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Acute lung injury (ALI) induced by lipopolysaccharide (LPS) develops by the activation
of leukocytes via various mediators.  Leukotriene B4 (LTB 4) has a strong effect on
activation and migration of leukocytes. We investigated the role of LTB4 in the chain
leading to the development of ALI induced by LPS, by observing how an LTB4 receptor
antagonist, ONO-4057, suppresses or mitigates leukocyte activation and migration.  The
36 rabbits used in the experiment were divided into 3 groups:  C group (control group
of 12 rabbits treated with physiological saline solution only); L group (of 12 rabbits
treated with 20 µg/kg LPS) and L-O group (of 12 rabbits treated with, first, 10 mg/kg
ONO-4057, then LPS).  Blood samples were taken before, 3 h after and 6 h after the
injection of drugs; then the rabbits were exsanguinated.  The right and left lungs were
removed for wet/dry weight ratio and bronchoalveolar lavage fluid (BALF)
measurements, respectively.  We measured: the leukocyte counts in the peripheral blood,
the chemiluminescence (CL) intensity to measure the amount of oxygen free radical
species (active oxygen species) production, the LTB4 concentration in the blood, the
complement activity levels (CH50), the polymorphonuclear neutrophil elastase (PMN-
E) and myeloperoxidase (MPO) levels in BALF, and the wet/dry weight ratio of the
right lung.  The leukocyte counts in L and L-O rabbits decreased significantly  3 h after
LPS injection, then were regained by the 6th h.  Regarding CL (with and without
zymosan stimulation), there was no significant difference over time for C group.  For L
group, the zymosan-stimulated CL showed a significant increase at the 6th h, whereas
the non-stimulated CL showed significant increases at the 3rd and 6th h.  For L-O
group, the zymosan-stimulated CL showed a significant increase at the 6th h, whereas
the non-stimulated CL increased after 3 h, then slightly decreased after 6 h.  The LTB4
levels showed significant increases at the 6th h for both L and L-O groups.  The CH50
showed significant decreases at 6th h for both L and L-O groups.  The MPO activity in
the BALF was significantly high for both the L and L-O groups.  There was a tendency
for a high PMN-E level in the BALF for L group.  The mean wet/dry weight ratio of the
right lung was significantly high for L group, compared to both C and L-O groups.
Although an inhibitory effect on LTB 4 receptors by ONO-4057 failed to prevent
leukocyte migration, it successfully suppressed the activity of non-stimulated CL, MPO
and PMN-E, and, as a result, prevented the wet/dry weight ratio from increasing.
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Acute lung injury (ALI) or acute respiratory
distress syndrome (ARDS) is caused, to a large
extent, by infections or endotoxemia by the
endotoxin, lipopolysaccharide (LPS) (Knaus et
al., 1994).  Finding possible treatments for them is
a subject of paramount clinical importance.  LPS

stimulates macrophages, resulting in production
of humoral factors such as tumor necrosis factor
(TNF), interleukin-1 (IL-1), interleukin-8 (IL-8),
leukotriene B4 (LTB4) and so on (Said and
Hussein, 1989).  These factors further stimulate
lymphocytic activity, resulting in the production
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of various mediators, which then form networks
of their own by interacting with one another
(Schlag and Redl, 1996).  These mediator net-
works further aggravate inflammations, which
cause activation of neutrophils.  Also, LPS direct-
ly activates alternative complement pathways
(Said and Hussein, 1989).  The neutrophils acti-
vated by LPS accumulate in the lungs (Pawe et
al., 1982), then produce polymorphonuclear
neutrophil elastase (PMN-E) and oxygen free rad-
ical species via myeloperoxidase (MPO) activity
(Idell et al., 1985; Said and Hussein, 1989).
Neutrophils normally act in defense of the body
but, if activated excessively, migrate into the inter-
stitum and alveoli and cause tissue damage, and
ultimately ALI.  In order to prevent or minimize
the ill effects of neutrophils, therefore, the chain
of neutrophil activation (described above) must
be broken (Fisher et al., 1994).  Among the media-
tors, the complement C5a, TNF-α, IL-1, IL-8,
platelet activating factor (PAF), LTB4, etc. are
considered to be the major causes of ALI be-
cause of their strong effect on neutrophil acti-
vation and migration (Van Zee et al., 1991;
Vandermeer et al., 1995; Belcastro et al., 1996).
However, the role played by LTB4, which is a
metabolic product of arachidonic acid and 5-
lipoxygenase, in LPS-induced ALI (Palmblad
et al., 1981; Yoshimura et al., 1994) has not
been adequately studied so far.  ONO-4057 was
developed as an LTB4 receptor antagonist.  In
vitro and in vivo, ONO-4057 has been shown to
be effective in inhibiting leukocyte migration
and degranulation; and in dermatitis experi-
ments, it was shown to have an inhibitory effect
on MPO activity (Kishikawa et al., 1992).

