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Abstract

Reperfusion of ischemic vascular beds may lead to recruitment and activation of leukocytes, release of mediators of the inflammatory
process and further injury to the affected vascular bed and to remote sites. Neutrophils appear to play a major role in the pathophysiology
of reperfusion injury. Amongst inflammatory mediators shown to activate neutrophils and induce their recruitment in vivo, much interest

Ž . Ž . Ž . whas been placed on the role of leukotriene LT B . Here, we have assessed the effects of the BLT receptor antagonist q -1- 3S,4R - 3-4
Ž . x Ž .4-phenyl-benzyl -4-hydroxy-chroman-7-yl -cyclopentane carboxylic acid CP 105,696 in a model of neutrophil-dependent ischemia and
reperfusion injury in the rat. The superior mesenteric artery was isolated and ischemia was induced by its total occlusion for 30 min. After
30 min of reperfusion, injury was assessed by evaluating the extravasation of Evans blue, an index of vascular permeability, and the
levels of myeloperoxidase, an index of neutrophil accumulation, in the intestine, mesentery and lung. The neutrophil-dependence of the

Ž . Ž .local intestine and mesentery and remote lung injury was confirmed by using fucoidin, a selectin blocker, and WT-3, an anti-CD18
monoclonal antibody. Post-ischemic treatment with CP 105,696 dose-dependently inhibited vascular permeability and neutrophil
accumulation in the intestine and mesentery. CP 105,696 also blocked the vascular permeability changes, but not neutrophil accumulation,

Žin the lungs after reperfusion injury. Virtually identical results were obtained with another BLT receptor antagonist, 1- 5-ethyl-2-hydroxy-
Ž Ž . . . Ž .4- 6-methyl-6- 1H-tetrazol-5-yl -heptoxy -phenyl ethanone LY255283 . Our results suggest that post-ischemic treatment with BLT

receptor antagonists may inhibit local and remote ischemia and reperfusion injury by blocking both the accumulation andror activation of
neutrophils. q 2000 Elsevier Science B.V. All rights reserved.
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1. Introduction

The reduction in blood flow, ischemia, to an organ or a
vascular bed can lead to significant tissue injury and cell
death if it is prolonged. Thus, one of the major goals in the
treatment of ischemia is to restore blood flow to normal

Žvalues, i.e. to AreperfuseB the ischemic vascular bed Lefer
.and Lefer, 1996; Willerson, 1997 . However, reperfusion

of ischemic vascular beds may lead to recruitment and
activation of leukocytes, release of mediators of the in-
flammatory process and further injury to the affected

Ž .vascular bed Lefer and Lefer, 1996; Willerson, 1997 .
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Thus, strategies which limit the damage induced by the
reperfusion process may be useful in the treatment of

Ž .ischemic disorders in various organs Willerson, 1997 .
Among the cell types involved in the injury following

reperfusion of an ischemic tissue, neutrophils are of major
Ž .importance Cornejo et al., 1997; Willerson, 1997 . Thus,

there has been much interest in the development of strate-
gies which block neutrophil recruitment andror activation
into sites of ischemia and reperfusion injury. The current
paradigm for neutrophil recruitment into sites of inflamma-
tion predicts there are three steps for the migration of these

Ž .cells into tissue reviewed by Springer, 1994 . Initially,
neutrophils roll on endothelial cells, a process mediated by
selectins and their carbohydrate ligands. The rolling neu-
trophil can then be activated by mediators which act on
seven-transmembrane receptors leading to calcium-depen-
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dent activation of integrins on the neutrophil surface.
Blockade of selectin- or integrin-dependent interactions
inhibits neutrophil recruitment and neutrophil-dependent
injury following ischemia and reperfusion of various tis-

Ž .sues Cornejo et al., 1997 . Alternatively, neutrophil re-
cruitment and neutrophil-dependent injury can be modu-

Žlated by antagonists at serpentine receptors Willerson,
.1997 . Amongst inflammatory mediators shown to activate

neutrophils and induce their recruitment in vivo, much
Ž .interest has been placed on the role of leukotriene LT B .4

This lipid mediator acts on a seven-transmembrane recep-
tor and has been shown to mediate neutrophil recruitment

Žin several models of inflammation Crooks and Stockley,
.1998 .

