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Abstract

It has been observed that some non-steroidal anti-inflammatory drugs (NSAIDs) may act through several mechanisms, in addition to
central inhibition of prostaglandin synthesis. These other mechanisms include the L-arginine-nitric oxide (L-arginine-NO) pathway, as well as
endogenous opiate and serotonergic mechanisms. Some of these mechanisms can explain the efficacy of NSAIDs in chronic pain conditions
such as rheumatoid arthritis. The present study was designed to elucidate the involvement of the above pathways/mechanisms in the
antinociceptive effect of S-(+)-ketoprofen at supraspinal and spinal levels. S-(+)-ketoprofen induced dose-dependent antinociception in the
pain-induced functional impairment model in the rat. The antinociceptive effect of S-(+)-ketoprofen was not altered by it. or
intracerebroventricula (i.c.v.) pre-treatment with L-arginine (29.6 ng/site) and L-nitro-arginine-monomethylester (L-NAME) (21.1 pg/site) and
neither was the effect of S-(+)-ketoprofen modified by the opiate antagonist, naloxone (I mg/kg, s.c.). In marked contrast, both i.c.v.
administration of the 5-hydroxytryptamine (5-HT),/5-HT,/5-HT; receptor antagonist, methiothepin (1.5 pg/site), and i.t. administration of the
5-HT3/5-HT, receptor antagonist, tropisetron (0.9 pg/site), significantly inhibited the S-(+)-ketoprofen-induced antinociceptive effect. These
data suggest that the antinociceptive response to S-(+)-ketoprofen involves serotoninergic mechanisms via both supraspinal 5-HT/5-HT,/5-
HT; receptors and 5-HTj; receptors located at spinal level. A role of the L-arginine-NO and opiate systems in S-(+)-ketoprofen-induced
antinociception in the pain-induced functional impairment model in the rat model seems unlikely.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction which yields two enantiomeric forms, i.e. R and S. It has

been reported that S-(+)-ketoprofen produces effective an-

Ketoprofen (2-[3-benzoylphenyl] propionic acid) is a
non-steroidal anti-inflammatory agent (NSAID) with anal-
gesic, anti-inflammatory and antipyretic properties, and is
effective for the treatment of rheumatoid arthritis, osteoar-
thritis and ankylosing spondylitis (O’Brien and Grunwaldt,
1976; Famaey and Colinet, 1976; Caroit et al., 1976). The
drug is an aryl carboxylic acid derivative with a chiral cent,
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algesic effects (Cabré et al., 1998). Its S isomer inhibits the
synthesis of prostaglandin in vitro (Suesa et al., 1993;
Carabaza et al., 1996) and the drug is more efficacious than
diclofenac and indomethacin with regard to analgesic,
antipyretic and anti-inflammatory activity (Cabré et al.,
1998). Interestingly, consistent with the previous observa-
tions suggesting both peripheral and central sites of action
for S-(+)-ketoprofen (Beltran et al., 1998), i.c.v. administra-
tion of this compound produced similar effects to those
induced by morphine in the pain-induced functional impair-
ment model in the rat (Lopez-Mufloz et al., 1988). These
observations support the notion that S-(+)-ketoprofen-in-
duced antinociception involves other mechanisms in addi-
tion to inhibition of prostaglandin synthesis. Actually, it has
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been reported that the analgesic effects of diclofenac involve
the participation of other mechanisms, i.e. L-arginine-nitric
oxide pathway and serotonergic system (Bjorkman, 1995).
It has been shown that depolarisation of afferent
neurones by peripheral harmful stimuli leads to activation
of spinal NMDA receptors. These, in turn, promote the
synthesis of nitric oxide (NO), which is a neurotransmitter
at a spinal level conveying nociceptive information (Inoue
et al., 1998; Meller et al., 1992). The role of NO in
nociception is evidenced by the fact that some NSAIDs,
such as S-(+)-ibuprofen, inhibit NO synthesis (Bjorkman,
1995). In addition, experimental observations suggest that
endogenous opiates may be involved in the analgesic
effects of some NSAIDs. For instance, Bjorkman et al.
(1990) reported that the antinociceptive effect of diclofe-
nac was reversed by s.c. administration of naloxone in
rats, whereas an increase in the plasma levels of P-
endorphins was noticed in humans (Sacerdote et al.,
1985). An additional mechanism probably involved in
NSAID-induced analgesia is the serotonin (5-hydroxytryp-
tamine; 5-HT) system, which modulates the pain pathway
(Yaksh and Wilson, 1979; Bardin et al., 2000). Indeed,
acetylsalicylic acid was reported to increase the brain 5-
HT content in rats, and its antinociceptive effects were
abolished by naloxone pre-treatment (Pini et al., 1997a,b).
On the basis of the above observations, the present study
was aimed at elucidating the potential involvement of the
L-arginine-nitric oxide (L-arginine-NO) pathway, and the
opiate and serotonergic systems, both peripherally and
centrally, in the analgesic effect of S-(+)-ketoprofen in the
pain-induced functional impairment model in the rat.

