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CORRESPONDENCE

To the Editor:

We read with much interest the recent review "Neuro-
physiology of the cough reflex" by WIDDICOMBE [1], which
appeared in the July issue of the Journal.  The review
gave a detailed account of afferent nerves in the airways,
with particular reference to those that may directly or
indirectly be involved in the cough reflex. Based pri-
marily on data with select irritants which trigger electri-
cal activity in sensory nerves and cough in cats and dogs,
the author concludes that thin, myelinated, rapidly adapt-
ing stretch receptors (RARs), "irritant receptors", uniquely
mediate the cough reflex and that lung C-fibres suppress
coughing.

In our opinion, published experimental data in guinea-
pig and man indicate instead that both RARs and bronchial
C-fibres are important in mediating the cough reflex.  The
following observations support a direct role for bronchial
C-fibres in cough.

Firstly, capsaicin is a relatively selective stimulus of
C-fibres compared with RARs and slowly adapting stretch
receptors (SARs).  Low doses of capsaicin trigger cough
when inhaled by conscious guinea-pigs and human sub-
jects. Electrophysiological recordings of afferent neural
activity from a guinea-pig tracheobronchial preparation
demonstrate that capsaicin stimulates C-fibres but not A-δ
fibres (RARs) [2].  Capsaicin is also a more potent stim-
ulant of C-fibres than RARs in the cat [3] and dog [4].
Importantly, capsaicin causes a burst of activity in C-
fibres, which are normally silent, whereas it merely poten-
tiates a pre-existing spontaneous discharge in myelinated
fibres [3, 4].

Secondly, capsaicin-pretreatment of guinea-pigs (caus-
ing degeneration of a population of chemosensitive C-
fibre afferents) inhibits coughing due to capsaicin and citric
acid, but not that due to cigarette smoke, histamine and
mechanical stimulation, indicating that different types
of afferent nerves can directly mediate this reflex [5].
Interestingly, nicotine and histamine have been shown to
stimulate RARs in guinea-pigs [6].

Thirdly, chronic exposure of guinea-pigs to cigarette smoke
selectively enhances the sensitivity of capsaicin-sensitive
C-fibres mediating cough, and increases the neuropeptide
content of airway nerves, whilst leaving the bronchocon-
strictor response unaffected [7].  At the same time, the
cough response to cigarette smoke is unchanged, sug-
gesting a selective upregulation of capsaicin-sensitive C-
fibres.

Fourthly, although capsaicin releases tachykinins and
calcitonin gene-related peptide (CGRP) from C-fibres via
an axon-reflex, it is unlikely that they activate airway
RARs and, thereby, indirectly trigger the cough reflex.

Inhaled tachykinin peptides do not cause cough in healthy
subjects [8], and when thiorphan (an inhibitor of neutral-
endopeptidase metabolism of tachykinins) is inhaled by
human subjects, reportedly only the bronchoconstrictor
response to neurokinin A is enhanced [9].  Similarly, in
guinea-pigs, we found that, thiorphan enhanced the cit-
ric acid-induced bronchospasm but not the cough response
[10].  One study has reported that thiorphan potentiates
the cough response to substance P (SP) but the signifi-
cance of this finding is difficult to assess since very low
concentrations of SP (10-19 to 10-16 M) were studied,
coughing was measured up to 13 min after a 2 min
aerosol exposure, and the ethanol vehicle also produced
coughing [11].  It was recently shown that a neurokinin-1
(NK1)-receptor antagonist does not inhibit hypertonic
saline-induced cough in asthmatic subjects [12].

Finally, guinea-pig and human [13] bronchi are more
sensitive to the tussive effect of inhaled C-fibre stimu-
lants than the larynx and central airways, which is con-
sistent with the distribution of unmyelinated bronchial
C-fibres predominantly to intrapulmonary airways.  The
pulmonary chemoreflex, characterized by apnoea, brady-
cardia and hypotension, is mediated via pulmonary C-
fibres. As described in the review, stimulation of these fibres
inhibits cough, which is only to be expected when the res-
piratory rhythm generator in the central nervous system
(CNS) is suppressed during the apnoea.  Furthermore,
the cough reflex would of course not be effective as a
defense mechanism if evoked from the respiratory bron-
chioles and alveoli, which seems to be the site of these
particular sensory nerve endings.

