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Summary

Background When stimulated, excitatory nonadrenergic noncholinergic (e-NANC)

nerves locally release tachykinins like Neurokinin (NK) A and Substance P, causing

neurogenic inflammation and airway obstruction via activation of specific NK-1 and NK-2

receptors. The recently developed nonpeptide NK-2 receptor antagonist SR 48968C has a

high affinity for the NK-2 receptor, and is a strong and selective antagonist of NK-2

receptor mediated airway obstruction.

Objective and methods In a placebo-controlled cross-over study, we investigated the

effect of SR 48968C, administrated orally once-daily in a dosage of 100 mg during 9 days,

on airway responsiveness to adenosine 5 0-monophosphate (AMP) in 12 allergic asthmatic

patients. Furthermore, we assessed its effect on airway obstruction, by measuring FEV1 on

the first and last day of each treatment period and by peak flow registration at home

throughout the study period.

Results and conclusion SR 48968C had no significant effect on PC20AMP or on FEV1

measured on day 1 and 9, and morning and evening peakflow measured at home on day

2±8. Thus, although SR 48968C was administrated in a dosage that might cause a

demonstrable blocking effect on airway NK-2 receptors in asthma, it did not have a

significant bronchodilatory or bronchoprotective effect against adenosine hyperrespon-

siveness in this study. Further studies are needed to assess the value of SR 48968C and

other NK receptor antagonists in the treatment of asthma
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Introduction

The possible role of excitatory nonadrenergic noncholinergic

nerve (e-NANC) pathways in the pathogenesis of airway

inflammation and bronchial hyperresponsiveness in asthma

has been subject of extensive research in recent years [1]. A

dense sensory nerve network, consisting of unmyelinated

C-fibres, has been demonstrated to be present subepithelially

in animal and human airways. The tachykinins substance P

(SP), neurokinin A (NKA) and neurokinin B (NKB) are

expressed, costored and coreleased from these capsaicin-

sensitive nerves.

Stimulation of fibre endings via airway epithelium by

irritant or chemical triggers such as cigarette smoke,

capsaicin, histamine and bradykinin leads to release of

these neuropeptides, which exert their effects via interac-

tion with three types of tachykinin receptors, the neurokinin

(NK)-1, NK-2 and NK-3 receptors [2]. SP, NKA and NKB

have predominant affinity for the NK-1, NK-2, and NK-3
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receptors, respectively, but all tachykinins can act as full

agonist for these receptors. Activation of NK-1 receptors

mediates effects like vasodilation, plasma extravasation,

inflammatory cell recruitment, and airway mucus secretion.

These effects are known by the term neurogenic inflamma-

tion. Activation of NK-2 receptors by NKA results in

contraction of airway smooth muscle.

In normal and asthmatic subjects, SP and NKA are

present in bronchoalveolar lavage (BAL) fluid [3±4]. In

some studies increased amounts of SP have been demon-

strated in BAL fluid and sputum of asthmatic subjects [3,4].
In one study, however, NKA was shown to be the

predominant tachykinin in human BAL fluid [5]. Further-

more, increased expression of NK-1 and NK-2 receptor

mRNA in bronchial tissue has been demonstrated in

asthmatic subjects [6±7]. Asthmatics are more sensitive

to the bronchoconstrictive effect of NKA than healthy

individuals [8]. They also show an increased bronchial

responsiveness to histamine 24 h after inhalation of SP [9].

Thus, by their presence and ability to elicit relevant

pathophysiological effects in the airways, tachykinins fulfil

two important criteria as possible mediators in asthma.

The development of potent and highly selective tachy-

kinin receptor antagonists has made it possible to further

examine the contribution of e-NANC nerve pathways to the

pathophysiology of asthma. These agents may constitute a

potential new class of anti-asthma drugs [10].

The recently developed nonpeptide NK-2 receptor

antagonist SR 48968C has a high affinity for the NK-2

receptor, and has been shown to be a strong and selective

antagonist of NK-2 receptor mediated bronchoconstriction

[11]. A single dose of this drug has been shown to

effectively inhibit neurokinin-A-induced bronchoconstric-

tion in asthmatics [12].