2. Materials and methods
2.1. Animals

Male Wistar rats, 200—220 g, from our own breeding
facilities [Crl(WI)BR] were used in this study. The animals
were housed in a room with controlled temperature (22 + 2
°C) with a 12-h alternating light/dark cycle. Twelve hours
before experiments, food was withheld, but the animals had
free access to tap water. All experimental procedures fol-
lowed the recommendations of “The Committee for Re-
search and Ethical Issues of the International Association for
the Study of Pain” (Covino et al., 1980), and the guidelines
on ethical standards for investigations of experimental pain
in animals (Zimmermann, 1983), and were carried out
according to a protocol approved by the local Animal Ethics
Committee. The number of experimental animals was kept
to a minimum.

2.2. Measurement of antinociceptive activity

Antinociceptive activity was measured using the pain-
induced functional impairment model in the rat, which has

been previously described in detail (Lopez-Mufioz et al.,
1993). Briefly, the animals were anaesthetised with ether,
and 0.05 ml of 30% uric acid suspended in mineral oil
was administered by intra-articular (i.art.) injection into
the knee joint of the right hind limb to induce nocicep-
tion. An electrode was attached to each hind paw between
the plantar pads. When the animals recovered from
anaesthesia, they were placed on a stainless steel cylinder
of 30-cm diameter. The cylinder was rotated at 4 rpm, so
the rats were forced to walk. When the animal’s paw
electrode made contact with the surface of the cylinder, a
circuit was closed and the time of contact between each
rat’s hind paw and the cylinder was recorded with a
specially designed computer program. The cylinder rotated
for periods of 2 min, during which time recordings were
made. Rats were allowed to rest for 30 min between
recording periods.

After uric acid injection, the animals developed a
progressive dysfunction of the injured limb. The time of
contact of the injured hind paw reached a zero value at
2-2.5 h after uric acid injection. At this time, the rats
received an oral dose of S-(+)-ketoprofen (0.20, 0.34,
1.08, 3.4, 10.8, 18.9, 34.0 and 71.0 mg/kg). The periods
of contact were stet every 30 min during the following 4
h. Antinociception was estimated as the recovery of the
contact time. Data are expressed as the functionality index
(FI) in percentage according to the following equation:

%FI = [(time of contact of injured right paw)
/(time of contact of control left paw)](100)

2.3. Intrathecal injections

The procedure used was similar to that previously
described by Yaksh and Rudy (1976). Briefly, rats were
chronically implanted with catheters; they were anaesthe-
tised with pentobarbital (40 mg/kg), placed in a stereo-
taxic frame, and submitted to surgical procedures to
expose the atlanto occipital membrane. This was pierced
and the tip of a PE-10 catheter was inserted through the
cisterna magna and extended 8.0 cm. The incisions were
sutured and 8 days was allowed for recovery. The day of
experiment, the animals received a volume of 10 pl.

