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ABSTRACT: Bradykinin Is a naturally occurring nonapeptlde which 
may contribute to the pathogenesls of bronchial asthma. When 
Inhaled by asthmatic subjects lt Is a potent bronchoconstrictor, but with 
repeated challenge airways responsiveness to the peptide decreases 
markedly./n vitro studies suggest that loss of bradykinin responsiveness 
may be due to the secondary generation of relaxant prostanolds. We 
have used the potent cyclooxygenase Inhibitor fiurblprofen to Investigate 
the potential role of prostanold generation in bradykinin tachyphylaxis 
In eight asthmatic patients. The effects of oral fiurbiprofen (150 mg) 
and matched placebo were observed on two consecutive dose reponse 
studies with Inhaled bradykinin and histamine In a double-blind, 
randomized study. Venous blood was taken to measure the serum 
concentration of thromboxane B

2 
(TxB

2
) as a check on the extent of 

cyclooxygenase blockade achieved by fiurblprofen. Following recovery 
from the first challenge with bradykinin, the asthmatic airways showed 
a reduced response to a second challenge with this nonapeptlde, the 
provocative concentration producing a 20% fall from baseline (PC

20
) 

Increasing from 0.07 to 0.42 mg·ml·' (p<0.01). The airway response to 
Inhaled histamine after the second bradykinin challenge was not 
significantly changed. In the presence of demonstrable cyclooxygenase 
Inhibition, fiurblprofen failed to prevent the development of reduced 
responsiveness to bradykinin observed on the second challenge, the PC

20 
Increasing from 0.10 to 0.48 mg·ml"1 (p<0.01). This study demonstrates 
that repeated exposure to Inhaled bradykinin results In loss of the bron
choconstrictor response which appears specific for this agonist and not 
secondary to the increased generation of protective prostanolds. 
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Bradykinin (BK) is a naturally occurring inflamma
tory nonapeptide which is generated either by cleavage 
of low molecular weight (LMW) kininogen by tissue 
kallikrein or by activation of the plasma proteolytic 
cascade [1]. It has long been known to elicit all the 
cardinal signs of inflammation, including vasodilation 
[1, 2], increased vascular permeability with oedema 
formation [1, 3], stimulation of sensory nerves [4] and 
increased mucus secretion [5]. On the basis of its 
mediator properties, it has been suggested that 
bradykinin may contribute to allergic airways disease in 
man [6, 7]. 

its many biological effects by stimulating specific 
receptors, which have recently been classified as B

1 
or 

B2 according to the ability (B) or not (B2) of [des-Arg9]
BK to evoke a response [1]. 

When inhaled by asthmatic subjects bradykinin is a 
potent bronchoconstrictor, being approximately ten 
times more potent than histamine in molar terms [8], 
but the mechanism(s) of which is unknown. It produces 

The repeated exposure of a contractile tissue to an 
agonist may result in loss of response due either to 
receptor down-regulation or to functional antagonism 
secondary to the release of protective autacoids. In 
the case of tachyphylaxis to kinins in rat and rabbit 
colonic preparations, effective blockade by 
cyclooxygenase inhibition provides evidence that the 
generation of prostanoids such as prostaglandin E

2 
(PGE2) and prostaglandin 12 (PGI) serving as func
tional antagonists are important [9]. In asthma a similar 
mechanism has been proposed for the refractory period 
following repeated histamine and exercise provocation 
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of the airways in vivo [10, 11]. Repeated inhalation of 
bradykinin by asthmatic subjects is also accompanied 
by a progressive loss of response. In the present study 
we have used the potent cyclooxygenase inhibitor 
flurbiprofen to investigate the potential role of 
prostanoids as a mechanism for bradykinin tachyphylaxis 
in asthmatic airways. The study was designed double
blind and placebo-controlled in which the effect of 
flurbiprofen was observed on bradykinin responsiveness 
assessed from two consecutive concentration response 
challenges with histamine being used as a control 
challenge. As a check on the extent of cyclooxygenase 
blockade achieved by flurbiprofen, the serum concen
tration of thromboxane B

2 
(TxB

2
) was measured after 

allowing specimens of venous blood removed at each 
study period to clot ex vivo. 

