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1 The aim of this study was to investigate the role of kinins in the development of nasal
hyperresponsiveness induced by platelet activating factor (PAF) in normal human subjects.

2 Intranasal administration of PAF, 60 mg, induced an increased responsiveness to histamine,
200 mg per nostril, 6 h later. This e�ect was abolished by pretreatment with the bradykinin B2

receptor antagonists icatibant and [1-adamantaneacetyl-D-Arg0,Hyp3,b-(2-thienyl)-Ala5,8,D-Phe7]-
bradykinin ([Ad]-BK), both at 200 mg, every 2 h following PAF administration.

3 In a separate experiment, utilizing the same protocol, nasal lavage was used to measure the
release of mediators into the nasal cavity following treatment with PAF. PAF increased the levels of
eosinophil cationic protein (ECP) and kinin detected in the lavage samples, compared with a saline
control. The levels of these mediators were reduced by pretreatment with either icatibant or [Ad]-
BK.

4 Administration of lyso-PAF, 60 mg intranasally, did not cause a rise in kinin or ECP levels in
nasal lavage ¯uid.

5 Exogenous bradykinin, 500 mg, or a saline control, applied topically to the nasal mucosa every
30 min for 2 h, failed to cause hyperresponsiveness to histamine.

6 We conclude that bradykinin itself does not cause hyperresponsiveness, but is involved in the
hyperresponsiveness induced by PAF in the human nasal airway.
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Introduction

One of the characteristic signs of allergic rhinitis is
hyperresponsiveness of the nasal airway to challenge with a

range of stimuli, including histamine and bradykinin. In non-
atopic subjects, platelet activating factor (PAF) (1-O-
hexadecyl-2-acetyl-sn-glycero-3-phosphocholine), but not its
inactive precursor and metabolite, lyso-PAF, can be used to

induce a nasal hyperresponsiveness similar to that caused by
antigen in allergic rhinitis (Andersson & Pipkorn, 1988; Austin
& Foreman, 1993). PAF is released into the nasal cavity

following antigen challenge in allergic rhinitis (Shin et al.,
1994; Tsai et al., 1995), indicating that PAF may have a role as
a mediator in this condition.

PAF is a membrane-derived phospholipid with a range of
biological e�ects. These include increasing vascular perme-
ability, acting as a powerful chemoattractant for eosinophils
and neutrophils, and inducing free radical production and

leukotriene synthesis in these cells (O'Flaherty & Wykle, 1983).
However, the mechanism by which PAF causes nasal
hyperresponsiveness is unknown.

PAF causes the recruitment of eosinophils into the nasal
airway, the subsequent activation of eosinophils and the
increased production of eosinophil cationic protein (Tedeschi

et al., 1994a). These events also occur in antigen-induced
hyperresponsiveness (Knani et al., 1992). In the guinea-pig,
major basic protein (MBP), an eosinophil-derived cationic

protein, induces airway hyperresponsiveness which is depen-
dent upon the generation of kinins (Coyle et al., 1995). Farmer

et al. (1992) observed that bradykinin antagonists inhibit
antigen-induced hyperresponsiveness, while in another study,

bradykinin produced hyperresponsiveness to acetylcholine in
guinea-pig airways (Omini et al., 1989). Our aim was to
investigate the contribution of kinins to the development of
human nasal airway hyperresponsiveness induced by PAF,

using the bradykinin B2 receptor antagonists icatibant and [1-
adamantaneacetyl-D-Arg0, Hyp3, b-(-2-thienyl)-Ala5,8,D-Phe7]-
bradykinin ([Ad-BK]).

Methods

Subjects

The study was approved by the local ethics committee of

University College London, and all subjects gave their
informed consent. In all experiments, normal, non-atopic,
healthy volunteers with an age range of 19 ± 48 years were

used. Subjects with symptoms of nasal infection, or who were
taking medication at the time of the study or within the
previous 4 weeks, were excluded. Experiments were performed

in a laboratory with a controlled temperature (218C) and
humidity.

