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In this study, effects of rofecoxib, celecoxib, nimesulide on the acute
phase of inflammation were studied in the carrageenan-induced paw edema
model and their influence on the chronic phase of inflammation was evalu-
ated in the cotton pellet granuloma tests. Additionally, effects of these drugs
on capillary vascular permeability were examined in the hyaluronidase test
and were compared with that of indomethacin (nonselective COX inhibitor).

The results of the study demonstrated that rofecoxib, celecoxib, nimesu-
lide, indomethacin at a dose of 10 mg kg�� reduced the volume of paw edema
by 40.6% (p < 0.05), 21.6% (p < 0.05), 20.3% (p < 0.05), 64.0% (p < 0.05),
respectively. Anti–proliferative effect of rofecoxib was of 29%, while those
of celecoxib and nimesulide were of 13.5 and 21.2%, respectively.
Indomethacin had an anti-proliferative effect of 44.2%. When the drugs were
given at a dose of 25 mg kg��, rofecoxib, celecoxib, nimesulide reduced
carrageenan-induced paw edema by 50.6% (p < 0.004), 27.9% (p < 0.004)
and 33.0% (p < 0.004), respectively. Positive control, indomethacin, reduced
the paw edema by 86.1% (p < 0.004). As a result, indomethacin, rofecoxib,
celecoxib, nimesulide significantly inhibited both acute and chronic inflam-
mation. While indomethacin, celecoxib, nimesulide significantly reduced
capillary vascular permeability, the effect of rofecoxib was insignificant. We
could not clarify this observation. Further studies are required to enlighten
this effect of rofecoxib.
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INTRODUCTION

The inflammatory mechanisms in the body are
very complicated and they cannot be attributed to
a single mediator or factor. Inflammation media-
tors, such as histamine, serotonin, arachidonic acid
metabolites and quinines, are known as having
a role in generation of the inflammatory reactions
[10, 14]. Inflammatory process has two phases:
acute and chronic. Acute inflammation is charac-
terized by fever, pain, and edema, while chronic in-
flammation is characterized by cellular prolifera-
tion [1]. Complement system, fibrinolytic system
and hyaluronidase enzyme are activated in plasma
during inflammation [9]. Hyaluronidase activity in
blood is increased during inflammation and the de-
crease in inflammation parallels a decrease in hya-
luronidase activity [15].

Models of acute inflammation, which is in-
duced by formalin, dextran histamine, serotonin,
bradykinin, prostaglandin and carrageenan are used
to investigate anti-inflammatory effects of drugs
[10, 18]. Carrageenan-induced inflammation model
is a COX-dependent reaction and is used to deter-
mine COX inhibition [3].

Models of chronic inflammation, which is pro-
voked by subcutaneous (sc) implantation of foreign
bodies, are used to investigate the effects of drugs
on a chronic phase of inflammation [7].

In this study, we aimed to observe and to com-
pare anti-inflammatory effects of highly selective
(rofecoxib, celecoxib), relatively selective (nimesu-
lide), and nonselective COX inhibitors (indometha-
cin) in acute and chronic inflammation models and
to determine their effects on hyaluronidase activity.

MATERIALS and METHODS

Animals

In this study, 90 male albino Wistar rats and 60
albino rabbits were used. Weight of rats varied be-
tween 170–190 g. Rabbits weighed between 3.5–4 kg.
All animals were provided by Experimental Ani-
mal Laboratory in Atatürk University, Faculty of
Medicine, Department of Pharmacology. Animals
were grouped (n = 6) and kept under normal condi-
tions at ambient room temperature (22°C). Salt
forms of the drugs were dissolved in distilled water.

Drugs

Nimesulide was provided by Biofarma (Tur-
key), other drugs were provided by Sigma (Ger-
many).

Carrageenan-induced inflammation model in

rats

Anti-inflammatory effects of rofecoxib, cele-
coxib and nimesulide were investigated in car-
rageenan-induced paw edema model [18]. Groups
of rats received 10 mg kg$% or 25 mg kg$% of rofe-
coxib, celecoxib, nimesulide and indomethacin,
and anti-inflammatory potencies of drugs were
compared at equal doses. First (30 rats, 6 rats/per
group), the drugs were administered at 10 mg kg$%,
perorally (po), with the aid of gavages for two
days. Control group received carrageenan and
equal volume of distilled water. The paw volume of
rats up to the knee joint, was measured by plethys-
mometry. One hour after the administration of the
last dose, 0.1 ml of 1% carrageenan was injected
into the hind paw of each animal. Carrageenan-
induced increase in paw volume (paw edema) was
measured five times at 1 h intervals. Anti-in-
flammatory effects of drugs were determined by
comparing the results obtained in the drug-treated
groups with the results of control group. At the sec-
ond stage (30 rats, 6 rats/per group), anti-inflam-
matory potencies of rofecoxib, celecoxib, nimesu-
lide and indomethacin were examined at a dose of
25 mg kg$%, using the method mentioned above.

