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Abstract

Ž .Dipyrone injected intraperitoneally i.p. or subplantarly into the mouse paw caused dose-related antinociception against the early and
the late phases of formalin-induced licking, with mean ID values of 154.5 and 263.7 mmolrkg, and 2.6 and 1.2 mmolrpaw,50

Ž . Ž .respectively. Given either by intracerebroventricular i.c.v. or by intrathecal i.t. routes, dipyrone produced a similar inhibition of both
phases of the formalin-induced licking, with mean ID values of 0.4 and 1.3 mmolrsite, and 0.4 and 0.9 mmolrsite against the early and50

the late phase of the formalin response, respectively. Dipyrone, given by i.p., subplantar, i.t. or i.c.v. routes, caused dose-related
antinociception of capsaicin-induced licking. The mean ID values were: 207.6 mmolrkg, 2.2 mmolrpaw, 0.4 mmolrsite and 0.1450

mmolrsite, respectively. In addition, dipyrone given i.p. caused a significant increase of the latency both in the hot-plate and the tail-flick
assays. Dipyrone, given i.p., i.t. or i.c.v., reversed significantly the hyperalgesia caused by i.t. injection of glutamate, with mean ID50

values of 9 mmolrkg, 29 nmolrsite and 94 nmolrsite, respectively. The antinociception caused by dipyrone was not influenced by
naloxone, L-arginine, phaclofen, glibenclamide, p-chlorophenylalanine methyl ester, pertussis toxin or by adrenal gland hormones, when
assessed against the formalin assay. Dipyrone analgesic action was not secondary to its anti-inflammatory effect, nor was it associated
with non-specific effects such as muscle relaxation or sedation actions of animals. Dipyrone at a higher concentration caused significant

w3 x Ž .inhibition of H glutamate binding 37% in cerebral cortical membranes from both mice and rats. However, dipyrone had no significant
effect on brain constitutive neuronal nitric oxide synthase activity. It is concluded that dipyrone produces peripheral, spinal and
supraspinal antinociception when assessed on formalin and capsaicin-induced pain as well as in glutamate-induced hyperalgesia in mice.
Dipyrone antinociception seems unlikely to involve an interaction with the L-arginine-nitric oxide pathway, serotonin system, activation
of G protein sensitive to pertussis toxin, interaction of ATP-sensitive Kq channels, GABA receptors, or the release of endogenousi B

glucocorticoids. However, a modulatory effect on glutamate-induced hyperalgesia and, to a lesser extent, an interaction with glutamate
binding sites, seems to account for its analgesic action. q 1998 Elsevier Science B.V.
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1. Introduction

Dipyrone, a pirazolone derivative, has antipyretic, anal-
gesic and antiinflammatory effects. It has been reported
that dipyrone may exert its effects on inflammatory pain
through inhibition of prostaglandin synthesis in both the

Žperiphery and the central nervous system Abbate et al.,

) Corresponding author. Tel.: q55-482-319491; fax: q55-482-224164;
e-mail: calixto@ccb.ufsc.br

.1990; Shimada et al., 1994 , although its precise mecha-
nism of action remains unclear and seems to be different
from that of the classical non-steroidal antiinflammatory

Ždrugs Lorenzetti and Ferreira, 1985; Engelhardt et al.,
.1995 . It has been suggested that the antinociceptive action

of dipyrone, as well as of other non-steroidal antiinflam-
Žmatory drugs, is centrally mediated Gelgor et al., 1992;

.for review see Tracey and Walker, 1995 .
In recent years, it has been demonstrated that among the

various neurotransmitters involved in nociceptive reac-
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tions, the excitatory amino acid, glutamate, acting particu-
larly on NMDA receptors, is of utmost importance to the

Žtransmission of both acute and chronic pain for review see
.Dickenson, 1995 . Furthermore, the activation of nitric

oxide synthase with the consequent production of nitric
Ž .oxide NO triggered by the NMDA receptor activation,

Žseems to be involved in pain states Mao et al., 1992; for
review see Meller and Gebhart, 1993; Dickenson, 1995;

.Dray, 1995 .
The antinociceptive action of dipyrone on inflamma-

tion-induced pain in the rat paw has been reported to be
dependent on local participation of nitric oxide, as both the

G Žnitric oxide synthase inhibitor, N -methyl-L-arginine L-
.NMMA , and methylene blue, an inhibitor of soluble

guanylate cyclase, consistently prevent its analgesic effect
ŽDuarte et al., 1992; Granados et al., 1995; Lorenzetti and

.Ferreira, 1996 .
Ž .The aim of the present study was: a to evaluate the

antinociceptive effect of dipyrone, given by several routes,
on chemical and thermal models of nociception, as well as
in the hyperalgesia caused by intrathecal injection of gluta-

Ž .mate in mice, and b to investigate, by means of phar-
macological as well as neurochemical approaches, possible
mechanisms that may underlie its analgesic effects.

2. Methods

2.1. Animals

Ž .Male Swiss mice 25–35 g and male Wistar rats
Ž .200–300 g , housed at 22"28C under a 12-h lightr12-h
dark cycle and with access to food and water ad libitum,
were used. Experiments were performed during the light
phase of the cycle. The animals were allowed to adapt to
the laboratory for at least 2 h before testing and were only
used once. Experiments reported in this study were carried
out in accordance with current guidelines for the care of
laboratory animals and the ethical guidelines for investiga-

Žtion of experimental pain in conscious animals Zimmer-
.mann, 1983 .

2.2. Formalin test

The procedure used was essentially similar to that de-
Žscribed previously Correa and Calixto, 1993; Vaz et al.,ˆ

. Ž1996 : 20 ml of 2.5% formalin solution 0.92% of formal-
. Ždehyde , made up in phosphate buffer solution PBS;

concentration: NaCl 137 mM, KCl 2.7 mM and phosphate
. Ž .buffer 10 mM , was injected subcutaneously s.c. under

Žthe surface of the right hindpaw. Two mice control and
.treated were observed simultaneously from 0 to 30 min

following formalin injection. The early phase of the noci-
ceptive response normally peaked 0 to 5 min after formalin
injection and the late phase 15 to 30 min after formalin
injection, representing the neurogenic and inflammatory

pain responses, respectively. Animals were treated with
Ž .dipyrone intraperitoneally i.p., 90–720 mmolrkg 30 min

before the formalin injection, or subplantarly, co-injected
Ž .in association with formalin 0.1–30 mmolrpaw . Other

groups of animals were treated with dipyrone intracere-
Ž .broventricularly i.c.v., 0.09–1.8 mmolrsite or intrathe-

Ž .cally i.t., 0.3–3.0 mmolrsite as described previously
ŽHylden and Wilcox, 1980; Laursen and Belknap, 1986;

.Vaz et al., 1996 , 10 min before formalin injection. Fol-
lowing intraplantar injection of formalin, the animals were
immediately placed in a glass cylinder 20 cm in diameter,
and the time spent licking the injected paw, was timed
with a chronometer and considered as indicative of pain.
Control animals received a similar volume of 0.9% of

Ž . ŽNaCl solution systemically 10 mlrkg , subplantarly 20
. Ž . Ž .mlrpaw , i.c.v. 5 mlrsite or i.t. 5 mlrsite .