Table 1. - Patients characteristics 

within four weeks of an upper respiratory tract infec
tion or exacerbation of their asthma, and all studies 
were carried out at the same time of day. Written 
informed consent was given and the study was approved 
by the Southampton University and Hospitals Ethical 
Committee. 

Bronchial provocation 

The airway response to provocation was measured as 
FEV

1 
using a dry wedge spirometer (Vitalograph®, 

Buckinghamshire, UK), the higher of two consecutive 
measurements being recorded. On each study day, his
tamine acid phosphate (BDH Chemicals, Poole, Dorset, 
UK) and bradykinin triacetic acid (Sigma Chemical Co., 

Histamine Regular 
PC

20 
mg·ml·1 treatment 

Patient Sex Age Baseline FEV1 Bradykinin 
no. yrs % pred PC

20 
mg·ml·1 

1 M 19 86 0.30 1.96 S,B 
2 M 24 81 0.02 0.22 S, Bf 
3 F 30 106 0.02 0.32 T,B 
4 M 24 90 0.10 1.34 S,B 
5 M 22 97 0.02 0.40 s 
6 M 36 90 1.77 0.79 T. Bf 
7 F 42 80 0.02 0.21 s 
8 F 36 85 0.04 1.02 s 

Mean 29 89 0.06* 0.58* 
SEM ±3 ±3 (0.02-1.77) (0.21-1.96) 

*: geometric mean (range); S: salbutamol; T: terbutaline; B: beclomethasone 
50 f,lg·puff- 1

; Bf: beclomethasone 250 f,lg·puff" 1
; FEV

1
: forced expiratory 

volume in one second; PC
20

: provocative concentration producing 20% fall 
from baseline FEV

1
• 

Methods 

Subjects 

Eight nonsmoking subjects with stable asthma (5 male 
and 3 female; mean±sEM age of 29.1±2.9 yrs) partici
pated in the study (table 1). All subjects were atopic, 
as defined by positive skin prick tests (>2 mm weal 
diameter) to two or more common aero-allergens 
(house dust, Dermatophagoides pteronyssinus, 
Dermatophagoides farinae, mixed grass pollen, cat fur, 
dog hair - Bencard, Brentford Middlesex, UK). They 
had baseline values of forced expiratory volume in 
one second (FEV,) of >80% of their maximum 
predicted values. None of the subjects was receiving 
oral corticosteroids, theophylline, antihistamines, 
nonsteroidal anti-inflammatory drugs (NSAIDs) or 
sodium cromoglycate within the preceding three 
weeks. Inhaled bronchodilators were withheld for at 
least 12 h prior to each visit to the laboratory, although 
they were allowed to continue their inhaled 
corticosteroids as usual. Subjects were not studied 

St. Louis, USA) were freshly prepared in 0.9% sodium 
chloride, and 10% ethanol in 0.9% sodium chloride, 
respectively, to produce stock solutions of 128 
mg·ml·' (417 nmoH1

) and 16 mg·ml·' (13 mmoH'). 
Each stock solution was diluted with its respective 
diluent to produce a range of doubling concentrations 
of 0.03-64 mg·ml·' (0.1-208 mmol·l·') for histamine and 
0.0075- 8 mg·ml·' (0.006-6.5 mmol·l·1

) for bradykinin. 
To avoid loss of bradykinin through oxidation and ad
herence to plastic surfaces, it was stored at 4°C prior to 
use and bronchoprovocation was performed within 30 
min of reconstitution. 

