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Science matters

Airway sensory nerves: a burning issue in

asthma?

D Spina

Abstract
Asthmatic subjects cough and broncho-
constrict to various agents known to stim-
ulate sensory nerves. A population of
sensory nerves, the C fibres, contain the
neuropeptides substance P, neurokinin A
(NKA), and calcitonin gene-related pep-
tide (CGRP). Capsaicin, the principal
ingredient ofhot peppers, selectively stim-
ulates C fibre afferents resulting in the
release ofthese proinflammatory peptides.
An upregulation in the function of sensory
nerves may lead to augmented afferent
and efferent function which, in asthma,
could contribute to bronchial hyper-
responsiveness, inflammation, and re-
modelling of the airway wall. Drugs
specifically designed to attenuate the func-
tion of airway sensory nerves may prove
useful in the treatment of asthma.
(Thorax 1996;51:335-337)
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Asthmatic subjects are not unique in their abil-
ity to bronchoconstrict to spasmogens such
as histamine and acetylcholine, although as a

population they tend to lie at one end of the
continuum. However, asthmatic subjects cough
and bronchoconstrict to adenosine, bradykinin,
sulphur dioxide (SO2), sodium metabisulphite,
and distilled water more readily than do non-
asthmatics. Bradykinin and SO2 have been
shown to stimulate neuropeptide-containing
sensory nerves. Similarly, capsaicin is a selective
stimulant of these nerves and has been used as
a tool to investigate the function of sensory
C fibres. Indeed, the intradermal injection or
inhalation of capsaicin and the consumption of
chillies is often associated with a painful burn-
ing sensation as a result of the activation of
sensory C fibres.
The increased sensitivity of the airways to-

ward adenosine, bradykinin, SO2, sodium
metabisulphite, and distilled water in asthma
could reflect an increase in sensory nerve func-
tion. Current dogma suggests that sensory
neuropeptides released from nerves play an
important part in bronchoconstriction, oed-
ema, mucus secretion, and vasodilatation.
However, it is apparent that activation of sens-
ory nerves in humans results in reflex coughing,

bronchoconstriction, and mucus secretion with
little evidence of oedema.' While there is con-
vincing evidence of an increase in the afferent
function of sensory nerves, the evidence of an
augmented efferent response has therefore yet
to be established. However, neuropeptides can
also regulate the function of inflammatory cells
and immune cells. It is this efferent function of
sensory nerves that may also contribute towards
airway inflammation, bronchial hyper-
responsiveness, and airway remodelling.

Scientific basis
A number of sensory nerves and receptors are
present in the airways including mechano-
receptors which are supplied by myelinated
fibres (A6 and AP) and several non-myelinated
C fibres with endings that are loosely classified
as polymodal. There are two main groups of
airway epithelium receptors, the rapidly ad-
apting (irritant) stretch receptors and the C
fibre receptors.2 Activation of the irritant re-
ceptors in the airways can result in reflex cough-
ing, bronchoconstriction, and tracheal mucus
secretion. Irritant and C fibre receptors have
been described in human airways and are dis-
tributed throughout the trachea and larger
bronchi. The irritant receptors have myelinated
projections within the vagus and non-myel-
inated terminals in the airways and are stim-
ulated by mechanical stimuli, various gases
including ammonia, SO2, and cigarette smoke,
and by a number of inflammatory mediators
including histamine and prostaglandin F2,.
Most of the vagal fibres that originate from
pulmonary and bronchial C fibre receptors are
non-myelinated C fibre afferents and have cell
bodies in the nodose and jugular ganglion.3
Activation of these receptors causes reflex
coughing and bronchoconstriction (figure). An
interesting finding is that reflex coughing and
bronchoconstriction is mediated by different
populations of sensory nerves.2 C fibre re-
ceptors are generally less sensitive to mech-
anical stimulation such as changes in lung
volume. They are excited by some inhaled
irritants such as SO2 and by various in-
flammatory mediators including bradykinin,
histamine, prostaglandins, and by capsaicin.
A population of sensory nerves contains a

number of neuropeptides including substance
P, NKA, and CGRP.4 Immunohistochemical
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Diagrammatic representation of the innervation, function, and regulation of sensory
nerves in the airways. Activation of sensory nerves by various spasmogensltussive agents
will lead to depolarisation ofC fibres (arrow) and the subsequent release of neuropeptides
from nerve terminals (inset). Agents that lower the threshold for activation of sensory
nerves (sensitisers) increase the ability of spasmogensltussive agents to stimulate these
nerves. NKA = neurokinin A; CRGP= calcitonin gene-related peptide; 15-HPETE= 15-
hydroperoxyeicosatetraenoic acid; PAF= platelet activating factor; IL= interleukin;
NGF= nerve growth factor; SO2 = sulphur dioxide; PDE=phosphodiesterase; K+ =
potassium; Cl- = chloride; Ca+ = cakium. Afferent and efferent function refer to the
sensory and effector function of sensory nerves, respectively.

