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Role of tachykinin NK and NK; receptors in allergen-induced
early and late asthmatic reactions, airway
hyperresponsiveness, and airway inflammation in conscious,
unrestrained guinea pigs
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Summary

Using a guinea pig model of allergic asthma, we investigated the effects of the inhaled,
highly selective nonpeptide tachykinin Nk&nd NK; receptor antagonists SR 140333 and
SR 48968, respectively, on allergen-induced early (EAR) and late (LAR) asthmatic
reactions, airway hyperreactivity (AHR) after these reactions, and infiltration of inflamma-
tory cells in the airways. Both SR 140333 (100 nM, 3 min) and SR 48968 (100 nM, 3 min)
had no effect on the severity of the EAR, while the Niéceptor antagonist SR 48968, but
not the NK; receptor antagonist SR 140333, caused significant inhibition of the LAR. SR
140333 significantly reduced the allergen-induced AHR to histamine, both after the EAR
and the LAR. By contrast, SR 48968 did not affect the AHR after the EAR, but significantly
attenuated the AHR after the LAR. Bronchoalveolar lavage studies performed after the
LAR indicated that SR 140333 caused significant inhibition of allergen-induced infiltration
of eosinophils, neutrophils and lymphocytes, while SR 48968 attenuated the infiltration of
neutrophils and lymphocytes, but not of eosinophils. Both NK receptor antagonists tended
to reduce the accumulation of ciliated epithelial cells in the airways. These results indicate
that NK; and NK; receptors are importantly, but differentially, involved in the development
of allergen-induced airways obstruction, AHR and infiltration of inflammatory cells in the
airways. Therefore, both NKand NK; receptor antagonists, or dual Nkand NK;
antagonists, could be useful in the treatment of allergic asthma.

Keywords: airway hyperresponsiveness, airway inflammation, allergic asthma, guinea
pigs, histamine, NKreceptor, Nk receptor, SR 140333, SR 48968, tachykinins

Introduction leakage, vasodilation, mucus secretion, and inflammatory

- .. cell responses, whereas Blikeceptors, activated preferen-
Tachykinins, such as substance P (SP) and neurokinin /t%ally by NKA, have been shown to be mainly involved in

(NKA), which are released upon sensory nerve StimU|atiorbronchoconstriction [1-4]. Nevertheless, Nieceptors

in the airways, have been shown to elicit several airway . .
: . L may also contribute to microvascular leakage [5,6] and
responses, collectively referred to as ‘neurogenic inflamma- > .
o . .. activation of mast cells [7] and alveolar macrophages [8].
tion’ [1]. These responses include bronchoconstriction, .. : . : .
. _ . Since sensory nerve stimulation may be induced by allergic
microvascular leakage, vasodilation, mucus secretion, and . o .
. A . mediators and responses of neurogenic inflammation are
recruitment and activation of inflammatory cells, and are.

mecisted predominanty by tchykinn Nkand Nk, TEOT Paes of e ssbne (5 mechanin
receptors [1-3]. NK receptors, which are activated ying 9 y

referentially by SP, are mainly involved in microvascularthe pathophysiology of this disease. In asthmatic patients,
P y By SF, y some indirect evidence has been obtained to support this

