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ABSTRACT:  It is now well-established that sensory nerves stimulation in the air-
way induces bronchoconstriction and inflammation, but also protective reflexes,
such as coughing.  These effects are mediated through the release of tachykinins
(substance P and neurokinin A) and we have recently shown that SR 48968, a
tachykinin NK2-receptor antagonist, inhibited cough induced by citric acid.  In this
paper, we have studied the effects of SR 48968 administered by aerosol.  We have
also investigated the effects of SR 140333, a tachykinin NK1-receptor antagonist,
and the combination of both SR 48968 and SR 140333 to determine whether tachykinin
NK1 receptors are involved in cough.  Finally, we have studied the combined effects
of SR 48968 and salbutamol to find out whether the antitussive effect of SR 48968
is a consequence of the inhibition of bronchoconstriction.

Unanaesthetized guinea-pigs were placed in a transparent chamber and exposed
to an aerosol of citric acid (0.4 M).  The number of coughs was counted by visual
inspection and by determination of sounds and pressure variations in the chamber.
By the aerosol route, SR 48968 was an efficient antitussive and 16 times more potent
than codeine.  SR 140333 (0.1–1 mg·kg-1 i.p.) did not exert any antitussive effect but
it potentiated the maximal effect induced by SR 48968.  Finally, salbutamol, in a
dose (0.3 mg·kg-1) which inhibits bronchoconstriction, but not cough induced by cit-
ric acid, did not modify the antitussive effect of SR 48968.

In conclusion, our results demonstrate that NK2-receptor stimulation plays a pre-
dominant role in the regulation of cough reflex, at least in the guinea-pig, as shown
by the high potency and efficacy of SR 48968, a tachykinin NK2-receptor antago-
nist.  SR 140333, a NK1-receptor antagonist is unable to inhibit cough by itself, but
it potentiates SR 48968 in terms of efficiency.  Finally, as salbutamol did not mod-
ify the effect of SR 48968, it may be suggested that the antitussive effect of SR 48968
is not related to the inhibition of citric acid-induced bronchoconstriction.
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Tachykinins, especially substance P and neurokinin A
(NKA), are released from non-myelinated C-fibre end-
ings and play an important role in the physiopathology
of airway disease.  Substance P and neurokinin A have
been shown to participate in the regulation of airway
smooth muscle tone, airway mucus secretion, plasma pro-
tein extravasation, cell migration and facilitation of cholin-
ergic neurotransmission [1].  A role for the sensory
neuropeptide system has also been proposed in cough [2,
3], and KARLSSON [4] has suggested that the most impor-
tant function of tachykinins in the human respiratory tract
is to mediate protective reflexes.

We have demonstrated [5] that SR 48968, a nonpep-
tide tachykinin NK2 receptor antagonist, inhibited, in a
dose-dependent manner, the cough induced by inhalation
of an aqueous solution of citric acid in the unanaesthe-
tized guinea-pig, suggesting that tachykinin NK2 receptor
stimulation may play an important role in cough.  SR

48968, when given intraperitoneally, was approximate-
ly 150 times more potent than codeine, and, in contrast
to the latter, the effects of SR 48968 were not inhibited
by naloxone.  UJIIE et al., [6] demonstrated that both FK
888, an inhibitor of tachykinin NK1 receptors, and FK
224, an inhibitor of tachykinin NK1 and NK2 receptors,
inhibited phosphoramidon-induced cough in the guinea-
pig and concluded, in opposition to us, that substance P
and tachykinin NK1-receptor stimulation was predomi-
nant in causing cough.

The aim of this study was to further investigate the
role of tachykinin and tachykinin antagonists in cough.
Firstly, we investigated the effects of SR 48968 given
by aerosol.  Secondly, we examined the effects of SR
140333, a very potent, selective and nonpeptide tachykinin
NK1 receptor antagonist [7], and the combination of both
SR 140333 and SR 48968 on cough induced by citric
acid to determine which tachykinin receptor is involved
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in cough.  Finally, since SR 48968 can inhibit the citric
acid-induced bronchoconstriction in the guinea-pig [8],
we have studied the effects of salbutamol and the com-
bination of both salbutamol and SR 48968 on citric acid-
induced cough to determine whether the inhibition of
cough is linked to the inhibition of bronchoconstriction.

Materials and methods

Assay of antitussive activity

Unanaesthetized, unrestrained, tricoloured Hartley
guinea-pigs of both sexes, 250–400 g, were placed indi-
vidually in a body plethysmograph and exposed to a nebu-
lized aqueous solution of citric acid (0.4M).  Exposure
to saline caused no respiratory effect.  The aerosol was
produced by an ultrasonic nebulizer (DeVilbiss, Somerset,
PA, USA) and had an aerodynamic mass median dia-
meter of 1.8 µm (manufacturer's indications).  About 0.3
ml of the solution was nebulized per minute.  The ani-
mals were continuously watched by a trained observer,
who counted the number of coughs.  Coughs were also
detected simultaneously by a microphone placed in the
chamber and connected to an audio monitor.  Occurrence
of dyspnoea was not studied in these experiments.

