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The role of the ORL1 receptor in the modulation of spinal
neurotransmission by nociceptinrorphanin FQ and nocistatin
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Abstract

Nociceptinrorphanin FQ and nocistatin are two neuropeptides with opposing effects on spinal neurotransmission and nociception.
Nociceptinrorphanin FQ selectively suppresses excitatory glutamatergic neurotransmission, while nocistatin selectively interferes with

Ž .glycinergic and g-aminobutyric acid GABA -ergic transmission. Here, we performed whole-cell patch-clamp recordings from superficial
Ž .rat spinal cord dorsal horn neurons to investigate the role of the opioid receptor-like ORL 1 receptor for modulatory actions of these

w 1 Ž . 2 x Ž .peptides. The partial ORL1 receptor antagonist phe c CH –NH Gly nociceptin- 1–13 NH competitively reversed the effects of2 2
Ž .nociceptinrorphanin FQ on excitatory neurotransmission estimated p A 6.43 , but left the suppression of inhibitory synaptic2

transmission by nocistatin unaffected. These results indicate that the inhibitory action of nociceptinrorphanin FQ on glutamatergic
transmission is mediated via ORL1 receptors, while nocistatin acts via a different so far unidentified receptor. q 2001 Published by
Elsevier Science B.V.
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1. Introduction

ŽThe neuropeptides nociceptinrorphanin FQ Meunier et
. Žal., 1995; Reinscheid et al., 1995 and nocistatin Okuda-

.Ashitaka et al., 1998 have repeatedly been implicated as
Ž .modulators of several central nervous system CNS func-

tions including nociception. Nociceptinrorphanin FQ,
which is an endogenous agonist at the opioid receptor-like
Ž . Ž .ORL 1 receptor e.g. Mollereau et al., 1994 , exerts both
pro- and anti-nociceptive effects probably depending on

Žthe dose and site of application e.g. Meunier et al., 1995;
Reinscheid et al., 1995; Erb et al., 1997; recently reviewed

.by Calo et al., 2000 . Nocistatin, a second peptide derived´
from the same precursor peptide, antagonizes
nociceptinrorphanin FQ- or prostaglandin E -induced al-2

Ž .lodynia and hyperalgesia Okuda-Ashitaka et al., 1998 . In
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certain pain models, it exhibits per se pro- or anti-nocicep-
Ž .tive effects Nakano et al., 2000; Zeilhofer et al., 2000 .

In the spinal cord dorsal horn, which constitutes the
first important site of synaptic integration in the pain
pathway, both neurons expressing the precursor peptide

Žpre-pro-nociceptinrorphanin FQ Mollereau et al., 1996;
.Houtani et al., 1996 and ORL1 receptors, the presumed

Žtargets of nociceptinrorphanin FQ Nishi et al., 1997;
.Narita et al., 1999 , are present. L-Glutamate and glycine,

Ž .together with g-aminobutyric acid GABA , serve as the
major excitatory and inhibitory neurotransmitters in this
CNS area. We and others have previously demonstrated
that nociceptinrorphanin FQ selectively inhibits excitatory
glutamatergic synaptic transmission in the spinal cord dor-

Žsal horn via a presynaptic mechanism Liebel et al., 1997;
.Luo et al., 2000; Zeilhofer et al., 2000 , while nocistatin

only interferes with the release of the inhibitory neuro-
Ž .transmitters glycine and GABA Zeilhofer et al., 2000 .

w 1 ŽHere, we show that the pseudopeptide phe c CH –2
. 2 x Ž . Ž .NH Gly nociceptin- 1–13 NH Guerrini et al., 1998 ,2

Žwhich is a partial ORL1 receptor antagonist Bigoni et al.,
.1999; Connor et al., 1999; Okawa et al., 1999 with

Ž .negligible affinity at classical m-, k- and d- opioid recep-
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Ž .tors Varani et al., 1999 , competitively blocks the effects
of nociceptinrorphanin FQ on excitatory postsynaptic cur-

Ž .rents EPSCs , but does not interfere with the action of
Ž .nocistatin on inhibitory postsynaptic currents IPSCs .