2.4. Intracerebroventricular injections

Intracerebroventricular (i.c.v.) injections were per-
formed according to the method described by Paxinos
and Watson (1982). Briefly, rats were anaesthetised with
pentobarbital (40 mg/kg) 24 h before the experiments and
placed in a stereotaxic frame. Immediately afterwards, a
cannula was inserted into the right lateral ventricle (coor-
dinates: dorsoventral 3.9 mm, lateral 1.4 mm and ante-
roposterior 0.8 mm). The day of the experiment animals
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were administered, the corresponding antagonist drugs
contained in a volume of 4 pl.

2.5. Study design

To determine the possible involvement of central mech-
anisms in the antinociceptive effect of S-(+)-ketoprofen,
inhibitors and antagonist drugs were administered via
1.c.v., i.t. and s.c. routes. Thus, to elucidate the role of the
opiate system, animals were pre-treated with the opioid
receptor antagonist, naloxone (1 mg/kg, s.c.). To assess
the possible participation of the L-arginine-NO pathway in
the analgesic effect of S-(+)-ketoprofen, different groups of
animals were pre-treated intrathecally and intracerebroven-
tricularly with L-arginine (21.1 pg/site). Other groups of rats
were pre-treated with the NO synthase inhibitor, L-nitro-
arginine-monomethylester (L-NAME; 26.9 pg/site, i.t. and
i.c.v.). Finally, to determine the role of the 5-HT system in S-
(+)-ketoprofen-induced antinociception, other groups of
animals were given the 5-HT;/5-HT,/5-HT5 receptor antag-
onist, methiothepin (1.5 pg/site), by both i.t. and i.c.v.
routes, and the 5-HT5/5-HT, receptor antagonist, tropisetron
(0.9 pgfsite, i.t. and i.c.v.). After a period of 15 min, all
groups were administered S-(+)-ketoprofen (3.4 mg/kg,
p.o.) and the antinociceptive activity was measured. In
control experiments, other groups of animals received S-
(+)-ketoprofen (3.4 mg/kg, p.o.), morphine (56.2 mg/kg
p.o.), naloxone (1 mg/kg, s.c.), L-arginine (21.1 pg/site, i.t.
and i.c.v.), L-NAME (26.9 pg/site, i.t. and i.c.v.), methio-
thepine (1.5 ug/site, i.t. and i.c.v.) and tropisetron (0.9 pg/
site, 1.t. and i.c.v.) alone.

2.6. Drugs

The thromethamine salt of S-(+)-ketoprofen was gen-
erously supplied by Farma Lepori (Barcelona Spain). Uric
acid, rL-arginine, L-NAME, and naloxone hydrochloride
were purchased from Sigma (St. Louis, MO,. USA).
Methiothepin mesylate salt and tropisetron hydrochloride
were purchased from Research Biochemicals International,
USA. S-(+)-ketoprofen was suspended in carboxymethyl-
cellulose, whereas the other substances were dissolved in
physiological saline.

2.7. Data presentation and statistical analyses

The antinociceptive effect is expressed as recovery of FI,
which was plotted vs. time. The area under the curve (AUC)
of the FI (i.e. the cumulative antinociceptive effect during
the 4-h observation period, estimated by the trapezoidal
rule) was plotted vs. dose or treatment. All data in the text
and figures are expressed as the means + S.E.M. of four and
six experimental observations for i.t. and i.c.v. administra-
tion, respectively. The antinociceptive effect in each group
was measured and compared by using Student’s #-test.
Statistical significance was defined at P<0.05.

