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parafascicular nucleus and the dorsal raphe nucleus

Veronique Dupouy, Jean-Marie Zajac )´
Institut de Pharmacologie et de Biologie Structurale, CNRS 205 Route de Narbonne, F-31077 Toulouse, France

Received 6 February 1997; revised 12 May 1997; accepted 16 May 1997

Abstract

Ž . Ž Ž . .The ability of 1DMe Y8Fa D.Tyr–Leu– NMe Phe–Gln–Pro–Gln–Arg–Phe–NH , a selective neuropeptide FF analog resistant to2

enzymatic degradation, to control morphine-induced analgesia was investigated in rat after microinfusion into the dorsal raphe nucleus
Ž . Ž .and the nucleus parafascicularis of the thalamus. Infusion of 1DMe Y8Fa 2.5 nmol in the nucleus raphe dorsalis did not modify the

Ž .animal response in the tail-immersion test but significantly reversed analgesia induced by coinjected morphine 27 nmol . Similarly,
Ž . Ž .1DMe Y8Fa 5 nmol inhibited morphine effects in the hot-plate test after co-injection into the parafascicular nucleus. Furthermore,
Ž .1DMe Y8Fa injected into the parafascicular nucleus attenuated analgesia induced by morphine injected into the nucleus raphe dorsalis
and similarly, the neuropeptide FF analog in the nucleus raphe dorsalis decreased the effects of 27 nmol morphine injected in the
parafascicular nucleus. The density of neuropeptide FF receptors did not decrease in the nucleus raphe dorsalis after lesion of serotonergic

Ž .neurons by 5,7-dihydroxytryptamine. However, after this lesion, 1DMe Y8Fa injected in the nucleus raphe dorsalis was no longer able to
Ž .modify analgesic effects of morphine in hot-plate and tail-immersion tests. Similarly, the serotonin 5-HT depletion induced by a

systemic administration of para-chlorophenylalanine did not modify morphine analgesia microinjected into the nucleus raphe dorsalis and
Ž .the parafascicular nucleus but blocked the ability of 1DMe Y8Fa to reverse morphine effects in both nuclei. These data show that

neuropeptide FF exerts anti-opioid effects directly into both the nucleus raphe dorsalis and the parafascicular nucleus and acts also at
distance on opioid functions. Furthermore, anti-opioid effects of neuropeptide FF require functional serotonergic neurons although
neuropeptide FF receptors are not carried on these neurons. q 1997 Elsevier Science B.V.
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1. Introduction

ŽNeuropeptide FF Phe–Leu–Phe–Gln–Pro–Gln–Arg–
. ŽPhe–NH originally isolated from bovine brain Yang et2
.al., 1985 was identified in the central nervous system of

Žseveral mammals including humans Panula et al., 1987;
.Kivipelto et al., 1989; Majane et al., 1988 . Neuropeptide

FF is believed to act as a neurotransmitter since neuropep-
tide FF-immunoreactivity was restricted to vesicles in ax-

Ž .onal profiles in the spinal cord Allard et al., 1991 and
could be released by depolarization from nerve terminals

Žto stimulate specific neuropeptide FF receptors Allard et
.al., 1989; Zhu et al., 1992; Devillers et al., 1994 .

Neuropeptide FF generates its pharmacological effects
by interacting in the central nervous system with specific
binding sites localized in high concentrations in the thala-

) Ž . Ž .Corresponding author. Tel. 33-5 6117-5911; Fax: 33-5 6117-5994.

mus, brain stem and spinal cord areas implicated in the
Žcontrol of nociception Allard et al., 1989; Allard et al.,

.1992; Dupouy et al., 1996; Dupouy and Zajac, 1996 .
Several pharmacological results indicate that neuropeptide
FF is involved in opioid control of nociceptive information
Ž .Yang et al., 1985; Gicquel et al., 1992 and could play a

Žrole in opioid tolerance and dependence Tang et al., 1984;
.Malin et al., 1990a,b; Stinus et al., 1995 . Neuropeptide FF

antagonizes opioid analgesia after intracerebroventricular
Ž .injection in rat Yang et al., 1985; Millon et al., 1993 and

Ž .mouse Kavaliers and Yang, 1989; Gicquel et al., 1992 .
Third ventricle injection of neuropeptide FF in non-depen-
dent rats induced a morphine-withdrawal-like behavioral

Ž .syndrome Malin et al., 1990a; Gicquel et al., 1994 .
Furthermore, highly selective antiserum against neuropep-

Žtide FF attenuated chronic morphine tolerance Lake et al.,
.1991 and neuropeptide FF precipitated withdrawal in

