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Abstract The analgesic action of NSAIDs has been attributed to the peripheral inhibition of

prostaglandin synthesis via the blockade of the enzyme cyclo-oxygenase (COX) and

prevention of bradykinin and cytokine-induced hyperalgesia via inhibition of the

release of tumour necrosis factor-Æ. However, it is becoming increasingly evident that

NSAIDs exert their analgesic effect through several mechanisms. Recent data suggest

that significant expression of COX-2 is found in the central nervous system, where

COX-2 seems to have, together with nitric oxide, an important role in spinal

nociceptive transmission. Nitroglycerin is a nitric oxide donor and induces a

hyperalgesic state, partially mediated by central mechanisms. Nimesulide is a

preferential COX-2 inhibitor widely used to treat pain.

In this study, we evaluated the analgesic effect of nimesulide in several animal models

of pain, intending to provide additional information on the characteristics of the

analgesic effect of nimesulide, with specific focus on a possible central component.

StudyDesign: Nimesulidewas comparedwith vehicle in groups of 4–10 rats that were

randomly tested with different models of pain. The experimental design also included

study of the effect of nimesulide upon nitroglycerin-induced neuronal activation at

central sites. Analysis of variance was used to evaluate the influence of time and

treatments. Differences between groups at specific time-points were analysed by post-

hoc t-test. A probability level of less than 5% was regarded as significant.

Methods: The analgesic effect of nimesulide (or vehicle) was evaluated in male

Sprague-Dawley rats. The animals underwent tail-flick and formalin tests, both

performed in baseline conditions and after nitroglycerin-induced hyperalgesia. Two

separate groups of rats were treated with nitroglycerin alone or nimesulide followed

by nitroglycerin, and their brains were processed for immunocytochemical detection

of Fos protein, a marker of neuronal activation.

Results: Nimesulide showed a significant analgesic effect in both the tail-flick and

the formalin tests in baseline conditions. In addition, the drug proved effective in

counteracting nitroglycerin-induced hyperalgesia in both tests. Brain mapping of
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nuclei activated by the administration of nitroglycerin showed that nimesulide

pretreatment significantly inhibited neuronal activation in several areas, namely the

supraoptic nucleus, ventrolateral column of the periaqueductal grey, locus coeruleus,

nucleus tractus solitarius and area postrema.

We conclude that nimesulide possesses a strong analgesic and antihyperalgesic

activity, the mechanisms of action of which are partly central.

Introduction

Synthesis of prostaglandin (PG) by cyclo-oxy-

genase (COX) has long been associated with

inflammatory diseases and pain.
[1]

PGs are in-

volved in hyperalgesia
[2]

and play an important part

in the transmission of nociceptive information at

the spinal level.
[3-7]

They are derived from both

non-neuronal and neuronal pools by different

enzymatic isoforms.
[8,9]

Generally, a constitutively

active COX-1 generates the physiological pools of

PGs whereas, on appropriate stimulation, an in-

ducible COX-2 generates pathological quantities of

prostanoids. However, it has been shown that COX-

2 may have a constitutive activity in neurons, where

its functional status can be modulated by synaptic

events. The COX-2 isoform predominates in the

spinal cord, where it concentrates in the regions

implicated in the reception of nociceptive stimuli.

Nitric oxide (NO) is an important modulator of

neuronal activity, which mediates the processing of

nociceptive information in the central nervous

system (CNS).
[10,11]

Several studies have suggested

the involvement of NO in the development and

maintenance of hyperalgesia.
[12-18]

NO can exert its

effects both intracellularly, at its site of origin, and

intercellularly,
[19,20]

and it may facilitate nocicep-

tion either with an action upon intrinsic dorsal horn

neurons, transmitting nociceptive information to

cerebral centres, or retrogradely, via diffusion from

sensitised dorsal horn neurons to presynaptic

terminals.
[21-23]

