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Transient receptor potential ankyrin receptor 1
is a novel target for pro-tussive agentsbph_438 1621..1628
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Background and purpose: The transient receptor potential ankyrin receptor 1 (TRPA1) is a cation channel, co-expressed with
the pro-tussive transient receptor potential vanilloid type 1 (TRPV1) channel in primary sensory neurons. TRPA1 is activated by
a series of irritant exogenous and endogenous a,b-unsaturated aldehydes which seem to play a role in airway diseases. We
investigated whether TRPA1 agonists provoke cough in guinea pigs and whether TRPA1 antagonists inhibit this response.
Experimental approach: Animals were placed in a Perspex box, and cough sounds were recorded and counted by observers
unaware of the treatment used.
Key results: Inhalation of two selective TRPA1 agonists, allyl isothiocyanate and cinnamaldehyde, dose-dependently caused
cough in control guinea pigs, but not in those with airway sensory nerves desensitized by capsaicin. Coughs elicited by TRPA1
agonists were reduced by non-selective (camphor and gentamicin) and selective (HC-030031) TRPA1 antagonists, whereas
they were unaffected by the TRPV1 antagonist, capsazepine. Acrolein and crotonaldehyde, two a,b-unsaturated aldehydes
recently identified as TRPA1 stimulants and contained in cigarette smoke, air pollution or produced endogenously by oxidative
stress, caused a remarkable tussive effect, a response that was selectively inhibited by HC-030031. Part of the cough response
induced by cigarette smoke inhalation was inhibited by HC-030031, suggesting the involvement of TRPA1.
Conclusions and implications: A novel pro-tussive pathway involves the TRPA1 channel, expressed by capsaicin-sensitive
airway sensory nerves and is activated by a series of exogenous (cigarette smoke) and endogenous irritants. These results
suggest TRPA1 may be a novel target for anti-tussive medicines.
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Introduction

Cough, activated by a variety of potentially harmful stimuli,
is initiated by activation of myelinated Ad-fibres with a con-
tribution of non-myelinated C-fibres. Tussive stimuli act via
multiple mechanisms, as different irritants may target various
membrane receptors or ionic channels expressed in the
plasma membrane of sensory neurons innervating both the
upper and lower airways. These include the transient receptor
potential vanilloid type 1 (TRPV1) (Anderson, 2004; Adcock,
2009; Materazzi et al., 2009); nomenclature follows Alexander
et al., 2008), which is a non-selective cation channel belong-

ing to a larger mammalian superfamily of 28 TRP ion chan-
nels (Caterina et al., 1999; Nilius, 2007). TRPV1 is activated by
capsaicin, the hot principle contained in the plants of the
genus Capsicum, and by the ultrapotent agonist, resinifera-
toxin (RTX) (Szallasi and Blumberg, 1989), noxious heat, low
extracellular pH and certain lipid derivatives (Bevan and Gep-
petti, 1994; Hwang et al., 2000). Capsaicin is one of the com-
monest stimuli for cough provocation test in experimental
animals (Lalloo et al., 1995; Trevisani et al., 2004) and in
humans (Collier and Fuller, 1984; Laude et al., 1993), and
sensitivity to capsaicin-evoked cough is increased in a variety
of respiratory diseases, including asthma and chronic obstruc-
tive pulmonary disease (COPD) (Wong and Morice, 1999;
Doherty et al., 2000). Thus, TRPV1 has been suggested to
contribute to cough generation in different pathological con-
ditions, and is, thereby, considered as a major target for novel
anti-tussive drugs.
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In addition to TRPV1, other excitatory TRP channels are
expressed on terminals of primary sensory neurons, including
TRPV2, TRPV3 and TRPV4 channels, which are gated by
warm, non-noxious and noxious temperatures, and small
reductions in tonicity, respectively (Nilius, 2007). More
recently, the TRP ankyrin 1 (TRPA1) channel which seems to
act as a sensor of oxidative stress (Trevisani et al., 2007; Ander-
sson et al., 2008; Bessac et al., 2008; Materazzi et al., 2008;
Taylor-Clark et al., 2009a) has been identified as being
co-expressed with TRPV1 in sensory neurons (Story et al.,
2003; Nagata et al., 2005). All these TRP channels could, in
principle, trigger the cough reflex, and this hypothesis may be
tested by using selective channel agonists and antagonists.

