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Substance P (SP) and neurokinin (NK) A are members
of the tachykinin peptide family and have been implicated
as neurotransmitters which mediate the excitatory part of
the nonadrenergic, noncholinergic (e-NANC) nervous sys-
tem [1–3]. In the human airways, they are contained
within sensory unmyelinated C nerve fibres, which are dis-
tributed beneath or within the airway epithelium, around
blood vessels and glands, within the bronchial smooth
muscle layer and around local ganglion cells [4–8]. Rec-
ent findings in both experimental animals and humans,
however, suggest that non-neural cells (endothelial cells,
eosinophils and macrophages), either resident or circulat-
ing, can also be a source of tachykinins and that immune
stimuli can boost tachykinin production from immuno-
cytes [9]. A reduced SP-like immunoreactivity (SP-LI)
content of asthmatic airways compared with nonasthmatic
subjects has been reported, suggesting an augmented SP
release in asthma [10]. Supporting this hypothesis, bron-
choalveolar lavage fluid [11] and induced sputum [12] from
asthmatics were found to contain increased amounts of

SP-LI. SP and NKA contract human airways in vitro and
in vivo, NKA being more potent than SP and asthmatics
being more sensitive than normal subjects [5, 13–17].
Other potentially important airway effects of tachykinins
include mucus secretion, cough, vasodilatation, increased
vascular permeability and a broad array of pro-inflamma-
tory effects involving various types of leukocytes [1–3].

SP and NKA interact with their target cells in the air-
ways through specific tachykinin receptors, with SP being
the preferential agonist for the tachykinin NK1 receptor
and NKA the preferential agonist for the tachykinin NK2
receptor [18]. Increased expression of NK1 [19] and NK2
[20] tachykinin receptor gene messenger ribonucleic acid
(mRNA) in asthmatic airways has been reported. In iso-
lated normal human airways in vitro, tachykinin-induced
bronchoconstriction is mediated predominantly by tachy-
kinin NK2 receptors [8, 21–23]; recently, however, in-
volvement of tachykinin NK1 receptors has also been noted
[24, 25]. Tachykinin NK1 receptor stimulation appears to
be important in eliciting neurogenic inflammation [1–3, 18].
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ABSTRACT: Inhalation of neurokinin (NK) A causes bronchoconstriction in patients
with asthma. The NKA-induced bronchoconstriction in isolated human airways is
mediated via the NK2 receptor and inhibited by SR 48968, a potent and specific non-
peptide tachykinin NK2 receptor antagonist. In the present study, the effect of orally
administered SR 48968 on NKA-induced bronchoconstriction was examined in 12
mild asthmatics.

On the screening day and during the study periods, increasing concentrations of
NKA (3.3×10-9 to 1.0×10-6 mol·mL-1) were inhaled, until the forced expiratory volume
in one second (FEV1) and specific airway conductance (sGaw) decreased by at least 20
and 50%, respectively. During the study periods, 100 mg SR 48968 or matched pla-
cebo was ingested in a double-blind, randomized, crossover fashion and NKA provo-
cation was performed at 1.5 and 24 h after dosing.

At 1.5 h, the mean (SEM) log10 provocative concentration of NKA causing a 20%
fall in FEV1 (PC20 FEV1) was -6.25 (0.20) after SR 48968 and -6.75 (0.17) after pla-
cebo (p=0.05); the mean log10 provocative concentration of NKA causing a 35% fall
in sGaw (PC35 sGaw) was -7.02 (0.28) after SR 48968 and -7.64 (0.19) after placebo
(p=0.05). At 24 h, the mean log10 PC20 FEV1 was -6.21 (0.17) after SR 48968 and -6.65
(0.11) after placebo (p=0.05); the mean log10 PC35 sGaw was -6.85 (0.23) after SR
48968 and -7.17 (0.15) after placebo (nonsignificant). As PC20 FEV1 and/or PC35 sGaw
were not reached in up to 4 patients per SR 48968 group, the differences between SR
48968 and placebo were underestimated.

