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ABSTRACT 

 

Transient receptor potential vanilloid 1 (TRPV1) is an ion channel expressed on sensory neurons 

triggering an influx of cations into sensory cells. TRPV1 receptors function as homotetramers 

responsive to heat, proinflammatory substances, lipoxygenase products, resiniferatoxin, 

endocannabinoids, protons, and peptide toxins. Its phosphorylation increases sensitivity to both 

chemical and thermal stimuli while desensitization involves a calcium-dependent mechanism 

resulting in receptor dephosphorylation. TRPV1 functions as a sensor of noxious stimuli and may 

represent a target to avoid pain and injury. TRPV1 activation has been associated to chronic 

inflammatory pain and peripheral neuropathy. Its expression is also detected in non-neuronal areas 

such as bladder, lungs and cochlea where TRPV1 activation is responsible for pathology 

development of cystitis, asthma and hearing loss. Therefore, modulation of TRPV1 channel activity 

is under consideration for the therapy of chronic pain, cough, bladder disorders, diabetes, obesity, 

and hearing loss. This review offers a comprehensive status of the art about TRPV1 receptor in 

pathophysiology and highlights how drug development targeting this channel could have a clinical 

therapeutic potential. This review also summarizes advances of medicinal chemistry leading to the 

identification of highly selective TRPV1 antagonists and their analysis of structure–activity 

relationships (SARs) highlighting how drugs targeting this channel could be better developed. 
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1. INTRODUCTION 

Why peppers taste hot? The heat sensation is due to capsaicin, a chemical molecule present in 

peppers, daily consumed on a global scale. Capsaicin interacts with specific sensory neurons and in 

particular binds to the vanilloid receptor (VR1), a member of the superfamily transient receptor 

potential (TRP) ion channel referred as TRPV1. Through this interaction the capsaicin molecule 

produces the same sensation, or signal to the brain, that normal heat produces when activating the 

TRP receptors. This is why eating peppers makes your mouth feel really hot, even though it’s not.  

TRPV1 is a non-selective cation channel abundantly expressed in the nociceptors (c-fibers).  

In this review article, we offer an overview about the role of TRPV1 in the regulation of key 

physiological signaling and important pathologies associated with its activation. In recent years our 

research group has investigated a large series of TRPV1 derivatives with interesting properties from 

a chemical and pharmacological point of view, showing in vitro and in vivo affinities for the 

TRPV1 receptor. Considering that several pharmaceutical industries are involved in the field and 

many patents are reported, and that it is often difficult to obtain exact information regarding the 

status of molecules in early stages of clinical development, we perform a review on TRPV1 

receptor ligands (since 2008 to date) from published articles and patent literature, to highlight how 

drugs targeting this channel could be important clinically and better developed.  

Moreover, we have also tried to describe the potential of TRPV1 antagonists as therapeutic agents 

for treating pain, cough, bladder disorders, diabetes and obesity by reporting their clinical status of 

development. The medicinal chemistry section of this review summarizes the 2008-2016 advances 

of the new chemical entities development as TRPV1 antagonists, the structure–activity relationships 

(SAR) analysis, the corresponding biological activities combined with the therapeutic potential of 

compounds. 

2. STRUCTURE, REGULATION AND DISTRIBUTION 

A. Structure 
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The family of vanilloid TRP channels includes six members, from 1 to 6. Only the TRPV1 subtype 

is stimulated by vanilloids, such as capsaicin, present in chilli peppers. It was in 1960 that Jancsó 

found that capsaicin was able to activate sensory nerves,1 then, 15 years later the presence of a 

capsaicin receptor was detected in their plasma membranes.2 Subsequently, the TRPV1 receptor 

was cloned in mouse, human and guinea-pigs,3–5 showing marked species-related differences in 

pharmacological profiles. For example, birds and rabbits, differently from rodents and humans, are 

insensitive to the pungent action of capsaicin. The human Trpv1 gene is located on chromosome 