. . hypothesis. Thus, enhanced levels of SP were observed in
Correspondence: Dr M. Schuiling, Department of Molecular Pharmacol- . .
ogy, University Centre for Pharmacy, A. Deusinglaan 1, 9713 AV the bronchoalveolar |_avage (BAL) ﬂUIC.i [9] and induced
Groningen, The Netherlands. sputum [10] of allergic asthmatics, while BAL SP levels
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were further enhanced after allergen challenge of these patierdagrosolized solutions with step-wise increasing concentra-
[9]. In addition, immunohistochemistry revealed evidence oftions of the stimuli, until B was increased by more than
an increase in sprouting of SP-containing nerves in asthmé00% above baseline. The provocation concentration of
[11], whereas an increase in MRNA expression of Mikd  histamine causing a 100% increase ip EPCyog was
NK, receptors has been observed in lung tissue from asthused as a measure of airway reactivity.
matics as well [12,13]. As a possible consequence, both SP andOn two different occasions separated by a 1-week inter-
NKA were shown to cause enhanced bronchoconstriction ival, OA-sensitized guinea pigs inhaled either vehicle
asthmatic patients [14,15]. Moreover, Cheuag al. [16] (3min) or a selective dose of either SR 140333 (100 nM,
demonstrated that SP induced airway hyperresponsivene8snin) or SR 48968 (100 nM, 3 min) at 30 min before as well
(AHR) to methacholine in patients with mild asthma, indicatingas at 5.5 h after OA challenge (i.e. between the EAR and the
that NK; receptor stimulation may be important in the develop-LAR). Vehicle and SR 140333 or SR 48968 inhalations
ment of AHR, presumably by its potent inflammatory effects.were alternated using a random crossover design. In a
Direct evidence for the involvement of NKand NK; control group, vehicle was inhaled both in the first and in
receptors in allergic airway disease, using specific andhe second week at the time points indicated above. To
selective tachykinin NK receptor antagonists, has thus fadetermine treatment effects on the EAR and LAR, P
not been obtained. Therefore, in a guinea pig model othanges were measured continuously during the whole
allergic asthma [17,18], we investigated the effects of theprocedure. Magnitudes of EAR and LAR were expressed
inhaled, highly selective nonpeptide tachykinin NKnd as the area under theyPtime—response curve (AUC)
NK, receptor antagonists SR 140333 and SR 48968, respebetween 0 and 5h after allergen provocation for the EAR,
tively, on allergen-induced early asthmatic reactions (EAR)and between 8 and 23 h after provocation for the LAR. P
and late asthmatic reactions (LAR), AHR after both reac-was expressed as percentage change from baseline and AUC
tions, and infiltration of inflammatory cells in the airways. was calculated by trapezoid integration over discrete (5 min)
time periods. Inherent to the research question, only dual-
responding animals (74%) were included in the study.
Methods Histamine PGqq values were assessed 24 h before and at

Specified pathogen-free Dunkin Hartley guinea pigs (Harlan® h (after EAR) and 23 h (after LAR) after OA provocation.
Heathfield, UK) were IgE-sensitized to ovalbumin (OA) asFinally, BAL was performed at 25h after the second
described previously [19]. Three weeks after sensitization, th@llergen provocation, as described previously [18]. In a
guinea pigs were permanently instrumented with a fluid-filledcontrol group, OA-sensitized animals were lavaged 25h
intrapleural balloon-catheter, enabling prolonged computer@fter inhalation of saline instead of OA. _ _
assisted on-line measurement of pleural pressypectianges SR 140333 and SR 48968 were kindly provided by Sanofi
under conscious and unrestrained conditions [17]. We havBecherche (Montpellier, France). For the inhalation studies,
previously demonstrated that changes ip &e linearly SR 140333 was ghssolved in saline; SR 48968 was dissolved
correlated to changes in airway resistance in this model, anl Saline containing 0.001% (w/v) ethanol.
hence can be used as a sensitive parameter for allergic arF‘ﬂasults
nonallergic bronchoconstriction [17].