In conclusion, oral treatment with 100 mg SR 48968 caused a significant inhibition
of neurokinin A-induced bronchoconstriction in asthmatics. This finding constitutes
the first evidence of inhibition of sensory neuropeptide-induced bronchoconstriction
by a selective tachykinin receptor antagonist in humans.
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Because of their presence and release in the airways
and their ability to mimic various pathophysiological fea-
tures of asthma, SP and NKA fulfil two of the three crite-
ria for a presumed mediator of asthma; their pathogenetic
role will be defined through the use of tachykinin antago-
nists in clinical trials of asthmatics.

SR 48968 (saredutant) is a potent (pA2 = 9.40 on iso-
lated human bronchus) and selective competitive nonpep-
tide tachykinin NK2 receptor antagonist [22, 23, 26]. In
order to clarify further the in vivo mechanisms underlying
the NKA-induced bronchoconstriction in patients with as-
thma, the effect of SR 48968 in asthmatics was studied in
a double-blind, randomized and placebo-controlled trial.

Subjects and methods

Patients

Twelve male, adult, nonsmoking subjects with stable
mild-to-moderate asthma were recruited for the trial. All
participants met the American Thoracic Society diagnos-
tic criteria for asthma [27] and no relevant concomitant
diseases were present. All patients were atopic.

The only treatment allowed during the study period
consisted of inhaled salbutamol. Patients number 1 and 7
were receiving inhaled glucocorticosteroids (budesonide
800 µg·day-1 and 400 µg·day-1, respectively) and discontin-
ued its use at least 2 weeks before the first screening visit.
Their morning baseline forced expiratory volume in one
second (FEV1) was Š70% of predicted and the provoca-
tive concentration causing a 20% fall in FEV1 (PC20
FEV1) methacholine was <8 mg·mL-1. No patients were
studied within 4 weeks of an upper respiratory tract infec-
tion or exacerbation of asthma.

The study protocol was approved by the ethical com-
mittee of the University Hospital of Ghent. All partici-
pants gave their written informed consent.

Study design

This study was of a randomized, double-blind, placebo-
controlled, two-period, crossover design. On the screening
day, the patients underwent an NKA inhalation challenge.
To be eligible for inclusion in the trial, they had to experi-
ence a fall in FEV1 of at least 10%, compared with their
prechallenge value. All screened patients fulfilled this cri-
terion. The screening tests had to be performed within the
week prior to the start of the study (study period 1). Both
study periods comprised about 25 h, during which the par-
ticipants were hospitalized in the clinical unit of the Dep-
artment of Respiratory Diseases, including an overnight
stay. The patients arrived at the department at around
08:00 h, following an overnight fast of at least 8 h.

The study medication, 100 mg of SR 48968 ((s)-N-
methyl-N-(4-acetylamino-4-phenylpiperidino)-2-(3,4-dich-
lorophenyl) butylbenzamide succinate) or matched  placebo
(formulated as four capsules), was ingested with 100 mL
of tap water. An NKA challenge was performed at 1.5 and
24 h post-dose. The baseline FEV1 before each NKA chal-
lenge had to be within 15% of the baseline FEV1, ob-
tained at the screening visit; if this was not the case, the

patient was rescheduled for another visit. Foods and bev-
erages containing caffeine had to be discontinued for at
least 24 h before each study period and until the end of
each period. Short-acting inhaled β2-agonists were with-
held for at least 10 h before each NKA challenge. Break-
fast was served 3 h post-dose, after completing the NKA
challenge, while lunch and dinner were served 6 and 12 h
post-dose, respectively. The next morning, breakfast was
served after completion of the NKA challenge (24 h post-
dose), following which the patients were allowed to leave
the clinic. They returned 48 h post-dose for a safety control
visit (enquiry into adverse events, changes in concomitant
medication and blood sampling).