In the present study, we describe a model of reperfusion
injury following ischemia of the superior mesenteric artery
Ž .SMA . Local injury to the intestine, mesentery, and re-
mote injury to the lung were evaluated. Initial experiments
using the selectin blocker fucoidin and the anti-CD18
monoclonal antibody WT-3 were performed to confirm the
neutrophil dependence of the injuries observed. We then
evaluated the effects of the treatment with leukotriene B4

Ž . Ž . w Ž .receptor antagonist q -1- 3S,4R - 3- 4-phenyl-benzyl -
x Ž4-hydroxy-chroman-7-yl -cyclopentane carboxylic acid CP

.105,696 . Of interest, CP 105,696 was administered after
ischemia had initiated and prior to reperfusion. This is an
important consideration because it bears the closest resem-
blance to what happens in the real clinical situation when
patients are usually seen during the period of ischemia.

2. Material and methods

2.1. Animals

Ž .Male Wistar rats 200–220 g obtained from the Bio-
science unit of our Institution were housed in standard
conditions and had free access to commercial chow and
water.

2.2. Ischemia and reperfusion injury

ŽRats were anaesthetized with urethane 140 mgrkg,
.i.p. and laparotomy was performed. The SMA was iso-

lated and ischemia was induced by totally occluding the
SMA for 30 min. After ischemia, reperfusion was initiated
by removal of the occlusion. Initial kinetic experiments
were performed to evaluate the optimal time for reperfu-
sion-induced injury after ischemia. In these experiments,
animals were reperfused for 7.5, 15, 30, 60 or 120 min.
Sham-operated animals or animals only made ischemic
were used as controls for the reperfusion-induced injury.

Following these initial experiments, the reperfusion time
of 30 min was chosen to evaluate the effects of the various
pharmacological treatments. The following pharmacologi-
cal treatments were used at doses previously shown to be

Žeffective in vivo: fucoidin 10 mgrkg in saline, Ley et al.,
. Ž1993; Kubes et al., 1995 ; WT3 1 mgrkg, in 10 mM

.phosphate buffered-saline, Matsuo et al., 1994 ; CP
Ž105,696 0.03–3 mgrkg, in a 3% dimethylsulphoxide

Ž . . ŽDMSO solution, Showell et al., 1995 ; 1- 5-ethyl-
Ž Ž . .2-hydroxy-4- 6-methyl-6- 1H-tetrazol-5-yl -heptoxy -phe-

. Ž . Žnyl ethanone LY255283 3 mgrkg, in 10 mM phosphate
.buffered-saline, Karasawa et al., 1991 . Control animals

Ž .received drug vehicles or mouse Immunoglobulin Ig G
Ž .antibody WT-3 control . Drugs or WT-3 were adminis-

tered i.v. 5 min prior to reperfusion. Although in the
published studies with CP 105,696 the drug is adminis-
tered orally, we reasoned this route was not justified in
anesthetized animals. Therefore, the drug was given s.c. 20
min prior to reperfusion, a time of administration shown to
be effective in preliminary studies and similar to that used

Ž .in other studies Showell et al., 1995 .

2.3. EÕaluation of changes in Õascular permeability

The extravasation of Evans blue dye into the tissue was
Žused as an index of increased vascular permeability De

. Ž .Matos et al., 1999 . Evans blue 20 mgrkg was adminis-
Ž .tered i.v. 1 mlrkg via a femoral vein 2 min prior to

Žreperfusion of the ischemic artery. At various times see
. Žabove after reperfusion, fragments of the duodenum 10

.cm were cut open and allowed to dry in a Petri dish for 24
h at 378C. The dry weight of the tissue was calculated and

ŽEvans blue was extracted using 3 ml of formamide 24 h at
.room temperature . The amount of Evans blue in the tissue

was obtained by comparing the extracted absorbance with
that of a standard Evans blue curve read at 620 nm in an
automatic plate reader. Results are presented as the amount
of Evans blue in mg per 100 mg of tissue. The mesentery
was also extracted en bloc, halved and a similar extraction
procedure was performed. The right ventricle was flushed
with 20 ml of phosphate buffered saline to wash the
intravascular Evans blue in the lungs. The left lung was
then excised and used for Evans blue extraction. The right
lung was used for the determination of myeloperoxidase as
described below.

