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Abstract

Ž w 3 5 7 8x . ŽIntraplantar co-injection of HOE140 D-Arg- Hyp ,Thi ,D-Tic ,Oic bradykinin , a selective bradykinin B receptor antagonist 0.1, 12
. Ž .and 10 mg , with carrageenan dose-dependently rs0.66, P-0.01 reduced the carrageenan-evoked total number of c-Fos protein-like

Ž . Ž .immunoreactive c-Fos-LI neurones 23"5%, 35"6% and 50"5% reduction; P-0.01, P-0.001 and P-0.001, respectively .
Ž .These reducing effects were dose-dependent for the number of c-Fos-LI neurones in both superficial rs0.70, P-0.01 and deep

Ž . Ž .rs0.53, P-0.05 laminae. Intraplantar co-injection of HOE140 0.1, 1 and 10 mg with carrageenan significantly reduced the
Ž . Žcarrageenan-evoked paw 25"7%, 41"6% and 41"3% reduction; P-0.001 for all and ankle 46"6%, 61"5% and 61"5%
.reduction; P-0.001 for all oedema. Our results provide further evidence for the involvement of peripheral bradykinin B receptors in2

carrageenan-induced inflammatory nociceptive transmission.
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1. Introduction

It is well established that inflammation is associated
with hyperalgesia, which may have both peripheral and

Žcentral origins see references in Ferreira and Lorenzetti,
.1995; Levine et al., 1993 . Peripheral hypersensitivity of

the nociceptors is considered to be an important factor in
Žthe development of inflammatory hyperalgesia see Fer-

reira and Lorenzetti, 1995; Dray, 1995; Levine et al., 1993;
. ŽRang et al., 1991 . Both basic Hargreaves et al., 1988a;

Taiwo et al., 1990; see Refs. in Kirchhoff et al., 1990;
. ŽDray, 1994 and clinical studies Hargreaves et al., 1988a;

.Jensen et al., 1990 have implicated bradykinin as one of
key mediators involved in the development of inflamma-
tion, and the associated nociception.

The established algesic action of bradykinin at the
Ž .peripheral level see Refs. in Bathon and Proud, 1991 has

been shown to evolve from the activation of primary
Ž .afferents see references in Martin et al., 1987 via activa-

Žtion of bradykinin B receptors Steranka et al., 1988;2

Haley et al., 1989; Steranka and Burch, 1991; see Dray
.and Perkins, 1993 . The recent autoradiographic study has
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indicated a B subtype of bradykinin receptors throughout2

the stratum basale of the epidermis in normal human skin
Ž .Schremmer-Danninger et al., 1995 .

The role of bradykinin in the carrageenan or formalin
models of inflammatory nociception has been extensively

Ž w 3 5investigated with HOE140 D-Arg- Hyp ,Thi ,D-
7 8 x .Tic ,Oic bradykinin , a selective bradykinin B receptor2

Žantagonist Bao et al., 1991; Hock et al., 1991; Lembeck et
.al., 1991; Wirth et al., 1991 . Previous studies have

demonstrated that intraplantar injection of HOE140 sup-
presses both the first and second phase of the behavioural

Žresponse Beresford and Birch, 1992; Correa and Calixto,
. Ž1993 , and responses of deep dorsal horn neurones Chap-

.man and Dickenson, 1992 to the peripheral injection of
Žformalin. Furthermore, the oedema Wirth et al., 1991;

. ŽDamas and Remacle-Volon, 1992 and hyperalgesia Fer-
.reira et al., 1993 associated with the intraplantar injection

of carrageenan have been shown to be greatly reduced by
HOE140. Thus there is strong evidence for a peripheral
role of bradykinin B receptors during inflammatory noci-2

ceptive processing.
In this study we have used the intraplantar injection of

Ž .carrageenan Winter et al., 1962 which induces an ipsilat-
eral oedema characterised by sequential release of inflam-

Žmatory mediators, including bradykinin Di Rosa et al.,
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.1971 . Subcutaneous injection of carrageenan has been
shown to lead to the sensitisation of unmyelinated

Ž .mechano-heat sensitive nociceptors Kocher et al., 1987 ,
and polymodal nociceptors have an increased sensitivity to

Žbradykinin during carrageenan inflammation Kirchhoff et
.al., 1990 . It has been demonstrated that the carrageenan-

Žinduced hyperalgesia Hargreaves et al., 1988b; Iadarola et
.al., 1988; Joris et al., 1990 not only parallels the periph-

eral inflammation, but also the spinal expression of c-Fos
Ž .see references in Honore et al., 1995 , the nuclear protein´

Žproduct encoded by the immediate-early gene c-fos for
review, see Morgan and Curran, 1991; Hughes and Dra-

.gunow, 1995 .
Numerous studies have used the immunohistochemical

revelation of spinal c-Fos protein, an indirect marker of
neurones implicated in the nociceptive transmission, to
gauge the effect of analgesic and anti-inflammatory drugs