After the animals had been habituated to the provocatiofcompared with control inhalations with vehicle performed
procedure (1 week after surgery), experimental OA andn the same animals, the inhaled Ni€ceptor antagonist SR
histamine provocations were performed by inhalation 0f140333 had no significant effect on both the EAR and the

Table 1. The effects of inhalations of vehicle and the selective tachykinin Aikd NK; receptor antagonists SR 140333 and SR 48968,
respectively, on allergen-induced EAR and LAR and histaming,f@lues 24 h before and at 5 h (after EAR) and 23 h (after LAR) after
allergen provocation of OA-sensitized guinea pigs

AUC (% x5 min) PG o histamine g/mL)
Treatment EAR LAR Prechallenge 5h post-OA 23 h post-OA
Vehicle 2799+ 374 9362+ 2626 102.0+ 8.9 43.6+ 5.4%+* 59.2 + 8.9*
SR 140333 3082- 397 9061+ 2516 97.7+ 10.1 56.6+ 6.7***1 88.1 = 9.5t
Vehicle 3583+ 561 8681+ 1670 99.2+ 15.2 35.6+ 11.6** 60.4 = 14.7*
SR 48968 3511 853 5191+ 1702t 107.6+ 16.6 39.1+ 8.1%+* 83.1 + 17.2*t

Results are expressed as mearSEM of 5—9 animals. P<0.05, *P<0.01, **P <0.001 compared with prechallengd® 4 0.05 compared with vehicle.

© 1999 Blackwell Science LtdClinical and Experimental Allergy29, Supplement 2, 48-52



50 M. Schuilinget al.

,L| OA-induced AHR, both at 5 h after the EAR, and at 23 h
after the LAR, the responsiveness to histamine after the
LAR being not significantly different from the prechallenge
value (Table 1). In contrast to SR 140333, SR 48968 did not
affect the AHR to histamine after the EAR; however, the
AHR after the LAR was significantly reduced by the pNK
receptor antagonist (Table 1). No changes in allergen-
induced AHR were observed when animals were treated with
vehicle at two subsequent allergen challenges (not shown).
Compared with a control challenge with saline, OA
provocation caused a significant increase in the numbers
of eosinophils, macrophages, lymphocytes, neutrophils, and
total cells in the BAL from animals that were treated with
vehicle at 30 min before and 5.5 h after the second allergen
challenge (Fig. 1). In the animals treated with SR 140333 at
these time points, the total cell number as well as the
200 = Ly ! P Control - numbers of infiltrated eosinophils, lymphocytes, and neu-
N 4 8: E‘é‘;’"ﬂ&w) trophils were significantly reduced. Moreover, the number
l l B OA (SR 48968) of ciliated epithelial cells tended to be decreased in these
animals (Fig. 1). In the SR 48968-treated guinea pigs, no
significant change was observed in the number of infiltrated
eosinophils. The numbers of lymphocytes and neutrophils in
the BAL were significantly reduced, however, while, similar

aa
to the SR 140333 treatment, there was a tendency to a
075 |- reduced number of ciliated cells (Fig. 1).
0.50 [ Discussion
0.25 Using a guinea pig model of allergic asthma, the present
000 M investigation demonstrates that NEnd NK; receptors are

Lymphocytes N Epithelial cells importantly, but differentially, involved in the development
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Fig. 1. Bronchoalveolar lavage cell counts at 25 h after inhalation_Of allergen-induced airways obstruction, AHR, and airway

