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Abstract 
Preclinical studies suggest that the vanilloid receptor (TRPV1) is an important 

component of several disease areas such as pain (inflammatory, visceral, cancer and 

neuropathic), airway disease (including chronic cough), inflammatory bowel disease 

(IBD), interstitial cystitis, urinary incontinence, pancreatitis and migraine.  TRPV1 is 

a member of a distinct subgroup of the transient receptor potential (TRP) family of 

ion channels. The neuronally expressed TRPV1 is a non-selective, Ca2+-preferring, 

cation channel. In addition to capsaicin, this channel is activated by a number of 

different stimuli including heat, acid, certain arachidonic acid derivatives and direct 

phosphorylation via protein kinase C (PKC).  Moreover, there is also evidence that 

various inflammatory mediators such as adenosine triphosphate (ATP), bradykinin, 

nerve growth factor (NGF) or prostaglandin E2 (PGE2) may indirectly lead to 

activation of the TRPV1 channel via activation of their respective receptors. There is 

strong experimental evidence that the combination of direct and indirect mechanisms 

finely tune the TRPV1 activity. Each of the different known modes of direct TRPV1 

activation (protons, heat and vanilloids) is capable of sensitising the channel to other 

agonists. Similarly, inflammatory mediators from the external milieu found in disease 

conditions can indirectly sensitise the receptor. It is this sensitisation of the TRPV1 

receptor in inflammatory disease that could hold the key and contribute to the 

transduction of noxious signalling for normally innocuous stimuli, i.e. either 

hyperalgesia in the case of chronic pain or airway hyperresponsivness/hypertussive 

responses in patients with chronic cough. It seems reasonable to suggest that the 

various mechanisms for sensitisation provide a scenario for TRPV1 to be tonically 

active and this activity may contribute to the underlying pathology – providing an 

important convergence point of multiple pain producing stimuli in the somatosensory 

system and multiple cough-evoking irritants in the airways. The complex mechanisms 

and pathways that contribute to the pathophysiology of chronic pain and chronic 

cough have made it difficult for clinicians to treat patients with current therapies. 

There is an increasing amount of evidence supporting the hypothesis that the 

expression, activation and modulation of TRPV1 in sensory neurones appears to be an 

integral component of pain and cough pathways, although the precise contribution of 

TRPV1 to human disease has yet to be determined. So the question remains open as to 

whether TRPV1 therapeutics will be efficacious and safe in man and represent a much 

needed novel pain and cough therapeutic.   
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 1. Introduction 

 
The vanilloid 1 (TRPV1 or VR1) receptor is a member of a subgroup/superfamily of 

transient receptor potential (TRP) ion channels which subserve a whole host of 

cellular roles including many features of sensory transduction [1]. The neuronally 

expressed TRPV1 is a non-selective, Ca2+-preferring, cation channel. The TRPV1 

channel is activated by a diverse range of chemical ligands such as capsaicin (the 

‘hot’ component of chilli peppers) and other vanilloids (resiniferatoxin and the 

cannabinoid, anandamide), as well as acid (protons, H+), physical stimuli such as heat, 

certain arachidonic acid derivatives and direct phosphorylation via protein kinase C 

(PKC) [2-5]. In addition, TRPV1 is also activated (directly and indirectly) by a 

variety of mediators thought to contribute to neuroinflammation [6-7]. Moreover, 

various endogenous mediators such as bradykinin, substance P, glutamate, 

prostaglandins, hydroperoxy fatty acids, and adenosine triphosphate (ATP) sensitise 

TRPV1 [7].  