Cotton pellet granuloma test

The effects of rofecoxib, celecoxib and nimesu-
lide on the proliferative phase of inflammation
were examined [4, 21]. Rat groups (30 rats,
6 rats/per group) received 10 mg kg$% of rofecoxib,
celecoxib and of nimesulide po with the aid of
gavages. Control group received equal volume of
distilled water. Anti-proliferative potencies of se-
lective COX-2 inhibitory drugs were compared
with that of indomethacin (10 mg kg$%).

Thirty minutes after the administration of drugs,
rats were anesthetized with 25 mg kg$% of thiopental
sodium. Then cotton pellets, weighing 7 ± 1 mg
and prepared under sterile conditions, were sc im-
planted in the interscapular area. The drugs were
administered under the above mentioned conditions
for 7 days. On the 8th day, rats were killed with
high dose (50 mg kg$%) of thiopental sodium and
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cotton pellets with the granuloma tissue around
them were removed and they were weighed. Anti-
proliferative effects of drugs were determined by
comparing the obtained results in test groups with
the results of control group.

Effects on hyaluronidase activity

Effects of rofecoxib, celecoxib and nimesulide
on hyaluronidase activity were investigated in
hyaluronidase-induced capillary vascular perme-
ability assay [19]. Sixty albino rabbits were used
for the experiment. Bilateral abdomen area of each
rabbit was shaved. The experiment was carried out
in two stages. At the first stage, rabbits (30 rabbits,
6 rats/per group) received 10 mg kg$% of rofecoxib,
celecoxib, nimesulide, indomethacin po with the
aid of gavages. One hundred twenty eight IU of
hyaluronidase was dissolved in 1 ml of isotonic
NaCl solution and 0.8 ml of trypan blue (0.75%)

was added to 0.5 ml of this solution. One hour after
the administration of drugs, 0.1 ml of the resulting
solution was sc injected in the shaved area. The
blue region which appeared 20 s after the injection
was measured in mm&. Smaller blue areas indicated
decreased hyaluronidase enzyme activity and capil-
lary vascular permeability.

At the second stage of the experiment, the animals
(30 rabbits, 6 rats/per group) received 25 mg kg$% of
rofecoxib, celecoxib, nimesulide and indomethacin po
with the aid of gavages according to the method men-
tioned above and their effects were compared.

Statistical analyses

All results were shown as means ± SD. One-
way analysis of variance was used to evaluate the
results; p < 0.05 was considered significant.

The present study was approved by the Ethics
Committee of Atatürk University, Medical Faculty.
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Fig. 1. Effects of rofecoxib, celecoxib, nimesulide and
indomethacin (10 mg each) on hyaluronidase-induced capillary
vascular permeability in rabbits (mean)

Table 1. Effects of rofecoxib, celecoxib, nimesulide and indomethacin (10 mg kg�� each) on carrageenan-induced paw edema in rats

Drugs Dose
(mg/kg)

Number of
animals

Normal paw volume (ml) Increase in
inflammatory paw

volume (ml)

Anti-inflammatory
effect %

p

Before
inflammation

4 h after
carrageenan

injection

Rofecoxib 10 6 0.84 1.31 0.47 ± 0.7 40.6 < 0.05

Celecoxib 10 6 0.87 1.50 0.62 ± 0.9 21.6 < 0.05

Nimesulide 10 6 0.80 1.44 0.63 ± 0.11 20.3 < 0.05

Indomethacin 10 6 0.85 1.13 0.28 ± 0.4 64.0 < 0.05

Control� — 6 0.80 1.60 0.79 ± 0.10 — —

� The animals received carrageenan and equal volume of distilled water. Values are means ± SD

Fig. 2. Effects of rofecoxib, celecoxib, nimesulide and
indomethacin (25 mg each) on hyaluronidase-induced capillary
vascular permeability in rabbits (mean)



RESULTS

Carrageenan-induced paw edema

As seen in Table 1, rofecoxib, celecoxib, nime-
sulide and indomethacin (10 mg kg$%) decreased
carrageenan-induced paw edema by 40.6, 21.6,
20.3, 64.0%, respectively. Inflammatory paw edema
in control group, which received carrageenan and
equal volume of distilled water, increased by 0.79
± 0.10 ml. The increase in rofecoxib-, celecoxib-, ni-
mesulide-, indomethacin-treated animals was 0.47
± 0.7 (p < 0.05), 0.62 ± 0.9 (p < 0.05), 0.63 ± 0.11
(p < 0.05), 0.28 ± 0.4 (p < 0.05) ml, respectively.