17p13 and encodes a 95 kDa protein containing 839 amino acids residues.6 TRPV1 resembles 

voltage-gated potassium channels as suggested by single-particle electron cryo-microscopy studies 

allowing the identification of transmembrane topology and subunit organization of TRPV1.7–9 

Furthermore, research performed on TRPV1 knockout (KO) mice sanctioned a crucial role for this 

receptor in noxious heat perception in vivo.10 Noxious stimuli open TRPV1 channels located in 

sensory nerve endings with consequent membrane depolarization, thereby initiating action 

potentials that propagate to the spinal cord and brain. TRPV1 currents evoked by a variety of 

agonists exhibit pronounced outward rectification, increasing current at positive compared to 

negative membrane potentials thus reducing TRPV1 activation when cells are near resting 

potential.11–14 A series of exogenous and endogenous activators of TRPV1 have been characterized, 

such as Vanilloids (e.g. Olvanil, Resiniferatoxin, RTX)15, 16, Capsinoids (e.g. Capsiate)17, 

Camphor18,  heat >43°C and pH <5.919, Anandamide13, 14, Lipoxygenase products 8(e.g. LTB4)20, 21, 

N-acyldopamines21, 22, Bradykinin23, PAR-2 agonists24, nerve growth factor (NGF)23, ATP23, 25
 

suggesting the importance of cross-talk mechanisms.  

The TRPV1 receptor is a homotetramer that consists of six transmembrane domains with a pore 

region located between the fifth and sixth domain, and long intracellular N- and C- terminal tails.6 

Within the N-terminal tail, six ankyrin repeat domains allow binding of calmodulin and ATP to 

modulate TRPV1 activation.26 The C-terminus contains a TRP domain as well as binding sites for 

phosphoinositide 4,5-biphosphate (PIP2) and calmodulin. 
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Fig. 1 

At the receptor level, capsaicin binds to the region that spans transmembrane domains 3 to 4 of the 

TRPV1 receptor. Bound capsaicin orients in a “tail-up, head-down” configuration where the vanillyl 

and amide groups form specific interactions that anchor the ligand to the receptor.27
 Since ligands 

bind to the cytosolic side of TRPV128, these agonists must traverse the plasma membrane to access 

the intracellular ligand-binding site of TRPV1.29 One exception is proton activation at pH of 

<6.0. TRPV1 receptor forms a cation channel permeable to mono- , such as sodium and potassium, 

and divalent cations, with 10-fold higher preference for calcium, and an exceptionally high 

permeability to large cations.30 Its activation leads to the elevation of cytosolic Ca2+, and the 

subsequent release of neuropeptides such as substance P and calcitonin-gene related peptide by 

exocytosis.31, 32 Interestingly, TRPV1-mediated ion permeation changes depending on the activation 

state.33 Selectivity for calcium is also modified, depending on the extracellular calcium levels. Both 

agonist concentration and identity affect these dynamic permeability effects. In particular, a strong 

increase in permeability of large cations, such as N-methyl-d-glucamine (NMDG) or the propidium 

dye YO-PRO1, is induced by high concentrations of capsaicin, in contrast to low concentrations 

that normally do not change it, unless when protein kinase C (PKC) phosphorylated TRPV1. 

Moreover, some agonists, e.g. camphor and heat, induce only few changes in large cations 

permeability.34 

Mutagenesis studies revealed that Met547 and Thr551 of human and rodent TRPV1 are necessary 

for capsaicin sensitivity.35 Furthermore, the highly conserved tyrosine in position 511 (Y511) of the 

rTRPV1 was the first residue to be identified as a necessary participant in the vanilloid-mediated 

response,36 its rotation was implicated in the vanilloids bound state8, 37–39 and, more recently, it was 

found to entrap vanilloids in their binding site, prolonging channel activity.40 Moreover, the 

aminoacid residues Glu600 and Glu648 within the extracellular loop domain are important for 

TRPV1 activation by protons. A series of aminoacid residues located in the pore region and C-
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terminal domains are crucial for heat sensitivity e.g. 1696A, W697A, and R701A resulted in total 

loss or reduction of heat sensitivity.41 

 

