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Sensory neuropeptides are not directly involved in
bronchial hyperresponsiveness induced by interleukin-8 in
guinea-pigs in vivo
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Summary

Background Intcrlcukin-S (lL-8) hus been shown to be a chemotactic factor for
nctitrophils, T-lymphocytes and eosinophils. Repeated intranasal administration of
IL-S enhances bronchial responsiveness to inhaled hisiamine in guinea-pigs. Neuro-
peptideN which arc released trotn C-tibre nerve-enditigs have been postulated to induee
bronchiiil hyperresponsiveness through neurogenic inflatiimation.
Ohjeetive This study was conducted Io examine whether sensory neuropeptides are
involved in the IL-N-induced bronchial hyperrespi>nsiveness.
Methods IL-8 at a dose of 5^ig/kg was administered intranasally to guinea-pigs twiee
a week for 3 weeks. One day after the last administration, animals were anesthetized
and artilicially venlilaled through trachcal cannuia. and lateral pressure at the tracheal
cannula (Pao) was measured as an overall inde.x of airway responses lo increasing
concentrations of inhaled histamine (25. 50. 100. and :00//g niL). A NKI and NK2
dual antagonist I'K224 {10mg/kg). a selective NK 1 anUtgonisl I-KSSX (10mg/kg) or
vehicle was intravenously administered 10 min before measurement of bronchial
responsiveness.
Rc.\ult.\ The IL-X treatment signifieantly enhanced bronchial responsiveness to his-
tamine (ANOVA P<0.0\). FK224 or FKS88 did nol aller the IL-8-induced bronchial
hyperresponsiveness.
Cottclusion We conclude that repeated intranasal administratioti of lL-8 causes
bronchial hyperresponsiveness (BHR) and that neuropeptides such as neurokinin A
and subsiance P do not directly contribute to the development of BHR induced by IL-8.
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Bronehial hyperresponsiveness (BHR) and ehronic airway of airway function and also synthesize and store neuro-
itillumniation have beeti proposed to be the fundamental peptides. such as substatice J* (SP), neurokinin A (NKA)
feature of bronchia! asihma. Airway sensory C-tibres and calcitonin gene-related peptide (CGRP). in granules
provide an afferent limb for central neural reflex control found within their sensitive terminal varicosities. It lias

„ .,., .,.,. , ,, ., , been slu)wn tliat SP or NKA causes bronchiKonstriction in
(. o n c s p o n o c n c e ; t J r M . I - u j i m u r a . t h e Tl i i id i J e p a r l m e n l ol I n l e rn ; i l • , , , , • • i i • i • t-. >i i

Medicine. Kana/aw;, tlni^e^s.t> School ot Medicine. I.Vl Takara- animals [1] and in human asthmattc subjects [2-4] and
niitchi. Kanazawa 920. Japan. potentiates bronchial responsiveness in animals [5-8].
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Interletikin-S (lL-8) was ptirificd from LPS-slinitjlalcd
human peripheral hlood monontidear cell culture stiper-
natants [9]. IL-8 is known as a potent chemoaUractant
and aetivating factor tor neutrophils. and also a chemo-
attractant for T-lyinphocytcs [10.11]. However, recent
studies have shown that IL-8 also triggers histamine and
letikotrienc release from basophils [12]. induces eontrac-
tion of airway smooth muscle [13] and causes eosinophil
infiltration in vivo [14]. In addition, it has been demon-
strated that bronchial epithelial cells and eosinophils
stimulated with calcitmi ionophores can produce IL-t̂
in vitro [15.16], suggesting an important role for IL-8
in the genesis and persistence of bronchial inflamma-
tion in asthma. Our preliminary study showed the
elevated level of IL-8 in sputum obtained from asth-
matic patients, especially during asthma attaeks
(Linptiblishcd data).

