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Abstract

Ž .JTE-522, 4- 4-cyclohexyl-2-methyloxazol-5-yl -2-fluorobenzenesulfonamide, is a selective inhibitor of cyclooxygenase-2 at the
Ž y7enzyme level IC is 6.4=10 M for sheep cyclooxygenase-2, but it does not inhibit sheep cyclooxygenase-1 at concentrations up to50

y4 .10 M . In rat peritoneal macrophages in culture, it markedly inhibited cyclooxygenase-2-dependent prostaglandin E production and2

weakly inhibited cyclooxygenase-1-dependent prostaglandin E production, as did the selective cyclooxygenase-2 inhibitor NS-3982
Žw Ž .x .N-2 cyclohexyloxy-4-nitrophenyl -methanesulfonamide . In addition, the anti-inflammatory activity of JTE-522 was evaluated, using a
model of recurrent air pouch-type allergic inflammation in rats. JTE-522, injected into the pouch just after a second antigen challenge,
suppressed the accumulation of pouch fluid, the infiltration of leukocytes and the prostaglandin E content in the pouch fluid, as did2

NS-398 and indomethacin. These findings indicated that JTE-522 is a selective cyclooxygenase-2 inhibitor in cell culture systems and that
the suppression by JTE-522 of the recurrence of allergic inflammation is due to the inhibition of cyclooxygenase-2. q 1998 Elsevier
Science B.V.
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1. Introduction

It is reported that increases in arachidonic acid
metabolism at inflammatory sites are due to the induction
of cyclooxygenase-2 protein expression in inflammatory

Žcells by several kinds of extracellular stimuli Lee et al.,
1992; O’Sullivan et al., 1992; Sano et al., 1992; Evett et
al., 1993; Dubois et al., 1994; Mitchell et al., 1994; Seibert

.et al., 1994; Appleton et al., 1995; Niki et al., 1997 . In
contrast, cyclooxygenase-1 is constitutively expressed in

Žalmost all types of cell Funk et al., 1991; Simmons et al.,
.1991; O’Neil et al., 1994; Smith et al., 1994 and is

probably involved in cellular housekeeping such as aggre-
Žgation of platelets and gastric mucosal cytoprotection De-

.Witt and Smith, 1988, 1990; Merlie et al., 1988 . It is
accepted that the side effects observed in organs such as

Ž .the stomach Carson et al., 1987; Brooks and Day, 1991
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Ž .and kidneys Clive and Stoff, 1984; Black, 1986 induced
Žby classical cyclooxygenase inhibitors non-selective in-

.hibitors of cyclooxygenase-1 and -2 are due to the inhibi-
tion of cyclooxygenase-1, a housekeeping gene product.
Therefore, much effort has been made to develop selective

Žinhibitors of cyclooxygenase-2, such as NS-398 Futaki et
. Žal., 1994 , nimesulide Barnett et al., 1994; Taniguchi et
. Ž .al., 1995 , DuP 697 Copeland et al., 1994 , SC-58125

Ž . ŽSeibert et al., 1994 and meloxicam Engelhardt et al.,
.1996 .

Ž ŽRecently, JTE-522 4- 4-cyclohexyl-2-methyloxazol-5-
. .yl -2-fluorobenzenesulfonamide , the chemical structure of

which is shown in Fig. 1, has been synthesized as a novel
selective inhibitor of cyclooxygenase-2. It inhibits sheep
cyclooxygenase-2 with an IC of 6.4=10y7 M and50

human recombinant cyclooxygenase-2 with an IC of50

8.5=10y8 M, but does not inhibit sheep cyclooxy-
genase-1 or human platelet cyclooxygenase-1 at concentra-

y4 Ž .tions up to 10 M Matsushita et al., 1997a,b . The first
aim of the present study is to clarify whether JTE-522
causes selective inhibition of cyclooxygenase-2 in cell
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Ž ŽFig. 1. Chemical structure of JTE-522 4- 4-cyclohexyl-2-methyloxazol-
. .5-yl -2-fluorobenzenesulfonamide .

culture systems. We recently have developed two cell
culture systems in which prostaglandin E production is2

dependent upon cyclooxygenase-1 and cyclooxygenase-2,
Ž .respectively Yamada et al., 1997 . The second aim is to

determine its anti-inflammatory activity using a model of
recurrent allergic inflammation in rats in which cyclooxy-
genase-2 plays an important role in the pathogenesis of the

Ž .recurrence Niki et al., 1997 .

