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Interleukin 8 (IL-8) was purified from lipopolysacc-
haride (LPS)-stimulated human peripheral blood mono-
nuclear cell culture supernatants [1]. IL-8 is known as a
potent chemoattractant and activating factor for neutro-
phils and as a chemoattractant for T-lymphocytes [2, 3].
However, recent studies have shown that IL-8 also tri-
ggers histamine and leukotriene release from basophils
[4], induces contraction of airway smooth muscle [5] and
causes eosinophil infiltration in vivo [6]. In addition, it
has been demonstrated that bronchial epithelial cells and
eosinophils stimulated with calcium ionophores can pro-
duce IL-8 in vitro [7, 8], suggesting an important role of
IL-8 in the genesis and persistence of bronchial inflam-
mation in asthma. We recently showed the elevated level
of IL-8 in sputum obtained from asthmatic patients, espe-
cially during asthma attacks [9].

We recently reported that repeated intranasal admi-
nistration of IL-8 (twice a week for 3 weeks) induced
bronchial hyperresponsiveness (BHR) and neutrophil ac-
cumulation in the lower airways in guinea-pigs in vivo
[10]. Leukotriene B4 (LTB4) is a arachidonate 5-lipoxyge-
nase product and a chemotactic factor for neutrophils.
The present study was conducted to examine whether
LTB4 and neutrophil elastase are involved in the IL-8-
induced BHR and lower airway neutrophil influx. We
assessed the effect of an LTB4 antagonist (ONO-4057)
[11] and a human neutrophil elastase inhibitor (ONO-

5046) [12] on the BHR to inhaled histamine and on bron-
choalveolar lavage cells in the IL-8-treated guinea-pigs.

Materials and methods

Animals

Male, albino, Hartley strain guinea-pigs weighing 350–
400 g were obtained from Sankyou Laboratory Service
(Toyama, Japan). After arrival at the Institute of Animal
Experiments in our university, the animals were kept in
conventional housing facilities for 1 week before the start
of treatment with IL-8. They were allowed to drink and
feed ad libitum. This animal experiment was performed
according to Principles of Laboratory Animal Care formu-
lated by the Institute of Animal Experiments in Kanazawa
University.

Experimental protocols

Thirty nine guinea-pigs received intranasal administra-
tion of 5 µg·kg-1 of IL-8 and six received phosphate-buff-
ered saline (PBS) twice a week for 3 weeks. Bronchial
responsiveness was assessed 24 h after the last admini-
stration of IL-8 and then bronchoalveolar lavage (BAL)
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ABSTRACT: Repeated intranasal administration of interleukin 8 (IL-8) induces
bronchial hyperresponsiveness (BHR) accompanied by lower airway neutrophil ac-
cumulation (ANA) in guinea-pigs. Leukotriene B4 (LTB4) is a chemotactic factor for
neutrophils.

To elucidate whether LTB4 and neutrophil elastase are involved in the IL-8-indu-
ced BHR and ANA, the effects of a LTB4 antagonist (ONO-4057) and a neutrophil
elastase inhibitor (ONO-5046) on the responses were examined. IL-8 (5 µg·kg-1) was
administered intranasally to guinea-pigs twice weekly for 3 weeks. One day after the
last administration, animals were anaesthetized and artificially ventilated through
tracheal cannulae, and lateral pressure at the tracheal cannula (Pao) was measured
as an overall index of airway responses to inhaled histamine. ONO-4057 (2 or 20
mg·kg-1) or ONO-5046 (30 or 300 mg·kg-1) was administered intraperitoneally 24 and
1 h before anaesthesia.

ONO-4057, but not ONO-5046, significantly inhibited the IL8-induced BHR and
ANA, assessed by bronchoalveolar lavage, in a dose-dependent manner.