A series of isothiocyanates and thiosulphinate compounds
and cinnamaldehyde, which are the pungent ingredients
found in mustard and cinnamon, respectively, have recently
been recognized as selective TRPA1 stimulators (Bandell et al.,
2004; Jordt et al., 2004; Bautista et al., 2006). In addition,
acrolein (Bautista et al., 2006) and crotonaldehyde (Andre
et al., 2008), two a,b-unsaturated aldehydes that are con-
tained in cigarette smoke (Facchinetti et al., 2007) and con-
tribute to environmental pollution, or are produced by lipid
peroxidation that follows oxidative stress (Aldini et al., 2007)
have been shown to selectively stimulate TRPA1. Recently, the
first selective TRPA1 antagonist has been reported (McNamara
et al., 2007).

Because TRPA1 receptors are exclusively expressed in a sub-
population of TRPV1-expressing neurons (Story et al., 2003;
Nagata et al., 2005), we reasoned that activation of these
neurons by TRPA1 activators might evoke cough in a manner
similar to that which follows TRPV1 stimulation. To test this
hypothesis, guinea pigs were challenged with a series of
TRPA1 agonists and antagonists.

Methods

Animals
All animal care and experimental procedures complied with
the national guidelines and were approved by the regional
ethics committee. Male Dunkin–Hartley guinea pigs (250–
350 g, Pampaloni, Pisa, Italy) were acclimatized in cages (24 �

0.5°C) for 1 week before the beginning of the experiments,
and were allowed free access to water and standard rodent diet
(Morini, Reggio Emilia, Italy).

Experimental set-up
After a period of acclimatization to laboratory conditions, the
animals were individually placed in a transparent Perspex box
(20 ¥ 10 ¥ 10 cm, Vetrotecnica, Padova, Italy) ventilated with
a constant airflow of 400 mL·min-1. All compounds tested
were nebulized via a mini-ultrasonic nebulizer (model 2511;
PulmoSonic, DeVilbiss, Somerset, PA, USA). The particle size
produced had an aerodynamic mass median diameter of
0.9 mM, and the output of the nebulizer was 0.4 mL·min-1.
Waves of cough sounds were monitored and recorded
through a microphone (Sony, Tokyo, Japan) connected to a
personal computer and analysed by an appropriate software
during the 10 min exposure to the various stimuli. By

recording the waves of cough sounds, we could differentiate
true cough from sneezing. The number of coughs were also
confirmed by the characteristic posture of the animal, and
counted by observers unaware of the treatment used.

Study protocols
All experiments were carried out at the same time: 0900 h.

All the agonists and antagonists used in the present study
were administered by aerosol. The ability of TRPA1 agonists to
elicit cough was determined by exposing guinea pigs to an
aerosol of allyl isothiocyanate (1–30 mM), cinnamaldehyde
(10–30 mM), acrolein (10 mM), crotonaldehyde (10 mM) or
their vehicles for 10 min (see Figures 1A–3). Non-selective or
selective TRPA1 or TRPV1 antagonists were used to prevent
cough elicited by the agonists. These included: ruthenium red
(3 mM), (+)camphor (1 mM), gentamicin (100 mM), HC-
030031 (0.3 mM) and capsazepine (10 mM).

