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In vivo airway eosinophil accumulation induced by
polymyxin-B reduces bronchial responsiveness in guinea pigs
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Summary

Background Chronic desquamative eosinophilic bronchitis and bronchial hyper-
responsiveness have been considered essential for bronchial asthma. However, it has not
been studied whether airway eosinophils enhance or inhibit bronchial responsiveness in
iv0.

Objective This study was conducted to elucidate the influence of airway eosinophil
accumulation on bronchial responsiveness in vivo.

Materials and methods Guinea pigs were transnasally treated with 75 wg/kg of
polymyxin-B or vehicle twice a week for a total of 3 weeks. Guinea pigs were surgically
cannulated and artificially ventilated 24 h after the last administration of polymyxin-B or
vehicle. Ten minutes after the installation of artificial ventilation, ascending doses of
methacholine, acetylcholine or histamine were inhaled for 20 s at intervals of 5 min.
Subsequent study was conducted 20 min after treatment of 60 mg/kg of indomethacin in
the same manner. Final study was conducted in naive guinea pigs after single inhalation of
75 wg/mL of polymyxin B.

Results The proportion of eosinophils in bronchoalveolar lavage fluid significantly
increased in guinea pigs treated with polymyxin-B compared with vehicle. Bronchial
responsiveness to inhaled methacholine, acetylcholine and histamine was significantly
decreased by the polymyxin-B treatment. This protective effect induced by polymyxin B
was abolished by pretreatment of indomethacin. A significant increase in bronchial
responsiveness was observed after a single inhalation of polymyxin B.

Conclusion These results suggest that in vivo airway eosinophils may reduce non-
specific bronchial responsiveness through inhibitory or bronchoprotective prostanoids.
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Introduction correlation between the bronchial hyperresponsiveness and
the percentage of eosinophils in bronchoalveolar lavage
fluid (BALF) in asthmatics.

However, recent investigators have failed to demonstrate
the relationship between the bronchial hyperresponsiveness
and the number of eosinophils in biopsied bronchial tissues
[6—10]. We have reported that bronchial responsiveness to

methacholine is not heightened in patients with eosinophi-

Bronchial asthma is characterized by a reversible airflow
limitation, and bronchial hyperresponsiveness to specific
and non-specific stimuli which is considered to depend on
airway inflammatory cells, mainly eosinophils [1,2].
Several investigators [3—5] have reported the positive
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lic bronchitis with cough receptor hypersensitivity and
eosinophilic pneumonia despite the increase of eosinophils
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in bronchial mucosa [11,12]. Gibson et al. [13] have also
shown that sputum eosinophilia is not associated with
bronchial hyperresponsiveness. Therefore, the exact role of
eosinophils in the airways in vivo remains unknown.

This study was designed to elucidate whether in vivo
airway eosinophil accumulation potentiates or reduces non-
specific bronchial responsiveness.

Materials and methods

A model of eosinophilic bronchitis

Administration of Polymyxin-B. Male, albino, Hartley
strain guinea pigs weighing 200 g were obtained from
Sankyou Laboratory Service (Toyama, Japan). They were
transnasally administered 75 pg/kg of polymyxin-B twice
a week for a total of 3 weeks. For each procedure, animals
were mildly anaesthetized by diethyl ether. Control animals
were administered normal saline as vehicle in the same
manner. They had grown 400-450 g when each of the
following studies was performed.

Installation of artificial respiration. Guinea pigs were
anaesthetized by an i.p. injection of 75 mg/kg sodium
pentobarbital and placed in the supine position 24 h after
the last administration of polymyxin-B or vehicle. The
trachea was cannulated with a polyethylene tube (2.5 mm
outside diameter and 2.1 mm inside diameter). The animals
were artificially ventilated using a small animal respirator
(Model 1680; Harvard Apparatus Co., Inc., South Natick,
MA, USA) adjusted to a tidal volume of 10 mL/kg at a rate
of 60 strokes/min. The changes in lung resistance to
inflation, the lateral pressure of the tracheal tube (pressure
at the airway opening (Pao), cmH,O) were measured using
a pressure transducer (Model TP-603T; Nihon Koden
Kogyo Co., Ltd, Tokyo, Japan). Since we [14,15]
demonstrated that the changes in Pao after an antigen
challenge in passively sensitized guinea pigs treated with
and without antihistamines represented the averages of the
changes in pulmonary resistance and reciprocal dynamic
lung compliance, we used change in the Pao as an overall
index of the bronchial response to bronchoactive agents. By
clamping the outlet port of the respirator, we overinflated
the animals by two times tidal volume for two breaths [15].

