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Abstract

ŽIn an attempt to study the anti-inflammatory and the antinociceptive effects of a k -opioid receptor agonist U-69,593: trans-3,4-di-1
w Ž . x .chloro-N-methyl-N- 7- 1-pyrrolidinyl cycloexil benzene acetamide methanesulfonate , we used a combination of the measurement of
Ž .peripheral oedema with a calliper and Fos immunodetection in the carrageenin model of inflammation. The intraplantar injection of

carrageenin-induced the development of a peripheral oedema, associated with an increase in Fos-like immunoreactivity at the level of the
Ž .dorsal horn of the spinal cord. U-69,593 administered intravenously i.v. 10 min before carrageenin administration over the dose range

0.75, 1.5 and 3 mgrkg, reduced both paw and ankle oedema in a non dose-dependent manner. The maximal decrease was observed at the
highest dose and did not exceed 21% and 20% for the paw and the ankle respectively. These effects were k-opioid receptor specific since
the anti-inflammatory effect of 1.5 mgrkg i.v. of U-69,593 was antagonised by a specific k-opioid receptor antagonist nor-binaltorphi-
mine. Pre-treatment with U-69,593 strongly decreased the number of Fos-like Immunoreactive neurones of the spinal cord in a
dose-dependent, antagonist reversible manner; maximal effect was 65%. The disparate results between the anti-inflammatory effects and
the depressive effects on Fos expression suggest that anti-inflammatory effects of k-opioid receptor agonist are of minor importance for
the antinociceptive effects of this compound. q 1999 Elsevier Science B.V. All rights reserved.
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1. Introduction

It is admitted that k-opioid receptor agonists produce
Žantinociceptive effects Millan, 1990; Dhawan et al., 1996;

.Barber and Gottschlich, 1997 . Despite controversial re-
sults, the antinociceptive effects of these compounds could
result in part from a spinal andror supraspinal sites of
action. In addition, numerous investigations clearly de-
scribed a peripheral analgesic effects of k-opioid receptor

Žagonists Russell et al., 1987; Hargreaves et al., 1988;
Abbott, 1988; Stein et al., 1989; Haley et al., 1990; Taiwo
and Levine, 1991; Andreev et al., 1994; Kolesnikov et al.,
1996; Bilsky et al., 1996; Nagasaka et al., 1996; Beyer et
al., 1997; Catheline et al., 1998; Machelska et al., 1998;

.Inoue and Ueda, 1998 . This peripheral site of action is of
special interest, since k-opioid receptor agonists produce
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dysphoria, resulting from their action at the Central Ner-
Ž . Žvous System CNS level Pfeiffer et al., 1986; Dykstra et

.al., 1987 . Thus, the development of k-opioid receptor
agonists, which do not cross the blood brain barrier, could
present several advantages for the treatment of pain from

Žperipheral origin for review see Barber and Gottschlich,
.1997; Stein et al., 1997 .

The peripheral effects of opioid receptor agonists are
Žespecially observed in inflammatory conditions Stein et

.al., 1997 . Moreover, it is well established that opioids
contribute to the regulation of inflammatory response by

Žmodulation of inflammatory cell infiltrate see Ref. in
.Stefano et al., 1996 . Some studies have in fact demon-

strated that opioid receptor agonists could have anti-in-
Žflammatory effects Gyires et al., 1985; Joris et al., 1990;

Wheeler-Aceto and Cowan, 1991; Planas et al., 1994; Earl
et al., 1996; Sacerdote et al., 1996; Wilson et al., 1996;

.Binder and Walker, 1998 . Unfortunately, only few studies
evaluated quantitatively the effects of k-opioid receptor

Žagonists on the clinical signs of inflammation see Ref. in

0014-2999r99r$ - see front matter q 1999 Elsevier Science B.V. All rights reserved.
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.Walker et al., 1997 . Recently, using an adjuvant model of
arthritis it has been shown that the k-opioid receptor

Ž w Žagonist U-50,488H trans-3,4-dichloro-N-methyl-N- 2- 1-
. x .pyrrolidinyl -cyclohexyl -benzenacetamide markedly at-

tenuates adjuvant arthritis as judged by oedema, radiogra-
Ž .phy and histological changes Wilson et al., 1996 . More-

over, U-50,488H was more potent after local compared to
Ž .distant subcutaneous s.c. injections, and when the drug

was administered at the disease onset. The same group
have confirmed and extended these results with asimado-
line, a peripherally selective k-opioid receptor agonist
Ž .Binder and Walker, 1998 .