Ž .morphine-dependent rats Malin et al., 1990a .
However, neuropeptide FF exerts complex pharmaco-
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Ž .logical actions Desprat and Zajac, 1994 since intrathecal
infusion of neuropeptide FF in rats produces analgesia
Ž .Gouarderes et al., 1993; Gouarderes et al., 1996 . Neu-` `
ropeptide FF analogs, similarly to opiates, inhibit intestinal

Ž .transit after i.c.v. injection in mice Gicquel et al., 1993
and reduced the postprandial changes in intestinal motility

Ž .in rats Millon et al., 1993 .
All these observations revealed a possible neuromodula-

tory role of neuropeptide FF on opioid functions but at this
time the molecular and cellular mechanisms implied in

Žthese modulations Rebeyrolles et al., 1996; Roumy and
.Zajac, 1996 as well as the anatomical sites involved in

functional interactions between opioids and neuropeptide
Ž .FF are largely unknown Dupouy, 1995 . We have recently

demonstrated that in the nucleus raphe dorsalis, identified
by stimulation-produced-analgesia studies as a ‘pure anal-

Ž .gesia region’ Fardin et al., 1984 , microinfusion of neu-
ropeptide FF analogs reversed morphine analgesia
Ž .Dupouy, 1995 . One other likely site for pain modulation
in the forebrain could be in the intralaminar thalamic
nuclei, the parafascicular thalami nucleus. This region is

Žespecially responsive to noxious stimuli Peshanski et al.,
.1981 and receives serotonergic projections from the nu-

Žcleus raphe dorsalis Moore et al., 1978; Clements et al.,
.1985; Chen et al., 1992 . In the medial thalamic nuclei, the

cells responding exclusively to the noxious stimuli are
Žconcentrated within the parafascicular nucleus Andersen

.and Dafny, 1983 . Dorsal raphe stimulation modulates the
spontaneous activity and the noxious-evoked responses of

Žparafascicular nucleus neurons Reyes-Vazquez et al.,
.1989 . On the other hand, parafascicular nucleus stimula-

tion activates neurons of periaqueductal gray sensitive to
Ž .peripheral nociceptive stimuli Sakata et al., 1988 . Thus,

it has been proposed that the nucleus raphe dorsalis–peri-
aqueductal gray matter and parafascicular nucleus area
play a role in endogenous antinociceptive control mecha-
nisms and pain modulation systems in rodents. One hy-
pothesis is that neuropeptide FF modulates opioid activity
in the dorsal raphe nucleus and parafascicular nucleus.

The aim of this study was to determine the modulatory
role of neuropeptide FF receptor activation on opioid
analgesia in the nucleus raphe dorsalis and the parafascicu-

Ž . Žlar nucleus by using 1DMe Y8Fa D.Tyr–Leu–
Ž . .NMe Phe–Gln–Pro–Gln–Arg–Phe–NH , a neuropep-2

tide FF receptor agonist resistant to enzymatic degradation
Ž .Gicquel et al., 1992 and to investigate the participation of
serotonin in the anti-opioid effects of neuropeptide FF.

2. Materials and methods

2.1. Chemicals

Morphine hydrochloride was obtained from Francopia
Ž . Žand naloxone from Sigma. 1DMe Y8Fa D.Tyr–Leu–

Ž . .NMe Phe–Gln–Pro–Gln–Arg–Phe–NH was synthe-2
Ž .sized as previously described Gicquel et al., 1992 .

2.2. Microinfusion of animals

Animals were tested in accordance with the recommen-
dations of the International Association for Study of Pain.

Experiments were performed on male Sprague–Dawley
rats weighing 300"30 g at the time of surgery. Rats were

Ž .anesthetized with pentobarbital 50 mgrkg, i.p. and
stereotaxically implanted with a stainless-steel guide can-

Ž .nula 0.45 mm outer diameter located 2 mm above the
infusion site.

The stereotaxic coordinates of infusion sites according
Ž .to the atlas of Paxinos and Watson 1986 were for the

Ž .nucleus raphe dorsalis mm : A–Psy7.8 from bregma,
M–Ls0 from medial suture, D–Vs6.9 down from the
top of the skull. Infusion was performed in the nucleus
parafascicularis of the thalamus using the following stereo-

Ž .taxic coordinates mm : A–Psy4.2, M–Ls"1.5, D–
Vs6.9.

Animals were tested seven days after cannula implanta-
tion.

Microinfusion was performed through an infusion can-
Ž .nula in a volume of 0.5 ml 0.25 mlrmin . Morphine was

Ž .dissolved in isotonic saline solution, 1DMe Y8Fa in acid
solution and neutralized with 1 M NaOH.

Upon completion of the experiments, all animals were
sacrificed and the location of injection site in the nucleus
raphe dorsalis and the parafascicular nucleus was verified

Žhistologically after microinfusion of methylene blue Fig.
.1 .