The antitussive effects of SR 48968, codeine, SR
140333, salbutamol and their combinations were assessed
following intraperitoneal or aerosol administration.  The
animals which had intraperitoneal administration were
treated 30 min before challenge with citric acid 0.4 M
for 10 min for SR 140333 and SR 48968, and 5 min for
salbutamol.  For the animals which had aerosol adminis-
tration, citric acid and SR 140333, SR 48968 or codeine
were delivered simultaneously by inhalation for 2 min,
and the number of coughs was counted over the fol-
lowing 10 min, the guinea-pig being maintained in the
body plethysmograph.  The citric acid challenge was per-
formed only once for each guinea-pig in separate groups.
The animals were not selected.

Drugs

Drugs used were: codeine HCl, salbutamol sulphate,
sodium cromoglycate (Sigma, St Louis, MO, USA);  SR
48968 [(S)-N-methyl-[4-(4-acetylamino-4-phenyl piperidino)
-2-(3,4-dichlorophenyl)butyl]benzamide], SR 140333 (S)-
1-(2{3-{3,4-dichlorophenyl}-1-{3-isopropoxyphenylacetyl]
piperidin-3yl]ethyl)-4-phenyl-1-azoniabicyclo (2.2.2)
(Sanofi Recherche, Montpellier, France); citric acid (Pro-
labo, Paris, Prance).  All drugs were dissolved in 0.9%
saline, except for SR 140333 and SR 48968, which were
dissolved in 25% ethanol and then diluted in saline.

Expression of results and statistical analysis

Values are given as mean±SEM, unless indicated other-
wise.  The data were analysed first for normal distribu-
tion and then for statistical significance by parametric
analysis of variance (ANOVA) and post-hoc Bonferroni
test, with a p-value of less than 0.05 taken as significant.
Data were analysed by a computer using standard sta-
tistical packages.  When mentioned, a Student's t-test was
performed.

Results

Figure 1 shows that SR 48968 administered by aerosol
inhibits cough induced by citric acid.  The effective con-
centration of SR 48968 which inhibited cough by 50%
(EC50) was 0.052%.  Under similar conditions, codeine
induced a significant inhibition of cough at a concen-
tration of 4%.  EC50 was 0.822%.  SR 48968 was 16
times more potent that codeine.  In terms of molecular
weight, the ratio was 32.  SR 140333 (0.5%) failed to
inhibit the cough induced by citric acid.

Figure 2a shows that, when given by the i.p. route
(0.1–1 mg·kg-1), SR 140333 also failed to inhibit cough
induced by citric acid, but, when combined with SR
48968 it potentiated significantly (p<0.01, Student's t-
test) the efficiency of the latter (fig. 2b).

Fig. 1.  –  Effects of: a) SR 48968;  b) SR 140333;  and c) codeine administered by aerosol on citric acid-induced cough in unanaesthetized guinea-
pigs.  Citric acid and SR 140333, SR 48968 or codeine were delivered simultaneously by inhalation during 2 min, and the number of coughs was
counted during the following 10 min, the guinea-pig being maintained in the body plethysmograph.  The columns represent the mean±SEM of the
number of coughs.  Significant differences from control values are indicated as, *: p<0.05 using parametric analysis of variance and post-hoc
Bonferroni test.  Number of animals used for each group was 6–10.       : control (without pretreatment);       : SR 48968 0.05%;       : SR 48968
0.1%;       : SR 48968 0.5%;       : SR 48968 1%;       : SR 140333 0.5%;       : codeine 0.5%;       : codeine 1%;       : codeine 2%;       :
codeine 4%.



Finally, figure 3a shows that salbutamol (1–3 mg·kg-1

i.p.) could inhibit cough induced by citric acid and, in a
subefficient dose (0.3 mg·kg-1), did not modify the effect
of SR 48968 (fig. 3b).

Discussion

Reflex cough is usually considered to be mediated by
irritant receptors with myelinated afferents in the larynx
and slowly or rapidly adapting stretch receptors in the
tracheobronchial tree [3], but it has recently been found
that C-fibre endings may also be involved in reflex cough.