A delicate interplay exists between PGs and NO,

as is suggested by the demonstration that NO

promotes COX activity and the release of PGs

provokes a further feedback increase in production

of NO.
[24,25]

The analgesic action of NSAIDs has been

explained on the basis of the peripheral inhibition

of PG synthesis via the blockade of COX

and prevention of bradykinin- and cytokine-

induced hyperalgesia via inhibition of the release

of tumour necrosis factor-Æ.[26] However, it is

becoming increasingly evident that NSAIDs exert

their analgesic effect through a variety of other

peripheral and central mechanisms. These latter are

represented by interaction with endogenous opioid

peptides and release of serotonin,
[27,28]

and the

activation of the N-methyl-d-aspartate (NMDA)

receptor.
[29]

The localisation of COX-2 in the

brain
[30]

provides an additional central mechanism

of action for several NSAIDs, in particular for those

that have a preferential inhibitory effect upon COX-

2, such as nimesulide.
[31]

The most traditional tests of nociception for

evaluating the analgesic effect of drugs are

represented by the tail-flick, hot-plate and formalin

tests.
[2]

Tail-flick and hot-plate tests simply reflect

the activation of nociceptive pathways by a

physiological, phasic stimulus of high intensity,

whereas the formalin test allows the evaluation of

nociceptive behaviour in response to tonic pain

generated by injured tissue, with the mediation of

spinal mechanisms.

Previous studies by our group have shown that

nitroglycerin, a NO donor, activates specific noci-

ceptive nuclei in the rat,
[32-35]

via the induction of a

hyperalgesic state, as confirmed by recent studies

that demonstrated the ability of nitroglycerin to

increase the rate of discharge of spinal nociceptive

neurons,
[36]

to activate the transcription factor, NF-

kB,[37] and to induce hyperalgesic responses in the

tail-flick and formalin tests in rats.
[38]

The objective of the present study was to

investigate further the analgesic effect of nimesu-

lide in different animal models of pain. Particular
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attention was devoted to the possible efficacy of

the drug in hyperalgesic conditions and to the

identification of its putative site(s) of action.

Study Design

Nimesulidewas comparedwith vehicle in groups

of 4–10 rats thatwere randomly testedwith different

modelsofpain:thetail-flicktestandtheformalintest.

Bothtestswereperformedinuntreatedanimalsandin

rats made hyperalgesic bymeans of the preventative

systemic administration of nitroglycerin.
[31]

The

experimental design also included studyof the effect

of nimesulide on nitroglycerin-induced neuronal

activation at central sites.

Methods

Drugs

Nimesulide (Helsinn Healthcare SA, Switzer-

land), suspended in saline, was injected intraper-

itoneally at a dose of 2.5 mg/kg.

Nitroglycerin (Astra Company, Italy), dissolved

in saline alcohol and propylene glycol, was

injected intraperitoneally at a dose of 10 mg/

kg.
[32,33,38]

For the formalin test, a 100�L volume of 1%

formalin (formaldehyde diluted in 0.9% saline)

was injected by the intraplantar route.

Tail-Flick Test

The tail-flick test consists of recording the

latency of reflex withdrawal of the tail from a

high-intensity light beam, a measure of physio-

logical phasic pain.

The test was performed with a Tail Flick

instrument (model 7360, Ugo, Basile) that allowed

automatic recording of the latency of the tail-flick

response to radiant heat.
[39]

Latency at each

evaluation was calculated as the mean of three

measurements in three different parts of the tail. A

cut-off limit of exposure corresponding to 20s was

set, to prevent tissue damage.

Each animal was placed on the recording plat-

form of the instrument, where it was kept under

slight, painless restraint, with its tail positioned on

the radiant heat window.

Formalin Test

For this test, one animal at a time was placed

into a plexiglas observation chamber (10 3 20 3

24cm) with a mirror (458 angle) positioned to

permit unhindered observation of the animal’s paw.