These findings suggest that interleukin 8 causes bronchial hyperresponsiveness and
airway neutrophil accumulation in guinea-pigs in vivo. In part this appears to be due
to release of leukotriene B4, whereas it may not be mediated by neutrophil elastase.
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was performed. ONO-4057 or ONO-5046 was given intra-
peritoneally 24 and 1 h before anaesthesia of animals.
ONO-4057 and ONO-5046 were dissolved in physiologi-
cal saline to make the studied concentrations. In the ONO-
4057 study, animals treated with IL-8 were divided into
the following three groups: 1) treated with 2 mg·kg-1 of
ONO-4057 (n=6); 20 mg·kg-1 of ONO-4057 (n=6);   and
saline (n=6). As a normal control group six animals were
treated with saline after intranasal administration of PBS
for 3 weeks. In the ONO-5046 study, IL-8 treated animals
were given 30 (n=7) or 300 mg·kg-1 of ONO-5046 (n=7)
or saline (n=7).

To assess nonspecific bronchodilator and/or broncho-
protective action of ONO-4057 and ONO-5046, the effects
of these compounds on bronchial responsiveness to inhal-
ed histamine were examined in normal guinea-pigs. ONO-
4057 at a dose of 2 (n=6) or 20 mg·kg-1 (n=6) or saline
(n=6) was administered intraperitoneally 1 h before anaes-
thesia. In the same manner, 30 (n=6) or 300 mg·kg-1 of
ONO-5046 (n=6) or saline (n=6) was given.

Treatment with IL-8

IL-8 was dissolved in PBS at a concentration of 5
µg·mL-1. One millilitre per kilogram of the IL-8 solution
was administered intranasally twice weekly for 3 weeks.
Endotoxin content of the IL-8 solution was not detectable,
being less than 50 pg·mg protein-1 (Phrodick Limulus Test
kit, Seikagaku Kogyo, Tokyo) [13].

Assessment of bronchial responsiveness

One day after the last administration of IL-8, guinea-
pigs were anaesthetized with sodium pentobarbital (75
mg·kg-1 i.p.). The animals were placed in the supine posi-
tion and the trachea was cannulated with a polyethylene
tube (outside diameter 2.5 mm, inside diameter 2.1 mm).

After surgery the guinea-pigs were artificially ventila-
ted by a small animal respiratory pump (Model 1680, Har-
vard Apparatus Co. Inc., South Natick, MA, USA) ad-
justed to a tidal volume (VT) of 10 mL·kg-1 at a rate of 60
strokes·min-1. The change in lung resistance to inflation,
the lateral pressure of the tracheal tube (pressure at the air-
way opening; Pao in cmH2O), was measured using a pres-
sure transducer (Model TP-603T; Nihon Koden Kogyo
Co. Ltd., Tokyo, Japan). Since the change in Pao follow-
ing inhalation of leukotriene C4 (LTC4) represented the
average of the changes in pulmonary resistance (RL) and
reci-procal dynamic lung compliance (1/Cdyn) [14], we
used Pao as an overall index of bronchial response to bron-
choactive agents.

When all procedures were completed, the animals re-
ceived twice the VT for two breaths by clamping the outlet
port of the respirator to unify the volume history of the
lung [14].

After Pao had stabilized, increasing doses of histamine
(25, 50, 100 and 200 µg·mL-1) were inhaled at 5 min in-
tervals under continuous ventilation. The aerosol was  ge-
nerated during a 20 s period by an ultrasonic nebulizer
developed for small animals at our institution [15]. The
amount of aerosol was 15.2 µL·min-1, and 46.4% of the
aerosol was deposited in the lung as measured by radio-

aerosol technique [15]. The median aerodynamic diame-
ter of the particles of normal saline was 3.59±1.96 µm
(mean±SD). All of histamine inhalation challenges were
completed within 60 min.

Analysis of bronchoalveolar lavage cells

BAL was performed immediately after the determi-
nation of bronchial responsiveness. The lower airways
were lavaged via the tracheal cannula with 10 mL sterile
saline at 37°C. The fluid was recovered by gentle aspira-
tion with a disposable syringe. The BAL fluid was imme-
diately centrifuged at 1,500 revolutions per minute (rpm)
for 10 min. After discarding the supernatant, the cells
were washed twice in Hank's solution and resuspended in
1 mL of Hank's solution. They were then counted manu-
ally in a Burker Chamber. Cytocentrifuged preparations
(Cytospin 2, Shandon Southern Products Ltd., UK) were
stained with May Giemsa and a differential cell count was
performed on 300 cells according to standard morphologi-
cal criteria.