Study period 2 was performed after a wash-out of 3–6
days after the first trial drug ingestion. Patients were re-
quested to avoid all strenuous physical efforts from the
week preceding study period 1 until the end of the study.

Pulmonary function testing

The specific airway conductance (sGaw) was measured
with a constant volume body plethysmograph (Jaeger,
Würzburg, Germany). sGaw was calculated from airway
resistance and thoracic gas volume, using the MasterLab
software package (version 3.2, 1991, Jaeger), installed on
a personal computer. Each value represents the mean of
five consecutive manoeuvres. The FEV1 was obtained from
flow-volume loops, obtained from a pneumotachograph,
using the same apparatus and software. The highest value
of three consecutive manoeuvres was accepted for eval-
uation at each performance. sGaw was always measured
before the FEV1, to avoid changes in airway calibre in
response to deep inhalation. All manoeuvres were per-
formed with the patient in the sitting position, the nose
occluded by a clip. The same lung function technician and
body box were used throughout the study.

Bronchial challenge tests

The PC20 for methacholine was determined by measur-
ing the decrease in FEV1 after inhalation of doubling con-
centrations of methacholine, according to the method of
COCKCROFT et al. [28].

NKA was inhaled using a protocol slightly modified
from our previous work [15]. Before each NKA inhalation
challenge, baseline sGaw and FEV1 were determined. The
patients then inhaled the NKA diluent and sGaw and FEV1
were measured 3 and 7 min after the start of the inhala-
tion, with the lowest value of each being considered as the
postdiluent baseline sGaw and FEV1, respectively. The
actual NKA challenge was performed provided the FEV1
did not fall by >10% after inhaling diluent. During the
challenge, increasing concentrations of NKA (3.3×10-9,
1.0×10-8, 3.3×10-8, 1.0×10-7, 3.3×10-7 and 1.0×10-6 mol·mL-1)
were inhaled until FEV1 fell by at least 20% and sGaw
decreased by at least 50% of the respective postdiluent
baseline values.

NKA was obtained from Peninsula (St Helens, UK) and
was diluted in saline containing 1% human serum albumin
(Behringwerke, Marburg, Germany). The dilutions of NKA
were freshly prepared on the morning of the challenge and
kept on ice until nebulization. The aerosols were produced



SR 48968 AND NKA-INDUCED BRONCHOCONSTRICTION IN ASTHMATICS 19

using a Mallinckrodt jet nebulizer (Mallinckrodt Diag-
nostica, Petten, The Netherlands); this method has been
validated and described previously [17, 29]. First, a col-
lapsible 30 L plastic bag, which served as a drying cham-
ber, was filled with nitrogen (N2) gas. Then, 0.5 mL of
diluent or each subsequent NKA concentration was spray-
ed by compressed N2 (400 kPa) in 60±10 s into the drying
chamber, in which the droplets evaporated rapidly to dry
particles. Finally, the patient inhaled the aerosol from the
bag in 2 min by quiet tidal breathing through a three-way
valve and a mouthpiece, until the collapse of the bag. Sup-
plementary oxygen (at a flow rate of 4 L·min-1, inspira-
tory oxygen fraction (FI,O2) = 0.995) was supplied into the
mouthpiece. The patient performed the inhalation in the
sitting position, with the nose occluded by a clip. Pulmo-
nary function measurements (sGaw and FEV1) were per-
formed at 3 and 7 min after the start of the inhalation of
each concentration. The nebulizations of the different con-
centrations were initiated at 10 min intervals. The NKA
challenge was stopped when PC20 FEV1 NKA and PC35
sGaw NKA could be calculated. A PC20 or PC35 value of
3.3× 10-6 mol·mL-1 (a 0.5 log higher concentration than the
highest concentration tested) was attributed arbitrarily in
those cases where the desired fall in FEV1 or sGaw was
not obtained.