The solutions were administered as aerosols
generated from a starting volume of 3 ml in a dispos
able Inspiron mini-neb nebulizer (C.R. Bard 
International, Sunderland, UK) driven by compressed 
air at 8 l·min·'. Under these conditions the nebulizer 
generated an aerosol with an output of 0.48 ml·min·1 

and a mass median particle diameter of 4.7 j.U1l [12]. 
Subjects inhaled the aerosolized solutions in five breaths 
from end-tidal volume to total lung capacity via a 
mouthpiece as described by CHAI et al. [13]. 
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Blood sampling 

On the four study days blood was taken for measure
ment of ex vivo thromboxane production by platelets 
and leucocytes. Blood was sampled by means of a 
0.8 mm, 21 gauge sterile vacutainer syringe (Becton 
Dickinson and Co., Rutherford, New Jersey) from 
an antecubital vein. On the oral flurbiprofen and 
placebo study days 5 ml of blood was withdrawn 30 
min after challenge being approximately 150 min after 
flurbiprofen or placebo administration. The blood was 
left to clot spontaneously for 20 min at room temperature 
and then centrifuged at 2,000 g for 15 min. Two 
separate 0.5 ml aliquots of serum were carefully removed 
from the centre of the serum layer and frozen immedi
ately at -20°C for the later measurement of TxB2 
concentration. 

Measurement of serum thromboxane B2 concentration 

All assays were carried out blind on coded samples. 
The concentration of TxB1 in serum was quantified 
by specific radioimmunoassay (RIA) on 5 111 aliquots 
of thawed serum which had been diluted with the 
addition of 95 111 of phosphate-gelatin assay buffer (pH 
7.4). The TxB~ antibody was a generous gift of L. 
Levine, Brande1s University, Waltham, Massachusetts, 
USA [14]. Assays were performed using a 16 h incu
bation with antibody at 4°C, the antibody-bound 
ligand then being separated from unbound ligand 
using dextran-coated charcoal. Opti-Fluor scintillant 
(4 ml, Canberra-Packard, Pangbourne, Berkshire, UK) 
was added to each separated supernatant and the amount 
of tritium present then determined using a Packard 
2000CA liquid scintillation analyser. Assay data were 
processed automatically using a Securia RIA data 
management system and a mass action smoothed 
spline curve fitting routine was selected for the stand
ard curve. 

Study design 

The study was divided into three phases (table 2). In 
the first phase, subjects attended the laboratory on two 
separate occasions at least 48 h apart to undertake 
concentration-response studies with inhaled histamine 
and bradykinin in the absence of any drug treatment. 
On the first occasion, after 15 min rest, three baseline 
measurements of FEV1 were made at intervals of 3 
min followed by inhalation of 0.9% sodium chloride 
and repeat FEV

1 
measurements at 1 and 3 min, the 

higher value being recorded. Provided FEV
1 

did not 
fall by > 10% of the baseline value, a histamine 
concentration-response study was carried out. After 
administration of each histamine concentration, FEV

1 
was measured at 1 and 3 min. Increasing doubling con
centrations of histamine were inhaled at 5 m in intervals 
until FEV1 had fallen by >20% of the post-saline value. 
The percentage fall in FEV

1 
was plotted against the 

cumulative concentration of methacholine on a loga
rithmic scale, and the provocation concentration required 
to produce a 20% fall in FEV1 from the post-saline 
baseline value (PC:wfEV1) derived by linear interpola
tion. On the second occasion a bronchial provocation 
test with inhaled bradykinin was undertaken in a 
similar manner to that described for histamine, FEV

1 
measurements being recorded 1, 3 and 5 min after 
inhalation of each concentration and PC20FEV1 
values derived. 

Table 2. - Study design 

{

Day 1 

Day 2 

{

Day 3/placebo 

Day 4/flurbiprofen 

{

Day 5/placebo 

Day 6/flurbiprofen 

The order of days 3/4 and 5/6 was randomized and double
blind. H: histamine challenge; Bk: bradykinin challenge. 