2. Materials and methods

2.1. Preparation of rat peritoneal macrophages

ŽA solution of soluble starch Wako Pure Chemical Ind.,
. ŽOsaka, Japan and bacto peptone Difco Laboratories, De-

. Ž .troit, MI , 5% wrv each, that had been autoclaved at
1208C for 15 min was injected intraperitoneally into spe-

Žcific pathogen-free male Sprague–Dawley rats 300–350
. Ž .g Charles River Japan, Kanagawa, Japan , at a dose of 5

ml per 100 g body weight. 4 days later, the rats were killed
by cutting the carotid artery under diethylether anesthesia

Žand the peritoneal cells were harvested Ohuchi et al.,
.1985b . The rats were treated in accordance with proce-

dures approved by the Animal Ethics Committee of the
Faculty of Pharmaceutical Sciences, Tohoku University,
Japan.

2.2. Macrophage cultures for measurement of cyclooxy-
genase-1-dependent prostaglandin E production2

Macrophages were cultured to measure cyclooxy-
genase-1-dependent prostaglandin E production as de-2

Ž .scribed recently Yamada et al., 1997 . The peritoneal cells
Žwere suspended in Eagle’s minimal essential medium Nis-

. Ž . Žsui, Tokyo, Japan containing 10% vrv calf serum Flow
.Laboratories, North Rydge, N.S.W., Australia , penicillin

Ž . Ž .G potassium Meiji Seika Co., Tokyo, Japan 18 mgrml ,
Ž . Ž .streptomycin sulfate Meiji Seika Co. 50 mgrml and

Ž . Žcycloheximide Sigma Chemical Co., St. Louis, MO 1
. 6mM at a density of 1.5=10 cells per ml of the medium.

1 ml of the cell suspension was poured into each well of a

Ž12-well plastic tissue culture plate Coster Co., Cambridge,
.MA and the plates were incubated for 2 h at 378C. The

cells were then washed three times with medium to re-
Ž .move non-adherent cells Ohuchi et al., 1985b . The adher-

ent cells were incubated for 4 h at 378C in 1 ml of medium
Ž .containing cycloheximide 1 mM . After three washes, the

cells were further incubated for 4 h at 378C in 1 ml of
Ž .medium containing arachidonic acid Sigma Chemical Co.

Ž . Ž .10 mM , cycloheximide 1 mM and the indicated con-
centrations of drugs. After incubation, the conditioned
medium was collected to determine the prostaglandin E2

concentration.

2.3. Macrophage cultures for measurement of cyclooxy-
genase-2-dependent prostaglandin E production2

Macrophages were cultured to measure cyclooxy-
genase-2-dependent prostaglandin E production as de-2

Ž .scribed recently Yamada et al., 1997 . The peritoneal cells
were suspended in Eagle’s minimal essential medium con-

Ž . Žtaining 10% vrv calf serum, penicillin G potassium 18
. Ž .mgrml and streptomycin sulfate 50 mgrml , at a density

of 1.5=106 cells per ml. 1 ml of the cell suspension was
poured into each well of a 12-well plastic tissue culture

Ž .plate Coster Co. and the plates were incubated for 2 h at
378C. The wells were then washed three times with medium

Ž .to remove non-adherent cells Ohuchi et al., 1985b . The
adherent cells were incubated for 4 h at 378C in 1 ml of

Ž . Žmedium containing aspirin Sigma Chemical Co. 100
.mM . After three washes to remove free aspirin, the cells

were further incubated for 4 h at 378C in 1 ml of medium
Ž .containing 12-O-tetradecanoylphorbol 13-acetate TPA