Cough is an important clinical problem, not only in
subjects with chronic cough but also in asthma, since it
can be an early, and sometimes the only, sign of dis-
ease. We agree with WIDDICOMBE [1] that RARs medi-
ate the cough reflex and that pulmonary C-fibres may
be inhibitory, but in our opinion a wealth of experimental
data support a direct role for bronchial C-fibres in cough.
Sensory hyperresponsiveness in capsaicin-sensitive bron-
chial C-fibre afferents is a characteristic feature of chron-
ic cough (see [14]) and, inferentially, identification of
neural pathways in airway reflexes may lead to a better
understanding of the pathophysiology of airway diseases,
including asthma, as well as to the development of more
efficacious therapeutic agents.
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REPLY

From the authors:

I am glad that my review on cough aroused contro-
versy, as intended, and the comments by Fuller et al.
are important and stimulating. We agree that rapidly
adapting stretch receptors (RARs) can cause cough, and
that pulmonary C-fibre receptors can inhibit it.  However,
they believe that bronchial C-fibre receptors can induce
cough.  There is much contrary evidence.

When stimuli, such as capsaicin or bradykinin, selec-
tive to bronchial C-fibre receptors, are restricted to the
bronchial circulation they cause apnoea and rapid shal-
low breathing; cough has never been described [1].  When
the same agents, or water or citric acid, which are non-
selective are applied generally to the tracheobronchial
tree as a liquid or an aerosol, they stimulate RARs as
well as bronchial C-fibres [2].  The reflex response is
cough or apnoea in dog [3, 4], rat [4], and man [5].  We
agree that the RARs mediate the cough, and it seems
logical that the bronchial C-fibre receptors cause the
apnoea.  Otherwise, one would have to postulate a third
type of bronchial receptor and such has not been described
or claimed. Slowly adapting receptors (SARs) in the
smooth muscle of the airways can be excluded, since
they are not sensitive to the agents used.

The cough induced by citric acid aerosol or sulphur
dioxide, presumed to act on C-fibre receptors, is pre-
vented in dogs [3] and cats [6] by cooling the vagus
nerves to 5–8˚C, which blocks conduction in δ-fibres
but leaves that in C-fibres intact.  Thus, in these species,
citric acid and sulphur dioxide cause cough via RAR's.



either silent or tonically-active, reaches a central nervous
threshold and triggers a response. There are abundant
examples of tonically-active receptors which do not exert
a central reflex effect until their discharge reaches a cen-
tral threshold value, for example Golgi tendon organs
and lung SARs.

An important experiment by FORSBERG et al. [9] demon-
strated that large doses of capsaicin inhibit cough due to
capsaicin and citric acid, but not to cigarette smoke, his-
tamine and mechanical stimuli. This result shows that
different types of afferent nerves are involved in cough-
ing. However, it does not follow that C-fibre afferents
are responsible for cough due to capsaicin and citric acid.
Capsaicin pretreatment can act both on C-fibre and δ-
fibre afferents [10].  There are several different types of
RARs in the airways, from the larynx through the tra-
chea to the bronchi, causing different patterns of cough
and changes in breathing, and the interaction of these
groups of receptors (plus C-fibre receptors) will deter-
mine the final pattern of cough; their relative destruction
by capsaicin will block some types of cough but not oth-
ers, without giving any indication of whether the reflex-
es are mediated by C-fibres or δ-fibres. Incidentally RARs
almost certainly have nonmyelinated terminals on which
capsaicin can presumably act [11].

The involvement of tachykinins in cough is rather spec-
ulative, as I made clear.  However, although Fuller et al.
describe some negative or debatable results, they do not
mention the many positive ones: that inhaled tachykinins
can cause cough in guinea-pigs [12–14] and man [15–16];
that cough can be enhanced in guinea-pigs by phospho-
ramidon [14] and inhibited by tachykinin antagonists
[16–18]; and that tachykinins can stimulate RARs in rats
[19] and rabbits [20].

In summary, I know of no evidence that bronchial C-
fibre receptors cause cough, and quite a lot of evidence
that they do not.  It is an important question and may
need further testing.

References

1. Coleridge, JCG, Coleridge HM.  Afferent vagal C-fiber
innervation of the lungs and airways and its functional
significance.  Rev Physiol Biochem Pharmacol 1984; 99:
1–110.