Žin the various model of nociception see Munglani and
.Hunt, 1995 and references therein . In our previous stud-

ies, we have used this approache to assess the effects of
differents analgesicranti-inflammatory drugs in the car-

Žrageenan model of inflammatory pain in rats see Buritova
.et al., 1996a; Honore et al., 1996 and references therein .´

In the present study, to assess the contribution of periph-
eral bradykinin B receptors to carrageenan-evoked oedema2

and spinal c-Fos expression, we have used the peripherally
co-administered HOE140 with carrageenan. We evaluated
the effect of intraplantar HOE140, a bradykinin B recep-2

tor antagonist, on carrageenan-induced peripheral oedema
Ž .and c-Fos protein-like immunoreactivity c-Fos-LI in the

dorsal horn of the spinal cord of the rat.

2. Material and methods

2.1. Experimental animals

Experiments were performed on 24 adult male albino
ŽSprague-Dawley rats Charles River, France; 20 car-

.rageenan-stimulated and 4 non-stimulated rats , weighing
225–250 g. The ethical guidelines of the International

Ž .Association for Study of Pain IASP for investigations of
experimental pain in conscious animals were followed
Ž .Zimmermann, 1983 .

2.2. Carrageenan-induced peripheral inflammation and
oedema

Peripheral inflammation was induced by intraplantar
Ž .injection of carrageenan l-carrageenan, Sigma in the

right hindpaw of non-anaesthetised rats according to the
Ž .method described by Winter et al. 1962 . Intraplantar

Ž Žinjection of carrageenan 6 mg in 150 ml of saline 0.9%
..NaCl was administered subcutaneously with a 25 gauge

needle. In the present study, control rats receiving an
intraplantar injection of saline were not included since we

have previously shown negligible spinal c-Fos expression
Žafter intraplantar saline -5 c-Fos-LI neurones per L4–L5

.section which was not significantly different from that
Ž .observed in non-stimulated rats Honore et al., 1995 .´

Two measures of carrageenan peripheral oedema, ankle
and paw diameters, were made using a calliper square at 3
h after carrageenan, immediately before perfusion. For
comparison, ankle and paw diameters of carrageenan con-

Ž . Žtrol A P , respectively; ns5 and drug treated A , P ,c, c t t
. Žrespectively; ns15 rats and non-stimulated rats A , P ,n n
.respectively; ns4 were measured. The carrageenan-in-

duced paw and ankle diameters were determined as the
difference between the paw and ankle diameters of car-
rageenan-stimulated and non-stimulated rats. The effects of
drugs were determined as percent changes of the car-
rageenan-induced paw and ankle diameter of drug-treated

Ž .rats P yP , A yA respectively as compared to thet n t n

ankle and paw diameter of control carrageenan group of
Ž .rats P yP , A yA respectively ; the following formulac n c n

ŽŽ . Ž ..for the paw diameter: P yP r P yP =100, and fort n c n
ŽŽ . Ž ..the ankle diameter: A yA r A yA =100 weret n c n

used. Studies of the carrageenan-induced peripheral oedema
and spinal c-Fos expression were performed in the same
rats, thus possible correlations between the parameters
were determined.

2.3. Drug administration

In the present study, the effects of intraplantar injection
Ž w 3 5 7 8 xof HOE140 D-Arg- Hyp ,Thi ,D-Tic ,Oic bradykinin,

.Hoechst, Germany; dissolved in bidistilled water on both
the carrageenan-induced peripheral oedema and spinal c-
Fos protein expression, 3 h after intraplantar injection of
carrageenan, were studied. Intraplantar injections of

ŽHOE140 0.1, 1 and 10 mg in 50 ml of bidistilled water;
.ns5 for each group were administered subcutaneously

Ž .and simultaneously with carrageenan in the same syringe
Ž .using a 25 gauge needle. Control carrageenan rats ns5

Žreceived an equal volume of intraplantar vehicle 50 ml of
.bidistilled water simultaneously with carrageenan.

2.4. Immunohistochemistry

Ž .As previously described Honore et al., 1995 , 3 h after´
intraplantar carrageenan, rats were deeply anaesthetised
Ž .pentobarbital, Sanofi; 55 mgrkg i.p. and perfused intrac-
ardially with phosphate-buffered saline 0.1 M followed by
4% paraformaldehyde in 0.1 M phosphate buffer. The
spinal cord was then removed, postfixed for 4 h in the
same fixative, and cryoprotected in 30% sucrose overnight.