In the second phase of the study, subjects attended 
the laboratory on two occasions not less than 1 wk apart, 
to undertake two consecutive concentration-response 
studies with inhaled bradykinin and one with 
histamine after receiving oral flurbiprofen 150 mg or 
matched placebo administered double-blind and in 
random order 2 h prior to the first challenge. A 
bronchial provocation test with bradykinin was then 
undertaken until FEV1 fell to >20% of post diluent 
value. The airways were then allowed to recover 
spontaneously until the FEV1 had returned to within 
5% of post-di luent baseline. On achieving this, 
60-75 min later a second bradykinin dose-response 
challenge was undertaken until FEY, fell to >20% of 
original post diluent baseline in an identical fashion 
to the first challenge. Values of PC20 for both 
challenges were derived from the concentration response 
curves. Once the FEV

1 
after the second bradykinin 

challenge had returned to within 5% of post-vehicle 
baseline a third inhalation challenge, this time with 
histamine, was undertaken and the PC10 for this agonist 
derived. 

The final phase of the study consisted of two further 
visits, at least 1 wk apart, to undertake 3 consecutive 
concentration-response studies with inhaled histamine 
after oral placebo or flurbiprofen 150 mg administered 
double-blind and in random order. Three consecutive 
histamine provocation tests were undertaken with suf
ficient time being allowed for recovery of FEV

1 
to 

within 5% of post-saline baseline between each of the 
challenges (45-60 min). 



FLURBIPROFEN AND BRADYKININ TACHYPHYLAXIS 917 

Data analysis 

Figures refer to the mean±sEM unless otherwise 
stated, and the p<0.05 level of significance was accepted. 
Baseline FEV

1 
values prior to bronchial challenges were 

compared between study days by analysis of variance. 
The airways response to histamine and bradykinin at 
each agonist concentration was expressed as the per
centage change in FEV

1 
from the post-diluent baseline 

value. The repeatability of the bradykinin challenge 
procedure was determined according to the method 
described by ALTMAN and BLAND [15]. The slopes of the 
histamine and bradykinin concentration-response curves 
after drug treatment were determined by least squares 
linear regression analysis and compared by Student's 
t-test. The relationship between PC

20 
histamine and PC

20 
bradykinin was investigated by least squares linear re
gression analysis of logarithmically transformed values 
and a relative potency derived in molar terms. 

In one subject (no. 6) only a 3% fall in FEV
1 

was 
achieved when the maximum dose of bradykinin was 
administered during the second challenge on the 
flurbiprofen day. In this subject an estimate of the PC

20 
was used as the cumulative concentration beyond the 
top dose administered. Because of this censored data 
the values for the first and second bradykinin challenges 
were compared for significance excluding subject no. 6 
using Student's t-test for paired data and including this 
subject using Wilcoxon's signed rank test. 

bradykinin study days was investigated by Spearman 
rank correlation. 

Results 

There were no significant differences in the mean 
baseline or postdiluent values of FEV1 between study 
days. The challenge procedure with inhaled bradykinin 
on the open and placebo study day was found repeat
able to within a single doubling dilution in 7 out of the 
8 subjects tested without any significant bias. Oral 
administration of flurbiprofen 150 mg had no effect on 
baseline values of FEV1 on either of the study days 
(table 3). 

