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A B S T R A C T

Background: Previous studies have shown that unilateral injection of carrageenan into the gastrocnemius

muscle produces chronic thermal and mechanical hyperalgesia.

Aim: In the present study, we have characterized this model of muscoskeletal inflammatory pain, by

evaluating the antihyperalgesic effects of selective and non-selective COX-2 inhibitors after systemic

administration.

Materials and methods: Rats were injected with 3% carrageenan in the left gastrocnemius muscle and

hyperalgesia to heat stimuli (measured as decreased withdrawal latency) to paws was assessed before

and at varying times after injection, till end of 2nd week. Histological changes and the determination of

prostaglandin E2 (PGE2) concentration were performed after the completion of drug treatment protocol.

Results: Intraperitoneal administrations of the selective COX-2 inhibitor celecoxib (7 mg/kg) as well as

preferential COX-2 inhibitors like nimisulide (5 mg/kg) and aceclofenac (5 mg/kg) attenuated

hyperalgesia whereas non-COX-2 selective inhibitors like ibuprofen (40 mg/kg) and indomethacin

(10 mg/kg) did not. Also the histopathological evidence suggests the beneficial effects of COX-2 selective

inhibitors. The data suggest that selective inhibition of COX-2 produce good anti-inflammatory,

analgesic and antihyperalgesic effects on Carrageenan-induced thermal inflammatory hyperalgesia.

Conclusion: In the present carrageenan induced chronic pain model we have determined the role of

analgesics in the reversal and inhibition of the state of chronic hyperalgesia. While considering the

characterization of the present model our observations suggest the importance of a spinal COX-2

mechanism, a spinal action of systemically delivered drugs in the face of peripheral inflammation.
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z o.o. All rights reserved.

Contents lists available at ScienceDirect

Pharmacological Reports

jou r nal h o mep ag e: w ww .e lsev ier . co m / loc ate /p h arep
Introduction

Chronic pain can become an intolerable and debilitating
condition in itself surpassing any injury that might have caused
it. Often the source of this unnecessary pain is chronic inflamma-
tion [1–3]. Pain of muscle origin is the major presenting symptom
of many clinically defined conditions. Of the experimental
strategies used to study muscle pain, intramuscular algesic
injection produces quantifiable and clinically relevant pain,
hyperalgesia and altered motor functions [4–6]. Inflammation
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causes the induction of cyclooxygenase-2 (COX-2), leading to the
release of prostanoids, which sensitize peripheral nociceptor
terminals and produce localized pain hypersensitivity [7,8].
Peripheral inflammation also generates pain hypersensitivity in
neighboring uninjured tissue (secondary hyperalgesia), because of
increased neuronal excitability in the spinal cord (central
sensitization), and a syndrome comprising muscle and joint pain
[7,9].

On the other hand, nonsteroidal anti-inflammatory drugs
(NSAIDs) are among the most commonly used drugs worldwide
to treat pain and inflammation [2,10,11]. NSAIDs inhibit formation
of prostaglandins through inhibition of both the COX-1 and COX-2
enzymes [1]. It has been reported that blocking constitutive spinal
COX-2 before tissue injury may reduce the initial peripheral and
y Elsevier Urban & Partner Sp. z o.o. All rights reserved.
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central sensitization that occurs after tissue injury [1]. While the
effects of analgesics on chronic central nervous system (CNS)
mediated pain initiated by central sensitization is not clear
and further studies are needed to conclusively differentiate COX-1
and COX-2 effects as well as to address the possible supraspinal
role of COX-2 in thermal hyperalgesia associated with tissue injury
[1,2].

The study by Radhakrishnan et al. provides animal models for
acute as well as chronic hyperalgesia, induced by muscle
inflammation and the other by the joint inflammation with
carrageenan, both of which are possibly maintained by spinal or
supraspinal neuronal mechanisms. 3% carrageenan injected into
deep tissues produces hyperalgesia that spreads to the contralat-
eral side, at the same time period as the inflammation transforms
from acute to chronic [12]. The developed model of carrageenan-
induced pain in rodents has been suggested to have greater face
validity to pain of muscoskeletal origin in humans [4]. Loram et al.
have assessed whether the cytokines might play a functional role
in nociception by also measuring the time courses of hyperalgesia
that followed carrageenan injection in muscle and hind paw. They
measured the release of proinflammatory cytokines in plasma and
at the site of inflammation [13,14].

In our previous study, we have characterized the acute model
of muscoskeletal pain pharmacologically, by evaluating the
antihyperalgesic effects of various analgesics after systemic
administration in acute inflammatory muscle hyperalgesia
[2,15]. However, a detailed evaluation of the commonly used
NSAIDs on chronic inflammatory muscle hyperalgesia has not
been reported. In order to provide a thorough pharmacological
characterization of this model of carrageenan induced chronic
pain in the rat, various NSAIDs including, non-COX-2 selective
inhibitors [ibuprofen and indomethacin], preferential COX-2
selective inhibitors [nimisulide and aceclofenac] and COX-2
selective inhibitor [celecoxib] all of which target the cyclooxy-
genase enzymes were administered systemically and the effects
on inflammatory pain was observed. All the clinical relevant
NSAIDs are included because they are the most frequently used
agents for the treatment of inflammatory pain. Another important
purpose of the present study was to assess the nature of the
interaction after the systemic administration of different class of
NSAIDs particularly in chronic inflammation and hyperalgesia in a
rodent model.

