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SPECIAL REPORT

Prevention by the tachykinin NK2 receptor antagonist, SR
48968, of antigen-induced airway hyperresponsiveness in

sensitized guinea-pigs
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The involvement of tachykinins in antigen-induced airway hyperresponsiveness (AHR) was characterized
pharmacologically in guinea-pigs sensitized to ovalbumin with antagonists of tachykinin NK, and NK2
receptors, namely SR 140333 and SR 48968, respectively. AHR was illustrated by increased sensitivity to
bronchoconstriction provoked by aerosolized acetylcholine in anaesthetized, ventilated animals, adminis-
trated 48 h after ovalbumin aerosol challenge. SR 48968 (1 mg kg-', i.p.), when given once 30 min
before the antigen challenge, prevented AHR, whereas SR 140333 did not. These findings suggest that
the tachykinin NK2 receptor antagonist, SR 48968, may be useful for investigating mechanisms of
tachykinins in the development of airway hyperresponsiveness.
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Introduction Airway hyperresponsiveness (AHR) is a func-
tional consequence of airway inflammation and is a main
feature of asthma. Among the different inflammatory
mediators involved, several lines of evidence suggest that
tachykinins, such as substance P and neurokinin A might be
involved in the pathogenesis of AHR. Indeed, recent studies
have reported that exposure of guinea-pigs to an aerosol of
either capsaicin, a substance releasing endogenous sensory
neuropeptides, or of substance P elicited AHR to exogenous
bronchoconstrictor agents (Hsuie et al., 1992; Boichot et al.,
1993). Conversely, chronic treatment with high doses (i.p.) of
capsaicin which depletes tachykinins from non-adrenergic
non-cholinergic nerves, eliminates AHR induced by acute
capsaicin or ovalbumin (Matsuse et al., 1991; Hsuie et al.,
1992).
The aim of the present study was to investigate the role of

tachykinins in the development of AHR and to determine
which type of receptor is involved. We have analysed the
effects on antigen-induced airway hyperresponsiveness in the
sensitized guinea-pig of SR 140333 (Emonds-Alt et al., 1993)
and SR 48968 (Emonds-Alt et al., 1992) two non-peptide
selective antagonists of tachykinin NK, and NK2 receptors,
respectively.

Methods Specific pathogen-free male Hartley guinea-pigs
(Charles River, Saint-Aubin-les-Elboeuf, France) were
exposed twice for 30min to an aerosol (ULTRA-NEB 99,
Devilbiss Medical) of ovalbumin (OA) 2mgml-' in saline
(NaCl, 0.9%), at a 48 h interval in a plexiglass chamber
(30 x 50 x 30 cm). Fifteen to 20 days after the initial sen-
sitization procedure, the guinea-pigs were challenged by
exposure to five successive solutions of OA of respectively
10[Lgml-', 100Lggml-', lmgmlP', 5mgml-' and 10mg
ml-' for 15 min each. The bronchopulmonary reactivity of
anaesthetized (urethane, 1.2 g kg-', i.p.) and ventilated (1 ml
laboratory air for 100 g body weight, 60 breaths min-')
guinea-pigs was assessed 48 h after exposure to either OA
challenge or saline. Spontaneous breathing was abolished
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with pancuronium bromide (Pavulon, Organon, France;
2 mg kg-', i.v.). Airway inflation pressure was evaluated with
a pressure transducer (Gould PE 10, Cleveland, Ohio, USA)
connected to a lateral port of the ventilator circuit. After a
10 min stabilization period, four successive administrations of
ACh aerosol (50, 100, 200 and 500 jig ml-'), generated by a
Devilbiss Pulmosonic ultrasonic nebulizer, were given for
1 min each at 10 min intervals. The bronchopulmonary res-
ponse was monitored constantly and expressed as percentage
change over the 100% obtained by clamping the tracheal
cannula at the end of the experiment. The following drugs
were used: ovalbumin (OA, chicken egg, grade V) and acetyl-
choline chloride (ACh) (Sigma, St. Louis, MO, U.S.A.). SR
48968 {(S)-N-methyl-N[4-acetylamino-4-phenylpiperidino-2-
(3,4-dichlorophenyl) butyl]benzamide} and SR 140333 ((S)1-
{2-[3-(3,4-dichlorophenyl)-1-(3-iso-propoxyphenylacetyl) pip-
eridin-3-yl]ethyl}-4-phenyl-1-azoniabicyclo[2.2.2] octane, chlo-
ride) (Sanofi Recherche, Montpellier, France). SR 48968 and
SR 140333 were dissolved in saline and injected i.p. at the
dose of 1 mg kg-', 30 min before the ovalbumin challenge.

