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ABSTRACT

Background: Evidence for a role of immune system in hyperalgesic pain states is increasing. Recent work
in neuroimmunology suggests that the immune system does more than simply perform its well known
functions of recognizing and removing invading pathogens and tumors. Interest in neuroinflammation
and neuroimmune activation has grown rapidly in recent years with the recognition of the role of central
nervous system inflammatiom and immune responses in the aetiology of pain states. Among various the-
ories, the role of inflammatory responses of the injured nerve has recently received attention. Cytokines
are heterogenous group of polypeptides that activate the immune system and mediate inflammatory
responses, acting on a variety of tissue, including the peripheral and central nervous system. Interleukin-
6 (IL-6) a pro-inflammatory cytokine, is potentially important in pain aetiology, have pronociceptive
actions. Neuropathic pain may be due to a primary insult to the peripheral or central nervous system.
Substances released during inflammation from immune cells play an important role in the development
and maintenance of chronic pain. Nimesulide, a highly selective cox-2 inhibitor, effectively reduces hyper-
algesia due to peripherally administration of inflammatory agents like formalin. The safety of nimesulide
was reported for some conditions in which other NSAIDs are contraindicated. Here we have determined
the effect of nimesulide on pain behaviour and serum IL-6 level in chronic constriction injury (CCI) model
of neuropathic pain.
Methods: Experiments were carried out on male Wistar rats, (weight 150-200 g, n=8). Rats were divided
into 3 different groups: 1- CCI +saline 0.9% 2- Sham + saline 0.9% (control) 3- CCI +drug. Nimesulide (1.25,
2.5, 5mg/kg, i.p.) was injected 1h before surgery and continued daily to day 14 post-ligation. 42 °C water
for thermal hyperalgesia, von Frey filaments for mechanical allodynia, acetone test for cool allodynia
and 10°C water for cold hyperalgesia were respectively used as pain behavioural tests. Behavioural tests
were recorded before surgery and on postoperative days 1, 3, 5, 7, 10, 14 and the serum concentration of
IL-6 was determined at the day 14.
Results: The results of this study showed a decrease in hyperalgesia and allodynia following nimesulide
administration.
Conclusions: It appears that nimesulide was able to reduce pain behaviour due to nerve inflammation and
a parallel decrease in the serum IL-6 concentration was observed.
Implications: The immune system is an important mediator in the cascade of events that ultimately
results in hyperalgesia. Cytokines contribute to the patheogenesis of neuropathic pain, therefore drugs
that inhibit cytokine release from immune cells may reduce inflammatory pain states.
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1. Introduction

There is increasing evidence for a role of the immune system
in hyperalgesic pain states. The immune system is an important
mediator in the cascade of events that ultimately results in hyper-
algesia. Among several theories, the role of inflammatory responses
in the injured nerve has recently received attention [1-3]. Recent
work in neuroimmunology suggests that the immune system does
more than simply perform its well-known functions of recognizing
and removing invading pathogens and tumours [4,5]. The current
literature strongly suggests a role for pro-inflammatory cytokines
in the genesis or maintenance of pain states [5,6]. Cytokines are
a heterogeneous group of polypeptides that activate the immune
system and mediate inflammatory responses, acting on a variety
of tissues, including the peripheral and central nervous system
[7,8]. Interleukin-6 (IL-6), a pro-inflammatory cytokine which is
potentially important in pain aetiology, has been implicated in neu-
ropathic pain manifested as spontaneous pain, hyperalgesia and
allodynia, with multiple aetiologies [6,9,10]. The chronic constric-
tion injury (CCI) model, in which four loose ligatures are applied
to the rat sciatic nerve, produces hyperalgesia that is similar to
that seen in painful human peripheral neuropathies [11]. Greater
hyperalgesia is produced by chromic than by silk sutures [12].
These observations suggest that inflammation in and around the
nerve appears to be a critical mechanism of hyperalgesia in the CCI
model and cytokines may play an important role [13]. Intrathe-
cal anti-IL-6 antibody attenuated this reaction suggesting a role
for IL-6 in the development of pain [14]. Plasma levels of IL-6
also increase following peripheral nerve injury [15,16]. It has been
reported that central or peripheral injection of IL-6 increases the
concentration of prostaglandin E2 (PG E2) in the cerebrospinal fluid
(CSF), and this increase is prevented by inhibition of cyclooxyge-
nase [17,18]. Non-steroidal anti-inflammatory drugs (NSAIDs) are
among the most commonly used drugs world-wide to treat pain
and inflammation. However, just when and where NSAIDs exert
their anti-hyperalgesic actions has not been completely defined
[19]. Nimesulide, a non-steroidal anti-inflammatory drug, pos-
sesses the ability to reduce chronic inflammatory pain via multiple
mechanisms including preferential inhibition of prostaglandin (PG)
synthesis via cyclooxygenase-2 (COX-2), reduction in cytokine
action or release, and other effects [20,21]. Nimesulide reduced
inflammatory pain produced by formalin injection in rats [22].