In order to investigate whether the antinociceptive activ-
ity of dipyrone in formalin-induced pain was associated
with anti-oedematogenic activity, we measured the paw
oedema by comparing the difference in weight of the
formalin-treated paw and the weight of the control paw
Ž .treated with saline . For this purpose, animals were killed
30 min after formalin injection by cervical dislocation, and
the paw was cut at the knee joint and weighed on an
analytical balance.

2.3. Capsaicin-induced pain

In an attempt to provide more direct evidence concern-
ing a possible analgesic effect of dipyrone on neurogenic
pain, we also investigated whether this drug antagonised
capsaicin-induced pain in the mouse paw. The procedure

Žused was similar to that described previously Correa etˆ
.al., 1996; Santos and Calixto, 1997 . Before testing, the

animals were placed individually in transparent glass cylin-
ders 20 cm in diameter, serving as observation chambers.

ŽFollowing the adaptation period, 20 ml of capsaicin 1.6
.mgrpaw made in PBS was injected under the skin of the

dorsal surface of the right hindpaw. The contralateral paw
received a similar volume of saline. The animals were
observed individually for 5 min following capsaicin injec-
tion. The amount of time spent licking the injected paw
was timed with a chronometer and was considered as
indicative of pain. Animals were treated with dipyrone

Ž . Žsystemically 30–360 mmolrkg , subplantarly 0.1–30
.mmolrpaw , co-injected in association with capsaicin, or

Ž . Ž .by i.c.v. 0.09–1.8 mmolrsite or i.t. 0.3–3.0 mmolrsite
routes as described before. Control animals received a

Žsimilar volume of 0.9% of NaCl solution systemically 10
. Ž . Ž .mlrkg , subplantarly 20 mlrpaw , i.c.v. 5 mlrsite or

Ž .i.t. 5 mlrsite .

2.4. Glutamate-induced hyperalgesia

To test the hypothesis that the excitatory amino acids
were involved in the dipyrone antinociception, we assessed
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the effect of dipyrone given by different routes on the
hyperalgesic responses caused by spinally administered

Ž .glutamate 100 nmolrsite, i.t. in mice in the hot plate test.
Experiments were carried out as described by Aanonsen

Ž .and Wilcox 1987 with minor modifications, involved
Ž .control animals 0.9% NaCl solution-treated or mice pre-

Žtreated with dipyrone 3–30 mmolrkg, i.p., 9–90
.nmolrsite, i.t. or 30–300 nmolrsite, i.c.v. 30 and 10 min

prior, with the exception of those pre-treated by the i.t.
route in which case the dipyrone was co-administered with
glutamate. The pain response was measured on the hot-plate

Ž .apparatus Ugo Basile, model-DS 37 maintained at 50"

18C as described in item 2.6. The maximal hyperalgesic
response caused by i.t. injection of glutamate was observed
for 60 min after the injection. This time was used in all
future experiments. A cut-off of 30 s was used for the hot

Ž .plate. The maximal percentage of inhibition MPI of
glutamate-induced hyperalgesia was calculated as follows:

postdrugypredrug
% MPIs =100

30ypredrug

2.5. Analysis of the antinociceptiÕe mechanism of action of
dipyrone

To investigate the participation of the opioid system in
the antinociceptive effect of dipyrone, animals were pre-

Žtreated with naloxone an antagonist of opioid receptors,
.13.7 mmolrkg, i.p. , 15 min before the administration of

Ž . Ždipyrone 540 mmolrkg, i.p. , morphine 13.3 mmolrkg,
. Ž .s.c. or saline 0.9% NaCl solution, 10 mlrkg, i.p. . The

other groups of animals received dipyrone, morphine,
naloxone or saline 30 min before the formalin injection
Ž .Vaz et al., 1996 . To assess the possible participation of

Ž .G protein sensitive to pertussis toxin in the antinocicep-i

tive action of dipyrone, animals were pre-treated with
Ž .pertussis toxin 1.0 mgrsite, i.c.v. 7 days before the

Ž .administration of dipyrone 540 mmolrkg, i.p. or mor-
Ž .phine 13.3 mmolrkg, s.c. , used as positive control. Other

Žgroups of animals were treated with saline 0.9% NaCl
.solution, 5 mlrsite, i.c.v , and 7 days later received dipy-

Ž . Ž .rone 540 mmolrkg, i.p. , morphine 13.3 mmolrkg, s.c.
Ž .or the vehicle 0.9% NaCl solution, 10 mlrkg, i.p. , 30

Žmin before the formalin injection Sanchez-Blazquez and´ ´
.Garzon, 1991 .´

To assess the possible participation of the g-amino-
Ž .butyric acid GABAergic system, animals were treated
Ž . Žwith dipyrone 540 mmolrkg, i.p. or with baclofen 4.6
. Ž .mmolrkg, i.p. a selective GABA receptor agonist 30B

Ž .min prior to the injection of formalin Vaz et al., 1996 .
Ž .The animals received phaclofen 40 mmolrkg, i.p. , a

selective GABA receptor antagonist, 10 min before theB
Žadministration of dipyrone, baclofen or saline 0.9% NaCl

.solution, 10 mlrkg, i.p. .

In a separate series of experiments, we also investigated
the possible participation of the nitric oxide-L-arginine
pathway in the analgesic effect caused by dipyrone. To this

Žend, animals were pre-treated with L-arginine 3444
.mmolrkg, i.p. , and after 15 min they received dipyrone

Ž . G Ž540 mmolrkg, i.p. , N -nitro-L-arginine a nitric oxide
.synthase inhibitor, L-NOARG, 342 mmolrkg, i.p. or saline

Ž .0.9% NaCl solution, 10 mlrkg, i.p. . The algesic re-
sponses in the early and the second phase of the formalin
test were recorded 30 min after administration of dipyrone,
L-NOARG or saline. Other groups of animals received

Ž . Žonly dipyrone 540 mmolrkg, i.p. , L-NOARG 342
. Ž .mmolrkg, i.p. , L-arginine 3444 mmolrkg, i.p. or saline

Ž .0.9% NaCl solution, 10 mlrkg, i.p. 30 min before forma-
Ž .lin injection Santos et al., 1995; Vaz et al., 1996 .