Recently, we have shown that repeated intranasal
administration o\' IL-8 {twice a week for ^ weeks)
induced bronchial hyperresponsiveness in guinea-pigs
in vivo [17]. This study was conducted to examine
whether sensory neuropeptides are involved in the IL-
8-induccd bronchial hypcrrcsponsivcncss. We assessed
the effect of a NKl and NK2 dual antagonist r'K224[l8]
and a selective NKI antagonist FK888 [19] on the
development of BHR in the IL-8-trcated guinea-pigs.
We recently observed that lOmg/kg of FK224 but not
FK888 eould inhibit bronchial hyperresponsiveness
induced by both allergic bronchoconstriction and cap-
saicin inhalation when these compounds were intra-
venously administered 5 min before the inhalation of
antigen and capsaidn (unpublished data).

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 Anima!
Experiments in our university, they were kept in con-
ventional animal housing facilities for I week before the
start of treatment with IL-8. They were allowed lo drink
and feed ad lihitutn.

Experimental protocols

Guinea-pigs underwent intranasal administration of
5//g kg of IL-S {n — 24) or phosphate buffered sahne
(PBS) buffer (control; n = 8) twice a week for 3 weeks.
Bronchial responsiveness was assessed 24 h after the last
administration of IL-8. The 24 animals treated with IL-8
were divided into following three groups: treated with

10 mg/kg of FK224 {n - 8). 10 mg/kg of FK888 (/) - 8)
and vehicle (DMSO)(/f - 8) intravenously lOmin before
measurement of bronchial responsiveness. FK224 and
FK888 were dissolved with DMSO to make concentra-
tion of lOmg/mL.

Treattnent wilh IL-8

IL-8 was dissolved in PBS at a concentration of 5 /(g niL.
We administered I mL/kg of the IL-8 solution or PBS
bulTer alone intranasally twice a week for 3 weeks.
Endoloxin content of the IL-8 solution was not detect-
able, being less than 50 pgmg protein (Phrodiek Limulus
Test kit. Seikagaku Kogyo. Tokyo) [20].

As.se.ssmenl of bronchial responsiveness

Preparation of animais One day after the last adminis-
tration of lL-8. guinea-pigs were anesthetized with
sodium pentobarbital (75mg kg ip). They were placed
in the supine position. The trachea was eannulated with a
polyethylene tube (outside diameter 2.5 mm. inside dia-
meter 2.1 mm) and the left jugular vein was eannulated lor
administration of drugs.

.Mter surgery the guinea-pigs was artificially ventilated
by a small animal respiratory pump (Model 1680. Har-
vard Apparatus Co.. Inc.. South Natick. MA, USA)
adjusted to a tidal volume of lOmL/kg at a rate of 60
strokes/min. The change in lung resistance to inliation.
the lateral pressure ofthe trachcal tube (pressure at the
airway opening; Pao) (cmH^O). was measured by the
modified method of Konzett and Rossler [21] as
described by Jones et ai [22] (Model TP-603T, Nihon
Koden Kogyo Co.. Ltd.Tokyo. Japan). Since the change
in Pao following inhalation of leukotriene C4 (LTC4)
represented the average of the changes in pulmonary
resistance (R| ) and reciprocal dynamic lung compliance
(LCydn) [23]. we have used Pao as an overall index of
bronchial response to bronchoactive agents.

When all procedures were completed, the animals
received twice the tidal volume for two breaths by
clamping the outlet port of the respirator to unify the
volume history of ihe lung [23].

Histamine provocation After Pao had stabilized,
increasing doses of histamine (25. 50. UK) and 200/ig/
mL) were inhaled at 5 min intervals under contintious
ventilation. The aerosol was generated during a 20 s period
by an ultrasonic nebtilizer developed for small animals at
our institution. The amount of aerosol was 15.2//L,min.
and 46.4% of the aerosol was deposited in the lung as
meastired by radio-aerosol techniqtie [24]. All of the
histamine inhalation were completed within 60 min.
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Kin. 1- Ltleetsotii NKl selective
.iniagonist FK88S and a NKl and NK2
dual antagonist I K224 on bronchial
hyperresponsiveness to inhaled
hislamine induced by intranasal
administralion of 5//g kg of IL-R twice a
week for 3 weeks. KK SSS and FK2M was
intr:i\enousl_\ administered in a dose of
10my kg lOmin before starting
hislamine inhalation. # /* < 0.05 and
# # /* < 0.01 among four groups with
non-parametric ANOVA and •* /•* < 0.(11