Materials and methods

Animals

Wistar male rats weighing 250–300 g, with free access to
standard rat feed and water, were used in the present study.
Behavioral tests were performed between 9.00 a.m. and 2.00 p.m.
All experiments were approved by the Institutional Animal Ethics
Committee and were carried out according to the guidelines of the
International Association for the Study of Pain and were in
accordance with CPCSEA (committee for the purpose of control and
supervision of experiments on animals).

Drugs

Inflammatory agent: l-Carrageenan (Research Lab., Mumbai),
normal saline (Claris, sodium chloride 0.9%, w/v), anesthetic
agent: anesthetic ether (Research Lab., Mumbai), vehicle for drug
administration: dimethly sulphoxide (Research Lab., Mumbai) all
the above agents were purchased. While all the following drugs
were received as gift samples; aceclofenac BP, [({2-[(2,6-
dichlorophenyl)amino]phenyl}acetyl)oxy]acetic acid (Alembic
Ltd., Vadodra); ibupfrofen, 2-(4-isobutylphenyl)propanoic acid
(Alembic Ltd., Vadodra); celecoxib, 4-[5-(4-methylphenyl)-3-
(trifluoromethyl)-1H-pyrazol-1-yl]benzenesulfonamide (Nicho-
las Piramal Ltd., Mumbai); nimisulide, N-(4-nitro-2-phenoxy-
phenyl)methanesulfonamide (Panacea Biotec Ltd., Lalru, Punjab);
indomethacin [1-(4-chlorobenzoyl)-5-methoxy-2-methyl-1H-
indol-3-yl]acetic acid (Jagsonpal Ltd., Mumbai). While the
chemical and pharmacological details of the analgesics used in
the present study are summarized in Tables 1 and 2 respectively.

Preparation of drug solutions

All the drugs were dissolved in DMSO (dimethly sulphoxide).
The stock solution of each drug was adjusted in such a manner that
each 0.2 ml of the solution would contain the specific dose for the
individual class of drug treated groups. The stock solution was
stored in an amber colored well-closed container.

Induction and assessment of carrageenan-induced
inflammatory nociception/hyperalgesia

Induction

Inflammation was induced in the left gastrocnemius muscle
belly of rats by injecting 100 ml of freshly prepared solution of 3%
carrageenan, in normal saline under light ether anesthesia [12].

Heat testing/assessment [16]

Paw withdrawal latency/withdrawal threshold to heat stimuli
was measured 2 weeks after the injection of carrageenan. The
response to inflammatory hyperalgesia was determined by
measuring paw withdrawal latency of carrageenan injected paw
by dipping it in the water bath maintained at 47 � 1 8C. Baseline
latency to paw withdrawal from thermal source was established
thrice, 5 min apart, and averaged. A cut-off time of 15 s was imposed
to avoid any injury to the paw. The paw withdrawal latency for
contralateral paw was observed in this chronic model at 60, 120, 180
and 240 min after drug administration on subsequent dosing such as
after 1st and 2nd dose. A decrease in withdrawal latency was
interpreted as heat hyperalgesia for the purpose of the present study.

Measurement of muscle circumference

After 14 days the circumference of inflamed and the non-
inflamed gastrocnemius muscle was measured over the skin using
a measuring tape to confirm the development of inflammation. The
circumference was also measured in subsequent groups after drug
treatments to assess the correlation between PWL and inflamma-
tion. Paw volume and circumference measurement was done by
wrapping a piece of cotton thread round the muscle of each rat and
measuring the muscle circumference with the help of a meter ruler
as described previously [17].

The percentage inhibition of the muscle inflammation in drug
treated groups versus control was calculated using formula:

% Inhibition ¼ ðCt � C0Þcontrol � ðCt � C0Þtreated

ðCt � C0Þcontrol

� 100

where Ct is muscle circumference 2 weeks after carrageenan
injection and C0 is muscle circumference before carrageenan
injection.

Experimental protocol

The clinical doses for various drugs were converted to rat
equivalent doses with the help of equivalent conversions



Table 1
Chemical details of analgesics.