B. Regulation 

TRPV1 is regulated by phosphorylation inducing an increased sensitivity to both chemical and 

thermal stimuli. Indeed TRPV1 have multiple phosphorylation sites at various serine and threonine 

residues for protein kinase A (PKA), PKC, c-Src kinase and calcium-calmodulin kinase II 

(CaMKII), in addition to putative sites for capsaicin and proton binding.12, 42–47 This is relevant 

because several inflammatory agents stimulate PKA and/or PKC through G-protein coupled 

receptor (GPCR)-depending pathways.48, 49 Phosphorylation induced by PKA, via cyclic AMP 

signaling, and PKC, via IP3 signaling, produced different effects. In particular, PKA decreases 

TRPV1 desensitization capsaicin-mediated by phosphorylating Ser116, thus allowing an higher 

sensitivity to the TRPV1 agonist.43 PKC phosphorylation instead increases sensitization of this 

receptor to heat, protons or agonists and is generally triggered by inflammatory agents, through IP3 

turnover.11, 29, 50 Furthermore, PKC potentiates TRPV1 activity by shifting voltage-dependent 

activation to more negative potentials thus rising the possibility of channel opening at normal 

membrane potentials.6  

Interestingly, TRPV1 sensitization is obtained also through soluble N-ethylmaleimide-sensitive 

factor attachment protein receptor (SNARE)-dependent exocytosis by a rapid enrollment of TRPV1, 

located in subcellular vesicules, in the plasma membrane under inflammatory conditions.51–53 

Recently, it has been reported that TRPV1 function is strongly modulated by cyclin-dependent 

kinase 5 (Cdk5)-mediated phosphorylation at position threonine-407 (mouse)/T406 (rat), position 

critical for the function of TRPV1 by modulating ligand-sensitivity, activation, and desensitization 

kinetics as well as voltage-dependence.54 These results indicate that Cdk5-mediated 

phosphorylation of rat TRPV1 (rTRPV1) at T406 plays an important role in the molecular process 

of transduction of nociceptive stimuli and pain signaling.  
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TRPV1 undergoes to homologous desensitization after repeated or prolonged exposure to capsaicin 

or resinaferatoxin in a calcium-dependent way that leads to dephosphorylation.29, 55 The mechanism 

involved is through calcineurin, a protein phosphatase 3, which dephosphorylates serine and 

threonine residues, targets of PKA activity. Indeed, this desensitization is reduced by PKC 

phosphorylation.46, 56, 57 

In addition, numerous different pathways such as interactions of molecules e.g. calmodulin,26, 58 

ATP,26 or A-Kinase Anchoring Protein 79/150 (AKAP150)59 or the privation of phosphoinositol 

4,5-diphosphate from the plasma membrane53, 60 take part in receptor desensitization. 

Finally, it has been found that endocytosis plays a role in dose- and time-dependent capsaicin-

induced desensitization through a clathrin-independent pathway targeting the channel for lysosomal 

degradation.61 

C. Distribution  

According to its role in pain, nociception and heat perception, TRPV1 expression has been 

originally detected in primary afferent nociceptors of the dorsal root ganglia (DRGs), trigeminal 

ganglia (TG), and vagal ganglia.3, 19, 62 These neurons form unmyelinated or myelinated nerve 

fibres, C or Aδ, respectively. 

Even though subsequent studies demonstrated a much wider distribution in the central nervous 

system (CNS) e.g. in dopaminergic neurons of the substantia nigra, hippocampus, hypothalamus, 

cortex, cerebellum, in the dentate gyrus and the nucleus accumbens, more recently it has been 

revealed through TRPV1 reporter mice that only few brain regions contain these receptors.63–67 