compared with PBS-treaied animals
using Mann Whiincy t -test. PBS-
DMSO. Pretreatment with DMSO in
animals treated with repeated intranasiil
administration of PHS (baseline eontrol)
(•) . IL-S-DMSO. Prelrealment wiih
DM.SO in animals treated with repeated
inlranasal administration of IL-S
(control) im). IL-S-hK224. Prcireatment
with lOmg kg of hK224 in animals
treated with repeated intranasal
administration oflL-X (D). 1L-K-KK8H8,
Pretreaiment with lOmg kg of t K8S8 in
animals treated with repealed inlranasal
administration of lOmg kg of FK888

iff

500 I-

25 50 100

Concentration of inhaled histamine

200

Effects of FK224 and FKSfiS on hronchoconstriction
induced hy neurokinin .4 atid substance P

To confirm the neuropeplide antagonist activity of FK224
and KKSS8 in this animal system in vivo, 10"''M/kg of
neurokinin A or 10 "' M kg of substance P wus intrave-
nously injected 10 min after intravenous administration of
I and IOmg,kg of KK224. 1 and lOmg/kg of FK888. or
DMSO. Five animals were used for each group.

Statislical analysis

Dose response curves for histamine-induced broneho-
constriction in the various treatment groups were com-
pared by non-parametric .ANOVA (Kruskal-Wallis test).
Bronchoconstrietor responses to eaeh individual con-
centration of histamine were compared using the
Mann Whitney T-test. Bronchoconslriction indticed
by nctirokinin A or substance P was aiso compared
between treatments with FK224 or FKK88 and DMSO
tising the Mann Whitney (-test. A /'-value of 0.05 or
less was considered significant. All results were expressed
as mean ± standard error of the mean.

Chemicals

These following chemicals were used: sodium pentobarbital

(Abbot Laboratories. North Chicago. IL. LISA), histamine
(Wako Pure Chemical hid.. Osaka. Japan). DMSO (Wako
Pure Chemical Ind.. Osaka. Japan). PK.888 (N2-[(4R)-4-
hydroxy-l-(l-methyl-IH-indoI-3-yI) carbonyl-L-prolyl)-
N-methyl-N-phenylmethyl-3-(2-napthyl)-L-a!anin-
amide). FK224 (N-{N2-[N-[N-[N-[2,3-didehydro-N-
methyl-N-[N-13-(2-penthylplienyl)-propionyI]-L-threnonyll
tyrosyl]-L-leucynyll-D-plienyianyll-L-allo-thrconyl]-L-asp-
araginyl]-L-serine-n-laetone) (Fujisiiwa Pharmaceutical
Co.. Ltd. Osaka. Japan). Human reeombinant interleukin-
8 (IL-K) was prepared as previously reported [2O.25J.

Rcsuils

The Pao values before inhalation of histamine were
10.2±0.3and lO.I ± 0.3cm H:Oin DMSO-adminislered
animals treated with 5//g/kg of IL-S and PBS btilVcr.
respectively. There was no significant diiVerenec between
these groups. Dose response eurves of percentage
increases in Pao by inhaled histamine in anesthetized and
artificially ventilated gtiinea-pigs treated with IL-S and
PBS butrer are shown in Fig. 1. The IL-S treatment
significantly enhanced the airway responses to inhaleii
histamine when compared with PBS-treated control
animals.
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500 r

DMSO FK224 FK224 FK888 FK88
(1 mg/kg) (10 mg/kg) (1 mg/kg) (1 mg/kgl

Fig. 2. EtTect of intravenous administration of f-K224 and
FKS8H on bronchoconstriction induced by intravenous admin-
istration of neurokinin A (10"''M/kg). ** P < 0.01 compared
with DMSO-trcalcd ;inimals Lisinti Mann-Whitncv /.'-test.