All the animal procedures in this study complied with the
standard set out in the guidelines for the care and use of
laboratory animals in Takara-machi campus of Kanazawa
University.

Experimental protocols

Each of the following studies was carried out separately.

Influence of polymyxin-B-induced airway eosinophil accu-
mulation on bronchial responsiveness. The guinea pigs
were assigned into two groups: polymyxin-B nasally
administered group and control group (n = 8 in each
group). Ten minutes after the installation of artificial
ventilation, when the Pao had stabilized, ascending doses of
methacholine (12.5, 25, 50, 100 and 200 pwg/mL) in study
1, acetylcholine (25, 50, 100 and 200 wg/mL) in study 2, or
histamine (12.5, 25, 50 and 100 pwg/mL) in study 3 were
inhaled for 20 s by the nebulizer at intervals of 5 min. The
nebulizer generated the aerosol at a rate of 15.2 pg/min and
46.2% of the aerosol generated was deposited in the lungs
as measured by the radioaerosol technique [16]. The
median aerodynamic diameter of the particles of normal
saline was 3.59 = 1.96 um (mean = S.D.) [17].

The cell composition of the BALF from guinea pigs
prepared as each experimental protocol was compared with
that from control ones. Sterile saline (10 ml) was instilled,
at room temperature, through a polyethylene cannula
introduced into the trachea, and recovered immediately.
Following this manner, the same procedure was repeated; a
total of 20 mL of sterile saline was used for BAL. After
filtrating the fluid through a double layer of Dacron nets,
cells were centrifuged at 1000 rev/min for 12 min and
resuspended in 3 mL of RPMI 1640 (GiBco, Grand Island,
NY, USA). Following dilution with an equal volume of
Tiirk solution, the number of cells was counted in a Biiker
chamber. The fluid was then resuspended with RPMI 1640
to make a cell suspension containing 2 x 10° cells/mL.
Smears for differential cell counts were prepared by
cytocentrifugation (Cytospin 2; Shandon Southern Products
Ltd, UK) at 800 rev/min for 8 min. After staining with
May—Griinwald—Giemsa stain (Diff-Quick; American
Scientific Products, McGraw Park, IL, USA), 300 cells
were counted.

Influence of indomethacin on polymyxin-B-induced
decrease in non-specific bronchial responsiveness. Guinea
pigs prepared in the same manner according to studies 1-3
were assigned into two groups: 60 mg/kg for the indometha-
cin-administered group and the saline administered group as
control (n =8 in each group). The guinea pigs were
anaesthetized and cannulated 20 min after an i.p. adminis-
tration of indomethacin or its vehicle. Ten minutes after the
installation of artificial ventilation ascending doses of
methacholine (12.5, 25, 50, 100 and 200 pg/mL) in study 4,
acetylcholine (25, 50, 100 and 200 pg/mL) in study 5, or
histamine (12.5, 25, 50 and 100 wg/mL) in study 6 were
inhaled for 20 s by the nebulizer at intervals of 5 min.

Immediate influence of polymyxin-B inhalation on non-
specific bronchial responsiveness. The guinea pigs
weighing 400 g were assigned into two groups (n = 8 in
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Fig. 1. Effect of polymyxin-B-induced airway eosinophil accu-
mulation on bronchial responsiveness to inhaled methacholine in
guinea pigs. Treatment with 75 pg/kg of polymyxin-B (n = 8)
(®) and vehicle (n = 8) (O) twice a week for 3 weeks is shown.
Error bars indicate mean = S.E.M. **P < 0.02 compared with the
vehicle group. Pao, Pressure at the airway opening.

each group) as study 7. Ten minutes after the installation of
artificial ventilation, the control group was given aero-
solized saline and the polymyxin-B group was administered
aerosolized 75 pwg/mL of polymyxin-B, the same concen-
tration nasally administered in studies 1-6, for 20 s by the
nebulizer. Ten minutes after this procedure, ascending
doses of methacholine (12.5, 25, 50 and 100 pg/mL) were
inhaled for 20 s by the nebulizer at intervals of 5 min.