TRPV1 is expressed also in non-neuronal cells, e.g. epidermal keratinocytes,68 urothelium,69–71 liver 

hepatocytes,72 polymorphonuclear granulocytes,73 pancreatic β-cells,74 endothelial cells,75 

mononuclear cells,76, 77 arteriolar smooth muscle cells,67 mesenteric arteries,78 preadipocytes and 

adipose tissue.79  

3. PATHOPHYSIOLOGICAL ROLES  

A. Thermoregulation 



8 
 

The administration of the TRPV1 agonists capsaicin, RTX, rinvanil, and arvanil has been 

demonstrated to induce severe hypothermia associated with skin vasodilatation,80–84 thus suggesting 

a role for this receptor in thermoregulation. Hypothermia caused by TRPV1 agonists is transient in 

nature because it usually lasts only for a few hours, most probably due to TRPV1 desensitization.81 

However, it has been reported that continuous infusion of the TRPV1 agonist dihydrocapsaicin, a 

component of chili pepper, due to its desirable hypothermic profile with regards to the duration and 

depth, controls body temperature in a fashion which is promising for patients survivors of out of 

hospital cardiac arrest.85 

Interestingly, evaluating the effect of TRPV1 antagonists on capsaicin-mediated hypothermia it has 

been demonstrated that these ligands alone rise body temperature. Hypertermia was obtained by 

using a range of chemically different antagonists and was not observed in TRPV1 KO mice86 

suggesting that this phenomenon is due to inhibition of TRPV1 receptors. Therefore, being these 

antagonists highly selective it has been argued that TRPV1 channel tonically affects body 

temperature regulation.81, 87 The mechanism associated with this effect is a vasoconstriction 

producing a reduction in heat loss through skin and increased thermogenesis. The site of action of 

hyperthermia induced by TRPV1 antagonists has been located in peripheral visceral TRPV1 

channels, outside the blood brain barrier.86, 87 Hypertermia was transient because it was attenuated 

after consecutive doses of antagonist allowing the hypothesis that clinical development of 

antagonists in humans could not be a problem.88 

B. Pain 

TRPV1 has been recognized to be a major contributor to pain for important reasons. Firstly, it is 

known that TRPV1 receptor undergoes desensitization following agonist stimulation thus 

alleviating pain in rodents,89 and in humans.90 Secondly, this channel is overexpressed in 

inflammation being stimulated by inflammatory mediators to induce pain behaviors in rats. 91–94 

Thirdly, TRPV1 KO show decreased thermal hypersensitivity after inflammation,10, 95 and finally 

TRPV1 antagonists block pain behavior in rodent models of inflammation,96–101 osteoarthritis,97 and 
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cancer.102–104 Since TRPV1 is considered an attractive target for an analgesic agent, both agonists 

and antagonists are being considered for therapeutic evaluation. 

Pain can generally be identified as nociceptive or neuropathic depending on the pathogenesis. 

C. Nociceptive pain 

Nociceptive pain includes inflammatory pain, due to the activation of the nociceptors by a series of 

proinflammatory molecules e.g. cytokines, chemokines, lipids, kinases. In this environment TRPV1 

channels play a crucial role in the mechanism at the basis of inflammatory pain because they can be 

directly activated by inflammatory mediators.105, 106 Furthermore, sensitization occurs in 

inflammatory conditions that can increase TRPV1 channel expression in sensory neurons,92 induce 

a rapid translocation from the cytoplasm to the plasma membrane51, 107–109 and modify at 

posttranslational level TRPV1 receptors 12, 24, 110–114 with phosphorylation mechanisms responsible 

for an increase of functionality.115  

TRPV1 has been implicated in osteoarthritis (OA).116, 117 TRPV1 is present at high level in 

nociceptive nerve fibres that innervate the articular capsule of the joint and is increased in the 

sensory afferent fibres innervating the OA joint. When OA was induced in rats by intra-articular 

monoiodoacetate [MIA] injection, DRG neurons showed an upregulation of TRPV1.118 These 

animals presented an increase in Calcitonin gene related peptide (CGRP) production triggered by 

TRPV1 after stimulation with capsaicin.119 The TRPV1 antagonist A-889425 [1-(3-methylpyridin-

2-yl)-N-(4-(trifluoromethylsulfonyl) phenyl)-1,2,3,6-tetrahydropyridine-4-carboxamide] was able to 

counteract increased spontaneous firing activity in spinal neurons, presumably linked to pain.116 