Ž .Frozen serial frontal sections 40 mm of the lumbar
L4–L5 segments were cut. Immunohistochemistry of the
free-floating sections was performed with polyclonal anti-
serum, generated in rabbits, directed against the c-Fos

Žprotein Oncogene Science, Ab-2 solution 0.1 mgrml
.diluted 1:4000 , using the conventional avidin-biotin-per-



( )J. BuritoÕa et al.rEuropean Journal of Pharmacology 320 1997 73–80 75

Ž .oxydase complex method Hsu et al., 1981 . Finally, c-Fos
Žprotein-like immunoreactivity i.e. labelled nuclei of c-

.Fos-LI neurones was visualised by 1-naphthol ammonium
Ž .carbonate solution for 5 min Menetrey et al., 1992 . The´

sections were mounted on gelatin-subbed slides and air
dried for the stain to be intensified by 0.025% Crystal

Ž .Violet Aldrich . The differentiation time in 70% alcohol
was evaluated under the microscope. As immunochemistry
of different experiments might vary, the spinal cord sec-
tions of rats from the same experiment were immunore-
acted at the same time, to justify the use of statistical tests.

2.5. Counting of spinal c-Fos-LI neurones

At the lumbar spinal cord level, labelled nuclei of
c-Fos-LI neurones were counted with a camera lucida
attachment without considering the intensity of the stain-
ing. To study the distribution of c-Fos-LI neurones four
regions were defined according to cytoarchitectonic crite-

Ž .ria laminae I–X; Molander et al., 1984 : superficial lami-
Ž . Ž .nae laminae I–II , nucleus proprius laminae III–IV and
Ž .neck laminae V–VI of dorsal horn and, in addition, the

Ž .ventral horn laminae VII–X; ventral . As previously

Ž .Fig. 1. Effects of the highest dose of intraplantar HOE140 10 mg on the carrageenan-induced expression of c-Fos protein, 3 h after intraplantar
co-injection of carrageenan and HOE140 in rats. Each microphotograph represents an individual example including nuclei of c-Fos-LI neurones in the

Ž . Žspinal dorsal horn per section 40 mm of segment L4–L5 of the spinal cord; scale bar: 200 mm. A: Intraplantar carrageenanqbidistilled water control
. Ž .group . B: Intraplantar carrageenanqHOE140 10 mg in 50 ml of bidistilled water .
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shown, the most numerous c-Fos-LI neurones were lo-
Ž .calised in the L4–L5 segments Honore et al., 1995 , so´

for the pharmacological study of the effects of HOE140,
Ž .for each rat, two counts were made: 1 the total number of

c-Fos-LI neurones in the grey matter for 10 sections
Ž .through L4–L5 segments, and 2 the number of Fos-LI

neurones per specific defined region of the spinal grey
matter in these 10 sections. Plotting and counting the
c-Fos-LI neurones was performed blind to the experimen-
tal condition of each rat.

2.6. Statistical tests

Ž .Statistical analyses of variance ANOVA were per-
formed using the Fisher’s protected least squares differ-

Ž .ence Fisher’s PLSD test for multiple comparisons. The
dose-dependent effects of HOE140 on both the number of

Žc-Fos-LI neurones and the inflammatory oedema paw and
.ankle diameter and possible correlations between the pa-

rameters were determined using a simple regression and a
correlation coefficient, respectively. The estimation of the
ED was performed using the graphic extrapolation, i.e.,50

from the graph, we have considered the dose of HOE140
producing 50% reduction of the total number of c-Fos-LI
neurones.

3. Results

3.1. Carrageenan-induced c-Fos protein expression in the
rat lumbar spinal cord

Intraplantar injection of carrageenan evoked a high
level of spinal c-Fos expression which was maximal in the

ŽFig. 2. The effects of intraplantar co-injection of HOE140 0.1, 1 and 10
.mg in 50 ml of bidistilled water; ns5 for each group with carrageenan

on the total number of c-Fos-LI neurones in the L4–L5 segments of
spinal cord, 3 h after co-injection. Results are expressed as percent
reduction of the control total number of carrageenan-induced c-Fos-LI

Ž .neurones "S.E.M. . Significance as compared to the carrageenan con-
Ž) )trol group was determined using ANOVA and Fisher’s PLSD test P

) ) ) .-0.01, P -0.001 .

ŽFig. 3. Effects of intraplantar co-injection of HOE140 0.1, 1 and 10 mg
.in 50 ml of bidistilled water; ns5 for each group with carrageenan on

Ž . Žthe number of superficial laminae I–II; triangles and deep laminae
.V–VI; squares c-Fos-LI neurones in the L4–L5 segments, 3 h after

co-injection. Results are expressed as percent reduction of the control
number of carrageenan-induced c-Fos-LI neurones for each region
Ž ."S.E.M. . Significance as compared to the carrageenan control group

Ž) )was determined using ANOVA and Fisher’s PLSD test P -0.01,
) ) ) .P -0.001 .

ipsilateral dorsal horn of segments L4–L5 of the spinal
cord. The total number of spinal Fos-LI neurones was
167"5 per section, in segments L4–L5, following intra-
plantar co-administration of carrageenan with bidistilled
water in the control group. c-Fos-LI neurones were pre-
dominantly and similarly located in laminae I–II and

ŽV–VI 39"2% and 39"1% of the total number of
.c-Fos-LI neurones per section, respectively of the dorsal

Ž .horn of the spinal cord Fig. 1 . The number of c-Fos-LI
Ž .neurones in the ventral horn was moderate 17"1% and

very few c-Fos-LI neurones were present in laminae III–IV
Ž .5"1% ; Fig. 1. The number of c-Fos-LI neurones in the

Žcontralateral lumbar spinal cord was negligible less than
.four c-Fos-LI neurones per section .

