50 to 12.5 mA in the
seventh series. Under this experimental condition, nociceptin
0.1 mM reduced the evoked over¯ow (S2/S1) at least as strong as

at the usual current strength of 50 mA (Figure 4).

Superfusion experiments on slices from various
brain regions of the mouse preincubated with
[3H]-noradrenaline or [3H]-serotonin

In the eighth series of experiments, cortical, cerebellar,
hippocampal and hypothalamic slices were preincubated with
[3H]-noradrenaline and superfused with standard medium;
standard stimulation was administered. The evoked over¯ow

(S2/S1) was inhibited by nociceptin 0.1 mM not only in cortical
slices but also in cerebellar, hippocampal and hypothalamic
slices (Table 1). The e�ect in the latter three brain regions even

tended to be more marked than, but did not signi®cantly di�er
from, that in the cortex (Table 1). This inhibitory e�ect was
abolished by naloxone benzoylhydrazone 5 mM, which, by

itself, did not a�ect the evoked over¯ow (S1) (n=4 each, not
shown; for S1 in controls see Table 1).

In the ninth experimental series, cortex slices were

preincubated with [3H]-serotonin and superfused with medium
containing an inhibitor of the neuronal serotonin transporter,
indalpine 10 mM, the serotonin autoreceptor antagonist
metitepine 3.2 mM plus naloxone 10 mM; tritium over¯ow was

evoked electrically (3 Hz, 100 mA, 2 ms; 2 min). The evoked
over¯ow (S2/S1) was inhibited by nociceptin 0.1 mM by
26+4%; the inhibitory e�ect of nociceptin was abolished by

naloxone benzoylhydrazone 5 mM (Table 1), which, given

Table 2 Potencies of nociceptin, related peptides, naloxone and naloxone benzoylhydrazone at the functional ORL1 receptor in mouse
brain cortex and their a�nities at ORL1 binding sites in the mouse and rat brain

Potencies (mouse) A�nities (pKi)
Drug pEC50* pA2** Mouse{ Rat#

Nociceptin
[Tyr14]-nociceptin
[des-Phe1]-nociceptin
Naloxone benzoylhydrazone
Naloxone

7.52+0.06
8.28+0.18

56
±
±

±
±
±

6.56+0.11
55

8.71+0.24
9.82+0.23

55.5
5.85+0.06

54.5

8.69+0.08
9.73+0.10

n.d.
n.d.
n.d.

Values are expressed as means+s.e.m. n.d., not determined. *Derived from the concentration-response curves shown in Figure 2A.
**From Schlicker et al. (1998). {Derived from the displacement curves shown in Figure 2B or from similar curves not shown here
(n=4±6). #Derived from displacement curves (not shown, n=4).

Table 3 Antagonism of naloxone benzoylhydrazone (NBH) against the e�ect of nociceptin and [Tyr14]-nociceptin

S2/S1

Peptide (present NBH (present throughout superfusion)
before and during S2) ± 5 mM

Nociceptin

[Tyr14]-nociceptin

0
0.01 mM

0
0.01 mM

1.21+0.05
0.87+0.09* (72+7){

1.15+0.06
0.43+0.05** (37+4)

1.12+0.01
1.14+0.04 (102+4)

1.15+0.05
1.02+0.05 (89+4)

Mouse brain cortex slices were preincubated with [3H]-noradrenaline and then superfused with medium containing desipramine 1 mM,
rauwolscine 1 mM plus naloxone 10 mM and, in addition, the ORL1 ligands as indicated. Tritium over¯ow was evoked by two 2-min
periods of electrical stimulation (0.3 Hz, 50 mA, 2 ms) after 40 and 90 min of superfusion (S1, S2), and the ratio of the over¯ow evoked
by S2 over that evoked by S1 was determined. Means+s.e.m. of 4 ± 6 experiments. {Mean+s.e.m., expressed as per cent of the mean in
the corresponding control. *P50.05, **P50.001, compared to the corresponding control.