Administration of drugs

Compounds were administered to the nasal cavity using a
hand-held pump spray (Perfect-Vallois) which delivered a*Author for correspondence; E-mail: john.foreman@ucl.ac.uk
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volume of 100 ml per actuation. The dose administered was
controlled by varying the concentration of the compound in
the pump spray. Compounds were prepared in sterile saline

(NaCl 154 mM), which also served as the control. In all
experiments, compounds were delivered to both nostrils and
the doses stated are the amounts delivered into each nostril.

Fresh solutions were made each day from stock solutions

stored at 7208C, and were allowed to equilibrate with room
temperature prior to administration. PAF was prepared in
sterile saline at a concentration of 600 mg ml71, and histamine

(as the diphosphate salt) at 2 mg ml71. Bradykinin was
dissolved to give solutions of 2 and 5 mg ml71. The selective
bradykinin B2 receptor antagonists, icatibant and [Ad]-BK

were prepared at a concentration of 2 mg ml71 (Austin &
Foreman, 1994a; Dear et al., 1996). The doses used were based
on previous studies (Austin & Foreman, 1993; 1994a,b) and

pilot experiments.

Measurement of nasal patency

Nasal patency was determined by acoustic rhinometry, as
previously described (Austin & Foreman, 1994b). The
parameter used to assess nasal patency was the minimal

cross-sectional area (Amin.) of the nasal airway. For each
determination of Amin., triplicate measurements were made
on each side of the nasal airway.

Nasal lavage

The method used to perform nasal lavage was adapted from
that used in previous studies by Naclerio et al. (1983) and Wihl
et al. (1995). Prewarmed (378C) sterile saline (5 ml) was
instilled into each nostril, using a syringe to which was

attached a nasal olive. Subjects were sitting with the neck
¯exed and the head at an angle of about 508 from the vertical,
to prevent ¯uid from reaching the nasopharynx. To ensure

adequate washing, the lavage ¯uid was passed slowly into the
nasal cavity and then back into the syringe twice. Finally, the
¯uid was instilled back into the nasal cavity, and collected by

the subject expelling the ¯uid into a collection vessel. Recovery
was approximately 90%. This method was validated by
constructing a dose-response curve to histamine, using
albumin levels in the lavage ¯uid. The results were similar to

those obtained by Naclerio et al. (1983).
In each experiment, three initial washes were performed to

remove any pre-existing mediators, and the third wash retained

and used as a baseline. Lavage samples were centrifuged at 48C
for 10 min at 10006g, following which the supernatants were
separated and stored at 7708C until analysis.

Biochemical assays

The albumin content of the nasal lavage samples was
determined using a commercially available radial immunodif-
fusion assay. An albumin standard was used to establish a
calibration curve. ECP was measured by a commercially

available radioimmunoassay. The radioisotope used was [125I]-
ECP, and the antiserum was raised in the rabbit. The detection
limit of the assay was 52 mg l71, with no signi®cant cross-

reactivity with other proteins. The kinin content of the nasal
lavage was determined with a commercially available
bradykinin radioimmunoassay kit. The antiserum used for

this assay was raised in the rabbit. [125I-Tyr0]-bradykinin was
used as the radioisotope and the range of sensitivity of this
assay was 1 ± 128 pg of kinin per tube. This assay has equal
sensitivity for bradykinin and kallidin, with no signi®cant

cross-reactivity with other peptides of a similar structure. In
order to reduce degradation of kinins by kininases, EDTA was
added to samples (at a ®nal concentration of 40 mM) after

centrifugation of the sample and prior to freezing (Proud et al.,
1983).

