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Abstract

Cysteinyl leukotrienes play a part in inflammatory reactions such as inflammatory bowel diseases. The aim of the present study was to
Ž .evaluate the acute effects of a cys-leukotriene-1 receptor antagonist, montelukast, on trinitrobenzene sulphonic acid TNBS -induced

Ž y1 y1. Ž y1 y1colitis in rats. Montelukast 5, 10 or 20 mg kg day , a 5-lipoxygenase inhibitor, zileuton 50 or 100 mg kg day , a positive
.control , or the vehicle was administered intracolonically to the rats twice daily throughout the study, starting 12 h before the induction of

Ž .colitis with TNBS. The severity of colitis macroscopic and histological assessment, as well as myeloperoxidase activity , the protein
Ž .expression of inducible nitric oxide synthase iNOS and cyclooxygenase-2, and eicosanoid production in colonic tissue incubation were

assessed 24 and 72 h after colitis induction. Montelukast increased prostaglandin E production at 24 h and tended to reduce the2

cyclooxygenase-2 protein expression at 72 h, but did not influence the severity of colitis. Zileuton failed to decrease the inflammatory
reaction in spite of reduced leukotriene B production at 72 h. The results suggest that drugs that block cysteinyl leukotriene receptors4

have limited potential to ameliorate acute TNBS-induced colitis, but that they exert some beneficial effects which make them capable of
modulating the course of colitis.q2001 Elsevier Science B.V. All rights reserved.
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1. Introduction

Cysteinyl leukotrienes, leukotrienes C , D and E ,4 4 4

secreted mainly by eosinophils, mast cells, monocytes and
Žmacrophages Jorg et al., 1982; MacGlashan et al., 1982;¨

Damon et al., 1983; Williams et al., 1984; see Lewis and
.Austen, 1984 , produce a variety of actions which empha-

size their importance as pathogenic elements in inflamma-
tory states, such as recruiting eosinophils and stimulating
the excretion of mucus and the extravasation of plasma
ŽDrazen et al., 1980; Hedqvist et al., 1980; Marom et al.

.1982; Spada et al., 1986; see Dahlen, 1997 . They also´
Ž .increase secretion in colonic mucosa Jett et al., 1991 and

cause smooth muscle contractions in a number of tissues,

) Corresponding author. Tel.:q358-9-191-25330; fax:q358-9-191-
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Žincluding the colon Hedqvist et al., 1980; Goldenberg and
.Subers, 1982; Zijlstra et al., 1984 .

Chronic inflammatory bowel diseases—Crohn’s disease
and ulcerative colitis—are associated with enhanced mu-

Žcosal formation of cysteinyl leukotrienes Peskar et al.,
.1986, 1987; Wardle et al., 1993; Casellas et al., 1994 .

Enhanced generation of leukotriene C has been demon-4
Žstrated in experimental models of colitis Zipser et al.,

1987a; Eliakim et al., 1992; Sjogren et al., 1994; Rach-
.milewitz et al., 1995; Yuceyar et al., 1999 , where it

correlates with the severity of inflammatory cell infiltra-
Ž .tion Zipser et al., 1987a , although controversial results

Žhave also been presented Zipser et al., 1987b; Allgayer et
al., 1989; Karmeli et al., 1995; Hammerbeck and Brown,

.1996 .
Different leukotriene D receptor antagonists have been4

shown to prevent early intestinal myoelectric responses
and colonic transit disturbances associated with ricin or

0014-2999r01r$ - see front matterq2001 Elsevier Science B.V. All rights reserved.
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Ž .trinitrobenzene sulphonic acid TNBS -induced enteritis
Ž .and colitis Pons et al., 1992; Sjogren et al., 1994 without

Žchanges in long-term motor alterations Morteau et al.,
.1993 , tissue morphology or the synthesis of eicosanoids

Ž . Ž .Sjogren et al., 1994 . Nishikawa et al. 1995 showed a
reduction in chronic TNBS-induced colitis by a leukotriene

Ž .C rD receptor antagonist, pranlukast ONO-1078 , and4 4

in another study amelioration of ethanol-induced gastric
mucosal damage by the leukotriene CrD receptor antag-4 4

Ž ) ) . Ž Žonist, sodium-bS ,gR -4- 3- 4-acetyl-3-hydroxy-2-pro-
. .pyl-phenoxy -propylthio -g-hydroxy-b-methylbenzene bu-

Ž . Ž .tanoate L649,923 , was found Wallace et al., 1988 .
There is also a case report that the selective, reversible
cys-leukotriene-1 receptor antagonist, montelukast, in-
duced a complete symptom resolution in chronic eosi-

Žnophilic gastroenteritis resistant to other treatments Neu-
.strom, 1999 .