After oral placebo both inhaled histamine 
and bradykinin produced concentration-related falls 
in FEV

1
• The geometric mean (range) of PC

20
FEV 

values obtained for histamine and bradykinin were o.s4 
(0.22-1.62) and 0.07 (0.01-2.09) mg·mJ·I, respectively. 
Thus, in this group of eight asthmatic subjects bradyki
nin was 30.5 (2-89.5) fold more potent than histamine 
as a bronchoconstrictor agonist when calculated on a 
molar basis. A significant correlation was found with 
PC

20 
bradykinin values on the first bradykinin challenge 

(r=0.72; p<0.05; n=8). 
In all subjects there was no significant difference 

in slopes of the concentration-response curves to 
bradykinin on repeated challenge. However, 

Table 3. - Effects of flurbiprofen and placebo on baseline FEV, (~ values 

Subject Open study days Bradykinin study days Histamine study days 

day 1 day 2 placebo flurbiprofen placebo flubiprofen 

1 3.90 4.15 4.00 4.15 4.10 4.00 
2 2.05 2.10 2.20 2.15 2.25 2.10 
3 3.05 3.00 3.25 3.30 3.25 3.00 
4 3.60 3.45 3.55 3.45 3.55 3.50 
5 2.60 2.70 2.60 2.65 2.60 2.55 
6 3.75 3.75 3.80 3.90 3.60 3.60 
7 3.60 3.65 3.60 3.50 3.40 3.55 
8 3.35 3.30 3.40 3.50 3.50 3.40 

Mean 3.24 3.26 3.30 3.33 3.28 3.21 
SEM(±) 0.22 0.23 0.22 0.23 0.21 0.22 

FEV
1

: forced expiratory volume in one second. 

Histamine PC20 values were logarithmically trans
formed to normalize their distribution, and compared 
by analysis of variance. Log-transformed histamine-PC

20 
values obtained following maximally developed tach
yphylaxis to bradykinin were compared with the PC

20 
values obtained on the histamine open study day using 
paired Student's t-test. Concentrations ofTxB

2 
measured 

ex vivo in serum after flurbiprofen and placebo were 
analysed for significance by Wilcoxon signed rank test. 
The relationship between the serum TxB

2 
undertaken 

after oral placebo on each of the histamine and 

following recovery from the first challenge with brady
kinin the airways showed a substantially reduced 
response to a second challenge with the same agonist. 
Thus, the geometric mean PC

20 
(range) bradykinin 

for the group during the first challenge of 0.07 
(0.01-2.09) increased to 0.42 (0.02-15.63) after the 
second challenge (p<0.01) (fig. 1). Despite the six fold 
reduction in bradykinin responsiveness after the 
second bradykinin challenge the FEV1 response to 
inhaled histamine remained unchanged (p=0.107) 
(fig. 2). 
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bradykinin (BK) values obtained on two con
secutive inhalation tests for all subjects after placebo and florbiprofen. 
Flurbiprofen pretreatment did not prevent BK tachyphylaxis. Closed 
circles represent geometric mean values (M). PC
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Fig. 2. - PC20FEV, histamine values obtained on baseline condition 
(Pre) and after having maxim ally induced BK-tachyphylaxis (Post). 
Closed squares represent geometric mean values (M). For defmi
tions see legend to figure 1. 
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Fig. 3. - PC
20 

histamine values obtained on three consecutive 
inhalation tests for all subjects after placebo and flurbiprofen. No 
tachyphylaxis was observed on both arms of the experiment. Closed 
squares represent geometric mean values (M). For definitions see 
legend to figure 1. 

Table 4. - Serum TxB
2 

concentration values (ng·ml·1) 

following treatments 

Subject Bradykinin study days 
no. 

placebo flurbipofen 

1 2.58 <1.00 
2 <1.00 <1.00 
3 12.26 3.12 
4 2.36 <1.00 
5 7.76 <1.00 
6 <1.00 <1.00 
7 8.38 <1.00 
8 14.06 <1.00 

Mean 6.18 1.27 
SEM (±) 1.83 0.27 

TxB
1

: thromboxane B
1 

. 