E�ect of bradykinin B2 receptor antagonists on
PAF-induced hyperresponsiveness

Each subject received either icatibant, 200 mg, or saline. The

duration of action of icatibant in the nasal airways is about 2 h
(Dear & Foreman, unpublished), so subjects received either
saline or icatibant again 2 and 4 h after the initial

administration. Two minutes after the ®rst treatment with
icatibant or saline, subjects received either PAF, 60 mg, or
saline. Six hours later, subjects were challenged with histamine,

200 mg. Immediately prior to, and at 2, 5 and 10 min after
histamine challenge, the subjects' Amin. was measured. The
®rst measurement of Amin. immediately prior to histamine
challenge formed the baseline value. Subsequent values of

Amin., after challenge with histamine, are expressed as a
percentage change in Amin. from baseline.

Each subject received, in a double-blind, randomized-block,

cross-over design, the following four combinations of
treatment: Saline/Saline, Saline/PAF, Icatibant/Saline and
Icatibant/PAF. Each combination was administered on

separate occasions, at least 2 days apart. Subjects were
randomly assigned to the treatment protocols.

The experiment was repeated on a separate occasion,

using [Ad]-BK, 200 mg, instead of icatibant, and again the
response to histamine, 200 mg, was assessed as before. All
subjects received all four possible combinations of treat-
ment.

In a separate experiment, utilizing the same protocol,
nasal lavage was carried out in order to assess changes in
mediator production by cells associated with the nasal

mucosa. Initially, three nasal lavages were performed, and
the third sample was retained as a baseline. Subjects then
received the appropriate combination of PAF or saline,

with or without bradykinin B2 antagonist. The subjects'
nasal cavities were then lavaged at 2, 4 and 6 h later, prior
to subsequent administrations of antagonist or saline
control, as described above. The lavage samples were

assayed for their albumin, kinin and ECP content.
In a further experiment, subjects received either saline,

PAF, 60 mg, or lyso-PAF, 60 mg, Nasal lavage was carried

out at 2, 4 and 6 h after the initial drug treatment, and the
nasal lavages analysed as above.

E�ect of bradykinin on the responsiveness of the human
nasal airway to histamine

In this study, an initial value of Amin. was determined as
described above, 5 min after administration of saline into each
nostril. This value of Amin. was used only to compare with the
baseline value determined later in the protocol, and to

determine any change in the resting level of Amin. resulting
from pretreatment of the nose with bradykinin or saline.
Following this, subjects received ®ve intranasal administra-

tions of bradykinin, 5 mg ml71, or saline, at 30 min intervals.
After each administration, Amin. was determined 5 min later.
At 3, 4 and 6 h later, a baseline measure of Amin. was taken,

followed by nasal provocation with histamine, 2 mg ml71.
Three further values of Amin. were measured at 2, 5 and
10 min after histamine challenge. Each subject received both
bradykinin and saline pretreatments on separate occasions, at
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least 72 h apart. The experiment was repeated on a separate
occasion, using a dose of bradykinin of 2 mg ml71.

Data analysis

The dimensions of the nasal airway vary between subjects and
also within subjects from day to day, and so the data have been

normalized by expressing changes in Amin. as the percentage
decrease in Amin. from the baseline control value. The
absolute values for the control measurements have been given

together with s.e.means. For each determination of nasal
patency in a subject, a response-time curve was constructed
and the area under curve (AUC) calculated. Data from the

determinations of nasal patency are expressed as mean
AUC+s.e.mean. Mediator levels in nasal lavage ¯uid do not
®t a normal distribution, and so are given as median values

together with the 80% central range of values. Analysis of
baseline values was used to control for variation between
experiments. The data were ®rst analysed using non-
parametric analysis-of-variance tests, followed by an appro-

priate, post-hoc test. In all cases, the comparisons were made
between active treatment and saline control. The non-
parametric statistical test is given with each data set. A value

of P50.05 is taken as signi®cant.

Materials

Bradykinin, PAF (C16) and lyso-PAF were obtained from
Calbiochem Novabiochem, (Nottingham, U.K.). Histamine

diphosphate was obtained from Sigma, (Poole, Dorset, U.K.).
Icatibant was kindly supplied by Dr K. Wirth, Hoechst AG
(Frankfurt, Germany). [Ad]-BK was purchased from Bachem
AG, (Switzerland). The ECP assay kit was produced by

Pharmacia Diagnostics (Uppsala, Sweden). The bradykinin
radioimmunoassay kit was obtained from Peninsula Labora-
tories (St. Helens, U.K.). Radial immunodi�usion assay plates

for albumin were purchased from Behring (Germany). All
other substances used were of Analar or similar quality.