Plasma for SR 48968 levels

Blood samples for the quantification of SR 48968 plasma
concentrations were taken predose and at 1.5 h, 3 h (be-
fore breakfast) and 24 h post-dose in each study period.
Samples (6 mL) were collected into polypropylene sod-
ium heparin tubes and immediately after sampling, the tubes
were centrifuged at 1500×g for 10 min. The plasma was
then pipetted into polypropylene tubes and stored at -20°C,
until batch analysis. Quantification of SR 48968 was per-
formed using gas chromatography with electron capture
detection. This method has a limit of detection of 0.5
ng·mL-1 and a limit of quantification of 1.0 ng·mL-1 (data
on file at Sanofi).

Statistical analysis

Comparisons of the predose baseline FEV1 values bet-
ween the SR 48968 group and the placebo group, and of
the postdiluent baseline FEV1 values in these two groups
were performed using a Wilcoxon matched-pairs test.

The values of PC20 FEV1 NKA and PC35 sGaw NKA
(expressed in mol·mL-1) were log10 transformed; treat-
ment with SR 48968 was compared with placebo, at 1.5 h
and 24 h post-dose, by means of a cross-over analysis of
variance (ANOVA) test. A p-value ð0.05 was considered sig-
nificant. Data are expressed as the mean±SEM of the loga-
rithmically transformed values. The relationship between
the level of protection and the serum SR 48968 concentra-
tion, at 1.5 h and at 24 h post-dose, was calculated using
Spearman's rank correlation test. The level of protection at
a given time point was defined as the difference between
the log10 PC20 FEV1 NKA value on the SR 48968 day and
that on the placebo day for individual patients.

Results

Patients

Twelve patients, aged 19–36 yrs (mean 28.6 yrs), par-
ticipated in the trial. Their mean (±SEM) baseline FEV1 was
4.20±0.20 L or 96.6±4.4% of predicted. Their mean PC20
FEV1 methacholine was 5.2±0.6 mg·mL-1 (table 1).

Effects of SR 48968 on baseline FEV1

There were no statistically significant differences bet-
ween the predose baseline mean (±SEM) FEV1 values on the
SR 48968 (4.04±0.18 L) and the placebo day (4.03± 0.17
L) (p=1.000), or between the postdiluent baseline mean
(±SEM) FEV1 values on these two days (3.98±0.18 L for SR
48968 versus 3.94±0.17 L for placebo) (p=0.656).

Reproducibility of the neurokinin A challenge

At screening, all 12 subjects responded to NKA inhala-
tion and the mean log10 PC20 FEV1 NKA was -6.93±0.15.
After placebo, the mean log10 PC20 FEV1 NKA was
-6.75±0.17 and -6.65±0.11 at 1.5 h and 24 h post-dose,
respectively. The mean "maximal" percentage fall in FEV1
after inhalation of NKA at which a fall in FEV1 of Š20%
was reached, was -26.6±1.3 at screening, -27.0±2.6 at 1.5 h
post-dose and -30.5±2.6 at 24 h post-dose on the placebo
day.

Effect of SR 48968 on neurokinin A-induced bronchocon-
striction

At 1.5 h post-dose, the mean log10 PC20 FEV1 NKA
was -6.25±0.20 after SR 48968 and -6.75±0.17 after pla-
cebo (p=0.05) (fig. 1). The cumulative dose-response curves
of the individual patients are shown in figure 2 . Inhalation
of NKA caused a dose-dependent bronchoconstriction on
both study days; there was a consistent rightward shift in
the cumulative dose-response curves after administration

Table 1.  –  Patient characteristics

Subject
No.