Nociceptin inhibits monoamine release in the brain304 S. Werthwein et al



alone, did not a�ect the evoked over¯ow (S1) (n=5, not
shown; for S1 in controls see Table 1).

Binding studies

In saturation binding studies on mouse brain cortex mem-
branes, using [3H]-nociceptin at various concentrations from
0.05 ± 12 nM, a dissociation constant (KD) of 1.35+0.20 nM
with a maximum number of binding sites of 0.52+0.04 pmol

mg71 protein was determined (n=3). Scatchard analysis (not
shown) revealed a straight line with a Hill coe�cient (nH) of
unity. Nociceptin and even more potently [Tyr14]-nociceptin

displaced binding of [3H]-nociceptin 0.5 nM to mouse brain
cortex membranes (monophasic displacement, nH values near
unity), whereas [des-Phe1]-nociceptin hardly a�ected binding

(Figure 2B, Table 2). (Identical results were obtained when
nociceptin from Tocris/Biotrend (instead of from Bachem) and
[Tyr14]-nociceptin from Genosys (instead of from Eurogentec)

were used; not shown). Naloxone benzoylhydrazone also
displaced [3H]-nociceptin binding (monophasic displacement,
nH values near unity; for pKi values see Table 2) whereas two
putative ORL1 receptor antagonists, carbetapentane and

rimcazole (Kobayashi et al., 1997), failed to do so (pKi54.5;
n=4 each, results not shown). [3H]-Nociceptin binding was also
not a�ected by naloxone (Table 2) and the following

compounds, used as auxiliary drugs in the present study

Figure 3 Recovery from, and lack of desensitization to, the
nociceptin-induced inhibition of the electrically evoked tritium
over¯ow from superfused mouse brain cortex slices preincubated
with [3H]-noradrenaline. Tritium over¯ow was evoked by four 2-min
periods of electrical stimulation (0.3 Hz, 50 mA, 2 ms), after 40, 90,
140 and 190 min of superfusion (S1, S2, S3, S4), and the ratios of the
over¯ow evoked by S2, S3 or S4 over that evoked by S1 were
determined. The slices were superfused with medium containing
desipramine 1 mM, rauwolscine 1 mM plus naloxone 10 mM throughout
superfusion and nociceptin either from 62 to 112 min (i.e. during S2
only) or from 62 to 210 min of superfusion (i.e. during S2, S3 and S4).
Results are given as per cent of the S2/S1, S3/S1 and S4/S1 values
obtained in the control series (no exposure to nociceptin), which were
1.21+0.03, 1.20+0.03 and 1.16+0.03, respectively (not shown in the
graph). Means+s.e.m. of 6 ± 8 experiments; for some data points,
s.e.m. is contained within the symbol. *P50.02, **P50.001,
compared to the corresponding values of the control series.

Table 4 In¯uence of No-nitro-L-arginine methyl ester (L-
NAME), naproxen and 8-(p-sulphophenyl)-theophylline on
the inhibitory e�ect of nociceptin

Drug (mM)
present throughout

S2/S1

Nociceptin (present before and during S2)
superfusion 0 0.1 mM

±
L-NAME (100)
Naproxen (10)
8-(p-sulphophenyl)-
theophyllin (100)

1.13+0.03
1.16+0.04
1.09+0.04
1.14+0.03

0.39+0.01* (35+1){
0.41+0.02* (35+2)
0.36+0.03* (33+3)
0.37+0.02* (32+2)

Mouse brain cortex slices were preincubated with [3H]-
noradrenaline and were then superfused with medium
containing desipramine 1 mM, rauwolscine 1 mM and nalox-
one 10 mM throughout superfusion and, in addition, the
drugs under study as indicated in the table. Tritium over¯ow
was evoked by two 2-min periods of electrical stimulation
(0.3 Hz, 50 mA, 2 ms), after 40 and 90 min of superfusion
(S1, S2), and the ratio of the over¯ow evoked by S2 over that
evoked by S1 was determined. Means+s.e.m. of 5 ± 6
experiments. {Mean+s.e.m., expressed as percentages of
the mean in the corresponding control. *P50.001, compared
to the corresponding control.