Chemical subclasses Chemical names Structure

Arylpropionic acid

CH2CH

CH3

CH3

CH

CH3

COO H

(a) Ibuprofen 2-(4-isobutylphenyl)propanoic acid

Indole derivative

N
CH3

CH2 COO H

C

O

H3CO

Cl

(b) Indomethacin [1-(4-chlorobenzoyl)-5-methoxy-2-methyl-

1H-indol-3-yl]acetic acid

Sulfonanilide

O

NHSO2CH 3

NO2

(c) Nimisulide N-(4-nitro-2-phenoxyphenyl)methanesulfonamide

Arly/phenyl acetic acid

O

O COO H

NH

Cl Cl

(d) Aceclofenac [({2-[(2,6-dichlorophenyl)amino]phenyl}acetyl)oxy]acetic acid

Pyrazole benzene sulphonamide

N

N

CH3

F3C

SO2NH2(e) Celecoxib 4-[5-(4-methylphenyl)-3-(trifluoromethyl)-1H-pyrazol-1-yl]

benzenesulfonamide
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mentioned by Ghosh [18]. The animals were divided into the
following groups (n = 6 for each group). Group 1: received DMSO
(dimethyl sulphoxide, 0.2 ml) and served as control, group 2:
received aceclofenac (5 mg/kg), group 3: received ibuprofen
(40 mg/kg), group 4: received celecoxib (7 mg/kg), group 5:
received nimisulide (5 mg/kg) and group 6: received indomethacin
(10 mg/kg). All the drugs were administered intraperitonally.

Histopathological studies [12,19]

Two animals of each group were sacrificed at 2 weeks after the
injection of carrageenan in control and drug treatments. Ipsilateral
knee joints were dissected and fixed in 10% formalin. The dissected
muscle was embedded in paraffin. Paraffin sections of all the tissue
were stained with hematoxylin and eosin (H&E) and examined by
light microscopy. Analysis of histological findings was descriptive
and performed in a blinded fashion by a pathologist.

Measurement of PGE2 [20,21]

0.5 ml of supernatant inflammatory immersion of the left
gastrocnemius muscle was added to 2 ml potassium hydroxide–
methanol solution (0.5 mol/l of KOH) and kept in a water bath at
50 8C for isomerization for 20 min, then methanol was added to a
total capacity of 5 ml and thoroughly mixed. After standing for
5 min, the absorbance was measured at 278 nm using a UV



Table 2
Pharmacological details of analgesics.

Pharmacokinetic subclasses Tmax T1/2 Single dose

(mg)

Daily dosage

(mg)

Dose for

250 g rat (mg)

COX-2 selectivity

Low potency/fast elimination Non-selective COX inhibition

(a) Ibuprofen 0.5–2 2–4 500–1000 2500–3200 40

High potency/slow elimination
(b) Indomethacin 0.5–2 2.6–11 25–75 100–200 10

High potency/fast elimination Preferential selective

COX-2 inhibition(c) Nimisulide 1–4 3–4 100 300–400 5

High potency/fast elimination
(d) Aceclofenac 1.25–3 4–4.3 100 100–250 5

High potency/slow elimination Selective COX-2 inhibition

(e) Celecoxib 2–4 9–15 100–200 300–400 7
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spectrophotometer (Shimadzu 1700). Then by per ml of inflam-
matory exudates corresponding to the optical density values to
indicate PGE2 content, the capacity of inflammatory exudates (in
ml) was expressed by the difference between the volumes of the
right muscle before and the left muscle after the scheduled drug
treatments.

Calculation of maximum possible effectiveness [22,23]

Results were expressed in % MPE so as to differentiate between
the post-carrageenan treatment latency and PWL/threshold of the
rats after drug treatments over the entire time frame. The %
maximum efficacy of the particular class of the drug at specific
time after administration can be done over the entire testing
period after subsequent doses 1st and 2nd.

% MPE ¼

Post-drug treatment latency

�Post-carrageenan treatment latency
Post-carrageenan treatment latency

� 100

For the chronic model study the post-carrageenan treatment
latency was recorded after 2 weeks.

Calculation of % analgesia [2,23]

% Analgesia represents the analgesic efficacy of the NSAID as
their ability against algesia (pain) in a comparative manner in the
present study. The maximum extent to which these selective and
non-selective COX inhibitors produce analgesia in chronic muscle
inflammatory hyperalgesia was evaluated:

% Analgesia ¼

Post drug treatment latency

�Control latency ðDMSOÞ
15 � Control latency ðDMSOÞ � 100

The mean % analgesia was computed for the representative
class of group at a particular testing time point over the entire
testing period. The 15 represent the cut-off time in seconds which
was used to avoid injury to the tissue.

Calculation of % antihyperalgesia [2,15]

% Antihyperalgesia was calculated to assess the effect of NSAID
on the extreme sensitivity to heat threshold (thermal hyperalge-
sia) and the extent to which they normalized the exaggerated pain
behavior in the current study cohort. % Antihyperalgesic activity
was taken in consideration with the ability of NSAID to elevate the
decreased PWL to the basal PWL.

% Antihyperalgesia ¼ Test latency � Mean basal PWL

15 � Mean basal PWL
� 100
In the above formula the mean basal PWL was calculated for the
chronic model and the value was rounded to 9.04 s approximately
to calculate % antihyperalgesic effect produced by the NSAID at
particular time point on administration of subsequent doses over
the specified testing period.