Results

E�ect of bradykinin B2 receptor antagonists on
PAF-induced hyperresponsiveness

Histamine, 200 mg, caused a signi®cant increase from baseline

in AUC of Amin. against time, corresponding to a decrease in
the patency of the nasal airway (P50.05, Wilcoxon sign-rank
test) (Figures 1 and 2). The increase in response to histamine

following PAF was signi®cantly altered following pretreatment
with icatibant or [Ad]-BK, 200 mg (P40.05, Friedman's test).
Treatment with either antagonist, in the absence of PAF, did

not change this response to histamine (P40.05, Wilcoxon
sign-rank test). Pretreatment with PAF, 60 mg, resulted in an
increased nasal response to histamine (Figures 1 and 2) that
was signi®cantly greater than that induced by histamine

following pretreatment with saline (P50.05, Wilcoxon sign-
rank test). This hyperresponsiveness to histamine was
abolished when the nasal cavity was pretreated with icatibant,

200 mg (P50.05, Wilcoxon sign-rank test (Figure 1). Similarly,
[Ad]-BK also prevented the increase in nasal response to
histamine caused by PAF (P50.05, Wilcoxon sign-rank test)

(Figure 2). There were no di�erences in the initial baseline
values of Amin. between treatment groups in either experiment
(0.64+0.03 and 0.61+0.03 cm2 respectively: P40.05, Fried-
man's test).

E�ect of bradykinin B2 receptor antagonists on
PAF-induced mediator release

Figure 3 shows the levels of ECP detected in the lavage samples

immediately prior to, and 6 h after pretreatment with PAF,

Figure 1 Area under Amin. against time curves (AUC), following
challenge with histamine, 200 mg. The nasal cavity was pretreated
with saline, icatibant (Icat), 200 mg, and/or PAF, 60 mg, as described
in the text. Data are means from eight subjects. Vertical bars
represent s.e.mean. The mean+s.e.mean baseline value for Amin.
was 0.64+0.03 cm2. *Signi®cant di�erence in AUC following
pretreatment with PAF compared to saline control (P50.05,
Wilcoxon sign-rank test). +Signi®cant di�erence in AUC when
pretreatment with PAF is compared to icatibant/PAF (P50.05,
Wilcoxon sign-rank test).

Figure 2 Area under Amin. against time curves (AUC), following
challenge with histamine, 200 mg. The nasal cavity was pretreated
with saline, [Ad]-BK, 200 mg, and/or PAF, 60 mg, as described in the
text. Data are means from nine subjects. Vertical bars represent
s.e.mean. The mean+s.e.mean baseline value for Amin. was
0.61+0.03 cm2. *Signi®cant di�erence in the AUC following saline/
PAF pretreatment compared to saline control (P50.05, Wilcoxon
sign-rank test). +Signi®cant di�erence in the histamine-induced
decrease in AUC when pretreatment with saline/PAF is compared to
[Ad]-BK/PAF (P50.05, Wilcoxon sign-rank test).
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60 mg, or saline, with or without treatment using icatibant
(Figure 3a) or [Ad]-BK (Figure 3b). Administration of PAF
caused an increase in the levels of ECP detected (80% range:

2 ± 5.4 ng ml71) compared to saline control (80% range: 2 ±
3.1 ng ml71) (P50.05, Friedman's test; P50.01, Wilcoxon
sign-rank test). Icatibant alone did not alter ECP levels
(P40.05, Wilcoxon sign-rank test), but did signi®cantly reduce

the increase in ECP induced by PAF (80% range: 2 ±
4.7 ng ml71) (P50.01, Friedman's test; P50.01, Wilcoxon
sign-rank test). Pretreatment with [Ad]-BK did not reduce the

PAF-induced increase in ECP (P40.05, Wilcoxon sign-rank
test).