Because of the scarcity of experimental and clinical
data on the possible role of cysteinyl leukotrienes in
inflammatory bowel diseases, it appeared to be of value to
evaluate the effects of montelukast on the severity, mark-
ers and transmitters in colitis induced with TNBS in rats.

2. Materials and methods

2.1. Animals

Ž .Ninety-four male rats 200–260 g of outbred HY:WIST
Žstock Laboratory Animal Centre, University of Helsinki,
.Finland were used. They were kept under conventional

conditions during the experiment. The rats were housed
individually in cages in a standard laboratory at 22"1 8C
at a relative humidity of 40"5% with a light–dark cycle

Ž .of 12 h light from 6 a.m. to 6 p.m. . The animals had free
Žaccess to tap water and standard rat chow R36; Lactamin,

.Stockholm, Sweden . The ethical aspects of the study
protocol were approved by the Institutional Animal Care
and Use Committee, University of Helsinki, Finland.

2.2. Colitis induction

Colitis was induced in halothane-anaesthetised rats us-
Ž .ing the technique described by Morris et al. 1989 . Briefly,

Ž .a polypropylene catheterB 2.5 mm was inserted intra-
colonically to a distance of 8 cm from the anus, and a

Ž . Ž y12,4,6-trinitrobenzene sulphonic acid TNBS 60 mg kg ,
. Ž y1.Fluka, Buchs, Switzerland in 50% ethanol 1 ml kg

was instilled into the colon. Healthy control rats were
treated with saline.

2.3. Experimental design

The animals were randomly divided into twelve treat-
Žment groups to receive either montelukast 5, 10 or 20 mg

y1 y1. Ž y1 y1kg day , or zileuton 50 or 100 mg kg day , a
.positive control , which has previously been shown to

Žameliorate TNBS-induced colitis Zingarelli et al., 1993;
.Bertran et al., 1996 , or the vehicle. The drugs were´

suspended in 1% methylcellulose and administered intra-
Ž y1.colonically 1 ml kg directly at the site of inflammation

while the rats were under halothane anaesthesia. The treat-
ment began the night preceding the induction of colitis and
was given twice a day throughout the study. The animals
were weighed daily. Some of the animals were killed 24 h

Ž .after colitis induction ns6–10 in each group , and the
Žremainder were killed 72 h after inductionns7–9 in

.each group . The treatment groups were as follows.

24 h
Ž . Ž .1 Healthy control vehicle i.e. 1% methylcellulose
Ž . Ž y1 y1.2 Healthy montelukast 10 mg kg day
Ž . Ž y1 y1.3 Healthy zileuton 100 mg kg day
Ž . Ž .4 Colitis control vehicle
Ž . Ž y1 y1. Ž5 Colitis montelukast 5 mg kg day low

.dose
Ž . Ž y1 y1. Ž6 Colitis montelukast 10 mg kg day inter-

.mediate dose
Ž . Ž y1 y1. Ž7 Colitis montelukast 20 mg kg day high

.dose
Ž . Ž y1 y1.8 Colitis zileuton 50 mg kg day
Ž . Ž y1 y1.9 Colitis zileuton 100 mg kg day

72 h
Ž . Ž .10 Colitis control vehicle
Ž . Ž y1 y1.11 Colitis montelukast 10 mg kg day
Ž . Ž y1 y1.12 Colitis zileuton 100 mg kg day

2.4. Assessment of inflammation

The animals were killed 24 or 72 h after colitis induc-
tion, by decapitation preceded by an overdose of CO . The2

colon was removed by cutting at the pubic symphysis and
at the caecum, and immediately transferred into Krebs

Ž .buffer pH 7.5 , which was gently bubbled with 95%
O –5% CO , and the descending colon was cut 7 cm2 2

proximally. The colon was incised along its mesenteric
border, gently washed, placed flat, mucosal surface up-
wards, on a glass dish containing the buffer, and photo-

Ž .graphed for macroscopic evaluation colonic damage score
Ž .as previously described by Kankuri et al. 1999 . The

severity of inflammation was evaluated by five experi-
enced observers unaware of the treatments, using a visual