We have previously demonstrated that the combination
of the measure of peripheral oedema with the evaluation of
spinal Fos expression represent a suitable and appropriate
approach to judge the effectiveness of drugs in the model
of inflammatory nociception. Indeed, we have observed
that different non-steroidal anti-inflammatory drugs
Ž .NSAIDs dose-dependently reduce the development of the
carrageenin-induced oedema, as well as the number of
neurones expressing Fos protein at the spinal cord level. A
direct correlation between the size of the oedema and Fos

Žexpression was clearly established Buritova and Besson,
.1998; Buritova et al., 1998 .

.The objectives of the present study were to evaluate 1
the eventual anti-inflammatory effects of i.v. administra-

Ž w Žtion of U-69,593 trans-3,4-dichloro-N-methyl-N- 7- 1-
. xpyrrolidinyl cycloexil benzene acetamide methanesul-

..fonate , a k -opioid receptor agonist, on acute inflamma-1
Ž .tion induced by the intraplantar i.pl. administration of

.carrageenin 2 its antinociceptive effects judged by Fos
expression induced in the spinal cord in the same animals.

2. Materials and methods

2.1. Experimental animals

ŽAdult male albino Sprague–Dawley rats Charles River,
.France , weighing 175–200 g on arrival, were housed 6

Ž .per cage in a room with controlled temperature 22"18C
and a 12 h alternating light–dark cycle for a week before
experiments. Food and water were made available ad
libitum. Guidelines on ethical standards for investigations
of experimental pain in conscious animals were followed
Ž .Zimmermann, 1983 .

Forty four rats were divided into 7 groups. A control
Ž . Ž .group ns10 of rats received intravenous i.v. saline 10

Ž .min before intraplantar i.pl. injection of carrageenin 6
Žmgr150 ml of saline l-carrageenin, Sigma, St. Quentin

. Ž .Fallavier, France . The effects of three intravenous i.v.
Ž . Ž .doses 0.75, 1.5 and 3 mgrkg of U-69,593 Sigma a

k -opioid receptor agonist were evaluated on carrageenin-1
Žinduced Fos expression ns4, ns10, ns4 respec-

.tively . The receptor specificity of the effect of U-69,593
Ž .1.5 mgrkg was tested in two groups of rats receiving

Ž . Ž .either 2 ns5 or 4 mgrkg i.v. ns6 of a specific
Žk-opioid receptor antagonist, nor-binaltorphimine RBI,

.Research Biochemical, Natick, MA, USA . In addition, we
examined the effect of nor-binaltorphimine administered

Ž .alone 4 mgrkg i.v. on carrageenin-induced spinal Fos
Ž .expression ns5 . Dosing with the agonist andror the
Ž .antagonist 0.2 ml were successively made, 10 min before

i.pl. injection of carrageenin.
In this study, animals which did not receive carrageenin

were not included since we have previously shown that in
these animals, there was almost no Fos-like Immunoreac-

Žtive neurones at the level of the spinal cord less than 5
Fos-like Immunoreactive neurones per section; Chapman

.et al., 1995 .
We have previously demonstrated that the maximum

Ždepressive effect of another opioid receptor agonist i.v.
.morphine on spinal Fos expression was induced 1.5–2 h

Ž .after i.pl. carrageenin injection Honore et al., 1995 , and´
we have previously observed in behavioural experiments

Žthat U-69,593 effects last at least 80 min Desmeules et al.,
.1993; Catheline et al., 1996, 1998 , thus the rats were

sacrificed 2 h after i.pl. carrageenin.

2.2. EÕaluation of inflammation

In order to assess the development of inflammation, we
considered the peripheral oedema at the time the animals
were killed. The ankle and paw diameters, both ipsilateral
and contralateral to the stimulation were measured using a
calliper. Both the assessment of inflammatory oedema and
Fos immunohistochemistry were performed in the same
rats.