The cell composition of the BALF from guinea pigs was
compared with that from control ones in the same manner
described above.
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Fig. 2. Effect of polymyxin-B-induced airway eosinophil accu-
mulation on bronchial responsiveness to inhaled acetylcholine in
guinea pigs. Treatment with 75 pg/kg of polymyxin-B (n = 8)
(@) and vehicle (n = 8) (O) twice a week for 3 weeks is shown.
Error bars indicate mean = S.E.M. *P < 0.02 compared with the
vehicle group. Pao, Pressure at the airway opening.

Chemicals

The following chemicals were used: sodium pentobarbital
(Abbot Laboratories, North Chicago, IL, USA), methacho-
line (Wako Pure Chemical Ind., Osaka, Japan), acetylcho-
line (Wako Pure Chemicals), histamine (Wako Pure
Chemicals), indomethacin (Wako Pure Chemicals), poly-
myxin-B sulphate (Pfizer Taito Co. Ltd, Tokyo, Japan), and
diethyl ether (Wako Pure Chemicals).

Statistical analysis

One-way analysis of variance (ANovAa) was used for
differences in baseline Pao value or cell component of
BALF between groups. The degree of bronchial respon-
siveness was evaluated using dose—response curve for
percent increase in the Pao from the baseline induced by
each bronchoconstrictor, and was analysed by two-way
ANOVA. These analyses were performed using the software
StatView 4.02 (Abacus Concepts, Berkeley, CA, USA). A
P-value of <0.05 was considered statistically significant,
and values were presented as the mean * S.E.M.

Results

Influence of polymyxin-B-induced airway eosinophil
accumulation on bronchial responsiveness

The Pao values before methacholine challenge did not
differ significantly between guinea pigs treated with
repeated intranasal administration of polymyxin-B
(10.4 = 0.3 cmH,0) and saline (10.7 £ 0.4 cmH,O) in
study 1. Figure 1 shows the percent increase in Pao after
inhalation of increasing concentrations of methacholine.
Bronchial responsiveness to inhaled methacholine was
significantly reduced in animals given polymyxin-B
compared with saline.

The baseline Pao values before acetylcholine challenge
did not differ significantly between treatment with poly-
myxin-B  (10.5 £ 0.2 cmH,0) and saline (11.2 =
0.6 cmH,O0) in study 2. Figure 2 shows the percent increase
in Pao after inhalation of increasing concentrations of
acetylcholine. Repeated intranasal administration of poly-
myxin-B significantly reduced bronchial responsiveness to
inhaled acetylcholine compared with saline administration.

Values of the Pao before histamine challenge did not
differ significantly between treatment with polymyxin-B
(10.1 = 0.4 cmH,0) and saline (11.1 £ 0.5 cmH,0) in
study 3. Figure 3 shows the percent increase in Pao after
inhalation of increasing concentrations of histamine.
Polymyxin-B treatment significantly reduced bronchial
responsiveness to inhaled histamine.

The number of total cells recovered per millilitre lavage
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Fig. 3. Effect of polymyxin-B-induced airway eosinophil accu-
mulation on bronchial responsiveness to inhaled histamine in
guinea pigs. Treatment with 75 pg/kg of polymyxin-B (n = 8)
(@) and vehicle (n = 8) (O) twice a week for 3 weeks is shown.
Error bars indicate mean = S.E.M. **P < (.05 compared with the
vehicle group. Pao, Pressure at the airway opening.