In preliminary experiments, we found that 10 mM cap-
sazepine aerosolized 10 min before the initiation of the
agonist challenge and aerosolized for additional 10 min
together with the agonist, selectively reduced the cough
response evoked by TRPV1 stimulation. Thus, this same pro-
cedure was adopted in all the experiments in which we used
capsazepine and all the other antagonists. Practically, in the
present study, guinea pigs were exposed to the aerosolized
antagonist for 10 min, and immediately after (~1 min) an
aerosol containing the antagonist and the agonist was deliv-
ered for an additional 10 min (Figure 1B). We would like to
emphasize that the antagonist administration procedure
described was different from that used in our previous publi-
cation (Trevisani et al., 2004). In that study, capsazepine was
administered only once to guinea pigs, 10 min prior to the
cough challenge with capsaicin. The present procedure
allowed us to use lower concentrations of all tested antago-
nists, and appeared to be more selective.

The aerosolized concentrations of capsazepine and ruthe-
nium red [10 mM and 3 mM (~0.3%), respectively] were
chosen on the basis of their activity as reported in two previ-
ous studies (Bolser et al., 1991; Gatti et al., 2006). Aerosolized
concentrations of gentamicin, (+)camphor and HC-030031
were selected on the basis of their solubility in isotonic saline,
dimethyl sulphoxide (DMSO) and DMSO plus Tween-80
respectively. Thus, the highest concentrations (100 mM for
gentamicin, 1 mM for (+)camphor and 0.3 mM for
HC-030031, respectively) obtainable in these solvents were
used. To assess selectivity of (+)camphor and gentamicin,
these antagonists were also employed against cough induced
by RTX (0.5 mM), an ultrapotent and selective agonist of the
TRPV1 receptor (Szallasi and Blumberg, 1989) (treatment
schedule in Figure 1B). In another set of experiments, guinea
pig airways were desensitized to capsaicin according to the
following protocol: the animals were exposed for 10 min to
aerosolized capsaicin (30 mM) once a day, for three consecu-
tive days. Two hours after the last capsaicin administration (at
day 3), an additional capsaicin challenge (30 mM for 10 min)
was performed (see schedule in Figure 1D). Absence of cough
response to this last challenge indicated desensitization to
capsaicin. In order to assess whether allyl isothiocyanate
(10 mM), cinnamaldehyde (30 mM) or RTX (0.5 mM) were
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able to elicit cough in capsaicin-desensitized animals, these
agonists were aerosolized for 10 min to animals 30 min after
the fourth capsaicin treatment. In preliminary experiments,
we confirmed that ruthenium red, (+)camphor, gentamicin,
HC-030031 and capsazepine, at the doses used in the present
study, were not able to cause any significant cough response
(not shown).

In a different set of experiments, room air or cigarette
smoke (obtained from the filter end of Marlboro Red ciga-
rettes, 12 mg tar, 0.9 mg nicotine each) was delivered into a
Perspex box (20 ¥ 10 ¥ 10 cm, Vetrotecnica) following a
method reported previously, with modifications (Matsumoto
et al., 1998) (see Figure 1C). Briefly, an exhaust vent was con-
nected to a vacuum pump in order to maintain a constant
airflow of 400 mL·min-1 and, in this manner, the smoke was
dispersed throughout the chamber. Cigarettes were attached
to an inlet hole on the front panel, and lit. One cigarette took
5 min to burn and was then immediately detached from the
chamber and substituted with another cigarette. Two ciga-
rettes were lit and ‘smoked’ by each animal. The aerosolized
agonists were administered for 10 min, and the number of
coughs was counted solely during the smoke administration
(Figure 1C). In preliminary experiments, we verified that ciga-
rette smoke, delivered according to the present protocol, pro-
duced a number of coughs comparable to that of the various
TRPV1 and TRPA1 agonists used in the present study.

Data analysis
Values are presented as mean � SE. Data are compared using
one-way analysis of variance following by Bonferroni’s post

hoc test. A P value <0.05 was considered significant. A
minimum of six guinea pigs were used to test the effect of
vehicle or of each single dose of the test compounds.