The Pao values before histamine provoeation were
l().3±0.5 and 10.1 ± 0 . 4 c m n . O in the IL-S-adminis-
[ered animals treated with U) mg/kg of FK224 and
10 mg/kg of KKXS8. respeetively. These valties were not
different from the value of the PBS-administered and
DMSO-treated animals. Treatmeni wilh FK224 or
KKK88 did not significantly alter the increased bronchial
responses to inhaled histamine compared with treatment
with DMSO in animals treated with IL-8 (Fig. 1).

Percentage increase in Pao caused by NKA was

5001-

400

300

200

100

DMSO FK224 FK224 FK888 FK888
(1 mg/kg) (10 mg/kg) (1 mg/kg) (10 mg/kg)

Ug. 3. EfTeci ol intravenous administration of FK224 and
i KSXS on bronchtKonstriction induced by intravenous admin-
istration of substance P (10 ^M,kg). ** P < {).U\ compared
with DMSO-ireaicd animals and # # /• < 0.02 compared with
1 mg/kg of FK224-treated animals using Mann Whitney
(./-test.

signilicantly inhibited by treatment with FK224 in a
dose-dependent manner but not with FK888 (Fig. 2).
On the other hand, percentage increase in Pao produced
by SP wassigniticantly reduced by treatment with F'KS88
and KK224 (Fig. 3). The value with 1 mg/kg of FK888
was significantly less than that with 1 mg/kg of FK224.

Diseussion

In this study 3-vveck intranasal administration of IL-K
enhanced bronchial responsiveness to inhaled histamine
and a NKl and NK2 dual antagonist FK224 or a
selective NKl antagonist FKSS8 did not reduce the
increased bronchial responsiveness induced by IL-8.

Although we did not examine airway inflammatory
cells using bronchoalveolar lavage or histology in this
sludy. we previously showed that the IL-8-induced bron-
chial hyperresponsiveness was accompanied by increased
neutrophils. but not eosinophils. in both lavage fluid and
bronchial tissues [17]. A signilicant correlation between
neutrophil inllammation and bronchial hyperresponsive-
ness has been shown in animal studies |26 28]. while
Smith ('/ al. [29] have reported that administration of IL-
8 (lO/ig) to guinea-pigs by the Intraperitoneal route
induced an increase in T-lymphocytes {maximal at 4h)
and eosinophils (maxima! at 24h) in bronchioalvcolar
lavage (BAL) fluid. They have also reported that a single
inhalalion of IL-8 (50//g) caused an increase in the
numbers of eosinophils. but not lymphocytes, in BAL
fluid as compared with the control vehicle (0.25% BSA).
Neither single intraperitoneal nor aerosolized adminis-
tration of IL-8 induced BHR to Intravenously adminis-
tered histamine. Accordingly it has been controversial
that IL-8 accumulalcs neutrophils inlo the airways and
pi"t)duccd bronchial hyperresponsiveness. We do not
know the reason why bronchial responsiveness was
enhanced by IL-S in our study but not in Smith et «/.'s
study [29]. Single administration of IL-8 in Smith et al.'s
study and repeated administration in our study may
acctuint for the discrepancy. We administered IL-8
repeatedly because we hypothesized Ihat repeated and/
or continuous production of IL-8 in the airways might
contribute to the BHR seen in stable asthmatics.