Thus, inhaled capsaicin, predominantly a C-fibre ending
stimulant, causes cough in man and in guinea-pig [9–11].
Inhalation of a citric acid aqueous solution is known to
cause cough in guinea-pig and man, and this response
seems to involve sensory mechanisms, since it is inhi-
bited in the guinea-pig by pretreatment with high con-
centrations of capsaicin which causes degeneration of
sensory nerves [2, 3].  Citric acid can also induce dysp-
noea, and may depend on chemosensitive C-fibres affer-
ents since it was observed in capsaicin pretreated animals
[10].  Nevertheless, this pretreatment did not affect the
dyspnoea caused by administration of exogenous NKA
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Fig. 2.  –  Effects of: a) SR 140333 (0.1–1 mg·kg-1);  and b) SR 48968 (0.3 mg·kg-1) alone or associated with SR 140333 (1 mg·kg-1) on citric
acid-induced cough in unanaesthetized guinea-pigs.  The animals were exposed to a nebulized aqueous solution of citric acid (0.4 M) for 10 min.
The drugs were administered 30 min before the citric acid challenge.  The columns represent the mean±SEM of the number of coughs.  Significant
differences from control values are indicated as, *: p<0.05 using parametric analysis of variance and post-hoc Bonferroni test.  Significant differ-
ence from SR 48968 values is indicated as, †: p<0.01 by unpaired two-tailed Student's t-test.  Number of animals used for each group was 6–8.  

: control;       : SR 140333 0.1 mg·kg-1;       : SR 140333 1 mg·kg-1;       : SR 48968 0.3 mg·kg-1;       : SR 48968 0.3 mg·kg-1 + SR
140333 1 mg·kg-1.

Fig. 3.  –  Effects of: a) salbutamol (0.3–3 mg·kg-1);  and b) SR 48968 (0.3 mg·kg-1) alone or associated with salbutamol (0.3 mg·kg-1) on citric
acid-induced cough in unanaesthetized guinea-pigs.  The animals were exposed to a nebulized aqueous solution of citric acid (0.4 M) for 10 min.
SR 48968, SR 140333 were administered 30 min and salbutamol 5 min before the citric acid challenge.  The columns represent the mean±SEM of
the number of coughs.  Significant differences from control values are indicated as, *: p<0.01 using parametric analysis of variance and post-hoc
Bonferroni test.  Number of animals used for each group was 5–7.  : control;  : salbutamol 0.3 mg·kg-1;  : salbutamol 1 mg·kg-1;

: salbutamol 3 mg·kg-1; : SR 48968 0.3 mg·kg-1; :SR  48968 0.3 mg·kg-1 + salbutamol 0.3 mg·kg-1.
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or neurokinin B (NKB) [12].  Involvement of sensory
neuropeptides in reflex cough has also been demonstrat-
ed by KOHROGI et al. [13], TAKAHAMA et al. [14] and UJIIE

et al. [6], who showed that substance P [13], NKA [14],
and phosphoramidon [6] induced cough in the guinea-
pig.  However, a direct tussigenic effect of substance P
or NKA has not yet been demonstrated in man [15].
Finally and interestingly, to demonstrate that tachykinins
play a role in cough, HATHAWAY et al. [16] have report-
ed that, in heart-lung transplant patients, inhaled capsaicin
was unassociated with coughing, whereas all normal and
asthmatic subjects they tested coughed with capsaicin.

A new method of studying the role played by tachykinins
in the mechanism of citric acid- or phosphoramidon-
induced cough is to use antagonists of neurokinins.  SR
48968, a tachykinin NK2 receptor antagonist [17, 18]
administered intraperitoneally is a potent antagonist of
citric acid-induced [5], or capsaicin-induced [19] cough.
Similarly, the long-acting peptide tachykinin antagonist
MEN 10627 has been shown to inhibit cough and bron-
choconstriction induced by inhalation of ovalbumin in
sensitized guinea-pigs [20].  UJIIE et al. [6] have shown
that FK 224, an antagonist both of NK1 and NK2 recep-
tors, and FK 888, an antagonist of NK1 receptors, inhi-
bit cough induced by phosphoramidon, tobacco smoke
or substance P, whereas, FAHY et al. [21] failed to observe
an effect of CP-99,994, an antagonist of NK1 receptor,
on cough induced by inhalation of saline of increasing
osmolarity in asthmatic patients.

In the present study, we have shown, in addition to
our previous study [5], that SR 48968 is also active when
administered as aerosol; but when this route was used,
the difference in potency with codeine seemed to be
slightly smaller than the one we observed when the com-
pounds were given intraperitoneally, where SR 48968
was found to be 150 times more potent than codeine [5].