Ž . Ž .Sigma Chemical Co. 16.2 nM and the indicated concen-
trations of drugs in the absence of arachidonic acid. After
incubation, the conditioned medium was collected to deter-
mine the prostaglandin E concentration.2

2.4. Drug treatment of macrophages in culture

The drugs used for preincubation of the cells were
Ž .cycloheximide and aspirin Sigma Chemical Co. . They

were dissolved in ethanol and added to the medium. To
examine the effects on prostaglandin E production, JTE-2

Ž . Žw522 Japan Tobacco, Osaka, Japan , NS-398 N-
Ž .x2 cyclohexyloxy-4-nitrophenyl -methanesulfonamide, Fu-

. Žnakoshi Co., Tokyo, Japan and indomethacin Sigma
.Chemical Co. were used. They were dissolved in ethanol

and added to the medium. The final concentration of
Ž .ethanol was adjusted to 0.1% vrv . The control medium

contained the same amount of the vehicle.

2.5. Measurement of prostaglandin E concentrations2

The conditioned medium was centrifuged at 1500 g and
48C for 5 min and the prostaglandin E concentration in2
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Žthe supernatant fraction was radioimmunoassayed Ohuchi
.et al., 1985b . Prostaglandin E antiserum was purchased2

from PerSeptive Diagnostics, Cambridge, MA, USA.

2.6. Immunization and induction of allergic inflammation

Male rats of the Sprague–Dawley strain, 39 to 41 days
Ž .old and weighing 150 to 160 g Charles River Japan , were

immunized with the antigen, azobenzenearsonate-con-
jugated acetyl bovine serum albumin with the aid of

Ž .Freund’s complete adjuvant Tsurufuji et al., 1982 . Briefly,
5 mg of the antigen dissolved in 250 ml of saline was
emulsified with an equal volume of Freund’s complete

Ž .adjuvant Difco Laboratories, Detroit, MI and 100-ml
aliquots of the emulsion were injected intradermally at 2
nuchal and 3 lumbar sites of each rat. 9 days after immu-
nization, 10 ml of air was injected subcutaneously in the
dorsum of rats under light diethylether anesthesia, to make
an ellipsoid shaped air pouch. 24 h after the injection of
air, 2 mg of the antigen dissolved in 4 ml of a sterile 2%
Ž . Žwrv solution of sodium carboxymethylcellulose Cel-

.logen F3H, Dai-ichi Kogyo Seiyaku, Niigata, Japan in
Ž .0.9% wrv NaCl solution supplemented with antibiotics

Ž0.1 mg penicillin G potassium and 0.1 mg dihydrostrepto-
.mycin sulfate per 1 ml of the solution was injected into

Žthe air pouch as the first antigen challenge Tsurufuji et al.,
.1982 . The animal experiments were done in accordance

with procedures approved by the Animal Ethics Commit-
tee of the Faculty of Pharmaceutical Sciences, Tohoku
University, Japan.

2.7. Induction of recurrence of allergic inflammation

As a second antigen challenge to induce recurrence of
allergic inflammation, 3 mg of the antigen dissolved in 0.5
ml of a sterile 0.9% NaCl solution was injected into a
granulation capsule holding about 8 ml of exudate that had
formed over a period of 5 days after the first antigen

Ž .challenge Watanabe et al., 1987 . 24 h after the second
antigen challenge, rats were killed by cutting the carotid
artery under diethylether anesthesia and the pouch fluid
was collected. Pouch fluid volume, the number of leuko-
cytes in the pouch fluid and the amount of prostaglandin
E in the pouch fluid were determined as described below.2

2.8. Drug treatment in ÕiÕo

Ž .Drugs used were JTE-522 Japan Tobacco , NS-398
Ž . Ž .Funakoshi Co. and indomethacin Sigma Chemical Co. .
Each was dissolved in ethanol and appropriately diluted
with sterile saline solution and 0.5 ml of the drug solution
was injected into the pouch just after the second antigen
challenge. The final concentration of ethanol in the antigen
solution was adjusted to 2%. The control rats received the

same amount of sterile saline solution containing 2%
ethanol.