Žanalogue scale 100 mm; minimum injury 0, maximum
.injury 100 . The colon was then placed in a pre-weighed

tube containing Krebs solution, and weighed. The colon-
to-body weight ratio was calculated as an index of tissue
oedema. Immediately after weighing, a 5-mm segment was
cut from the macroscopically most intensively affected
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region for the eicosanoid production assays, and a 2-mm
segment for histological assessment was taken from the
adjacent section. The remaining parts of the 7-cm segment
were cut longitudinally into three strips for measurement

Žof myeloperoxidase activity indicator of neutrophil infil-
. Ž .tration Pfeiffer and Qiu, 1995 , and inducible nitric oxide

Ž .synthase iNOS and cyclooxygenase-2 protein expression.
One unit of myeloperoxidase activity was defined as that
which degraded 1mmol of hydrogen peroxide in 1 min

w y1 xand was expressed as unit g of tissue. The tissue
samples for histology were suspended in 4% formal-
dehyde, embedded in paraffin, cut and stained with hema-
toxylin and eosin. Histological assessment by light mi-
croscopy was carried out by two observers unaware of the
treatments. The degree of inflammation was graded using

Ž .the criteria described by Gonzalez et al. 1999 , and the´
score represented the sum of six individual variables graded

Ž0–3 depending upon the severity of the changes 0sno
.change; 1smild; 2smoderate; 3ssevere . The vari-

ables evaluated were: erosion, ulceration, necrosis, haem-
orrhage, oedema and inflammatory cell infiltration.

2.5. Assessment of eicosanoid production

Ž .The colon sample whole thickness of the wall for
Žeicosanoid measurements 80–150 mg of healthy colon,

.110–270 mg of inflamed colon was placed in a pre-
weighed tube containing Krebs buffer, and weighed. It was

Žthen first pre-incubated in 3 ml Krebs buffer pre-bubbled
.with 95% O –5% CO for 15 min at 378C to minimise2 2

the effect of sample handling, after which the buffer was
discarded and the tissue was incubated in 3 ml oxygenated
Krebs buffer for another 15 min at 378C. At the end of the

Žincubation the media were collected, centrifuged 5 min,
.2000=g, at 4 8C and stored aty80 8C until assayed by

radioimmunoassay or enzyme immunoassay for the
eicosanoids produced. Prostaglandin E and bicyclic-2

prostaglandin E radioimmunoassay kits were from the2
Ž .Institute of Isotopes Budapest, Hungary . Bicyclic-pro-

Žstaglandin E 13,14-dihydro-15-keto-11b,16´-cyclo-2
.prostaglandin E is a stable end-product of the main2

prostaglandin E metabolite found in the circulation, 13,2

14-dihydro-15-keto-prostaglandin E . The sensitivity of2

the prostaglandin E radioimmunoassay is 20 pg mly1 and2

cross-reactivity with prostaglandin E 100%, and negligi-1

ble with other related compounds. The lower limit of
detection of the bicyclic-prostaglandin E assay is 10 pg2

mly1 and cross-reactivity with other eicosanoids is negligi-
ble. The leukotriene B radioimmunoassay kit was pur-4

Ž .chased from Amersham Buckinghamshire, England . The
sensitivity of this assay is 15 pg mly1 and cross-reactivity
with other related compounds is negligible. The thrombox-
ane B radioimmunoassay was performed as described by2

Ž . w3 xSaareks et al. 1999 . H Thromboxane B was obtained2
Ž .from NEN Life Science Products Boston, MA, USA ,

Žunlabelled thromboxane B from Cayman Chemical Ann2
.Arbor, MI, USA and thromboxane B antiserum from2
ŽProfessor C. Taube Martin Luther University, Halle, Ger-

.many . Leukotrienes C , D and E were determined by4 4 4
Ž .radioimmunoassay as described by Alanko et al. 1992

and with the enzyme immunoassay kit from Amersham.
w3 xThe former assay was performed with H leukotriene C4

Ž .NEN Life Science Products as the radiolabelled ligand,
Ž .leukotriene E Cayman Chemical as the non-labelled4

ligand, and an in-house rabbit antibody raised against the
bovine serum albumin conjugate of leukotriene CrD rE .4 4 4

The lower limit of detection for the leukotriene CrD rE4 4 4

enzyme immunoassay is 10 pg mly1 and the cross-reactiv-
ity data are as follows: leukotriene C 100%, leukotriene4

D 100%, leukotriene E 70%, other eicosanoids negligi-4 4

ble.