The second purpose of this work was to further inves-
tigate the type of receptor involved in the link between
tachykinins and cough.  We have shown that SR 140333,
a very potent nonpeptide antagonist of NK1 receptor [7]
has no antagonistic effect on citric acid-induced cough
when given by aerosol or by the intraperitoneal route,
but is able to potentiate the protective effect of SR 48968.
When both drugs were given by the  i.p. route, the poten-
tiation actually concerned the efficiency of SR 48968.
We have previously shown [5] that the maximum effect
of SR 48968 was observed in doses of 0.3 mg·kg-1, that
its inhibition of the citric acid effects was in the order
of 61%, and that its maximum effect was similar to that
of codeine.  In the present study, we showed that the
SR 140333 and SR 48968 association exerted on the
citric acid effect a significantly superior maximum
inhibitory effect (about 82%), and that in terms of effi-
ciency it was superior to codeine.  Such a potentiation
is difficult to explain, but it has already been observed
in other experimental models, such as the inhibition of
the bronchoconstriction induced by intravenous SP, NKA,
capsaicin or resiniferatoxin in the guinea-pigs [22–24],
or by inhalation of ovalbumin in sensitized animals [25].

Our results on the lack of effect of SR 140333 on
cough induced by citric acid in the guinea-pig are in

agreement with the results obtained in asthmatic patients
by FAHY et al. [21], who have shown that the NK1 recep-
tor antagonist CP-99,994, did not inhibit bronchocon-
striction and cough induced by inhalation of aerosols of
increasing osmolarity.  Our results, however, are in con-
flict with those of UJIIE et al. [6], who showed that FK
888, an antagonist of NK1 receptors, inhibits the cough
induced by intraperitoneal phosphoramidon and by ciga-
rette smoke.  It must be noted that FK 888 has signifi-
cant effects on citric acid-induced cough only when it is
given in concentrations of at least 10-7 M, and that 10-5

M is necessary to inhibit cigarette smoke-induced cough.
Such concentrations seem to be high in view of the poten-
cy of the NK1 antagonistic effect since a pA2 (the neg-
ative logarithm of the molar concentration of antagonist
in the presence of which the potency of the agonist is
reduced by 2 times) of 9.29 has been reported in the
guinea-pig ileum in vitro [26].  Data concerning the NK2
effect of FK 888 are rare, and the only functional eval-
uation of FK 888 activity on NK2 receptors has been
carried out in vitro on rat vas deferens (concentration
producing 50% inhibition (IC50) =11 µM) [26].  In the
study by UJIIE et al. [6], in the absence of in vivo exper-
iments aimed at evaluating the NK2 activity in the guinea-
pig, notably with FK 888 given as aerosol, a component
of NK2 receptor antagonists cannot be excluded in the
effects of FK 888, which might act alone or associated
with the NK1 blocker effect.

Our third purpose in this work was to determine whether
inhibition of citric acid-induced cough was related to cit-
ric acid-induced bronchoconstriction.  SATOH et al. [8],
found that, in the guinea-pig, SR 48968 inhibited the
bronchoconstriction induced by citric acid in doses sim-
ilar to those that we had observed for the inhibition of
cough.  Dissociation between cough and bronchocon-
striction has clearly been demonstrated by FORSBERG et
al. [27] who, in agreement with FULLER and COLLIER [28]
and JACKSON [29], showed that sodium cromoglycate
inhibited bronchoconstriction but not citric acid-induced
cough, whereas lidocaine inhibited cough but not bron-
choconstriction.  In this paper, we have shown that salbu-
tamol exerted an antitussive effect in doses of 1–3 mg·kg-1,
i.e. doses that were considerably higher than those which
exerted bronchodilator effects in the guinea-pig.  The
effective dose producing 50% inhibition (ED50) of the
bronchodilator effect of salbutamol versus histamine is
0.6 µg·kg-1 [30].  Consequently, we have pretreated ani-
mals with salbutamol at a dose (0.3 mg·kg-1) which is
not antitussive, but presents marked bronchodilator effects.
Under these conditions, SR 48968 was still efficient
against cough induced by citric acid.  These data enable
us to conclude that SR 48968 probably exerts its anti-
tussive effect independently of its antagonistic effect on
bronchoconstriction and, therefore, is capable, unlike sodi-
um cromoglycate, salbutamol or lidocaine, of inhibiting
simultaneously and within the same dose-range cough as
well as bronchoconstriction

In conclusion, our results demonstrate the absence of
antitussive effect of the NK1-receptor antagonist, SR
140333, when given alone, but that this drug can poten-
tiate the effects of the NK2 antagonist SR 48968.  This



suggests that NK2-receptor stimulation might play a pre-
dominant role in the regulation of reflex cough, at least
in the guinea-pig, and that NK2 tachykinin antagonists or
their combination with NK1 receptor antagonists might
be of interest for the treatment of cough or of the "sen-
sory hyperresponsiveness" suggested by GARLAND and
ADCOCK [31] and KARLSSON [4].  Furthermore, since sal-
butamol at doses which inhibit bronchoconstriction did
not modify the antitussive effect of SR 48968, it may be
suggested that the antitussive effect of SR 48968 is un-
related to the inhibition of citric acid-induced broncho-
constriction.
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