Histamine study days 

placebo flubiprofen 

3.37 <1.00 
<1.00 <1.00 
11.90 <1.00 
2.82 <LOO 
5.76 <1.00 

<1.00 <1.00 
6.34 <LOO 

16.58 <1.00 

6.10 <1.00 
1.95 0.00 

When compared to oral placebo, flurbiprofen had no 
significant effect on the FEV

1 
response to bradykinjn 

during the first chaJienge, the geometric mean PC
20 

values being 0.07 (range 0.01-2.09) and 0.1 (range 0.01-
4.44) mg·ml-1

, respectively (fig. 1). Flurbiprofen also 
had no effect on the acquired reduction in responsive
ness to this peptide observed on the second challenge. 
Thus, on the flurbiprofen day the geometric mean PC

20 
bradykinin increased from 0.10 to 0.48 (range 0.02-
32.00) mg·ml·1 (p<O.Ol) which was not significantly 
different from the increase observed with the second 
bradykinin challenge after oral placebo (fig. 1). In the 
presence of flurbiprofen the airways response to hista
mine after the second bradykinin challenge was 
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unchanged from that measured either before or after 
bradykinin challenges on oral placebo (data not shown). 

On the occasions when repeated histamine provoca
tion tests were undertaken there was no significant 
change in responsiveness from the flrst to the third 
challenge on both the placebo and flurbiprofen study 
days. With repeated histamine provocation the 
geometric mean PC

20 
values (range) obtained were 0.54 

(0.32-1.62), 0.57 (0.22-2.05), and 0.66 (0.24-1.95) 
mg·ml·1 after placebo and 0.60 (0.21-2.32, 0.56 
(0.17-3.64), and 0.65 (0.18-3.51) mg-ml·1 following 
pretreatment with flurbiprofen (fig. 3). These values did 
not significantly differ from each other or from the PC

20 
histamine values obtained when the airways developed 
maximal tachyphylaxis to bradykinin (fig. 2). 

Table 4 displays the concentrations of TxB
2 

measured 
in se.rum after allowing venous blood to coagulate ex vivo 
on each of the oral placebo and flurbiprofen study days. 
There was concordance between the serum TxB2 
undertaken after oral placebo on each of the histamine 
and bradykinin study days, (r=0.96, p<O.Ol; n=8). After 
oral flurbiprofen there was a highly significant (p<O.Ol) 
inhibition of serum TxB

2 
concentrations on both the 

bradykinin and histamine study days (table 4). 

Discussion 

This study confirms the previous observations that 
administration of bradykinin by inhalation to asthmatic 
subjects causes concentration-related bronchoconstriction 
[16, 17). A significant correlation was found between 
the response of the airways to bradykinin and histamine, 
with the former being approximately 30 times more 
potent, representing a greater relative activity than 
previously reported [8, 18). The inability of the potent 
cyclooxygenase inhibitor flurbiprofen to protect against 
the bronchoconstrictor action of bradykinin adds to the 
view that this peptide does not mediate its actions in the 
asthmatic airways by releasing contractile prostanoids 
[8, 18). Sequential bronchial provocation with bradykinin 
resulted in a sixfold loss of responsiveness to this peptide 
without influencing underlying "nonspecific" bronchial 
responsiveness measured by histamine provocation. With 
a flurbiprofen dose which achieved blood concentrations 
that were shown to ablate ex vivo TxB1 production, this 
drug failed to inhibit the development of impaired 
bradykinin responsiveness. This provides convincing 
evidence that refractoriness to bradykinin does not 
result from the release of protective prostaglandins, but 
favours a direct action either by down regulating B

2 
receptors or depleting neuropeptide stores within the 
nonmyelinated sensory nerves (19-21]. 