2.6. Western blot analysis of iNOS and cyclooxygenase-2

ŽThe colon samples 120–220 mg of healthy colon,
.240–570 mg of inflamed colon were homogenised in

Ž .boiling buffer pH 7.4 containing Tris–HCl, Na VO and3 4

sodium dodecyl sulphate and centrifuged. Equal amounts
Žof protein from each sample 20mg for iNOS measure-

Ž . Ž .ments, 30mg 24 h samples and 40mg 72 h samples for
.cyclooxygenase-2 measurements were loaded onto 8%

Ž . Ž .iNOS or 10% cyclooxygenase-2 sodium dodecyl sul-
phate polyacrylamide gels and electrophoresed. The iNOS
electrophoresis standard, cyclooxygenase-2 electrophoresis

Ž .standard Cayman Chemical , and prestained molecular
Žmarker proteins Bio-Rad Laboratories, Hercules, CA,

.USA were used as positive controls. The separated pro-
teins were transferred to nitrocellulose membranes, which

Žwere blocked with powdered fat-free cow’s milk 5%, in
Ž ..Tris-buffered saline Tween pH 7.6 . The primary anti-

body used was either rabbit polyclonal anti-iNOS immuno-
Žglobulin G Santa Cruz Biotechnology, Santa Cruz, CA,

.USA or goat polyclonal anti-cyclooxygenase-2 immuno-
Ž .globulin G Santa Cruz Biotechnology , and the secondary

antibody was either horseradish peroxidase-coupled anti-
Ž .rabbit immunoglobulin G Santa Cruz Biotechnology

Ž . ŽiNOS or anti-goat immunoglobulin G Zymed Laborato-
. Ž .ries, San Francisco, CA, USA cyclooxygenase-2 . Bound

antibodies were detected using an enhanced chemilumines-
cence reaction. The optical density of each band was

Žquantified using specific computer programmes GeneSnap
Version 2.60.0.14 and GeneTools Version 2.10.03, Synop-

.tics, Cambridge, UK .

2.7. Drugs

ŽMontelukast was kindly donated by Merck Rahway,
. Ž .NJ, USA . Abbott Laboratories Chicago, Il, USA gener-

ously supplied us with zileuton.
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Table 1
Body weight change, colon wet weight and histological score for the colon 24 and 72 h after colitis induction

n Body weight Colon wet n Histological
Ž .change % weight score

y1 a bŽ . Ž .g kg 0–18

24 h
Healthy control 8 y1"1 4.0"0.2 4 0.0"0.0
Colitis control 10 y7"1 9.6"0.6 4 11.8"1.3

y1Montelukast 5 mg kg 7 y9"1 9.3"0.7 4 11.3"1.0
y1Montelukast 10 mg kg 6 y8"1 8.8"0.6 4 12.3"1.8
y1Montelukast 20 mg kg 6 y8"1 8.5"0.5 4 11.0"0.7

y1Zileuton 100 mg kg 10 y8"1 9.5"0.4 4 12.0"0.7

72 h
Colitis control 7 y14"1 9.9"0.3 4 13.0"1.0

y1Montelukast 10 mg kg 9 y13"1 9.1"0.4 4 12.8"0.6
y1Zileuton 100 mg kg 9 y15"1 10.1"0.3 4 11.0"2.4

Data are means"S.E.M.
aWeight of 7-cm segment of colon related to body weight.
bHistological score: minimum injury, 0; maximal injury, 18. Colitis control values are significantly different from the healthy control values

Ž .P-0.05 .

2.8. Statistical analysis

Data are expressed as means"S.E.M. Statistical analy-
ses were carried out using the Mann–WhitneyU-test.