Formalin was injected subcutaneously into the

centre of the plantar surface of the left hind paw,

with slight restraint. A 26-gauge needle connected

to a 1mL syringe was used and the solution was

delivered as rapidly as possible while the animal

was immobilised. The rat was then replaced in the

box, the clock was started and the pain response

was recorded for a period of 1 hour.
[40]

Pain-related behaviour was quantified for 1 hour

by counting spontaneous flinches and shakes of the

injected paw: over 60-second periods for the first

5 minutes (minutes 1, 2, 3, 4 and 5) and thereafter

following 4-minute pauses, for 1-minute periods up

to the hour. Phase I was defined as the period from

1 to 5 minutes; phase II was defined as the period

from 10 to 60 minutes inclusive.
[41]

Phase I is

generally considered to represent the chemical

activation of nociceptors, whereas phase II reflects

the inflammatory reaction and central processing.

Immunocytochemical Detection of Fos

The effect of nimesulide on nitroglycerin-

induced neuronal activation was investigated by

means of the immunocytochemical detection of

expression of Fos protein, a marker of neuronal

activation.

At the beginning of this experiment, the general

behaviour of each rat was observed and recorded,

for a 4-hour period after the administration of

drugs, by an observer blinded to the treatments.

Animals were anaesthetised and perfused trans-

cardially with saline and ice-cold 4% paraformal-

dehyde 4 hours after the administration of the drug.

Brains were removed, post-fixed for 12 hours in the

same fixative and subsequently transferred into
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solutions of sucrose at increasing concentrations

(up to 30%) over the following 72 hours. Brains

were cut at 50�m on a freezing sliding microtome.

Expression of Fos in the rat brain was detected by

means of the immunohistochemical technique with

a rabbit polyclonal antiserum directed against Fos

protein (residues 4–17 of human Fos). Tissue

sections were incubated for 48 hours at 48C with

the Fos antibody (Oncogene). After thorough

rinsing in buffer, sections were processed with

the avidin-biotin technique, using a commercial

kit. Cells positively stained for Fos were visualised

with nickel-intensified 39,39-diaminobenzidine tet-

rahydrochloride. After staining, sections were

rinsed in buffer, mounted onto glass slides, air-

dried and coverslipped.

Statistical Evaluation

Analysis of variance was used to evaluate the

influence of time and treatments. Differences

between groups at specific time-points were

analysed by post-hoc t-test. A probability level of

less than 5% was regarded as significant.

Experimental Groups

Adult male Sprague-Dawley rats (weight 180–

220g) were evaluated in these experiments. Ex-

periments conformed to the Guidelines of the

European Union and to guidelines of the Interna-

tional American Society for Study of Pain (IASP)

for pain research in animals. Rats were housed in

plastic boxes in groups of three, with water and

food available ad libitum, and kept on a 12/

12 hours light/dark cycle. All animals were accli-

matised to the test chamber before testing.

Rats were randomly divided into groups com-

prised of 4–10 animals each, and underwent the

following experimental procedures.

Tail-Flick Test

The experimental plan consisted of the follow-

ing treatment groups:

Group 1: evaluation at baseline and 2 hours after

nimesulide administration;

Group 2: evaluation at baseline, and 2 and 4 hours

after nitroglycerin injection;

Group 3: evaluation at baseline. Rats were then

injected with nimesulide followed, 30 minutes

later, by nitroglycerin. The tail-flick test was

repeated 2 and 4 hours after nitroglycerin admin-

istration;

Group 4: evaluation at baseline. Rats were then

injected with nitroglycerin followed, 2 hours later,

by nimesulide. The tail-flick test was evaluated

4 hours after nitroglycerin administration.