2. Materials and methods

2.1. Slice preparation and electrophysiological recordings

Ten to 16-day-old Sprague–Dawley rats of either sex
were killed in ether narcosis by decapitation. Two hundred
fifty-micrometer-thick transverse slices of the lumbar spinal

Žcord were prepared as described previously Liebel et al.,
.1997 . Whole-cell patch-clamp recordings were performed

from neurons identified under visual control using the
infrared gradient contrast technique coupled to a video
microscopy system. Slices were completely submerged and
continuously superfused with external solution, which con-

Ž .tained in mM 125 NaCl, 26 NaHCO , 1.25 NaH PO ,3 2 4

Ž2.5 KCl, 2 CaCl , 1 MgCl , 10 glucose pH 7.30, 3152 2
.mosMolrl , and was bubbled with 95% O , 5% CO .2 2

Ž .Patch pipettes 4–5 MV were filled with internal solution
Ž .containing in mM 130 K-gluconate, 20 KCl, 2 MgCl ,2

Ž0.05 EGTA, 3 Na-ATP, 0.1 Na-GTP, 10 Na-HEPES pH
. Ž . Ž .7.30 . Lidocaine N-ethyl bromide QX-314 5 mM was

added to the internal solution to block voltage-activated
sodium currents and to improve space clamp conditions.
EPSCs and IPSCs were evoked at a frequency of 0.1–0.07
Hz and recorded at y80 mV at room temperature. Short
hyperpolarizing voltage steps to y90 mV were applied
every minute to monitor input and access resistance.
EPSCs and IPSCs were elicited by ipsilateral extracellular

Ž .electrical stimulation 100 ms, 3–10 V of the dorsal root
entry zone using a glass electrode filled with 1 M NaCl.
Peptide or drug-containing solutions were applied by bath
perfusion at a rate of 1–2 mlrmin. Percent inhibition
of EPSCs and IPSCs by nociceptinrorphanin FQ and
nocistatin was determined from the average amplitude of
10 consecutive PSCs evoked immediately before applica-

w 1 Ž . 2 x Ž .Fig. 1. Phe c CH –NH Gly -nociceptin- 1–13 NH antagonized the inhibitory effect of nociceptinrorphanin FQ on excitatory synaptic transmission.2 2
Ž .A,C Average current traces obtained from 10 consecutive EPSCs recorded at y80 mV under control conditions and in the presence of nociceptinrorphanin

Ž . w 1 Ž . 2 x Ž . Ž . Ž . Ž .FQ NrOFQ, 3 mM , phe c CH –NH Gly nociceptin- 1–13 NH phecN, 10 mM or both. B,D Average EPSC amplitudes mean"S.E.M. plotted2 2
Ž Ž . Ž . .versus time ns8 and 6, in B and D , respectively .
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tion of the peptides and when a steady state of inhibition
was reached, usually about 3 min after peptide application.
The killing of the animals was performed in accordance
with the institutional guidelines of the University of Erlan-
gen-Nurnberg and of the European Community.¨

2.2. Peptides

ŽBovine nocistatin was purchased from Tocris Bristol,
.UK . Nociceptinrorphanin FQ was obtained from Dr. M.

ŽHerkert Institut fur Biochemie, Universitat Erlangen-¨ ¨
. w 1 ŽNurnberg, Germany and from Tocris. Phe c CH –¨ 2

. 2 x Ž .NH Gly nociceptin- 1–13 NH was obtained from Sigma2
Ž . Ž .Deisenhofen, Germany . Peptides purity)95% were
dissolved in external recording solution and stored in

Ž .aliquots 1 mM at y208C. Fresh dilutions were made
with standard external solution on every experimental day.

3. Results

[ 1 ( ) 2] ( )3.1. Phec CH –NH Gly nociceptin- 1–13 NH compet-2 2

itiÕely antagonizes nociceptinrorphanin FQ-mediated in-
hibition of EPSCs

Excitatory synaptic transmission was studied in the
Ž . Ž .presence of strychnine 2 mM and bicuculline 10 mM .

EPSCs could almost completely be blocked by a combina-
Ž .tion of the non-N-methyl-D-aspartate non-NMDA recep-

tor antagonist 6-cyano-7-nitroquinoxaline-2,3-dione
Ž .CNQX, 10 mM and the NMDA receptor antagonist
Ž . Ž .D- y -2-amino-5-phosphonovaleric acid D-APV, 50 mM ,

indicating that they were mediated by ionotropic glutamate
receptors.