Fig. 1. Histological verification of cannula placements. Brain sites at
Ž .which morphine and 1DMe Y8Fa were administered are shown in rat

coronal sections. Closed circles indicate the different injection sites
Ž .obtained for each animals group used 8 to 15 animals . The number

Ž .adopted from the atlas of Paxinos and Watson 1986 indicate the
anterioposterior coordinates from the Bregma.
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2.3. Analgesia

2.3.1. Tail immersion
The nociceptive responses were assessed by the tail-im-

mersion test, using water at 568C. Baseline tail withdrawal
latencies, measured 45, 30 and 15 min before infusion,
were between 1.8 and 2.2 s. In the absence of a response,
tests were terminated after 7 s. Groups of 8–13 rats were

Ž .injected with morphine hydrochloride andror 1DMe Y8Fa
Ž .0.5 ml into the nucleus raphe dorsalis or the parafascicu-
lar nucleus. The tail immersion responses were measured
10, 20, 30, 45, 60, 90, 120, 150 and 180 min after
infusion.

2.3.2. Hot plate
The hot plate used a copper surface heated to 558C by a

waterbath. The behavioral endpoint was the licking of the
hindpaw. Baseline withdrawal latencies were between 5
and 15 s. In order to prevent tissue damage, the hot plate
was terminated after 30 s in the absence of a response.

The responses were measured 45, 30 and 15 min before
infusion and 15, 30, 45, 60, 90 and 120 min after infusion.

2.4. Lesion of serotonergic neurons

2.4.1. Para-chlorophenylalanine depletion
Ž .Depletion of 5-HT serotonin in serotonergic neurons

was accomplished by systemic administration of para-
Ž .chlorophenylalanine 350 mgrkg 24 h before , an amino

acid which competes with tryptophan, the substrate of
tryptophan hydroxylase, the rate-limiting enzyme in the
synthesis of indolamines.

2.4.2. 5,7-dihydroxytryptamine lesions
ŽRats were pre-treated with desipramine 10 mgrkg,

.i.p. to prevent non-specific damage to catecholaminergic
Žneurons and anesthetized with pentobarbital 50 mgrkg,

. Ži.p. . Rats were treated with antibiotics Totapen, 1 mgrkg

.i.p. for 48 h after surgery.
Microinjections of 4 mg 5,7-dihydroxytryptamine base

Ž .Sigma in 2 ml were made at 0.25 mlrmin into eight sites
around the nucleus raphe dorsalis and the dorsal raphe
magnus. Stereotaxic coordinates were according to the

Ž .atlas of Paxinos and Watson 1986 :
A–P: y7.2 mm from bregma; D–V: y6.0 mm from
the skull; M–L: "0.5 mm from midline
A–P: y8.4 mm; D–V: y6.6 mm; M–L: "0.5 mm
A–P: y7.2 mm; D–V: y8.5 mm; M–L: "0.5 mm
A–P: y8.4 mm; D–V: y8.6 mm; M–L: "0.5 mm
Control animals underwent the same procedure except

for the microinjection. Confirmation of the location of
lesions was made by macroscopic histological examination
of serial coronal sections through the brainstem after the
test.

2.5. Autoradiographic procedures

Ž . Žw 1 Ž . 3 x .1DMe Y8Fa D.Tyr , NMe Phe NPFF was iodi-
Ž .nated as previously described Gicquel et al., 1992 .

Slide-mounted brain sections were incubated during 180
w125 xw 1 Ž . 3 xmin at 258C with 0.05 nM I D.Tyr , NMe Phe NPFF

in 50 mM Tris–HCl buffer pH 7.4 containing 120 mM
NaCl and 0.1% bovine serum albumin. Non-specific bind-

w125 xw 1 Ž . 3 xing of I D.Tyr , NMe Phe NPFF was determined in
w 1adjacent sections by adding 1 mM of unlabelled D.Tyr ,

Ž . 3 xNMe Phe NPFF to the incubation medium. Slides were
Ž .transferred sequentially through four rinses 5 min each in

ice-cold 50 mM Tris-HCl buffer pH 7.4 and a final dipping
in ice-cold distilled water and exposed for 4–6 days at
room temperature in contact with tritium-sensitive film
Ž .Hyperfilm, Amersham .

The autoradiograms were analyzed by a computerized
Ž .image analysis system RAG200 Biocom, France . The

average optical density was transformed to pCirunit area
Žby reference to iodinated standards Dupouy and Zajac,

.1996 co-exposed with the tissue sections.

2.6. Data analysis

Changes of latency responses were converted to maxi-
mum percentage effect for each animal, calculated as:

posty infusion latencyybaseline latencyŽ
100=

cutyoff valueybaseline latency.