3. Results

3.1. SeÕerity of inflammation

Body weight was reduced equally in all the colitis
groups during the 24- and 72-h periods after colitis induc-

Ž .tion Table 1 . The TNBS treatment induced severe macro-
scopic and microscopic inflammation in the colon, as

Ž .assessed from the colonic damage score Fig. 1 and the

Ž .histological score Table 1 . Histological assessment
showed necrosis, haemorrhage, oedema and inflammatory
cell infiltration, but also erosion and ulceration in the
inflamed colon. None of the treatments reduced the score
of the macroscopic or histological damage. Colonic in-
flammation was also associated with oedema, as measured

Ž .by increased colon wet weight Table 1 , and neutrophil
accumulation, as assessed from increased myeloperoxidase

Ž . Žactivity Fig. 2 . The two treatments montelukast and
.zileuton affected oedema formation similarly as compared

Ž .with the colitis control group. Montelukast or zileuton
did not influence the macroscopic severity of inflammation
at any of the three doses. However, at 72 h, montelukast
reduced the mean value for myeloperoxidase activity by

Ž .50% in comparison with the colitis controlPs0.27 .

Ž . Ž . ŽFig. 1. Colonic damage score A 24 and B 72 h after colitis induction. Minimum injury, 0; maximum injury, 100. Data are means"S.E.M. ns6–10
. Ž y1.in each group . Values in the bars indicate the drug doses mg kg .
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Ž . Ž . Ž .Fig. 2. Myeloperoxidase activity in the colon A 24 and B 72 h after colitis induction. Data are means"S.E.M. ns6–10 in each group . Values in the
Ž y1.bars indicate the drug doses mg kg .

Ž . Ž . ŽFig. 3. Prostaglandin E production by colonic tissue in vitro A 24 and B 72 h after colitis induction. Data are means"S.E.M. ns6–10 in each2
. Ž y1. )group . Values in the bars indicate the drug doses mg kg .P-0.05 vs. colitis control.

Ž . Ž . ŽFig. 4. Leukotriene B production by colonic tissue in vitro A 24 and B 72 h after colitis induction. Data are means"S.E.M. ns6–10 in each4
. Ž y1. )group . Values in the bars indicate the drug doses mg kg .P-0.05 vs. colitis control.
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Table 2
Bicyclic-prostaglandin E and thromboxane B production in the colon2 2

in vitro 24 and 72 h after colitis induction

n Bicyclic- Thromboxane
prostaglandin B production2

E production2

y 1 y 1( ) ( )24 h pg mg pg mg
Healthy control 7 7.9"1.1 4"0
Colitis control 10 4.4"0.3 36"2

y1Montelukast 5 mg kg 7 5.9"0.7 44"6
y1Montelukast 10 mg kg 6 4.4"0.8 39"9
y1Montelukast 20 mg kg 6 5.1"0.4 37"2

y1Zileuton 100 mg kg 10 4.6"0.5 43"3

a y 1( ) ( )72 h % pg mg
Colitis control 7 100"9 39"5

y1Montelukast 10 mg kg 9 93"10 33"2
y1Zileuton 100 mg kg 9 114"9 43"4

Data are means"S.E.M.
aPercentage of the colitis control average. Colitis control values are

Ž .significantly different from the healthy control valuesP-0.01 .

The lower dose of zileuton did not reduce the inflamma-
Ž .tory reaction or eicosanoid production though it reduced

myeloperoxidase activity compared with the colitis control
Ž y1 .722"144 vs. 1197"229 U g , Ps0.07 . The colon
samples from the healthy groups that received either mon-
telukast or zileuton did not differ from the healthy control

Žgroup as to any of the parameters measured data not
.shown .

3.2. Eicosanoid production

The in vitro colonic production of prostaglandin E2
Ž . Ž .Fig. 3 , leukotriene B Fig. 4 and thromboxane B4 2

Ž .Table 2 increased after TNBS application both at 24 h
and at 72 h, whereas the production of bicyclic-prosta-
glandin E , which is a stable end-product of the main2

circulating metabolite of prostaglandin E , was higher in2

the healthy control group than in the colitis control group
Ž .Table 2 . When the prostaglandin E and bicyclic-prosta-2

glandin E values were summarized, the inflammed colon2

samples produced over 40% more prostaglandin E than2
Ž y1did the healthy samples 11.7"0.7 vs. 8.1"1.1 pg mg ,

.P-0.05 .
At 24 h the high dose of montelukast increased prosta-

Ž .glandin E production by almost 40%P-0.05 , while2
Ž .zileuton had no effect Fig. 3A . At the same time, the

colonic tissue samples of the rats treated with the low dose
of montelukast showed a 30% increase in bicyclic-prosta-

Ž .glandin E productionPs0.051 , whereas treatment with2
Ž .zileuton yielded no increase Table 2 . At 24 h, there were

no differences between treatment groups for leukotriene B4
Ž .production Fig. 4A . However, zileuton decreased it by

Ž . Ž .40% at 72 h P-0.05 Fig. 4B . Montelukast did not
modify leukotriene B production. No differences in4

thromboxane B production were found between the treat-2
Ž .ment groups and the colitis control Table 2 . Surprisingly,

no leukotriene C , D or E in vitro production by the4 4 4

colonic tissue was detected.