To investigate the possible contribution of serotonin to
the analgesic effect of dipyrone, animals were pre-treated
with DL-p-chlorophenylalanine methyl ester hydrochloride
Žan inhibitor of serotonin synthesis, 399.8 mmolrkg, i.p.

.once a day for 4 consecutive days , prior to the administra-
Ž . Žtion of dipyrone 540 mmolrkg, i.p. , morphine 13.3

. Žmmolrkg, s.c. or saline 0.9% NaCl solution, 10 mlrkg,
.i.p. . The pain response caused by subplantar formalin

injection was analysed 30 min after drug administration
Ž .Santos et al., 1995; Vaz et al., 1996 . Other groups of

Ž .mice received only dipyrone 540 mmolrkg, i.p. , mor-
Ž . Žphine 13.3 mmolrkg, s.c. or saline 0.9% NaCl solution,

.10 mlrkg, i.p. 30 min before formalin injection.
We also investigated the possible role of the KATP

channel in the analgesic effect caused by dipyrone. For this
Žpurpose, animals were pre-treated with glibenclamide 81

. Ž .nmolrsite, i.c.v. a K channel blocker , and after 15ATP
Ž .min they received dipyrone 540 mmolrkg, i.p. , mor-

Ž . Žphine 13.3 mmolrkg, s.c. or saline 0.9% NaCl solution,
. Ž .10 mlrkg, i.p. Raffa and Martinez, 1995 . The algesic

responses caused by formalin were recorded 30 min after
administration of dipyrone, morphine or saline. Other

Ž .groups of animals received saline 5 mlrsite, i.c.v. , 15
Žmin prior to the administration of dipyrone 540 mmolrkg,

. Ž . Ži.p. , morphine 13.3 mmolrkg, s.c. or saline 0.9% NaCl
.solution, 10 mlrkg, i.p. 30 min before formalin injection.

To assess the possible participation of endogenous glu-
cocorticoids in the antinociceptive effect caused by dipy-
rone, animals were anaesthetised with 2,2,2-tri-

Ž .bromoethanol 0.25 grkg, i.p. and both adrenal glands
were removed through a dorsal incision, as described

Ž .previously by Vaz et al. 1996 . After surgery, the animals
were returned to their cages, with free access to food and

Ždrink, but the water was replaced by saline 0.9% NaCl
.solution to maintain a physiological plasma sodium con-

centration. Another group of animals was sham-operated
and allowed free access to water and food. After one week,

Ž .the animals received dipyrone 540 mmolrkg, i.p. or
Ž .0.9% NaCl solution 10 mlrkg, i.p. , 30 min before forma-

lin injection. The sham-operated animals were used as
controls.
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2.6. Hot-plate test

The hot-plate test was used to measure the response
latencies according to the method described previously by

Ž .Eddy and Leimbach 1953 , with minor modifications. In
Žthese experiments, the hot-plate Ugo Basile, model-DS

.37 was maintained at 56"18C. Animals were placed into
a glass cylinder with 24-cm diameter on the heated sur-
face, and the time between placement and shaking or
licking of the paws or jumping was recorded as the index
of response latency. An automatic 30-s cut-off was used to
prevent tissue damage. Each animal was tested before
administration of drugs in order to obtain the baseline.

Ž .Control animals 0.9% NaCl solution, 10 mlrkg, i.p. , or
Ž .mice pre-treated with dipyrone 600 mmolrkg, i.p. 30

min earlier, were placed into a glass cylinder with 24-cm
diameter on the heated surface. Other groups of animals

Žwere treated with morphine 26.6 mmolrkg, s.c., 30 min
.prior .

2.7. Tail-flick test

A radiant heat tail-flick analgesiometer was used to
measure response latencies according to the method de-

Ž .scribed previously by D’Amour and Smith 1941 , with
minor modifications. Animals responded to a focused heat
stimulus by flicking or removing their tail, exposing a
photocell in the apparatus immediately below it. The reac-

Žtion time was recorded for control mice 0.9% NaCl
.solution, 10 mlrkg, i.p. and for animals pre-treated with

Ž . Ždipyrone 600 mmolrkg, i.p. or with morphine 26.6
.mmolrkg, s.c. 30 min before. An automatic 20-s cut-off

was used to minimise tissue damage. Animals were se-
lected 24 h previously on the basis of their reactivity in the
test. To determine the baseline, each animal was tested
before administration of drugs.

2.8. Measurement of motor performance

In order to evaluate possible non-specific muscle relax-
ant or sedative effects of dipyrone, mice were tested on the

Ž .rota-rod Rosland et al., 1990 . The apparatus consisted of
a bar with a diameter of 2.5 cm, subdivided into six

Žcompartments by disks 25 cm in diameter Ugo Basile,
.Model 7600 . The bar rotated at a constant speed of 22

revolutions per minute. The animals were selected 24 h
previously by eliminating those mice which did not remain
on the bar for two consecutive periods of 60 s. Animals

Ž .were treated with dipyrone 600 mmolrkg, i.p. or with
Ž .the same volume of 0.9% NaCl solution 10 mlrkg, i.p.

30 min before being tested. The results are expressed as
Ž .the time s for which animals remained on the rota-rod.

The cut-off time used was 60 s.

2.9. Brain constitutiÕe neuronal NO synthase preparation
and enzyme actiÕity

The procedure used was described previously by
Ž .Knowles et al. 1990 . The cerebella of five rats were

Ž .homogenised with a tissue tearer, in a buffer 1:5 wrv
containing 50 mM Tris–HCl, pH 7.4, 1 mM ethylenedi-
aminetetraacetic acid, 1 mM dithiothreitol, 10 mgrml soy
bean trypsin inhibitor, 2 mgrml aprotinin and 320 mM
sucrose at 48C. The homogenate was centrifuged at 48C at
10 000=g for 20 min and the supernatant was divided
into aliquots and frozen at y708C. Constitutive neuronal
NO synthase activity persisted for several weeks after
preparation.