3.2. The effect of peripheral admininstration of HOE140
on the spinal c-Fos protein expression

Intraplantar co-injection of HOE140 with carrageenan
reduced the level of spinal c-Fos protein expression at 3 h

Ž Žafter co-injection for the effect of the highest dose 10
. .mg of HOE140 see Fig. 1 . These effects were significant

when considering the total number of c-Fos-LI neurones in
Ž Ž . .segments L4–L5 F 3,16 s19.25; P-0.001 , and their

Ž Ž . .laminar distribution F 3,64 s37.61; P-0.001 . Intra-
Ž .plantar HOE140 0.1, 1 and 10 mg dose-dependently

Ž 2 .r s0.434; P-0.01 reduced the total number of c-Fos-
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ŽFig. 4. Effects of intraplantar co-injection of HOE140 0.1, 1 and 10 mg
.in 50 ml of bidistilled water; ns5 for each group with carrageenan on

Ž . Ž .the paw black circles and ankle open circles diameter, 3 h after
co-injection. Results are expressed as percent reduction of the control

Ž .carrageenan-induced oedema for both paw and ankle "S.E.M. . Signifi-
cance as compared to the carrageenan control group was determined

Ž)
) )using ANOVA and Fisher’s PLSD test P -0.05, P -0.01,

) ) ) .P -0.001 . Statistical comparisons between the effects of HOE140
on the carrageenan-induced paw versus ankle oedema were performed

Žaa aaa .using ANOVA and Fisher’s PLSD test P -0.01, P -0.001 .

ŽLI neurones 23"5%, P-0.01, 35"6% and 50"5%
reduction of the control total number of c-Fos-LI neurones,

.P-0.001 for both, respectively; Fig. 2 . Laminar analysis
Ž .revealed that HOE140 0.1, 1 and 10 mg significantly

reduced the number of c-Fos-LI neurones in the deep
Žlaminae 26"6%, P-0.01, 35"7% and 48"7% reduc-

tion of the control number, P-0.001 for both, respec-
.tively; Fig. 3 . Only the two higher doses of intraplantar

Ž .HOE140 1 and 10 mg significantly reduced the number
Žof c-Fos-LI neurones in the superficial laminae 33"6%

and 51"6% reduction of the control number, respec-
.tively; P-0.001 for both; Fig. 3 . Overall, the effects of

intraplantar HOE140 were dose-dependent for both super-
Ž . Ž .ficial rs0.70, P-0.01 and deep rs0.53, P-0.05

laminae of the dorsal horn in segments L4–L5. Finally,
there was no significant difference between the effect of
HOE140 on the number of superficial and deep c-Fos-LI

Ž .neurones Fig. 3 .

3.3. The effect of peripheral admininstration of HOE140
on the carrageenan-induced ankle and paw oedema

Three hours after intraplantar injection of carrageenan
both the ipsilateral paw and ankle diameters were signifi-

Žcantly increased as compared to non-stimulated rats 169

."8% and 88"4% increase, respectively . An inflamma-
tory oedema was not exhibited in the contralateral hind-
paw.

Ž .Intraplantar HOE140 0.1, 1 and 10 mg , injected simul-
taneously with intraplantar carrageenan, significantly re-

Žduced both the paw 25"7%, 41"6% and 41"3%
reduction of control carrageenan-induced paw diameters,

. Žrespectively; P-0.001 for all doses and ankle 46"6%,
61"5% and 61"5% reduction of control carrageenan-in-
duced ankle diameters, respectively; P-0.001 for all

. Ž .doses oedema Fig. 4 . The effects of HOE140 were
Žgreater on the ankle as compared to the paw oedema Fig.

.4 . In addition, there was a tendency to the plateau of the
effect of the higher doses of HOE140 on both the paw and

Ž .ankle oedema Fig. 4 . The effects of intraplantar HOE140
on the carrageenan-induced spinal c-Fos expression and
the paw and ankle oedema were not correlated.