2.3. Immunohistochemistry for Fos-like immunoreactiÕity

Two hours after carrageenin injection, the animals were
deeply anaesthetised with 55 mgrkg intraperitoneal pento-

Ž .barbital Sanofi, Libourne, France and underwent intracar-
diac perfusion with 200 ml phosphate-buffered saline 0.1

Ž .M PBS followed by 500 ml of 4% paraformaldehyde in
Ž .0.1 M phosphate buffer PB . The spinal cord was then

removed and post fixed for 4 h in the same fixative, and
cryoprotected overnight in 30% sucrose in PB. Frontal
frozen sections of the lumbar spinal cord, L4–L5 segment,
40 mm thick, were cut and collected in PB to be processed
immunohistochemically as free floating sections. The se-
rial sections from the lumbar segment were immunostained
for Fos-like protein according to the avidin–biotin–per-

Ž .oxidase method Hsu et al., 1981 . The tissue sections
were incubated for 30 min at room temperature in a

Žblocking solution of 3% normal goat serum in PBST 0.1
.M PBS and 0.3% Triton X100 and were then incubated

overnight at 48C in the primary antiserum directed against
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Žthe Fos protein. The c-Fos antibody Tebu, sc-52, 0.1
.mgrml diluted at 1:30,000 is a rabbit polyclonal antibody

raised against a peptide corresponding to amino acids
3–16, mapping at the amino-terminus of human c-Fos p62.
The incubated sections were washed in two changes of

Ž .normal goat serum 1% in PBST and incubated in bio-
tinylated goat anti-rabbit immune globulin G for 1 h at
room temperature, then washed twice in 1% normal goat
serum and incubated for 1 h in avidin–biotin–peroxidase

Ž .complex Vectastain, Vector Laboratories . Finally, the
sections were washed two times in PB and developed in

Ž1-naphtol ammonium carbonate solution 89.5 ml 0.1 M
PB, 10 ml ammonium carbonate y1% in distilled water-
and 0.5 ml 1-naphtol-N199 2 Aldrich, 10% in absolute

.alcohol- . The incubation was done at room temperature
Žfor 5 min with 0.1 ml hydrogen peroxide 30% wrw

.solution . Sections were then washed three times in PB to
stop the staining reaction. The 1-naphtol staining is a fine
grey–violet precipitate, which must be intensified and
made alcohol resistant to be easily identified. Thus, sec-
tions were mounted on gelatine-coated slides, air dried,
and dye-enhanced for 3 min in 0.025% crystal violet
Ž .solution in PB, Aldrich . After 2 short distilled water
rinses to remove the excess staining, sections were sequen-
tially differentiated in 70% and absolute alcohol with the
time of differentiation being evaluated under a microscope.
At that time, staining appears as an intense blue–violet
colour. Sections were finally air dried, xylene treated, and
cover-slipped with Eukitt. To minimise between day vari-
ability and for valid comparisons, immunohistochemistry
was carried out on the same day for each individual
experiment.

2.4. Counting of Fos labelled neurones

Tissue sections were first examined using dark field
microscopy to determine the segmental level according to

Ž .Molander et al. 1984 as well as the grey matter land-
marks. The sections were then examined under light field
microscopy at =125 magnification to localise Fos positive
cells. Labelled nuclei were counted using a camera lucida
attachment. The number of Fos-like Immunoreactive neu-
rones present in the spinal grey matter was evaluated in 10
sections of L4–L5 segment. All Fos-like Immunoreactive
neurones were analysed without considering the intensity
of the staining. The investigator responsible for plotting
and counting the Fos-like Immunoreactive neurones was
unaware of the treatment regimen.

2.5. Statistical analysis

Statistical analysis was performed to compare the num-
ber of spinal Fos-like Immunoreactive neurones in the

whole 40 mm thick section and in the different laminae of
the spinal cord, using one-way analysis of variance for the
different groups of animals. One-way analysis of variance
was used to compare the oedema data, between the differ-
ent groups of animals. Post-hoc multiple comparisons were

Žcarried out using Fisher’s PLSD Protected Least Signifi-
.cant Difference test. The dose–response data was exam-

ined using a simple regression calculation.