2.9. Determination of total number of leukocytes in the
pouch fluid

The pouch fluid was centrifuged at 1000=g and 48C
for 5 min to precipitate the cells. The cells were suspended

Ž .in phosphate-buffered saline PBS, pH 7.4 and the total
number of cells was determined by using a hemocytome-
ter. In some cases, differential counting of the infiltrating
leukocytes was performed after May-Giemsa staining.

2.10. Determination of prostaglandin E concentrations in2

the pouch fluid

1 ml of the supernatant fraction of the pouch fluid, to
y4 w3 x Žwhich 5 = 10 mCi of H prostaglandin E 1602

w 3 Ž .xCirmmol, 5,6,8,11,12,14,15- H N prostaglandin E ,2
.NENrDuPont, Wilmington, DE had been added, was

Žapplied to a SEP-PAK C cartridge Waters Associates,18
.Milford, MA . The lipophilic fraction containing prosta-

glandin E was eluted with methanol, evaporated and2
Ždissolved in an aliquot of 0.01 M Tris–HCl buffer pH

. Ž .7.4 containing 0.1% wrv gelatin, 0.15 M NaCl and 10
mgrml sodium azide. A portion of the solution was used

Žfor the radioimmunoassay of prostaglandin E Watanabe2
.et al., 1987; Niki et al., 1997 . Another portion was used

for the measurement of radioactivity for the calculation of
Žrecovery over the entire procedure Watanabe et al., 1987;

.Niki et al., 1997 . Prostaglandin E antiserum was pur-2

chased from PerSeptive Diagnostics, Cambridge, MA,
USA.

2.11. Statistical analysis

The results were analyzed for statistical significance by
Dunnett’s test for multiple comparisons and Student’s
t-test for unpaired observations.

3. Results

3.1. Effects of JTE-552 on cyclooxygenase-1-dependent
prostaglandin E production2

In the presence of the protein synthesis inhibitor cyclo-
heximide, so that cyclooxygenase-2 protein was not in-
duced during the incubation period, the addition of arachi-
donic acid significantly increased prostaglandin E produc-2

Ž .tion Fig. 2 . Under this condition, prostaglandin E pro-2

duction stimulated by the addition of arachidonic acid is
Žregarded to be mainly due to cyclooxygenase-1 Yamada

.et al., 1997 . In fact, the inhibition of prostaglandin E2

production by NS-398, a selective cyclooxygenase-2 in-
hibitor, was more than 10-fold weaker than that elicited by
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Fig. 2. Effects of JTE-522 on cyclooxygenase-1-dependent prostaglandin
Ž 6 .E production. Rat peritoneal macrophages 1.5=10 cells were prein-2

cubated at 378C for 2 h in 1 ml of medium. After three washes, the
adherent cells were further incubated at 378C for 4 h in 1 ml of medium

Ž .containing cycloheximide CHI, 1 mM . The cells were then washed
three times and further incubated at 378C for 4 h in 1 ml of medium

Ž . Ž .containing arachidonic acid AA, 10 mM , CHI 1 mM and the indicated
Ž .concentrations of JTE-522, NS-398 or indomethacin IDM . Prostaglandin

Ž .E PGE concentrations in the conditioned medium are shown. Values2 2

are the means from four samples with S.E.M. shown by vertical bars.
Statistical significance: ) ) P -0.01, ) ) ) P -0.001 versus AA control.

indomethacin, a non-selective cyclooxygenase-1rcyclo-
Ž .oxygenase-2 inhibitor Fig. 2 . JTE-522 also weakly inhib-

Ž .ited prostaglandin E production Fig. 2 . IC values of2 50

JTE-522, NS-398 and indomethacin for cyclooxygenase-
1-dependent prostaglandin E production were 3.3, 4.5 and2

0.19 mM, respectively.