Statistical analysis

All the statistical calculations were performed using Graphpad
Instat software version 3.05, 32 bit for win 95/NT � 1999–2000. All
data were expressed as mean � SEM (standard error of mean) and
was analyzed by using one-way ANOVA (one-way analysis of
variance) using Dunnett’s multiple comparison test as post hoc test.
p value < 0.05 was considered significant as compared to the control.

Results

Effect of carrageenan injection on the gastrocnemius muscle

inflammation

Injection of 3% carrageenan into the left gastrocnemius muscle
produced inflammation of the muscle which was evident even
after 2 weeks in the present chronic model. The circumference of
the inflamed gastrocnemius muscle (6.04 � 0.06 cm) was signifi-
cantly more as compared with the normal muscle (5.53 � 0.04 cm).
The inflammation was accompanied by a significant reduction in paw
withdrawal latency to heat stimuli.

Mean paw withdrawal latency

The total mean basal paw withdrawal latency was calculated in
the normal/uninflammed rats to calculate % antihyperalgesia. The
total mean basal paw withdrawal latency was 9.04 � 0.13 s
(n = 36).

Spontaneous pain behavior

The spontaneous pain behavioral signs were observed in
animals such as guarding the injected paw and weight bearing
on the contra lateral paw during the first two days. After 48 h, there
was no sign of spontaneous pain except that there was curling of
the paw ipsliaterally still the chronic model was set such that until
2 weeks.

Effects of analgesics on heat hyperalgesia

The mean basal withdrawal latencies for all the groups (n = 36)
in the present model were 9.04 � 0.13 s prior carrageenan injection
which reduced significantly after 2 weeks to 3.34 � 0.11 s. The
intraperitoneal administration of NSAIDs caused a rapid reduction in
hyperalgesia returning it to near normal values within 1 h. They
avoided the spontaneous pain behavior and an exaggerated response



Fig. 1. Effects of analgesics on paw withdrawal latency in chronic inflammatory muscle hyperalgesia. After administration of the second dose the analgesics showed better

stastical significance as compared to the first one.
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to heat stimuli, a state referred as hyperalgesia. There was a
significant difference in PWL to heat among the groups injected with
selective COX inhibitors and nonselective COX inhibitors in the
current study cohort. On administration of the 1st dose there was an
increase in reversal of hyperalgesia after 2 h but on subsequent
administration of 2nd dose the reversal of hyperalgesia was
sustained. The maximum effect was seen at 120 min after the
administration of 2nd dose in the drug treated groups and effect
started decreasing thereafter.

Selective COX-2 inhibitors significantly reversed the carrageen-
an induced chronic inflammatory hyperalgesia as compared to
the non-selective COX-2 inhibitors. Aceclofenac, nimisulide and
celecoxib reversed thermal hyperalgesia more effectively as
they increased the PWL to a maximum of 10.219 � 0.2988,
10.813 � 0.1888 and 11.433 � 0.1436 respectively. The non-selective
COX inhibitors viz. ibuprofen and indomethacin were not so effective
in elevating PWL and showed a maximum response of 6.288 � 0.2449
and 8.598 � 0.3464 respectively. The vehicle treated (control) group
showed the continued signs of inflammatory pain and showed a
decrease in PWL to thermal stimuli over the entire testing time frame.
The results are depicted in Fig. 1.

Effects of analgesics on muscle inflammation

Carrageenan produced distinct muscle inflammation in the
control group indicating inflammatory response. While on two
consequent doses, the NSAIDs showed marked inhibition of muscle
inflammation as there, was a significant decrease in circumference
Table 3
Effect of analgesics on muscle inflammation in chronic inflammatory hyperalgesia.

Treatments Muscle circumference (cm) 

Non-inflamed After carragee

Hyperalgesic control DMSO 5.444 � 0.02818 6.328 � 0.084

Aceclofenac 5.454 � 0.04597 5.962 � 0.186

Ibuprofen 5.377 � 0.02831 6.127 � 0.145

Celecoxib 5.3051 � 0.03022 6.150 � 0.067

Nimisulide 5.338 � 0.04915 5.959 � 0.102

Indomethacin 5.505 � 0.02673 6.022 � 0.081

One-way ANOVA

F 4.405 1.975 

Bsc 3.645 7.237 

Df 35 35 

Sum of Squares 0.4033 3.378 

p 0.6016 0.2036 

Values are expressed as mean � SEM.
of muscle as compared to control (Table 3). Selective COX-2
inhibitors exhibited a better profile of anti-inflammatory effect on
muscle inflammation as compared with the nonselective ones.
Control group showed paw circumference of 6.328 � 0.08412 cm
24 h after carrageenan injection and 6.132 � 0.05709 cm, 2 weeks
after vehicle treatment and was considered as 0% inhibition in muscle
circumference so as to assess the comparative effect of selective and
non-selective COX inhibitors. Selective COX-2 inhibitors treated rats
showed the maximum anti-inflammatory activity. The % inhibition
for celecoxib, aceclofenac and nimisulide was found to be
90.261 � 0.0385, 87.645 � 0.0759 and 86.918 � 0.0702 respectively.
While in the non-selective COX-2 inhibitors treated groups such as
indomethacin and ibuprofen % inhibition was found to be
66.031 � 0.0540 and 51.598 � 0.0744 respectively.