3. Results

3.1. Carrageenin eÕoked spinal Fos expression

As previously described, after intraplantar carrageenin,
we observed the development of a unilateral peripheral
oedema; both the paw and ankle diameters of the injected

Žhind-paw were increased 111"5% and 16"4% of in-
crease respectively when compared to the contralateral

.side . Two hours after i.pl. carrageenin injection, Fos-like
Immunoreactive neurones, which were stained to a vari-
able degree, were located in the ipsilateral dorsal horn of

Žthe spinal cord 80"4 neuronesrsection for L4-L5 seg-
.ments . The number of Fos-like Immunoreactive neurones

in the contralateral dorsal horn was not significantly differ-
ent from the extremely low number of spinal Fos-like

ŽImmunoreactive neurones in non-stimulated rats -5 neu-

ŽFig. 1. Effect of i.v. pre-administration of U-69,593 0.75, 1.5 and 3
.mgrkg on the carrageenin-induced oedema. Results are expressed as

Ž .percentage of reduction "SEM of the control carrageenin-induced
Ž . Ž .oedema for both paw I and ankle B . Significance as compared with

the control value was performed using ANOVA and Fisher’s PLSD test
ŽU UU UUU .P -0.05, P -0.01, P -0.001 .
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rones Fos-like Immunoreactiver40 mm section, Abbadie
.and Besson, 1992; Chapman et al., 1995 . The Fos la-

belling was mainly located in the superficial dorsal horn
Ž .I–II and to a lesser extent in the deep dorsal horn
Ž .V–VI . In untreated animals, 2 h after carrageenin, the
number of Fos-like Immunoreactive neurones in these
laminae, represent 57"4% and 30"2% of the total
number of neuronesrsection, respectively. In contrast, very
few Fos-like Immunoreactive neurones were observed in

Ž .laminae III–IV and in laminae VII–X Figs. 2B and 3A .

3.2. Effects of U-69,593 on the peripheral oedema

All the rats receiving an i.v. injection of U-69,593 had a
reduced inflammatory oedema when compared to the

oedema observed in the control group of rats. The diameter
of the ipsilateral paw was significantly decreased for the

Žthree doses 17"6%, 20"4% and 21"5% of decrease
for 0.75, 1.5 and 3 mgrkg respectively—P-0.01, P-

.0.001 and P-0.001, Fisher’s PLSD test . Compared to
control animals, the diameter of the ipsilateral ankle was
decreased between 7–20% over the dose range 0.75 to 3
mgrkg respectively. The decrease of the diameter of the
ankle was statistically significant only for the two highest

Ždoses of U-69,593 P-0.01 and P-0.001, Fisher’s
. Ž .PLSD test Fig. 1 .

The anti-inflammatory effects of 1.5 mgrkg i.v. of
U-69,593 were blocked by the concomitant administration

Ž .of nor-binaltorphimine 2 or 4 mgrkg i.v. . Indeed, no

Ž . Ž .Fig. 2. A Simple regression curves illustrating the dose-dependent effects of U-69,593 0.75, 1.5 and 3 mgrkg i.v. on the total number of Fos-like
Ž .Immunoreactive neuronesrsection of L4–L5. B Effect of i.v. pre-administration of 1.5 mgrkg of U-69,593 alone, and in combination with

Ž .nor-binaltorphimine 2 or 4 mgrkg i.v. on the number of Fos-like Immunoreactive neurones in the L4–L5 segments of the rat spinal cord, 2 h after i.pl.
Ž . Ž .injection of carrageenin. Results are expressed as mean number of Fos-like Immunoreactive neurones "SEM , per L4–L5 segments Total , and per

Ž . ŽUUU . Ž .laminar region laminae I–II, III–IV, V–VI, ventral . Statistical comparison with control P-0.001 and between groups †††P-0.001 was
performed using ANOVA and Fisher’s PLSD test.



( )G. Catheline et al.rEuropean Journal of Pharmacology 370 1999 287–296 291

Fig. 3. Photomicrographs of individual representative examples of 40 mm sections in segment L4–L5 of rat spinal cord, illustrating the effects of i.v.
Ž . Ž . Ž . Ž .U-69,593 on carrageenin-induced Fos immunoreactivity. Five experimental situation are represented: A control B 0.75, C 1.5 and D 3 mgrkg i.v. of

Ž . Ž .U-69,593 and E blockade of the depressive effect of 1.5 mgrkg i.v. of U-69,593 by simultaneous i.v. injection of nor-binaltorphimine 4 mgrkg .

significant decrease of the oedema was observed in both
Žgroups when compared to control group N.S., Fisher’s

.PLSD test .