In the other rat groups, which received 25 mg
kg$% of rofecoxib, celecoxib, nimesulide, indo-
methacin, the drugs decreased paw volume by
50.6% (p < 0.004), 27.9% (p < 0.004), 33.0%
(p < 0.004) and 86.1% (p < 0.004), respectively. An
increase of 0.79 ± 4.24 ml was observed in paw
volumes of control group. The values in rofecoxib-,
celecoxib-, nimesulide- and indomethacin-treated
groups were 0.39 ± 2.38, 0.57 ± 3.43, 0.53 ± 1.49
and 0.11 ± 3.0, respectively (Tab. 2).

Cotton pellet granuloma test

After 8 days, mean weight of cotton pellets in
control group was of 208 ± 8.9 mg, while it was
147 ± 9.1, 180 ± 11.1, 164 ± 8.2 and 92.3 ± 1.3 mg
in groups treated with 10 mg kg$% of rofecoxib, ce-
lecoxib, nimesulide and indomethacin, respectively.
According to these results, anti-proliferative effects
of rofecoxib, celecoxib, nimesulide and indometha-
cin were 29, 13.5, 21.2, 44.2%, respectively (Tab. 3).

Hyaluronidase test

The spreading area of trypan blue, which was
administered with hyaluronidase, was 119.3
± 7.17 mm& in the control group. The values at
rofecoxib, celecoxib, nimesulide, and indomethacin
(10 mg kg$%) were 93.4 ± 3.43, 72 ± 2.51, 64.3
± 2.31, 50.2 ± 2.79 mm&, respectively (Fig. 1).

In addition, in groups administered 25 mg kg$%

of rofecoxib, celecoxib, nimesulide and indometha-
cin, respectively, the blue area was of 97.3 ± 4.53,
69.3 ± 2.76, 60.8 ± 2.62 and 45.6 ± 3.77 mm&, re-
spectively. The value in the control group was
111.0 ± 8.39 mm& (Fig. 2).
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Table 2. Effects of rofecoxib, celecoxib, nimesulide and indomethacin (25 mg kg�� each) on carrageenan-induced paw edema in rats

Drugs Dose
(mg/kg)

Number of
animals

Normal paw volume (ml) Increase in
inflammatory paw

volume (ml)

Anti-inflammatory
effect %

p

Before
inflammation

4 h after
carrageenan

injection

Rofecoxib 25 6 0.84 1.23 0.39 ± 2.38 50.6 < 0.004

Celecoxib 25 6 0.89 1.46 0.57 ± 3.43 27.9 < 0.004

Nimesulide 25 6 0.87 1.40 0.53 ± 1.49 33.0 < 0.004

Indomethacin 25 6 0.83 0.94 0.11 ± 3.0 86.1 < 0.004

Control — 6 0.81 1.60 0.79 ± 4.24 — —

Values are means ± SD

Table 3. Effects of rofecoxib, celecoxib, nimesulide and indomethacin on proliferative phase of inflammation (cotton pellet test) in rats

Drugs Dose
(mg/kg)

Number of
animals

Weigh of cotton pellets (mg) Anti-proliferative
effect %

p

Before
implantation

After implantation

Rofecoxib 10 6 7 ± 1 147 ± 9.1 29 < 0.05

Celecoxib 10 6 7 ± 1 180 ± 11.1 13.5 > 0.05

Nimesulide 10 6 7 ± 1 164 ± 8.2 21.2 < 0.05

Indomethacin 10 6 7 ± 1 92.3 ± 1.3 44.2 < 0.05

Control� — 6 7 ± 1 208 ± 8.9 — —

� The animals received equal volume of distilled water and were implanted cotton pellet. Values are means ± SD