Fig. 3. Effects of JTE-522 on cyclooxygenase-2-dependent prostaglandin
Ž 6 .E production. Rat peritoneal macrophages 1.5=10 cells were prein-2

cubated at 378C for 2 h in 1 ml of medium. After three washes, the
adherent cells were further incubated at 378C for 4 h in 1 ml of medium

Ž .containing aspirin ASP, 100 mM . The cells were then washed three
times and further incubated at 378C for 4 h in 1 ml of medium containing

Ž .TPA 16.2 nM, 10 ngrml and the indicated concentrations of JTE-522,
Ž . Ž .NS-398 or indomethacin IDM . Prostaglandin E PGE concentrations2 2

in the conditioned medium are shown. Values are the means from four
samples with S.E.M. shown by vertical bars. Statistical significance:
) ) ) P -0.001 versus TPA control.

Fig. 4. Effects of JTE-522 on the recurrence of allergic inflammation.
Five days after the first antigen challenge, 3 mg of the antigen dissolved
in 0.5 ml of sterile saline solution was injected into the pouch. Immedi-
ately after the second antigen challenge, JTE-522 or indomethacin dis-
solved in 0.5 ml of sterile saline solution was injected into the pouch. 24

Ž .h later, the pouch fluid was collected and pouch fluid volume A , total
Ž . Ž .number of leukocytes B and prostaglandin E PGE content in the2 2

Ž .pouch fluid C were determined. Values are the means from 6 rats with
S.E.M. shown by vertical bars. Statistical significance: ) P -0.05, ) ) P
-0.01, ) ) ) P -0.001 versus the group without second antigen chal-
lenge. aaP -0.01, aaaP -0.001 versus corresponding control.

3.2. Effects of JTE-552 on cyclooxygenase-2-dependent
prostaglandin E production2

Prostaglandin E production stimulated by 12-O-tetra-2

decanoylphorbol 13-acetate in macrophages in which pre-
existing cyclooxygenase-1 and -2 has been inactivated by
treatment with aspirin is regarded to be due to newly

Ž .synthesized cyclooxygenase-2 Yamada et al., 1997 . Un-
der this condition, all three drugs over the same concentra-
tion range inhibited prostaglandin E production in a2

Ž .concentration-dependent manner Fig. 3 . IC values of50

JTE-522, NS-398 and indomethacin for cyclooxygenase-
2-dependent prostaglandin E production were 0.0022,2

0.0048 and 0.020 mM, respectively. The ratio of the IC50

for cyclooxygenase-1 to the IC for cyclooxygenase-250
Ž . Ž . Žwas about 1500 JTE-522 , 940 NS-398 and 10 indo-
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.methacin , respectively. These findings indicated that JTE-
522 is a more selective inhibitor of cyclooxygenase-2 than
NS-398 in cell culture systems.

3.3. Effects of JTE-552 on the recurrence of allergic
inflammation

The second antigen challenge of the immunized rats
induced the recurrence of allergic inflammation. Pouch
fluid volume, number of leukocytes in the pouch fluid and
prostaglandin E content in the pouch fluid at 24 h were2

significantly increased by the second antigen challenge
Ž .Figs. 4 and 5 . In this model of recurrent allergic inflam-

Žmation, the effect of intrapouch injection of JTE-522 Fig.
. Ž .4 or NS-398 Fig. 5 on the recurrence of allergic inflam-

mation was compared with that of indomethacin. Accumu-
lation of pouch fluid by the second antigen challenge was

Fig. 5. Effects of NS-398 on the recurrence of allergic inflammation. Five
days after the first antigen challenge, 3 mg of the antigen dissolved in 0.5
ml of sterile saline solution was injected into the pouch. Immediately
after the second antigen challenge, NS-398 or indomethacin dissolved in
0.5 ml of sterile saline solution was injected into the pouch. 24 h later, the

Ž .pouch fluid was collected and pouch fluid volume A , total number of
Ž . Ž .leukocytes B and prostaglandin E PGE content in the pouch fluid2 2

Ž .C were determined. Values are the means from 6 rats with S.E.M.
shown by vertical bars. Statistical significance: ) ) P -0.01, ) ) ) P -

0.001 versus the group without second antigen challenge. aaP -0.01,
aaaP -0.001 versus corresponding control.

suppressed dose dependently by JTE-522, NS-398 and
indomethacin. At a dose of 100 mg per pouch, pouch fluid
accumulation was almost completely inhibited by JTE-522,
NS-398 or indomethacin. Significant inhibition was also