2.4. Myeloperoxidase leÕels

The extent of neutrophil accumulation in the intestine,
mesentery and right lung tissue was measured by assaying

Žmyeloperoxidase activity as previously described Ivey et
.al., 1995; De Matos et al., 1999 . Briefly, a fragment of

duodenum, half the mesentery and the flushed right lung of
the animals that had undergone ischemia and reperfusion
injury were removed and snap frozen in liquid nitrogen.

Ž .Upon thawing, the tissue 1 g of tissue per 19 ml of buffer
Žwas homogenized in pH 4.7 buffer 0.1 M NaCl, 0.02 M

.NaPO , 0.015 M NaEDTA , centrifuged at 260=g for 104
Žmin and the pellet underwent hypotonic lysis 15 ml of

0.2% NaCl solution followed 30 s later by addition of an
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equal volume of a solution containing NaCl 1.6% and
.glucose 5% . After a further centrifugation, the pellet was

Ž .then resuspended in 0.05 M NaPO buffer pH 5.4 con-4

taining 0.5% hexadecyltrimethylammonium bromide and
re-homogenized. One ml aliquots of the suspension were
transferred into 1.5-ml Eppendorf tubes followed by three
freeze–thaw cycles using liquid nitrogen. These were then
centrifuged for 15 min at 10,000=g, the pellet was
resuspended to 1 ml and samples of intestine, mesentery
and lung were diluted 1:30, 1:10 and 1:50, respectively,
prior to the assay. These dilutions were determined to be
optimal in preliminary experiments. Myeloperoxidase ac-
tivity in the resuspended pellet was assayed by measuring

Ž .the change in optical density O.D. at 450 nm using
Ž . Ž .tetramethylbenzidine 1.6 mM and H O 0.5 mM . Re-2 2

Ž .sults were expressed as changes in absorbance O.D. of
the diluted sample per 100 mg of lung tissue.

2.5. Drugs and antibody

Ž .The following drugs were obtained from Sigma USA :
urethane, DMSO, Evans blue, fucoidin, hexadecyltrimeth-
ylammonium bromide. The BLT receptor antagonist CP

Ž .105,696 was a kind gift of Pfizer Groton, USA ,
Ž .LY255283 was a gift from Eli Lilly IN, USA and WT3

Žwas kindly provided by Dr Paul Hellewell University of
.Sheffield, UK .

2.6. Statistical analysis

Results are shown as the mean"S.E.M. Percent inhibi-
tion was calculated by subtracting the background levels of

ŽEvans blue extravasation or myeloperoxidase obtained in
.sham-operated animals from control and treated animals.

Difference was compared by using analysis of variance
Ž .ANOVA followed by Student–Newman–Keuls post-hoc
analysis. Results with a P-0.05 were considered signifi-
cant.

3. Results

3.1. Model of ischemia–reperfusion injury

The initial experiments were designed to establish the
kinetics of the intestinal injury following ischemia of the
SMA. An ischemia time of 30 min was used in all
experiments and the time of reperfusion varied from 0 to

Ž .120 min. As seen in Fig. 1 A , an increase in vascular
permeability, as assessed by the extravasation of Evans
blue dye, was first significant and maximal at 30 min after

Ž Ž ..reperfusion Fig. 1 A . In separate experiments, the num-
ber of neutrophils in the small intestine was estimated by
assessing the levels of myeloperoxidase following various
times of reperfusion. A significant level of myeloperoxi-