3.3. Effects of systemic U-69,593 on carrageenin-induced
Fos expression

The i.v. injection of 0.75 mgrkg of U-69,593 reduced
the number of carrageenin-induced Fos-like Immunoreac-

Ž .tive neurones 25% of reduction , but this decrease is not
Žstatistically significant N.S., Fisher’s PLSD test, Figs. 2A

.and 3B . In contrast, 1.5 and 3 mgrkg i.v. of this sub-
stance significantly reduced the mean number of Fos-like

ŽImmunoreactive neurones 46% and 65% of reduction
.respectively—Fisher’s PLSD test, P-0.001 . After the

injection of these two highest doses, the total number of
Fos-like Immunoreactive neurones observed was 43"6
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and 28"4 of neuronesrsection respectively for 1.5 and 3
Ž .mgrkg i.v. of U-69,593 Figs. 2A, 3C and D . The effects

Ž .of U-69,593 were dose-related rs0.741, P-0.0001
Ž .Fig. 2A .

3.4. Blockade of the depressiÕe effects of systemic U-69,593
on Fos expression by the systemic injection of nor-bi-
naltorphimine

The effects of 1.5 mgrkg U-69,593 were partially
blocked by the injection of 2 mgrkg i.v. of nor-bi-
naltorphimine. In this latter group, the total number of
Fos-like Immunoreactive neuronesrsection was 60"15,

Žwhich was not significantly different N.S., Fisher’s PLSD
. Ž .test from the control group 80"4 neuronesrsection ,

but neither from the group receiving 1.5 mgrkg U-69,593
Ž .43"6 neuronesrsection . Nor-BNI 4 mgrkg i.v.was able
to completely block the effects of the k-opioid receptor
agonist in laminae I–II and laminae V–VI. Indeed the total
number of Fos-like Immunoreactive neurones in this group
was 84"12, which was not different from the control

Ž .group N.S., PLSD fisher’s test , but significantly different
Žfrom the group receiving 1.5 mgrkg U-69,593 alone P-

. Ž .0.001, Fisher’s PLSD test Figs. 2B and 3E .

3.5. Effects of systemic nor-binaltorphimine on car-
rageenin-induced Fos expression

As shown in Fig. 2B, following the injection of the
Žk-opioid receptor antagonist nor-binaltorphimine alone 4

.mgrkg i.v. , we observed a non-significant trend for an
Žincrease in the total number of neurones 98"13 neu-

ronesrsection versus 80 " 4 neuronesrsection; N.S.,
.Fisher’s PLSD test .

4. Discussion

In this study, we have observed that an i.v. administra-
tion of a k -opioid receptor agonist, the U-69,593, has1

weak but not dose-dependent anti-inflammatory effects on
the development of carrageenin-induced oedema. In con-
trast, this compound dose-dependently and strongly de-
creased the number of carrageenin-induced Fos-like Im-
munoreactive neurones, at the spinal cord level. Both

Ž .effects on oedema and on Fos expression were k-receptor
specific since they were blocked by specific k-opioid
receptor antagonist, nor-binaltorphimine.

In our study, U-69,593 exhibits weak but well repro-
ducible anti-inflammatory effects, as judged by a decrease

Žin peripheral oedema in all rats. At the injection site paw
.diameter , the anti-inflammatory effect is almost maximum

Žwith 0.75 mgrkg i.v. of U-69,593 reduction of 17"6%
.of the paw oedema , while a very small additional decrease

Žwas observed for higher doses 20"4% and 21"5% for
.1.5 and 3 mgrkg i.v. respectively . This effect was not

Ždose-dependent. At distance of the injection site ankle
.diameter , significant decrease was only observed for 1.5

mgrkg i.v. and further decrease was obtained with 3
mgrkg i.v. Here again, this effect was not dose-dependent.
We did not use higher doses here because doses above 3

Žmgrkg produces catatonic effects on some rats Desme-
.ules et al., 1993 .

The results in the present study also concurs with other
studies who have described a decrease in oedema of
various origins by exogenously administered opioids
ŽGyires et al., 1985; Joris et al., 1990; Wheeler-Aceto and
Cowan, 1991; Earl et al., 1996; Wilson et al., 1996; Binder
and Walker, 1998 however see also Earl et al., 1994; Hall

.et al., 1996 . Further they support the results of others who
have demonstrated that opioids inhibit plasma extravasa-

Žtion either by local or systemic administration Bartho and
Szolcsanyi, 1981; Joris et al., 1990; Barber, 1993; Hong

.and Abbott, 1995 . However, the weak anti-inflammatory
effects we observed on the development of acute car-
rageenin inflammation contrast with the potent anti-in-
flammatory effects obtained with others k-opioid receptor
agonists on the development of chronic arthritis induced