 

It is this sensitisation of the TRPV1 receptor in inflammatory diseases that could hold 

the key and contribute to the transduction of noxious signalling for normally 

innocuous stimuli, i.e. either hyperalgesia in the case of chronic pain or airway 

hyperresponsivness/hypertussive responses in patients with chronic cough. It seems 

reasonable to suggest that the various mechanisms for sensitisation provide a scenario 

for TRPV1 to be tonically active and this activity may contribute to the underlying 

pathology – providing an important convergence point of multiple pain-producing 

stimuli in the somatosensory system and multiple cough-evoking irritants in the 

airways. Whilst there is evidence that this is indeed the case in pain producing 

pathways, there is no direct evidence that there is tonic activity of TRPV1 in cough 

receptors. However, as discussed in section 4 of this manuscript, it seems likely that 

TRPV1 plays a critical role in the sensory regulation and/or sensitisation of the cough 

reflex in animals and humans and in so doing may be tonically active in airway 

sensory nerves. This review examines the various mechanisms that can activate and 

sensitise TRPV1 receptors and the evidence that suggests that these receptors are 

important in pain and cough pathways. A decade after the first reported cloning of the 

receptor [2], TRPV1 research has moved into another era. The availability of novel, 

potent and selective TRPV1 antagonists, together with a greater understanding of 
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TRPV1 physiology and pharmacology, should enable crucial questions with respect to 

the potential therapeutic benefits of targeting this mechanism in disease. To date the 

foremost application of TRPV1 receptor antagonists/agonists has been, 

understandably, in pain. However, the potential therapeutic benefit of targeting 

TRPV1 for a wide range of other disease areas including asthma and cough [8] has 

recently been highlighted.  

2. Activation and sensitisation of TRPV1 receptors 
 
Sequence analysis of the cloned capsaicin receptor VR1 revealed that it belongs to the 

TRP superfamily, characterised by having six transmembrane domains, and having a 

pore region between the fifth and sixth transmembrane domains [2]. Once activated 

by vanilloid molecules the channel allows the influx of the cations Ca2+ and Na+. 

TRPV1 mRNA is highly expressed in a subset of primary sensory neurones with Aδ- 

and C-fibres that respond to chemical, mechanical and thermal stimuli and, therefore, 

they are classified as polymodal nociceptors (Fig.1).  Recent studies have 

demonstrated that several endogenous chemical substances can activate TRPV1 in 

various tissues. The most prominent feature of TRPV1 is its responsiveness to 

physicochemical agents/noxious stimuli, such as temperature and protons. TRPV1 can 

be activated by acidic solutions with a pH of 5-6, which can be produced in tissues 

during pathological conditions with inflammation [9].  TRPV1 is a thermosensor on 

afferent nerves, activated by temperatures between 42 and 53°C [2], which coincides 

with the threshold temperature of thermal pain perception [9]. The effect of 

temperature on airway afferent nerves has not been as widely studied as have the 

cutaneous temperature sensors. However, it is probably unlikely that these 

temperatures are achieved in the lower airways, even in the inflamed lung. Whilst it is 

known that noxious cold air can induce cough, which may implicate TRPM8 

receptors, there appears to be little or no evidence to show whether hot air can cause 

or sensitise the cough reflex.  Recently, several members of the TRP family, including 

TRPV1 and TRPV4, have been implicated in sensory nerve mechanotransduction 

[10]. Nonetheless, the molecular basis of mechanical transduction in the sensory 

terminals of the airways is little understood, but it would be fascinating to determine 

if TRPV1 receptors in airway sensory nerves can respond to mechanical stimuli that 

can cause cough. Additional stimuli of TRPV1 include elevated concentrations of the 
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endocannabinoid, anandamide [11], the lipoxygenase metabolites of arachidonic acid, 

Leukotriene B44 (LTB4), 12-(S)- and 15-(S)-hydroperoxyeicostetraenoic acid (12S- 

and 15S-HPETE) [12], which can also sensitise TRPV1 receptors. Recently, N –

arachidonoyl-dopamine (NADA) has been recognised as a TRPV1 stimulant, 

apparently more potent than anandamide [13-14].   