The basal tail-withdrawal latency time for an animal was
obtained as the mean of three determinations 45, 30 and 15
min before infusion. The baseline latency time used in the
calculation of maximum percentage effect for a rat corre-
spond to the mean of basal latency time of the same
animal.

The area under the maximum percentage effect versus
Ž .time curve AUC was computed by trapezoidal approxi-

mation of the AUC for each rat between 0 and 120 min for
the hot plate and 0 to 180 min for the tail immersion test.

The data were compared using the rank order Mann–
ŽWhitney U-non-parametric test Statwiew program, Macin-

.tosh . Mean values were compared to that of control
animals. P values less than 0.05 were considered to
indicate statistical significance.

3. Results

3.1. Single site injections

Ž .Microinjection of 0.008 to 8.4 nmol 1DMe Y8Fa alone
Ž .0.25 mlrmin in the parafascicular nucleus and the nu-
cleus raphe dorsalis did not modify significantly latencies

Ž .in the hot-plate and tail-immersion tests data not shown .
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Table 1
Ž .Reduction of antinociceptive effects of morphine by 1DMe Y8Fa mi-

croinjected into the dorsal raphe nucleus

Pretreat- Treatment Tail immersion Hot plate
ment

None morphine 4738"795 10507"257
a aŽ .None morphineq1DMe Y8Fa 2343"682 7216"1552

2.5 nmol
NaCl morphine 3890"734 10400"200
pCPA morphine 3353"505 11346"118

Ž .pCPA morphineq1DMe Y8Fa 2903"770 9585"2321
2.5 nmol

5,7 DHT morphine 3824"1047 6671"1790
Ž .5,7 DHT morphineq1DMe Y8Fa 3404"427 5843"1309

2.5 nmol
Ž .5,7 DHT morphineq1DMe Y8Fa 4549"800 7956"1264

5 nmol

Ž .Animals were pretreated by para-chlorophenylalanine pCPA or le-
Ž .sioned by microinjection of 5,7-dihydroxytryptamine 5,7 DHT . Mor-

phine was injected into the nucleus raphe dorsalis at a dose of 27 nmol
and antinociception measured in the tail immersion and hot plate tests.

Ž .Data are means "S.E.M. of AUC from 8 to 13 animals.
a P -0.05 significantly different versus morphine alone.

( )3.1.1. Effects of 1DMe Y8Fa on morphine analgesia in
the dorsal raphe nucleus

Ž .As previously demonstrated Dupouy and Zajac, 1995 ,
the microinjection of morphine into the nucleus raphe
dorsalis produced a dose-dependent analgesic response as
evidenced by the prolongation of the tail-immersion la-

Ž .tency Fig. 2A . The maximal effect of 27 nmol morphine
occurred 20 min after injection and the tail-flick latencies
returned to base-line values by 120 min.

Ž . Ž .1DMe Y8Fa 2.5 nmol coinjected into the nucleus
Ž .raphe dorsalis reversed significantly 60% at peak effect

Ž .the analgesia induced by morphine Fig. 2A . Comparison
of the mean areas under the curve indicated that 2.5 nmol
Ž .1DMe Y8Fa decreased significantly morphine analgesia

Table 2
Ž .Antinociceptive effects of morphine and 1DMe Y8Fa microinjected into

the nucleus parafascicularis of the thalamus

Pretreatment Treatment AUC

None morphine 27 nmol 5190"1042
Ž .None morphineq1DMe Y8Fa 2.5 nmol 2056"1005

aŽ .None morphineq1DMe Y8Fa 5 nmol 2080"666
NaCl morphine 10 nmol 6754"1134
pCPA morphine 10 nmol 9246"608

Ž .pCPA morphineq1DMe Y8Fa 5 nmol 5973"1255

ŽAnimals were pretreated by para-chlorophenylalanine 300 mgrkg 24 h
. Ž .before pCPA or NaCl. The effects of morphine injected into the

Ž .parafascicular nucleus was measured in the hot plate test. 1DMe Y8Fa
was injected 10 min after morphine in the parafascicular nucleus.

Ž .Data are means "S.E.M. of AUC from 8 to 13 animals.
a P -0.05 significantly different versus morphine alone.

Ž . Ž .in hot plate y31% and tail immersion y51% tests
Ž . Ž .Table 1 . Similarly, coinjected naloxone 2.5 nmol inhib-

Žited completely morphine analgesia in both tests data not
.shown .

( )3.1.2. Effects of 1DMe Y8Fa on morphine analgesia in
the parafascicular nucleus

Ž .Morphine 27 nmol injected in the parafascicular nu-
cleus did not modify the tail-flick latency but produced a
clear increase of the paw-lick latency which peaked at 60

Ž . Ž . Ž .min Fig. 2B . 1DMe Y8Fa 2.5 and 5 nmol injected 10
min after morphine decreased significantly the morphine

Ž .response Fig. 2, Table 2 . Comparison of the mean areas
Ž .under the curve with and without 5 nmol 1DMe Y8Fa

Ž .shows a significant reduction 60% of morphine analgesia
Ž . Ž .Table 2 . Naloxone 2.5 nmol preinjected 10 min before
morphine into the parafascicular nucleus blocked more

Ž .than 70% of the opioid effects not shown .