Ž . Ž .Fig. 1. Kinetics of the A changes in vascular permeability and B
neutrophil accumulation in the intestine following 30 min ischemia and
30 min reperfusion of the superior mesenteric artery. Changes in vascular
permeability were assessed by evaluating the extravasation of Evans blue
dye. Neutrophil accumulation was assessed by evaluating the tissue levels
of myeloperoxidase. The dotted lines across the graphs represent levels of
Evans blue or myeloperoxidase in sham-operated animals. Results are the
mean"S.E.M. of four to five animals in each group. ) P -0.01 when

Ž .compared to animals only made ischemic time 0 .

dase was first detected at 30 min following reperfusion,
but there were marked increases in myeloperoxidase levels

Ž Ž ..from 30 to 120 min of reperfusion Fig. 1 B . Because the
increase of vascular permeability was maximal at 30 min
and significant myeloperoxidase levels were also measur-
able at this time point, all further experiments were carried
out using this period of reperfusion.

Next, we assessed whether injury to tissues other than
the small intestine could be observed after 30 min of
ischemia and 30 min of reperfusion. There was a signifi-

Ž .cant increase of vascular permeability Fig. 2 and in the
Ž .levels of myeloperoxidase Fig. 3 in the intestine and

mesentery, tissues perfused by the SMA, and in the lung, a
remote reperfusion-induced injury. Histological analysis of
the small intestine revealed local hyperemia, mild oedema
of the submucosal region, scattered epithelial cell loss of
villi tip and significant neutrophil accumulation in the
submucosal region and in the areas of epithelial cell loss
Ž .data not shown . Lung histology showed marked neu-
trophilia and interstitial oedema. Of note, the neutrophils
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Fig. 2. Effects of the post-ischemic treatment with the selectin blocker,
fucoidin, or the anti-CD18 monoclonal antibody, WT3, on the changes in

Ž . Ž . Ž .vascular permeability in the A intestine, B mesentery and C lung
following 30 min ischemia and 30 min reperfusion of the superior
mesenteric artery. Changes in vascular permeability were assessed by

Ž .evaluating the extravasation of Evans blue dye. Fucoidin fuc, 10 mgrkg
Ž .or WT3 1 mgrkg were given i.v. 5 min prior to reperfusion. Control

animals received phosphate buffered saline or mouse immunoglobulin.
Results of control animals are pooled as these were not different. Results
are the mean"S.E.M. of six to seven animals in each group. ) P -0.01
when compared to sham-operated animals and aP -0.01 when com-
pared to reperfused animals.

were seen in the interstitial space and appeared to be
intravascular, with only rare cells found in the alveolar

Ž .spaces data not shown .

3.2. Effects of strategies which block neutrophil recruit-
ment

The effects of the post-ischemic treatment with the E-
Žand P-selectin blocker see Teixeira and Hellewell, 1997

. Ž .and references therein , fucoidin 10 mgrkg , is shown in
Fig. 2. Fucoidin inhibited the increases in vascular perme-

ability in the intestine, mesentery and lung by 72%, 84%
Ž .and 81%, respectively Fig. 2 . Similarly, fucoidin virtu-

ally reversed the accumulation of neutrophils in all tissues
Ž .examined, as assessed by myeloperoxidase levels Fig. 3 .

Post-ischemic treatment with the anti-CD18 monoclonal
Ž .antibody, WT3 1 mgrkg inhibited by 87%, 62% and

81% the increase in the extravasation of Evans blue in the
intestine, mesentery and lung, respectively, following 30

Ž .min of reperfusion Fig. 2 . Similarly, myeloperoxidase
levels in the intestine, mesentery and lung returned to

Ž .background levels in WT3-treated animals Fig. 3 . Histo-

Fig. 3. Effects of the post-ischemic treatment with the selectin blocker,
fucoidin, or the anti-CD18 monoclonal antibody, WT3, on the accumula-

Ž . Ž . Ž .tion of neutrophils in the A intestine, B mesentery and C lung
following 30 min ischemia and 30 min reperfusion of the superior
mesenteric artery. Neutrophil accumulation was assessed by evaluating