Figure 4 In¯uence of the a2-adrenoceptor ligands talipexole and
rauwolscine on the nociceptin-induced inhibition of the electrically
evoked tritium over¯ow from superfused mouse brain cortex slices
preincubated with [3H]-noradrenaline. The slices were superfused
with medium containing desipramine 1 mM, naloxone 10 mM and,
when necessary, talipexole or rauwolscine throughout superfusion
and nociceptin from 62 min of superfusion onward. Tritium over¯ow
was evoked electrically (0.3 Hz, 2 ms, current strength 50 mA (if not
stated otherwise) or 12.5 mA (in one series)). Two 2-min periods of
stimulation were administered after 40 and 90 min of superfusion (S1,
S2), and the ratio of the tritium over¯ow evoked by S2 over that
evoked by S1 was determined. Results are expressed as per cent of the
S2/S1 values of the corresponding controls (not shown in the graph),
which ranged from 0.82+0.11 to 1.24+0.06. Means+s.e.m. of 4 ± 9
experiments. }P50.01, compared to the corresponding value without
talipexole or rauwolscine.
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(pKi54.5): desipramine, indalpine, metitepine, L-NAME,
naproxen, rauwolscine, 8-(p-sulphophenyl)theophylline, tali-
pexole and tetrodotoxin (n=4 each, results not shown).

Saturation binding studies on cerebral cortex membranes
from the rat revealed a KD of 0.73+0.20 nM and a Bmax of
0.42+0.01 pmol mg71 protein; Scatchard analysis yielded a
straight line with a nH value of unity (n=3, results not shown).

Binding of [3H]-nociceptin 0.5 nM to rat brain cortex
membranes was monophasically displaced by nociceptin and,
again more potently, by [Tyr14]-nociceptin (nH near unity; for

pKi values see Table 2).

Discussion

The electrically evoked tritium over¯ow in our superfusion
experiments represents quasi-physiological noradrenaline and

serotonin release (Schlicker et al., 1992 and present results).
The neuronal transporter of the respective monoamine was
blocked routinely and the respective autoreceptor was blocked

in most experiments to avoid an interaction of the test drugs
with the respective neuronal transporter and autoreceptor
(another reason for addition of an autoreceptor antagonist to

the medium will be discussed below). Naloxone was present in
the medium for blockade of the classical opioid receptors.
Since the degradation of nociceptin in the mouse brain cortex

is slow (Montiel et al., 1997) and the inhibitory e�ect of
nociceptin on noradrenaline release in mouse brain cortex
slices was not increased by the peptidase inhibitor PMSF
(unpublished), peptidase inhibitors were not used for super-

fusion experiments. In our binding studies, however, PMSF
was used, as in the study by Dooley & Houghten (1996).
Although we determined [3H]-nociceptin binding to rat cortex

membranes according to almost the same protocol as in the
latter study, our KD value was lower, possibly due to the fact
that we used membranes from the cortex rather than from the

whole brain minus cerebellum. [3H]-nociceptin binding in
mouse cortex membranes resembled that in rat cortex
membranes with respect to the monophasic saturation binding
curve and the KD and Bmax values.

Our previous superfusion study on mouse cortex slices
(Schlicker et al., 1998) had shown that the inhibitory e�ect of
nociceptin on noradrenaline release was antagonized by the

unselective ORL1 receptor antagonist naloxone benzoylhy-
drazone (described by Dunnill et al., 1996; Nicholson et al.,
1998) and the selective partial ORL1 agonist [Phe1c(CH2-

NH)Gly2]-nociceptin(1 ± 13)NH2 (described by Guerrini et al.,
1998), suggesting that nociceptin acts via ORL1 receptors. This
view is further supported by our present ®nding that [Tyr14]-

nociceptin (identi®ed as a potent ORL1 receptor ligand by

Reinscheid et al., 1995; 1996; Berzetei-Gurske et al., 1996;
Shimohigashi et al., 1996; Adapa & Toll, 1997; Mathis et al.,
1997) mimicked the e�ect of nociceptin, in a manner sensitive

to naloxone benzoylhydrazone. As expected, [des-Phe1]-
nociceptin, a degradation product of nociceptin (Montiel et
al., 1997), failed to mimic the e�ect of nociceptin.