Age
yrs

Baseline
FEV1

L

Baseline
FEV1

% pred

PC20
methacholine

mg·mL-1

1*
2
3
4
5
6
7*
8
9

10
11
12

32
34
35
22
36
26
30
32
33
19
21
24

4.76
3.72
4.84
4.04
3.24
5.04
3.16
3.88
3.68
5.28
4.20
4.52

110
88

119
90
73

119
76
86
91

105
92
92

5.7
5.3
6.9
6.5
2.2
7.0
3.3
8.0
6.1
5.5
2.6
3.0

*: patient stopped inhaled glucocorticosteroid treatment 2 weeks
before entering the trial. FEV1: forced expiratory volume in one
second; PC20: provocative concentration causing a 20% fall in
FEV1.
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of SR 48968, with the exception of one case (patient
number 1). A protective effect of SR 48968 was noted in
the other 11 patients, but a fall of 20% was not reached in
three of them. In one of these (patient number 4), PC20
was not reached on either study day. From this patients
individual dose-response curve (fig. 2), however, it can be
seen that FEV1 remained unchanged after SR 48968, while
it decreased by 10.6% after placebo.

The mean log10 PC35 sGaw NKA was -7.02±0.28 after
SR 48968 and -7.64±0.19 after placebo (p=0.05) (fig. 1).
A protective effect of SR 48968 was noted in 10 out of 12
patients and PC35 was not reached in one of them.

At 24 h post-dose, the mean log10 PC20 FEV1 NKA was
-6.21±0.17 after SR 48968 and -6.65±0.11 after placebo
(p=0.05) (fig. 1). A protective effect of SR 48968 was
observed in eight out of 12 patients and PC20 was not
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Fig. 1.  –  Bar graphs representing the mean (SEM) values of a) log10 of the provocative concentration of neurokinin (NK) A causing a 20% fall in the
forced expiratory volume in one second (PC20 FEV1 NKA) and b) log10 of the provocative concentration of NKA causing a 35% fall in specific airway
conductance (PC35 sGaw NKA) at 1.5 h and at 24 h post-dose, respectively.        : SR 48968;       : placebo. *: pð0.05, statistically significant differences.
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reached in four of them. The mean log10 PC35 sGaw NKA
was -6.85±0.23 after SR 48968 and -7.17±0.15 after pla-
cebo (not significant) (fig. 1). A protective effect of SR
48968 was seen in seven out of 12 patients and PC35 was
not reached in two of them.

Plasma concentrations of SR 48968

The mean (range) SR 48968 plasma levels at 1.5 h, 3 h
and 24 h post-dose were 38.2 (14.5–92.6) nmol·L-1, 44.2
(8.0–171.7) nmol·L-1, and 2.8 (0.0–16.3) nmol·L-1, respec-
tively. There was no significant correlation between the
protective effect and the plasma SR 48968 levels at 1.5 h
post-dose, at 24 h post-dose and after pooling of both groups
(Spearman's test: 0.462, -0.404 and 0.170, respectively)
(table 2 and fig. 3).

Drug safety

SR 48968 was biologically and clinically well tolerated
and no serious adverse events were noted. Two non seri-
ous adverse events were noted: patients number 7 and 11
both experienced mild frontal headache on the active treat-
ment day; in both cases it subsided spontaneously until
complete recovery.

Discussion

In this study, it was demonstrated that the tachykinin
NK2 receptor antagonist SR 48968 inhibits NKA-induced
bronchoconstriction in patients with asthma. A protective
effect was observed both at 1.5 h and 24 h post-dose. The
shift in the concentration-response curve, however, was
modest and less pronounced than would have been pre-
dicted from previous in vitro experiments [22]. The calcu-
lated mean level of protection against the NKA-induced
fall in FEV1 was 0.5 log10 units at 1.5 h post-dose. How-
ever, there were marked interindividual differences in the
protection conveyed by SR 48968: complete protection
was observed in three patients, whilst a varying degree of
partial protection was present in the remaining patients. A
PC20 value of 0.5 log higher than the highest concentra-
tion was arbitrarily introduced in the three patients who
did not develop a 20% fall in FEV1 after active treatment.
The calculated mean protection is thus very likely to be
underestimated. A small protective effect of SR 48968
was still observed 24 h post-dose. Again, the protective ef-
fect of SR 48968 was probably underestimated, as an
extrapolation of PC20 FEV1 NKA was necessary in four
subjects.