NO synthase activity was measured as the ability of
w3 xtissue homogenates to convert L- H arginine to L-

w3 xH citrulline. The procedure used was originally described
Ž .by Bredt and Snyder 1990 and modified by Wolff and

Ž .Datto 1992 . The standard reaction medium contained 50
mM KH PO , pH 7.2, 1.2 mM MgCl , 0.25 mM CaCl ,2 4 2 2

w3 x60 mM L-valine, 1.2 mM L-citrulline, L- H arginine, 1.6
ŽmCirml not considering the endogenous concentration of
.L-arginine , 1 mM dithiothreitol, 4 mM flavine adenine

dinucleotide, 4 mM flavine mononucleotide, 10 mM tetra-
hydrobiopterin and 120 mM nicotinamide adenine dinu-

Ž .cleotide phosphate reduced form , in the presence or in
the absence of dipyrone. The reactions were initiated by

Ž .the addition of enzyme preparation 1.3 mgrml , since no
pre-incubation was necessary. After 1 h of incubation at
room temperature, the reactions were stopped by mixing

Žwith the weak cationic exchange resin, AG 50W-X8 10 g
.per 100 ml in water . The samples were centrifuged at

10 000=g for 5 min and aliquots from the supernatant
were mixed with the scintillation liquid and counted. The
constitutive neuronal NO synthase activity was obtained

Žby subtraction of the calcium-independent activity mea-
sured in the presence of 1 mM ethylene glycol tetraacetic

.acid .

[ 3 ]2.10. H glutamate binding assay

Cerebral cortices obtained from both mice and rats
Ž .killed by decapitation were dissected and homogenised in
20 volumes of ice-cold 0.32 M sucrose containing 10 mM
Tris–HCl buffer, pH 7.4, and 1 mM MgCl . The ho-2

mogenate was centrifuged at 1000=g, and the pellet was
re-homogenised and centrifuged again. The second pellet
was discarded, and both supernatants were pooled and
centrifuged at 27 000=g for 15 min. The resulting pellet
was dissolved in 1 mM Tris–HCl, pH 7.4, for 30 min. The
pellet was washed three times in 10 mM Tris–HCl buffer,

ŽpH 7.4, at 27 000=g for 15 min Souza and Ramırez,´
.1991 . The final pellet was diluted in 10 mM Tris–HCl

and frozen at y708C until use. On the day of the experi-
ment, the membranes were thawed and incubated with
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0.04% Triton X-100 at 378C for 30 min and were then
washed three times in 10 mM Tris–HCl buffer, pH 7.4, at
27 000=g for 15 min. The final pellet was resuspended in
10 mM Tris–HCl and the suspensions were assayed for
w3 xH glutamate binding. Protein concentration was deter-
mined in aliquots of this final suspension by the method of

Ž .Lowry et al. 1951 , using bovine serum albumin as the
w3 xstandard. Assays of H glutamate binding were carried

out in triplicate in a total volume of 0.5 ml containing 0.1
Ž .ml membrane 0.2–0.3 mg protein , 50 mM Tris–HCl pH

Žw3 x7.4, 40 nM radioactive ligand H glutamate, 53
. ŽCirmmol , in the presence or absence of dipyrone con-

.centration in the range 10–1000 mM . Unspecific binding
was assayed similarly, except that 40 mM non-radioactive

Ž .glutamate displacer was added to the incubation medium.
Centrifugation at 12 000=g for 25 min was used to

w3 xseparate H glutamate not bound to membranes. The su-
pernatant was discarded, and the walls of the Eppendorf
tubes and the surfaces of the pellets were quickly and
carefully rinsed with cold deionized water, followed by
processing for radioactivity. Specific binding was calcu-
lated as the difference between binding values in the
absence and the presence of the displacer. The results
represent the means of three independent experiments.

2.11. Drugs

The following substances were used: formalin, mor-
Ž .phine hydrochloride Merck, Darmstadt, Germany , dipy-

rone, L-glutamic acid, DL-p-chlorophenylalanine methyl es-
ter hydrochloride, pertussis toxin, 2,2,2-tribromoethanol,

G ŽL-arginine, N -nitro-L-arginine Sigma Chemical, St.
. ŽLouis, USA , naloxone hydrochloride Dupont, Garden

. Ž .City, USA , capsaicin Calbiochen, San Diego, CA, USA ,
Žglibenclamide, baclofen and phaclofen Research Bio-
. w3 xchemicals International, Natick, MA, USA . H glutamate

Ž . w3 x Ž .53 Cirmmol and L- H arginine 64 Cirmmol were
purchased from Amersham International, UK. Drugs were
prepared just before use in 0.9% wrv of NaCl, with the
exception of capsaicin which was prepared in absolute
ethanol. The final concentration of ethanol did not exceed
5% and did not cause any effect ‘per se’. In the neuro-
chemical studies, drugs were dissolved in deionized water.

2.12. Statistical analysis

The results are presented as means"S.E.M., except the
ŽID values i.e., the dose or the concentration of drugs50

reducing the pain responses by 50% relative to the control
.value which are reported as geometric means accompa-

nied by their respective 95% confidence limits. The statis-
tical significance of differences between groups was evalu-
ated by means of analysis of variance followed by Dun-
nett’s multiple comparison test or by Newmann–Keuls’

Ž .test when appropriate. P values less than 0.05 P-0.05
were considered as indicative of significance. The ID50

values were determined by graphic interpolation from indi-
vidual experiments.

3. Results

3.1. Formalin-induced pain

Ž .The results of Fig. 1 A and B show that dipyrone
Ž .90–720 mmolrkg, i.p. caused a significant dose-related

Ž .inhibition of the neurogenic 0 to 5 min and the inflamma-
Ž .tory phase 15 to 30 min of the formalin-induced licking.

The calculated mean ID values for these effects were50
Ž . Ž .154.5 99.9–238.8 and 263.7 234.0–296.9 mmolrkg,

Ž .respectively Table 1 . Dipyrone was significantly more
active to inhibit the inflammatory phase than the neuro-
genic phase of the formalin response. The maximal inhibi-

Ž .tions were 74"2% and 91"1%, respectively Table 1 .
However, dipyrone had no significant effect on the paw
oedema associated with the inflammatory phase of the

Ž .formalin test results not shown .
When co-injected subplantarly in association with for-

Ž .malin, dipyrone 0.1–30 mmolrpaw produced a dose-re-
lated inhibition of both the neurogenic and the inflamma-
tory phase of the formalin test, its effect being more potent

ŽFig. 1. Effects of dipyrone given intraperitoneally -B-, 90–720
. Ž .mmolrkg , subplantarly -I-, 0.1–30 mmolrpaw , intracerebroventricu-

Ž . Ž .larly -`-, 0.09–1.8 mmolrsite and intrathecally -v-, 0.3–3.0 against
Ž . Ž .the early panel A and C and the second phase panel B and D of

Ž .formalin-induced licking in mice. The total time mean"S.E.M. spent
Ž .licking the hindpaw was measured in the first phase 0–5 min and the

Ž .second phase 15–30 min after subplantar injection of formalin into the
hindpaw. Each point represents the mean"S.E.M. for 6–10 animals. The
asterisks denote the significance levels when compared with control
groups. Significantly different from controls, )) P -0.01. In some
cases, the S.E.M. are hidden within the symbols.