Ž .Fig. 2. Effects of 1DMe Y8Fa in the nucleus raphe dorsalis and the parafascicular nucleus on the antinociceptive effects of morphine injected in the
Ž . Ž .nucleus raphe dorsalis or the parafascicular nucleus. A Effects of 2.5 nmol 1DMe Y8Fa on the time-course analgesia induced by a coinjection of 27

Ž . Ž .nmol morphine into the nucleus raphe dorsalis, in the tail immersion test. B Effects of 5 nmol 1DMe Y8Fa on the time-course antinociception induced
Ž . aby 27 nmol morphine injected 10 min before into the parafascicular nucleus, in the hot plate test. Data are means "S.E.M. from 8 to 13 rats. P-0.05

significantly different from morphine treated group.
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Table 3
Ž .Control of morphine analgesia by 1DMe Y8Fa injected into the nucleus

raphe dorsalis and the parafascicular nucleus

AUC

Tail-immersion test
Morphine in the nucleus raphe dorsalis 3852"859

Ž .q1DMe Y8Fa 2.5 nmol in the parafascicular nucleus 454"1443
aŽ .q1DMe Y8Fa 5 nmol in the parafascicular nucleus 853"772

Hot plate test
Morphine in the parafascicular nucleus 5629"1464

Ž .q1DMe Y8Fa 2.5 nmol in the nucleus raphe dorsalis 3112"2112
aŽ .q1DMe Y8Fa 5 nmol in the nucleus raphe dorsalis 783"637

Animals were microinjected with morphine 27 nmol in the nucleus raphe
Ž .dorsalis or the nucleus parafascicularis. The effects of 1DMe Y8Fa

injected 10 min before in the parafascicular nucleus and the nucleus raphe
dorsalis was measured in the tail immersion and in the hot plate test.

Ž .Data are means "S.E.M. of AUC from 8 to 11 animals.
a P -0.05 significantly different versus morphine alone.

3.2. Distant control of neuropeptide FF receptors on mor-
phine analgesia

The analgesic activity of 27 nmol morphine microin-
jected into the nucleus raphe dorsalis was significantly

Ž .attenuated in the tail-immersion test when 1DMe Y8Fa
Ž .2.5 and 5 nmol was injected 10 min before into the

Ž .parafascicular nucleus Fig. 3A, Table 3 . The AUC be-
tween 0 and 180 min in animals treated with 5 nmol
Ž . Ž .1DMe Y8Fa was significantly less Table 3 than the

Ž .AUC in morphine treated animals in the tail-flick y78%
Ž .and the hot plate tests y83% .
Ž .Similarly, although 1DMe Y8Fa alone did not modify

Ž .the hot plate latency, this peptide 2.5 and 5 nmol injected
into the nucleus raphe dorsalis decreased analgesia pro-

duced by 27 nmol morphine microinjected into the parafas-
Ž .cicular nucleus 10 min later Fig. 3B . The effect of 5

Ž .nmol of 1DMe Y8Fa was significant from 60 to 120 min.
Ž .The AUC shows that only 5 nmol 1DMe Y8Fa into the

nucleus raphe dorsalis reversed significantly morphine
Ž .analgesia y86% produced by microinjection into the

Ž .parafascicular nucleus Table 3 .

3.3. Effects of serotonin depletion and lesion

We have studied the effects on neuropeptide FF activity
of a reduction in intracerebral serotonin content produced
by the systemic administration of para-chlorophenyl-
alanine or by the lesion of serotonin-containing terminals
with 5,7-dihydroxytryptamine. In a separate group of iden-

Ž .tically treated rats, 5-HT serotonin levels in all brain
areas considered decreased at least 95% and 5-hydroxyin-
doleacetic acid levels were reduced by 95% after the

Ž .lesions Allard et al., 1996 .

3.3.1. Effects of para-chlorophenylalanine
Ž .Para-chlorophenylalanine 350 mgrkg , a serotonin

synthesis inhibitor, injected 24 h before testing, did not
reduce the tail-immersion and hot plate baseline latencies.
Furthermore, under our experimental protocol, para-chlo-
rophenylalanine treatment did not modify analgesia in-

Ž .duced by morphine 27 nmol microinjected into the nu-
Žcleus raphe dorsalis or the parafascicular nucleus Tables 1

.and 2 . Furthermore, morphine effects in the parafascicular
nucleus increased in para-chlorophenylalanine treated rats

Ž .but only in a non-significant manner Table 2 .
Ž .1DMe Y8Fa injected into the nucleus raphe dorsalis

was unable to modify significantly analgesia induced by
Žmorphine injected into the same nucleus Table 1, Fig.