Materials
Capsaicin, allyl isothiocyanate, trans-cinnamaldehyde, acro-
lein, crotonaldehyde, RTX, capsazepine, (+)camphor, gen-
tamicin and ruthenium red were all from Sigma-Aldrich,
Milan, Italy. HC-030031 [2-(1,3-dimethyl-2,6-dioxo-1,2,3,6-
tetrahydro-purin-7-yl)-N-(4-isopropylphenyl)-acetamide] was
synthesized at the Department of Pharmaceutical Chemistry,
University of Ferrara, by reacting theophylline-7-acetic acid
with an equimolar amount of 4-isopropylaniline in the
presence of 1-ethyl-3-[3-dimethylaminopropyl]carbodiimide
hydrochloride and N-hydroxybenzotriazole. The structure
of the compound was confirmed by H-NMR and mass
spectroscopy.

Stock solutions of allyl isothiocyanate (5 M) and cinnama-
ldehyde (3.5 M) were prepared in 50% ethanol and 50%
Tween-80, and maximal tested concentrations (30 mM) con-
tained 5% ethanol and 3.5% Tween-80 in isotonic saline.
(+)Camphor (100 mM), capsazepine (1 mM), capsaicin
(10 mM) and RTX (1 mM) were prepared in 100% DMSO, and
the final tested concentration did not exceed 6% DMSO.
HC-030031 (10 mM) was prepared in 100% DMSO, then,
1 mM HC-030031 was prepared in 20% DMSO and 10%
Tween-80. Maximal HC-030031 concentration tested
(0.3 mM) contained 6% DMSO and 3.5% Tween-80. All the
other compounds were prepared in isotonic saline. In

Figure 1 Schematic diagram of the different cough protocols. (A) Dose–response curve with allyl isothiocyanate, cinnamaldehyde or their
vehicles. (B) Effect of ruthenium red, gentamicin, (+)camphor, HC-030031 and capsazepine on TRPA1/V1 agonist-induced cough. (C) Effect
of ruthenium red, (+)camphor, HC-030031 and capsazepine on cigarette smoke-induced cough. (D) Effect of capsaicin desensitization on
TRPA1/V1 agonist-induced cough.
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preliminary experiments, we did not observe any difference
in the cough response induced by TRPA1 and TRPV1 agonists
in the absence or presence of a combination of all the vehicles
(6% DMSO, 3.5% Tween-80 and isotonic saline) used for
delivering the various antagonists. To provide the best control
for non-specific effects of the vehicles, in experiments with
antagonists, the combination of all the antagonist vehicles
was used and labelled as ‘vehicle’.

Results

TRPA1 and TRPV1 agonists evoke cough in guinea pigs
Aerosolized allyl isothiocyanate (1–30 mM) or cinnamalde-
hyde (10–30 mM) elicited a dose-dependent cough response,
whereas their vehicles elicited a minor pro-tussive effect
(Figure 2). The ultrapotent TRPV1 agonist RTX (0.5 mM)
caused a significant tussive response in guinea pigs, signifi-
cantly (P < 0.05) exceeding the effect evoked by its vehicle
(Figure 4A).

Subsequently, we investigated whether TRPA1 agonists
induce cough via stimulation of capsaicin-sensitive sensory

neurons. Capsaicin has the unique property to first excite and
then desensitize sensory neurons by stimulating TRPV1.
Importantly, desensitization to capsaicin results in neuronal
insensitivity to capsaicin and to other irritant stimuli (Szallasi
and Blumberg, 1999). In animals rendered unresponsive to
capsaicin by repeated administration of capsaicin aerosols
(see Methods), the response to the selective TRPV1 agonist,
RTX, was practically abolished, compared to the response
observed in control animals pretreated for three consecutive
days with capsaicin vehicle, as expected for a TRPV1 receptor
activator (Figure 4A). Because TRPA1 receptors were found to
be exclusively present in a subpopulation of TRPV1-
expressing neurons (Story et al., 2003), we anticipated that
capsaicin desensitization would also produce a lack of
response to TRPA1 agonists. Indeed, either allyl isothiocyan-
ate or cinnamaldehyde was totally unable to produce cough
responses after capsaicin desensitization (Figure 4B,C).