DISCUSSION

In the present study, effects of rofecoxib, cele-
coxib and nimesulide on acute inflammation,
chronic inflammation and increase in capillary vas-
cular permeability were investigated in carrageenan-
induced paw edema, cotton-pellet granuloma test
and capillary vascular permeability induced by
hyaluronidase, respectively. Effects of these drugs
were compared with indomethacin. The results in-
dicated that rofecoxib, celecoxib, nimesulide and
indomethacin, at a dose of 10 mg kg$%, signifi-
cantly reduced carrageenan-induced inflammation
(paw edema). Indomethacin, at a dose of 10 mg
kg$%, resulted in about 64% reduction in the size
values of carrageenan-induced paw edema. These
values for rofecoxib, celecoxib and nimesulide
were 40.6, 21.6, 20.3%, respectively (Tab. 1). Ac-
cording to these results, it may be suggested that
indomethacin has more potent effect than rofe-
coxib, celecoxib and nimesulide.

Rofecoxib, celecoxib, nimesulide and indo-
methacin, at a dose of 25 mg kg$%, more signifi-
cantly decreased carrageenan-induced inflamma-
tion than those of the drugs at 10 mg kg$%.
Indomethacin is an indole derivative NSAID inhib-
iting both COX isoforms [2]. Rofecoxib and cele-
coxib are highly selective COX-2 inhibitors [12]. It
was found that nimesulide at low doses inhibited
COX-2 five to sixteen times more potently than
COX-1, but its COX-2 selectivity was abolished at
therapeutic and high doses [8].

It is known that carrageenan-induced inflamma-
tory reaction has two phases: early and late phases.
Early phase lasts 60 min and is associated with re-
lease of histamine, serotonin and bradykinin. Late
phase occurs within 60 min after injection and lasts
for 3 h. This phase is associated with neutrophil-
originated free radicals, such as hydrogen peroxide,
superoxide, and hydroxyl radicals, as well as pros-
taglandin release [11, 13, 22]. Rofecoxib, celecoxib
and nimesulide were effective at the 4th hour of
carrageenan-induced inflammation. Simon reported
that rofecoxib and celecoxib (selective COX-2 in-
hibitors) had equal therapeutic effects as traditional
NSAIDs [16]. However, our study revealed that
indomethacin had stronger effect than rofecoxib
and celecoxib.

In cotton-pellet test, indomethacin at a dose of
25 mg kg$% was more effective than rofecoxib, ce-
lecoxib and nimesulide which were used at the

same doses. In rats administered indomethacin,
volumes of cotton pellets were smaller and the ob-
served hyperemia was slighter when compared
with control group. Rofecoxib, celecoxib and ni-
mesulide significantly reduced the weight of cotton
pellets. NSAIDs produce the inhibitory effect in
cotton-pellet granuloma test by inhibiting granulo-
cyte infiltration to foreign body (cotton pellet), pre-
venting the generation of collagen fibres and sup-
pressing mucopolysaccharides [7]. Granuloma tis-
sue formed in the injured area is a mass consisted
of these monocytes/macrophages [8]. Increase in
vascular permeability as well as inflammatory me-
diators have an important role in inflammation pro-
cess. As it is known, hyaluronidase enhances vas-
cular permeability [6]. It causes an increase in tis-
sue permeability by hydrolyzing hyaluronic acid
[17]. It was found that hyaluronidase activity is in-
creased in myelomonocytic leukemia [5]. Indo-
methacin, phenylbutazone and other NSAIDs are
known to diminish hyaluronidase-induced capillary
vascular reaction (permeability) [19, 20]. In our
study, indomethacin, at a dose of 10 mg kg$%, sig-
nificantly decreased hyaluronidase-induced capil-
lary vascular permeability. The elevation of indo-
methacin dose (25 mg kg$%) did not cause an evi-
dent increase in effect of the drug. Surprisingly, ef-
fect of rofecoxib, at doses of 10 and 25 mg kg$%, was
statistically insignificant in hyaluronidase-induced
capillary vascular permeability. However, cele-
coxib and nimesulide significantly reduced capil-
lary vascular permeability at the same doses.

As it is mentioned in Materials and Methods,
a smaller blue area caused by sc injection of hyalu-
ronidase enzyme-trypan blue mixture indicates de-
creased hyaluronidase enzyme activity and capil-
lary vascular permeability [19].

As a result, indomethacin, rofecoxib, celecoxib
and nimesulide significantly inhibited both acute
and chronic inflammation. While indomethacin,
celecoxib and nimesulide significantly reduced
capillary vascular permeability, the effect of rofe-
coxib was insignificant. We could not clarify this
observation. Further studies are required to en-
lighten this effect of rofecoxib.
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