In the 6 h following challenge with PAF, there was an

overall increase in the concentration of kinins detected in nasal
lavage ¯uid compared to saline controls (P50.01, Wilcoxon
sign-rank test) (Figure 4). The maximal increase in kinin

concentration, which occurred at 2 h after PAF administra-
tion, was 504 pg ml71 (80% range: 67.1 ± 1284 pg ml71)
compared with 137.5 pg ml71 (80% range: 47.8 ±
209.8 pg ml71) for the saline control: these values were

signi®cantly di�erent (P50.01, Wilcoxon sign-rank test). This
increase in kinin release was signi®cantly altered following

pretreatment with icatibant (P50.01, Friedman's test).
Icatibant alone did not alter the kinin content of the nasal
lavage samples (P40.05, Wilcoxon sign-rank test). However,

treatment with icatibant, 200 mg, every 2 h attenuated the
increase in kinin caused by PAF: this e�ect was signi®cant at
6 h after PAF administration (P50.05, Wilcoxon sign-rank
test) (Figure 4a). Following treatment with [Ad]-BK, PAF

failed to cause an increase in the kinin content of nasal lavage
¯uid, compared to the saline control (P40.05, Wilcoxon sign-
rank test) (Figure 4b).

PAF did not cause a signi®cant increase in the albumin
content of the nasal lavages at any timepoint (P40.05,
Friedman's test) (data not shown). No signi®cant correlations

were observed between the albumin content of lavage ¯uid and
kinin or ECP levels. Although the nasal lavage data showed a
degree of variability, this was due to biological variation in the

production of mediators between individuals. No di�erences
were found in the initial levels of mediators between treatment
groups (P40.05, Friedman's test), con®rming that this
variability was not a signi®cant confounding factor.

It has been previously demonstrated that lyso-PAF does not
cause hyperresponsiveness in the human nasal airway (Austin

Figure 3 The ECP content of nasal lavage ¯uid, before (baseline)
and 6 h after treatment of the nasal cavity with saline, a bradykinin
B2 receptor antagonist, 200 mg, and/or PAF, 60 mg, as described in
the text. The bradykinin B2 receptor antagonists used were icatibant
(Icat) (n=13, graph a) or [Ad]-BK (n=10, graph b). Data are
presented as medians, indicated by a horizontal line within the
interquartile range of values for each median. Vertical bars represent
the 80% central range of the values. #Signi®cant di�erence in ECP
levels following di�erent pretreatments (P50.05, Friedman's test). */
**Signi®cant increase in ECP levels for the pretreatment shown,
compared to treatment with saline control (*P50.05, **P50.01,
Wilcoxon sign-rank test). ++Signi®cant di�erence in ECP content
following pretreatment with PAF compared to icatibant/PAF
(P50.01, Wilcoxon sign-rank test).

Figure 4 The kinin content of nasal lavage ¯uid, measured before
(baseline) and 2, 4 and 6 h after treatment of the nasal cavity with
saline, a bradykinin B2 receptor antagonist, 200 mg, and/or PAF,
60 mg, as described in the text. The bradykinin B2 receptor
antagonists used were icatibant (Icat) (n=13, graph a) or [Ad]-BK
(n=10, graph b). Data are presented as medians, indicated by a
horizontal line within the interquartile range of values for each
median. Vertical bars represent the 80% central range of the values.
##Signi®cant di�erence in kinin levels following di�erent pretreat-
ments (P50.01, Friedman's test). */**Signi®cant increase in kinin
levels for the pretreatment shown, compared to treatment with saline
control (*P50.05, **P50.01, Wilcoxon sign-rank test). ++Sig-
ni®cant di�erence in kinin content following pretreatment with PAF
compared to icatibant/PAF (P50.01, Wilcoxon sign-rank test).
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& Foreman, 1993). To investigate whether the PAF-induced

increases in mediator release were due to its action as a
surfactant, eight subjects were also challenged with lyso-PAF.
Lyso-PAF, 60 mg, did not increase the ECP or kinin content of

lavage ¯uid at 6 h after administration (P40.05, Wilcoxon
sign-rank test) (Table 1), nor alter albumin levels (P40.05,
Wilcoxon sign-rank test) (data not shown).