FK224 is an antagonist for NK! and NK2 receptors
[18] and FK888 is a selective antagonist for NKl recep-
tors 1191. Fujii ('/ al. [30] have shown that FK888
preferentially inhibits SP (10 ^ M)-induced contraclion
with an IC50 value of 3.2 x 10 ** M compared with a
value of 3.8 x 10 ' 'M for NKA (10 "M)-indticed con-
traction of guinea-pig isolated trachea. They [31] have
also shown that FK888 and FK224 displace -̂ H-SP
(10 '' M) binding to guinea-pig Itmg metnbrane prepara-
tion with IC5,, values of 2.7 x 10 " M and 1 x 10 ^ M.
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respectively. FK888 itihibits SP-induced contraetion ol"
guinea-pig ileuni with an IC50 value of 5.4 x 10" ' "M
bul Ihe value of KK224 is 3.7 x 10 ^ M. On the other
hand, the IC5,, values of FK8KK atid FK224 against
contraetion of rat vas deferens by NKA arc
1.1 X 10"-M and 7.2 x 10 ^M. These data shows thai
F"K888 is a very potent and selective inhibitor ot the NK I
receptors and KK224 is an equipotent inhibitor of NK I
and NK2 receptors in vitro. In in vivo experiments,
intravenous adtiiinistration of FK224 and FK888 inhi-
bits SP (13.5^g/kg. iv)-. NKA (l.I/ 'g/kg, iv)- and
capsaiein (3.1//g/kg. iv)-induced plasma extravasation
of guinea-pig airways with FDsn values of 0.14 and
0.011 mg kg. 0.29 and 0.0063 mg/kg and 0.30 and
0.01 mg kg. respectively [30]. Hirayama et al. [321 have
also reported thai FK888 is only 5 10 times more potent
than FK224 in inhibiting SP-induced plasma exudation
in guinea-pigs //; viva. We assessed activities of I"K224
and FK888 as Ihe neuropeptide aniagonist in our animal
system. FK888 strongly and dose-dependently inhibited
bronehoconstriction induced by NKA but not by SP. On
the other hand, I K224 inhibited both NKA- and SP-
induced bronehoconstriction in a dose-dependent
mantier. These fmdings ensure that FK224 and FKS88
is a NKl and NK2 dual antagonist and a selective NKl
antagonist, respectively, and indicate that the single dose
(lOnig kg) of FK224 and FK888 used in this study is
appropriate and enough to exatnine the involvement of
neuropeptides in IL-8 induced bronchial hyperrespon-
siveness. Although we did not measure heart rate or
blood pressure in this study, it has been shown that
10 mg/kg of FK224 has no cardiovascular effects [33]
and 10 mg/kg o\' FKS88 has transient hypotensive efTecI
within 5 min when these are intravenously administered
to guinea-pigs (pers. comm. from Karino M. Depart-
ment of Pharmaeology, Fujisawa Pharmaceutical Co..
Ltd. Osaka. Japan).

In this study neither FK224 nor FK888 in a dose of
lOnig kg inhibited the development of BHR indticed by
IL-8. It has been shown that subslancc P or NKA catises
bronchoconstriction in animals [I] and in human asth-
matic subjects [2 4) Lind potentiates bronchial respon-
siveness in animals [5 8]. Tamura et al. [6] reported ihat
bronchoconstrictor responses to inhaled methacholine
were augmented in Japanese monkeys for at least 4 weeks
after a single 2tnin exposure to NKA aerosol, while no
such change was evident after similar exposure to SP.
Sheppard and Seypinsky [7] demonstrated that tachy-
kinins are involved in the development of bronchial
hyperresponsiveness following toluene diisocyanatc
expostire in guinea-pigs. Omini ct di [8] showed that
SP potentiates acetylcholine-induced bronchoconstric-
tion in guinea-pigs and this effect is abolished by

vagotomy. We also investigated that inhaled capsaicin-
and antigen-induced bronchial hyperresponsiveness was
signiticantly inhibited by pretreatment with O.I and
I.Omg kg of FK224 in a dose-dependent manner, but
not with LO mg/kg of FK888 in guinea-pigs (unpub-
lished data). Together, we think that if neuropeptides
released frotn bronchial C'-librcs potentiate bronchial
responsiveness NKA might be a major eontributor to
the development of bronchial hyperresponsiveness.
However, our results thai sufficient dose of FK224 or
FK888 did not reduce bronchial hyperresponsiveness
induced by repeated intranasal adtninistration of IL-8
indicate no direct involvement of neuropeptides in the
IL-8-induced bronchial hyperresponsiveness in guinea-
pigs. To clarify the involvement of neuropeptides In
development of bronchial hyperresponsiveness in
human asthmatics further studies are needed in which
efTeets of selective antagonists for SP or NKA such as
FK224 and FK888 on bronchial hyperresponsiveness in
asthmatics should be examined.
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