Žobserved at a dose of 30 mg per pouch Fig. 4A and Fig.
.5A . In contrast, significant inhibition of leukocyte infiltra-

tion was observed only at a dose of 100 mg per pouch
Ž .Fig. 4B and Fig. 5B . Histological investigation revealed
that more than 93% of the infiltrating leukocytes were
neutrophils, 6% were monocytes and the rest were
eosinophils. Treatment with JTE-522, NS-398 or indo-

Žmethacin did not change the population of leukocytes data
.not shown . The prostaglandin E content in the pouch2

fluid was also decreased dose dependently by JT-522,
NS-398 and indomethacin. At a dose of 100 mg per pouch,
the prostaglandin E content in the pouch fluid was de-2

Žcreased to the level of the group receiving no antigen Fig.
.4C and Fig. 5C . Significant suppression was also ob-

Ž .served at a dose of 30 mg per pouch Fig. 4C and Fig. 5C .
Comparison of the anti-inflammatory effects of JTE-522
with those of NS-398 showed that JTE-522 is as effective

Ž .as NS-398 Figs. 4 and 5 .

4. Discussion

It has been reported that JTE-522 is a selective inhibitor
of cyclooxygenase-2 at the enzyme level. It inhibits sheep
cyclooxygenase-2 with an IC of 6.4=10y7 M and50

human recombinant cyclooxygenase-2 with an IC of50

8.5=10y8, but does not inhibit sheep cyclooxygenase-1
and human platelet cyclooxygenase-1 at concentrations up

y4 Ž .to 10 M Matsushita et al., 1997a . In addition, the ratio
of the IC value for sheep cyclooxygenase-1 to that for50

cyclooxygenase-2 of JTE-522 is more than 156, while that
of NS-398, ibuprofen and indomethacin is more than 55,

Ž .0.63 and 0.023, respectively Matsushita et al., 1997b .
The first aim of the present study was to clarify whether
JTE-522 selectively inhibits cyclooxygenase-2 in cell cul-
ture systems, because penetration of the cell membrane is
an important event in the expression of such activity in
vivo. Recently, we developed two different cell culture
systems in which prostaglandin E is produced dependent2

upon cyclooxygenase-1 or upon cyclooxygenase-2, respec-
Ž .tively Yamada et al., 1997 . Cyclooxygenase-1-dependent

prostaglandin E production is induced by the addition of2

arachidonic acid to the medium of rat peritoneal
macrophages that have been pretreated with cyclohex-
imide, a protein synthesis inhibitor, to suppress the induc-

Ž .tion of cyclooxygenase-2 Yamada et al., 1997 . Under
such culture conditions, prostaglandin E production was2

only slightly inhibited by NS-398, a selective inhibitor of
cyclooxygenase-2, but was strongly inhibited by indo-
methacin, a non-selective inhibitor of cyclooxygenase-

Ž .1rcyclooxygenase-2 Yamada et al., 1997; Fig. 2 . West-
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ern blot analysis demonstrated that the level of cyclooxy-
genase-2 protein in the cells is low and is not changed by
the addition of arachidonic acid; cyclooxygenase-1 protein
is more clearly detectable than cyclooxygenase-2 protein
Ž .Yamada et al., 1997 . Therefore, prostaglandin E pro-2

duction under these culture conditions is suggested to be
Ž .dependent upon cyclooxygenase-1 Yamada et al., 1997 .

Under these conditions, JTE-522, as well as the selective
cyclooxygenase-2 inhibitor NS-398, showed less than one
tenth the inhibitory activity of the non-selective cyclooxy-

Žgenase-1rcyclooxygenase-2 inhibitor indomethacin Fig.
.2 .