Maximum possible effectiveness

Selective COX-2 inhibitors exhibited a better profile than non-
selective ones as the range for maximum MPE % for selective was
in-between 300 and 163 and for the non-selective it was in-
between 160 and 90 approximately. nimisulide showed the
maximum MPE of 299.003 � 0.2356 which was closely followed
by celecoxib 252.001 � 0.1517. The results are tabulated in Table 4.

% Analgesia

In the chronic study selective COX-2 inhibitors demonstrated
maximum analgesic effect which ranges from 58 to 69% and for
% Inhibition

nan injection 24 h after drug treatment

12 6.132 � 0.05709 0

4 5.539 � 0.1060 87.645 � 0.0759

3 5.710 � 0.1205 51.598 � 0.0744

61 5.372 � 0.04679 90.261 � 0.0385

7 5.428 � 0.09127 86.918 � 0.0702

51 5.510 � 0.08128 66.031 � 0.0540

10.073 –

5.436 –

35 –

3.708 –

0.3650 –



Table 4
Maximum possible effects (%) of analgesics on chronic inflammatory hyperalgesia.

Treatment Time (min)

1st dose 2nd dose

60 120 180 240 60 120 180 240

Hyperalgesic control DMSO �4.171�0.1262 �3.128� 0.1666 �1.756� 0.1506 �1.364� 0.1385 �0.9341�0.2046 3.293�0.1601 19.789�0.1804 �13.529�0.2550

Aceclofenac 87.472�0.1768 160.28� 0.2066 141.956� 0.2064 59.506� 0.2076 104.462�0.3494 163.588�0.2615 149.806�0.2401 134.582�0.1583

Ibuprofen 27.453�0.1232 59.767� 0.1739 67.80� 0.1247 4.3106� 0.1208 58.819�0.1409 92.234�0.1726 42.158�0.0826 28.829�0.0614

Celecoxib 96.182�0.1091 161.88� 0.1030 136.576� 0.1108 66.779� 0.0965 163.97�0.1315 252.001�0.1517 216.65�0.1322 189.162�0.1106

Nimisulide 120.295�0.1812 182.546� 0.2735 156.71� 0.2394 108.265� 0.2701 197.49�0.1804 299.003�0.2356 248.929�0.2090 221.771�0.2155

Indomethacin 87.357�0.2335 129.579� 0.1884 54.984� 0.2140 21.111� 0.1183 99.699�0.2336 158.199�0.2336 111.621�0.2705 84.864�0.1411

Values are expressed as mean� SEM.

Table 5
analgesic effects (%) of analgesics on chronic inflammatory hyperalgesia.

Treatment Time (min)

1st dose 2nd dose

0 60 120 180 240 60 120 180 240

Hyperalgesic control DMSO 0 0 0 0 0 0 0 0 0

Aceclofenac �2.051�0.2033 19.768� 0.1988 39.049�0.1199 33.844� 0.1538 11.512�0.1429 39.639�0.3135 57.449� 0.2184 50.023� 0.2172 50.105� 0.2101

Ibuprofen �3.286�0.1413 5.882� 0.0997 14.786� 0.1491 3.2311�0.134 �1.604�0.1180 16.325�0.2041 22.463� 0.1914 2.679� 0.216 8.971�0.1751

Celecoxib �3.487�0.1710 25.026�0.0644 43.382� 0.0486 35.936� 0.09045 15.992�0.6403 45.161�0.1650 68.253� 0.1408 55.665� 0.1416 52.671�0.1946

Nimisulide �8.224�0.2324 21.532� 0.1988 35.98� 0.1577 29.57� 0.1577 17.965�0.1762 40.791�0.1526 62.735� 0.1634 47.87� 0.15705 46.999�0.2382

Indomethacin �2.738�0.1609 23.8703�0.138 35.876� 0.1441 13.844� 0.2038 3.48�0.0959 28.767�0.2273 43.022�0.2422 25.218� 0.290 25.36� 0.2353

Values are expressed as mean� SEM.

Table 6
Antihyperalgesic effects (%) of analgesics on chronic inflammatory hyperalgesia.