Pain behavior, measured as weight-bearing asymmetry, in mice with MIA-induced OA was blocked 

by intra-articular administration of the TRPV1 antagonist JNJ17203212 [4-[3-(trifluoromethyl)-2-

pyridinyl]-N-[5-(trifluoromethyl)-2-pyridinyl]-1-piperazinecarboxamide].120 Stimulation with 

capsaicin led to desensitization and as a consequence reduced both pain and bone damage induced 

by MIA. 121
 In TRPV1 KO mice, a decrease in tissue damage and mechanical hyperalgesia was 

observed in a model of chronic arthritis. 122 Further evidences supporting the role of TRPV1 in pain 
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OA derive from human studies where an increased density of TRPV1 has been observed in patients 

with OA.123 Accordingly, variant of TRPV1 with loss-of-function has been associated to a reduced 

risk of pain in OA.124 All together, these data support an important role for TRPV1 antagonists to 

relieve OA pain even though two of them, ABT-116 and AZD1386, failed to give significant pain 

relief in this pathology.125–128  

However, as in other preclinical pain models, e.g. diabetic neuropathy, it has been observed that the 

pain relief effect of TRPV1 antagonism was affected by the duration of the pathology, it has been 

hypothesized that TRPV1 antagonists may be useful when administered at the beginning of the 

disease, to avoid the occurrence of chronic pain. Furthermore, we have to consider that OA is a 

complex pathology where TRPV1 is only one pain target. 129, 130 

TRPV1 is thought to play a role in dental pain being expressed in most trigeminal ganglion neurons 

innervating tooth pulp.131
 In particular, TRPV1 are increased in trigeminal ganglion neurons in a 

model of pulpitis131 and are responsible of thermal hyperalgesia. Accordingly, agonist-induced 

desensitization of TRPV1 present on sensory neurons inhibited inflammation and consequent bone 

loss in a rodent model of periodontal disease.132 Furthermore, the TRPV1 antagonist AZD1386 

exerts analgesic effect versus acute pain after molar extraction in humans.133 Overall these data 

suggest that TRPV1 may be a useful therapeutic target in patients with periodontal disease.      

It is well recognized that TRPV1 is involved in pain and hyperalgesia throughout the alimentary 

canal in response to peristaltic movements and/or distension that may be induced by inflammatory 

conditions.134 TRPV1 are widely located in the digestive tract where affect taste, visceral sensation, 

gastrointestinal (GI) motility and functions. In particular, TRPV1 are expressed in extrinsic sensory 

neurons, intrinsic enteric neurons, epithelial, and endocrine cells.135, 136 The highest presence of 

TRPV1 in the alimentary canal is in spinal and vagal primary afferent neurons where TRPV1 may 

contribute to the cough induced by gastro-esophageal reflux of gastric contents (GERD), thus 

producing pain.137 Furthermore, the sensitivity of TRPV1 to low pH renders it a target for sensing 

heartburn provoked by GERD. Accordingly, TRPV1-KO mice present a reduced esophagitis 



11 
 

following acid exposure in comparison to wild type littermates.138 Therefore, clinical trials have 

been conducted to evaluate the potential role of TRPV1 antagonists in patients affected by GERD, 

but unexpectedly the results obtained with AZD1386 indicated the lack of involvement of TRPV1 

in heat-, mechanically- and electrically-evoked esophageal pain in these patients.139 Interestingly, in 

the context of acute pancreatitis induced by alcohol abuse TRPV1 is activated and responsible for a 

reduction of the disease.140, 141 TRPV1 is overexpressed in colonic biopsies derived from patients 

with inflammatory bowel disease (IBD).142 Interestingly, the TRPV1 antagonist JYL1421 inhibited 

colorectal distension and ameliorated colitis, indicating TRPV1 as a contributor to the 

pathophysiology of visceral pain.143 

TRPV1 has been indicated as a good therapeutic target in cancer pain.102 Indeed, TRPV1 activation 

plays a critical role in the generation of bone cancer pain, and its expression is increased within 

distinct subpopulation of DRG neurons.144 Both treatment with RTX and genetic deletion of 