Cyclooxygenase-2-dependent prostaglandin E produc-2

tion is induced by stimulation with 12-O-tetrade-
canoylphorbol 13-acetate of rat peritoneal macrophages
that have been pretreated with aspirin to inactivate pre-ex-

Žisting cyclooxygenase Rome et al., 1976; Roth et al.,
.1983 . Under these conditions, the protein level of cyclo-

oxygenase-2 in the cells is increased and prostaglandin E2

production is inhibited by the selective inhibitors of cyclo-
Žoxygenase-2, NS-398 and nimesulide Yamada et al.,

.1997 . With this cell culture system, the IC value of50

JTE-522 for cyclooxygenase-2 was calculated to be 0.0022
Ž .mM, while that of NS-398 was 0.0048 mM Fig. 3 .

Therefore, JTE-522 is a more selective inhibitor of cyclo-
oxygenase-2 than NS-398.

The second aim of the present study was to establish
whether JTE-522 exerts anti-inflammatory activity in a

Žmodel of recurrent allergic inflammation in rats Watanabe
.et al., 1987 . In the air pouch-type allergic inflammation

model, the first challenge with antigen injected into the air
pouch made on the dorsum of immunized rats induces a
prominent local anaphylactic increase in vascular perme-
ability, followed by delayed-type hypersensitivity reactions
Ž .Ohuchi et al., 1985a; Hirasawa et al., 1986 . 5 days after
the first antigen challenge, vascular permeability, the num-
ber of leukocytes infiltrated into the pouch fluid and the
prostaglandin E content in the pouch fluid decreased; the2

granulation tissue pouch holds about 8 ml of fluid
Ž .Watanabe et al., 1987 . However, the second antigen
challenge at this stage induces recurrence of allergic in-
flammation; the pouch fluid volume, the number of leuko-
cytes in the pouch fluid and the content of prostaglandin
E in the pouch fluid increased time dependently2
Ž .Watanabe et al., 1987 . Recently, we reported that the
recurrence of allergic inflammation in rats is suppressed by
the selective cyclooxygenase-2 inhibitor, NS-398, as well
as by the non-selective cyclooxygenase-1rcyclooxy-

Ž .genase-2 inhibitor, indomethacin Niki et al., 1997 . West-
ern blot analysis demonstrated that cyclooxygenase-2 pro-
tein is not detected in the granulation tissue before the
second antigen challenge, but after the second antigen
challenge, the amount of cyclooxygenase-2 protein in the
granulation tissue increases with time up to 6 h and was

Ž .constant up to 48 h Niki et al., 1997 . In contrast, no
prominent changes in the amount of cyclooxygenase-1

protein are observed after the second antigen challenge
Ž .Niki et al., 1997 . Therefore, this model might be suitable
for the evaluation of selective cyclooxygenase-2 inhibitors
in vivo. The present study demonstrated that JTE-522
shows potent anti-inflammatory activity similar to that of

Ž . Ž .indomethacin Fig. 4 , as does NS-398 Fig. 5 . Therefore,
it is strongly suggested that JTE-522 exerts its anti-in-
flammatory activity by inhibiting cyclooxygenase-2 in-
duced in the inflammatory locus by the second antigen
challenge. Recently, the anti-inflammatory activity of orally
administered JTE-522 was also observed in carrageenin-in-
duced rat paw edema and adjuvant-induced arthritis in rats
Ž .Matsushita et al., 1997a,b .

As to side effects, it is reported that JTE-522 has little
ulcerogenic effect at doses up to 300 mgrkg, while indo-
methacin has a strong and dose-dependent ulcerogenic

Žeffect at 1 to 10 mgrkg in fasted rats Matsushita et al.,
.1997a,b . Taken together, JTE-522 might prove a useful

non-steroidal anti-inflammatory drug with fewer side ef-
fects than conventional non-selective inhibitors of cyclo-
oxygenase-1 and cyclooxygenase-2.

In conclusion, JTE-522 proved to be a specific inhibitor
of cyclooxygenase-2 in rat peritoneal macrophages in cul-
ture. In addition, JTE-522 suppressed the recurrence of
allergic inflammation in rats as potently as the selective
cyclooxygenase-2 inhibitor NS-398 did, suggesting that the
anti-allergic inflammatory effect of JTE-522 is due to the
inhibition of cyclooxygenase-2 at the inflammatory site.
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