4. Discussion

Three hours after intraplantar injection of carrageenan
into the hindpaw of non-anaesthetised rats, peripheral
oedema and an associated spinal c-Fos expression in the
ipsilateral dorsal horn of the lumbar spinal cord were

Žobserved. In accordance with our previous studies Honoré
.et al., 1995; Buritova et al., 1996a and Refs. therein , the

control level of carrageenan-induced c-Fos protein expres-
sion was maximal in the L4–L5 segments corresponding
to the hindlimb dermatomes, and preferentially located in
the medial part of the dorsal horn, which contains the

Žsomatotopic projection from the hindlimb foot Molander
.and Grant, 1985, 1986 . Carrageenan-induced c-Fos-LI

neurones were predominantly located in the superficial
Ž . Ž .I–II and deep V–VI laminae of the dorsal horn of the
spinal cord. This localisation was in concordance with the
spinal areas containing neurones activated by noxious

Žstimuli driven by C- and Ad-fibres see Besson and
.Chaouch, 1987; Willis and Coggeshall, 1991 , and neu-

rones expressing the c-Fos protein after the electrical
Žactivation of C- and Ad-fibres, but not Ab-fibres Herde-

.gen et al., 1991 .
Intraplantar co-administration of HOE140, a selective

bradykinin B receptor antagonist, with carrageenan dose-2

dependently reduces carrageenan-evoked spinal c-Fos pro-
tein expression in both the superficial and deep laminae of
the dorsal horn of the spinal cord. The estimated ED for50

effects of HOE140 on the number of c-Fos-LI neurones
was 10 mg. In addition, HOE140 attenuated the extent of
the peripheral oedema; however, this effect had a tendency
to plateau with the higher concentrations of HOE140
studied. Consequently, the effects of HOE140 on car-
rageenan-evoked spinal c-Fos protein expression and pe-
ripheral oedema were not correlated.

Our results with HOE140 are in keeping with previous
Žstudies of both the anti-inflammatory Wirth et al., 1991;
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.Damas and Remacle-Volon, 1992 and antinociceptive
Ž .Ferreira et al., 1993 effect of systemic HOE140 in the
carrageenan model of inflammation in rats. As discussed in
Section 1, the antinociceptive effect of subcutaneous
HOE140 using various different models of inflammation
has been demonstrated. More specifically our results are in

Žagreement with, and extend, previous behavioural Beres-
. Žford and Birch, 1992 and electrophysiological Chapman
.and Dickenson, 1992 studies demonstrating that the intra-

plantar administration of HOE140 suppresses both first
and second phase responses to the peripheral injection of
formalin.

From previous studies and our results it can be con-
cluded that bradykinin has a peripheral role via activation
of B receptors during inflammatory nociceptive process-2

ing. However, the B receptor contribution may occur2

predominantly during the initial phase of inflammation
since HOE140 is ineffective during persistent inflamma-
tory hyperalgesia in rats, and a predominant B receptor1

involvement has been suggested during persistent inflam-
Žmatory condition Perkins et al., 1993; Dray and Perkins,

.1993 . Furthermore it has been demonstrated that
bradykinin-induced mechanical hyperalgesia during arthri-
tis is mediated by activation of both B and B receptors1 2

whereas only B receptors contribute to hyperalgesia in2
Ž .normal rats Khasar et al., 1995 . Overall, it has been

suggested that B and B receptors play an important role2 1

in the initiation and in the maintenance of inflammation,
Ž .respectively Dray and Perkins, 1993 .

In addition to bradykinin, prostaglandins also play a
pivotal role during inflammation, with bradykinin initiating

Ž .the generation of the prostaglandins Lembeck et al., 1976 ,
and in turn prostaglandins sensitising the fine peripheral

Žafferent endings to activation by bradykinin Ferreira, 1972;
.Ferreira et al., 1973; see Dray, 1994 . Similar antinocicep-

tive effects of HOE140 and cyclo-oxygenase inhibitors in
the abdominal constriction response induced by acetic acid

Ž .and kaolin have been demonstrated Heapy et al., 1993 .
With consideration of these studies it is interesting to note
the comparable anti-inflammatoryrantinociceptive effects
of intraplantar HOE140 and systemically administered cy-
clooxygenase inhibitors such as a selective cyclooxy-

Ž .genase-2 inhibitor Buritova et al., 1996b , and non-selec-
tive cyclooxygenase-1 and cyclooxygenase-2 inhibitors as

Žvarious non-steroidal anti-inflammatory drugs NSAIDs,
.see references in Buritova et al., 1996a tested under

similar experimental conditions. In these previous studies
the effects of cyclooxygenase inhibitors on spinal c-Fos
expression have been correlated with their effects on pe-
ripheral oedema. In contrast, in the present study the
effects of the higher doses of HOE140 on the peripheral
oedema, but not the spinal c-Fos protein expression, had a
tendence to plateau, and the effects at the peripheral level
and the spinal level were not correlated. This dissociation
of the peripheral anti-inflammatory versus the antinocicep-
tive effect of HOE140, but not the cyclooxygenase in-