The results of this study show that at least part of the
NKA-induced bronchoconstriction in asthma is mediated
via activation of the tachykinin NK2 receptor. Pharmaco-
kinetic factors such as dose, absorption and penetration
may contribute to the apparently limited protection. Poor
absorption of SR 48968 from the gastrointestinal tract or
poor penetration of SR 48968 from the circulation into the
airway mucosa, however, may be excluded. Indeed, the
mean plasma level of SR 48968 reached at the moment of
the first NKA challenge (1.5 h post-dose) was 38 nmol·L-1.
In the presence of 30 nmol·L-1 SR 48968 in an in vitro
experiment on isolated human airways [22], the rightward
shift in the concentration-response curve of [Nle10]-NKA
(4-10), a specific tachykinin NK2 receptor agonist, ap-
proximated the observed shift in the concentration-res-
ponse curve for NKA in the present patients. Thus, the
serum levels reached in these patients have been shown to
be effective in vitro. The data therefore strongly suggest
that the dose of SR 48968 chosen for this clinical study
was adequate. Furthermore, animal data have shown that
SR 48968 readily penetrates the airways in vivo [26, 30].
In the guinea-pig or the BDE rat in vivo, SR 48968 admin-
istered intraduodenally (500 µg·kg-1) [26] or intravenously
(1 mg·kg-1) [30] almost completely abolished the bron-
choconstriction caused by NKA or its synthetic analogues.

The finding of residual protection at 24 h post-dose, at a
time when virtually all of the circulating active drug had
disappeared, suggests a local accumulation of SR 48968
in the airways, the presence of active metabolites of SR

Table 2.  –  Protective effect* and plasma SR 48968 levels
at 1.5 h and 24 h post-dose

1.5 h 24 h
Subject
No.

Protection SR 48968
nmol·L-1

Protection SR 48968
nmol·L-1

1
2
3
4
5
6
7
8
9

10
11
12

-1.75
1.02
0.52
0.00†

1.45†

0.48
1.00
0.69†

0.85
0.60
1.10
0.14

16.123
38.768
33.333
92.572
47.101
14.493
25.543
44.203
42.754
19.022
61.594
23.370

1.23†

0.40
-0.06
0.69†

-0.23
0.93†

0.75
-0.22
0.73
0.05

-0.07
1.10†

0.000
3.261
0.000

16.304
1.993
0.000
0.000
2.536
3.804
2.355
3.261
0.000

*: the protective effect is defined as the difference between the
log10 of the provocative concentration of neurokinin A (NKA)
causing a 20% fall in the forced expiratory volume in one sec-
ond (PC20 FEV1 NKA) value on the SR 48968 day and that on
the placebo day. †: a 20% fall in FEV1 was not reached; a PC20
FEV1 NKA value of 3.3×10-6 mol·mL-1 was attributed arbitrarily,
thus potentially underestimating the magnitude of the protection. 
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48968 or a long-lasting inhibition of the bronchial tachy-
kinin NK2 receptor. As far as we are aware, no data add-
ressing these issues in humans have been published to date.
Following oral administration of 1 mg·kg-1 SR 48968 to
guinea-pigs in vivo, there was still demonstrable protection
against [Nle10]-NKA(4-10)-induced bronchoconstriction at
24 h post-dose; the protection offered was less marked than
that found at 2.5 h post-dose [31].