Žby the administration of Freund adjuvant Wilson et al.,
.1996; Binder and Walker, 1998 . Indeed, combining the

comprehensive criteria of oedema, radiography and histo-
logical changes, these authors described a potent inhibition
of arthritis which is )60% following a 3 days administra-
tion of U-50,488H, or )75% following the administration
of asimadoline, a peripherally selective k-opioid receptor

Ž .agonist. Walker et al. 1997 suggest that these effects
could result from an effect on primary afferent nerve fibers

Žwhich possess k-opioid receptors Coggeshall and Carlton,
.1997 , and from an effect on various immune cells like

macrophages that release pro-inflammatory neuropeptides,
the cytokines Tumor Necrosis Factor-a and Interleukine1
Ž .see also Schafer et al., 1994; Belkowski et al., 1995 .¨
Chronic arthritis in the rat however, is a very severe
auto-immune disease making comparison with car-
rageenin-induced inflammation used here difficult.

It is interesting to compare the anti-inflammatory ef-
fects observed here with the anti-inflammatory effects of
NSAIDs, which were evaluated under the same experimen-
tal paradigm. It appears that the effects of U-69,593 which
did not exceed 20% of reduction of oedema with the

Ž .highest dose 3 mgrkg i.v. are extremely weak when
Žcompared to the marked effects of various NSAIDs 50–

70% of reduction Buritova and Besson, 1998 and see Ref.
.therein . For example, with 1 mgrkg i.v. of Lornoxicam,

the decrease of the ankle oedema was of 66"8%. Without
Žexcluding a central effect i.e., the spinal cord, Malmberg

.and Yaksh, 1992 , we attributed their depressive effects on
spinal Fos expression to their anti-inflammatory effects,
because there is a positive correlation between the oedema
and the Fos expression. Interestingly, if we roughly com-
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pare the effects of U-69,593 and Lornoxicam on car-
rageenin-induced Fos expression, their depressive effects

Žon spinal Fos expression are of the same order 65% of
reduction for 3 mgrkg i.v. of U-69,593 and 61% of

.reduction for 1 mgrkg i.v. of Lornoxicam . Taken to-
gether, these data suggest that in contrast to NSAIDs, the
effects of U-69,593 observed on Fos expression are weakly
related to a decrease of inflammation but could be the
result of a direct effect at the level of primary afferent
fibers andror at the CNS levels.

Several studies have demonstrated a peripheral site of
action of k-opioid receptor agonists. Initial findings have
demonstrated that U-50,488H inhibits the discharges of
fine afferent units from inflamed knee joint of the cat
when the drug was injected intra-arterially close to the

Ž .joint Russell et al., 1987 . Further, using an in vitro
preparation of the saphenous nerve hindpaw skin from
adult rats it has been demonstrated that U-69,593 sup-
pressed the spontaneous activity of polymodal nociceptors

Ž .induced by ultraviolet irradiation Andreev et al., 1994 . In
addition, it has been demonstrated that prior administration
of U-50,488H directly into the site of formalin injection
results in a dose-dependent decrease in the response of

Ž .nociceptive dorsal horn neurones Haley et al., 1990 .
These electrophysiological findings are in good agreement
with several behavioural experiments showing the
antinociceptive potency of k-opioid receptor agonists in-

Ž .jected locally in normalgesic Kolesnikov et al., 1996 ,
Ž .inflammatory Stein et al., 1989; Barber et al., 1994 or

Ž .neuropathic conditions Keıta et al., 1995 . Furthermore,¨
some data suggest that when opioids are administered
systemically, concentration sufficient to produce peripheral

Žantinociception are achieved Stein et al., 1988; Catheline
.et al., 1998 . Indeed, the antinociceptive effects of k-opioid

receptor agonists administered systematically are partially
antagonised by the i.pl. injection of naloxone in

Ž .monoarthritic rats Stein et al., 1988 and by i.pl. injection
of nor-binaltorphimine in a model of mononeuropathic rats
Ž .Catheline et al., 1998 . These studies that suggest a
peripheral site of action of k-opioid receptor agonists,
support autoradiographic, immunohistochemical and in situ
hybridisation findings that indicate the presence of k-opioid
receptors at the level of the dorsal root ganglion and of the

Žperipheral sensory axons and tissues see Ref. in Cogge-
.shall and Carlton, 1997 .