3. Results
3.1. Antinociceptive activity of S-(+)-ketoprofen

Fig. 1 (Panel A) shows the dose—response curve of S-
(+)-ketoprofen after p.o. administration. The Y-axis depicts
the total antinociceptive effect of the drug over the 4-
h observation period, which is expressed as the AUC of
the time course. The X-axis shows the dose of the drug in
mg/kg. Eight doses of S-(+)-ketoprofen were tested (0.20 to
71.0 mg/kg). As can be seen, the effect of S-(+)-ketoprofen
was dose dependent; the maximal effect was 273.6 = 15.9
area units (au). The maximal AUC value that can be attained
in this model was 375 au (dashed line).
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Fig. 1. (Panel A) Dose—response curve for the antinociceptive effect of S-
(+)-ketoprofen. The Y-axis depicts the total antinociceptive effect of the
drug during the 4-h observation period, expressed as the AUC of the time
course. The X-axis depicts the dose of the drug in mg/kg. S-(+)-ketoprofen
was administered p.o. in eight doses (0.20 to 71.0 mg/kg). The
antinociceptive effect was dose dependent. The dashed line represents the
maximal theoretical AUC value that can be attained under these
experimental conditions. (Panel B) Time course of S-(+)-ketoprofen
administered at the dose of 3.4 mg/kg. The Y-axis depicts the
antinociceptive effect, expressed as a percentage of the functionality index.
The X-axis represents the time in hours. The mean of six determina-
tions = S.E.M. is presented.
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Fig. 2. (Panel A) The antinociceptive effect (expressed as AUC) in animals
that received S-(+)-ketoprofen p.o. (SKP), naloxone s.c. (Nx), naloxone 15
min before S-(+)-ketoprofen, morphine p.o. (Morph) or naloxone 15 min
before morphine. The effects of L-NAME and L-arginine (L-Arg) 15 min
before administration of carboxymethylcelullose (the vehicle of S-(+)-
ketoprofen) or S-(+)-ketoprofen (SKP) are also shown. (Panel B) I.t.
administration of L-NAME and L-Arg; each column represents the
mean = S.EM. for four animals. (Panel C) I.c.v. administration of L-
NAME and r-Arg; each column represents the mean £ S.E.M. for six
animals.

The dose of 3.4 mg/kg of S-(+)-ketoprofen was selected
because it produced a response that allowed the observa-
tion of either inhibitory or excitatory effects of the drug
treatments under study. Fig. 1 (Panel B) shows the time
course of S-(+)-ketoprofen administered at the dose of 3.4
mg/kg: the maximum effect was 55.1 £ 8.4% FI, which
was obtained at 30 min, the AUC was 172.5 + 18.4 au. It
should be noted that the effect was sustained throughout
the entire experimental period.

3.2. Analysis of potential mechanisms of action of S-(+)-
ketoprofen

Fig. 2 (Panel A) shows antinociceptive responses in
animals treated with naloxone (1 mg/kg, s.c.); results are
expressed as antinociception (AUC, Y-axis) vs. treatment
(X-axis). As can be noticed, administration of naloxone 15
min before S-(+)-ketoprofen had no effect on the antino-
ciceptive response. The same dose of naloxone (1 mg/kg,
s.c.), in contrast, almost completely inhibited the analgesic
effect of morphine 56.2 mg/kg p.o.