In this paper, we report on the results of our
experiment designed to investigate the role
played by LTB4 in the chain leading to the
development of ALI triggered by LPS, by ob-
serving how an LTB4 receptor antagonist,
ONO-4057, suppresses or mitigates leukocyte
activation and migration.

Materials and Methods

The animal experiment reported here was done
in conformity with the ethical guidelines per-

taining to animal experiments, observed by the
Faculty of Medicine, Tottori University.  We
used 36 rabbits (Japanese White rabbits; fe-
male; range of weight, 1.7-2.9 kg), which were
randomly divided into 3 groups: C group (con-
trol group of 12 rabbits to be treated with phys-
iological saline solution only); L group (of
which 12 rabbits were to be injected with LPS)
and L-O group (of which 12 rabbits were to be
treated with ONO-405 first, and then LPS).  Ini-
tially, a sample of 7 mL of blood was taken
from the ear vein of each rabbit in the 3 groups
before the administration of the drugs.  The C
group rabbits, then, were given 12 mL of phys-
iological saline solution.  The L group rabbits
were given 7 mL of physiological saline solu-
tion and 5 mL of LPS solution (E.coli B8.,
Difco, Detroit, MI; LPS 20 µg per each kg of
rabbit weight, µg/kg, dissolved into physio-
logical saline solution).  The L-O group rabbits
were given, first, 5 mL of ONO-4057 (10 mg/
kg) solution (20 mg/mL, dissolved into 7%
NaHCO3, to which physiological saline solu-
tion was added to make the total to 5 mL); then,
they were given 2 mL of physiological saline
solution for 2 min intravenously; and finally,
they were given 5 mL of LPS solution (20 µg/
kg) through the ear vein.  We let the rabbits free
in the cages until the next blood sampling time.
Three h after the initial drug administration,
another sample of 2 mL of blood was taken
from the ear vein; then the rabbits were given 2
mL of physiological saline solution intravenously.
We let them free again.  Six hours after the LPS
injection, a sample of 7 mL of blood was taken
from the ear vein.  The rabbits, then, were given
20 mg/kg of pentobarbital intravenously, and
were anesthetized by 50 mg/kg of ketamine via
muscle injection.  Then we initiated tracheo-
tomy on the rabbits locally anesthetized with
1% lidocaine.  Breathing was controlled by in-
serting a tube endotracheally and using a venti-
lator for small animals (Model 681, Harvard
Apparatus, South Natic, MA) set at 20 respira-
tions/min, 6 mL of room air per kg body weight,
and 2 cm H2O of positive end-expiratory pres-
sure.  The sternum (locally anesthetized with
1% lidocaine) was cut in the middle and, with
the thorax open, the pericardium was opened,
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Abbreviations:  ALI, acute lung injury; ARDS, acute respiratory distress syndrome; BALF, bronchoalveolar lavage
fluid; CH50, complement activity levels; CL, chemiluminescence; IL, interleukin; LPS, lipopolysaccharide; LTB4,
leukotriene B4; MPO, myeloperoxidase; PAF, platelet activating factor; PMN-E, polymorphonuclear neutrophil
elastase; TNF, tumor necrosis factor

and the right ventricle was incised for exsangui-
nation.  The heart and the lungs (with the res-
piration tube inserted) were taken outside the
body as a unit.  The right hilum was ligated, and
the right lung was removed for wet/dry weight
measurement.  Twenty milliliters of physiological
saline solution (5 mL over 4 times) were infused
into the left lung through the main trachea; then
a sample of 12–15 mL of bronchoalveolar la-
vage fluid (BALF) was taken from the left lung.