( )A. Beirith et al.rEuropean Journal of Pharmacology 345 1998 233–245238

Table 1
The mean ID s and maximal inhibition values for the antinociceptive action of dipyrone in formalin- and capsaicin-induced licking and glutamate-induced50

hyperalgesia in mice

Dipyrone Early phase Late phase
a b a bŽ . Ž .ID MI % ID MI %50 50

Formalin
Ž . Ž . Ž .Intraperitoneal mmolrkg 154.5 99.9–238.8 74"2 263.7 234.3–296.9 91"1

Ž . Ž . Ž .Subplantar mmolrpaw 2.6 0.8–8.4 57"5 1.2 0.2–9.2 100
Ž . Ž . Ž .Intracerebroventricular mmolrsite 0.4 0.3–0.7 68"7 0.4 0.3–0.5 82"8

Ž . Ž . Ž .Intrathecal mmolrsite 1.3 0.9–1.8 61"3 0.9 0.6–1.4 86"7

Capsaicin
Ž . Ž .Intraperitoneal mmolrkg 207.6 179.5–240.0 70"8

Ž . Ž .Subplantar mmolrpaw 2.2 0.5–9.2 66"8
Ž . Ž .Intracerebroventricular mmolrsite 0.14 0.11–0.19 80"5

Ž . Ž .Intrathecal mmolrsite 0.4 0.3–0.6 68"4

Glutamate
Ž . Ž .Intraperitoneal mmolrkg 9.0 6.8–11.9 100

Ž . Ž .Intrathecal nmolrsite 28.7 24.3–34.0 100
Ž . Ž .Intracerebroventricular nmolrsite 93.91 70.8–124.8 100

Each group represents the mean for 6 to 10 animals. a ID s with their respective 95% confidence limits, b Maximal inhibitions.50

Ž .about 2-fold and efficacious against the second phase
Ž .Fig. 1A and B . The calculated mean ID values and the50

maximal inhibitions of the early and the late phase were
Ž . Ž .2.6 0.8–8.4 and 1.2 0.2–9.2 mmolrpaw and 57"5%

Ž .and 100%, respectively Table 1 .
Ž .Given i.c.v. 0.09–1.8 mmolrsite dipyrone produced

dose-dependent and equipotent inhibition of both phases of
Ž .the formalin-induced licking Fig. 1 C and D . The calcu-

Ž .lated mean ID values for these effects mmolrsite were50
Ž . Ž .0.4 0.3–0.7 and 0.4 0.3–0.5 , against the early and the

late phase of the formalin response, respectively. The
calculated maximal inhibitions of the early and the late

Ž .phase were 68"7% and 82"8%, respectively Table 1 .
Ž .Given i.t. 0.3–3.0 mmolrsite dipyrone produced

dose-dependent and equipotent inhibition of both phases of
Ž .the formalin-induced licking Fig. 1 C and D . The calcu-

Ž .lated mean ID values for these effects mmolrsite were50
Ž . Ž .1.3 0.9–1.8 and 0.9 0.6–1.4 , against the early and the

late phase of the formalin response, respectively. The
maximal inhibitions of the early and the late phase were

Ž .61"3% and 86"7%, respectively Table 1 .

3.2. Capsaicin-induced pain

Ž .The results of Fig. 2 A and B show that dipyrone,
Ž .given systemically 30–360 mmolrkg, i.p. , subplantarly

Ž . Ž .0.1–30 mmolrpaw , i.t. 0.3–3.0 mmolrsite or i.c.v.
Ž .0.09–1.8 mmolrsite route, dose dependently inhibited
capsaicin-induced licking. The calculated mean ID val-50

Ž .ues and the maximal inhibitions were: 207.6 179.5–240.0
Ž . Ž .mmolrkg, 2.2 0.5–9.2 mmolrpaw, 0.4 0.3–0.6

Ž .mmolrsite and 0.14 0.11–0.19 mmolrsite and 70"8%,
Ž .66"8%, 68"4% and 80"5%, respectively Table 1 .

3.3. Glutamate-induced hyperalgesia

Ž .Fig. 3 A, B and C shows that dipyrone, given systemi-
Ž . Ž .cally 3–30 mmolrkg, i.p. , i.c.v. 30–300 nmolrsite or

Ž .i.t. 9–90 nmolrsite , dose dependently inhibited gluta-
mate-induced hyperalgesia. The calculated mean ID val-50

Ž . Ž .ues estimated at 5 min were: 9.0 6.8–11.9 mmolrkg,
Ž . Ž .93.9 70.8–124.8 nmolrsite and 28.7 24.2–34.0

nmolrsite, respectively and the maximal inhibitions were
Ž .100% Table 1 . Given alone, dipyrone, over the same

range of doses effective to inhibit glutamate-induced hy-
Žperalgesia, had no effect in the hot-plate assay results not

.shown .

ŽFig. 2. Effects of dipyrone given intraperitoneally -B-, 30–360
. Ž . Ž .mmolrkg , subplantarly -I-, 0.1–30 mmolrpaw panel A , intracere-

Ž . Žbroventricularly -`-, 0.09–1.8 mmolrsite and intrathecally -v-, 0.3–
. Ž .3.0 mmolrsite panel B against capsaicin-induced licking in mice. The

Ž .total time mean"S.E.M. spent licking the hindpaw was measured in the
0–5 min range after subplantar injection of capsaicin into the hindpaw.
Each point represents the mean"S.E.M. for 8–10 animals. The asterisks
denote the significance levels when compared with control groups. Signif-
icantly different from controls, ) P -0.05 and )) P -0.01.
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ŽFig. 3. Effects of dipyrone given intraperitoneally -`-svehicle, -v-s 3 mmolrkg, -I-s9 mmolrkg, -B-s30 mmolrkg and -^- vehicle
. Ž . Ži.p.qvehicle i.t. panel A , intracerebroventricularly -`-svehicle, -v-s 30 nmolrsite, -I-s90 nmolrsite, -B-s300 nmolrsite and -^- vehicle
. Ž . Ž . Ži.c.v.q vehicle i.t. panel B and intrathecally -`-svehicle, -v-s 9 nmolrsite, -I-s30 nmolrsite, -B-s90 nmolrsite, and -^-vehicle i.t. panel

. Ž .C against glutamate-induced hyperalgesia in mice. The latency mean"S.E.M. in the hot plate was measured at 5–60 min after intrathecal injection of
glutamate. Each point represents the mean"S.E.M. for 6–8 animals. The asterisks denote the significance levels when compared with control groups.
Significantly different from controls, ) P-0.05, )) P-0.01. In some cases, the S.E.M. are hidden within the symbols.