The present study was designed to evaluate the inflammatory
response associated with sciatic nerve injury under the influence of
nimesulide. Here, we have determined the effect of nimesulide on
hyperalgesia, allodynia and the serum level of IL-6 in the CCI model
of neuropathic pain.

2. Materials and methods
2.1. Animals

Experiments were carried out on male Wistar rats (weight
150-200 g) that were housed one rat per cage and placed under a
12 h light/dark cycle in a temperature-controlled room (22 41 °C).
Animals had free access to food and water. Rats were divided ran-
domly into several experimental groups, each made-up of eight
animals. All experiments followed the IASP guidelines on ethical
standards for investigation of experimental pain in animals [23].
The animals were allowed to habituate to the housing facilities for 1
week before the experiments began. Behavioural studies were per-
formed in a quiet room between the hours of 9:00 and 11:00 am.
Efforts were made to limit distress and use the minimum number
of animals necessary to achieve statistical significance.

2.2. Surgery

We used the CCI model of neuropathic pain [11]. The surgical
procedure was performed under ketamine (60 mg/kg) and xylazine
(10 mg/kg) anaesthesia. The left sciatic nerve was exposed and four
loose chromic gut ligatures were placed around the nerve proximal
to the trifurcation. The distance between the two adjacent ligatures
was 1 mm. The wound was irrigated with saline (0.9%) and closed
in two layers with 4-0 silk (fascial plane) and surgical skin staples.
In the saline-treated sham group, rats underwent the same surgical
procedure except for the ligation.

2.3. Drug preparation

Nimesulide (Sigma, U.S.A.) was dissolved in saline 0.9% and pre-
pared as suspension. Ketamine hydrochloride (Sigma, U.S.A.) and
xylazine hydrochloride (Sigma, U.S.A.) were used for anaesthesia.
All drugs were injected by the intra-peritoneal (i.p.) route.

2.4. Drug administration

Animals were randomly divided into three experimental
groups: (1) saline-treated CCl group, (2) saline-treated Sham group,
and (3) drug-treated CCI group. Taking into account the pharma-
cokinetics of nimesulide [24], nimesulide 1.25, 2.5 and 5 mg/kg [22]
were injected 1 h before surgery and continued daily to day 14 post-
ligation. All behavioural tests were recorded on day 0 (control day)
before the surgery and on days 1, 3, 5, 7, 10, and 14 post-nerve
injury. The order of pain testing was thermal hyperalgesia, mechan-
ical allodynia, cool allodynia and cold hyperalgesia (the interval
between each test was 30 min). On day 14, rats were euthanized by
CO, asphyxiation, then they were rapidly guillotined and the blood
was collected for serum evaluation of IL-6 [25].

2.5. Behavioral tests and experimental design

The sciatic nerve territory (mid-plantar hind paw) was tested
for sensitivity to noxious and innocuous stimuli using standard
behavioural assays done sequentially at several intervals up to 14
days following surgery. Animals were acclimated to the testing
chambers for 30 min prior to testing. Hyperalgesia (a decreased
threshold for noxious stimuli) and allodynia (a heightened response
to normally non-noxious stimuli), were evaluated in the animals.

2.6. Thermal hyperalgesia

We used the paw immersion test (hot bath) to assess the sen-
sitivity to a heat stimulus, which consisted of the immersion of
the paw in a 42°C water bath [26]. We recorded the latency of
withdrawal for each paw. Three measurements with an interval of
5 min between them were made for each hind paw, and the mean
was calculated. The paw withdrawal latency (PWL) was obtained
by subtracting the latency of the contralateral unaffected hind paw
from the ipsilateral experimental paw. A cut-off time of 15s was
used to avoid tissue damage. Negative difference scores are indica-
tive of thermal hyperalgesia [11,26-28].