In a placebo-controlled cross-over study we investigated

the effect of SR 48968C, after once-daily oral administra-

tion of 100 mg, for 9 days. We did not only investigate its

bronchodilator effect, but also its bronchoprotective effect

on the indirect bronchoconstrictor stimulus adenosine 5 0-
monophosphate (AMP). Several studies have demonstrated

that AMP hyperresponsiveness is as useful a marker of

disease activity in asthma as histamine or methacholine

hyperresponsiveness [13]. AMP acts as a bronchoconstric-

tor via histamine release from mast cells, and there is also

evidence that AMP may cause bronchoconstriction via

stimulation of tachykinin releasing sensory nerves [14].

Thus the NK-2 receptor antagonist SR 48968C might

inhibit AMP-induced bronchoconstriction by blocking the

effect of NKA released from these nerves. We assessed the

effect of SR 48968 on bronchial obstruction in these

patients by measuring FEV1 on the first and last day of each

treatment period and by peak flow registration at home

throughout the study period.

Methods

Subjects (Table 1)

Twelve non-smoking allergic asthmatic patients gave their

informed consent to participate in the study. Male subjects,

18±50 years, were selected on a history of episodic

wheezing, consistent with the diagnosis of asthma with

no other concomittant illness, house-dust mite allergy as

documented by elevated specific IgE (RAST $ 2 PRU/mL),

baseline FEV1 $ 60% and # 90% of the predicted value

[15], an increase in FEV1 of at least 15% after 800 mg of

inhaled salbutamol, the presence of bronchial hyperrespon-

siveness (BHR), defined by a methacholine PC20 # 8 mg/

mL. Their weight had to be within 20% of ideal body

weight. Short courses of oral corticosteroids had not been

used within 2 months, inhaled corticosteroids not within

3 months, and cromoglycate, methylxanthines, long-acting

beta-2-agonists or antihistamines not within 2 weeks prior

to the study. Throughout the study no drugs other than the

study drugs were allowed exept inhaled short-acting beta-2-

agonists or ipratropiumbromide on an `if needed' basis. The

study was approved by the hospital ethics committee.

Pulmonary function and inhalation provocation test

Slow inspratory vital capacity (VC) and FEV1 were

measured with a water-sealed spirometer (Lode, the

Netherlands). Airway responsiveness was assessed by a

methacholine bromide (PC20Mch) or adenosine 5 0-mono-

phosphate (AMP) provocation test [16]. The challenge was

started with a saline inhalation followed by inhalations of

doubling concentrations of MCh bromide (0.038±19.6 mg/

mL) or AMP (0.04±640 mg/mL), at 5-min intervals. Single

Table 1 Patients characteristics

Number 12

Age (range), years 30 (19±47)

Height (range), cm 183 (175±197)

Weight (range), kg 82 (65±100)

Baseline FEV1 (SEM), % pred. 80 (2)

± Reversibility (%)* 20 (2)

PC20 methacholine (range), mg/mL 1.86 (0.06±2.9)

Medication before study

± Inhaled û2-agonist if needed (n) 11

± Inhaled corticosteroõÈds (n)² 6

± Cromoglycate (n) 2

* Change in FEV1 in percentage from baseline after inhalation of

salbutamol 800 mg via dose-inhaler with spacer.

² Inhaled corticosteroids were withdrawn 3 months before the

start of the study.
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FEV1 values were measured 30 and 90 s after each

inhalation of MCh or AMP. The inhalations were stopped

as soon as the fall in FEV1 was 20% from baseline FEV1 or

when the highest inhalation concentration was reached.

Study design

The study was performed using a randomized, double

blind, placebo-controlled, cross-over design. Patients were

randomly allocated in order to constitute two sequences of

either placebo-SR 48968C (six patients) or SR 48968C-

placebo (six patients). The two study periods were

separated by a washout period of 1±3 weeks. Patients

visited the clinic on study days 1 and 9 of each treatment

period, and stayed overnight at the clinic from day 9 to day

10. Capsules of SR 48968C (four capsules of 25 mg each)

or placebo (four capsules) were taken orally at 08.00 on

study days 1, 9 and 10, and at 07.00±09.00 on study days

2±8, after overnight fasting. The use of an inhaled short-

acting beta-2-agonist or ipratropiumbromide was allowed

during the study, except for the measurement days in the

hospital, from 8 h prior to the first lung function test. No

other treatment was allowed during the whole study period.

The patients did not drink caffeine-containing beverages on

the hospital study days.

On study days 1 and 9 FEV1 measurements were made at

1 h before and each 10 0 during the first hour, and

consequently every hour until 10 h after study drug intake.

On study day 9 FEV1 was measured at 11 h, 12 h, 13 h,

14 h, 20 h and 24 h post-dose. Finally, on day 10 an AMP

challenge was performed 1 h after taking the study drug.