3.4. Analysis of the antinociceptiÕe mechanism of action of
dipyrone

Ž .The results of Fig. 4 A and B show that the pre-treat-
Ž .ment of animals with naloxone 13.7 mmolrkg, i.p. , 15

Ž .min before injection of morphine 13.3 mmolrkg, s.c. ,
largely reversed the antinociception caused by morphine
when analysed for both phases of the formalin-induced

Žlicking, leaving the antinociceptive effect of dipyrone 540
.mmolrkg, i.p. unaffected. Treatment of the animals with

Ž . Ž .Fig. 4. Effects of pretreatment of animals with naloxone 13.7 mmolrkg, i.p., upper panels or L-arginine 3444 mmolrkg, i.p., lower panels 20 min
Ž . Ž . Ž . Ž .before injection of dipyrone 540 mmolrkg, i.p. , morphine 13.3 mmolrkg, s.c. or L-NOARG 342 mmolrkg, i.p. , against the first panels A and C

Ž . Ž .and the second phase panels B and D of formalin-induced licking in mice. The total time mean"S.E.M. spent licking the hindpaw was measured in the
Ž . Ž .first phase 0–5 min and the second phase 15–30 min after subplantar injection of formalin into the hindpaw. Each column represents the mean for 8–10

animals and the vertical lines indicate the S.E.M. The open columns represent the control values and the hatched columns represent the treatment with
Ž .naloxone or L-argine, upper and lower panels, repectively . The asterisks denote the significance levels when compared with control groups. Significantly

different from controls, )) P-0.01.
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Ž . Ž .Fig. 5. Effects of pretreatment of animals with phaclofen 40 mmolrkg, i.p., upper panels or glibenclamide 81 nmolrkg, i.c.v., lower panels 20 min
Ž . Ž . Ž . Ž .before injection of dipyrone 540 mmolrkg, i.p. , baclofen 4.6 mmolrkg, i.p. or morphine 13.3 mmolrkg, s.c. , against the first panels A and C and

Ž . Ž .the second phase panels B and D of formalin-induced licking in mice. The total time mean"S.E.M. spent licking the hindpaw was measured in the
Ž . Ž .first phase 0–5 min and the second phase 15–30 min after subplantar injection of formalin into the hindpaw. Each column represents the mean for 8–10

animals and the vertical lines indicate the S.E.M. The open columns represent the control values and the hatched columns represent treatment with
Ž .phaclofen or glibencamide upper and lower panels, respectively . The asterisks denote the significance levels when compared with control groups.

Significantly different from controls, )) P-0.01.

Ž .L-NOARG 342 mmolrkg, i.p. , 30 min prior, produced
marked antinociception against both phases of the formalin
test, an effect which was almost completely reversed by

Ž .L-arginine 3444 mmolrkg, i.p. given 15 min prior to
drug injections. However, L-arginine failed to significantly

Žaffect the antinociception caused by dipyrone 540
. Ž .mmolrkg, i.p. Fig. 4C and D .

ŽPrevious treatment of the animals with phaclofen 40
.mmolrkg, i.p. , 15 min before, significantly reversed the

Ž .antinociception caused by baclofen 4.6 mmolrkg, i.p. ,
but did not significantly change the antinociceptive action

Ž .caused by dipyrone 540 mmolrkg, i.p. when analysed
Ž .against both phases of the formalin test Fig. 5A and B .

ŽThe K channel blocker, glibenclamide 81ATP
.nmolrsite, i.c.v. , given 15 min beforehand, did not signif-

icantly modify the antinociceptive effect caused by dipy-
Ž .rone 540 mmolrkg, i.p. against both phases of formalin-

Ž .induced nociception Fig. 5C and D . However, under the
same conditions, glibenclamide significantly antagonised

Žthe antinociception caused by morphine 13.3 mmolrkg,
.s.c. in the formalin test.

Ž .The results of Fig. 6 A and B show that pre-treatment
of the animals with DL-p-chlorophenylalanine methyl ester

Žhydrochloride 399.8 mmolrkg, i.p., once a day for 4

.days , reversed the antinociceptive effect of morphine
Ž .13.3 mmolrkg, s.c. , but did not affect the antinociceptive

Ž .effect of dipyrone 540 mmolrkg, i.p. when tested against
both phases of formalin-induced pain. The i.c.v. adminis-

Ž .tration of pertussis toxin 1.0 mgrsite, 7 days prior , an
inactivator of G protein, caused a significant inhibition ofi

Ž .morphine 13.3 mmolrkg, s.c. -induced antinociception,
while it had no significant effect on the analgesic action of

Ž .dipyrone 540 mmolrkg, i.p. when tested against both
Ž .phases of formalin-induced pain Fig. 6C and D .

Bilateral adrenalectomy of the animals, performed one
week prior to experiments, did not interfere significantly

Ž .with dipyrone 540 mmolrkg, i.p. -induced antinocicep-
Ž .tion when assessed in the formalin test results not show .

3.5. Hot-plate and tail-flick tests

The results summarised in Table 2 show that dipyrone
Ž .up to 600 mmolrkg, i.p. , given 30 min prior, caused a
significant increase of the latency response in both the
hot-plate and the tail-flick assays. Under similar condi-

Ž .tions, morphine 26.6 mmolrkg, s.c. , used as a reference
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Ž . ŽFig. 6. Effects of pretreatment of animals with PCPA 399.8 mmolrkg, i.p., once a day for 4 days, upper panels or pertussis toxin 1 mgrsite 7 days
. Ž . Ž . Ž .before, lower panels before injection of dipyrone 540 mmolrkg, i.p. or morphine 13.3 mmolrkg, s.c. , against the first panel A and C and the second

Ž . Ž . Žphase panel B and D of formalin-induced licking in mice. The total time mean"S.E.M. spent licking the hindpaw was measured in the first phase 0–5
. Ž .min and the second phase 15–30 min after subplantar injection of formalin into the hindpaw. Each column represents the mean for 8–10 animals and the

vertical lines indicate the S.E.M. The open columns represent the control values and the hatched columns represent treatment with PCPA or pertussis toxin
Ž .upper and lower panels, respectively . The asterisks denote the significance levels when compared with control groups. Significantly different from
controls, ) P-0.05 and )) P-0.01.

drug and given 30 min before, caused a significant and
marked analgesic effect in both models.

3.6. Rota-rod test

Ž .Dipyrone 600 mmolrkg , given i.p., 30 min before-
hand, did not significantly affect the motor response of the
animals. The control response in the rota-rod test was 60 s

Ž .vs. 60 s in the presence of dipyrone ns8 .

