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Abstract

AIM: To investigate the effects of a novel Leukotriene
B4+ receptor antagonist and/or tacrolimus on ischemia-
reperfusion in a rat liver model.

METHODS: Male Lewis rats were pretreated with
ONO-4057 (100 mg/kg) and/or tacrolimus (1 mg/kg)
orally, and divided into four experimental groups; group 1
(control), group 2 (ONO-4057), group 3 (tacrolimus),
group 4 (ONO-4057 + tacrolimus).

RESULTS: There was a tendency for long survival in
the groups treated with tacrolimus alone and ONO-4057
plus tacrolimus. Post-reperfusion serum aspartate
aminotransferase levels decreased more significantly in
ONO-4057 plus tacrolimus group (P < 0.01), than in the
tacrolimus alone group (P < 0.05), compared to controls.

CONCLUSION: This study demonstrated that pretreat-

ment with ONO-4057 in combination with tacrolimus
produced additive effects in a rat model of liver isch-
emia-reperfusion injury.

© 2009 The WIG Press and Baishideng. All rights reserved.
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INTRODUCTION

Neutrophils are mainly responsible for the physiopathologi-
cal changes that occur after ischemia-reperfusion injuryl”].
These cells are markedly activated when the ischemically
damaged liver is transplanted. Experimental efforts have fo-
cused on understanding the etiology of ischemic injury and
protecting the liver by pharmacological intervention'”.

Pretreatment with certain immunosuppressive drugs
has been shown to protect against neutrophil-mediated
reperfusion injury™. Calcineurin inhibiters are thought
to suppress both proinflammatory cytokine production
and expression of adhesive molecules of neutrophils'”.
Recently, ONO-4057 (5-[2-(2-carboxyethyl)-3-{6-(4-
methoxyphenyl)-5E-hexenyl}yphenoxy]valeric acid), an
orally administered active leukotriene B+ (LTB4) receptor
antagonist, was developed and was shown to have an
important effect on ITBsinduced neutrophil function'®”.

In this study, we investigated the effect of pretreatment
with ONO-4057 alone and in combination with tacrolimus
on ischemia-reperfusion injury of the liver in rats.

MATERIALS AND METHODS

Animals
Male Lewis rats (Charles River, Hamamatsu, Japan),
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5-6 wk of age, were used in this study. The animals
were housed in a pathogen-free, temperature- and light-
controlled environment with free access to food and
water. The rats were anesthetized with ether for induction
and maintenance. All experimental protocols were
approved by the institutional review board of Kyoto
University.

Experimental groups

The animals were divided into four experimental groups:
group 1, controls; group 2, ONO-4057; group 3, tacroli-
mus; and group 4, ONO-4057 and tacrolimus (» = 9 in
each group). The control groups received distilled water
(DW) and NaHCO:s as a vehicle administered orally, and
the other groups were pretreated with ONO-4057 (Ono
Pharmaceutical Co., Ltd., Osaka, Japan) and tacrolimus
(Fujisawa Pharmaceutical Co., Osaka). ONO-4057 was
dissolved to a concentration of 30 mg/mL with NaHCOs3,
and tacrolimus was dissolved to a concentration of
0.3 mg/mL with DW. ONO-4057 was administered orally
at a dose of 100 mg/kg and tacrolimus orally at a dose
of 1 mg/kg. All agents were administered 1 h before
ischemia was induced.

Ischemia-reperfusion model

Whole-liver ischemia model: Normothermic ischemia
of the entire liver (with intestinal congestion) was
induced as described previouslym. Briefly, a midline
incision was made after the animals were anesthetized
with ether and the portal vein, hepatic artery, and bile
duct were clamped for 40, 50 and 60 min with a vascular
micro-clip. The clip was then released and the abdominal
wall was closed using a continuous running suture. The
animals were returned to their cages for survival analysis
for the following 2 wk.

Partial-liver ischemia model: To obtain data about
more severe normothermic ischemia damage of the
liver without intestinal congestion, the left and middle
portal vein and hepatic artery were occluded for 60 min
according to the procedure of Kawano e/ al” with a minor
modification. This procedure induced 70% warm-ischemic
liver damage, but 30% healthy liver remained to protect
the animal’s life. After reperfusion, the abdominal wall
was closed, and the treated rats were observed. One mL
of the peripheral blood wete obtained at 3 and 6 h after
de-clamping, then the liver was perfused with 10 mL cold
saline and immediately taken out. The damaged part
of the liver was used for histological assessment and
measurement of liver-tissue myeloperoxidase (MPO).