Treatment Time (min)

1st dose 2nd dose

0 60 120 180 240 60 120 180 240

Hyperalgesic control DMSO �90.536�0.1565 �93.087�0.1005 �92.449�0.0908 �91.61� 0.1249 �91.359�0.1128 �96.61�0.1788 �88.523�0.1344 �78.439�0.15439 �98.808� 0.2293

Aceclofenac �86.627�0.1775 �54.916�0.130 �17.298�0.1599 �26.76� 0.1597 �69.328�0.1609 �18.674�0.2654 19.781�0.2148 10.822�0.1934 0.805� 0.116

Ibuprofen �96.795�0.1156 �81.728�0.1384 �63.993�0.1891 �85.419� 0.1399 �94.429�0.1360 �64.513�0.1561 �46.174�0.1878 �73.657�0.09782 �80.97� 0.0766

Celecoxib �97.181�0.1453 �44.728�0.0946 �8.959�0.0885 �22.751� 0.09635 �60.755�0.0820 �7.818�0.1170 40.151�0.1372 20.889�0.1177 3.926� 0.09613

Nimisulide �106.20�0.2066 �51.51�0.1056 �23.204�0.1976 �34.949� 0.1636 �56.979�0.1142 �16.409�0.1046 29.748�0.1598 6.979�0.1332 �5.369� 0.1397

Indomethacin �95.755�0.1351 �46.996�0.2291 �23.406�0.184 �65.083� 0.2097 �84.01�0.1139 �40.05�0.2293 �7.416�0.2386 �33.43�0.2662 �48.389� 0.1368

Values are expressed as mean� SEM.
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Fig. 2. Histological changes in muscle before and after carrageenan treated hyperalgesic controls and subsequent drug treated groups. Arrows and rectangle show foci of

muscle necrosis and group of inflammatory cell infiltrates and macrophages in chronic hyperalgesic controls and subsequent drug treated groups. Magnification 40�. (A)

Muscle histology slide of gastrocnemius muscle of normal rat. (B) Hemorrhage, edema and inflammatory cell infiltrates mostly neutrophils are seen signifying acute

inflammatory response accompanied by myonecrosis. (C) Chronic inflammatory response showing primarily the macrophages and few scattered mast cells. (D) Ibuprofen

treatment inhibited the macrophagic response to lesser extent while Focal muscle degeneration was observed with massive leukocyte infiltration. (E) Indomethacin

treatment inhibited the macrophagic response to some extent while fibrinous exudates were observed with disruption in muscular morphology as compared with compact

polygonal cells observed in COX-2 selective inhibitor treatments. (F) Nimisulide treatment inhibited the macrophagic response to some extent while no fibrinous exudates

were observed. (G) Aceclofenac decreased the chronic macrophagic response as very few macrophages are seen with no fibrinous exudates. (H) Celecoxib treatment inhibited

the macrophagic response to some extent while less fibrinous exudates were observed.
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non-selective it was 23–44%. Celecoxib showed the maximum
analgesic effect of 68.253 � 0.1408 which was closely followed by
nimisulide 62.735 � 0.1634. The results are tabulated in Table 5.

% Antihyperalgesia

In the chronic model the maximal antihyperalgesic effect for
selective COX-2 ranged from 19% to 30% while for non-selective
ranged from �46.176 to �7.416%. The celecoxib treated group
showed maximal antihyperalgesic affect 40.151 � 0.1372, closely
followed by nimisulide and aceclofenac with 29.748 � 0.1598 and
19.781 � 0.2148 respectively. The results are tabulated in Table 6.

Histopathological studies

Histopathological examination of the tissues in the current
study shows inhibition of inflammatory changes that parallel the
long lasting hyperalgesia observed in control. In the hyperalgesic
controls the acute inflammation was severe, accompanied by
myonecrosis and presence of neutrophils in large numbers. The
chronic inflammation was epimysial and perimysial, with presence
of macrophages and few scattered mast cells. While the selective
COX-2 inhibitors treated rats showed decrease in neutrophils and
absence of macrophages and mast cells as compared to non-COX-2
selective inhibitors treated rats (Fig. 2).

Effects on concentration of PGE2 level

All the drug treatments significantly decreased PGE2 level in
the inflammatory exudates and the inhibitory percentage was
35.077, 38.501, 58.459, 71.404 and 77.036% for ibuprofen,
indomethacin, nimisulide, aceclofenac and celecoxib respectively,
as compared with control group. The inhibitory potency of
celecoxib and aceclofenac was better as compared to the other
class of drugs (Fig. 3).

Summary of pharmacological characterization of chronic model

In the present chronic model COX-2-selective inhibitors
significantly attenuated thermal hyperalgesia as PWL was
significantly increased as compared to the non-selective COX
inhibitors and also decreased the muscle inflammation signifi-
cantly. The histopathological observations revealed that celecoxib,
aceclofenac and nimisulide showed minimum disruption in
muscle morphology, as less number of macrophages was observed
with few fibrinous exudates in the present chronic model, which
supports the collateral behavioral data. The COX-2 selective
inhibitors demonstrated significant effects on maximum possible
effectiveness, analgesia and antihyperalgesia when compared to
the non-selective COX-2 inhibitors.