The measurements were the leukocyte
counts in the peripheral blood; the chemilumi-
nescence (CL)/leukocyte (n = 6 with zymosan
stimulation and n = 6 without, for each group)
to measure the amount of oxygen free radical
species production; the LTB4 levels (n = 8 for C
group; n = 9 for L group and n = 9 for L-O
group); the complement activity levels (CH50);
the PMN-E and MPO activity levels, from the
supernatants of the BALF, centrifuged at 1000
rpm, 10 min.  The leukocytes were counted by
Celltac (MEK-5158, Nihon Kohden, Tokyo,
Japan).  For CL, a Luminescence Reader (BLR-
201, ALOKA, Tokyo) was used to measure the
50-min luminescence of the 0.1 mL of heparin-
added blood in 1.2 mL of luminol-HEPES buf-
fer solution (14 mM HEPES, pH 7.4, containing

66 mM of luminol), stirred at 37˚C.  Zymosan-
stimulated CL was measured when 0.1 mL of
40 mg/mL non-opsonized zymosan (zymosan
A: Sigma Chemical Co., St. Louis, MO) was
added; and non-zymosan-stimulated CL, with-
out it.  LTB4 was measured by the Radio Immuno
Assay method (Mitsubishi Chemical BCL,
Tokyo).  Complement activity was measured by
the CH50 method (SRL Inc., Tokyo).  PMN-E
activity in the BALF (0.5 mL) was measured by
the hydrolysis method of Yoshimura and co-
workers (1994):  the hydrolysis of the substrate,
250 µM of L-hydroglutamyl-L-propyl-L-valin-p-
nitroanilide (Dai-ichi Chemicals, Tokyo), was
measured by a Multiskan MS (Labsystems,
Basingstroke, Helsinki, Finland) at 405 nm,
following the incubation with a Tris buffer (25
mM, pH 8.3) at 37˚C for 4 h.  MPO activity in
the BALF (0.5 mL) was measured by the
methods described previously (Henson et al.,
1978; Belcastro et al., 1996):  The absorption
density of o-dianisidine (96 µg/mL) was mea-
sured by the Multiskan MS at 480 nm (extinc-
tion coefficient: 1.13 × 104/M), following
incubation with phosphorous buffer (38 mM,
pH 6.2) and 0.0038% H2O2 at 37˚C for 15 min.

The measured values are expressed as mean
and SEM.  The statistical analysis was perform-
ed by an analysis of variance, followed by
Scheffé’s test (for differences among groups) and
a paired Student’s t-test (for differences within
groups).  A P value of less than 0.05 was con-
sidered statistically significant.

Results

There was no statistically significant difference
in the weights of the rabbits among all groups.

There was no significant difference over
time in leukocyte counts for C group, whereas
the leukocyte counts for L and L-O groups de-
creased significantly after 3 h, but they regained
after 6 h (Fig. 1).

Regarding CL (with and without zymosan
stimulation), there was no significant difference

Fig. 1.  Changes in leukocyte counts for the 3 groups (n
= 12, mean ± SEM, for each group).  *Versus the pre-
vious counts of the same group (P < 0.05); **versus the
counts in the control group at each time (P < 0.05).  ,
C group (control group); , L group (20 µg/kg LPS); ,
L-O group (20 µg/kg LPS and 10 mg/kg ONO-4057).
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Fig. 2.  Changes in chemiluminescence (CL) inten-
sity with zymosan stimulation for the 3 groups (n =
6, mean ± SEM, for each group).  *Versus the
previous intensity of the same group (P < 0.05);
**versus the intensity of the control group at each
time (P < 0.05).  , C group (control group); , L
group (20 µg/kg LPS); , L-O group (20 µg/kg LPS
and 10 mg/kg ONO-4057).