Ž .Application of nociceptinrorphanin FQ 3 mM led to a
reversible reduction of the EPSC amplitudes by 42.5"

Ž .12.3% mean"S.E.M.; ns5; Fig. 1A,B . This inhibitory
Ž .effect was significantly reduced to 11.1"4.61 % ns6

by the partial nociceptinrorphanin FQ receptor antagonist
w 1 Ž . 2 x Ž . Žphe c CH –NH Gly nociceptin- 1–13 NH 10 mM;2 2

. w 1 Ž . 2 xFig. 1C . At this concentration, phe c CH –NH Gly -2
Ž .nociceptin- 1–13 NH did not inhibit EPSC amplitudes by2

itself. On average, EPSC amplitudes even increased slightly
Ž .by 8.4"1.6 % ns9; Fig. 1D .

Fig. 2A and B show the concentration–response curves
of nociceptinrorphanin FQ-mediated reduction of EPSC
amplitudes. Under control conditions, nociceptinrorphanin
FQ reduced EPSC amplitudes by 43.2"6.9% at saturating
concentrations and with an EC of 496"224 nM.50
w 1 Ž . 2 x Ž . Ž .Phe c CH –NH Gly nociceptin- 1–13 NH 10 mM2 2

shifted the concentration–response curve to the right giv-
ing rise to a new EC of 9.3 mM, while maximum EPSC50

reduction and the Hill coefficient remained almost constant
ŽE : 43.0% versus 43.2%; n : 0.94 versus 1.01, in themax H

w 1 Ž . 2 xpresence and absence of phe c CH –NH Gly nocicep-2
Ž . .tin- 1–13 NH , respectively . These findings suggest a2

competitive antagonism between nociceptinrorphanin FQ
w 1 Ž . 2 x Ž .and phe c CH –NH Gly nociceptin- 1–13 NH . Rever-2 2

sal of nociceptinrorphanin FQ-mediated reduction of spinal
w 1 Ž . 2 x Ž .EPSCs by phe c CH –NH Gly nociceptin- 1–13 NH2 2

Ž .occurred in a concentration-dependent manner Fig. 2B . A
p A of 6.43 was estimated from Schild analysis. At the2

Ž . w 1 Žhighest concentration tested 100 mM , phe c CH –2
. 2 x Ž .NH Gly nociceptin- 1–13 NH reduced the amplitudes2

Ž . Ž . Ž . w 1 Ž . 2 x ŽFig. 2. A Concentration–response curves of nociceptinrorphanin FQ in the absence B and presence I of phe c CH –NH Gly nociceptin- 1–2
. Ž . ) w 1 Ž13 NH 10 mM . pFs0.05 indicate statistically significant reduction of nociceptinrorphanin FQ-mediated inhibition by phe c CH –2 2
. 2 x Ž . Ž . Ž . w 1 Ž . 2 x Ž . Ž .NH Gly nociceptin- 1–13 NH Welch test . B Concentration–response curves of phe c CH –NH Gly nociceptin- 1–13 NH alone v and in the2 2 2

Ž . wŽ . Ž Ž . .xpresence of nociceptinrorphanin FQ 3 mM; ` . Data points were fitted to the equation ysy y y yy r 1q EC rC using the Jandelmax max min 50 nH
Ž .Sigma Plot 3.0 software Jandel, Erkrath, Germany . y is the normalized EPSC amplitude under control conditions, y the relative EPSC amplitude inmax min

the presence of saturating concentrations of nociceptinrorphanin FQ, C is the nociceptinrorphanin FQ concentration, EC is the half maximum effective50

concentration of nociceptinrorphanin FQ and n is the Hill coefficient. ) pF0.05 indicates statistically significant reduction of nociceptinrorphaninH
w 1 Ž . 2 x Ž . Ž .FQ-mediated inhibition by phe c CH –NH Gly nociceptin- 1–13 NH ANOVA, followed by Bonferroni post hoc test . Numbers below and above2 2

data points are the number of cells.
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w 1 Ž . 2 x Ž . Ž . Ž .Fig. 3. Effects of phe c CH –NH Gly nociceptin- 1–13 NH on nocistatin NST -mediated inhibition of IPSCs. A,B Average current traces obtained2 2
Ž . w 1 Ž . 2 xfrom 10 consecutive IPSCs recorded at y80 mV under control conditions and in the presence of nocistatin 3 mM orrand phe c CH –NH Gly noci-2

Ž . Ž . Ž . Ž . Ž Ž . Ž . .ceptin- 1–13 NH phecN, 10 mM . C,D Average IPSC amplitudes mean"S.E.M. plotted versus time ns6 and 5, in B and D , respectively .2

of EPSCs suggesting weak agonistic activity at ORL1
receptors in the rat spinal cord.