Serum measurements

Using the peripheral blood obtained from the experimental
animals, serum transaminase concentrations [aspartate
aminotransferase (AST); alanine aminotransferase (ALT)]
were measured by an ultraviolet method using an automatic
analyzer (Hitachi 7170, Tokyo, Japan).

Histological examination
Hepatic samples were fixed in 10% buffered formaldehyde,

Duration of Survival rates (%)

ischemia (min)  Controls ONO-4057 Tacrolimus ONO-4057 +
tacrolimus

40 6/6 (100)  6/6 (100) NT NT

50 6/6(100)  6/6 (100) NT NT

60 2/9(22)  4/9 (44) 6/9 (66) 5/9 (56)

NT: Non-tested.

embedded in paraffin, cut to 3 to 5 pm thick, and stained
with hematoxylin and eosin. The specimens were blindly
analyzed to evaluate the histological damage according to
the modified classification of Suzuki ef a/".

Liver-tissue MPO activity: MPO tissue level is con-
sidered to be an index of neutrophil infiltration in the
liver. Liver samples obtained at 6 h after reperfusion
were frozen in liquid nitrogen and stored at -70°C until
the time of measurement. Tissue samples were then
homogenized in 10 mL phosphate-buffered saline and
centrifuged at 100000 g and 4°C for 30 min. The resul-
tant supernatant was assayed for MPO activity using the
modified method of Shindler e a/'". Briefly, the reaction
mixture, containing 10:1 of supernatant and 200:1 of
100 mol/L ABTS buffer with H20z2, was incubated in
96-well plate for 60 min at 25°C. The optical density at
414 nm was determined by a plate reader (SPECTRA
max™ 340; Molecular Devices Co., CA, USA). The MPO
activity was calculated using an extinction coefficient of
(3.6 X 10%/(mol per cm) for ABTS and normalized to
protein levels (umol/mg protein). The protein concentra-
tion was determined by the method of Lowry e /"

Statistical analysis

The repeated measurement analysis of variance (ANOVA)
was performed among the groups. If repeated measure-
ment ANOVA revealed a significant interaction, the sta-
tistical significance among the four groups at each time
point was determined using post hoc tests. A P value of
less than 0.05 was considered statistically significant.

RESULTS

Survival after pretreatment with ONO-4057 and/or
tacrolimus on whole-liver ischemia in rats is shown in
Table 1. Because 40 to 50 min of whole liver ischemia
in adult Lewis rats (about weighting 280-330 g) was
sublethal, we initially evaluated the 40 to 50 min ischemic
damage in young Lewis rats in this study. However, all
rats that had undergone 40 or 50 min of whole-liver
ischemia survived indefinitely. When the results of 60 min
of ischemia were evaluated, there was no significant
difference in survival rate among the groups. Howevert,
the survival rate was slightly higher in the groups treated
with tacrolimus alone (P = 0.053) and ONO-4057 plus
tacrolimus. Serum AST values at 3 and 6 h after partial-
liver ischemia-reperfusion are shown in Figure 1A. In
the group pretreated with tacrolimus alone, the serum
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Figure 1 Serum transaminase levels after reperfusion. A: Aspartate aminotransferase (AST) levels after partial-liver ischemia for 60 min; B: Alanine
aminotransferase (ALT) levels after partial-liver ischemia for 60 min. °P < 0.05, °P < 0.01.
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Figure 2 Myeloperoxidase (MPO) activity after reperfusion.

AST value was significantly lower than the control group
at 3 and 6 h after reperfusion (P < 0.05), respectively. In
the group pretreated with ONO-4057 plus tacrolimus,
the AST level was more significantly lower compared
with the control group (P < 0.01). Pretreatment with
ONO-4057 and tacrolimus produced additive effects,
but not when compared with the group treated with
tacrolimus alone. ONO-4057 alone could not dectrease
the transaminase levels. Serum ALT values demonstrated
a similar pattern (Figure 1B).