Formalin Test

The experimental plan consisted of the follow-

ing treatment groups:

Control group: test 2 hours after saline;

Nime group: test 2 hours after nimesulide;

NTG 2h group: test 2 hours after nitroglycerin;

NTG 4h group: test 4 hours after nitroglycerin;

Nime + NTG 2h group: nimesulide at �30 min-

utes, nitroglycerin at T0 and formalin test 2 hours

later;

Nime + NTG 4h group: nimesulide at �30 min-

utes, nitroglycerin at T0 and formalin test 4 hours

later.

Fos Expression

Two groups of animals were evaluated according

to the following schedule:

NTG group (n ¼ 8): rats received nitroglycerin and

were perfused 4 hours later (previously identified

as the time of maximal nitroglycerin-induced

neuronal activation
[32-35]

);

Nime + NTG group (n ¼ 10): rats received nime-

sulide at�30 minutes, nitroglycerin at T0 and were

perfused 4 hours later.

Results

Tail-Flick Test

Nimesulide significantly increased the latency
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of the tail-flick response (group 1) [figure 1].

Conversely, nitroglycerin induced a hyperalgesic

response, as suggested by the significant decrease

in the latency of the tail-flick response. This

hyperalgesic response was observed 2 and 4 hours

after the administration of nitroglycerin (group 2)

(p ¼ 0.046 and 0.028, respectively) [figure 2].

Pretreatment with nimesulide (group 3) blocked

nitroglycerin-induced hyperalgesia 2 hours, but not

4 hours, after the administration of nitroglycerin

(figure 3a). However, a significant block of

nitroglycerin-induced hyperalgesia was observed

also at 4 hours after nitroglycerin administration

when nimesulide was injected 2 hours after nitro-

glycerin (group 4) [figure 3b].

No statistically significant differences were

observed between group 1 (nimesulide) and group

3 (nimesulide + nitroglycerin), whereas the analge-

sic effect of nimesulide was significantly less

marked in group 4 (nitroglycerin + nimesulide)

than in group 1 (p , 0.03).

Formalin Test

In the control group, injection of formalin

resulted in a highly reliable, typical, biphasic

display of flinches and shakes of the injected paw,

with an early phase (phase I) of nociception

occurring within the first 5 minutes, and a late

phase (phase II) extending from 15 to 60 minutes

after formalin injection. Administration of nimesu-

lide (Nime group) induced a significant reduction in

the total number of flinches/shakes in both phases

as compared with the control group (figure 4).

Nitroglycerin induced a hyperalgesic response

to the formalin test, as demonstrated by the

significant increase in the number of flinches/

shakes observed 2 and 4 hours after its adminis-

tration (figure 5). Rats in the NTG 2h group

showed a significant increase in the total number of

flinches/shakes in both phases of formalin test,

whereas rats in the NTG 4h group showed a

statistically significant increase in the number of

flinches/shakes that was limited to phase II. In both

groups, the increase in the total number of flinches/

shakes was located within the 30-to-50-minute

interval.

Pretreatment with nimesulide significantly de-

creased the total number of flinches/shakes in both

phases of the formalin test in rats tested 2 hours

after the administration of nitroglycerin (Nime +

NTG 2h group) and during phase II in rats tested

4 hours after nitroglycerin administration (Nime +

NTG 4h group) [figure 6].

No significant differences were observed when

phase I nociceptive behaviour was compared
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Fig. 1. Histogram illustrating the antinociceptive effect of
nimesulide in the tail-flick test, as suggested by the significant
increase in the latency of the response recorded 2 hours after
its administration. � p , 0.03 vs baseline.
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Fig. 2. Histogram illustrating the hyperalgesic effect of
nitroglycerin (NTG) in the tail-flick test, as suggested by the
significant reduction in latency of the tail response observed at
2 and 4 hours. � p , 0.05, �� p, 0.03 vs baseline.
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between the Nime group and the Nime + NTG 2h