Statistical analysis

Dose-response curves for histamine-induced broncho-
constriction in the three treatment groups in each study
were compared by repeated measure analysis of variance
(ANOVA). Bronchoconstrictor responses to each con-
centration of histamine were compared among the three
treatment groups using factorial ANOVA. Cellular com-
position of BAL fluid was compared between each pair
of groups using the Mann-Whitney U-test. A p-value of
0.05 or less was considered significant. All results were
expressed as mean±SEM.

Chemicals

The following chemicals were used: sodium pentobarbital
(Abbot Laboratories, North Chicago, IL, USA); histamine
(Wako Pure Chemical Ind., Osaka, Japan); ONO-4057
(5-(2- (2-carboxyethyl) -3- (6- (4-methoxyphenyl)-5E-hexe-
nyl)  oxyphenoxy) valeric acid) and ONO-5046 (N-(2-(4(2,
2-dimethylpropionyloxy) phenylsufonylamino) aminoace-
tic acid) (Ono Pharmaceutical Co. Ltd., Osaka, Japan). Hu-
man recombinant IL-8 was prepared as reported previously
[13, 16].

Results

Effects of ONO-4057

IL-8-induced bronchial hyperresponsiveness (fig. 1). Pre-
histamine inhalation values for Pao were 10.8±0.4 cmH2O
in PBS-administered animals treated with saline, 9.7±0.4
cmH2O in IL-8 administered animals treated with saline,
and 10.0±0.3 and 9.5±0.4 cmH2O in the IL-8-administe-
red animals treated with 2 and 20 mg·kg-1 of ONO-4057,
respectively; these values were not significantly different.
The dose-response curve for percentage increases in Pao
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from the baseline value caused by increasing doses of in-
haled histamine was significantly (p<0.05) different bet-
ween the PBS-administered animals treated with saline
and the IL-8-administered animals treated with saline, in-
dicating IL-8-induced BHR. The histamine dose-response
curve was significantly (p<0.02) different among the IL-
8-administered animals treated with saline and 2 and 20
mg·kg-1 of ONO-4057, showing a dose-dependent inhibi-
tion of IL-8-induced bronchial hyperresponsiveness by
ONO-4057.

Naive bronchial responsiveness (fig. 2). The Pao values
before histamine inhalation were 10.2±0.4, 10.5±0.4 and
9.9±0.4 cmH2O in animals treated with saline and 2 and
20 mg·kg-1 of ONO-4057, respectively, and these values
were not significantly different. The dose-response curves
for percentage increases in Pao from the baseline value
caused by ascending doses of inhaled histamine were not
different among the three groups, showing no nonspecific
bronchodilator or bronchoprotective effect of ONO-4057.

IL-8-induced airway neutrophil influx (fig. 3). Total cells
recovered form BAL fluid were 2.10±0.28 cells·mL-1

in PBS-administered animals treated with saline, 2.1±
0.2 cells·mL-1 in IL-8 administered animals treated with
saline, and 2.1±0.3 and 2.7±0.2 ×105 cells·mL-1 in IL-8-
administered animals treated with 2 and 20 mg·kg-1 of
ONO-4057, respectively; these values were not signifi-
can-tly different. The percentage of neutrophils in BAL
fluid was significantly greater in IL-8-administered and
saline- treated animals (21.8±1.6%) compared with
PBS-administered animals (2.6±0.4%) (p<0.01) (fig. 3).
The value was significantly (p<0.01) decreased by the

ONO-4057 treatment (11.5±1.5% at 2 mg·kg-1 and
7.3±1.6% at 20 mg·kg-1) compared with the saline treat-
ment (fig. 3).