Fig. 3.  Changes in chemiluminescence (CL) inten-
sity without zymosan stimulation for the 3 groups (n
= 6, mean ± SEM, for each group).  *Versus the
previous intensity of the same group (P < 0.05);
**versus the intensity of the control group at each
time (P < 0.05).  , C group (control group); , L
group (20 µg/kg LPS); , L-O group (20 µg/kg LPS
and 10 mg/kg ONO-4057).
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over time for C group.  The zymosan-stimulated
CL for L group showed a significant increase
from 4.214 ± 1.397 kCounts/leukocyte count
(before LPS injection) to 14.952 ± 0.965 (6 h
after), whereas the non-stimulated CL showed a
significant increase from 0.728 ± 0.210 (before
LPS injection) to 1.097 ± 0.320 (3 h after), then
to 1.554 ± 0.467 (6 h after) (Figs. 2 and 3).  Sim-
ilarly, the zymosan-stimulated CL for L-O
group showed a significant increase from 4.556
± 0.934 (before LPS infusion) to 15.648 ± 4.168
(6 h after) (Fig. 2), whereas the non-stimulated
CL increased from 0.732 ± 0.234 (before LPS
injection) to 1.170 ± 0.245 (after 3 h), but it de-

creased to 0.963 ± 0.235 (after 6 h) (Fig. 3).
The intergroup comparisons show that the
zymosan-stimulated CL for L and L-O groups
(6 h after LPS injection) was significantly
higher than that for C group, whereas the non-
stimulated CL for L group (3 and 6 h after) was
significantly higher than that for C group, and
the non-stimulated CL for L-O group (3 h after)
was significantly higher than that for C group
(Figs. 2 and 3).

While there was no significant difference in
LTB4 (before and 6 h after LPS injection)
among all groups, the LTB4 for L and L-O
groups showed significant increases from
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Fig. 4.  Changes in leukotriene B4 (LTB4) concen-
tration for the 3 groups (n = 12, mean ± SEM, for
each group). *Versus the previous concentration of
the same group (P < 0.05).  , C group (control
group); , L group (20 µg/kg LPS); , L-O group
(20 µg/kg LPS and 10 mg/kg ONO-4057).
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Fig. 5.  Changes in complement activity for the 3
groups (n = 12, mean ± SEM, for each group).
*Versus the previous activity of the same group (P <
0.05).  , C group (control group); , L group (20
µg/kg LPS); , L-O group (20 µg/kg LPS and 10
mg/kg ONO-4057).
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Fig. 7.  Polymorphonuclear neutrophil elastase
(PMN-E) activity of bronchoalveolar lavage fluid
(BALF) for the 3 groups (n = 12, mean ± SEM, for
each group).  , C group (control group); , L group
(20 µg/kg LPS); , L-O group (20 µg/kg LPS and 10
mg/kg ONO-4057).
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Fig. 6.  Myeloperoxidase (MPO) activity of bron-
choalveolar lavage fluid (BALF) for the 3 groups (n
= 12, mean ± SEM, for each group).  **Versus the
control group (P < 0.05).  , C group (control
group); , L group (20 µg/kg LPS); , L-O group
(20 µg/kg LPS and 10 mg/kg ONO-4057).
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Fig. 8.  Wet/dry ratios of the 3 groups (n = 12, mean
± SEM, for each group).  **Versus the control group
(P < 0.05).  †Versus the L-O group (P < 0.05).  , C
group (control group); , L group (20 µg/kg LPS);

, L-O group (20 µg/kg LPS and 10 mg/kg ONO-
4057).
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121.12 ± 12.91 and 123.91 ± 12.88 pg/mL blood
(before LPS injection) to 155.86 ± 19.89 and
166.89 ± 20.11 (6 h after), respectively (Fig. 4).

Regarding the CH50 for C group, there was
no significant difference between the time be-
fore physiological saline solution was given
(6.5 ± 0.6 U/mL) and the time 6 h later (6.1 ±
0.5), whereas for L and L-O groups, CH50

showed significant decreases from 6.4 ± 0.4 and
6.4 ± 0.6 (before LPS injection) to 4.9 ± 0.6 and
5.0 ± 0.8 (6 h after), respectively (Fig. 5).