Ž .the tissue levels of myeloperoxidase. Fucoidin fuc, 10 mgrkg or WT3
Ž .1 mgrkg were given i.v. 5 min prior to reperfusion. Control animals
received phosphate buffered saline or mouse immunoglobulin. Results of
control animals are pooled, as these were not different. Results are the
mean"S.E.M. of six to seven animals in each group. ) P -0.01 when
compared to sham-operated animals and aP -0.01 when compared to
reperfused animals.
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Fig. 4. Dose-dependent effects of treatment with the BLT receptor
Ž .antagonist CP 105,696, on the changes in vascular permeability in the A

Ž . Ž .intestine, B mesentery and C lung following 30 min ischemia and 30
min reperfusion of the superior mesenteric artery. Changes in vascular
permeability were assessed by evaluating the extravasation of Evans blue

Ž . Ž .dye. CP 105,696 0.03–3.0 mgrkg or vehicle DMSO 3% were given
s.c. 20 min prior to reperfusion. Results are the mean"S.E.M. of five to
six animals in each group. ) P -0.01 when compared to sham-operated
animals and aP -0.01 when compared to reperfused animals.

logical assessment of intestine and lungs showed a virtu-
ally complete inhibition of oedema and leukocyte recruit-

Žment in WT3- and fucoidin-treated animals data not
.shown .

3.3. Effects of the BLT receptor antagonist CP 105,696 on
ischemia and reperfusion injury

The dose-dependent inhibitory effects of the BLT recep-
Ž .tor antagonist CP 105,696 0.03–3.0 mgrkg, s.c. on the

increase in vascular permeability of the intestine, mesen-

tery and lung following ischemia and reperfusion injury of
the superior mesenteric is shown in Fig. 4. Maximal

Ž .inhibition occurred at the dose of 3 mgrkg Fig. 4 . In a
similar manner, CP 105,696 effectively and dose-depen-
dently inhibited neutrophil accumulation, as assessed by
the levels of myeloperoxidase, in the intestine and mesen-

Ž Ž .tery following ischemia and reperfusion injury Fig. 5 A
Ž .and B . In agreement with these findings, the histological

picture of the small intestine in treated animals was virtu-
Žally identical to that of sham-operated animals data not

Fig. 5. Dose-dependent effects of treatment with the BLT receptor
Ž .antagonist CP 105,696, on the accumulation of neutrophils in the A

Ž . Ž .intestine, B mesentery and C lung following 30 min ischemia and 30
min reperfusion of the superior mesenteric artery. Neutrophil accumula-
tion was assessed by evaluating the tissue levels of myeloperoxidase. CP

Ž . Ž .105,696 0.03–3.0 mgrkg or vehicle DMSO 3% were given s.c. 20
min prior to reperfusion. Results are the mean"S.E.M. of five to six
animals in each group. ) P -0.01 when compared to sham-operated
animals and aP -0.01 when compared to reperfused animals.
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Table 1
Effects of the BLT receptor antagonist LY255283 on the changes in vascular permeability and neutrophil accumulation in the intestine, mesentery and lung
following 30 min ischemia and 30 min reperfusion of the superior mesenteric artery

Ž . Ž .Evans blue mgr100 mg tissue Myeloperoxidase absr100 mg tissue

Sham Ischemiarreperfusion Sham Ischemiarreperfusion

Vehicle LY255283 Vehicle LY255283
) ) ) ) ) )Intestine 1.82"0.15 5.40"0.47 1.81"0.04 0.12"0.02 0.49"0.07 0.19"0.01
) ) ) ) ) )Mesentery 1.16"0.11 4.24"0.30 1.65"0.23 0.18"0.02 0.45"0.03 0.21"0.03
) ) ) )Lung 1.16"0.18 4.28"0.53 2.7"0.16 0.19"0.03 0.50"0.09 0.43"0.07

Ž . Ž .Neutrophil accumulation was assessed by evaluating the tissue levels of myeloperoxidase. LY255283 3 mgrkg or vehicle phosphate buffered saline
were given i.v. 5 min prior to reperfusion. Results are the mean"S.E.M. of five animals in each group.

)P-0.01 when compared to sham-operated animals.
))P-0.01 when compared to reperfused animals.