Ž .hibitors NSAIDs , is not so surprising when considering
their different mechanisms of action. Bradykinin has been
shown to directly activate the fine primary afferent end-
ings, and therefore antagonism of the bradykinin B recep-2

tors by HOE140 presumably reduces the direct activation
of the nociceptors by bradykinin, irrespective of the extent
of the inflammation. In contrast, the prostaglandins appear
to play a greater role in the maintenance of the inflamma-
tion and sensitising the peripheral nociceptors, but less so
in the direct activation of the nociceptors. The differences

Ž .between the effects of cyclooxygenase inhibitors NSAIDs
and HOE140 may be also due to the different administra-
tions: systemic versus intraplantar. In our experimental
conditions, the central site of action of the systemically

Žadministered cyclooxygenase inhibitors Malmberg and
.Yaksh, 1992, 1994 has not been excluded, whereas the

action of intraplantar administration of low doses of
HOE140 rests limited at peripheral level.

The present study shows that peripheral bradykinin B2

receptors antagonism reduce both the carrageenan-induced
peripheral oedema and consequent nociceptive transmis-
sion at the spinal cord level, as shown by the reduction of
carrageenan-induced spinal c-Fos expression. In conclu-
sion, our results provide further evidence for the involve-
ment of the peripheral bradykinin B receptors in the2

inflammatory pain processing due to intraplantar injection
of carrageenan.

Acknowledgements

The authors gratefully acknowledge Dr. K. Wirth
Ž .Hoechst AG, Frankfurt, Germany for his kind donation
of HOE140 and Mr. R. Rambur for the assistance in
preparation of microphotographs. This study was sup-
ported by INSERM and an unrestricted grant from
Bristol-Myers Squibb. J.B. on leave from Faculty of
Medicine, Charles University in Prague, Czech Republic.
V.C. and P.H. were supported by a fellowship from the
Royal Society and the Ministere de l’Enseignement`
Superieur et de la Recherche, respectively.´

References

Bao, G., F. Qadri, B. Stauss, H. Stauss, P. Gohlke and T. Unger, 1991,
Hoe 140, a new highly potent and long-acting bradykinin antagonist
in conscious rats, Eur. J. Pharmacol. 200, 179.

Bathon, J.M. and D. Proud, 1991, Bradykinin antagonists, Annu. Rev.
Pharmacol. Toxicol. 31, 129.

Beresford, I.J.M. and P.J. Birch, 1992, Antinociceptive activity of the
bradykinin antagonist Hoe-140 in rat and mouse, Br. J. Pharmacol.
105, 135P.

Besson, J.M. and A. Chaouch, 1987, Peripheral and spinal mechanisms of
nociception, Physiol. Rev. 67, 67.

Buritova, J., P. Honore, V. Chapman and J.M. Besson, 1996a, Enhanced´
effects of co-administered dexamethasone and diclofenac on inflam-
matory pain processing and spinal c-Fos expression in the rat: syner-
gistic mechanisms, Pain 64, 559.



( )J. BuritoÕa et al.rEuropean Journal of Pharmacology 320 1997 73–80 79

Buritova, J., V. Chapman, P. Honore and J.M. Besson, 1996b, Selective´
cyclooxygenase-2 inhibition reduces carrageenan oedema and associ-
ated spinal Fos expression in the rat, Brain Res. 715, 217.

Chapman, V. and A.H. Dickenson, 1992, The spinal and peripheral roles
of bradykinin and prostaglandins in nociceptive processing in the rat,
Eur. J. Pharmacol. 219, 427.

Correa, C.R. and J.B. Calixto, 1993, Evidence for participation of B and1

B kinin receptors in formalin-induced nociceptive response in the2

mouse, Br. J. Pharmacol. 110, 193.
Damas, J. and G. Remacle-Volon, 1992, Influence of a long-acting

bradykinin antagonist, Hoe 140, on some acute inflammatory reac-
tions in the rat, Eur. J. Pharmacol. 211, 81.

Di Rosa, M., J.P. Giroud and D.A. Willoughby, 1971, Studies of the
mediators of the acute inflammatory-response induced in rats in
different sites by carrageenin and turpentine, J. Pathol. 104, 15.

Dray, A., 1994, Chemical activation and sensitization of nociceptors, in:
Peripheral Neurons in Nociception: Physio-Pharmacological Aspects,

Žeds. J.M. Besson, G. Guilbaud and H. Ollat John Libbey Eurotext,
.Paris p. 49.

Dray, A., 1995, Inflammatory mediators of pain, Br. J. Anaesth. 75, 125.
Dray, A. and M. Perkins, 1993, Bradykinin and inflammatory pain,

Trends Neurosci. 16, 99.
Ferreira, S.H., 1972, Prostanglandins, aspirin-like drugs and analgesia,

Nature 240, 200.
Ferreira, S.H. and B.B. Lorenzetti, 1995, Glutamate spinal retrograde

sensitization of primary sensory neurons associated with nociception,
Neuropharmacology 33, 1479.

