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Prophylactic Effect of Highly Selective COX-2 Inhibition
in Acute Monosodium Urate Crystal Induced
Inflammation in the Rat Subcutaneous Air Pouch
SELIM NALBANT, LAN X. CHEN, MARIE S. SIECK, GILDA CLAYBURNE, and H. RALPH SCHUMACHER

ABSTRACT. Objective. To examine the ability of rofecoxib prophylaxis to blunt the effect of monosodium urate
(MSU) crystal inflammation induced in the rat subcutaneous air pouch. 
Methods. Eight rats were used in each of 4 groups. On day one, air was injected subcutaneously to
create the pouches and gavage feedings were started with placebo or 2 different doses of rofecoxib.
Six days later MSU crystals or saline were injected into the pouches. Twenty-four hours later, rats
were examined, sacrificed, and pouch fluid studied. 
Results. Rofecoxib 15 or 30 mg/kg given for 6 days before MSU crystal injection into rat air pouch-
es significantly suppressed the inflammation following injection of 10 mg crystals (p = 0.001) and
tended to suppress the milder inflammation induced by 5 mg MSU. Greater effects on phagocytosis
were seen with 30 mg/kg rofecoxib. Tumor necrosis factor-α levels in pouch fluid measured by
ELISA were not suppressed by the rofecoxib.
Conclusion. Prophylactic use of this cyclooxygenase 2 (COX-2) selective inhibitor in this pilot
study suppressed acute MSU crystal induced inflammation. Effects on cytokines need further inves-
tigation. COX-2 inhibitors deserve consideration for prophylactic use in interim gout. (J Rheumatol
2005;32:1762–4)
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Gout is the most common form of inflammatory joint dis-
ease in men over the age of 401. Acute gout is an intense,
extremely painful, inflammatory arthritis with relapsing
inflammatory attacks resulting from formation of monosodi-
um urate (MSU) crystals in the affected joint space. The pro-
phylactic benefit of colchicine to decrease attacks of gout
has been shown and colchicine is widely used in prevention
of attacks2. Nonsteroidal antiinflammatory drugs (NSAID)
are the most frequently prescribed for acute gout and they
are also often used for prophylaxis but have not been sys-
tematically studied3-5. Cyclooxygenase 2 (COX-2) selective
inhibitors (coxibs), such as celecoxib and rofecoxib (before
withdrawal from the market), have been shown to be as
effective as NSAID in the treatment of osteoarthritis,
rheumatoid arthritis, and acute pain and another highly

selective drug, etoricoxib, was as effective as indomethacin
in acute gout and offered greater gastrointestinal safety3.

Our study examined the ability of a coxib (rofecoxib) to
act prophylactically to blunt the effect of MSU crystal
induced inflammation in the rat subcutaneous air pouch
model.

MATERIALS and METHODS
Crystal preparation. Synthetic and endotoxin free MSU crystals were pre-
pared as described by McCarty and Faires6. They were washed, dried, and
sterilized by autoclaving. Crystals were then suspended with sterile saline
solution at a concentration of 1 mg/ml just prior to use.

Rat air-pouch model. Subcutaneous air pouches as previously described7

were produced under ketamine anesthesia on the dorsum of Sprague-
Dawley rats (Harlan, Indianapolis, IN, USA) weighing 150-250 mg at time
of experiment. Twenty-four milliliters sterile air was injected subcuta-
neously through a 0.25 µm microfilter into the backs of the animals to cre-
ate a pseudosynovial cavity8,9. A second air injection was given on day 3,
if needed, to keep the air pouch inflated. 

Preparations of rofecoxib suspensions. Solutions of 0.5% methylcellulose
in water were stirred while adding the appropriate amount of rofecoxib to
make 2 doses (15 mg/kg and 30 mg/kg) of the drug. The suspensions were
sonicated until homogeneous and stored at 2-8 oC until use. 

Experimental design. Rofecoxib or placebo was given by gavage in daily
doses for 6 days before inflammation was induced by injecting 5 or 10 ml
of MSU crystal suspension into 6-day-old rat air pouches. Study groups
included (1) positive control group receiving MSU crystals only; (2) nega-
tive control group receiving sterile saline (no crystals or drugs); and (3) 2
treatment groups receiving MSU crystals and rofecoxib (either 15 mg/kg or
30 mg/kg). The last gavage of the drugs was given 30 min before the MSU
injection. There were 8 rats in each group.
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Twenty-four hours after crystal injection, at the peak of acute inflamma-
tion (based on results from our preliminary studies, data not shown) rats were
sacrificed (in a closed CO2 box). Pouches were injected with 5 ml saline, and
the lavage fluid was collected by aspiration for subsequent analyses. 

Assessment of inflammation. White blood cell (WBC) counts of air pouch
fluid were performed under regular light microscopy10. The percentage of
phagocytic cells in air pouch fluid containing urate crystals (percentage of
phagocytosis) was quantified by counting 100 phagocytic cells and record-
ing those containing crystals. Tumor necrosis factor-α (TNF-α) levels in
the air pouch fluid were measured only in the MSU 10 mg group by
enzyme immunoassay using commercial assay kits (Mouse Biotrak Assay,
Amersham Bioscience, Piscataway, NJ, USA).