.shown . In contrast, CP 105,696 had little effect on the
myeloperoxidase levels in the lung of animals submitted to

Ž Ž ..ischemia and reperfusion of the SMA Fig. 5 C . In
agreement with the myeloperoxidase data, the histological
assessment of lung tissue demonstrated that, in CP
105,696-treated animals, there appeared to be a small
reduction of lung neutrophilia when compared to reper-
fused animals, but the number of neutrophils in the lung
was still much greater than that seen in sham-operated

Ž .animals data not shown .
For comparison, the effects of the BLT antagonist

Ž .LY255283 3 mgrkg, i.v. are shown in Table 1. Similarly
to the effects of CP 105,696, LY255283 significantly
inhibited the increase in vascular permeability in the intes-
tine, mesentery and lung following ischemia and reperfu-
sion of the SMA by 100%, 84% and 51%, respectively
Ž .Table 1 . LY255283 also inhibited myeloperoxidase lev-
els in the intestine and mesentery but not in the lung
Ž .Table 1 .

4. Discussion

Reperfusion of an ischemic vascular bed is accompa-
nied by a local inflammatory response which may cause
significant injury to the affected tissue or organ. In addi-
tion, reperfusion may also induce remote organ or tissue
inflammation and injury. Here, we describe a model of
neutrophil-dependent ischemia and reperfusion injury and
evaluate the effects of the BLT receptor antagonist CP
105,696. Injury was assessed by evaluating the increase in
vascular permeability to Evans blue dye and by measuring
the levels of tissue myeloperoxidase, an index of neu-
trophil accumulation in tissues.

Initial experiments established the kinetics of both in-
crease in vascular permeability and neutrophil accumula-
tion following reperfusion of the SMA made ischemic for
30 min. In agreement with the ability of neutrophils to roll

Žand migrate into reperfused intestine Milazzo et al., 1996;
.Hayward and Lefer, 1998 , our results clearly demonstrate

that 30 min after reperfusion there is a marked neutrophil
accumulation and increased vascular permeability in the

tissues perfused by the SMA. Of interest, in addition to
causing local injury, 30 min reperfusion of the SMA was
accompanied by accumulation of neutrophils and increased
vascular permeability in the lungs, an organ remote from
the site of ischemia.

Two strategies — fucoidin, a selectin blocker, and
WT3, an anti-C18 monoclonal antibody — were then used
to evaluate whether the accumulation of neutrophils was
relevant for the increases in vascular permeability ob-

Ž .served. Pretreatment with fucoidin, at a dose 10 mgrkg
similar to that previously shown to inhibit leukocyte rolling

Ž .in the mesentery Ley et al., 1993; Kubes et al., 1995 ,
resulted in greatly diminished neutrophil accumulation and
Evans blue extravasation. These are the first experiments
to demonstrate the beneficial effects of fucoidin on mesen-
teric ischemia and reperfusion injury and are in agreement
with the effects of fucoidin in ischemia and reperfusion in

Žother vascular beds e.g., Omata et al., 1997; Ritter et al.,
.1998; Cornejo et al., 1997 . Similarly, pretreatment with

the anti-CD18 monoclonal antibody WT-3 resulted in di-
minished reperfusion-induced neutrophil accumulation and
increase in vascular permeability in the intestine and
mesentery. These results are in agreement with the benefi-
cial role of anti-CD18 in the ischemia and reperfusion

Žinjury to other vascular beds e.g., Matsuo et al., 1994;
.Zhang et al., 1995; Tjara et al., 1999; Cornejo et al., 1997 .

Pretreatment with fucoidin or WT-3 also effectively inhib-
ited the accumulation of neutrophils and increased vascular
permeability in the lungs of reperfused animals. This is an
interesting finding as other studies have reported that lung
injury and migration of neutrophils to alveoli can occur
despite deficiency or inhibition of all of the known se-

Ž .lectins Mizgerd et al., 1996 . One possibility is that by
inhibiting the reperfusion injury to the gut, fucoidin would
inhibit the release of mediators, which would then activate
circulating neutrophils and induce lung injury. We are
assessing this possibility at present. Together, the data
presented above argue for an essential role of selectins and
CD18 integrins in mediating neutrophil accumulation in
the intestine, mesentery and lung of animals undergoing
ischemia and reperfusion of the SMA. In addition, our
results argue for an essential role of neutrophils in mediat-
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ing the increase in vascular permeability following reperfu-
sion of the ischemic SMA.