group or Nime + NTG 4h group. When phase II

nociceptive behaviour was analysed, no significant

differences were observed between Nime and

Nime + NTG 4h groups, but the reduction in

formalin-related nociceptive behaviour was less

marked in the Nime + NTG 2h group: the number

of fliches/shakes during phase II was 112.2. � 20

in the Nime + NTG 2h group and 75 � 16.7 in the

Nime group (p , 0.006).
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Fig. 4. Nimesulide induced a significant antinociceptive effect (reduction in the number of flinches/shakes of the paw per minute)
in both phases of the formalin test compared with vehicle (controls). � p, 0.05, �� p , 0.0001 vs control.
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Fig. 3. Nimesulide (Nime) reversed the hyperalgesia induced by nitroglycerin (NTG) at 2 hours when administered preventatively
(a). The antinociceptive effect of nimesulide upon NTG-induced hyperalgesia was observed at 4 hours only when nimesulide was
administered 2 hours after the nitroderivative (b).
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Fos Expression

In agreement with our previous findings,
[31,32]

administration of nitroglycerin activated brain

nuclei located in the prosencephalon (paraventri-

cular and supraoptic nuclei of the hypothalamus,

central nucleus of the amygdala) and in the

brainstem (ventrolateral column of the periaque-
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and 4 hours compared with vehicle (controls). This phenomenon was more consistent and marked during phase II. � p, 0.05,
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ductal grey, parabrachial nucleus, locus coeruleus,

nucleus tractus solitarius, area postrema and

nucleus trigeminalis caudalis) [figure 7].

Nimesulide pretreatment significantly reduced

nitroglycerin-inducedneuronalactivationinmanyof

these nuclei, achieving a statistically significant

effectinthesupraopticnucleus,ventrolateralcolumn

of the periaqueductal grey, locus coeruleus, nucleus

tractus solitarius andareapostrema (figures7and8).

Behaviour

In accordance with our previous findings,

administration of nitroglycerin induced a stereo-

typed behaviour that consisted of an almost

complete inactivity, without eating and drinking,

for the entire period of observation.
[32]

Rats treated

with nimesulide alone behaved normally. The rats

pretreated with nimesulide before receiving nitro-

glycerin were only slightly hypoactive when com-

pared with both the control group and the

nimesulide-alone group.

Discussion

Chronic pain states are mediated by peripheral

and central factors. Tissue injury leads to a

constellation of changes in spinal excitability,

which include increased spontaneous firing, in-

creased response amplitude and duration, de-
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Fig. 7. Pretreatment with nimesulide induced a significant inhibition of nitroglycerin-induced neuronal activation in several brain
nuclei, including the supraoptic nucleus (SON), periaqueductal grey (PAG), locus coeruleus (LC), nucleus tractus solitarius (NTS)
and area postrema (AP). The effects in the paraventricular nucleus of the hypothalamus (PVH), the central nucleus of the amygdala
(CeA), the parabrachial nuclues (PAB) and the nucleus trigeminalis caudalis (NTC) did not achieve statistical significance.
� p, 0.03, �� p , 0.01 vs nitroglycerin (NTG) 4h.
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(PAG), locus coeruleus (LC), nucleus tractus solitarius (NTS) and area postrema (AP) of rats treated with nitroglycerin (a–d) and of
rats pretreated with nimesulide before receiving nitroglycerin (e–h). AQ ¼ aqueduct; 4V ¼ fourth ventricle.
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creased threshold, enhanced after discharge to

repeated stimuli, and expanded receptive

fields.
[42]

The persistence of these changes, which

are collectively termed ‘central sensitisation’,

appears to be fundamental for the prolonged

enhancement of pain sensitivity and might explain

why patients perceive non-nociceptive stimuli as

painful (allodynia) or experience abnormally large

responses to normal nociceptive stimuli (hyper-

algesia).