The MPO level in the BALF for C group
was 1.77 ± 1.50 × 10-6 M/mL BALF, whereas
those for L and L-O groups were significantly
higher at 8.54 ± 1.11 and 6.38 ± 1.03, respec-
tively; and the MPO of L-O group tended to be
lower (P = 0.17) than that for L group (Fig. 6).

Although there was no significant differ-
ence in PMN-E in the BALF among groups, the
PMN-E for L group tended to be higher (7.22 ±
2.36 U/mL BALF) in contrast with those for C
group (6.85 ± 0.98, P = 0.26) and L-O group
(6.76 ± 1.63, P = 0.25) (Fig. 7).

The mean wet/dry weight ratio for L group
was significantly higher (5.13 ± 0.06) than
those for C group (4.93 ± 0.06) and L-O group
(4.98 ± 0.04) (Fig. 8).

Discussion

Our experiment showed that:  i) ONO-4057 did
not block leukocyte migration caused by LPS;
ii) while ONO-4057 did not have an effect on
the zymosan-stimulated CL of leukocytes (6 h
after LPS injection), it inhibited the non-stimu-
lated CL; iii) there was a tendency for ONO-
4057 to inhibit PMN-E and MPO activities in
the BALF; and iv) ONO-4057 successfully in-
hibited the increase in wet/dry weight ratio.

The experiments using guinea pigs by
Kishikawa and coworkers (1992) showed that
ONO-4057 inhibited the LTB4-induced leuko-
penia in the peripheral blood in a dose-depen-
dent manner,  effective when 10 mg/kg or more
were ingested and when 0.3 mg/kg or more were
given intravenously.  In our experiment, the
rabbits received intravenous injection of 10 mg/
kg of ONO-4057 2 min before LPS was injected
intravenously.  The reason for our decision to
use 10 mg/kg of ONO-4057 this time is because
there were 3 rabbits which were given 5 mg/kg
of ONO-4057, but which did not show any
effect of ONO-4057 to inhibit the LPS-induced
decrease in leukocyte count; and the rabbits
which were only given 10 mg/kg of ONO-4057
did not die nor did they show any signs of
abnormality such as weakness or a lowering of
their activity level.  From these observations,

**
†
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we decided to try 10 mg/kg of ONO-4057, expect-
ing sure signs of the effectiveness of ONO-
4057.

We decided on the dosage of LPS to be 20
µg/kg, which was the dosage inferred from our
preparatory experiments, to be maximally
effective without adversely affecting the design
of our experiment.  We also decided that our
observation time should be 6 h, on the basis of
the significant results of other experiments in
which observation time was 6 h, to measure the
effectiveness of certain drugs in inhibiting the
activation of neutrophil elastase (Kubo et al.,
1994; Nishina et al., 1997), and by taking into
consideration the time it takes for various kinds
of cytokines to be produced (Sakamoto et al.,
1994; Salvemini et al., 1995; Nishina et al., 1997).

It has been reported that the concentration
level of LTB4 after LPS injection is inferred to
have 2 phases of change:  the peak of LTB4 at
an earlier stage (1 h after) is induced by macro-
phages in the blood, whereas the LTB4 peak at a
later stage (4 h after) is due to the leukocytes
accumulated in the lungs (Kobayashi et al.,
1993).  In our experiment, the LTB4 concen-
tration levels for L and L-O groups showed in-
creases at 6 h, thus not showing the effective-
ness of ONO-4057 in inhibiting the production
of LPS-induced LTB4.  We speculate that this
was due to the fact that although ONO-4057
might have had an effect on LTB4 receptors,
neutrophils could still have produced LTB4 by
other means (such as via complements, PAF, con-
centrated IgG, TNF, etc.) (Fogh et al., 1992).

It has been reported that with the rabbits
injected with LPS intravenously, there was an
accumulation of leukocytes in the lungs and
liver (after 2 h) and decreases in the leukocyte
count in the peripheral blood, the bone marrow,
and the spleen (Toft et al., 1994).  From our pre-
paratory experiments we knew that the injection
of LPS into rabbits decreased their leukocyte
count in the peripheral blood after 5 min; this
proved to be true for the L group in our present
experiment.  Also, the leukocyte count even for
L-O group, like L group, significantly decreas-
ed 3 h after LPS injection, and ONO-4057 fail-
ed to inhibit leukocyte migration.