 

It is well known that bradykinin activates sensory neurones; however, the mechanism 

by which this occurs is not well understood, although possible sensitisation pathways 

have been suggested. Bradykinin releases diacylglycerol (DAG), inositol-(1,4,5)-

triphosphate (IP3) and arachidonic acid from sensory neurones [9]. Thus, it is likely 

that arachidonic acid, generated by bradykinin, would in turn activate phospholipase 

A2 (PLA2) and result in the production of lipoxygenase products from arachidonic 

acid. A PLA2-lipoxygenase-TRPV1 pathway for excitation of sensory neurones by 

bradykinin is therefore possible (Fig. 1).   

 

It is well documented that a number of endogenous inflammatory mediators can 

modulate the sensitivity of TRPV1 during tissue inflammation. The exact mechanisms 

underlying the sensitisation of TRPV1 are not yet fully understood, but several signal 

transduction pathways are known to be involved (Fig.1). TRPV1 has several 

consensus phosphorylation sites that can be phosphorylated by protein kinases A, C, 

and G (PKA, C and G) and tyrosine kinase (Trk) [15-18], which ultimately results in 

sensitisation of TRPV1 receptors. PKC activation increases neuronal current 

responses to noxious heat and the activation of PKC by phorbol esters enhances the 

responses of TRPV1 to capsaicin, anandamide, acid and heat [17-19]. Thus, for 

example, bradykinin which, as already mentioned, could indirectly activate TRPV1 

receptors via the production of arachidonic acid metabolites, could also sensitise the 

TRPV1 receptor by an indirect action on PKC also via the production of lipoxygenase 

products such as 15 (S)-HPETE, which in turn activate PKC. Furthermore, 

bradykinin, via activation of the B2 receptor (Fig.1), is known to stimulate 

phospholipase C (PLC) and increase the production of DAG, which in turn activates 

PKC [20]. Prostaglandin E2 (PGE2) also sensitises sensory neurones via an effect on 

TRPV1 receptors (Fig. 1). Evidence suggests that PGE2 activates the Gs protein-

coupled EP2 prostanoid receptor present on the membranes of these neurones, which 

upon activation increases the enzyme activity of adenyl cyclase. The resulting rise in 
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cAMP may then stimulate PKA, which in turn increases the phosphorylation of 

TRPV1 and enhances its excitability [16, 21]. A further example is nerve growth 

factor (NGF): administration of NGF in somatic tissues induces a long-lasting 

increase in the sensitivity of TRPV1 receptors. This effect is believed to be mediated 

through the G–protein –coupled TrkA receptors, which in turn activates mitogen-

activated protein kinase and the PLC signalling pathway, resulting in potentiation of 

the TRPV1 channel [20, 22].  

 

Another pathway for sensitising TRPV1 involves the ‘disinhibition’ of the receptor. 

PLC cleaves phosphatidylinositol-(4,5)-biphosphate (PIP2) to yield IP3 and DAG. PIP2 

constitutively inhibits TRPV1, such that removal of PIP2 from TRPV1 results in 

disinhibition of the receptor. When PLC is activated by bradykinin or NGF, PLC 

sequesters PIP2 which release TRPV1 from the constitutive inhibition (Fig. 1) [9]. 

3. TRPV1 receptors in pain  
 
Depending on its origin, pain can be classified as follows: pain caused by the 

activation of nociceptive receptors and transmitted over intact neuronal pathways is 

termed nociceptive pain; pain cause by damage to neural structures that disrupts the 

ability of the sensory nerves to transmit correct information to the brain is termed 

neuropathic pain; finally pain with no clear physiological origin can be termed 

psychological pain.  

 

Growing evidence suggests several members of the TRP superfamily are involved in 

the detection of acute noxious, mechanical and chemical as well as in neuropathic 

pain [23]. The first evidence for the involvement of TRP channels in the pain pathway 

came with the cloning of the vanilloid receptor TRPV1, which is arguably the most 

extensively studied of the entire TRP superfamily [24]. The appropriate expression of 

the receptor in target tissues and the unmistakable pungency of capsaicin and many 

other agonists at the vanilloid receptor clearly define TRPV1 as a key transducer in 

the pain pathway and as an important integrator of responses to inflammatory 

mediators. Moreover, sensitisation of TRPV1 receptors during chronic pain is 

believed to contribute to the transduction of noxious signalling for normally 
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innocuous stimuli. Furthermore, TRPV1 has a unique expression profile in peripheral 

nociceptors and the ability to show polymodal activation.  