.4B .

Fig. 3. Time course of the antinociceptive responses induced by morphine into the nucleus raphe dorsalis and the parafascicular nucleus after
Ž . Ž . Ž . Ž .administration of 1DMe Y8Fa into the parafascicular nucleus and the nucleus raphe dorsalis. A 1DMe Y8Fa 5 nmol was injected into the

Ž . Ž .parafascicular nucleus PF 10 min before 27 nmol morphine into the nucleus raphe dorsalis DR and the antinociception was measured in the tail
Ž . Ž . Ž .immersion test. B 5 nmol 1DMe Y8Fa was injected into the nucleus raphe dorsalis DR 10 min before 27 nmol morphine into the parafascicular

Ž . Ž . anucleus PF and the antinociception was measured in the hot plate test. Data are means "S.E.M. from 8 to 13 rats. P-0.05 significantly different
from morphine alone.
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Ž . Ž . Ž . Ž .Fig. 4. Lesion A and depletion B of serotonergic neurons on the effects of morphine and 1DMe Y8Fa . A Time-course of morphine antinociception
Ž . Ž .27 nmol and morphine plus 2.5 nmol 1DMe Y8Fa co-injected into the nucleus raphe dorsalis in the tail immersion test in animals treated by

Ž . Ž . Ž .5,7-dihydroxytryptamine 5,7 DHT . B Effects of 27 nmol morphine and morphine plus 5 nmol 1DMe Y8Fa injected into the nucleus raphe dorsalis in
Ž . Ž .the tail immersion test in animals treated with para-chlorophenylalanine pCPA . Data are means "S.E.M. from 10 animals.

Similarly, in para-chlorophenylalanine treated rats,
Ž .1DMe Y8Fa injected in the parafascicular nucleus did not
change significantly the hot-plate latency increase induced
by morphine microinjected in the parafascicular nucleus 10

Ž .min Table 2 .

3.3.2. Effects of 5,7-dihydroxytryptamine
Eleven days after the lesion of serotonin neurons by

5,7-dihydroxytryptamine, microinjection of morphine in
the nucleus raphe dorsalis induced an analgesia, measured
in the hot plate test, identical to that recorded in control

Ž .animals Table 1 . However, in 5,7-dihydroxytryptamine

Table 4
Neuropeptide FF receptors in several brain areas 11 days after serotonin-
ergic lesions by 5,7-dihydroxytryptamine

Neuropeptide FF receptors density

Control Lesioned % Change

Caudate putamen 159"12 155"13 y2.5
Lateral septal nucleus, 276"26 267"42 y3.3
intermediate part
Lateral septal nucleus, dorsal part 82"8 97"17 q18.4
Lateral hypothalamic area 619"76 692"84 q11.8
Laterodorsal thalamic nucleus 460"51 479"43 q4.1
Parafascicular thalamic nucleus 765"62 903"64 q18.1
Periacqueductal gray matter, 179"8 228"16 q27.7
ventrolateral

aDorsal raphe nucleus 164"7 252"25 q53.3
Lateral parabrachial nucleus 131"11 140"9 q6.2

aSolitary tract 275"27 356"22 q29.3
Gracile nucleus 682"49 651"36 y4.6
Spinal trigeminal tract 546"84 529"63 y3

w125 x Ž .Changes in I 1DMe Y8Fa binding produced by lesions with 5,7-dihy-
droxytryptamine were measured by quantitative autoradiography. Values
Ž . Ž .pCirunit of area are means "S.E.M. of 18 measurements obtained in
three control animals and three treated rats.
a Ž .Significantly different P -0.05 from control values in Mann-Whitney
test.

Ž . Ž .treated rats 1DMe Y8Fa 2.5 and 5 nmol co-injected into
the nucleus raphe dorsalis was no longer able to modify
significantly the analgesic effects of morphine injected in

Ž .the nucleus raphe dorsalis Table 1, Fig. 4A .

3.4. Effects of 5,7-dihydroxytryptamine lesions on neu-
ropeptide FF receptor density

w125 xŽ .Table 4 summarizes the density of I 1DMe Y8Fa
Ž .binding sites 0.05 nM in several brain areas in control

and in 5,7-dihydroxytryptamine treated animals. The selec-
tive lesions of the 5-HT pathways did not result in a
decrease in the neuropeptide FF binding density 11 days
after lesioning. In contrast, a significant increase in neu-
ropeptide FF receptor density could be observed in the
nucleus raphe dorsalis and the solitary tract.