Ferreira, S.H., S. Moncada and J.R. Vane, 1973, Prostaglandins and the
mechanism of analgesia produced by aspirin-like drugs, Br. J. Phar-
macol. 49, 86.

Ferreira, S.H., B.B. Lorenzetti and S. Poole, 1993, Bradykinin initiates
cytokine-mediated inflammatory hyperalgesia, Br. J. Pharmacol. 110,
1227.

Haley, J.E., A.H. Dickenson and M. Schachter, 1989, Electrophysiologi-
cal evidence for a role of bradykinin in chemical nociception in the
rat, Neurosci. Lett. 97, 198.

Hargreaves, K., E.S. Troullos, R.A. Dionne, E.A. Schmidt, S.C. Schafer
and J.L. Joris, 1988a, Bradykinin is increased during acute and
chronic inflammation: therapeutic implications, Clin. Pharmacol. Ther.
44, 613.

Hargreaves, K., R. Dubner, C. Brown and J. Joris, 1988b, A new and
sensitive methode for measuring thermal nociception in cutaneous
hyperalgesia, Pain 32, 77.

Heapy, C.G., J.S. Shaw and S.C. Farmer, 1993, Differential sensitivity of
antinociceptive assays to the bradykinin antagonist Hoe 140, Br. J.
Pharmacol. 108, 209.

Herdegen, T., K. Kovary, J. Leah and R. Bravo, 1991, Specific temporal
and spatial distribution of JUN, FOS and KROX-24 proteins in spinal
neurons following noxious transsynaptic stimulation, J. Comp. Neu-
rol. 313, 178.

Hock, F.J., K. Wirth, U. Albus, W. Linz, H.J. Gerhards, G. Wiemer, S.
Henke, G. Breipohl, W. Konig, J. Knolle and B.A. Scholkens, 1991,¨ ¨
Hoe 140 a new potent and long acting bradykinin-antagonist: in vitro
studies, Br. J. Pharmacol. 102, 769.

Honore, P., J. Buritova and J.M. Besson, 1995, Carrageenin-evoked c-Fos´
expression in rat lumbar spinal cord: the effects of indomethacin, Eur.
J. Pharmacol. 272, 249.

Honore, P., J. Buritova and J.M. Besson, 1996, Intraplantar morphine´
depresses spinal c-Fos expression induced by carrageenin inflamma-
tion but not by noxious heat, Br. J. Pharmacol. 118, 671.

Hsu, S., L. Raine and H. Fanger, 1981, Use of avidin-biotin-peroxydase
Ž .complex ABC in immunoperoxydase techniques: a comparison be-

Ž .tween ABC and unlabelled antibody PAP procedures, J. Histochem.
Cytochem. 29, 577.

Hughes, P. and M. Dragunow, 1995, Induction of immediate-early genes

and the control of neurotransmitter-regulated expression within the
nervous system, Pharmacol. Rev. 47, 133.

Iadarola, M.J., L.S. Brady, G. Draisci and R. Dubner, 1988, Enhancement
of dynorphin gene expression in spinal cord following experimental
inflammation: stimulus specificity, behavioural parameters and opioid
receptor binding, Pain 35, 313.

Jensen, K., C. Tuxen, U. Pedersen-Bjergaard, I. Jansen, L. Edvinsson and
J. Olesen, 1990, Pain, wheal and flare in human forearm skin induced
by bradykinin and 5-hydroxytryptamine, Peptides 11, 1133.

Joris, J., A. Costello, R. Dubner and K. Hargreaves, 1990, Opiates
suppress carrageenan-induced edema and hyperthermia at doses that
inhibit hyperalgesia, Pain 43, 95.

Khasar, S.G., F.J.-P. Miao and J.D. Levine, 1995, Inflammation modu-
lates the contribution of receptor-subtypes to bradykinin-induced hy-
peralgesia in the rat, Neuroscience 69, 685.

Kirchhoff, C., S. Jung, P.W. Reeh and H.O. Handwerker, 1990, Car-
rageenan inflammation increases bradykinin sensitivity of rat cuta-
neous nociceptors, Neurosci. Lett. 111, 206.

Kocher, L., F. Anton, P.W. Reeh and H.O. Handwerker, 1987, The effect
of carrageenin-induced inflammation on the sensitivity of unmyelin-
ated skin nociceptors in the rat, Pain 29, 363.

Lembeck, F., H. Popper and H. Juan, 1976, Release of prostaglandins by
bradykinin as an intrinsic mechanism of its algesic effect, Naunyn-
Schmiedeberg’s Arch. Pharmacol. 294, 69.

Lembeck, F., T. Griesbacher, M. Eckhardt, S. Henke, G. Breipohl and J.
Knolle, 1991, New, long-acting, potent bradykinin antagonist, Br. J.
Pharmacol. 102, 297.