The i.t. administration of L-arginine (21.1 pg/site) and L-
NAME (26.9 pg/site) 15 min before the administration of
carboxymethylcelullose (the vehicle of S-(+)-ketoprofen)
had no antinociceptive effect (Fig. 2, Panel B). S-(+)-
ketoprofen (3.4 mg/kg, p.o.), in contrast, produced a clear
and consistent antinociceptive effect (212.3 £ 15.6 au).
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Fig. 3. The effect of methiothepin (1.5 pg/site: Meth) 15 min before
administration of S-(+)-ketoprofen (3.4 mg/kg, p.o.. SKP). The open
columns represent the antinociceptive effect of S-(+)-ketoprofen; dark
columns represent the effect of methiothepin; and the hatched columns
represent the effect of methiothepin+ S-(+)-ketoprofen. (Panel A) Lt.
administration of antagonist; values are presented as the means + S.E.M.
for four animals. (Panel B) I.c.v. administration of methiothepin; values are
presented as the means + S.E.M. for six animals. *P<0.05, significantly
different from S-(+)-ketoprofen.
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This response was unaffected by the i.t. administration of
either L-arginine (21.1 pg/site, 195.0 £ 19.1 au) or L-
NAME (26.9 ng/site, 201.5 £ 12.9 au). The i.c.v. adminis-
tration of L-arginine (21.1 pg/site) and L-NAME (26.9 ng/
site) did not induce antinociceptive effects (Fig. 2, Panel
C). Similar to the observations after i.t. treatment, i.c.v.
administration of L-arginine (211.4 + 44.7 au) or L-NAME
(177.4 £ 23.0 au) failed to significantly alter the antinoci-
ceptive effect produced by S-(+)-ketoprofen (3.4 mg/kg,
p.o. 182.8 + 18.6 au).

To determine the role of the 5-HT system in S-(+)-
ketoprofen-induced antinociception, the effects of methio-
thepin were analysed at a spinal level (Fig. 3, Panel A). Lt.
administration of methiothepin (1.5 pg/site) 15 min before S-
(+)-ketoprofen had an effect of 273.3 & 35.1 au, which was
not significantly different from that of the group that received
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Fig. 4. The effects of tropisetron (0.9 ug/site: Trop) given 15 min before
administration of S-(+)-ketoprofen (3.4 mg/kg, p.o.. SKP). The open
columns represent the antinociceptive effect of S-(+)-ketoprofen; dark
columns represent the effect of tropisetron; and hatched columns represent
the effect of tropisetron + S-(+)-ketoprofen. (Panel A) Lt. administration of
antagonist; values are presented as the means = S.E.M. for four animals.
(Panel B) I.c.v. administration of tropisetron; values are presented as the
means = S.E.M. for six animals. *P<0.05, significantly different from S-
(+)-ketoprofen.

S-(+)-ketoprofen alone (3.4 mg/kg, p.o., 212.3 £ 15.6 au).
Administration of methiothepin alone did not produce anti-
nociceptive effects. In contrast, i.c.v. injection of methiothe-
pin (1.5 pg/site; Fig. 3, Panel B) 15 min before S-(+)-
ketoprofen significantly inhibited S-(+)-ketoprofen-induced
antinociception (AUC of 75.1 & 14.7 au), as compared with
that of the control group(182.8 & 18.6 au).

As shown in Fig. 4 (Panel A), i.t. administration of
tropisetron (0.9 pg/site) 15 min before carboxymethyl-
cellulose did not produce antinociceptive effects; in
contrast, the drug significantly inhibited the antinocicep-
tive effect induced by S-(+)-ketoprofen (3.4 mg/kg, p.o.;
21234+ 15.6 and 85.9 £6.9 au in the absence and the
presence of tropisetron, respectively). Interestingly, when
tropisetron (0.9 pg/site) was given by the i.c.v. route, it
failed to significantly modify S-(+)-ketoprofen-induced
antinociception (182.8 £18.6 and 2199 £27.8 au in
the absence and the presence of tropisetron, respectively;
Fig. 4, Panel B).

4. Discussion

The “pain-induced functional impairment model in the
rat” is an experimental model of inflammatory and chronic
pain similar to that of clinical gout. Pain is produced by
intra-articular administration of uric acid in the knee joint
of the right hind limb of the rat. This model is sensitive to
the antinociceptive action of both opiate and non-opiate
analgesics. S-(+)-ketoprofen is a NSAID and exhibited
dose-dependent effects, the maximal antinociceptive re-
sponse being reached with a dose of 34.0 mg/kg; this
corresponds to 73% of the maximum AUC value (375 area
units) that can be attained under the present experimental
conditions. This efficacy of S-(+)-ketoprofen is similar to
that of morphine (177.8 mg/kg, p.o. produced 310.8 + 12.0
au). The present observations are in agreement with the
data reported previously in other experimental models,
including clinical tests, showing a suitable efficacy of S-
(+)-ketoprofen (Cabré et al., 1998; Ezcurdia et al., 1998;
Bagan et al., 1998).

