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DURATION OF ANTICHOLINERGIC ACTION 

     Guinea-pig bronchi in vitro: inhibition of cholinergic nerves    

Takahashi et al: AJRCCM 1995 



DURATION OF ANTICHOLINERGIC ACTION 
Human bronchi in vitro: inhibition of cholinergic nerves 
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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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Capsazepine (10µM): TRPV1 blocker 

Lalloo, Fox, Belvisi, Chung, Barnes J Appl Physiol 1995, 79(4):1082-7.  
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Coexpression of TRP channels in lung-labelled 
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Birrell et al., 2009, Am J Respir Crit Care Med. 180(11):1042-7.  
Andre et al., 2009, Br. J. Pharmacol, 158: 1621-1628. 
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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 

0.0 

0.1 

0.2 

* 

D
e
po

la
ri
sa

ti
on

 (
m
V
) 

Responses to PGE2  in KO mice  

GENE-DELETED MICE 

vehicle 300mg/kg 
0 

10 

20 

30 

40 

50 
* 

Vehicle/EP 3  antagonist 

N
um

b
e
r 

of
 c

ou
gh

s 

IN VIVO PHARMACOLOGY 

Maher et al., Am. J Respir. Crit.  
Care Med., 2009; 180: 923-928. 
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Effect of TRP antagonists on human sensory nerve 
 activation elicited by PGE2 and BK  
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Cantero-Recasens G, Loss of function of TRPV1 genetic variant associated with lower risk of active 
childhood asthma. J Biol Chem. 2010 Sep 3;285(36):27532-5.  
Smit et al., TRP genes smoking occupational exposures and cough. Respir Res 2012, 13:26. 
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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 
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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  

(Virchow,Am J Respir Crit Care Med 158, 2002) 



Models of enhanced cough 
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Standard Cough Challenge 

LOG CONCENTRATION OF 
TUSSIVE AGENT 

N
U
M

B
E
R
 O

F
 C

O
U
G
H
S
 

5 

LogC5 



Conscious Brown Norway rats 

0 50 100 150 200 250 300 350 

0 

2 

4 

6 

8 

10 

12 

Time after challenge (min) 

A
ve

ra
ge

 P
e
nh

 

Sensitized 

Non-sensitized 

Late response 

0 

500 

1000 

1500 

2000 

* Pe
nh

 (
A
U
C
) 

Control    OVA    OVA+ Tio 
                       (0.1mg/kg) 

Effect of tiotropium 

Raemdonck K et al: Thorax 2011 
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Nassini et al., 2012; PLOS 1; 7: e42454.
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