2.7. Mechanical allodynia

Mechanical sensitivity to non-noxious stimuli was measured by
applying a set of calibrated nylon monofilaments (Stoelting, U.S.A.).
The von Frey methodology was used to assess the sensitivity of
the skin to tactile stimulation. von Frey filaments are calibrated
to have a characteristic bending force when pressure is applied.
Each rat was placed under a transparent Plexiglas cage on an ele-
vated metal screen surface with 1 cm mesh openings. Increasing
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strengths of von Frey filaments were applied sequentially to the
plantar surface of the left hind paw of each animal. The minimum
paw withdrawal threshold (PWT), defined as the minimum gram
strength eliciting two sequential responses with 3 min intervals
between them (withdrawal from pressure), was recorded for the
left paw. The intensity of mechanical stimulation was increased
from 2 to 60 g in a graded manner using successively greater diam-
eter filaments until the hind paw was withdrawn. For successive
tests, the placement of these stimuli was varied slightly from one
trial to the next to avoid sensitization of the hind paw [29].

2.8. Cool allodynia

The acetone test, a method slightly modified from Choi et al.
[30], was used to determine the reactivity to an acetone stimulus.
Rats were placed under a transparent Plexiglas cage, as described
previously, and an acetone bubble was formed at the end of a
piece of small polyethylene tubing that was connected to a syringe;
then, the bubble was lightly touched to the heel. The acetone was
applied 5 times with an interval of 1 min between application, and
the number of paw lifts from surface was the response measured.
The response was calculated as the percent of paw withdrawal
frequency (% PWF) using the following equation: (number of paw
withdrawals/5 trials) x 100 [29].

2.9. Cold hyperalgesia

The paw immersion test (cold bath) was used to test cold hyper-
algesia. Using a method similar to the hot bath (see above), the paw
was immersed in a 10 °C water bath, and the latency of withdrawal
was recorded. A cut-off time of 15 s was used to avoid tissue damage
[27].

2.10. IL-6 protein analysis by ELISA

Cytokine levels in the serum of rats were measured using a com-
mercially available ELISA specific for IL-6 (Biosource International,
England) with a lower detection limit of <8 pg/ml. Blood samples
from the different groups were centrifuged at 2500 rpm for 20 min,
and the serum was collected and frozen at —70°C. The analysis
of cytokine protein expression was done according to the manu-
facturer’s instructions. The rat IL-6 kit is a solid phase Sandwich
Enzyme-linked-Immuno-Sorbent-Assay (ELISA). An antibody spe-
cific for rat IL-6 has been coated onto the wells of the microtiter
strips provided. Samples, including standards of known rat IL-6
concentration, control specimens, and unknowns, were pipetted
into these wells. During the first incubation, the rat interleukin-6
antigen binds to the immobilized (capture) antibody on one site.
After washing, a biotinylated antibody specific for rat IL-6 was
added. During the second incubation, this antibody binds to the
immobilized rat IL-6 captured during the first incubation. After
removal of excess secondary antibody, Streptavidin-Peroxidase
(enzyme) was added. This enzyme binds to the biotinylated anti-
body and completes the four-member sandwich. After a third
incubation and washing to remove all of the unbound enzyme, a
substrate solution that the bound enzyme acts upon to produce
colour was added. The intensity of this coloured product is directly
proportional to the concentration of rat IL-6 present in the original
specimen. Then, the plates were read using a microplate reader at
450 nm. The cytokine protein concentration was obtained from a
standard curve (Fig. 2A).

2.11. Statistical analysis

Parametric data were analysed for significance using an analysis
of variance (ANOVA) followed by a post-hoc Tukey’s test. Non-

parametric data were analysed using two related samples followed
by the Wilcoxon test. In all cases, P<0.05 was considered signifi-
cant.

3. Results

All the animals experienced normal weight gain over the course
of the study. Different stimuli were tested over a 14-day time frame
and included the measurement of thermal, mechanical, cool allo-
dynia and cold stimuli.

3.1. Response to thermal hyperalgesia

In the paw immersion test (hot bath), while the saline-treated
sham group did not exhibit pain behaviour during the 14 days of
the study compared to the pre-ligation day, all saline-treated CCI
groups exhibited confirmed heat hyperalgesia at the third day post-
ligation (P<0.05) compared to the pre-surgery control day. This
hyperalgesia was sustained throughout the rest of the experimen-
tal period. In the drug-treated CCI group, nimesulide produced an
anti-hyperalgesic effect at the 2.5 and 5 mg/kg doses, but not at the
1.25 mg/kg dose (P<0.05) (Fig. 1A).

3.2. Response to mechanical allodynia

In the von Frey test, all saline-treated CCI groups were strongly
allodynic at the third day post-ligation (P<0.001) compared to
the control day; this effect was sustained until the end of the
study. In contrast, the saline-treated sham group did not show any
mechanical allodynia for the duration of the experimental period
as compared to the pre-surgery day. During the period of the study,
in the drug-treated CCI group, nimesulide produced a tactile anti-
hypersensitivity effect at the 2.5 and 5 mg/kg doses, but not at the
1.25 mg/kg dose (P<0.05) (Fig. 1B).