 

Thus the expression of TRPV1 in the dorsal root ganglion (DRG) and nodose 

ganglion neurones, particularly in association with nociceptive afferent fibres, 

together with its activation by heat (>43°C), acid and pungent vanilloid compounds 

strongly indicate that TRPV1 plays an important role in the detection and integration 

of noxious stimuli [2,3].  In gene–based disruption experiments, analysis of TRPV1 

gene-knockout mice revealed that the channel contributes to the detection of acute 

painful chemical and thermal stimuli [25, 26]. In particular, trpv1(-1-) mice showed 

reduced responses to noxious heat stimuli and complete indifference to pungent 

vanilloids.  

 

In addition to their normal role as detectors of harmful stimuli, several pathological 

conditions lead to changes in the expression level and/or sensitivity of “pain” TRP 

channels. This can lead to exaggerated pain, when the experienced pain overestimates 

the harmfulness of the stimulus, or chronic pain, when the pain persists after the 

noxious stimulus has terminated. Many pathological conditions are characterised by 

hyperaesthesia, i.e. enhanced sensitivity to sensory stimuli. With respect to pain a 

distinction can be made between allodynia, when pain is experienced in response to 

non-noxious stimuli, and hyperalgesia, when exaggerated pain is experienced in 

response to noxious stimuli.  

 

Mechanisms leading to allodynia and hyperalgesia are well described for TRPV1. The 

trpv1(-/-) mice are not only less sensitive to acute painful thermal stimuli and chemical 

stimuli, but are also unable to develop inflammatory thermal hyperalgesia [25, 26]. 

Several mechanisms have been elucidated that contribute to the increased sensitivity 

of TRPV1 during inflammation and have been discussed earlier in this review (Fig. 

1).  

 

 The well-established role of TRPV1 in the pain pathway, has given rise to the 

development of TRPV1-selective antagonists as new therapeutic targets for the 

treatment of clinical pain [27]. Recently, SB-705498 was reported as a potent 
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selective TRPV1 antagonist with good oral bioavailability and effectiveness in 

reducing hyperalgesia and allodynia in animal models [28, 29, 30]. Furthermore, 

encouraging pharmacodynamic effects, including an effect on heat pain threshold and 

a reduction in UV burn-induced flare in the skin, indicating on target activity of SB-

705498 and activity versus inflammatory hyperalgesia, have been reported in Phase 1 

healthy volunteer studies. This demonstrates that this compound is 

pharmacologically-active in humans at the dose tested and provides further 

confidence in the progression and design of clinical trials to assess the efficacy of 

TRPV1 antagonists in patients [31]. Similarly, AMG8562, a novel, second generation 

TRPV1 antagonist was shown to cause effective anti-nociceptive effects in several 

models of inflammatory and surgical pain [32]. Importantly, this compound did not 

cause hyperthermia (increase in body temperature), an effect that has been observed 

previously with other TRPV1 antagonists in animal and human studies [33, 34]. These 

examples illustrate the potential of TRPV1 antagonists in the treatment of varied 

forms of pain in humans and with the development of even more selective agents 

further understanding of the role of TRPV1 in pain is within reach. 