E�ect of bradykinin on the responsiveness of the human
nasal airway to histamine

Pretreatment of the nasal airway with bradykinin, 5 mg ml71,
did not alter the response to histamine compared to
pretreatment with the saline control, at any timepoint

(P40.05, Wilcoxon sign-rank test) (Figure 5). Similarly,
pretreatment with bradykinin, 2 mg ml71, also failed to induce
a hyperresponsiveness to histamine (P40.05, Wilcoxon sign-

rank test; data not shown). The nasal response to bradykinin
was not altered by prior administration of bradykinin
(P40.05, Friedman's test), thus providing no evidence of a
reduction in the response to bradykinin by tachyphylaxis (data

not shown).

Discussion

Histamine produced a reduction in the patency of the human

nasal airway. Pretreatment of the nasal airway with icatibant
or [Ad]-BK had no e�ect on the response to histamine
challenge, demonstrating that the action of histamine is not

mediated through the release of kinins, nor mediated through
the bradykinin B2 receptor. Pretreatment of the nasal airway
with PAF enhanced the nasal action of histamine, as
previously reported (Austin & Foreman, 1993).

The PAF-induced nasal hyperresponsiveness to histamine
was abolished following pretreatment with the two selective B2

receptor antagonists, icatibant and [Ad]-BK, suggesting that

kinin generation, and activation of bradykinin B2 receptors are
required for PAF-induced hyperresponsiveness. This is further
supported by the detection of increased levels of kinins in nasal

lavage ¯uid at 2, 4 and 6 h following administration of PAF,
but not lyso-PAF. The development of a nasal hyperrespon-
siveness by PAF, at the dose used in this study, is apparent at
6 h but not 2 h after administration (Austin & Foreman,

1993). In the current study, the PAF-induced increase in kinin
production occurred within 2 h of administration. Therefore,
kinin production by PAF appears to be an early event in the

pathway which results in hyperresponsiveness. The assay used
was equally sensitive to bradykinin and kallidin, so we could
not distinguish between the production of these two peptides

by PAF, or their relative roles in promoting hyperresponsive-
ness.

Interestingly, when the nasal airway was pretreated with

icatibant or [Ad]-BK, the degree of kinin production by PAF

was reduced. There is some evidence that icatibant inhibits

kallikrein in an animal model, in addition to its action as an
antagonist at the bradykinin B2 receptor (Dr K. Wirth,
unpublished). Furthermore, it has been shown that icatibant

reduces the production of kinins in vivo following challenge
with house dust-mite (Dear et al., 1996). PAF causes plasma
extravasation in both the skin and lower airways (Barnes et al.,
1988) and, at higher doses, in the human nasal airway (Leggieri

et al., 1991). At the dose used in this study, PAF did not
increase albumin levels in nasal lavage ¯uid, so the increase in
kinin levels, and the e�ect of pretreatment with icatibant or

[Ad]-BK, are likely to be due to a change in kinin production
(and/or metabolism), rather than a consequence of altered
vascular permeability.