The amount of complement activity for L

and L-O groups significantly decreased 6 h
after LPS injection.  We conjecture that this was
due to the fact that the leukocytes accumulated
in the liver as well as in the lungs, and damaged
the liver; and the production of complements in
the liver could not catch up with the consump-
tion of LPS-induced complements (Arai et al.,
1989).

The non-stimulated CL intensity for L-O
group (as well as that for L group) showed a
high value at 3 h; but it became lower after 6 h.
This, together with the fact that the LTB4 for L-
O group (as well as that for L group) was high at
6 h, indicates that there was a factor other than
LTB4 that contributed to the production of an
oxygen free radical species.  LPS, directly and
indirectly, stimulates and produces various
mediators and cytokines.  It also stimulates C3
directly, and activates alternative complement
pathways (Said and Hussein, 1989).  We think
that the higher non-stimulated CL intensity
levels of L and L-O groups, compared to the
level of C group, at 3 h, were due to the fact that
complements were directly stimulated by LPS
and the neutrophil activity increased because of
other mediators and cytokines.

Zymosan activates complement compo-
nents (after C3) via properdin-related factors.
The zymosan-stimulated CL intensity levels for
all groups before treatments and C group at 3
and 6 h were about 10 times higher than their
non-stimulated CL counterparts.  This can be
explained by saying that the complements in the
blood reacted to zymosan.

The zymosan-stimulated CL intensity levels
for L and L-O groups were significantly high at
6 h, and the non-stimulated CL level of L-O
group decreased after 6 h.  This can be explain-
ed in terms of the Second Attack Theory
(Ogawa, 1996).  According to the theory, we
can say that the LPS in L and L-O groups
heightened the responsiveness of the neutro-
phils, which zymosan further stimulated as a
second attack, resulting in more production of
oxygen free radical species and, consequently,
an increase in CL.  The amount of oxygen free
radical species production in the peripheral blood
in L-O group, when no additional zymosan-
induced stimulation was present, can be known
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*Ono Pharmaceutical Co., Tokyo; unpublished re-
search report.

from the amount of oxygen free radical species
production without zymosan stimulation at 6 h.
We can attribute to the effectiveness of ONO-
4057 the fact that the production capacity of
oxygen free radical species from leukocytes in
the peripheral blood is lower for L-O group than
for L group.  From these facts, we inferred that
ONO-4057 had an inhibitory effect on LTB4

receptor activity and, thus, helped lower the
production of oxygen free radical species from
neutrophils; but ONO-4057 failed to control the
LPS-heightend responsiveness of neutrophils.

The levels of the MPO and PMN-E for L-O
group tended to be lower than those for L group,
indicating a weak positive effect of ONO-4057.
The amount of oxygen free radical species in-
creases and decreases, depending on whether
PMN-E is present or not, respectively (Kusner and
King, 1989).  Also, one of the PMN-E inhibitors,
α1-protease inhibitor (α1-PI), becomes in-
activated in the presence of oxygen free radical
species (Tanaka et al., 1991).  Thus, oxygen free
radical species and PMN-E influence each other.
The wet/dry weight ratio indicates an increase in
vascular permeability (Suzuki et al., 1994) due to
the damage done to endothelial cells (Tate and
Repine, 1983) jointly by oxygen free radical
species and PMN-E.  The results of our experi-
ment indicate that ONO-4057 must have had an
inhibitory effect (up to 6 h) on the LPS-induced
increase in vascular permeability in the lungs.

From the above discussion, we can say that
ONO-4057 was effective against lung injuries
caused by LPS, but with a few limitations.
First, the intravenous injection of ONO-4057
caused our rabbits to show signs of pain, and
death in some cases with LPS after ONO-4057
injection.  We used ONO-4057 diluted in phys-
iological saline solution and injected it slowly,
but there is a possibility that the pain caused by
ONO-4057 injection might have led to the pro-
duction of various mediators, cytokines, etc.
Also, while LPS 20 µg/kg alone did not kill any
rabbits, pretreatment with ONO-4057 killed 3
out of 15 rabbits within 1.5 h to 2 h.  However,
the rabbits given LPS alone were weak, suffer-
ing from diarrhea, whereas the rabbits which