4. Discussion

The physiological role of the neuropeptide FF system
has been essentially explored in pharmacological experi-
ments by using intracerebroventricular or intrathecal injec-

Ž .tions Yang et al., 1985; Gouarderes et al., 1993 . Such`
routes of administration could recruit receptors acting on
complex networks involving several brain areas simultane-
ously. In contrast, microinjections in discrete brain nuclei
would help to define the anatomical connections between
neuropeptide FF and opioid systems and the exact role of
neuropeptide FF receptors in the control of nociceptive
information.

The single site study confirms the analgesic activity of
morphine after microinjection in both the dorsal raphe

Žnucleus and the parafascicular nucleus Sharpe et al., 1974;
.Reyes-Vazquez et al., 1989; Bandler and Shipley, 1994 .

Our experiments have been performed by injection in the
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parafascicular nucleus and the nucleus raphe dorsalis of a
morphine dose able to produce about 50% analgesia in
order to reveal slight modifications in antinociceptive re-

Ž .sponses. Although microinjections of 1DMe Y8Fa alone
are inactive given into the nucleus raphe dorsalis or the
parafascicular nucleus, they significantly reversed analge-
sia elicited by coinjection with morphine. These data indi-
cate that neuropeptide FF receptors could modulate opioid
control on nociceptive informations in several brain nuclei.

Ž .The fact that 1DMe Y8Fa induced similar quantitative
effects in both nuclei demonstrates that neuropeptide FF
receptors in the nucleus raphe dorsalis were as efficient as
those present in the parafascicular nucleus to modulate
opioid analgesia.

Ž .No pro-opioid effects of 1DMe Y8Fa alone and no
potentiation of morphine effects have been observed even

Ž .at high doses 8 nmol in contrast to that observed after
Ži.c.v. administration in young mice Desprat and Zajac,

. Ž .1994 or i.t. injections in rats Gouarderes et al., 1996`
indicating that only anti-opioid effects of neuropeptide FF
could be observed after microinjection into the nucleus
raphe dorsalis and the parafascicular nucleus. Although
intracerebroventricular injection of neuropeptide FF caused

Žhyperalgesia in rat Yang et al., 1985; Oberling et al.,
.1993 this was not observed after microinjection into the

nucleus raphe dorsalis or the parafascicular nucleus sug-
gesting that these nuclei could only be responsible for
anti-opioid effects of neuropeptide FF.

The double-site study reveals that neuropeptide FF re-
ceptor activation could block morphine antinociception

Ž .produced at distance, since 1DMe Y8Fa injected into the
nucleus raphe dorsalis and the parafascicular nucleus re-
versed analgesia induced by morphine microinjected into
the parafascicular nucleus and the nucleus raphe dorsalis,
respectively. From a methodological point of view, it is
assumed that the locally-administered compounds pro-
duced their effects on anatomically-discrete populations of
receptors in the vicinity of the microinjection site. It is
unlikely that neuropeptide FF injected in the nucleus raphe
dorsalis had diffused to the parafascicular nucleus through
the aqueduct of Sylvius since these area are 3.8 mm apart
and an equal volume of methylene blue or radioactive

Ž .morphine and 1DMe Y8Fa did not reach these structures
Ž .data not shown .

The most abundant neurotransmitter in the nucleus raphe
Ž .dorsalis is serotonin Descarries et al., 1982 , since in the

rat a third of the neurons of this nucleus contains sero-
Ž .tonin. The disappearance of 1DMe Y8Fa effects in the

nucleus raphe dorsalis on morphine analgesia after a reduc-
tion in intracerebral serotoninergic activity or a destruction
of serotonin-containing neurons reveals an important role
of serotonergic neurons in neuropeptide FF activity.

Neuropeptide FF receptors are not located on 5-HT
neurons since a serotoninergic lesion induced an increase

Ž .in the number of 1DMe Y8Fa binding. This modification
represents rather a denervation supersensitivity of neu-

ropeptide FF sites carried on cells postsynaptic to seroton-
ergic neurons.

Central networks of 5-HT have traditionally been
thought to play a role in antinociception. Serotonergic
pathways from midbrain raphe nuclei project to the peri-
aqueductal gray, thalamus and other structures involved in
antinociceptive mechanisms, whereas there is a major de-
scending serotoninergic pathway from medullary raphe
nuclei to the dorsal horn of the spinal cord, the site of
primary processing of afferent nociceptive information
Ž .Besson and Chaouch, 1987 . Thus, neuropeptide FF re-
ceptors in the nucleus raphe dorsalis could stimulate the
5-HT neurons described in the descending pain inhibition
path via the magnus raphe nucleus to influence the noxious
sensitive neurons in the dorsal horn of the spinal cord
Ž .Besson and Chaouch, 1987 . In contrast to the antinoci-
ceptive function, some neurons in the nucleus raphe dor-

Ž .salis are also nociceptive-responsive Sanders et al., 1980 .
Such cells could also be activated by neuropeptide FF and
could inhibit antinociceptive effects although the activity
of neuropeptide FF alone was not observed.