of saline (control[J) or OA. The OA-challenged animals received 'nﬂammat'on' . .
vehicle (3min) at 30min before and 5.5h after OA challenge With respect to allergen-induced EAR and LAR, it was
during week 1, and either vehicle (3 mifl), SR 140333 (100nM, demonstrated that both reactions were unaffected by
3min,B), or SR 48968 (100 nM, 3 mill) at 30 min and 5.5 h after the selective NK receptor antagonist SR 140333, whereas
OA challenge during week 2. Data represent mean valu8&M  the selective NK antagonist SR 48968 had no effect on the
of 5-7 animals. P<0.05, *P<0.01, **P<0.001,"P=0.1. EAR, but caused significant attenuation of the LAR. The
absence of effect of both antagonists on the EAR is in line
LAR (Table 1). Similarly, the NK receptor antagonist SR with previous observations in capsaicinized guinea pigs,
48698 did not affect the EAR; however, the LAR was indicating that reduced tachykinin levels in the airways did
significantly reduced by 44.2% 16.4% @ < 0.05) as not prevent the acute allergen-induced bronchoconstriction
compared with vehicle (Table 1). Neither SR 140333 nor[20,21].
SR 48968 had a significant effect on basgl b addition, The mechanism of inhibition of the LAR by the NK
comparable early and late reactions were found after tweeceptor antagonist is presently unclear. First, enhanced
subsequent allergen challenges, when the animals werynthesis and release of tachykinins during the LAR [22]
treated with vehicle at both occasions (not shown). could contribute to the severity of this reaction via enhanced
Inhalations of vehicle, SR 140333, and SR 48968 had ntNK, receptor-mediated bronchoconstriction. In addition,
significant effects on the basal histamine ;RCbefore  airway tachykinin levels could be increased as a conse-
allergen challenge (not shown). In vehicle-treated animalsguence of reduced degradation by neutral endopeptidase
OA provocation caused a marked AHR to histaminedue to inflammation-induced epithelial damage [23], which
after both the EAR and the LAR (Table 1). Inhalation of may be inhibited by SR 48968.
SR 140333 at 30 min before and 5.5h after allergen chal- Inhibition of epithelial damage by SR 48968, as indicated
lenge by the same animals significantly attenuated théy the reduced number of ciliated cells in the BAL after the
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LAR, could also be involved in the attenuation of the lymphocytes and neutrophils in the airways, as also
development of AHR after this reaction. It is widely observed with SR 48968, SR 140333 inhibited the allergen-
accepted that epithelial damage and subsequent AHR magduced recruitment of eosinophils. Since we have previously
be induced by the release of eosinophil-derived cytotoxicshown that a pronounced infiltration of eosinophils, as well
mediators after allergen challenge [24,25]. The infiltrationas activation of these cells, is already present after the EAR
of eosinophils into the airways, however, appeared not to band sustains during the LAR [17,37], inhibition of these
inhibited by SR 48968. By contrast, we demonstrated thaevents by SR 140333 could contribute to the reduced AHR
SR 48968 did inhibit the influx of lymphocytes and neu- after both the EAR and the LAR. Our results are in line with
trophils, which might both be involved in the activation of observations that SP, by stimulating NiKeceptors, may
eosinophils [26,27]. Alternatively, neutrophils have the cause venular adherence [38], recruitment [8], and activation
capacity to generate enhanced levels of superoxide aniorf89] of eosinophils in the airways.
(O2) in patients with asthma, which correlates with the Finally, as airway oedema may contribute to allergen-
AHR to methacholine in these patients [28]. Since allergerinduced AHR because of thickening of the airway wall [40],
challenge in both patients [29] and guinea pigs [30] causemhibition of tachykinin-induced microvascular leakage
enhanced iNOS expression during the LAR, the reactiorafter allergen challenge by both NK41] and NK; [5,6]
product between iINOS-derived NO and Operoxynitrite  receptor antagonists may be important.
(ONOQ"), could be involved in allergen-induced epithelial Considering the beneficial effects of NKand NK,
damage and subsequent AHR after the LAR [31]. Since NOeceptor antagonists on the allergen-induced asthmatic reac-
production is deficient after the EAR [30], this might also tions, AHR after these reactions, and airway inflammation,
explain why the NK receptor antagonist was ineffective in these antagonists may be very useful in the treatment of
attenuating the AHR after this reaction. In this respect, it isallergic asthma. Since NKand NK; receptors are differen-
also important to note that tachykinins cause enhancetally involved in the processes mentioned above, especially
production of @ in guinea pig alveolar macrophages, combined treatment with both NKand NK; receptor
mainly by activation of NK receptors [32,33]. antagonists or treatment with a dual NKK, receptor

In contrast to SR 48968, SR 140333 was effective inantagonist could be favourable.
attenuating the AHR after both the EAR and the LAR. The
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