were pretreated with ONO-4057 and which sur-
vived 6 h until the end of the experiment, exhib-
ited no sign of diarrhea or any abnormality.  We
know that the lethal dose of ONO-4057 given
intravenously for rats is 300 mg/kg*; but we
lack similar data pertaining to rabbits.  It might
be that for rabbits, the 50% effective dose of
ONO-4057 is very close to the 50% lethal dose.
Also, this might indicate the complexity of
mediator networks.  We speculate that in our
dead rabbit cases, the antagonistic effect of
ONO-4057 was so strong on LTB4 receptors
that LTB4, which is necessary for normal phys-
iological functioning, was inhibited, and conse-
quently, parts of the  mediator networks were
blocked, which caused a malfunction in homeo-
stasis in those dead rabbits.

Conclusions

Although ONO-4057, as an LTB4 receptor ant-
agonist, did not prevent leukocyte migration
caused by LPS, it tended to control the non-
stimulated CL level of leukocytes in the periph-
eral blood, and suppressed the MPO and PMN-
E activity in the BALF, as a result, preventing
the wet/dry ratio from increasing.  From these
results, we conclude that LTB4 must be playing
a role in LPS-caused lung injuries.  However,
our experiment also suggests the possibility that
an inhibitory effect on LTB4 receptors might
adversely lead to the suppression of the natural
protective mechanism by LTB4 against inflam-
mation, and might further lead to the break-
down of mediator networks.

Acknowledgments:   The authors thank Drs. N.
Okazaki and R. Liu (Dept. of Anesthesiology and
Reanimatology) and Dr. N. Nakada (Third Dept. of
Internal Medicine), Faculty of Medicine, Tottori
University for their help and advice, and Dr. H.
Nagahara, Dept. of East Asian Languages and
Literatures, University of Hawaii, for his help with
the English.  The authors also thank Ono Pharma-
ceutical Co., Osaka, Japan, for their generous supply
of ONO-4057.

References

 1 Arai M, Okuno F, Ishii Y, Hirano Y, Sujita K,



K. Hidaka and Y. Ishibe

52

(Received December 22, 1997, Accepted January 27, 1998)

Nakano S, et al.  An experimental study on the
severe type of alcoholic liver disease:  a patho-
genetic role of potentiated activation of comple-
ment system by endotoxin after chronic ethanol
consumption.  Nippon Shokakibyo Gakkai Zasshi
1989;86:1089–1095 (in Japanese with English
abstract).

 2 Belcastro AN, Arthur GD, Albisser TA, Raj DA.
Heart, liver, and skeletal muscle myeloper-
oxidase activity during exercise.  Am Physiol Soc
1996;80:1331–1335.

 3 Fisher CJ Jr, Dhainaut JFA, Opsal SM, Pribble
JP, Balk RA, Slotman GJ, et al.  Recombinant
human interleukin 1 receptor antagonist in the
treatment of patients with sepsis syndrome:
result from a randomized, double-blind, placebo-
controlled trial. JAMA 1994;271:1836–1843.

 4 Fogh K, Larssen CG, Iversen L, Kragballe K.
Interleukin-8 stimulates the formation of 15-
hdroxy-eicosatetraenoic acid by human neutro-
phils in vitro.  Agents Actions 1992;35:227–231.

 5 Henson PM, Zanolari B, Schwarthzman NA,
Hong SR.  Intracellular control of human
neutrophil secretion.  I.  C5a-induced stimulus-
specific desensitization and the effects of cyto-
chalasin B.  J Immunol 1978;121:851–855.

 6 Idell S, Kucich U, Fein A.  Neutrophil elastase
releasing factors in bronchoalveolar lavage from
patients with adult respiratory distress syndrome.
Am Rev Dis 1985;132:1098–1105.

 7 Kishikawa K, Tateishi N, Maruyama T, Seo R,
Toda M, Miyamoto T.  ONO-4057, a novel, oral-
ly active leukotriene B4:  effects on LTB4-induc-
ed neutrophil functions.  Prostaglandins 1992;44:
261–275.