Table 2
Ž . Ž .Analgesic effect of morphine s.c. and dipyrone i.p. in the hot plate and

tail flick tests in mice

Ž . Ž .Drugs Dose mmolrkg Latency s

Tail-flick Hot-plate

Control 0 4.9"0.4 5.2"0.5
a aMorphine 26.6 19.4"0.6 23.9"1.5
a aDipyrone 600 11.8"1.6 9.1"0.7

Each group represents means"S.E.M. for 6 to 10 animals. aP -0.01
when compared to control value.

Fig. 7. Effect of increasing concentrations of dipyrone on constitutive
Ž .neuronal NO synthase panel A . Activity was measured with L-

w3 xH arginine as described in Methods. The reaction was initiated by the
Žaddition of the constitutive neuronal NO synthase preparation 1.3

.mgrml . 100% of constitutive neuronal NO synthase activity is 0.5"0.05
nmolrmg per min. The results are the means of 4 experiments and each
experiment was carried out in duplicate. Effects of increasing concentra-

Ž . w3 xtions of dipyrone 10–1000 mM on H glutamate binding in mice
Ž .cerebral cortex membranes panel B . Each point represents the mean of

Žthree independent experiments each experiment was carried out in
.triplicate and the vertical lines indicate the S.E.M. The asterisks denote

the significance levels when compared with control group, ) P -0.05
and )) P -0.01.



( )A. Beirith et al.rEuropean Journal of Pharmacology 345 1998 233–245242

3.7. Brain NO synthase actiÕity

Since treatment of the animals with L-arginine had no
influence on the antinociceptive effect of dipyrone, we
tested the influence of dipyrone directly on constitutive

Ž .neuronal NO synthase activity. Dipyrone 30–90 mM had
no significant effect on constitutive neuronal NO synthase

Ž .activity Fig. 7A .

[ 3 ]3.8. Effect of dipyrone on H glutamate binding

Ž .The results depicted in Fig. 7 B show that dipyrone
Ž .10–1000 mM produced a modest but, significant inhibi-

w3 xtion of H glutamate binding in cerebral cortical mem-
Žbranes of mice. The maximal percentage inhibition 37"

.3% was observed at 1000 mM dipyrone. Dipyrone also
w3 xcaused a very similar inhibition of H glutamate binding

Žin cerebral cortical membranes obtained from rats results
.not shown .

4. Discussion

The results presented here demonstrate that dipyrone
administered by the intraperitoneal, subcutaneous, spinal
or supraspinal route elicited a significant and dose-depen-
dent antinociception in mice, when assessed in two be-
havioural models of chemical pain, formalin- and cap-
saicin-induced licking. Interestingly, dipyrone, given intra-
peritoneally at higher doses, caused a discrete but signifi-
cant latency increase in two algesiometer models of pain,
the hot-plate and tail-flick tests. Furthermore, at lower
doses given i.p., i.t. or i.c.v., dipyrone caused a dose-re-
lated attenuation of glutamate-induced hyperalgesia in
mice. These findings extend previous results from the

Žliterature Lorenzetti and Ferreira, 1985; Lopez-Munoz et´ ˜
.al., 1994 and indicate that dipyrone, like morphine, but

unlike most of the aspirin-like drugs, seems to have a
direct effect on pain transmission.

Also relevant are the results showing that dipyrone
exhibited almost the same potency at the ID levels for50

Ž .inhibiting the neurogenic first phase and the inflamma-
Ž .tory second phase of the formalin-induced algesic re-

sponse, in spite of being significantly more efficacious
against the second phase of the formalin response. How-
ever, depending on the route of administration used, dipy-
rone was equipotent to prevent the nociception induced by
subplantar injection of either formalin or capsaicin. At the
ID level, dipyrone was about 13 to 541-fold less potent50

than morphine, but about 5 to 10-fold more potent than
aspirin and acetaminophen, depending on the route of

Ž .administration used Vaz et al., 1996 .
The potent and concentration-dependent antinociception

elicited by dipyrone, given subplantarly by the spinal and
supraspinal routes, against formalin and capsaicin-induced
pain, is particularly relevant, as most of the non-steroidal

antiinflammatory drugs tested were reported to be largely
ineffective to prevent the neurogenic pain response in-

Ž . Žduced by either formalin first phase or capsaicin Shibata
et al., 1989; Malmberg and Yaksh, 1992; Correa andˆ

.Calixto, 1993; Vaz et al., 1996 . Such findings strongly
suggest that dipyrone has an additional and interesting
mechanism of analgesic action beyond its well-known
ability to inhibit the cyclo-oxygenase products derived

Žfrom the arachidonic acid pathway Ferreira et al., 1978;
.Abbate et al., 1990; Shimada et al., 1994 .

The antinociception elicited by dipyrone and now re-
ported upon is unlikely to be secondary to its reported
anti-inflammatory property as regardless of ranges of doses
or routes of administration tested, dipyrone did not inhibit
the paw oedema formation associated with the later phase
of the formalin-induced nociception. We and others have
reported that formalin-induced paw oedema involves the
release of several mediators, such as kinins, prosta-

Žglandins, excitatory amino acids and nitric oxide Haley et
al., 1990; Coderre and Melzack, 1992; Yamamoto and
Yaksh, 1992a,b; Correa and Calixto, 1993; Correa et al.,ˆ ˆ

.1996 . In contrast, tachykinins acting through NK , NK1 2

or NK receptors seem not to be involved in formalin-in-3
Ž .duced oedema formation Santos and Calixto, 1997 . Also,

the antinociception caused by dipyrone is unlikely to be
secondary to its depressant andror non-specific depressant
central effects as revealed by the lack of any detectable
result in the rota-rod test.

The mechanism by which dipyrone inhibited the neuro-
genic algesic response induced by formalin and capsaicin
was further investigated in the present study by means of
both pharmacological and neurochemical procedures. The
results demonstrated that the activation of the opioid
naloxone-sensitive pathway is unlikely to be involved in
the antinociception caused by dipyrone, as naloxone, under
conditions where it fully reversed morphine-induced
antinociception, had no effect against the dipyrone action.
Similarly, the antinociception elicited by dipyrone also
appears to be independent of an interaction with GABA B

receptors and the serotonin system. These views are based
in the fact that phaclofen, a selective GABA receptorB

antagonist, and DL-p-chlorophenylalanine methyl ester hy-
drochloride, an inhibitor of serotonin synthesis, signifi-

Žcantly reversed baclofen Malcangio et al., 1991; Vaz et
.al., 1996 -and morphine-induced antinociception, respec-

Žtively Taber and Lantranyi, 1981; Von Voigtlander et al.,
.1984; Vaz et al., 1996 . However, as assessed in the

formalin model of pain, treatment of the animals with
phaclofen or with DL-p-chlorophenylalanine methyl ester
hydrochloride failed to interfere with dipyrone-induced
antinociception. The activation of ATP-sensitive Kq chan-
nels also does not appear to have an important role in
dipyrone-induced antinociception in the formalin test, as
treatment of the animals with glibenclamide, under condi-
tions where the antinociception caused by morphine was

Žmarkedly reversed Raffa and Martinez, 1995; Shewade
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.and Ramaswamy, 1995 , had no effect on dipyrone’s
antinociceptive action when tested against either phases of
the formalin test.