The 10 fold higher potency of [Tyr14]-nociceptin, relative to

nociceptin, both in our superfusion and binding studies (also
found when both peptides were purchased from other
manufacturers) contrasts with results from the literature.

Thus, the a�nity/potency of [Tyr14]-nociceptin did not exceed
that of nociceptin both at the ORL1 receptor of the mouse vas
deferens (Berzetei-Gurske et al., 1996) and in a binding study

on mouse brain membranes, using [125I]-[Tyr14]-nociceptin
(Mathis et al., 1997). The reason for the discrepancies is
unclear but one has to consider that the functional ORL1

receptors in the cerebral cortex and in the vas deferens of the

mouse di�er with respect to the liability to desensitization (see
later) and were identi®ed under very di�erent experimental
conditions (i.e. direct (present study) vs indirect determination

of noradrenaline release (Berzetei-Gurske et al., 1996; Dooley
et al., 1997)). Our binding study and that by Mathis et al.
(1997) markedly di�er with respect to the tissue (cerebral

cortex vs whole brain), the radioligand (see above) and the
shape of the saturation and displacement curves (mono- vs
biphasic curves).

Nociceptin inhibited noradrenaline release in the mouse
brain cortex also when tritium over¯ow was evoked at 3 Hz,
i.e. at a stimulation frequency closer to that occurring in
noradrenergic neurones in freely moving animals (Jacobs,

1986) than 0.3 Hz used in most of our experiments. The
inhibitory e�ect of nociceptin tended to be lower at 3 than at
0.3 Hz. This is not unexpected since there is an inverse

relationship between the extent of e�ect mediated via
presynaptic receptors and the stimulation frequency (for
review, see Starke et al., 1989).

ORL1 receptors were shown to desensitize upon prolonged
exposure to nociceptin in neuroblastoma6glioma NG108-15
hybrid cells (Ma et al., 1997; Morikawa et al., 1998) and in the
isolated mouse vas deferens (Dooley et al., 1997). In our

model, the e�ect of nociceptin on noradrenaline release did not
change when the time of exposure, usually 28 min, was
reduced to 18 or 8 min or extended to 78 or 128 min. The

e�ect of nociceptin was rapidly reversible after its withdrawal
from the medium, excluding that the events interposed
between activation of the ORL1 receptor and the inhibition

of noradrenaline release exhibit a long time course, as e.g.
alteration of protein synthesis.

In other experiments, we studied whether mediators like

adenosine, nitric oxide or prostanoids might be involved in the

Table 5 E�ect of talipexole and rauwolscine on the electrically evoked tritium over¯ow from superfused mouse brain cortex slices
preincubated with [3H]-noradrenaline

S1

Stimulation parameters
Drugs (mM): Desipramine(1)+
naloxone (10)+

% of
tissue tritium

percentages,
relative to control{

0.3 Hz, 50 mA, 2 ms; 120 s
0.3 Hz, 50 mA, 2 ms; 120 s
0.3 Hz, 50 mA, 2 ms; 120 s
0.3 Hz, 12.5 mA, 2 ms; 120 s

±
talipexole (0.2)
rauwolscine (1)
rauwolscine (1)

3.51+0.39
1.23+0.17**
8.40+0.09*
2.91+0.42

100+11
35+5
239+3
83+12

The slices were superfused with medium containing the drugs given above. Tritium over¯ow was evoked twice (S1, S2), after 40 and
90 min; the over¯ow evoked by S1 is given. Means+s.e.m. of 4 ± 9 experiments. {i.e. to the value without talipexole or rauwolscine
which was set 100. *P50.02, **P50.002, compared to the value without talipexole or rauwolscine.
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e�ect of nociceptin. This possibility, however, can be discarded
since 8-(p-sulphophenyl)theophylline, L-NAME and naproxen
(drugs blocking the formation or the e�ect of the three

mediators at the concentrations used in the present study; von
KuÈ gelgen et al., 1997; Chu & Etgen, 1996; Molderings et al.,
1994) failed to in¯uence the e�ect of nociceptin.