Effects of ONO-5046

IL-8-induced bronchial hyperresponsiveness (fig. 4). The
Pao values before histamine provocation were 10.0±0.2,
10.9±0.1 and 10.9±0.3 cmH2O in the IL-8-administered
animals treated with saline and 30 and 300 mg·kg-1 of
ONO-5046, respectively. The dose-response curves for
percentage increase in Pao from the baseline value caused
by increasing doses of inhaled histamine were not signifi-
cantly different among these three treatment groups,
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Fig. 1.  –  Effects of a selective leukotriene B4 (LTB4) antagonist (ONO-
4057), in guinea-pigs, on bronchial hyperresponsiveness to inhaled
histamine induced by intranasal administration of 5 µg·kg-1 of inter-
leukin-8 (IL-8) twice weekly for 3 weeks. ONO-4057 was administered
intraperitoneally at a dose of 2 or 20 mg·kg-1 24 and 1 h before anaes-
thesia of animals. Animals received either repeated intranasal adminis-
tration of phosphate-buffered saline and treatment with saline (negative
control;   ), repeated intranasal administration of IL-8 and treatment
with saline (positive control; ● ), or repeated intranasal administration
of IL-8 and treatment with 2 mg·kg-1 (■) or 20 mg·kg-1 (▲) ONO-4057.
The histamine dose-response curve was significantly (p<0.05) different
between positive and negative control animals using repeated measure
analysis of variance (ANOVA). The dose-response curves of the IL-
8-administered animals treated with 2 and 20 mg·kg-1 of ONO-4057
differered significantly (p<0.02, repeated measure ANOVA) from the
positive control animals. Pao: pressure at the airway opening.

■

25 50 100 200
Concentration of inhaled histamine  µg·mL-1

●

●

■

■

▲

▲▲■
●

●
▲

0

100

200

300

400

500

600

700

In
cr

ea
se

 in
 P

ao
 fr

om
 b

as
el

in
e 

 %

Fig. 2.  –  Effects of a selective leukotriene B4 (LTB4) antagonist (ONO-
4057) on bronchial responsiveness to inhaled histamine in naive guinea-
pigs. ONO-4057 was administered intraperitoneally at a dose of 2 or 20
mg·kg-1 h before anaesthesia of animals. The histamine dose-response
curve was not significantly different among animals treated with 2 and
20 mg·kg-1 of ONO-4057 and saline by repeated measure analysis of
variance (ANOVA). ● : saline (n=6); ■ : 2 mg·kg-1 ONO-4057; ▲ : 20
mg·kg-1 ONO-4057. For definitions, see legend to figure 1.
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Fig. 3.  –  Effect of a selective leukotriene B4 (LTB4) antagonist (ONO-
4057) on cellular composition of bronchoalveolar lavage (BAL) fluid
induced by 3 weeks of treatment with interleukin-8 (IL-8) in guinea-
pigs. Animals received either repeated intranasal administration of PBS
and treatment with saline (negative control;      ), repeated intranasal
administration of IL-8 and treatment with saline (positive control;      ),
or repeated intranasal administration of IL-8 and treatment with 2
mg·kg-1 (       ) or 20 mg·kg-1 (       ) ONO-4057. **: p<0.01 (factorial
analysis of variance (ANOVA)). For definitions, see legend to figure 1.
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showing no inhibitory effect of ONO-5046 on IL-8-indu-
ced BHR.
Naive bronchial responsiveness (fig. 5). The Pao values
be-fore histamine inhalation were 9.1±0.3, 9.3±0.4 and
9.5± 0.3 cmH2O in animals treated with saline and 30 and
300 mg·kg-1 of ONO-5046, respectively; these values
were not significantly different. The dose-response curves
for percentage increases in Pao from the baseline value
caused by increasing doses of inhaled histamine was not
different among the three groups.

IL-8-induced airway neutrophil influx (fig. 6). Total cells
recovered from BAL fluid were 1.87±0.23, 5.81±0.10
and 4.64±0.71 ×105 cells·mL-1 in animals treated with
saline and 30 and 300 mg·kg-1 of ONO-5046, respecti-
vely. Although the value was significantly greater with
30 mg·kg-1 (p<0.01) and 300 mg·kg-1 of ONO-5046 treat-
ments (p<0.01) compared with saline treatment, the per-
centage of neutrophils in BAL fluid was not significantly
different among the three groups (fig. 6).