The activation of the BLT receptor in neutrophils by
leukotriene B has been shown to induce the recruitment4

Žof neutrophils in vivo or their activation in vitro e.g.,
Ford-Hutchinson et al., 1980; Yokomizo et al., 1997;

.Marleau et al., 1999 . With the development of potent and
effective BLT receptor antagonists, it has been possible to
evaluate the role of this lipid mediator in models of

Žvarious human diseases in vivo Salmon and Garland,
.1991 . For example, the BLT receptor antagonist CP

105,696 has been shown to suppress disease pathology or
Ž .progression in models of asthma Turner et al., 1996 ,

Ž .allergic encephalomyelitis Gladue et al., 1996 and arthri-
Ž .tis Griffiths et al., 1995 . Here, we have investigated the

effects of the administration of CP 105,696 in our model
of neutrophil-dependent reperfusion injury to the intestine,
mesentery and lung. Treatment with CP 105,696 after the
onset of ischemia dose-dependently inhibited the increase
in vascular permeability in the intestine, mesentery and
lung. These results clearly suggest an important role for
leukotriene B in mediating neutrophil-dependent local4

and remote ischemia and reperfusion injury. These results
are in line with the ex-vivo production of leukotriene B4

by intestinal explants of animals submitted to ischemia and
Ž .reperfusion of the SMA Stojadinovic et al., 1999 . CP

105,696 also effectively inhibited the accumulation of
neutrophils in the intestine and mesentery of reperfused
animals suggesting that inhibition of Evans blue extravasa-
tion might be secondary to the inhibition of neutrophil
influx. The ability of CP 105,696 to inhibit neutrophil
influx to sites of ischemia and reperfusion is in agreement
with previous experiments with BLT receptor-transfected
Chinese hamster ovary cells which demonstrated a domi-
nant role for leukotriene B in mediating migration of4

Žtransfected cells in reperfusion injury of the kidney Noiri
.et al., 2000 . However, CP 105,696 had no significant

effect on the accumulation of neutrophils in the lungs of
reperfused animals. This is in contrast to a possible role for
a 5-lipoxygenase-derived product in mediating neutrophil
recruitment in the lung of mice following hind limb is-

Ž .chemia and reperfusion Chiang et al., 1999 . Thus, at least
in the lung, CP 105,696 blocks neutrophil-dependent in-
jury without blocking neutrophil accumulation suggesting
that activation of BLT receptors may be more important
for the activation of neutrophils in the lungs. We are

Žpresently investigating whether other mediators e.g.,
Ž . .platelet-activating factor PAF or C5a may then be re-

sponsible for the accumulation of neutrophils in this organ.
Using a more severe model of ischemia and reperfusion

Žof the gut 90 min ischemia and up to 120 min of
.reperfusion of the splanchnic artery , Karasawa et al.

Ž .1991 demonstrated that pre-treatment with the BLT re-
ceptor antagonist LY255283 significantly inhibited mortal-
ity, ileal accumulation of neutrophils and mesenteric artery
endothelial dysfunction. However, these authors did not

evaluate changes in vascular permeability, nor did they
evaluate injury to a remote site, the lung. For comparison,
we performed a series of studies with LY255283, a BLT
receptor antagonist structurally distinct from CP 105,696.
The results were virtually identical to those obtained with
CP 105,696. Thus, LY255283 inhibited neutrophil-depen-
dent ischemia and reperfusion injury but failed to block
neutrophil accumulation in the lungs of reperfused ani-
mals.

Here, we describe the inhibitory effects of the novel
BLT receptor antagonist, CP 105,696, on the neutrophil-
dependent reperfusion injuries following transient ischemia
of the SMA. Overall, our results suggest that BLT receptor
antagonists may inhibit local and remote ischemia and
reperfusion injury by blocking both the accumulation
andror activation of neutrophils.
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