techniques have shown that substance P-con-
taining fibres are sparsely distributed within
the bronchial epithelium, around blood vessels,
bronchial smooth muscle, and local tracheo-
bronchial ganglia. Autoradiographic and func-
tional studies have confirmed the presence of
neuropeptide receptors over a number oftissues
including airways epithelium, submucosal
glands, and nerves.5 In humans the sensory
neuropeptides mediate contraction of the air-
way smooth muscle, mucus secretion, increase
in nasal blood flow and oedema in the skin.5
Furthermore, neuropeptides can increase the
expression of adhesion molecules on vascular
endothelium and stimulate human T and B
lymphocytes, monocytes, eosinophils, and
fibroblasts.46 The neuropeptide substance P
has also been shown to increase airways re-
sponsiveness in asthma.6 Thus, neuropeptides
released within the airway wall have the po-
tential to stimulate inflammatory and immune
cells (figure).
While it is apparent that the activation of

sensory nerves serves as a protective mechanism
against foreign insults,' an upregulation in the
function of these nerves might contribute to-
wards the bronchial hyperresponsiveness, in-
flammation, and airway wall remodelling
observed in asthma.7 In the skin inflammatory
mediators such as bradykinin, 1 5-hydro-
peroxyeicosatetraenoic acid (15-HPETE),
prostaglandins, platelet activating factor (PAF),
cytokines including interleukin (IL)-1o, and
neurotrophins including nerve growth factor

(NGF) are known to sensitise sensory nerves
resulting in a lowering of the pain threshold.78
It is also apparent that, in response to in-
flammatory stimuli, sensory nerve growth and
increased synthesis of neuropeptides can
occur.48 Whether similar changes in sensory
nerve function occur in the airways is not clear.
However, bronchial hyperresponsiveness in-
duced by PAF9 and allergen'0 is attenuated
following chronic treatment with capsaicin
which destroys sensory C fibres. These ex-
perimental studies suggest that the function
of airway sensory nerves can be altered and
contribute to bronchial hyperresponsiveness.
A number of studies support the view that

sensory nerve function might be altered in
asthma. Thus, asthmatic patients cough and
bronchoconstrict to agents that have minimal
or no effect in non-asthmatic subjects (figure).
It is unclear whether substance P-containing
nerves are more abundant in the asthmatic
lung. However, a reduction in substance P-
like immunoreactivity has been documented in
asthma,"' suggesting the depletion of neuro-
peptide stores from sensory nerves. Indeed, this
is consistent with an increase in the level of
substance P-like immunoreactivity detected in
the sputum and in bronchoalveolar lavage fluid
of asthmatic subjects.6 These levels were in-
creased further following an exacerbation of
asthma.6 The increased release of neuro-
peptides may also be due to a concomitant
reduction in neutral endopeptidase (NEP) ac-
tivity, an enzyme that degrades neuropeptides.
However, NEP activity is not reduced in
patients with mild asthma.

Therapeutic potential
Sensory nerves might be considered ap-
propriate targets in the treatment of asthma.
The development of selective neuropeptide
antagonists4 and drugs that inhibit the ac-
tivation of sensory nerves and/or release of
neuropeptides5 could have potential as thera-
peutic agents. Indeed, the neuropeptide
receptor antagonist FK-224 afforded signif-
icant protection against bradykinin-induced
bronchospasm in asthmatic patients.'2 Sim-
ilarly, a number of anti-asthma drugs including
nedocromil, sodium cromoglycate, and theo-
phylline have beneficial effects against cough
and bronchospasm induced by indirectly acting
agents.5 Novel agents such as opioid receptor
agonists, the loop diuretic frusemide, and type
IV phosphodiesterase isoenzyme inhibitors can
also attenuate the release of sensory neuro-
peptides (figure), possibly via an action on ion
channels located on sensory nerves.45

Conclusion
An increase in the function of sensory nerves
can lead to pain and inflammation, and a burn-
ing issue is whether sensory nerve function
in the airways is augmented in asthma, thus
contributing toward the increased sensitivity to
cough and bronchoconstriction. Furthermore,
the chronic release of neuropeptides in the
airway wall may play an important part in the
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activation of inflammatory and immune cells
which could lead to airway wall remodelling.
Thus, drugs that target airway sensory nerves
may prove useful in the treatment of asthma.
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