On days 2±8 patients measured morning (between 07.00

and 09.00) peak flow (Mini-Wright) before and 30 min

after drug intake and in the evening at 20.00.

Statistical analysis

Logarithmic transformation of the AMP PC20 was carried

out before statistical analysis. The sequential FEV1 values

for each measurement day were transformed to a single

area under the curve value. Comparison between the effect

parameters of the two treatment periods was carried out

using anova. This includes testing on sequence effects, and

residual effects of the first treatment on the second

treatment. Data are expressed in mean ^ SEM.

Results

Spirometry and peak flow measurements at home

Baseline FEV1 values (% of predicted ^ SEM) in the two

treatment sequence groups (SR 48968C-placebo or vice

versa) were 76 ^ 5 and 81 ^ 5, respectively (n.s.). There

was a small but significant difference in AUC-FEV1 values

measured on day 9 between the two treatment sequences.

This effect was caused by a small increase in FEV1 on day

9 in both treatment periods in the patients who were in

sequence placebo-SR, as opposed to a trend towards

decrease on this day in the patients in sequence SR-

placebo. No such effect was observed on treatment day 1.

There was no significant residual effect of either of the

treatments.

Effects of SR 48968C, and placebo, on FEV1 (% of

predicted), measured after the first dosage (day 1) and after

8 days of treatment (day 9) are shown in Table 2. The peak

flow measurements, recorded at home on days 2 and 8, are

shown in Table 3. There were no significant treatment

effects on FEV1, expressed as AUC-FEV1, neither was

there a significant effect on peak flow values during the

whole treatment period.

Effect on PC20-AMP

The effects of SR 48968C and placebo on PC20-AMP, as

measured at day 9 of each treatment period, are presented

in Table 4. Individual values and the geometric mean

values are presented. PC20-AMP could not be obtained in

Table 2 Effect of SR 48968C vs. placebo on FEV1

SR 48968C Placebo

FEV1, % predicted Day 1 Day 9 Day 1 Day 9

Baseline 77 ^ 4 77 ^ 5 80 ^ 3 76 ^ 4

30 min 79 ^ 5 78 ^ 4 79 ^ 3 77 ^ 4

1 h 78 ^ 4 75 ^ 4 78 ^ 4 77 ^ 4

6 h 81 ^ 4 80 ^ 4 80 ^ 4 80 ^ 3

10 h 77 ^ 4 81 ^ 4 77 ^ 3 76 ^ 4

20 h 77 ^ 5 76 ^ 4

24 h 81 ^ 4 78 ^ 3

FEV1 values are expressed as percentage predicted (^ SEM).

Table 3 Effect of SR 48968C vs. placebo on peak flow measured

at home

SR 48968C Placebo

Peak flow,% predicted Day 2 Day 8 Day 2 Day 8

Morning

± Baseline 83 ^ 5 89 ^ 3 83 ^ 4 84 ^ 4

± 30 0 after drug

Evening

86 ^ 4

93 ^ 3

89 ^ 4

94 ^ 3

86 ^ 4

91 ^ 3

88 ^ 4

92 ^ 3

Peak flow values are expressed as percentage predicted (^ SEM).
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two subjects, because FEV1 already decreased by 20% after

the control saline inhalation at the start of AMP provoca-

tion. In these cases, we used for statistical purposes the

lowest AMP inhalation provocation concentration

(0.02 mg/mL). We found no significant treatment effect

on the PC20-AMP.

Discussion

In the present study we investigated the effect of the

nonpeptide NK-2 receptor antagonist SR 48968C on

bronchial obstruction in stable allergic asthmatic patients.

Because SR 48968C might also offer protection against

bronchoconstrictory stimuli (especially stimuli caused via a

neuronal reflex mechanism) while not having a clear

bronchodilatating effect, we also studied the effect of this

drug on bronchial hyperresponsiveness, as assessed with

AMP provocations.

We selected AMP as a bronchoconstrictor agent because

it has been shown that AMP hyperresponsiveness is a

useful marker of disease activity in asthma. In addition

there is evidence that activation of neural pathways and

release of tachykinins by these nerves might contribute to

the bronchoconstriction induced by AMP [14].