Discussion

Three week intranasal administration of IL-8 in guinea-
pigs enhanced bronchial responsiveness to inhaled hista-
mine, which was accompanied by lower airway neutrophil
accumulation. An LTB4 antagonist (ONO-4057) signific-
antly inhibited the IL-8-induced BHR and reduced airway
neutrophil influx in a dose dependent fashion, while  a
neutrophil elastase inhibitor ONO-5046 did not.

The Pao measurement used in this study does not cle-
arly distinguish between airway oedema, airway smooth
muscle contraction and lung elasticity. Since Pao incre-
ased immediately after antigen and histamine inhalation
and the bronchodilator procaterol almost completely inhi-
bited the increases in Pao [17], it is likely that the increase
in Pao is indicative of bronchoconstriction in our experi-
mental system.

Although we did not perform histological examination
to assess lower airway inflammatory cells in this study, we
have previously showed that the IL-8-induced BHR was
accompanied by increased neutrophils, but not eosino-
phils, in both BAL fluid and bronchial tissues [10]. As the
neutrophil counts in BAL fluid were significantly corre-
lated with those in bronchial tissues, we evaluated only
BAL cell population in this study. A significant correla-
tion between neutrophil inflammation and BHR has been
shown in animal studies [18–20], while SMITH et al. [21]
have reported that administration of IL-8 (10 µg) to gui-
nea-pigs by the intraperitoneal route induced an increase
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Fig. 4.  –  Effects of a selective neutrophil elastase inhibitor (ONO-
5046) in guinea-pigs, on bronchial hyperresponsiveness to inhaled hista-
mine induced by intranasal administration of 5 µg·kg-1 of interleukin-8
(IL-8) twice weekly for 3 weeks. ONO-5046 was administered intra-
peritoneally at a dose of 30 or 300 mg·kg-1 24 and 1 h before anaesthesia
of animals. Animals received repeated intranasal administration of IL-8
and treatment with either saline (●: control, n=7), or 30 mg·kg-1 (■) or
300 mg·kg-1 ONO-5046 (▲). For definitions see legend to figure 1.
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Fig. 5.  –  Effects of a selective neutrophil elastase inhibitor (ONO-5046)
on bronchial responsiveness to inhaled histamine in naive guinea-pigs.
ONO-5046 was administered intraperitoneally at a dose of 30 or 300
mg·kg-1 1 h before anaesthesia of animals. The histamine dose-response
curves were not significantly different among animals treated with 30
and 300 mg·kg-1 of ONO-5046 and saline (repeated measure analysis of
variance (ANOVA)). ● : repeated intranasal administration of inter-
leukin-8 (IL-8) and treatment with saline (control, n=6); ■ : repeated
intranasal administration of IL-8 and treatment with 30 mg·kg-1 ONO-
5046 (n=6); ▲ : repeated intranasal administration of IL-8 and treatment
with 300 mg·kg-1 ONO-5046. For definitions see legend to figure 1.
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Fig. 6.  –  Effect of a selective neutrophil elastase inhibitor (ONO-5046)
on cellular composition of bronchoalveolar lavage (BAL) fluid induced
by 3 weeks of treatment with interleukin-8 (IL-8) in guinea-pigs.     :
repeated intra-nasal administration of IL-8 and treatment with saline
(control);      : repeated intranasal administration of IL-8 and treatment
with 30 mg·kg-1 ONO-5046;      : repeated intranasal administration of
IL-8 and treat-ment with 300 mg·kg-1 ONO-5046. For further definitions
see legend to figure 1.
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in T-lymphocytes (maximal at 4 h) and eosinophils (max-
imal at 24 h) in BAL fluid. They have also reported that
a single inhalation of IL-8 (50 µg) caused an increase in
the numbers of eosinophils, but not lymphocytes, in BAL
fluid as compared with the control vehicle (0.25% bovine
serum albumin (BSA)). Neither single intraperitoneal nor
aerosolized administration of IL-8 induced BHR to intra-
venously administered histamine. Accordingly, there has
been controversy over whether IL-8 causes accumulation
of neutrophils into the airways and produces BHR. We
do not know why bronchial responsiveness was enhanced
by IL-8 in our study but not in that of SMITH et al. [21]. Sin-
gle administration of IL-8 in the study of SMITH et     al. [21]
and repeated administration in the present study may
account for the discrepancy. We administered IL-8 repeat-
edly because we hypothesized that repeated and/or contin-
uous production of IL-8 in the lower airways might
contribute to the BHR seen in stable asthmatics.