Next, the question was examined whether the extent of

inhibition mediated via the ORL1 receptor is a�ected when the
presynaptic a2-adrenoceptor on the noradrenergic neurones
(a2-autoreceptor) is simultaneously activated (by talipexole) or

blocked (by rauwolscine). Interactions with the a2-autorecep-
tor have been described for several types of non-adrenergic
receptors (`heteroreceptors') causing inhibition of noradrena-

line release (see Schlicker & GoÈ thert (1998) for review).
Usually, activation of the autoreceptor blunts the inhibitory
e�ect mediated via the heteroreceptor and this was found for

the ORL1 receptor examined in the present study as well.
Conversely, blockade of the autoreceptor increased the ORL1

receptor-mediated e�ect. The most likely explanation for the
latter phenomenon is that the a2-autoreceptor is tonically

activated by endogenously released noradrenaline; thus,
rauwolscine prevents endogenous noradrenaline from blunting
the ORL1 receptor-mediated e�ect and thereby increases this

e�ect. This property of rauwolscine was an additional reason
to include the drug in the medium in most superfusion
experiments.

The possibility that the in¯uence of talipexole and
rauwolscine on the e�ect of nociceptin is in¯uenced by an
(accidental) a�nity of both drugs for ORL1 receptors could be

excluded by our binding experiments (pKi54.5 for either
drug). The possibility that the increase of the ORL1 receptor-
mediated e�ect by rauwolscine is merely due to the
simultaneous increase in noradrenaline release from 3.5 to

8.5% (and not the consequence of the blockade of the a2-
autoreceptor) had to be considered as well. In experiments in
which the rauwolscine-related increase in noradrenaline release

was compensated for (i.e. adjusted to a level of 3%) by

reducing the current strength from 50 to 12.5 mA, rauwolscine
still increased the ORL1 receptor-mediated e�ect, suggesting
that a2-autoreceptor blockade (and not facilitation of

noradrenaline release) is the decisive event. The interaction
between the a2 and ORL1 receptor described here might occur
at the level of the receptors themselves or at a step behind the
receptors (e.g. at the level of G proteins or ion channels, which

may be shared by both receptors).
Finally, nociceptin also inhibited noradrenaline release in

mouse cerebellar, hippocampal and hypothalamic slices and

serotonin release in mouse cortex slices; the e�ect of nociceptin
was counteracted by naloxone benzoylhydrazone, suggesting
that ORL1 receptors are involved. The extent of inhibition of

noradrenaline release elicited by nociceptin in the cerebral
cortex and the three subcortical brain regions was similar. The
e�ect of nociceptin on serotonin release was relatively small

and this may be, at least partially, due to the high stimulation
frequency of 3 Hz (which, however, had to be used since the
amount of serotonin release is not su�ciently high at lower
frequencies). Our binding experiments exclude the possibility

that the e�ect of nociceptin on serotonin and noradrenaline
release is in¯uenced by an accidental a�nity of the auxiliary
drugs (desipramine, rauwolscine, indalpine, metitepine) for

ORL1 receptors.
In conclusion, inhibition of transmitter release in the CNS

appears to be a common property associated with the ORL1

receptor in terms of the chemical identity of the transmitter
(see also references in the Introduction) and the brain region. It
is tempting to assume that inhibition of neurotransmitter

release can explain at least some of the behavioural e�ects
elicited by nociceptin.
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gemeinschaft and the State of Nordrhein-Westfalen. We wish to
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companies Ciba-Geigy, RhoÃ ne-Poulenc, Ho�mann-La Roche and
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