2. Coleridge HM, Coleridge JCG.  Reflexes evoked from
the tracheobronchial tree and lungs. In:  Cherniack NS,
Widdicombe JG. eds. Handbook of Physiology.  3.  The
Respiratory System.  Vol II.  Control of Breathing.
Bethesda, American Physiological Society, 1986; 99.
395–429.

3. Sant'Ambrogio FB, Anderson JW, Sant'Ambrogio G.
Effect of menthol on laryngeal receptors.  J Appl Physiol
1991; 70: 788–793.

4. Palecek F, Sant'Ambrogio G, Sant'Ambrogio FB, Mathew
OP.  Reflex responses to capsaicin:  intravenous, aerosol
and intratracheal administration.  J Appl Physiol 1989;
67: 1428–1437.

5. Nishino T, Hiraga K, Mizuguchi T, Honda Y.  Respiratory
reflex responses to stimulation of tracheal mucosa in
enflurane-anesthetized humans. J Appl Physiol 1988; 65:
1069–1074.

6. Widdicombe JG.  Respiratory reflexes from the trachea
and bronchi of the cat.  J Physiol 1954; 123: 55–70.

7. Fox AJ, Barnes PJ, Urban L, Dray A.  An in vitro study
of the properties of single vagal afferents innervating
guinea-pig airways.  J Physiol 1993; 46: 21–35.

8. Widdicombe JG.  Receptors in the trachea and bronchi
of the cat.  J Physiol 1954; 123: 71–104.

9. Forsberg K, Karlsson J-A, Theodorsson E, Lundberg JM,
Persson CGA.  Cough and bronchoconstriction mediat-
ed by capsaicin-sensitive sensory neurons in the guinea-
pig.  Pulm Pharmacol 1988; 1: 33–39.

10. Jancso G.  Pathobiological reactions of C-fibre primary
sensory neurones to peripheral nerve injury.  Exp Physiol
1992; 77: 405–431.

11. Das RM, Jeffery PK, Widdicombe JG.  Experimental
degeneration of intraepithelial nerve fibres in cat airways.
J Anat 1979; 128: 259–263.

12. Takahama K, Fuchikama T, Isohama Y, Kai H, Miyata
T.  Neurokinin A but not neurokinin B and substance P
induces codeine-resistance coughs in awake guinea-pigs.
Regul Pept 1993; 46: 236–237.

13. Sekizawa K, Ebihara T, Sasaki H.  Role of substance P
in cough during bronchoconstriction in awake guinea
pigs.  Am J Respir Crit Care Med 1995; 151: 815–
821.

14. Ujiie Y, Sekizawa K, Aikawa T, Sasaki H.  Evidence
for substance P as an endogenous substance causing cough
in guinea pigs.  Am Rev Respir Dis 1993; 148: 1628–
1632.

15. Katsumata U, Sekizawa K, Inoue H, Sasaki H, Takishima
T.  Inhibitory actions of procaterol, a beta-2 stimulant,
on substance P-induced cough in normal subjects during
upper respiratory tract infection.  Tohoku J Exp Med
1989; 158: 105–106.

16. Yoshihawa S, Kanno N, Ando T, et al. Involvment of
substance P in the paroxysmal cough of pertussis.  Regul
Pept 1993; 46: 238–240.

17. Advenier C, Girand V, Naline E, Vilani P, Emonds-Alt
X.  Antitussive effect of SP 48968, a nonpeptide tachykinin
NK2 receptor antagonist.  Eur J Pharmacol 1992; 250:
169–173.

18. Ichinose M, Nakajima N, Takahashi T, Yamanchi H,
Inoue H, Takishima T.  Protection against bradykinin-
induced bronchoconstriction in asthmatic patients by neu-
rokinin receptor antagonist.  Lancet 1992; 340: 1248–1251.

19. Matsumoto S, Yamasaki M, Kanno T, Nagayama T,
Tanno T, Shimizu T.  Substance P antagonist does not
block the stimulation of rapidly adapting pulmonary
stretch receptors by ammonia. Lung 1994; 172: 31–45.

20. Prabhakar NR, Renuld M, Yamamoto Y, Lagercrantz H,
Cherniack NS,  von Euler C.  Role of the vagal affer-
ents in substance P-induced respiratory responses in anaes-
thetized rabbits.  Acta Physiol Scand 1987; 131: 63–71.

J. Widdicombe
Dept of Physiology, St. George's Hospital Medical School,
University of London, Cranmer Terrace, Tooting, London
SW17 0RE, UK.

CORRESPONDENCE623