Nimesulide is an NSAID, widely used to treat

chronic pain and inflammation. Clinical studies

have established its analgesic, anti-inflammatory

and antipyretic effectiveness.
[31]

The analgesic

effect of the drug has been proved also in

experimental animal models of pain. The few

studies that have compared the analgesic potency

of nimesulide with other NSAIDs have yielded

conflicting results. With the tail-flick test, nime-

sulide has proved both equally
[43]

and more
[44]

effective than diclofenac. With the writhing test, it

has proved both more
[44]

and less
[45]

potent than

diclofenac. In two models of thermal and mech-

anical hyperalgesia, nimesulide was more potent

than diclofenac and celecoxib.
[46]

These disparities

may be reflections of various methodological

details, including route of administration, stimulus

intensity and dosing interval. An important issue

is undoubtedly related to the fact that, when

studying analgesic drugs, it is of outstanding

importance to distinguish between physiological

(nociceptive) pain and hyperalgesia, a substantial

component of which is generated within the spinal

cord.

In the present study, we devised a complex

procedure that allowed us to investigate the

antinociceptive activity of nimesulide on different

modalities of pain (thermal, chemical, inflamma-

tory) in baseline conditions and during hyperalge-

sia.

Our findings confirm the antinociceptive activ-

ity of the drug after intraperitoneal adminis-

tration.
[44,46,47]

A significant analgesic effect was

observed in both the tail-flick test, which evaluates

phasic and physiological pain, and the formalin

test, which evaluates tonic and inflammatory pain.

In addition, nimesulide was effective at counter-

acting nitroglycerin-induced hyperalgesia in both

tests. Nitroglycerin-induced hyperalgesia was de-

tected 2 and 4 hours after the drug administration.

Pharmacokinetic studies show that nitroglycerin

has a very short half-life in plasma and peripheral

tissue, whereas it accumulates in the brain, where it

reaches maximal concentrations 2 hours after its

administration.
[48]

Intradermal administration of

nitroglycerin does not alter the thermal pain

threshold in humans,
[49]

but reduction of NO at

the peripheral level blocks the antinociceptive

effect of nimesulide.
[47]

Taken together, these

findings suggest that nitroglycerin-induced hyper-

algesia is mediated by an increased availability of

NO at central sites, rather than in the periphery.

Therefore, the findings regarding the effect of

nimesulide on nitroglycerin-induced hyperalgesia

strongly suggest that the mechanism of action of

this NSAID is, at least partly, related to central

mechanisms. This speculation is further supported

by the data obtained in the tail-flick test: the

antihyperalgesic activity of nimesulide was also

observed when it was administered 2 hours after

nitroglycerin (i.e. when the increased availability of

NO at the peripheral level had disappeared) [figure

3b]. In this regard, it is noteworthy that the

antihyperalgesic effect of nimesulide was greatest

when the drug was administered before nitrogly-

cerin, which suggests that preventive COX-2

inactivation is necessary to achieve the most

effective block of NO-related thermal hyperalgesia.

The findings obtained with the formalin test

further suggest the role of central mechanisms in

the action of nimesulide. In agreement with

previous reports,
[43,47]

the analgesic/antihyperal-

gesic effect of nimesulide extended over both

phases of the test, being more marked during

phase II. Phase II of the formalin test represents a

prolonged tonic response in which inflammatory

processes are involved and neurons in the dorsal

horns of spinal cord are activated.
[39]

It is

noteworthy that nimesulide completely prevented

the nitroglycerin-related potentiation of nocicep-

tive behaviour in the formalin test 4 hours after

nitroglycerin, whereas the inhibition was only
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partial at 2 hours. Conversely, nimesulide was

more effective at the earlier time-point (2 hours)

when tested in the tail-flick test. Taken together,

these findings suggest that the analgesic and

antihyperalgesic effects of nimesulide are prob-

ably related to reduction of pain transmission at

the spinal level. The present findings are in

agreement and expand on previous human data

regarding the inhibitory effect of nimesulide upon

the spinal nociceptive flexion reflex before and

after the administration of nitroglycerin to healthy

individuals.
[50]