 8 Knaus WA, Sun X, Hakim BH, Wagner DP.
Evaluation of definitions for adult respiratory
distress syndrome.  Am J Respir Crit Care Med
1994;150:311–317.

 9 Kobayashi T, Kubo K, Fukushima M, Fujimoto
K, Koizumi T.  Influence of arachidonic acid me-
tabolism on endotoxin induced lung injury.
Kokyu 1993;12:775–785 (in Japanese with En-
glish abstract).

10 Kubo K, Kobayashi T, Hayano T, Koizumi T,
Honda T, Sekiguchi M, et al.  Effect of ONO-
5046, a specific neutrophil elastase inhibitor, on
endotoxin-induced lung injury in sheep.  J Appl
Physiol 1994;77:1333–1340.

11 Kusner DJ, King CH.  Protease-modulation of
neutrophil superoxide response.  J Immunol
1989;143:1696–1702.

12 Nishina K, Mikawa K, Takao Y, Maekawa N,
Shiga M, Obara H. ONO-5046, an elastase inhib-
itor, attenuates endotoxin-induced acute lung

injury in rabbits.  Aneth Analg 1997;84:1097–
1103.

13 Ogawa M.  Mechanism of development of the or-
gan failure following surgical insult:  the “second
attack” theory.  Clin Intens Care 1996;7:34–38.

14 Palmblad J, Malmsten CL, Udén AM, Rådmark
O, Engstedt L, Samuelsson B.  Leukotriene B4 is
a potent and stereospecific stimulator of neutro-
phil chemotaxis and adherence.  Blood 1981;58:
658–661.

15 Pawe JE, Short A, Sibbald WJ, Driedger AA.
Pulmonary accumulation of polymorphonuclear
leukocytes in the adult respiratory distress syn-
drome.  Crit Care Med 1982;10:712–718.

16 Said SI, Hussein D.  Pharmacologic modulation
of lung injury.  Am Rev Respir Dis 1989;139:
1553–1563.

17 Sakamoto K, Arakawa H, Mita S, Ishiko T, Ikei
S, Egami H, et al.  Elevation of circulating inter-
leukin 6 after surgery:  factors influencing the
serum level.  Cytokine 1994;6:181–186.

18 Salvemini D, Settle SL, Masferrer JL, Seibert K,
Currie MG, Needleman P.  Regulation of prosta-
glandin production by nitric oxide:  an in vivo
analysis.  Br J Pharmacol 1995;114:1171–1178.

19 Schlag G, Redl H.  Mediators of injury and
inflammation.  World J Surg 1996;20;406–410.

20 Suzuki N, Ishii Y, Kitamura S.  Mechanism for
the increased permeability in endothelial
monolayers induced by elastase.  Mediat Inflamm
1994;3:11–16.

21 Tanaka H, Sugimoto H, Yoshioka T, Sugimoto T.
Role of granulocyte elastase in tissue injury in pa-
tients with septic shock complicated by multiple-
organ failure.  Ann Surg 1991;213;81–85.

22 Tate RM, Repine JE.  Neutrophils and adult res-
piratory distress syndrome.  Am Rev Respir Dis
1983;128:552–559.

23 Toft P, Lillevang E, Nielsen GH, Rasmussen JW.
The redistribution of granulocytes following
E.coli endotoxin induced sepsis.  Acta Anaes-
thesiol Scand 1994;38:852–857.

24 Vandermeer TJ, Menconi MJ, O’Sullivan BP,
Larkin VA, Wang H, Sofia M, et al.  Acute lung
injury in endotoxemic pigs: role of leukotriene
B4.  Am Physiol Soc 1995;78:1121–1131.

25 Van Zee KJ, Deforge LE, Fischer E, Marano MA,
Kenedy JS, Remick DG, et al.  IL-8 in septic
shock, endotoxemia, and after IL-1 administra-
tion.  J Immunol 1991;10:3478–3482.

26 Yoshimura K, Nakagawa S, Koyama S,
Kobayashi T, Homma T.  Role of neutrophil
elastase and superoxide anion in leukotriene B4-
induced lung injury in rabbit.  J Appl Physiol
1994;76:91–96.