3.3. Response to cool allodynia

Acetone test: In the saline-treated CCI group, a significant dif-
ference in pain behaviour (P<0.001) was seen at the third day
post-injury compared to day 0; this effect continued until the end of
the study. However, cool allodynia was not observed in the saline-
treated sham group. In the drug-treated CCI group, nimesulide
produced an anti-allodynic effect at the 2.5 and 5 mg/kg doses but
not at the of 1.25 mg/kg dose (P<0.01) (Fig. 1C).

3.4. Response to cold hyperalgesia

In the paw immersion test, cold hyperalgesia developed at 5
days post-ligation in the saline-treated CCI group (P<0.001) com-
pared to the control day, an effect which persisted for the duration
of the study. However, the saline-treated sham group did not
exhibit pain behaviour at any point in the study. In the drug-treated
CCI group, nimesulide produced an anti-hyperalgesic effect at the
2.5 and 5mg/kg doses but not at the 1.25 mg/kg dose (P<0.05)
(Fig. 1D).

3.5. Cytokine protein analysis

Protein analysis (by ELISA) revealed that the IL-6 serum level
was increased in the saline-treated CCI group compared to the
saline-treated sham group (P<0.001). Pre-treatment with nime-
sulide 1.25, 2.5 and 5 mg/kg attenuated the production of IL-6 in the
drug-treated CCI group (P<0.001) compared to the saline-treated
CCI group (Fig. 2B).
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Fig. 1. (A) The latency of paw withdrawal (in seconds) in response to 42 °C hot water bath before and at several time points after surgery in saline-treated CCI group, saline-
treated sham group and drug-treated CCI group. Nimesulide (1.25, 2.5 and 5 mg/kg) was injected i.p. Data are presented as mean =+ S.E.M. of 6-8 rats in each group. Asterisks
(*P<0.05; **P<0.01; ***P<0.001) indicate a statistically significant difference when compared to day 0 before surgery. (B) Paw withdrawal threshold in response to von Frey
filaments before and at several time points after surgery in saline-treated CCI group, saline-treated sham group and drug-treated CCI group. Nimesulide (1.25, 2.5 and 5 mg/kg)
was injected i.p. Data are presented as means + S.E.M. of 6-8 rats in each group. Asterisks (***P<0.001) indicate a statistically significant difference when compared to day 0
before surgery. (C) The frequency of paw withdrawal in response to acetone before and at several time points after surgery in saline-treated CCI group, saline-treated sham
group and drug-treated CCI group. Nimesulide (1.25, 2.5 and 5 mg/kg) was injected i.p. Data are presented as means + S.E.M. of 6-8 rats in each group. Asterisks (*P<0.05;
***P<0.001) indicate a statistically significant difference when compared to day 0 before surgery. (D) The latency of paw withdrawal (in seconds) in response to 10°C cold
water bath before and at several time points after surgery in saline-treated CCI group, saline-treated sham group and drug-treated CCI group. Nimesulide (1.25, 2.5 and
5 mg/kg) was injected i.p. Data are presented as means =+ S.E.M. of 6-8 rats in each group. Asterisks (**P<0.01; ***P<0.001) indicate a statistically significant difference when

compared to day 0 before surgery.

4. Discussion

The aim of the present study was to determine the anti-
inflammatory and analgesic effects of nimesulide in neuropathic
pain in the rat. We evaluated the serum levels of IL-6 because it is
an important pro-inflammatory cytokine released during inflam-
matory pain. The mechanisms of neuropathic pain are not well
understood, and there is no satisfactory treatment for this pain.
Prostanoids have been regarded as the main mediator in the main-
tenance of inflammation and pain [31]. Evidence for a spinal site of
prostanoid action in some pain states has been demonstrated by the
fact that spinal administration of PG E2 to mice produces hyperalge-
sia and that intrathecal administration of NSAIDs is antinociceptive
[32,33]. Prostanoids synthesized in the spinal cord in response to
noxious stimuli, are known to facilitate nociceptive transmission,
and disrupting their production prevents allodynia and hyperalge-
sia, raising questions about their role in neuropathic pain [34]. The
analgesic action of NSAIDs has been explained on the basis of the