3.3. Colonic iNOS and cyclooxygenase-2 protein contents

Ž . Ž .iNOS Fig. 5 and cyclooxygenase-2 Fig. 6 protein
expression increased in the colon after colitis induction,
but there were no statistically significant differences be-
tween the treatment groups and the colitis control group.
High-dose montelukast reduced iNOS expression by 50%

Ž .in comparison with zileuton treatment at 24 hPs0.065 .

Ž . Ž .Fig. 5. iNOS protein expression of colon tissue A 24 and B 72 h after colitis induction. iNOS protein was assessed by Western blotting, and the results
Ž . Ž y1.were quantified using a computer. Data are means"S.E.M. ns6–10 in each group . Values in the bars indicate the drug doses mg kg .
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Ž . Ž .Fig. 6. Cyclooxygenase-2 protein expression of colon tissue A 24 and B 72 h after colitis induction. Cyclooxygenase-2 protein was assessed by Western
Ž .blotting, and the results were quantified using a computer. Data are means"S.E.M. ns6–10 in each group . Values in the bars indicate the drug doses

Ž y1.mg kg .

An almost 40% decrease in cyclooxygenase-2 expression
Ž .at 72 h Ps0.07 vs. zileuton;Ps0.15 vs. colitis control

was also seen with montelukast.

4. Discussion

In the present study, we investigated the effects of the
local intracolonic administration of the cys-leukotriene-1
receptor antagonist, montelukast, in acute TNBS-induced
colitis in rats. On the basis of reports in the literature, the
5-lipoxygenase inhibitor, zileuton, was used as a positive
control. We found that the montelukast treatment did not
ameliorate the severe inflammatory reaction, although it
increased prostaglandin E production, which has benefi-2

cial effects in colitis models, and slightly decreased cyclo-
oxygenase-2 protein expression, the enzyme induced in
inflammation.

Cysteinyl leukotrienes are secreted by different inflam-
Žmatory cells Goetzl and Payan, 1984; see Lewis and
.Austen, 1984 . In addition, endothelial cells, platelets and

smooth muscle cells generate cysteinyl leukotrienes from
Žleukotriene A provided by other cells Feinmark and4

Cannon 1986, 1987; Maclouf and Murphy, 1988; see
.Muller-Peddinghaus, 1999 . These cells are important con-¨

tributors to the pathogenesis of TNBS-induced colitis
Ž .Morris et al., 1989; Vilaseca et al., 1990 , as well as of

Ž .human inflammatory bowel diseases see Stenson, 1995 .
On incubation of colonic tissue for 15 min, no cysteinyl

leukotriene production was detected. However, enhanced
cysteinyl leukotriene production in this model has previ-

Žously been shown by others Eliakim et al., 1992; Yuceyar
.et al., 1999 . It is possible that cysteinyl leukotrienes were

rapidly degraded during the incubation.
In the present study, montelukast increased colonic

prostaglandin E production in the early phase of inflam-2

mation. Previous studies have also shown that different
leukotriene CrD receptor antagonists increase prostanoid4 4

Ž .synthesis in gastric damage Wallace et al., 1988 and in
Žexperimental colitis Sjogren et al., 1994; Nishikawa et al.,

.1995 . Exogenous prostaglandins have been shown to ame-
liorate intestinal damage in experimental models of colitis
ŽWallace et al., 1985; Allgayer et al., 1989; Fedorak et al.,

.1990 . Thus, montelukast has the potential to attenuate
inflammatory reactions in the colon.