4. TRPV1 receptors in cough 
 
Cough is arguably the most common symptom associated with pulmonary diseases, 

such as asthma, bronchitis, chronic obstructive pulmonary disease (COPD) and the 

common cold. Chronic cough is a symptomatic manifestation of airway 

hyperresponsiveness. Receptors present on airway sensory nerve endings and in cell 

bodies of C-fibres and Aδ-fibres are drug targets for chronic cough. Increasing 

evidence has suggested a significant role of TRPV1 in the genesis of cough. Firstly, 

good evidence suggests that airway sensory nerves expressing TRPV1 receptors are 

involved in eliciting cough reflexes [21,35] and that TRPV1 plays a critical role in the 

sensory regulation and/or sensitisation of the cough reflex in animals [35-37].  In 

animals and in humans, experimental cough can be induced by inhalation of citric 

acid, capsaicin and anandamide, all of which are potent TRPV1 activators [38-43]. 

Secondly, a number of endogenous inflammatory mediators that are known to 

upregulate TRPV1 sensitivity, such as PGE2, bradykinin, and histamine can also 

enhance the cough sensitivity in experimental animals, as well as in humans [44-46].  

Indeed, PGE2, at low doses markedly enhances the excitability of vagal pulmonary C-
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fibres in anaesthetised rats [47]. In cultured nodose and jugular pulmonary neurones, 

PGE2 markedly increased the whole cell current density and number of action 

potentials evoked by capsaicin which suggest a sensitising effect of   PGE2 on TRPV1 

receptors [16]. Likewise, it has recently been reported that activation of protease 

activated receptor-2 (PAR-2) up-regulates the excitability of isolated rat pulmonary 

chemosensitive neurones [48] and also increases TRPV1-mediated cough in guinea-

pigs via activation of PKC and PKA signal transduction pathways [49]. Thus, PGE2 

and PAR-2, released during airway inflammation, may cause airway 

hyperresponsiveness and exaggerated cough reflexes via sensitisation of TRPV1 

receptors in a similar manner to that described for the generation of thermal 

hyperalgesia in inflammatory pain. Thirdly, in humans, TRPV1 is upregulated in 

patients with chronic cough [50,51] and a significant correlation between the cough 

sensitivity to capsaicin inhalation challenge and the density of TRPV1-expressing 

nerves in the mucosa of patients with chronic cough was also observed. [50]. 

Moreover, capsaicin-evoked cough responses are increased in patients with 

inflammatory lung diseases such as asthma, bronchitis, COPD and upper respiratory 

tract infection, which could be as result of TRPV1 sensitisation.  

 

Clearly, there is a growing body of evidence linking an important role of TRPV1 in 

airway inflammation, airway hyperresponsivness and cough. Thus, as in the pain 

arena, this potential role of TRPV1 in the cough pathway, has given rise to studies 

examining the pharmacological antitussive activity of TRPV1 antagonists. Several 

studies have used the TRPV1 antagonist capsazepine and iodo-resiniferatoxin (iodo-

RTX). These studies demonstrated antitussive activity, but the agents were not fully 

efficacious [40, 52]. Unfortunately, capsazepine and iodo-RTX are not particularly 

good pharmacological tools with limited selectivity and potency [53]. More 

encouragingly, preclinical studies have demonstrated clear antitussive efficacy with 

the more potent and more selective TRPV1 antagonists, BCTC and JNJ17203212 in a 

number of rodent models including capsaicin- and citric acid-evoked cough in guinea-

pigs [53, 54].  Furthermore, the TRPV1 antagonist BCTC was also shown to possess 

antitussive activity in an antigen-evoked cough model in guinea-pigs [54] and also 

attenuated the hyperresponsiveness to capsaicin-evoked cough that develops 

following airway inflammation induced by the noxious gas sulphur dioxide [55]. 

Together, these findings provide convincing evidence to suggest that an increase in 
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expression and/or sensitivity of TRPV1 in the airway sensory nerves may be involved 

in the development of chronic cough.  Unquestionably, the emergent evidence 

implicating a fundamental role for TRPV1 in airway inflammation means that TRPV1 

antagonists may have important benefit for the treatment of patients suffering from 

chronic cough, asthma, COPD and allergic rhinitis.  