S-(+)-ketoprofen was administered by p.o. route because
this is the administration route in humans. Indeed, it has
been demonstrated that the racemic mixture of ketoprofen is
highly lipophilic, so it can be detected in serum and
cerebrospinal fluid 15 min after intramuscular administra-
tion (Netter et al., 1985). This implies that S-(+)-ketoprofen
readily penetrates the blood—brain barrier (Netter et al.,
1985; Barbanoj et al., 1998) and that it may activate
mechanisms other than prostaglandin synthesis at a central
level.

Central opiate mechanisms were analysed in the first
place by testing the effects of s.c. naloxone on S-(+)-
ketoprofen-induced antinociception. The dose of naloxone
used in the present experiments (1 mg/kg, s.c.) was high
enough to block opiate receptors, as demonstrated previ-
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ously in the pain induced-functional impairment model,
where the same dose of naloxone significantly decreased
the antinociceptive effect of morphine, most likely due to
blockade of p, 6 and k receptors (Yaksh, 1997). In the
present experiments, however, naloxone was completely
inactive as antagonist, thus precluding the involvement of
central opiate mechanisms in the antinociceptive effect of S-
(+)-ketoprofen. It has been reported that activation of
nociceptive C-fib afferents will cause the release of neuro-
transmitters, such as glutamate, within the dorsal horn. This
in turn will activate NMDA receptors to promote NO
synthesis, and NO is well known to function as a transmitter
of pain in the spinal cord (Garthwaite et al., 1988;
Garthwaite, 1991; Dickenson et al., 1997). Several lines of
evidence suggest that some NSAIDs interact with this
mechanism to produce their antinociceptive effects (Hun-
skaar et al., 1985; Bjorkman, 1995). However, as demon-
strated in the present study, pre-treatment with the substrate
of nitric oxide synthase, L-arginine, or with the inhibitor of
nitric oxide synthase, L-NAME, either by i.t. or i.c.v. routes,
failed to significantly modify the antinociceptive effect of S-
(+)-ketoprofen, thereby excluding the participation of the L-
arginine-NO pathway in S-(+)-ketoprofen-induced antinoci-
ception. The doses of L-arginine and L-NAME used in our
experiments have been observed to alter the antinociceptive
effect induced by other NSAIDs under the same experimen-
tal conditions (data no shown), and to be efficacious in
modifying L-arginine-NO pathway-mediated effects in other
experimental models (Meller et al., 1992).

5-HT is considered a neurotransmitter of the utmost
significance in endogenous pain control mechanisms. Sev-
eral lines of evidence suggest that the antinociceptive effect
of various analgesics, either narcotic or non-narcotic,
depends on the integrity of the central 5-HT system. For
example, i.t. injection of a 5-HT receptor antagonist atten-
uated the analgesia produced by microinjection of morphine
into the periaqueductal gray (Yaksh, 1979). Likewise, ad-
ministration of p-chloro-phenylalanine, a tryptophan hydro-
xylase inhibitor, strongly interfered with the antinociceptive
effect of NSAIDs, such as diclofenac and acetaminophen
(Bjorkman, 1995; Pini et al., 1996). In spinal analgesia, a
body of experimental evidence (Bardin et al., 2000; Cesselin
et al., 1994; Le Bars, 1988; Yaksh and Wilson, 1979) also
supports a role of 5-HT.