A central effect for nimesulide is also supported

by its physicochemical characteristics – a rela-

tively high pKa (approximately 6.5) and a moder-

ate lipophilicity – which support an easy diffusion

to the brain. Orally administered nimesulide results

in a brain concentration of approximately 1 �g eq./g

3 hours after administration.
[51]

This tissue con-

centration corresponds to those that induce inhibi-

tion of activity of COX-2.
[52,53]

The inhibition of nitroglycerin-induced hyper-

algesia was paralleled by the inhibition of nitro-

glycerin-induced neuronal activation in specific

brain nuclei involved in nociceptive and autonomic

control. The ventrolateral column of the periaque-

ductal grey has an important role in the control of

nociception and in the coupling of pain perception

with autonomic responses. The nucleus tractus

solitarius, area postrema and supraoptic nucleus

are deeply involved in the control of autonomic

function. The locus coeruleus is pivotal in the

integration of autonomic and nociceptive function

(reviewed by Tassorelli and Joseph
[33]

). Surpris-

ingly, no significant inhibition of nitroglycerin-

induced expression of Fos was observed in the

nucleus trigeminalis caudalis, a nucleus with a

primary nociceptive function, which has been

reported to be inhibited by indomethacin.
[34]

Taken

together, these data on the effect of nimesulide on

nitroglycerin-induced activation of Fos in the

central nervous system support a role for supra-

spinal mechanisms in the analgesic effect of

nimesulide. The possible location of sites in which

these mechanisms take place is suggested by our

findings, whereas their mediators remain elusive.

With the exception of the supraoptic nucleus, all

the brain nuclei inhibited by nimesulide pretreat-

ment receive a rich serotonergic innervation, which

suggests that nimesulide may, at least partly, owe

its analgesic effect to the interaction with the

central serotonergic system, analogous to what has

been demonstrated for other simple an-

algesics.
[27,28]

Identification of the mediators involved in the

effect of nimesulide was beyond the scope of

the present investigation. Controversies exist as to

the relative role of the two COX isoforms in the

mediation of central nociception. Both COX iso-

forms are constitutively expressed in spinal

cord,
[54,55]

and they contribute to the nociception-

induced increase in PGE2 that is associated with

nociceptive behaviour. Selective COX-2 inhibitors

are poorly effective or ineffective in reducing

formalin-induced nociceptive behaviour, whereas

non-selective COX inhibitors and selective COX-1

inhibitors significantly produce antinociception

that is limited to the second phase of the

test.
[56-59]

Therefore, one would argue that COX-1

inhibition is more relevant for preventing formalin-

induced nociceptive behaviour. In contrast, the

application of sophisticated procedures for evalu-

ating pain and central hyperalgesia allowed Yaksh

et al. to show that constitutive COX-2, but

not COX-1, contributes to spinally mediated

hyperalgesia.
[60]

Our findings demonstrate that a

preferential inhibitor of COX-2 may have advan-

tages over both selective inhibitors of COX-1 and

selective inhibitors of COX-2 in condition of acute

inflammatory pain and nitric oxide-mediated hy-

peralgesia.

In addition to COX-2 inhibition,
[61]

other

possible mediators of the effect of nimesulide are

excitatory amino acids and peptides, such as

glutamate and substance P, which are released

from primary afferents and dorsal horn neu-

rons.
[62-66]

NO and PGs increase the release of

glutamate
[67,68]

that provokes sensitivity of dorsal

horn neurons. Spinal hyperalgesia induced by NO

donors and PG2 may be blocked by NMDA

receptor antagonists.
[69,70]

In future work, it will be of considerable interest
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to determine the functional role that is played by

the above-mentioned mediators in the antihyper-

algesic activity of nimesulide.

In summary, nimesulide showed consistent

antinociceptive activity in different rodent models

of nociceptive pain and hyperalgesia analgesic.

This is likely to depend, at least partly, upon a

direct action of the drug on spinal and supraspinal

structures.
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