fluid did not differ significantly between transnasal
treatment with polymyxin-B (13.1 = 2.6 x 10° cells/mL)
and saline (10.5 = 1.8 x 107 cells/mL). BAL cell findings
are shown in Fig. 4. The proportion of eosinophils in BALF
significantly increased in guinea pigs treated with poly-
myxin-B compared with the control animals. There were no
significant differences between these groups in the
proportion of neutrophils and lymphocytes. The mean
number of nuclear segmentations in eosinophils in BALF
after treatment with polymyxin B are shown in Fig. 5. The
numbers of nuclear segmentations of eosinophils were
significantly higher than those in animals after treatment
with polymyxin B.
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Fig. 4. Bronchoalveolar cell finding after repeated transnasal
administration of polymyxin-B. The groups treated with poly-
myxin-B (n = 8) (M) and vehicle (n = 8) (1) are shown. Error
bars indicate mean = S.E.M. *P < 0.05; **P < 0.01 compared
with the vehicle group.
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Fig. 5. Mean number of nuclear segmentations of eosinophils in
bronchoalveolar lavage fluid (BALF). Each open square with
vertical bar represents mean = S.D. *P = (.05 compared with the
vehicle group.

Influence of indomethacin on polymyxin-B-induced
decrease in non-specific bronchial responsiveness

Mean value (£ S.E.M.) of the baseline Pao immediately
before methacholine inhalation was 10.2 = 0.4, 10.2 £
0.3, 9.8 £ 0.3 and 10.0 = 0.2 cmH,O in animals given
repeated intranasal polymyxin-B with and without indo-
methacin, saline with and without indomethacin, respec-
tively, in study 4. There were no significant differences
among them. Figure 6 shows the influence of indomethacin
on methacholine-induced bronchoconstriction. The dose—
response curve of the methacholine-induced increase in Pao
was significantly inhibited by repeated intranasal treatment
with polymyxin-B, whereas this reduction of bronchial
responsiveness was abolished by indomethacin.

The baseline Pao values immediately before acetylcho-
line inhalation were 9.8 = 0.2, 9.7 = 0.3, 9.6 = 0.3 and
10.0 = 0.3 cmH,O with repeated intranasal treatment with
polymyxin-B with and without indomethacin, and intrana-
sal treatment of saline with and without indomethacin,
respectively, in study 5. There were no significant
differences among them. Figure 7 shows the influence of
indomethacin on bronchoconstriction caused by inhalation
of acetylcholine. The dose—response curve of the acetyl-
choline-induced increase in Pao was significantly inhibited
by repeated intranasal treatment with polymyxin-B,
whereas this reduction in bronchial responsiveness was
abolished by the indomethacin treatment.

The values of baseline Pao immediately before histamine
inhalation were 104 = 0.3, 102 £ 0.3, 99 = 0.2 and
10.1 = 0.3 cmH,0O with treatment with polymyxin-B with
and without indomethacin, and treatment with saline with and
without indomethacin, respectively, in study 6. There were no
significant differences among them. Figure 8 shows the
influence of indomethacin treatment on bronchoconstriction
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Fig. 6. Influence of i.p. administration of 60 mg/kg of indo-
methacin on methacholine-induced bronchoconstriction. The
groups administered indomethacin after 3-week treatment with
polymyxin-B (n = 8) (M), administered vehicle after 3-week
treatment with polymyxin-B (n = 8) (@), administered indo-
methacin after 3-week treatment with vehicle (n = 8) ((J) and
administered vehicle after 3-week treatment with vehicle as
control (n =8) (O). Error bars indicate mean = S.E.M.
#*P < (.02 compared with the control group. Pao, Pressure at
the airway opening.

induced by inhalation of histamine. The dose—response curve
of the histamine-induced increase in Pao was significantly
inhibited by the repeated intranasal treatment with poly-
myxin-B, whereas this reduction of bronchial responsiveness
was abolished by treatment with indomethacin.

Immediate influence of polymyxin-B inhalation on non-
specific bronchial responsiveness

The Pao values before methacholine challenge did not
differ significantly between a single inhalation of poly-
myxin-B (9.2 = 0.5 cmH,0) and saline (9.6 = 0.5
cmH,0) in study 7. Figure 9 shows the percent increase
in Pao after inhalation of increasing concentrations of
methacholine. Bronchial responsiveness to methacholine
was significantly increased 10 min after the single inhala-
tion of polymyxin-B.