[ 1 ( ) 2] ( )3.2. Phe c CH –NH Gly nociceptin- 1–13 NH does2 2

not affect inhibition of IPCs by nocistatin

In a separate set of experiments, the effect of
w 1 Ž . 2 x Ž .phe c CH –NH Gly nociceptin- 1–13 NH on nocis-2 2

tatin-mediated reduction of inhibitory synaptic transmis-
sion was investigated. IPSCs, which were recorded in
isolation using the glutamate receptor antagonists CNQX
Ž . Ž .10 mM and D-APV 50 mM , were almost completely

Ž .blocked by a combination of bicuculline 10 mM and
Ž .strychnine 2 mM .

ŽAt a saturating concentration of 3 mM Zeilhofer et al.,
.2000 , nocistatin reduced the amplitudes of IPSCs by

Ž .39.6"3.7% ps0.05; ns5; ANOVA; Fig. 3A . The
Ždegree of inhibition was almost identical 35.2"5.6%;

. w 1 Žn s 5; Fig. 3B in the presence of phe c CH –2
. 2 x Ž . Ž . w 1 ŽNH Gly nociceptin- 1–13 NH 10 mM . Phe c CH –2 2
. 2 x Ž .NH Gly nociceptin- 1–13 NH itself did not interfere2

with IPSCs. The change in IPSC amplitudes was less than
Ž .0.8"0.045% ns5 .

4. Discussion

In the present study, we have shown that the inhibitory
effect of nociceptinrorphanin FQ on excitatory synaptic

w 1 Ž . 2 xtransmission is antagonized by phe c CH –NH Gly2
Ž .nociceptin- 1–13 NH , while that of nocistatin on in-2

hibitory synaptic transmission is not. These findings clearly
indicate that nociceptinrorphanin FQ acts via ORL1 re-
ceptors, while the action of nocistatin is independent of
this receptor.
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Reduction by nociceptinrorphanin FQ of EPSC ampli-
tudes in the rat spinal cord dorsal horn occurs at relatively

Žhigh concentrations EC f500 nM; Liebel et al., 1997,50
.and this study; EC f200 nM Luo et al., 2000 . Although50

nociceptinrorphanin FQ is more potent in other prepara-
Ž .tions e.g. Meis and Pape, 1998; Connor et al., 1999 , the

w 1 Ž . 2 xsensitivity of this inhibition to phe c CH –NH Gly2
Ž .nociceptin- 1–13 NH indicates that it is nevertheless me-2

diated via ORL1 receptors. In addition, our finding that the
w 1 Ž . 2 xestimated p A value for phe c CH –NH Gly nocicep-2 2

Ž . Ž .tin- 1–13 NH 6.43 in the rat spinal cord is similar to2

those reported for other central and peripheral preparations
Ž .reviewed by Calo et al., 2000 argues against receptor´
heterogeneity as a reason for the different potencies. An
alternative and more likely explanation is that differences
in ORL1 receptor density and receptor reserve in different
preparations strongly affect the potency of nociceptinr
orphanin FQ.

w 1 Ž . 2 x Ž .Phe c CH –NH Gly nociceptin- 1–13 NH has con-2 2

vincingly been demonstrated to exert antagonistic and
Žagonistic activity both in vitro e.g. Butour et al., 1998;

. ŽMeis and Pape, 1998 and in vivo e.g. Carpenter and
.Dickenson, 1998; Armstead, 1999; Wang et al., 1999 .

Which of these actions dominates may depend on the
density of ORL1 receptors and down stream transducer
molecules, e.g. G-proteins. In case of a small receptor

w 1 Ž .reserve, the low intrinsic activity of phe c CH –NH2
2 x Ž . ŽGly nociceptin- 1–13 NH Bigoni et al., 1999; Okawa2

.et al., 1999 will favor antagonistic actions, while agonistic
effects may dominate in tissues with a high receptor

Ž .reserve see also Toll et al., 1998; Calo et al., 2000 . Both´
ORL1 receptor expression and their coupling to G-proteins
may, in addition, be developmentally regulated. The latter
possibility might explain why antagonistic actions have
been frequently reported in CNS or spinal cord slices,
which are in most cases taken from newborn or young
animals, while studies performed in intact usually adult
animals mainly report agonistic effects.