Secondly, to identify TRPA1 more specifically as the media-
tor of the tussive action of allyl isothiocyanate and cinnama-
ldehyde, the animals were pretreated with the non-selective
TRP channel blocker, ruthenium red (3 mM), with the poorly

Figure 2 Aerosolized allyl isothiocyanate- (1–30 mM) or
cinnamaldehyde- (10–30 mM) induced cough in a concentration-
dependent manner. *P < 0.05, analysis of variance and Bonferroni’s
test versus vehicle (VEH, 5% ethanol and 3.5% Tween-80 in isotonic
saline). Each column is presented as mean � SE of at least six
experiments.

Figure 3 Effect of aerosolized ruthenium red (RR, 3 mM), gentami-
cin (GM, 100 mM), (+)camphor [(+)CAM, 1 mM], HC-030031 (HC,
0.3 mM), capsazepine (CPZ, 10 mM) or desensitization of guinea pig
airways by repeated capsaicin administration (CPS des, 30 mM) on (A)
allyl isothiocyanate- (10 mM), (B) cinnamaldehyde- (30 mM) or (C)
resiniferatoxin-induced cough in guinea pig. Open bars represent the
response induced by the vehicle of the tussive stimulus (5% ethanol
and 3.5% Tween-80 in isotonic saline). VEH indicates results obtained
by the stimuli after pretreatment with 6% dimethyl sulphoxide and
3.5% Tween-80 in isotonic saline. *P < 0.05, analysis of variance and
Bonferroni’s test versus vehicle (VEH). Each column is presented as
mean � SE of at least six experiments.
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selective TRPA1 antagonists (+)camphor (1 mM) and gentami-
cin (100 mM) or with the selective TRPA1 antagonist,
HC-030031 (0.3 mM) before exposing them to the agonists.
Another group of animals was pretreated with the TRPV1
selective antagonist, capsazepine. Ruthenium red, gentami-
cin, (+)camphor and HC-030031 were all able to significantly
reduce the number of coughs provoked by aerosols of allyl
isothiocyanate (47, 45, 57 and 63% inhibition, respectively,
P < 0.05 vs. vehicle) (Figure 4B) and cinnamaldehyde (43, 69,
70 and 67% inhibition, respectively, P < 0.05 vs. vehicle)
(Figure 4C). As expected, capsazepine (10 mM) did not affect
the cough response evoked by either allyl isothiocyanate or
cinnamaldehyde (Figure 4B,C). In contrast, the cough
response induced by RTX was significantly inhibited by ruthe-
nium red and capsazepine pretreatments (66 and 84% inhi-
bition, respectively, P < 0.05 vs. vehicle, Figure 4A), but not by
(+)camphor, gentamicin or HC-030031 (P > 0.05 vs. vehicle,
Figure 4A). Responses evoked by allyl isothiocyanate, cinna-
maldehyde, acrolein or crotonaldehyde were not completely
inhibited by selective or non-selective TRPA1 blockers
(Figures 3 and 4). This could be due to an insufficient dosing
of the antagonists, which, however, for solubility limits could
not be augmented in our present experimental conditions.

Effect of cigarette smoke
Because acrolein and crotonaldehyde are abundantly con-
tained in cigarette smoke (Facchinetti et al., 2007), we rea-
soned that cough caused by smoke inhalation, at least in part,
could be caused by these two a,b-unsaturated aldehydes via
TRPA1 receptor stimulation. Indeed, inhalation of cigarette
smoke for 10 min caused a significant increase in the number
of coughs, compared to air inhalation (Figure 5). Ruthenium

red (3 mM), (+)camphor (1 mM) and HC-030031 (0.3 mM) all
significantly inhibited the cough response elicited by cigarette
smoke (Figure 5). Also, the selective TRPV1 antagonist, cap-
sazepine (10 mM), produced a significant inhibition of the
tussive response evoked by cigarette smoke (Figure 5).