We did not find any improvement in lung function nor in

AMP-responsiveness after 9 days of oral treatment with SR

48968C, 100 mg orally once daily. It is known from

in-vitro studies that SR 48968C has a high affinity for

NK-2 receptors in various species including man [11,17]. It

potently antagonizes NK-2 receptor mediated bronchocon-

striction of isolated guinea pig and human airway smooth

muscle [11]. SR 48968C produces a dose-dependent

inhibition of bronchoconstriction induced by NKA in

anaesthetized guinea pigs [18]. It also has been found to

have an inhibitory effect on the NK-2 receptor-mediated

component of bronchoconstriction caused by inhaled citric

acid [19], capsaicin [20] and ovalbumine (in ovalbumine-

sensitized animals [21]). In a recent study in allergic

asthmatic subjects by van Schoor et al. an oral dose of

100 mg SR 48968C protected significantly against bronch-

oconstriction induced by inhaled NKA [12].

Thus the oral dosage of 100 mg SR 48968C is sufficient

to deliver a significant blockade of airway smooth muscle

NK-2 receptors in man. Consequently, one might presume

that SR 48968C, when administered in this way, is an

appropriate pharmacological agent to investigate the NK-2

receptor mediated component of the bronchial obstruction

and BHR in allergic asthma. The lack of efficacy of SR

48968C in our study can therefore not easily be explained

by the the dose of the drug, although it might still be

possible that higher dosages or longer treatment duration

might elicit bronchodilatory or bronchoprotective effects.

There is abundant evidence to consider a possible role

of tachykinins in the pathophysiology of asthma and

bronchial hyperresponsiveness. NKA has been demon-

strated in bronchoalveolar fluid of normal and asthmatic

subjects, and in one study it appeared to be the predominant

tachykinin in BAL fluid [5]. In another study increased

amounts of SP-immunoreactivity were demonstrated in

BAL fluid and induced sputum of asthmatics when com-

pared to nonasthmatic subjects, with a further rise after

allergen challenge [3]. In asthmatic subjects, increased

expression of NK-1 and NK-2 receptor mRNA in bronchial

tissue has been demonstrated [6±7]. Asthmatics are more

sensitive to the bronchoconstrictive effect of NKA than

healthy individuals [8, 22]. Furthermore, asthmatics show

an increased bronchial responsiveness to histamine 24 h

after inhalation of SP [9].

In animal studies NK receptor antagonists have been

demonstrated to prevent allergen and toluene diisocyanate-

induced bronchial hyperresponsiveness. SR 48968C, as a

selective NK-2 receptor antagonist, was effective in pre-

venting the allergen induced bronchial hyperresponsiveness

in guinea pigs [21], whereas the NK-1 specific receptor

antagonist RP 67580 was effective in mice [23]. These

results underline the possibilty that species differences exist

in the contribution of the different types of NK receptors in

NANC nerve pathways.

It follows from the evidence accumulated in the above

mentioned previous research, that even when treatment of

asthma patients with SR 48968C in a higher dosage or for a

longer treatment duration would not result in improvement

of AMP reponsiveness or FEV1, still, additional investiga-

tions are necessary to gain more insight into the role of

Table 4 Effect of nine days treatment with SR 48968C vs.

placebo on PC20-AMP

Patient

SR 48968C

PC20 AMP,mg/mL

Placebo

PC20 AMP,mg/mL

1 0.02 0.75

2 9.49 5.37

3 6.10 0.47

4 0.02 0.03

5 5.89 2.93

6 2.95 1.39

7 0.60 0.34

8 44.2 27.8

9 101 67.4

10 1.29 2.12

11 18.3 14.5

12 6.47 6.02

Geometric mean 2.75 2.37

Mean 2log (PC20) 1.46 (1.11)* 1.25 (0.98)*

*SEM
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NK-receptor mediated pathways in the pathophysiology of

asthma. For example, the effect of NK-receptor blocking

agents on other parameters such as allergen-induced hyper-

responsiveness, and subjective asthma symptoms such as

chest thightness and cough, should be studied. Furthermore,

from the above noted species differences that appear to be

present in the contribution of the various types of NK

receptors in the NANC nerves, it may concluded that studies

with combined NK-1 and NK-2, or even NK-1, NK-2 and

NK-3, receptor antagonist have to be carried out to demon-

strate or rule out the posible role of NANC nerves in asthma.

In conclusion, SR 48968C, when given orally for 9 days

in allergic asthmatic patients, did not have a significant

bronchodilatory effect or a bronchoprotective effect against

adenosine hyperresponsiveness in this study. It is clear that

further research is necessary to obtain more insight into the

role of tachykinins in asthma and the possible place of NK

receptor antagonists in the treatment of this disease.
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