Statistical analysis. Data are summarized in Table 1. Values are expressed
as mean ± standard deviation (SD). Between group comparisons of vari-
ables were performed by one-way analysis of variance, and differences
between the positive control and other groups were examined by using
Dunnett’s Multiple Comparison Test. P values less than 0.05 were consid-
ered significant.

RESULTS
As shown in Table 1, injection of MSU crystals into the pre-
formed air pouch induced acute inflammation in this exper-

imental model. Both leukocyte counts and TNF-α as inflam-
mation markers were significantly increased in positive con-
trol animals compared to the negative control group. 

Effects of treatment on pouch fluid WBC counts. Infiltrating
WBC in air pouch lavage fluid were significantly reduced
compared to untreated controls in animals treated with
either 15 or 30 mg/kg of rofecoxib except for insignificant
differences for mice injected with 15 mg/kg rofecoxib and 5
mg MSU crystals (p > 0.05). The difference between the 2
dosages of rofecoxib was not significant (p > 0.05) when
comparing mice injected with either 5 or 10 mg of MSU
crystals (Figure 1). 

Effects on percentage of phagocytosis of pouch fluid. With
the lower dosage (5 mg) of MSU crystals, the percentage of
phagocytosis was significantly decreased at both dosages of
rofecoxib (p < 0.05). The percentage of phagocytosis was
also significantly more decreased at the higher dose of rofe-
coxib (p < 0.05). With the 10 mg dose of MSU crystals,
phagocytosis trends were less clear. 

Table 1. Effects of rofecoxib on markers of MSU crystal induced inflammation in air pouch fluids. Values are mean ± SD unless otherwise stated.

MSU (10 mg) MSU (5 mg)
WBC/mm3 % Phagocytosis TNF-α, ng/ml WBC/mm3 % Phagocytosis

Saline (negative control group) 50 ± 70.7 0 0.79 ± 0.05 43.7 ± 41.7 0
MSU alone (positive control group) 1412.5 ± 39.7 4.1 ± 1.9 1.19 ± 0.07 156.2 ± 252.7 7.3 ± 4.43
Rofecoxib 15 mg/kg + MSU 477.8 ± 3.8 10.1 ± 8.7 1.29 ± 0.15 111.1 ± 102.4 3.2 ± 2.8
Rofecoxib 30 mg/kg + MSU 444.5 ± 184.5 1.6 ± 1.4 1.53 ± 0.30 72.2 ± 68.2 1.4 ± 1.3

Figure 1. Leukocyte counts in air pouch fluids at 10 mg dosage of MSU crystals. WBC were
significantly reduced by rofecoxib. Numbers of infiltrating WBC in the air pouch lavage fluid were
significantly lower after treatment with both 15 and 30 mg/kg rofecoxib compared to MSU alone 
(p < 0.05). There was no significant difference between the 2 dosages of rofecoxib (p > 0.05).
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Effect on air pouch fluid TNF-α levels. TNF-α concentra-
tions in air pouch fluid were only assayed in the 10 mg MSU
crystal group. In this group of rats, the increased TNF-α
level caused by MSU injection was not altered by rofecoxib
treatment. Although not statistically significant, rofecoxib at
both dosages tended to increase TNF-α slightly (Table 1,
Figure 2). 

DISCUSSION
It has been shown that infiltration of joints by neutrophils
plays a significant role in the development of gouty arthri-
tis11. Therefore, a drug that protects patients from gout flares
should have the capacity to suppress neutrophil infiltration.
It has been shown clinically that at least one coxib can sup-
press inflammation during gout attacks in humans3.
However, possible prophylactic effects of coxibs against
gout attacks has not been studied. Rofecoxib prophylaxis at
both doses (15 mg/kg and 30 mg/kg) significantly sup-
pressed inflammation induced by MSU crystals in our rat
model. The effect was seen more clearly in neutrophil num-
bers than in the percentage of phagocytosis. Coxibs may not
directly affect phagocytosis but may suppress inflammatory
response to MSU crystals on the basis of neutrophil migra-
tion and infiltration12. The rofecoxib doses we used were
high but comparable to doses/kg used in published studies in
rats. Testing with lower doses would be of value.

Because TNF-α is one of the major cytokines in joints in
chronic arthritis, the effect of rofecoxib on TNF-α was also
studied. Rofecoxib did not suppress TNF-α levels; indeed,
they even tended to increase. This result is consistent with a
study by Pinheiro and coworkers who showed that rofecox-
ib and celecoxib exerted a stimulatory effect on the produc-
tion of TNF-α13. As seen with other NSAID, this is hypoth-

esized to be due to inhibition of prostaglandins, which nor-
mally inhibit the production of TNF-α7. 

Our results show that prophylactic inhibition of COX-2
suppressed some aspects of MSU crystal induced inflamma-
tion. These findings encourage us to further consider the
possible use of these types of agents for prophylaxis in clin-
ical practice.
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Figure 2. Levels of TNF-α in air pouch fluids. Rofecoxib at both dosages
tended to increase TNF-α although neither level was significantly higher
versus crystals alone.
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