The role of cyclooxygenase-2—the enzyme induced at
Ž .sites of inflammation see Whittle, 2000 —in colitis is not

clear. Although its messenger RNA and protein expression
Ž .increases in the TNBS model Reuter et al., 1996 , the

selective inhibition of cyclooxygenase-2 activity has been
Ž .reported both to have no effect Lesch et al., 1999 and to

Žexacerbate the inflammatory reaction in the colon Reuter
.et al., 1996 . Preferential cyclooxygenase-2 inhibitors have

been shown to abolish experimental colitis in other models
Ž .Karmeli et al., 2000; Kankuri et al., 2001b . In the present
study, montelukast had no statistically significant effect on
cyclooxygenase-2 protein expression. However, cyclooxy-
genase-2 expression in the montelukast group 72 h after
the colitis induction was clearly lower than that in the
colitis control group. This is supported by a recent finding

¨ Ž .by Ohd et al. 2000 , who showed increased cyclooxy-
genase-2 expression as well as prostaglandin E produc-2

tion by leukotriene D in human and rat intestinal epithe-4

lial cell lines. Our results do not indicate any direct effect
of montelukast on cyclooxygenase-2 induction, but they do
imply that montelukast reduces cyclooxygenase-2 expres-
sion as a reaction secondary to the amelioration of inflam-
mation.

Increased prostaglandin E production in the mon-2

telukast group early in the inflammatory phase is not
inconsistent with the decreased cyclooxygenase-2 protein
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expression in the same group at a later phase, when the
different timepoints and the different aspects they evaluate
are taken into account: the tissue sample for prostaglandin
E measurements was taken from the most intensively2

inflamed region whereas an entire colon length sample was
taken for the cyclooxygenase-2 expression measurement.
This means that the former is a measure of a very local
intense inflammatory reaction whereas the latter measures
the extension of the inflammatory lesions longitudinally in
the colon.

Although the role of iNOS—another enzyme induced in
Žinflammatory reactions—remains to be discovered see

.Kubes, 2000 , high levels of nitric oxide, produced by
ŽiNOS, are considered to cause intestinal injury see Perner

.and Rask-Madsen, 1999 . This is consistent with the recent
study, where a selective iNOS inhibitor reduced damage in
TNBS-induced colitis in rats, whereas a non-selective in-

Ž .hibitor was ineffective Kankuri et al., 2001a . In the
present study, iNOS was induced after TNBS treatment,
but the different treatments had no effect on its expression
in the colon.

Although zileuton has not proved effective in the treat-
Žment of ulcerative colitis in clinical trials Laursen et al.,

.1994; Hawkey et al., 1997 , it has been shown to reduce
the severity of experimental colitis in rats in the same

Žcolitis model and with same doses as we used Zingarelli
.et al., 1993; Bertran et al., 1996 . In contrast, in the present´

study, zileuton failed to reduce the macroscopic inflamma-
tory reaction in TNBS-induced colitis in spite of the fact
that it reduced leukotriene B production at 72 h. The lack4

of a decrease in leukotriene B production by zileuton at4

24 h in the present study is supported by previous results,
where intracolonically administered zileuton or another
5-lipoxygenase inhibitor, 4-bromo-2,7-dimethoxy-3H-phe-

Ž .nothiazin-3-one L651,392 , did not antagonize increased
leukotriene B production until three days after TNBS4

Ž .application Wallace et al., 1989; Bertran et al., 1996 , and´
orally administered zileuton only slightly decreased
leukotriene B production 2 days after TNBS treatment4
Ž .Zingarelli et al., 1993 . Leukotriene B is a potent chemo-4

Ž .tactic agent for neutrophils see Ford-Hutchinson, 1990 .
Thus, the observation that zileuton modified leukotriene B4

production without having any effect on myeloperoxidase
activity at 72 h, is worth noting. This is consistent with
results of the previous study, where an inhibitor of
leukotriene synthesis reduced leukotriene B production in4

the colon 96 h after TNBS application, but had no effect
Žon myeloperoxidase activity at that time Wallace et al.,

.1989 . It has been suggested that leukotriene B is not an4

important chemotactic factor for neutrophils in TNBS
Ž .model during the acute phase Wallace and Keenan, 1990 .

In the present study, zileuton did not modify the colonic
damage score or the histological picture at 24 or at 72 h.
However, when administered intracolonically, it has been
shown to accelerate the healing of TNBS-induced colitis

Ž .four weeks after colitis induction Bertran et al., 1996 ,´

which implies that leukotriene B might be more important4

during a chronic than an acute phase of a TNBS model.
In conclusion, we suggest that drugs that block cys-

teinyl leukotriene receptors have limited potential to ame-
liorate acute colitis in this severe TNBS model. However,
they are able to modify the inflammatory reaction, possibly
via increased production of prostaglandins, which can
exert cytoprotective effects in the gastrointestinal tract.
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