Coyle et al. (1995) reported that MBP, released from
activated eosinophils, produced hyperresponsiveness of the rat
lower airways by a kinin-dependent mechanism that involved

the bradykinin B2 receptor. ECP can activate plasma kallikrein
(Venge et al., 1979). Therefore, PAF may induce a
hyperresponsiveness by recruiting eosinophils and releasing
cationic proteins such as ECP and MBP which, in turn,

activate kallikrein-like enzymes and generate kinins. However,
at the dose used in this study, PAF did not cause an increase in
albumin levels, which can be used as a marker of plasma

extravasation (Naclerio et al., 1983). Therefore, it is unlikely

Table 1 The ECP and kinin content of nasal lavage ¯uid before (baseline) and at various time intervals after treatment of the nasal
cavity with saline, PAF, 60mg, or lyso-PAF, 60 mg

ECP (ng ml71) Kinin (pg ml71)
Treatment Baseline 6 h Baseline 2 h 6 h

Saline
PAF
Lyso-PAF

2.1 (2.0 ± 4.1)
2.0 (2.0 ± 2.4)
2.0 (2.0 ± 3.6)

2.0 (2.0 ± 3.5)
3.0 (2.0 ± 6.5)*
2.0 (2.0 ± 4.0)

68 (43 ± 183)
163 (69 ± 333)
123 (52 ± 215)

107 (40 ± 304)
570 (60 ± 1453)*
110 (91 ± 260)

124 (38 ± 345)
294 (55 ± 676)*
118 (80 ± 198)

Each datum is the median (with 80% central range) from eight subjects. *Signi®cant increase in mediator shown following treatment
with PAF, compared to saline control (P50.05, Wilcoxon sign-rank test).

Figure 5 Area under Amin. against time curves (AUC), following
challenge with histamine, 200 mg. The nasal cavity was pretreated
with saline or bradykinin (BK), 500 mg, every 30 min for 2 h, as
described in the text. Data are means from ten subjects. Vertical bars
represent s.e.mean. The baseline Amin. values (mean+s.e.mean) were
0.64+0.02 cm2 for saline and 0.65+0.03 cm2 for bradykinin.
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that the kinins were generated by the action of plasma
kallikrein on kininogen from plasma. Although the levels of
tissue kallikrein in nasal secretions are increased in allergic

rhinitis (Baumgarten et al., 1986), this enzyme is not activated
by cationic proteins (Coyle et al., 1995). Neutrophils, however,
contain tissue kallikrein and bind plasma kallikrein, together
with high and low molecular weight kininogen, on the cell

surface (Gustafson et al., 1989; Henderson et al., 1994). Nasal
challenge with antigen or PAF causes a neutrophilia in
addition to eosinophil recruitment (Tedeschi et al., 1994b),

and it is therefore possible that neutrophils provide the
components needed for the generation of kinins by ECP and
MBP.

However, this hypothesis does not explain the reduction
in PAF-induced ECP production following pretreatment
with icatibant, but not with [Ad]-BK. Whether this e�ect

was due to a decrease in eosinophil activation or a
consequence of the decrease in kinin production is
unknown. Farmer et al. (1992) found that bradykinin
antagonists reduced the eosinophilia caused by antigen

challenge in the lower airway of the guinea-pig. Therefore,
icatibant may have inhibited the eosinophilia caused by
PAF and, consequently, the release of ECP. A number of

antagonists at the histamine H1 receptor possess additional
anti-eosinophil properties which are independent of their
action at histamine receptors. The reduction in ECP by

icatibant, but not by [Ad]-BK, may have been due to an
anti-eosinophil activity of icatibant, not shared by [Ad]-BK.
Indeed, since both antagonists prevented the hyperrespon-

siveness, the data suggests that the development of a nasal
hyperresponsiveness following PAF occurs independently of
ECP release. It is interesting to note that intranasal PAF
causes ECP release 2 h after administration, without an

associated hyperresponsiveness at that timepoint (Austin &
Foreman, 1993).