Acknowledgements

This work has been supported in part by a grant from
the Deutsche Forschungsgemeinschaft SFB 353rA8 to
HUZ. JTL was supported by a Graduiertenkolleg of the
Deutsche Forschungsgemeinschaft.

References

Armstead, W.M., 1999. Nociceptinrorphanin FQ dilates pial arteries by
Ž . Ž .K ATP and K Ca channel activation. Brain Res. 835, 315–323.

Bigoni, R., Giuliani, S., Calo, G., Rizzi, A., Guerrini, R., Salvadori, S.,´
Regoli, D., Maggi, C.A., 1999. Characterization of nociceptin recep-
tors in the periphery: in vitro and in vivo studies. Naunyn-Schmiede-
berg’s Arch. Pharmacol. 359, 160–167.

Butour, J.L., Moisand, C., Mollereau, C., Meunier, J.C., 1998.
w 1 Ž . 2 x Ž .Phe c CH –NH Gly nociceptin- 1–13 -NH is an agonist of the2 2

Ž .nociceptin ORL1 receptor. Eur. J. Pharmacol. 349, R5–R6.
Calo, G., Guerrini, R., Rizzi, A., Salvadori, S., Regoli, D., 2000. Pharma-´

cology of nociceptin and its receptor: a novel therapeutic target. Br. J.
Pharmacol. 129, 1261–1283.

w 1 ŽCarpenter, K.J., Dickenson, A.H., 1998. Evidence that Phe c CH –2
. 2 x Ž .NH Gly nociceptin- 1–13 -NH , a peripheral ORL-1 receptor an-2

tagonist, acts as an agonist in the rat spinal cord. Br. J. Pharmacol.
125, 949–951.

Connor, M., Vaughan, C.W., Jennings, E.A., Allen, R.G., Christie, M.J.,
Ž . Ž .1999. Nociceptin, Phe 1 psi-nociceptin 1–13 , nocistatin and pre-

Ž .pronociceptin 154–181 effects on calcium channel currents and a
potassium current in rat locus coeruleus in vitro. Br. J. Pharmacol.
128, 1779–1787.

Erb, K., Liebel, J.T., Tegeder, I., Zeilhofer, H.U., Brune, K., Geisslinger,
G., 1997. Spinally delivered nociceptinrorphanin FQ reduces flinch-
ing behaviour in the rat formalin test. NeuroReport 8, 1967–1970.

Guerrini, R., Calo, G., Rizzi, A., Bigoni, R., Bianchi, C., Salvadori, S.,´
Regoli, D., 1998. A new selective antagonist of the nociceptin
receptor. Br. J. Pharmacol. 123, 163–165.

Houtani, T., Nishi, M., Takeshima, H., Nukada, T., Sugimoto, T., 1996.
Structure and regional distribution of nociceptinrorphanin FQ precur-
sor. Biochem. Biophys. Res. Commun. 219, 714–719.

Liebel, J.T., Swandulla, D., Zeilhofer, H.U., 1997. Modulation of excita-
tory synaptic transmission by nociceptin in superficial dorsal horn
neurons of the neonatal rat spinal cord. Br. J. Pharmacol. 121,
425–432.

Luo, C., Kumamoto, E., Furue, H., Masuko, S., Yoshimura, M., 2000.
Nociceptin inhibits excitatory but not inhibitory transmission in sub-
stantia gelatinosa neurones of the adult rat spinal cord. Soc. Neurosci.
Abstr. 30, 2187.

Meis, S., Pape, H.C., 1998. Postsynaptic mechanisms underlying respon-
siveness of amygdaloid neurons to nociceptinrorphanin FQ. J. Neu-
rosci. 18, 8133–8144.

Meunier, J.C., Mollereau, C., Toll, L., Suaudeau, C., Moisand, C.,
Alvinerie, P., Butour, J.L., Guillemot, J.C., Ferrara, P., Monsarrat, B.,
Mazarguil, H., Vassart, G., Parmentier, M., Costentin, J., 1995.
Isolation and structure of the endogenous agonist of opioid receptor-
like ORL1 receptor. Nature 377, 532–535.