Discussion

Key aspects of carrageenan in studying mechanisms of chronic

hyperalgesia

Numerous studies investigating inflammatory hyperalgesia
have used carrageenan as an inducer of acute inflammation by
injecting carrageenan into the hind paw of rodents [20,21,24–32].
The potential of carrageenan in inducing chronic thermal and



Fig. 3. Effects of analgesics on PGE2 concentration in paw exudates induced by Carrageenan in rats. The values represent the mean � SEM; *p < 0.05; **p < 0.01 vs. control

(vehicle) group.
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mechanical hyperalgesia has been evaluated by Radhakrishnan
et al. by injecting various concentrations of carrageenan into the
gastrocnemius muscle of rats [12]. The present model has been
characterized by Loram et al., signifying the role of interlukins in
development of chronic model [14,26]. In the current model
carrageenan when injected into the muscle, an acute phase of
inflammation followed by a chronic phase, lasting up to 8 weeks,
was observed [12]. The responses to noxious heat which we
observed are comparable to those described after carrageenan
injection into a rat’s hind paw [10,12,31]. The local changes
occurring after carrageenan insult are likely responsible for the
sensitization of the peripheral nociceptors and primary afferents,
which contribute to the development of secondary hyperalgesia,
along with central changes [21,29]. The chronic phase of
hyperalgesia is maintained by the central sensitization
[12,27,32–34].

Antihyperalgesic effects of NSAIDS

In this present study we have examined the effects of systemic
administration of the Nonsteroidal anti-inflammatory drugs
(NSAIDS), i.e. non-COX-2 selective inhibitors [ibuprofen and
indomethacin], preferential COX-2 selective inhibitors [nimisulide
and aceclofenac] and COX-2 selective inhibitor [celecoxib], on
thermal hyperalgesia evoked by intramuscular injection of
carrageenan in chronic model of muscle hyperalgesia. Interestingly
all the major reported data deals with the preventive aspects of
hyperalgesia but to date nobody has evaluated the effects of
analgesics on the established thermal hyperalgesia in more
pronounced spinally mediated muscle hyperalgesia in preclinical
settings [2,15]. As spinal or supraspinal neuronal mechanisms play
important role in maintaining the state of chronic thermal
hyperalgesia in the present model of inflammatory muscle pain
[12,32,35–37]. It is clear from the results of our study that NSAIDs
can reverse the already established chronic thermal hyperalgesia
mainly by inhibiting COX-2 as selective COX-2 inhibitors played
significant role in reversing or inhibiting the chronic thermal
hyperalgesia. As everybody already knows that NSAIDs are used as
anti-inflammatory, anti-pyretic, analgesic agents and they mediate
their effect through the inhibition of COX enzyme [1,10,36,38,39].
By utilizing this rationale pharmacologic approach and by using
various selective and non-selective COX-2 inhibitors we have
explored the pharmacological and functional role of COX-2 in
response to an inflammatory stimulus. For the detail discussion of
the results of our present study we find it was better to discuss it
under two sections such as (1) the induction of COX-2 and PGE2

production after 2 weeks after carrageenan injection and (2) the
role of spinal or supraspinal cyclooxygenases on thermal
hyperalgesia.

(1) Induction of COX-2 and PGE2 production in carrageenan
induced inflammatory muscle hyperalgesia

Cyclooxygenase activity and prostaglandin signaling are critical
regulators of normal skeletal metabolism and inflammation
related to injury or disease. The role of cyclooxygenase-2 (COX-
2)-mediated prostanoid production in hyperalgesia is a topic of
substantial interest and COX-2 is one of the enzymes that are
highly correlated with the physiological processes that accompany
hyperalgesia and other inflammatory effects and without a doubt
has a major role in the introduction and maintenance of thermal
[25,32] and mechanical hyperalgesia [26,33]. While in the present
study we have characterized the role of both COX isoforms in
chronic inflammatory muscle inflammation and the accompanying
thermal hyperalgesia that follow after intramuscular administra-
tion of carrageenan. Results of the previous study suggest that the
inflammatory hyperalgesia in the peripheral tissue depends on
activation of COX-1 and COX-2 in C-fibers, which contribute to the
induction and maintenance of sensitization of primary sensory
neurons [40–42]. Our previous study clearly demonstrates that
non-selective as well as selective COX-2-inhibitors have similar
effects on the reversal of thermal hyperalgesia in acute model of
inflammatory muscle hyperalgesia [2]. On the contrary COX-2-
selective inhibition was more beneficial in the attenuation of
hyperalgesia in the present chronic model as compared with the
non-selective COX-2 inhibitors. After inflammation, allodynia and
hyperalgesia occurs, generally because of an increase in PGE2 level
in the inflamed tissue and in the spinal cord that can be associated
with induction and activation of COX-2 [34,43–48]. The COX-2
enzyme is the major source of PGE2 in many inflammatory pain
models and in almost all of these COX-2-selective inhibitors have
shown potent antihyperalgesic activity [28,36,37,45,46,49]. In the
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various rodents’ models of carrageenan, CFA, zymosan or formalin
evoked hyperalgesia; selective COX-2 inhibitors have markedly
reduced the pain symptoms [4,28,36,50–52]. For example the
results of the study by Pulichino et al., suggest that the inhibition
of PGE2 synthesis by NSAIDs and COX-2 inhibitors, contributes to
their efficacy in treating the signs of chronic inflammatory pain
[28]. In agreement with the COX-2 induction data, higher levels of
PGE2 are produced with the more severe provocation, while in the
present study there was a significant decrease in PGE2 level in the
edema exudates for all the drug treated groups but the inhibitory
potency of selective COX-2 inhibitors was better as compared to
the other class of drugs [20,24,36–39,53]. Histopathological
examination of the muscle tissues in the current study shows
inflammatory changes that parallel the long-lasting heat hyper-
algesia. The chronic hyperalgesia, therefore, is maintained by
chronic inflammation observed in the tissues. An infiltration of
inflammatory cell was also observed in the studies by Nantel et al.
[27] which is in agreement with the previously reported
infiltration of leukocytes and neutrophils by carrageenan in the
pleural cavity [24,31,38]. The pivotal role of PGE2 in carrageenan-
induced edema and thermal hyperalgesia has been suggested
by other groups previously [34,46,54]. Evidence supporting
the importance of PGE2 in this feedback loop comes from a
previous study describing the induction of COX-2 expression by
prostaglandins in human and mouse cell lines [55–57]. In the
current study, using NSAIDs we have investigated the regulation
of COX-1 and COX-2 in carrageenan-induced chronic inflamma-
tory muscle hyperalgesia with the help of behavioral and
histological studies.