The liver MPO levels after 6 h of reperfusion are
shown in Figure 2. There was no significant difference
among the groups in MPO activity. However, the MPO
level in the group treated with ONO-4057 plus tacrolimus
tended to be lower compared with that in the control
group, although it was not statistically significant (P =
0.059). At 6 h from the reperfusion after 60 min of partial
liver ischemia, the liver damage (congestion, vacuolization,
and necrosis) that was observed histologically was not

significantly different among the groups.

DISCUSSION

In liver transplantation, ischemia-reperfusion injury
is one of the major factors that might influence early
graft function and late changes. The importance of

neutrophils in the development of ischemia-reperfusion
injury in the liver has been demonstrated'>"”.

LTB4, a metabolite formed viz the 5-lipoxygenase
pathway from arachidonic acid, is one of the most
potent chemotactic and proinflammatory mediators.
LTB4 causes neutrophil adhesion to vascular endothelial
cells and infiltration into vascular endothelial cells. We
investigated the effect of the LTB4 receptor antagonist,
ONO-4057, on hepatic ischemia-reperfusion injury to
determine whether they affect neutrophil infiltration
into the liver and attenuate neutrophil-induced post-
ischemic injury. Recent reports have also shown that
some immunosuppressive drugs protect or attenuate the
neutrophil-mediated ischemia-reperfusion injury in various
organs (liver, small intestine, kidney, and heart)™*"J, As
tacrolimus has variable effects"”, we tested the effect
of a combination of ONO-4057 with tacrolimus. The
results showed that ischemia-reperfusion injury in the
liver was not reduced by pretreatment with ONO-4057
alone. Tacrolimus was necessary for protection from
I/R injury. Pretreatment with ONO-4057 had additive
effects on the protective function of tacrolimus. Although
the I/R damage was significantly prevented with the
use of Tac and ONO-4057, the main damage might be
related directly to the role of immunosuppressants. The
suppression of the elevation of transaminases after I/R in
this experiment might be mainly caused by the effect of
tacrolimus. The MPO level in the liver specimens and the
blood level of the transaminases did not correlate well in
this study. MPO levels might be affected sub-significantly
by the ONO-4057-mediated modification of neutrophils
infiltration, but it did not directly prevent the hepatic
damage.

Hepatic ischemia-reperfusion injury is caused by
many factors, and this study has limited because it only
focused on neutrophils’ infiltration. Two main causes
have been reported for I/R injury; oxygen free radicals
and neutrophil-mediated damage. Recent reports showed
a beneficial effect of neutrophil-mediated inhibitors, such
as neutrophil elastase inhibitor and tissue factor pathway
inhibitor, on hepatic reperfusion injurym’lg]. In another
study, treatment with leukotriene biosynthesis inhibitor
(LL664,536) had no effect on hepatic injury, although LTB«
formation was inhibited"”. We showed the added effect
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of a LTB« receptor antagonist and immunosuppressive
drug. As ONO-4057 has been also reported to have an
immunosuppressive effect in allogenic rat liver graftsm],
co-administration of ONO-4057 and tacrolimus might
be reasonable for liver transplantation. Before any clinical
trials, experiments using the transplantation model might
be necessary.

In conclusion, our data showed that pretreatment with
ONO-4057 in combination with tacrolimus produced
additive effects in liver reperfusion-injury of rat, although
treatment with ONO-4057 alone had no effect.
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Ischemia-reperfusion injury is a major factor that might influence early graft
function in liver transplantation. In this study, we investigated the effect of
oral administration, a novel Leukotriene B4 (LTBs) receptor antagonist, and/or
Tacrolimus on ischemia-reperfusion of rat liver model.

Research frontiers

In ischemia-reperfusion injury of the liver, an excessive inflammatory response is
considered as a key mechanism. The role of neutrophils in ischemia-reperfusion
injury has recently been the focus of several investigations. In this study, we
focused the importance of neutrophils.
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We tested the combined effect of a LTB« receptor antagonist with Tacrolimus for
ischemia-reperfusion injury of the liver.

Applications

The findings in this study support the hypothesis that co-administration of
ONO-4057 and tacrolimus might be reasonable for liver transplantation in the
future.
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This manuscript is sufficiently written and provides information concerning
therapeutic options in I/R injury of the liver.
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