Mollereau, C., Parmentier, M., Mailleux, P., Butour, J.L., Moisand, C.,
Chalon, P., Caput, D., Vassart, G., Meunier, J.C., 1994. ORL1, a
novel member of the opioid receptor family. Cloning, functional
expression and localization. FEBS Lett. 341, 33–38.

Mollereau, C., Simons, M.J., Soularue, P., Liners, F., Vassart, G.,
Meunier, J.C., Parmentier, M., 1996. Structure, tissue distribution,
and chromosomal localization of the prepronociceptin gene. Proc.
Natl. Acad. Sci. U. S. A. 93, 8666–8670.

Nakano, H., Minami, T., Abe, K., Arai, T., Tokumura, M., Ibii, N.,
Okuda-Ashitaka, E., Mori, H., Ito, S., 2000. Effect of intrathecal
nocistatin on the formalin-induced pain in mice versus that of noci-
ceptinrorphanin FQ. J. Pharmacol. Exp. Ther. 292, 331–336.

Narita, M., Mizoguchi, H., Oji, D.E., Dun, N.J., Hwang, B.H., Nagase,
H., Tseng, L.F., 1999. Identification of the G-protein-coupled ORL1

w35 xreceptor in the mouse spinal cord by S -GTPgS binding and
immunohistochemistry. Br. J. Pharmacol. 128, 1300–1306.

Nishi, M., Houtani, T., Noda, Y., Mamiya, T., Sato, K., Doi, T., Kuno, J.,
Takeshima, H., Nukada, T., Nabeshima, T., Yamashita, T., Noda, T.,
Sugimoto, T., 1997. Unrestrained nociceptive response and disregula-
tion of hearing ability in mice lacking the nociceptinrorphanin FQ
receptor. EMBO J. 16, 1858–1864.

Okawa, H., Nicol, B., Bigoni, R., Hirst, R.A., Calo, G., Guerrini, R.,´
Rowbotham, D.J., Smart, D., McKnight, A.T., Lambert, D.G., 1999.

w 1 Ž . 2 x ŽComparison of the effects of Phe c CH –NH Gly nociceptin 1–2
.13 NH in rat brain, rat vas deferens and CHO cells expressing2

recombinant human nociceptin receptors. Br. J. Pharmacol. 127,
123–130.



( )S. Ahmadi et al.rEuropean Journal of Pharmacology 412 2001 39–4444

Okuda-Ashitaka, E., Minami, T., Tachibana, S., Yoshihara, Y., Nishiuchi,
Y., Kimura, T., Ito, S., 1998. Nocistatin, a peptide that blocks
nociceptin action in pain transmission. Nature 392, 286–289.

Reinscheid, R.K., Nothacker, H.P., Bourson, A., Ardati, A., Henningsen,
R.A., Bunzow, J.R., Grandy, D.K., Langen, H., Monsma Jr., F.J.,
Civelli, O., 1995. Orphanin FQ a neuropeptide that activates an opioid
like G protein-coupled receptor. Science 270, 792–794.

Toll, L., Burnside, J., Berzetei-Gurske, I., 1998. Agonist activity of
ORL1 antagonists is dependent upon receptor number. INCR.
Garmisch-Partenkirchen, Germany, A89.

Varani, K., Rizzi, A., Calo, G., Merighi, S., Toth, G., Guerrini, R., Gessi,´

S., Salvadori, S., Borea, P.A., Regoli, D., 1999. Pharmacology of
w xTyr1 nociceptin analogs: receptor binding and bioassay studies.
Naunyn-Schmiedeberg’s Arch. Pharmacol. 360, 270–277.

Wang, Y.Q., Zhu, C.B., Cao, X.D., Wu, G.C., 1999. Supraspinal hyperal-
w 1 Ž . 2 x Žgesia and spinal analgesia by Phe c CH –NH Gly nociceptin- 1–2

.13 -NH in rat. Eur. J. Pharmacol. 376, R1–R3.2

Zeilhofer, H.U., Muth-Selbach, U., Guhring, H., Erb, K., Ahmadi, S.,
2000. Selective suppression of inhibitory synaptic transmission by
nocistatin in the rat spinal cord dorsal horn. J. Neurosci. 20, 4922–
4929.