The number of total cells recovered per millilitre lavage
fluid did not differ significantly between single inhalation of
polymyxin B (8.4 * 1.8 x 10° cells/mL) and saline
(9.2 £ 2.1 x 10° cells/mL). BAL cell findings were not
significantly different between guinea pigs given the single
inhalation of polymyxin-B and saline as shown in Fig. 10.

Discussion

In this study, airway eosinophil accumulation, which was
induced by repeated transnasal administration of
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Fig. 7. Influence of i.p. administration of 60 mg/kg of indo-
methacin on acetylcholine-induced bronchoconstriction. The
groups administered indomethacin after 3-week treatment with
polymyxin-B (n = 8) (M), administered vehicle after 3-week
treatment with polymyxin-B (n = 8) (@), administered indo-
methacin after 3-week treatment with vehicle (n = 8) ((J) and
administered vehicle after 3-week treatment with vehicle as
control (n =8) (O). Error bars indicate mean = S.E.M.
*#*P < (0.02 compared with the control group. Pao, Pressure at
the airway opening.

polymyxin-B, reduced bronchial responsiveness to inhaled
methacholine, acetylcholine and histamine.

This reduction of bronchial responsiveness was abol-
ished by treatment with indomethacin, while bronchial
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Fig. 8. Influence of i.p. administration of 60 mg/kg of indo-
methacin on histamine-induced bronchoconstriction. The groups
administered indomethacin after 3-week treatment with poly-
myxin-B (n = 8) (M), administered vehicle after 3-week treat-
ment with polymyxin-B (n = 8) (@), administered indomethacin
after 3-week treatment with vehicle (n = 8) ((J) and administered
vehicle after 3-week treatment with vehicle as control (n = 8)
(O). Error bars indicate mean + S.E.M. *P < 0.05 compared with
the control group. Pao, Pressure at the airway opening.
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Fig. 9 Direct effect of polymyxin-B on bronchial responsiveness
to inhaled methacholine. Treatment with polymyxin-B (n = 8)
(®) and vehicle (n=18) (O) 10 min before methacholine
challenge is shown. Error bars indicate mean = S.E.M.
*#*P < (0.02 compared with the vehicle group. Pao, Pressure at
the airway opening.

responsiveness to methacholine was increased 10 min after
a single inhalation of polymyxin-B. These results suggest
that chronic eosinophil accumulation may inhibit non-
specific bronchial responsiveness via the defence mechan-
ism such as inhibitory or bronchoprotective prostanoids in
iv0.

Recently, chronic desquamative eosinophilic bronchitis
has been considered to be a fundamental feature of
bronchial asthma [18]. The association between increased
number of eosinophils in the airways and bronchial asthma
has been well recognized [19] and the significant correla-
tion between the degree of bronchial hyperresponsiveness
and airway eosinophil accumulation in stable asthmatics
has been demonstrated [3—-5]. The role of eosinophil-
derived mediators in the development of bronchial
hyperresponsiveness has been postulated because of the
significant correlation between the concentration of major
basic protein (MBP) and the number of eosinophils in
BALF in asthmatics and the protection by an antibody of
MBP against antigen-induced bronchial hyperresponsive-
ness [3].

However, Sanjar and colleagues [8,9] have reported that
there is no significant increase in the bronchial respon-
siveness after platelet-activating factor (PAF) challenge or
antigen challenge by aerosol in guinea pigs despite the
airway eosinophil accumulation. Sasaki and colleagues [20]
have reported that IL-5, which is known as a chemotactic
factor for eosinophils, does not increase bronchial
responsiveness in guinea pigs, and others have failed
to demonstrate the relationship between the bronchial
hyperresponsiveness and the number of eosinophils in
biopsied bronchial mucosa in asthmatics [6,7,10].