Discussion and conclusions

In the present study, we have shown that inhalation of dif-
ferent TRPA1 stimulants, including the selective agonists allyl
isothiocyanate and cinnamaldehyde (Bandell et al., 2004;
Jordt et al., 2004; Bautista et al., 2005), provoked a dose-
dependent and robust tussive response in guinea pigs. We also

Figure 4 Effect of aerosolized HC-030031 (HC, 0.3 mM) or capsazepine (CPZ, 10 mM) on cough induced by acrolein (10 mM) (A) or
crotonaldehyde (10 mM) (B) in guinea pig. Open bars represent the response induced by the vehicle of the tussive stimulus (isotonic saline).
VEH indicates results obtained by the stimuli after pretreatment with 6% dimethyl sulphoxide and 3.5% Tween-80. *P < 0.05, analysis of
variance and Bonferroni’s test versus VEH. Each column is presented as mean � SE of at least six experiments.

Figure 5 Effect of aerosolized ruthenium red (RR, 3 mM),
(+)camphor [(+)CAM, 1 mM], HC-030031 (0.3 mM) or capsazepine
(CPZ, 10 mM) on cigarette smoke-induced cough in guinea pig. VEH
indicates results obtained by cigarette smoke after pretreatment with
6% dimethyl sulphoxide and 3.5% Tween-80. *P < 0.05, analysis of
variance and Bonferroni’s test versus VEH. Each column is presented
as mean � SE of at least six experiments.

TRPA1 activators induce cough
E Andrè et al 1625

British Journal of Pharmacology (2009) 158 1621–1628



observed that the cough elicited by TRPA1 agonists required
the functional integrity of capsaicin-sensitive sensory
neurons. Desensitization to the selective TRPV1 agonist, cap-
saicin, disables TRPV1-expressing neurons to other irritant
stimuli (Szallasi and Blumberg, 1999). Thus, the inability of
guinea pigs desensitized to capsaicin to respond to allyl
isothiocyanate or cinnamaldehyde indicates that TRPA1 ago-
nists act on a target expressed by TRPV1-expressing sensory
neurons. This conclusion is fully consistent with the more
general neuroanatomical finding that TRPA1 is substantially
co-expressed by TRPV1-positive neurons (Story et al., 2003;
Nagata et al., 2005). More recent findings that TRPA1 mRNA is
exclusively expressed in TRPV1-positive vagal sensory
neurons innervating mouse airways, and that TRPA1 agonists
generate action potentials from bronchopulmonary C-fibres,
thus eliciting nocifensor reflex responses (Nassenstein et al.,
2008), further corroborate our present results.

The involvement of a TRP channel in the cough response
by allyl isothiocyanate and cinnamaldehyde is suggested by
the observation that the tussive effects by these two agents
were significantly inhibited by the non-selective TRP channel
blocker, ruthenium red (Lalloo et al., 1995; Trevisani et al.,
2004). The role of the TRPA1 channel in mediating the
responses to both allyl isothiocyanate and cinnamaldehyde is
underlined by the inhibitory effect of (+)camphor and gen-
tamicin, two compounds which have been reported to show
some selectivity for this channel subtype (Nagata et al., 2005;
Xu et al., 2005). More importantly, the observation that the
selective TRPA1 antagonist, HC-030031 (McNamara et al.,
2007), inhibited allyl isothiocyanate- and cinnamaldehyde-
evoked cough, strongly argues in favour of the role of TRPA1
in the tussive response. It is worth noting that (+)camphor,
gentamicin or HC-030031 was unable to affect cough evoked
by the TRPV1 agonist, RTX, whereas capsazepine, a selective
TRPV1 receptor antagonist (Bevan et al., 1992), failed to
reduce the cough response elicited by any TRPA1 agonist.
Selectivity of capsazepine on one side and that of (+)camphor,
gentamicin or HC-030031 on the other side strongly argues in
favour of the specific and independent role of TRPA1 as an
initiator of the cough reflex.