It has been reported that dipyrone reverses, in a dose-re-
lated manner, the hyperalgesia caused by subplantar injec-
tion of carrageenan and prostaglandin E into the rat paw,2

by a mechanism which seems to be largely modulated by
Žthe nitric oxide pathway Ferreira, 1993; Tonussi and

.Ferreira, 1994; Lorenzetti and Ferreira, 1996 . Our results
contrast somewhat with these reports for the inflammatory
model of hyperalgesia, and show that the antinociception
caused by dipyrone against formalin-induced pain is un-
likely to involve an interaction with nitric oxide or a nitric

.oxide-related substance because: 1 treatment of the ani-
mals with L-arginine, a precursor of nitric oxide, under
conditions where it consistently reversed the antinocicep-

G Žtion caused by N -nitro-L-arginine a nitric oxide synthase
. Ž .inhibitor Santos et al., 1995; Vaz et al., 1996 , failed to

.interfere with dipyrone-induced antinociception, and 2
dipyrone, even at very high concentrations ‘in vitro’, had
no significant effect against the synthesis of nitric oxide in
rat brains. Another discrepancy between our findings and

Ž .those recently reported by Lorenzetti and Ferreira 1996 is
the absence of a central analgesic effect of dipyrone when
it was tested in prostaglandin-induced hyperalgesia in the
rat paw. A central analgesic action for dipyrone has also

Ž .been suggested by Carlsson et al. 1986 and Carlsson and
Ž .Jurna 1987 when this drug was assessed in the tail-flick

test. This suggests that, depending on the model of noci-
ception andror animal used, dipyrone may present with
different mechanisms of analgesic action.

It is now widely accepted on the basis of behavioural
and electrophysiological studies that amino acid excitatory
receptors are implicated in modulating thermal hyperalge-
sia and pain following nerve injury. Thus, selective antag-
onists of these receptors reveal a potent analgesic action,
although some also cause motor dysfunction of the animals
ŽMao et al., 1992; Eisenberg et al., 1993; Coderre and Van

.Empel, 1994; Ferreira and Lorenzetti, 1994 . The results of
the present study show for the first time that dipyrone
antinociception could involve, at least in part, its ability to
interact with excitatory amino acids, as demonstrated by
the fact that dipyrone caused dose-dependent, systemic,
spinal and supraspinal inhibition of the hyperalgesia in-
duced by i.t. injection of glutamate in mice. It is interesting
to mention that dipyrone, except when it was given i.c.v.,
was about 14 to 45-fold more potent to reverse the hyper-
algesic effect caused by i.t. injection of glutamate, than for
its antinociceptive action observed in formalin- and cap-
saicin-induced pain. Such results strongly suggest a prefer-
ential effect of dipyrone on excitatory amino acid hyperal-

Ž .gesic actions. Recently, Liu et al. 1997 reported that i.t.
injection of NMDA caused pain and release of substance P
from small-diameter primary sensitive fibres. These NMDA
effects are also associated with internalisation of substance
P receptors into the dorsal horn neurones and changes in

Ž .their structures Liu et al., 1997 . All the effects caused by
i.t. NMDA injection were prevented by selective NMDA
antagonists or NK receptor antagonists, as well as by1

neonatal capsaicin treatment. These and other data reported
Žin the literature Dougherty and Willis, 1991; Rusin et al.,

.1993 show a complex interaction between excitatory
amino acids and the tachykinin system.

Therefore, the possibility of a modulatory action of
dipyrone on excitatory amino acid-mediating substance P
release andror action cannot be discarded and this matter
requires further investigation. Finally, we investigated
whether dipyrone antinociception could be associated with

w3 xdirect inhibition of H glutamate binding sites in both rat
and mouse cerebral cortical membranes. Despite the con-
centration-dependent systemic, spinal and supraspinal
anti-hyperalgesic action of dipyrone when assessed with
glutamate-induced hyperalgesia, this drug, at higher con-

Ž .centrations, inhibited partially about 37% the glutamate
binding sites in rat and mouse cortical membranes. Such
results suggest that dipyrone’s analgesic action is unlikely
to be associated exclusively with direct inhibition of gluta-
mate binding sites, and is probably associated with the
modulation of both pre- and postsynaptic glutamate release
andror action.

With regard to the transduction mechanism involved in
dipyrone antinociception, the results of the present study
show for the first time that this drug, in contrast to
morphine, at the analgesic range of doses, does not interact
with G protein sensitive to treatment with pertussis toxin.i

Thus, the i.c.v. treatment of animals with pertussis toxin,
at a dose that had been demonstrated to suppress the
analgesic effect caused by morphine through ADP ribo-

Žsylation Sanchez-Blazquez and Garzon, 1991; Hernandez´ ´ ´
.et al., 1995 , had no significant effect on dipyrone’s

antinociception when assessed in the formalin test. Such
results strongly indicate that dipyrone analgesia, in contrast
with morphine, is not coupled to G rG pertussis-toxin-o i

sensitive mechanisms. Finally, the dipyrone-induced
antinociception is unlikely to be modulated by adrenal
gland hormones, as indicated by the fact that the same
antinociceptive action was observed in adrenalectomised
animals and sham-operated animals.

In summary, we have reported that dipyrone elicited a
spinal and supraspinal dose-related antinociception when
assessed against both formalin- and capsaicin-induced neu-
rogenic pain as well as in glutamate-induced hyperalgesia
in the mouse. The precise mechanism underlying the
antinociceptive action of dipyrone has yet to be deter-
mined, but it is unlikely to be associated with an interac-
tion with opioid peptides, GABA receptors, serotoninB

system, interaction with ATP-sensitive potassium chan-
nels, L-arginine nitric oxide pathway, participation of

Ž .G rG protein sensitive to pertussis toxin give by i.c.v.i o

or modulation by adrenal hormones. However, dipyrone’s
antinociception does seem to be related to its ability to
modulate the excitatory amino acid release andror action
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at the spinal cord. Finally, a direct interaction of dipyrone
with the binding of glutamate on its receptors might also
account, at least in part, for its antinociceptive action.
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