To elucidate the role of LTB4 in the BHR and lower air-
way neutrophil influx caused by repeated administration
of IL-8 the effects of a selective LTB4 antagonist ONO-
4057 [11] on these responses were examined. ONO-4057
displaces the binding of 3H-labelled LTB4 to the LTB4
receptor in human neutrophils (equilibrium inhibition con-
stant (Ki) = 3.7±0.9 nM) and inhibits the LTB4-induced
rise in cytosolic free calcium with an inhibitory concentra-
tion of 50% (IC50) value of 0.7±0.3 µM and human neut-
rophil aggregation, chemotaxis and degranulation induced
by LTB4 with IC50 values of 3.0±0.1, 0.9±0.1 and 1.6±0.1
µM, respectively, without showing any agonist activity    at
concentration up to 30 µM [11]. Orally administered
ONO-4057 prevents LTB4-induced transient neutropenia
and intradermal neutrophil migration in guinea-pigs with
IC50 values of 25.6 and 5.3 mg·kg-1 [11]. The present re-
sults on ONO-4057 indicate the importance of LTB4 in the
increased bronchial responsiveness and lower airway neu-
trophil accumulation induced by IL-8.

ONO-5046 is a competitive inhibitor of human neutro-
phil elastase [12]. The effects of ONO-5046 in the present
experimental model were studied to examine whether the
BHR is mediated by release of neutrophil elastase from
accumulating neutrophils induced by repeated intranasal
administration of IL-8. ONO-5046 inhibits human neu-
trophil elastase (IC50=0.044 µM, Ki=0.2 µM) and leuco-
cyte elastase obtained from rabbits, rats, hamsters and
mice [12]. ONO-5046 does not inhibit trypsin, thrombin,
plasmin, plasma kallikrein, chymotrypsin or cathepsin G
even at 100 µM [13]. ONO-5046 suppresses lung haemor-
rhage in hamsters by intratracheal administration (ID50 =
82 µg·kg-1) and increase of skin capillary permeability
in guinea-pigs by intravenous administration (inhibitory
dose of 50% (ID50)=9.6 mg·kg-1), both of which are in-
duced by human neutrophil elastase [12]. It has been
shown that infusion of ONO-5046 (1 or 10 mg·kg-1·h-1)
dose-dependently inhibits LTB4-induced polymorphonu-
clear leucocyte-mediated increase in pulmonary microvas-
cular permeability [22]. SAKAMAKI et al. [23] recently
reported that ONO-5046 showed concentration-dependent
inhibition of guinea-pig neutrophil elastase activity (IC50
value of 23.2±1.2 nM), and that the inhibition was com-
petitive, with a Ki value of 7.65±0.62 nM by Dixon analy-
sis. They also showed that 150 mg of ONO-5046 given
intravenously significantly inhibited increase in the lung
wet/dry ratio induced by lipopolysaccharide in guinea-

pigs. In the present study, intraperitoneal administration of
ONO-5046 did not reduce the BHR induced by IL-8 at
doses of 30 or 300 mg·kg-1, the latter dose being consid-
ered sufficient to inhibit action of neutrophil elastase.
ONO-5046 did not alter BAL cell distribution, while it
increased total cell number in BAL fluid. FUJIMOTO et al. [24]
have shown that continuous infusion of ONO-5046 (10
mg·kg-1·h-1) in allergic sheep reduces antigen-induc- ed
early and late bronchoconstriction, neutrophil recruitment,
increase in LTB4 in BAL fluid and BHR. Although we do
not know the reason for the discrepancy between the
present results and those of FUJIMOTO et al. [24], it is possible
that the administration route of this compound may be
responsible.

In conclusion, the present study suggests that repeated
intranasal administration of interleukin 8 induces bron-
chial hyperresponsiveness and lower airway neutrophil
accumulation in part through release of leukotriene B4, in
which neutrophil elastase may not be involved.

Acknowledgement: The authors wish to thank
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