5. Current status of novel TRPV1 antagonists for drug 
development 
 
To date the foremost application of TRPV1 receptor antagonists/agonists has been, 

understandably, in pain. Several synthetic antagonists of the TRPV1 channel are 

being developed and are currently under investigation, focused primarily for use in 

pain, in particular dental pain and migraine. However, authoritative information 

regarding the exact progress of these molecules through pre-clinical and early clinical 

development is often difficult to acquire.  A number of pre-clinical, Phase I and Phase 

II clinical studies/trials are currently in progress emanating from various different 

pharmaceutical companies and collaborations (Fig. 2). As discussed previously, 

encouraging pharmacodynamic effects have been obtained with SB-705498, 

demonstrating that this agent is pharmacologically active in humans [31]. Likewise, 

Merck-Neurogen and Glenmark have also recently announced completion of 

successful Phase I clinical trials with MK-2295(NGD-8243) and GRC6211, 

respectively, and are now in the process of assessing proof-of-concept studies in 

dental pain [56]. Unfortunately, Amgen recently announced that their molecule 

AMG517 caused marked hyperthermia in humans and stated that this would prevent it 

from further development [34].  Interestingly, hyperthermia has not been highlighted 

as a major issue in the other Phase I studies completed so far.  Notwithstanding, 

Amgen have another, second-generation, TRPV1 antagonist (AMG8562) in pre-

clinical development, which does not cause hyperthermia, but retains pharmacological 

efficacy in on-target (agonist) challenge models and rodent pain models. There are 

many other companies operational in this area (Fig. 2], [57,58] and no doubt further 

clinical trials will soon be underway.  Indeed, Evotec AG very recently announced the 

initiation of a Phase I clinical trial of a TRPV1 antagonist under partnership with 

Pfizer Inc. To date the emphasis for TRPV1 antagonists from a clinical development 

viewpoint has been on pain, however, there is increasing preclinical and clinical 



TPIRCSUNAM DETPECCA

ARTICLE IN PRESS

 10

evidence which suggests that TRPV1 antagonists may have potential for the treatment 

of cough as well as a variety of other human disorders.   

6. Conclusions 
 
Preclinical studies suggest that the TRPV1 receptor is an important component of 

several disease areas such as pain (inflammatory, visceral, cancer and neuropathic) 

and airway disease (including chronic cough). In addition to capsaicin, this channel 

can be activated directly, indirectly and also sensitised by a number of different 

stimuli and mechanisms including heat, acid, and various inflammatory mediators. 

There is strong experimental evidence that the combination of direct, indirect and 

sensitising mechanisms finely tune the TRPV1 activity. It is this sensitisation of the 

TRPV1 receptor in inflammatory disease that could hold the key and contribute to the 

transduction of noxious signalling for normally innocuous stimuli, i.e., either 

hyperalgesia in the case of chronic pain or airway hyperresponsivness/hypertussive 

responses in patients with chronic cough. It seems reasonable to suggest that the 

various mechanisms for sensitisation provide a scenario for TRPV1 to be tonically 

active and this activity may contribute to the underlying pathology – providing an 

important convergence point of multiple pain producing stimuli in the somatosensory 

system and multiple cough-evoking irritants in the airways. There is an increasing 

amount of evidence supporting the hypothesis that the expression, activation and 

modulation of TRPV1 in sensory neurones appears to be an integral component of 

pain and cough pathways, although the precise contribution of TRPV1 to human 

disease has yet to be determined. So the question remains open as to whether TRPV1 

therapeutics will be efficacious and safe in man and represent a much needed novel 

pain and cough therapeutic. The availability of novel, potent and selective TRPV1 

antagonists, together with a greater understanding of TRPV1 physiology and 

pharmacology, should enable crucial questions with respect to the potential 

therapeutic benefits of targeting this mechanism in disease.  
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Figure Captions 
 
 
Fig. 1. Diversity of mechanisms either directly, indirectly or sensitising TRPV1 

receptors in the terminals of primary sensory neurones. For explanation see text.  

 

Fig. 2. Current status of novel TRPV1 antagonists for drug development. 
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