peripheral inhibition of prostaglandin synthesis via the blockage of
cyclooxygenase and the prevention of bradykinin- and cytokine-
induced hyperalgesia [35,36]. It appears that NSAIDs exert their
analgesic effect through a variety of other peripheral and central
mechanisms. The localization of COX-2 in the brain provides an
additional central mechanisms of action for several NSAIDs, in par-
ticular for those that have a preferential inhibitory effect upon
COX-2 such as nimesulide [36,37]. Nimesulide has been reported to
be safe for some conditions in which other NSAIDs are contraindi-
cated [21,38]. Nimesulide completely inhibited the development of
thermal hind paw hyperalgesia induced by peripheral injection of
formalin and showed a significant analgesic effect in the tail flick
test [22,36]. In another study, nimesulide and diclofenac were sig-
nificantly more effective than celecoxib and rofecoxib in reducing
the mechanical hind paw hyperalgesia induced by the intraplan-
tar injection of Freund’s Complete Adjuvant (FCA) [22]. In rats
undergoing partial transection of the sciatic nerve, subcutaneous
injection of indomethacin, meloxicam, and an EP1 prostaglandin
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Fig. 2. (A) Interleukin-6 standard calibration curve for serum evaluation of IL-6 in different groups of animals. (B) Serum concentration of IL-6 in saline-treated CCI group,
saline-treated sham group and drug-treated CCI group on day 14 post-ligation. Data are presented as means + S.E.M. of 6-8 rats in each group. Asterisks (***P<0.001) indicate
a statistically significant difference between saline-treated CCI group compared to saline-treated sham group and (***P<0.001) indicate a statistically significant difference
between drug-treated CCI group compared to saline-treated CCI group. N1.25 =nimesulide 1.25 mg/kg, N2.5 = nimesulide 2.5 mg/kg, N5 = nimesulide 5 mg/kg.

receptor blocker reduced mechanical hypersensitivity [39]. Taking
these data into account, in the present study, we have determined
the effect of nimesulide on nerve injury-induced neuropathic pain
with an inflammatory component. Our data showed that nime-
sulide prevented hyperalgesia and allodynia due to sciatic nerve
ligation. These data are consistent with the above-mentioned
reports. In neuropathic pain models and in model of inflamma-
tory pain, pro-inflammatory cytokines (IL-1, IL-6 and TNFa) and
other endogenous hyperalgesic mediators, including nerve growth
factor, bradykinin and PGs, are produced and are thought to influ-
ence nociception or pain [4,40,41]. Thermal hyperalgesia has been
reported when these cytokines are injected into the rat paw [10].
IL-6, a mediator in the cascade of pain, is secreted by a wide range of
cells including immune cells, fibroblasts, endothelial cells, and neu-
rons [10,1].In addition, it has been shown that neurons of the spinal
cord produce IL-6 mRNA in response to peripheral nerve injury
resulting in neuropathic pain behaviours, and mechanical allody-
nia has been correlated with levels of IL-6 in the sciatic nerve. The
importance of IL-6 in nociception has been further demonstrated
with IL-6 knock-out mice which do not develop heat and pressure-
hypersensitivity in response to a chronic constriction injury [18].
It is possible that cytokines trigger the release of directly acting
algogenic compounds such as PGs and bradykinin [35,40]. Clini-
cally, IL-6 may have a role in nerve injury and pain, as patients
with persistent sciatic nerve pain display elevated blood levels
of IL-6 [15]. In chronic inflammatory pain, nimesulide and cele-
coxib treatment have produced reductions in IL-6 in synovial fluid
of osteoarthritis patients [42]. In our study, we found that in the
presence of nimesulide, the serum concentration of IL-6 declined
in the drug-treated CCI group compared to saline-treated CCI ani-
mals. Although all doses of nimesulide were able to reduce the
IL-6 serum concentration, analgesia was not observed for the low
dose. It seems that immune cells producing IL-6 are sensitive even
to the low dose of nimesulide, while a suitable analgesic dose of
nimesulide is required to reduce allodynia.

In conclusion, our results showed that nimesulide could attenu-
ate pain behaviours in the CCI model of neuropathic pain. It appears
that the anti-hyperalgesic and anti-allodynic effects of nimesulide

may be due, in part, to the prevention of IL-6 production following
sciatic nerve injury. This reduction in cytokine action by nimesulide
seems to be unique among non-steroidal anti-inflammatory drugs
(NSAIDs) [38,21]. To understand the role of IL-6, and considering
the fact that pro-inflammatory cytokines are mediators involved
in the early stage of inflammation after nerve injury, further stud-
ies are needed to determine the level of IL-6 immunoreactivity or
mRNA in the sciatic nerve and in the immune cells of the periph-
eral and central nervous system under the influence of nimesulide
during neuropathic pain.
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