It could be argued that SR 48968 had a nonspecific pro-
tective effect. A control bronchoprovocation with a chem-
ically unrelated bronchoconstrictor, such as methacholine,
was not included in the study, given the convincing data in
vitro on isolated human bronchi and in vivo in several
experimental animal species. Indeed, SR 48968 was shown
to be a specific and potent tachykinin NK2 receptor anta-
gonist, as it does not modify concentration-response curves
to acetylcholine, histamine, KCl, prostaglandin F2α (PGF2α)
or specific tachykinin NK1 receptor agonists in vitro in
human bronchi [22, 25]. In addition, the specificity of SR
48968 for the NK2 receptor has also been confirmed in
vivo in several animal species, such as rats and guinea-
pigs [26, 30, 32].

An important explanation for the modest protective
effect of SR 48968 may lie in the fact that NKA is not a
specific, but only a preferential tachykinin NK2 receptor
agonist; NKA also activates the tachykinin NK1 receptor.
Results from pharmacological studies on isolated bronchi
from guinea-pigs [33] and humans [25] suggest that the
NKA-induced bronchoconstriction is not only due to an
NK2 receptor-mediated stimulation of airway smooth mus-
cle, but also to an indirect tachykinin NK1 receptor-medi-
ated activation of airway inflammatory cells such as mast
cells, with the release of secondary mediators [34, 35]. In
guinea-pig isolated bronchi, the noncholinergic broncho-
constriction produced by electrical field stimulation was
shown to be largely mediated by endogenously released
tachykinins; pretreatment with specific tachykinin recep-
tor antagonists demonstrated that both tachykinin NK1
and NK2 receptors mediate this contraction [33]. Recent-
ly, evidence was provided for the presence of functional
tachykinin NK1 receptors in human airways, in addition
to tachykinin NK2 receptors. Indeed, NALINE et al. [25]
reported that stimulation by SP and specific tachykinin
NK1 receptor agonists induced a prostanoid-dependent in-
direct contraction in isolated small human airways. More-
over, upregulation of tachykinin NK1 [19] as well as NK2
[20] receptors has been reported in asthmatic airways.

It is therefore hypothesized that the NKA-induced bron-
choconstriction in asthmatics occurs through a combina-
tion of direct, tachykinin NK2 receptor-mediated smooth
muscle contraction (antagonized by specific tachykinin NK2
receptor antagonists such as SR 48968) and an indirect
mechanism involving tachykinin NK1 receptor stimula-
tion (unaffected by SR 48968). The relative importance of
NK1 and NK2-mediated bronchoconstrictor responses in
asthmatics has not yet been studied.

In conclusion, in this study it was demonstrated that the
potent and specific nonpeptide tachykinin NK2 receptor
antagonist SR 48968 (saredutant) offers a small (probably
underestimated) but significant level of protection against
inhaled NKA-induced bronchoconstriction in mild asth-
matics. This finding constitutes the first evidence of such
inhibition by a tachykinin NK2 receptor antagonist in hu-
mans. Studies using tachykinin receptor antagonists in

other settings have been published previously. These in-
volved the low-potency mixed NK1/NK2 receptor antago-
nist FK-224 and the NK1 antagonists FK-888 and CP-99994.
Bradykinin-induced bronchoconstriction in asthmatics was
attenuated by 4 mg [36], but not 2 mg [37], of inhaled FK-
224. Although this suggested that tachykinin release from
airway sensory nerves is involved in responses to bradyki-
nin, this hypothesis could not be confirmed in another
study by our group, as no protective effect could be dem-
onstrated of 4 mg of inhaled FK-224 against NKA-
induced bronchoconstriction in asthmatics [38]. Inhaled
FK-888 was shown to shorten the recovery phase of ex-
ercise-induced airway narrowing to some extent, albeit
without influencing the maximal fall in sGaw [39]. Finally,
intravenously administered CP-99994 did not significant-
ly inhibit hypertonic saline-induced bronchoconstriction
or cough in mild asthmatics [40]. 

Further clinical studies with potent and specific non-
peptide tachykinin receptor antagonists, including neuro-
kinin-1 and combined neurokinin-1/2 antagonists, are clearly
needed to explore the therapeutic potential of tachykinin
antagonism in asthma [41].
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