There are alternative models to explain the kinin

dependency of PAF-induced nasal airway hyperresponsive-
ness. The production of kinins by PAF and the kinin-
dependent development of PAF-induced hyperresponsiveness

could result from an action of PAF which is independent of
eosinophils. Antigen-induced hyperresponsiveness can occur
without an obvious eosinophilia in both animals (Spina et
al., 1991) and man (Klementsson et al., 1991). As previously

mentioned, intranasal PAF induced an increase in kinins 2 h
after administration, at a time when no hyperresponsiveness
is detected (Austin & Foreman, 1993). Furthermore, pilot

experiments indicated that bradykinin did not a�ect the
immediate nasal response to challenge agents. Therefore, we
decided to monitor the presence of a hyperresponsiveness to

histamine at 3, 4 and 6 h after repeated administrations of
bradykinin. However, we were unable to demonstrate that
bradykinin alone could induce a hyperresponsiveness to

histamine. This is in agreement with studies in animal
models (Abraham et al., 1991; Coyle et al., 1995), though
another study in guinea-pigs found that bradykinin could
potentiate the response of the airway to acetylcholine (Omini

et al., 1989). There are no reports of PAF mediating its
actions through bradykinin generation (Sakamoto et al.,
1992). It is, therefore, likely that PAF also caused the

release of other mediators, particularly those derived from
eosinophils and neutrophils, which are needed to generate
kinins and induce hyperresponsiveness.

Icatibant and [Ad]-BK may have prevented the PAF-
induced hyperresponsiveness by their ability to inhibit kinin
production, rather than an action at B2 receptors. Thus, the

induction of hyperresponsiveness by PAF could be
independent of bradykinin B2 receptor activation. However,
both icatibant and [Ad]-BK abolished the hyperresponsive-
ness even though kinin levels in nasal lavage samples

remained above control levels. If the bradykinin antagonists
inhibited the development of hyperresponsiveness purely by
an e�ect on kallikrein, one would not expect kinin levels to

remain elevated in the absence of a hyperresponsiveness. In
addition, there is no evidence to suggest the involvement of
the bradykinin B1 receptor in the physiology of the nasal

airways of normal, non-atopic subjects (Rajakulasingham et
al., 1991; Austin & Foreman, 1994a). Therefore, the data
imply that the induction of a nasal hyperresponsiveness by

PAF is bradykinin B2 receptor dependent.
The mechanism by which kinins may induce hyperrespon-

siveness remains unknown. Neuropeptide release may be
important in the hyperresponsiveness induced by PAF in the

lower airway of the guinea-pig (Spina et al., 1991), and
cationic proteins in the lower airway of the rat (Coyle et al.,
1994). Furthermore, neuropeptide depletion prevents anti-

gen-induced airway hyperresponsiveness in animals (Lade-
nius et al., 1989; Matsuse et al., 1991). Bradykinin can
stimulate sensory nerve endings, causing the release of

substance P and other neuropeptides (Saria et al., 1988;
Bertrand & Geppetti, 1996). Therefore, the development of
hyperresponsiveness may depend on the kinin-mediated

release of neuropeptides. Furthermore, Fox et al. (1996)
reported that bradykinin can cause sensitization of C-®bres
in the guinea-pig trachea, and a similar process may happen
in the human nasal airway. Alternatively, the kinins may

stimulate the production, by in¯ammatory cells and
neurones, of cytokines such as IL-1, IL-6 and IL-8 (Ferreira
et al., 1993), which may be involved in the development of

hyperresponsiveness (Howarth, 1995). In addition, PAF and
eosinophil-derived cationic proteins are cytotoxic to the
epithelial lining of the airway (Ganbo & Hisamatsu, 1990;

Ohashi et al., 1997), and this could increase the responsive-
ness of the nasal airway by exposing nerve endings. This
might explain why bradykinin does not cause hyperrespon-
siveness in the absence of PAF.

Finally, there are many similarities between the nasal
airway hyperresponsiveness induced by PAF and that
caused by antigen. Both cause an eosinophilia and an

increase in the production of eosinophil-derived cationic
proteins in lavage ¯uid (Bascom et al., 1989; Knani et al.,
1992), and antigen challenge itself causes the release of

PAF (Shin et al., 1994). We have shown that icatibant and
[Ad]-BK prevented the development of PAF-induced
hyperresponsiveness, and we conclude that endogenous

kinins are involved in the development of nasal airway
hyperresponsiveness by PAF. Bradykinin alone was,
however, not able to induce hyperresponsiveness.
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