In our experiments, i.c.v. administration of the high-
affinity 5-HT,/5-HT,/5-HT; receptor antagonist, methio-
thepin (Hoyer et al., 1994), significantly inhibited the S-
(+)-ketoprofen-induced antinociceptive response. The
mechanism of such an interaction remains to be elucidated
but it could comprise 5-HT release, as previously demon-
strated for acetaminophen, which was shown to increase 5-
HT levels in the cerebral cortex and pons following acute
administration (Pini et al., 1996, 1997a,b), upon release, 5-
HT could target specific 5-HT receptors in brain areas
implicated in pain processing. Among candidate receptor
targets of 5-HT, evidence has been provided for 5-HT,

receptors in the analgesic effect of acetylsalicylic acid in
the hot-plate test in rats (Sandrini et al., 2002a). Interest-
ingly, the preferential cyclo-oxygenase 2 inhibitor, rofe-
coxib, was shown to increase 5-HT levels and decrease the
maximum number of 5-HT, receptors in the frontal cortex,
this effect was achieved at the dose that produced an
analgesic effect in the hot-plate and formalin tests in rats
(Sandrini et al., 2002b). Similar results were reported for
acetaminophen, which produced a significantly increased
tail flick latency and down-regulation of 5-HT,, receptors
in the frontal cortex of rats upon acute and 15-day chronic
administration (Srikiatkhachorn et al., 1999). Thus, 5-HT
release may be a major step in the mechanism underlying
the analgesia produced by some NSAIDs. Since methio-
thepin is also a high-affinity 5-HT; receptor antagonist
(Terron, 1998), a role for these receptors cannot be
excluded. Indeed, high levels of expression of 5-HT;
transcripts were detected centrally in areas implicated in
sensory and pain processing, including the medial genic-
ulate nucleus, superior and inferior colliculi, central gray
and spinal trigeminal nuclei (To et al., 1995).

As far as the effects of tropisetron are concerned, the
present observations support a role for spinal 5-HTj3 recep-
tors in the antinociceptive effect of S-(+)-ketoprofen. It has
been shown in this regard that activation of 5-HT;5 receptors
in spinal afferent fib is involved in the transmission of
nociceptive information to the central nervous system (Pel-
issier et al., 1996). With regard to 5-HT, receptors, for
which tropisetron displays micromolar affinity (Hoyer et al.,
1994), the drug concentration administered locally into the
spine was 316 pM, a concentration which makes an inter-
action with 5-HT, receptors possible. However, although a
role of 5-HT,4 receptors in antinociception through the
central amplification of cholinergic transmission has been
reported in mice (Ghelardini et al., 1996), no evidence has
been provided for the involvement of 5-HT,4 receptors in
pain modulation at a spinal level. Further experiments with a
selective 5-HT, receptor antagonist will be required to
determine whether spinal 5-HT, receptors play a role in
the antinociceptive response to S-(+)-ketoprofen in our
model.

The present data show an ability of S-(+)-ketoprofen to
activate serotonergic mechanisms, possibly involving 5-HT
release, to yield its antinociceptive effect. Although S-(+)-
ketoprofen can inhibit prostaglandin synthesis at a central
level (Herrero et al., 1997; McCormack, 1994), its interac-
tion with the 5-HT system might explain its higher efficacy
with regard to other NSAIDs (Kubota et al., 1979; Bagan et
al., 1998; Cabré et al., 1998). From these and other
observations, it seems that the analgesic effects of various
NSAIDs comprise interactions with the serotonergic system
at supra-spinal and spinal levels.

In conclusion, S-(+)-ketoprofen exerts antinociceptive
effects in the pain-induced functional impairment model in
the rat via an interaction with central serotonergic mecha-
nisms, but not with opiate and L-arginine-NO systems. Such
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an interaction with the 5-HT system may comprise activa-
tion of supra-spinal 5-HT,/5-HT,/5-HT> receptors and most
likely spinal 5-HTj receptors. Further experiments using
selective 5-HT receptor antagonists will be required to
elucidate the involvement of specific 5-HT receptor sub-
types in S-(+)-ketoprofen-induced antinociception.
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