The mechanism(s) whereby bradykinin causes 
bronchoconstriction is intriguing. Although more 
potent than histamine, the existence of a highly signifi
cant relationship between PC

20 
values obtained with the 

two agonists implies that the level of underlying 
bronchial responsiveness is an important determinant of 
bradykinins airway effect and that a major component 
of the response is produced from contraction of airways 

smooth muscle rather than mucosal oedema. In the 
present study tachyphylaxis to bradykinin was not 
accompanied by a similar loss of response to inhaled 
histamine. Thus, as with adenosine monophosphate 
(AMP) [22], a change in the contractile responsiveness 
of the airways smooth muscle is an unlikely explanation 
Indeed, in the group of asthmatics that we studied 
repeated exposure of the airways to inhaled histamine 
failed to significantly reduce the bronchoconstrictor 
response. In a previous study we have also found it 
difficult to uniformly demonstrate histamine tachyphy
laxis in asthma as reported by MANNING et al. [10] and 
when loss of response to this agonist was observed the 
effect was small but repeatable [23]. The reasons 
for these conflicting results have not been fully clarified, 
but it is possible that MANNING et al. [10] have based 
their observations on a highly selected sub-group of 
mild asthmatics which showed positive loss of re
sponsiveness upon repeated histamine challenge. In 
contrast loss of the airways response to bradykinin 
observed in the present study occurred in all the subjects. 

Our results differ from the marked reduction in his
tamine responsiveness assessed as provocative dose 
producing a 35% fall in specific airways conductance 
(PD~5sGaw) in 3 out of 5 asthmatic subjects in whom 
bradykinin tachyphylaxis was described [8]. We have 
reported that bronchoconstriction provoked by bradyki
nin is minimally influenced by prior treatment with an 
H

1
-histamine antagonist and, therefore, is not mediated 

through the release of histamine [18]. It is difficult to 
envisage that any specific desensitization of the brady
kinin B

2 
receptors could also alter histamine receptor 

function without some fundamental change occurring in 
the contractile properties of the airways smooth muscle. 

Refractoriness of asthmatic airways to a variety of 
bronchoconstrictor stimuli has been shown on repeated 
bronchial provocation. In most instances the underlying 
mechanism(s) for loss of responsiveness is not known. 
In asthma, indomethacin pretreatment prevents 
refractoriness after exercise [11) and when it occurs, 
after histamine [10), supporting the view that release of 
inhibitory prostaglandins such as PGE2 and PGI

2 
may be 

acting as functional antagonists. In support of a similar 
mechanism being responsible for bradykinin tachyphy
laxis both PGE2 and PGI2 are reported to be the most 
abundant cyclooxygenase products generated following 
bradykinin stimulation of rat and rabbit colonic epithe
lium in vitro [9]. However, our results fail to support a 
functional antagonistic role for prostaglandins released 
by bradykinin. Firstly, if functional antagonism 
accounted for loss of the airways response to bradyki
nin, then a parallel reduction in histamine responsive
ness might be anticipated, but was not observed. 
Secondly, flurbiprofen pretreatment failed to inhibit the 
bradykinin induced tachyphylaxis. Flurbiprofen is a 
potent inhibitor of cyclooxygenase being approximately 
2,300 times more potent than aspirin at inhibiting mi
crosomal cyclooxygenase from guinea-pig lung [24). In 
the present study the efficacy of flurbiprofen was 
demonstrated by the total supression of whole blood 
TxB2 formation when measured ex vivo at the end of 
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the first bradykinin challenge. It might be argued that 
this lack of effect of flurbiprofen in preventing loss of 
the bradykinin response reflects poor bio-availability of 
flurbiprofen in the airways. However, in view of the 
high liposolubility of this drug it is likely that its dis
tribution within the body may easily interest the bron
chial mucosa compartment as well. Therefore, we have 
reason to believe that the potent ablation of the TxB2 
production demonstrated in our subjects blood samples 
ex vivo may also occur at this level. To speculate fur
ther, with the same oral dose and time interval to 
challenge used in the present study we have shown 
marked inhibitory effects of this drug against 
bronchoconstriction produced by exercise [25], hyper
tonic saline [26], AMP [27]. and allergen [28], all stimuli 
that evoke prostanoid release in the airways. 