The two major pharmacological actions of NSAIDs observed in
the present study can be outlined as follows (1) COX inhibitory
effect produced after the systemic delivery of drugs and (2) both
families of COX inhibitors show comparable efficacy after systemic
delivery in acute model but did not show comparable effects in
chronic model [2,15]. The differences between COX-1 and COX-2
inhibitors on pain behavior observed in the present work indicate
that these isozymes do not play equivalent roles in chronic muscle
hyperalgesia [58,59]. Two possibilities for the lack of contribution
by COX-1 may be that COX-1 requires (1) higher arachidonic acid
concentrations than COX-2 or (2) differential coupling to cytosolic,
secretory, and noncalcium-dependent phospholipases [9,60,61].
We have shown that carrageenan increases COX-2 and PGE2 levels
as the NSAIDs blocks COX-2 induction in inflammatory hyper-
algesia, which suggests a positive feedback loop that, regulates
COX-2 expression in the present model of chronic inflammatory
muscle hyperalgesia.

(2) Role of spinal or supraspinal cyclooxygenase (COX)-2 on
thermal hyperalgesia

Spinal COX-2 plays an important role in the maintenance of
thermal hyperalgesia induced by carrageenan [12,25,32,37,62].
The heat hyperalgesia produced in the present model is main-
tained by spinal or supraspinal neuronal mechanisms, as a result
from series of peripheral and central changes occurring at the site
of insult and at spinal or supraspinal sites [12]. It is also clear from
the histopathological evidences that there are no contralateral
signs of inflammation observed in our studies, supporting a
neuronal role, either spinal or supraspinal, for the contralateral
spread of hyperalgesia. The results of our study suggest that in the
present model, muscle mediated inflammatory pain can be
alleviated by selective as well as non-selective COX-2 inhibitors
and that once established ongoing inflammation does not appear
to contribute to the inflammatory process. Yamamoto and Nozaki-
Taguchi [32] have suggested that COX-2 is expressed in the central
nervous system, including the spinal cord, and that COX-2 plays an
important role in the spinal nociceptive transmission and spinal
COX-2 plays an important role in the maintenance of thermal
hyperalgesia induced by paw carageenan injection [37]. Seibert
et al. [42] have examined the relative distribution of COX-1 and
COX-2 in both normal and inflamed tissues and have reported that
COX-1 expression dominates in normal tissues while COX-2 mRNA
is induced at the inflammatory site. In a study by Ballou et al. [63]
suggests that prostaglandins made by COX-1 mainly are involved
in pain transmission in the stretching test in both male and female
mice, whereas those made by COX-2 also may play a role in the
stretching response in female mice. The current study supports a
constitutive role for spinal COX-2 synthesis of PGE2 in spinally
mediated thermal hyperalgesia [44,61,64]. Also the observations
by Ghilardi et al. [62] point to non-neuronal substrates that may
contribute to the apparent efficacy of COX-2 inhibitors in various
clinical states, including those induced by tissue injury. The
pharmacological characterization of the present model suggests (i)
that primary hyperalgesia in response to carrageenan in the rats is
mediated probably by both the COX isoforms and (ii) that COX-2
plays a major role in the spinal and supraspinally mediated
thermal hyperalgesia in this model of chronic inflammatory
muscle pain.

Conclusion

In the present carrageenan induced chronic pain model we
have determined the role of analgesics in the reversal and
inhibition of the state of chronic hyperalgesia. While considering
the characterization of the present model our observations
suggest the importance of a spinal COX-2 mechanism, a spinal
action of systemically delivered drugs in the face of peripheral
inflammation.
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