Levine, J.D., H.L. Fields and A.I. Basbaum, 1993, Peptides and the
primary afferent nociceptor, J. Neurosci. 13, 2273.

Malmberg, A.B. and T.L. Yaksh, 1992, Antinociceptive actions of spinal
nonsteroidal anti-inflammatory agents on the formalin test in the rat,
J. Pharmacol. Exp. Ther. 263, 136.

Malmberg, A.B. and T.L. Yaksh, 1994, Antinociception produced by
spinal delivery of S and R enantiomers of flurbiprofen in the formalin
test in rats, Eur. J. Pharmacol. 256, 205.

Martin, H.A., A.I. Basbaum, G.C. Kwiat, E.J. Goetzl and J.D. Levine,
1987, Leukotriene and prostaglandin sensitization of cutaneous high
treshold C- and A-delta mechanonociceptors in the hairy skin of rat
hindlimbs, Neuroscience 22, 651.

Menetrey, D., J. De Pommery, K.G. Baimbridge and M. Thomasset,´
Ž .1992, Calbindin-D28K CaBP28k -like immunoreactivity in ascend-

ing projections. I. Trigeminal nucleus caudalis and dorsal vagal
complex projections, Eur. J. Neurosci. 4, 61.

Molander, C. and G. Grant, 1985, Cutaneous projection from the rat
hindlimb foot to substantia gelatinosa of the spinal cord studied by
transganglionic transport of WGA-HRP conjugate, J. Comp. Neurol.
237, 476.

Molander, C. and G. Grant, 1986, Laminar distribution and somatotopic
organization of primary afferent fibers from hindlimb nerves in the
dorsal horn. A study by transganglionic transport of horseradish
peroxidase in the rat, Neuroscience 19, 297.

Molander, C., Q. Xu and G. Grant, 1984, The cytoarchitectonic organiza-
tion of the spinal cord in the rat. I. The lower thoracic and lum-
bosacral cord, J. Comp. Neurol. 230, 133.

Morgan, J.I. and T. Curran, 1991, Stimulus-transcription coupling in the
nervous system: involvement of the inducible proto-oncogenes fos
and jun, Annu. Rev. Neurosci. 14, 421.

Munglani, R. and S.P. Hunt, 1995, Molecular biology of pain, Br. J.
Anaesth. 75, 186.

Perkins, M.N., E. Campbell and A. Dray, 1993, Antinociceptive activity
9 Ž 8.of the bradykinin B and B receptor antagonists, des-Arg , Leu -1 2

BK and HOE 140, in two models, Pain 53, 191.
Rang, H.P., S. Bevan and A. Dray, 1991, Chemical activation of nocicep-

tive peripheral neurones, Br. Med. Bull. 47, 534.
Schremmer-Danninger, E., P. Heinz-Erian, E. Topfer-Petersen and A.A.¨



( )J. BuritoÕa et al.rEuropean Journal of Pharmacology 320 1997 73–8080

Roscher, 1995, Autoradiographic localization and characterization of
bradykinin receptors in human skin, Eur. J. Pharmacol. 283, 207.

Steranka, L.R. and Burch, R.M., 1991, Bradykinin antagonists in pain
Žand inflammation, in: Bradykinin Antagonists, ed. R.M. Burch Marcel

.Dekker, New York, NY p. 191.
Steranka, L.R., D.C. Manning, C.J. Dehass, J.W. Ferkany, S.A. Borosky,

J.R. Connor, R.J. Vavrek, J.M. Stewart and S.H. Snyder, 1988,
Bradykinin as a pain mediator: receptors are localized to sensory
neurons, and antagonists have analgesic actions, Proc. Natl. Acad.
Sci. USA 85, 3245.

Taiwo, Y.O., P.H. Heller and J.D. Levine, 1990, Characterization of
distinct phospholipases mediating bradykinin and noradrenaline hy-
peralgesia, Neuroscience 39, 523.

Willis, W.D. and R.E. Coggeshall, 1991, Structure of the dorsal horn, in:
ŽSensory Mechanisms of the Spinal Cord Plenum Press, New York,

.NY p. 79.
Winter, C.A., E.A. Risley and G.W. Nuss, 1962, Carrageenan-induced

edema in hind paw of the rat as an assay for antiinflammatory drugs,
Proc. Soc. Exp. Biol. Med. 111, 544.

Wirth, K., F.J. Hock, U. Albus, W. Linz, H.G. Alpermann, H. Anagnos-
topoulos, S.T. Henke, G. Breipohl, W. Konig, J. Knolle and B.A.¨
Scholkens, 1991, Hoe 140 a new potent and long acting bradykinin¨
antagonist: in vivo studies, Br. J. Pharmacol. 102, 774.

Zimmermann, M., 1983, Ethical guidelines for investigations of experi-
mental pain in conscious animals, Pain 16, 109.