Gibson and colleagues [13] have also shown that
sputum eosinophilia is not associated with bronchial
hyperresponsiveness. Moreover, we have shown that
bronchial responsiveness to methacholine is not
increased in patients with bronchodilator-resistant cough
with sputum eosinophilia and cough hypersensitivity
[11] and eosinophilic pneumonia [12], despite the
increase of eosinophils in bronchial mucosa. These
findings suggest that eosinophilic inflammation may not
be essential for the development of bronchial asthma
and bronchial hyperresponsiveness.

We have reported an animal model of eosinophilic
bronchitis which is made by repeated transnasal adminis-
tration of polymyxin-B. The increase in the number of
eosinophils in the mucosa and the injury to airway
epithelium in trachea, large bronchi and medium bronchi,
but not in the alveolar region or the lung structure, have
been proven in the animal model [21]. So we conducted
this study to elucidate the influence of airway eosinophil
accumulation on bronchial responsiveness in vivo, and
clearly revealed that polymyxin-B-induced airway eosino-
phil accumulation reduced non-specific bronchial respon-
siveness to methacholine, acetylcholine and histamine. We
also showed that the direct effect of polymyxin-B was not
related to this defence mechanism, because a single
administration of polymyxin-B increased bronchial respon-
siveness to methacholine. The attenuation of bronchial
responsiveness by the airway eosinophil accumulation was
first reported by Lefort and colleagues using acetylcholine
in sensitized guinea pigs after an inhalation of antigen, but
they did not address its mechanism [22]. Our findings
confirm this attenuating effect of airway eosinophil
accumulation on bronchial responsiveness not only to
acetylcholine but also to methacholine and histamine.
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Fig. 10 Bronchoalveolar cell finding after single administration
of polymyxin-B. The groups treated with polymyxin-B (n = 8)
(M) and vehicle (n = 8) (1) are shown. Error bars indicate mean
* S.E.M. BALF, Bronchoalveolar lavage fluid.

© 2001 Blackwell Science Ltd, Clinical and Experimental Allergy, 31, 644—-651



650 Y. Ishiura et al.

Acetylcholine and methacholine are direct bronchocon-
strictors. Histamine causes bronchoconstriction directly and
in part indirectly via its vagal nerve stimulation. As high
doses of barbiturates are known to suppress vagal nerve
reflexes, it is considered that histamine induces broncho-
constriction in large part by its direct effect on airway
smooth muscle. Accordingly, it is suggested that airway
eosinophil accumulation attenuates non-specific bronchial
responsiveness. We did not measure eosinophilic cationic
protein levels in this study. However, activation of
eosinophils recruited in this study was demonstrated
through nuclear hypersegmentation. This finding is com-
patible with the previous in wvivo study by Davis and
colleagues [23] showing eosinophil activation induced by
polymyxin-B.

The decreased response to repeated inhalation of
bronchial stimuli has been recognized as tachyphylaxis
[24-26]. Manning et al. have shown that bronchial
responsiveness to both acetylcholine and histamine is
decreased after histamine-induced bronchoconstriction in
asthmatics [24]. They have also indicated its defence
mechanism as the release of inhibitory prostaglandins that
protect the airway against further bronchoconstriction [25].
Other investigators have reported that histamine-induced
contraction of guinea pig trachea causes release of
prostaglandin E [26]. Thus we conducted the present
study and showed that this defence mechanism was
abolished by treatment with the cyclooxygenase inhibitor
indomethacin. Our previous study showed that repeated
administration of polymyxin-B accelerate the releasability
of histamine [27]. Taking all the data together, it is
suggested that the attenuating effect of airway eosinophil
accumulation on non-specific bronchial responsiveness
may result from the release of inhibitory mediators such
as prostaglandin E, and prostaglandin I,, but the cell source
is unknown.

In conclusion, the present study clearly demonstrates that
in vivo airway eosinophil accumulation induced by
repeated administration of polymyxin-B causes reduced
response to non-specific bronchial stimuli through the
defence mechanism associated with inhibitory prostaglan-
dins. Further in vivo studies may be required to elucidate
the role of airway eosinophil accumulation in bronchial
responsiveness using other compounds accumulating and
activating eosinophils.
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