In the dog, both bronchoconstriction [4] and increased 
mucus secretion [5] induced by bradykinin are associ
ated with selective stimulation of C-fibre afferent nerve 
endings. There is also some evidence that this agonist 
can release sensory tachykinins such as substance P (SP), 
neurokinin (NK) A and calcitonin gene-related peptide 
(CGRP) [20, 21] which have been shown to contract 
isolated human airways and provoke bronchoconstriction 
[29- 31). In subjects with asthma the ability of sodium 
cromoglycate and nedocromil sodium to attenuate the 
response of asthmatic airways to bradykinin [32] has 
been interpreted as an effect mediated at the level of C
fibres [33]. Thus, with repeated challenge loss of 
bradykinin response in asthma may represent a down 
regulation of bradykinin receptor function on sensory 
nerve terminals or depletion of sensory tachykinins as 
has been suggested for capsaicin [34]. 

In summary we have shown that bradykinin is a potent 
bronchoconstrictor agonist in asthma the effects of which 
are not mediated by cyclooxygenase products. Repeated 
exposure by inhalation results in a loss of response which 
appears specific for the agonist and is not secondary to 
the production of protective prostaglandins. Since this 
peptide is generated in appreciable quantities in the 
airways of asthmatics and rhinitics [35, 36] mechanisms 
controlling its release and target tissue effects deserve 
further study. 
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Influence de /'inhibition de la cyc/o-oxygenase sur le chute 
de la reponse bronchoconstrictrice apres provocations 
repetees a la bradykinine dans /'asthme. R. Polosa, C.K.W. 
Lai, C. Robinson, S.T. HolgaJe. 
RESUME: La bradykinine est un nonapeptide nature! qui peut 
contribuer a la pathogenie de l'asthme bronchique. Quand 
elle est inhalee par des sujets asthmatics, elle est un puissant 
bronchoconstricteur, mais apres provocations repetees, la 
reactivite des voies aeriennes a ce peptide decroit 
considerablement. Des etudes in vitro suggerent que la perte 
de reactivite a la bradykinine pourrait etre due a une produc
tion secondaire de prostarudes broncho-relaxants. Nous avons 
utilise le flurbiprofen, puissant inhibiteur de la cyclo
oxygenase, pour investiguer le role potentict de la production 
de prostano'ides dans la tachyphylaxie a la bradykinine, chez 
8 sujets asthmatiques. L'effet du fl urbiprofen adrninstre par 
voie orale (150 mg) et du placebo apparie, a cu~ lors de deux 
etudes dose-reponse consecutives avec de la bradykinine et 
de !'histamine par inhalation, tors d'une etude randomisee en 
double aveugle. La concentration serique de TxB

2 
a ete 

mesuree dans le sang veineux comme appreciation de l'etendue 
du blocage de la cyclo-oxygenase obtenu par le Ourbiprofen. 
Aprcs recuperation de la prem iere provocation a la 
bradyk:inine, tes voies acriennes asthmaliques ont montre une 
reponsc reduite a unc seconde provocation par cc nonapcptide, 
la PC

20 
passant de 0.07 A 0.42 mg·ml·1 (p<O.Ol). La reponse 

des voies a6riennes a !'inhalation d'histarnine apres la seconde 
provocation A la bradykinine n'est pas sensiblement modifiee. 
En presence d'une inhibition demont.rable de la cyclo
oxygenase, le flurbiprofen n'a pas reussi a prevenir le 
developpement d'une reactivite r6duite a la bradykinine au 
cours de la seconde provocation, la PC20 augmentant de 0.10 
a 0.48 mg·ml·1 (p<O.Ol). Cette etude demontre que !'exposition 
repetee a !'inhalation de bradyk.inine entraine une chute de la 
reponse bronchoconstrictrice, qui apparait specifique a l'egard 
de cet antagoniste, et non pas secondaire a une production 
accrue de prostanoi"des protecteurs. 
Eur Respr J., 1990, 3 , 914-921. 