In addition to the peripheral sites of action of k-opioid
receptor agonists, there are also strong evidences in favour
of their direct action at the spinal cord level. Our data
demonstrating potent depressive effects on Fos-like Im-
munoreactivity following i.v. administration of U-69,593 is

Ž .in good agreements with those of Hammond et al. 1992 .
Ž .In their study, the U-50,488 injected s.c. 30 mgrkg

reduced the number of Fos-like Immunoreactive neurones
by 54% in the acetic acid induced visceral stimulation. The
potency of k-opioid receptor agonists is surprising since it

Žis well known from both behavioural see Ref. in Yaksh,

. Ž1997 and electrophysiological see Ref. in Dickenson,

.1994 studies, that they have lower antinociceptive effects
than the m-opioid receptor agonists. Moreover, even if
there is not necessarily a correlation between a pharmaco-
logical effect of a drug and the density of its receptors, it
must be emphasized that the density of k-opioid receptors
in the dorsal horn of the spinal cord is very weak by

Ž .comparison with those of m receptors Besse et al., 1990 .
The potency of k-opioid receptor agonists supports numer-
ous electrophysiological studies showing that the activity
of U-50,488H administered by systemic routes strongly

Ždepressed the activity of dorsal horn neurones Parsons
and Headley, 1989; Parsons et al., 1989; Thorn et al.,

.1994 and tend to suggest a direct spinal site of action. A
direct spinal site of action of k-opioid receptor agonists
has been clearly established by electrophysiological studies
using either i.t. application or microiontophoretic tech-

Žnique Willcockson et al., 1986; Knox and Dickenson,
1987; Fleetwood-Walker et al., 1988; Hope et al., 1990;
Hylden et al., 1991; Stanfa et al., 1992; Randic et al.,

.1995 . With such techniques, both excitatory and in-
hibitory effects have been reported on spinal dorsal horn
neurones. Interestingly, the excitatory effect observed with
low doses in normalgesic conditions was not observed in

Ž .inflammatory conditions Stanfa et al., 1992 . In addition,
Ž .in this study, Stanfa et al. 1992 have demonstrated that

U-69,593 had a more pronounced effect on the activity of
spinal dorsal horn neurones in inflammatory pain state
induced by i.pl. injection of carrageenin than in normal
pain state. Taken together, these electrophysiological in-
vestigations and our present study using Fos-like Im-
munoreactivity are in good agreement with numerous be-
havioural studies showing the antinociceptive effects of i.t.

Žadministration of k-opioid receptor agonists Millan et al.,
1989; Ossipov et al., 1990; Machelska et al., 1997 see
however Schmauss and Yaksh, 1984; Leighton et al.,

.1988; Przewlocka et al., 1992; Ho et al., 1997 .
We used an i.v. administration therefore we cannot

exclude a supraspinal site of action of U-69,593 in the
decrease of Fos-like Immunoreactivity we observed in the

Ž .present study. Indeed, intracerebroventricular i.c.v. ad-
ŽŽ . Ž . w Žministration of CI-977 5R - 5a,7a,8b -N-methyl-N- 7- 1-

. w x xpyrrolindinyl -oxaspiro 4,5 dec-8-yl -4benzofurnacetamide
.monohydrocloride , another k-opioid receptor agonist, de-

creases the number of Fos-like Immunoreactive neurones
Žof the spinal dorsal horn induced by i.pl. formalin Gogas

.et al., 1996 . This study suggest that a descending compo-
nent which did not travel via the dorso-lateral funiculus is
involved in the effect of the agonist. This involvement is in
agreement with the fact that spinalization reduced the
potency of CI-977 for depression of hindlimb flexor mus-

Ž .cle Herrero and Headley, 1993 .
Finally, in this study, as in others studies based on

Žcarrageenin-induced Fos expression Honore et al., 1996,´
.1997; Catheline et al., in press , the administration of the

antagonist alone did not significantly modify the Fos la-
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belling. In other terms, we were unable to reveal a tonic
activity of k-endogenous opioid systems at the dorsal horn
level, under our experimental conditions.

In conclusion, further experiments should be done so as
to confirm the anti-inflammatory potency of k-opioid re-
ceptor agonists. It could be of particular interest to evalu-

.ate in our technical paradigm 1 the anti-inflammatory
effects of the U-69,593 administered directly into the paw
.2 the anti-inflammatory effects of a k-opioid receptor

agonist which does not cross the blood brain barrier.
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