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COUGH AS A MAJOR UNMET MEDICAL NEED 

• Commonest symptom for medical consultation 
• Chronic cough: 10-38% of pulmonary out-patients 

• No effective therapy apart from opiates 

• High over the counter sales (>$4bn pa) 

• Physical basis understood 
• Relevant animal models 

• Logical mechanistic approach possible 

• Troublesome symptom 

EUROPE 
26% 

AMERICA 
51% 

REST OF  
WORLD 

23% 

WORLD MARKET: 4 billion USD 
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Capsaicin Excitation of C-fibres 

Bradykinin (1 µM)  
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Sensory nerve activation and cough elicited by  
endogenous tussive agents 



Vagus BK vs Antagonists 
BK vs Indomethacin Guinea Pig: BK vs B1 & B2 antagonists 

Mouse: BK vs B1 & B2 antagonists Mouse: B1 agonist 



Sensory nerve activation: which prostanoid receptor?  

Prostanoid receptor KO 
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IN VIVO PHARMACOLOGY 

Maher et al., Am. J Respir. Crit.  
Care Med., 2009; 180: 923-928. 
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Capsazepine (10µM): TRPV1 blocker 

Lalloo, Fox, Belvisi, Chung, Barnes J Appl Physiol 1995, 79(4):1082-7.  

EFFECT OF CAPSAZEPINE ON COUGH 
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Coexpression of TRP channels in lung-labelled 
airway neurons 
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MUSTARD OIL 
AITC 30 µM 

MUSTARD OIL ACTIVATES VAGAL C-FIBERS 
 IN THE GUINEA PIG LUNGS 

Nassenstein et al., J Physiol 2008 
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Effect of TRP antagonists on sensory nerve 
 activation/cough 
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 activation/cough elicited by bradykinin 
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Bradykinin Sensitises the Cough Reflex 

Fox et al 1996. Nature Med. 2, 814-817
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Effect of sensory nerve stimulants on isolated vagus 
nerve from allergen sensitised and challenged mice 
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MAST CELLS AND NERVE GROWTH FACTOR 

NGF 

Allergen 

Proliferation 
Sensitisation 
 Tachykinins 

Sensory nerves 

trkA receptors 

Airway 
hyperresponsiveness  

Cough 

Growth 
trkA 

Epithelial 
cells 

Mast cell 



     Conscious guinea pigs (n=6)              
     Citric acid-induced cough 
     (citric acid 0.35M x 10 min) 

Vehicle control NGF 100µg/kg 

0 

1 

2 

3 

4 

C
ou

gh
s/

m
in
 

** 

0    1wk  0      1wk 

EFFECT OF NGF ON COUGH 

 BK   

** 

** 

   pH5.5 0.0 

0.2 

0.4 

0.6 

0.8 

D
e
po

la
ri
sa

ti
on

 (
m
V
) 

0.1mM  1mM  10mM  
        Capsaicin 

** 

** 

** 

NGF 100µg/kg Vehicle 

Guinea pig vagus  
nerve in vitro 



Neurotrophins, humans, allergy and asthma 
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- correlation with serum IgE 
- highest NGF: 
       severe allergic asthma 
       high BHR 
       high serum IgE 
       high serum ECP  

(Bonini et al 1996 PNAS-USA 93, 10955) 

Segmental allergen challenge        BALF: 
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NGF, BDNF and NT-3  

(Christian et al 1998 Am J Respir Crit Care Med 158, 2002) 



Models of enhanced cough 
In Vivo Cough Inflammation 
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OVA inhalation induces LAR in sensitised rodents: 
Effect clinically relevant compounds 
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LAR is attenuated by a non-specific sensory nerve 
blocker (ruthenium red) 
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LAR is attenuated by TRPA1 inhibitor (HC-030031) but 
not TRPV1 inhibitor (JNJ-17203212) in the BN rat 
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LAR is attenuated by TRPA1 inhibitor (HC-030031) but not 
TRPV1 inhibitor (JNJ-17203212) in C57 BL/6J mice  
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Proposed mechanism 
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Allergen Thorax. 2011 Aug 13. [Epub ahead of print] 
http://www.bbc.co.uk/news/health-14504186 
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TRPA1 and inflammation 

Caceres et al., 2009, PNAS 106: 9099-9104 
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