Microinjections of 5,6-dihydroxytryptamine into the
dorsal raphe nucleus had no effect on morphine analgesia
Ž .Deakin and Dostrovsky, 1978 while lesions of the spinal
cord 5-HT pathways reduced morphine analgesia in the tail
flick test. Administration of 5,6-dihydroxytryptamine by
intrathecal route suppressed the antinociceptive effects of

Žsystemically given morphine in the hot plate test Kuraishi
.et al., 1983 but not in the tail-flick test.

Our pharmacological experiments using the tail-immer-
sion test and hot plate tests suggest, however, that
Ž .1DMe Y8Fa after injection in the nucleus raphe dorsalis
was unable to reverse the morphine effect after lesion or
depletion of 5-HT neurons in the nucleus raphe dorsalis.
Since the density of neuropeptide FF binding sites in-
creased after lesioning, it is very unlikely that the lack of
the neuropeptide FF effect was due to a disappearance of
neuropeptide FF sites.

In the nucleus raphe dorsalis, neuropeptide FF and
opioids probably did not act on the same cells since 5-HT
depletion modify the neuropeptide FF effect but not mor-
phine action. Furthermore, it has been demonstrated, in
contrast to neuropeptide FF receptors, that some opioid
receptors are located on 5-HT neurons in the nucleus raphe

Ž .dorsalis Allen et al., 1993 . Opioid actions could result
from the depression of the amplitude of synaptic potentials

Ž .mediated by g-aminobutyric acid GABA since in this
nucleus, GABAergic terminals were presynaptic to the
5-HT cell perikarya. Such synapses have been found to be

Žinhibitory in some physiological studies Nishikawa and
.Scatton, 1983 and thus GABA must have an opposite

action against the 5-HT neurons. The enkephalinergic axon
terminals make synapses with GABAergic elements and
the GABAergic axon terminals in turn make synapses with

Ž .the 5-HT elements Wang and Nakai, 1993 . Furthermore,
a direct synaptic relation of the enkephalinergic neurons
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Žand the 5-HT neurons Field et al., 1991; Wang et al.,
.1992 has been described. Taking into account these

anatomical data, neuropeptide FF receptors could inhibit
the 5-HT neurons via GABA or enkephalinergic neurons.

ŽInjected into the parafascicular nucleus, morphine 27
.or 54 nmol did not modify significantly the latency in the

tail immersion test while these doses effectively increased
the response in the hot-plate test. This suggests that opioid
receptors present in this nucleus do not influence spinal
reflexes but control an ascending pain modulation pathway
Ž .Morgan et al., 1989 using in part serotonin. The neuro-
transmitter involved in the nucleus raphe dorsalis pathway
to the parafascicular nucleus is also likely to be 5-HT
Ž .Reyes-Vazquez et al., 1989 .

Recently, many authors have mentioned a direct ascend-
ing pain modulation projection from the nucleus raphe

Ždorsalis Andersen and Dafny, 1983; Qiao and Dafny,
.1988; Dong et al., 1991 . Demonstration of the conver-

gence of inputs from the nucleus raphe dorsalis and the
spinal tract of the trigeminal nerve to the parafascicular

Žnucleus further confirmed the same idea McCluny and
. Ž .Dafny, 1980 . Reyes Reyes-Vazquez et al., 1989 found

that the effects of nucleus raphe dorsalis stimulation on
pain-sensitive neurons in the parafascicular nucleus were
similar to that of the direct iontophoresis of 5-HT locally
in the parafascicular nucleus.

It has also been suggested that 5-HT and opioids make
up two different systems with antinociceptive functions in

Ž .the parafascicular nucleus Wang and Nakai, 1994 . Our
data suggest that neuropeptide FF receptors are not located
on serotoninergic neurons originating from the nucleus
raphe dorsalis since their densities in binding sites were
not modified by lesion of the 5-HT neurons.

The depletion of 5-HT is sufficient to block the in-
Ž .hibitory effect of 1DMe Y8Fa on morphine analgesia.

Since the depletion could not abolish serotoninergic neu-
ronal activity, this probably indicates that a low activity of
5-HT neurons could not be sufficient to preserve neuropep-
tide FF effects.

In summary, our data indicate that neuropeptide FF
exerts anti-opioid effects directly into the nucleus raphe
dorsalis and the parafascicular nucleus and acts also at
distance on opioid functions. Furthermore, anti-opioid ef-
fects of neuropeptide FF require functional 5-HT neurons
although neuropeptide FF receptors are not carried on
serotonergic neurons.
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