Several chronic and degenerative diseases, including
asthma and COPD, are characterized by oxidative stress, a
condition in which an uncontrolled production of reactive
oxygen species (ROS) contributes to tissue damage and
inflammation. Oxidative decomposition of polyunsaturated
fatty acids of cell membranes, caused by ROS, results in the
formation of various reactive carbonyl species including the
most reactive a,b-unsaturated aldehyde, acrolein (Aldini
et al., 2007). Increased levels of ROS in the airways and lung
result in increased amounts of lipid peroxidation products,
including acrolein and 4-hydroxy-2-nonenal, that have been
detected in the airspaces, breath, sputum, lungs and blood
from patients with both asthma and COPD (Kirkham and
Rahman, 2006). Acrolein is also a ubiquitous pollutant in
the environment, produced by incomplete combustion of
organic matter (Aldini et al., 2007), and, with crotonalde-
hyde, is a main component of cigarette smoke (Facchinetti
et al., 2007).

Both acrolein and crotonaldehyde have been found to
selectively stimulate TRPA1 channels, and by this mechanism

they were shown to cause irritation and pain (Bautista et al.,
2006; Andre et al., 2008). In particular, early inflammation
produced by cigarette smoke inhalation in rodents, a neuro-
genic inflammatory process that requires activation of
capsaicin-sensitive sensory fibres (Lundberg et al., 1983) and
is blocked by ruthenium red (Geppetti et al., 1993), has been
recently reported to be entirely mediated by acrolein and
crotonaldehyde via TRPA1 activation (Andre et al., 2008). The
ability of cigarette smoke to produce cough has been poorly
investigated in the past. In a previous study (Lou et al., 1991),
guinea pigs were exposed to cigarette smoke for only 3 min,
and during this short period of time, a slight tussive effect was
recorded (about three coughs), a response which was partially,
but not significantly, reduced by ruthenium red. In our
present study, guinea pigs were exposed to smoke for a longer
time (10 min), and a more consistent response (more than 10
coughs) was recorded. Under these circumstances, a large and
significant proportion (about 50%) of the response was inhib-
ited by ruthenium red, (+)camphor and HC-030031. Because
ROS, which are contained in cigarette smoke, have been
recently reported to activate TRPA1 (Andersson et al., 2008), it
is possible that these species may also contribute to the cough
caused by cigarette smoke and mediated by TRPA1. Thus, it
may be that TRPA1 plays a significant role in the pro-tussive
effect of cigarette smoke, and that acrolein and crotonalde-
hyde contained in smoke are likely to contribute to this
response. However, the observation that after TRPA1 receptor
inhibition, the reduction in cigarette smoke-evoked cough
was only partial, suggests that the tussive response to cigarette
smoke was mediated by multiple mechanisms. Stimulation of
nicotinic receptors has been previously suggested to play a
role (Lee et al., 1989), and our present results with cap-
sazepine suggested that a TRPV1-mediated component also
contributed. In an earlier paper, Lewis et al. (2007) found that
capsazepine did not reduce the cough exacerbation evoked by
both capsaicin and citric acid following exposure to cigarette
smoke. These results show some difference with our present
data, and remain unexplained, because the sole known target
of capsaicin action is the TRPV1 channel, which is usually
inhibited by capsazepine.

In conclusion, our study is the first to identify the TRPA1
channel as a novel initiator of the cough reflex in guinea pigs.
Apart from the anecdotal evidence of the pungency of cinna-
mon, mustard or wasabi in man, it has been recently reported
that TRPA1 is expressed in, and activates, human sensory
neurons (Anand et al., 2008). Thus, it is possible that, by
analogy with the TRPV1 stimulants, also TRPA1 agonists may
produce cough in man. The implication of our present find-
ings is twofold. Firstly, TRPA1 may be regarded as a novel
target for cough studies in experimental animals and in man.
Secondly, as recently suggested (Taylor-Clark et al., 2009b),
TRPA1 antagonists may be assessed as novel anti-tussive
medicines.
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