Results Exposure of sensitized and saline challenged guinea-
pigs to successive aerosols of ACh (50- 500 jig ml ') induced
a dose-related bronchopulmonary response which was not
modified by either SR 48968 or SR 140333 (1 mg kg-'). In
sensitized guinea-pigs that had been challenged with an
aerosol of allergen, responses to ACh given 48 h later were
augmented compared to those in saline-exposed animals.
Hence, the dose-response curve to ACh was significantly
shifted to the left (P<0.001), suggesting the development of
AHR (Figure la and b). Pretreatment of the sensitized
guinea-pigs with a single dose of SR 48968 (1 mg kg-')
30 min before allergen challenge significantly prevented the
AHR (Figure la). In contrast, pretreatment with SR 140333
(1 mg kg-') did not modify the significant leftward shift of
the dose-response curve to Ach, observed after allergen
challenge (Figure lb).

Discussion Stimulation of NK2 receptor is involved in bron-
choconstriction induced by tachykinins, by substances which
release tachykinins from sensory nerves, and by antigen in
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sensitized guinea-pigs (Advenier et al., 1992; Bertrand et al.,
1993). It has also been suggested that tachykinins are
involved in the development of AHR (Hsuie et al., 1992;
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Figure 1 Effect of SR 48968 (a) and SR 140333 (b) on antigen-
induced airway hyperresponsiveness to acetylcholine (ACh), 48 h
after ovalbumin (OA) challenge. Sensitized guinea-pigs were treated
i.p., 30 min before OA exposure, with 1 mg kg-' of SR 48968 or of
SR 140333 and the bronchopulmonary responses were assessed 48 h
after. The data were compared by two way analysis of variance in
order to analyse the whole dose-response curve for each group of
guinea pigs. The results are expressed as mean (± s.e. mean) percen-
tages of the maximal bronchopulmonary response obtained by total
clamping of the tracheal cannula. Significant differences between
saline (0, n = 5) and OA (0, n = 8): P<0.001. Significant
differences between OA (0) and SR 48968 + OA (-, n = 6):
P< 0.01. No significant differences between SR 48968 + GA (U)
and saline (0) or between OA (0) and SR 140333 + OA (0, n = 6).
Significant differences between SR 140333 + OA (0) and saline (0):
P<0.01.

Boichot et al., 1993). The present finding that the antagonist
SR 48968 prevented antigen-induced AHR in sensitized
guinea-pigs, an effect which could not be attributed to func-
ti4onal antagonism of acetylcholine-induced bronchoconstric-
tion (Advenier et al., 1992), provides evidence that NK2
receptor stimulation is involved in the development of AHR.
Since the NK1 receptor antagonist, SR 140333, failed to
inhibit the antigen-induced AHR, NKI receptor stimulation
appears not to be involved. The lack of effect of SR 140333
cannot be attributed to a difference in pharmacokinetic
profile since SR 48968 and SR 140333 have comparable
time-related dose-effect relationship in vivo in the guinea-pig
(Emonds-Alt et al., 1992; 1993).
Although the site of action of SR 48968 is not clear, it is

possible that SR 48968 acts to regulate responses of target-
cells involved in bronchoconstriction and airway
inflammation or on nerve transmission. One of the most
important cells involved in the inflammatory process of aller-
gic reactions may be the alveolar macrophage. Indeed, we
have previously reported that AHR observed after exposure
of guinea-pigs to substance P is associated with an increase in
alveolar macrophage activity (Boichot et al., 1993) and an
increased responsiveness to NK2 receptor stimulation of
alveolar macrophages from sensitized guinea-pigs has been
demonstrated (Brunelleschi et al., 1992). Regarding an effect
on nerve transmission, Fischer et al. (1994) have recently
demonstrated that sensitization of guinea-pigs to ovalbumin
induced a 1-5 fold increase of neuropeptide-concentration in
lung tissue and also increased two fold the substance P/
neurokinin A-immunoreactive neurones in the nodose gan-
glion 24 h after allergen challenge. Furthermore, in vagal
sensory ganglia, these authors observed that the expression of
preprotachykinin A mRNA was increased in allergic animals,
12-24 h after allergen challenge.

Finally, Adcock & Garland (1993) have suggested that
tachykinins might decrease the threshold for stimulation of
sensory nerves endings in the lung as in other inflamed
tissues involved in hyperalgesia. In this respect, repeated
exposure to sub-threshold doses of neurokinin A leads to an
increase in the peripheral hyperalgesia in the rat paw, lasting
for more than 4 h and is ten fold more potent than substance
P (Nakamura-Craig et al., 1990). Hence, it is possible that
SR 48968 may reduce this putative effect on sensory nerves in
the airways.

In conclusion, the present data demonstrate the impor-
tance of NK2 receptor stimulation in the development of
antigen-induced AHR in sensitized guinea-pigs and suggest
that NK2 receptor antagonists may be useful for investigating
mechanisms of bronchopulmonary alterations of allergic
reaction and possibly reducing AHR in asthmatic patients.
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