TRPV1 reduced bone cancer pain.136, 145 

D. Neuropathic pain 

Neuropathic pain is generated by a damage of somatosensory nervous system and is comprehensive 

of diabetic neuropathy, chemotherapy-induced neuropathy, post-herpetic neuralgia, spinal cord 

injury, and phantom limb pain. After a primary lesion or injury affecting peripheral nerve there is a 

modification of TRPV1 channel expression in sensory neurons. In particular, a TRPV1 decrease has 

been observed in the injured neurons in response to peripheral axonal injury possibly due to the loss 

of trophic delivery.146 However, their upregulation has been observed in some neurons near 

damaged nerve.147, 148 Evidence from KO mice suggested that TRPV1 channels did not affect pain 

induced by nerve injury or diabetes.10, 149, 150 

E. Diabetes and Obesity 

The role of TRPV1 in the control of metabolism and glucose homeostasis is well established.151–153 

Indeed, TRPV1 has been associated to the occurrence of both type 1 and type 2 diabetes mellitus154 

due to its effects on appetite and weight regulation,155 glucagon-like peptide-1 (GLP-1) 
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production,156, 157 pancreatic function modulation and increase of insulin secretion,155 adiponectin158 

and leptin signaling control,159 modulation of neuronal activity. 152, 160–162 

Interestingly, dietary capsaicin reduced inflammation, insulin resistance and hepatic steatosis in 

obese mice fed with a high-fat diet.163
 This agonist induced a lower fasting glucose levels, lower 

insulin and leptin levels, and improved glucose tolerance versus obese mice without capsaicin 

treatment, thus leading to prevention of type 2 diabetes occurrence. Similar beneficial effects have 

been observed also with topical application of capsaicin that produced weight less and a decrease of 

adipose tissue related to lower expression levels of tumor necrosis factor-α and interleukin(IL)-6 

and higher expression of adipokines and other genes involved in lipid metabolism.164 Interestingly, 

capsinoids associated with physical exercise blocked diet-induced obesity by increasing energy 

consumption.165 More recently, a synergistic antiobesity effect by a combination of capsinoids and 

cold temperature through promoting beige adipocyte biogenesis has been observed.166 

The beneficial effects of capsaicin in metabolic profile have been observed in TRPV1 KO mice 

showing dysregulated leptin signaling and obesity increase.167 However, in a previous study, it was 

found that in mice lacking TRPV1 there was a protection from diet-induced obesity.168  

F. Bladder disorders 

The expression of TRPV1 in normal urinary bladder has been well studied. Initial studies detected 

TRPV1 receptors in membranes from urinary bladder, then TRPV1 was found in nerve fibres,169–171 

in urothelial cells, and in myofibroblasts.69, 172
 In particular, in urothelial cells activation of TRPV1 

channel induced an increase in intracellular calcium and nitric oxide production that was not 

observed in TRPV1 KO mice.69 Furthermore, in in vivo animal studies capsaicin increased bladder 

contraction frequency and decreased the threshold of volume necessary to trigger voiding.173 Under 

pathological conditions such as overactive bladder it has been found that TRPV1 receptors are 

upregulated in urothelial cells and nerve fibers and administration of TRPV1 antagonist reduced 

amplitudes of bladder contractions. 174 The coexistence of TRPV1 channels and tropomyosin 

receptor kinase A (TrKA) receptors has been shown to be essential in bladder control and 
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sensitivity. Indeed, it has been demonstrated that NGF increases expression of TRPV1 channels in 

the cell membrane of urothelial cells, increased ATP release in response to capsaicin through TrKA 

activation via a phosphatidylinositol 3-Kinase and PKC signalling pathway. Under inflammatory 

conditions a TrKA blocker was able to inhibit pain behavior. Furthermore, bladder inflammation 

elicits increased expression of TRPV1 channels in the membrane of urothelial cells.175 Mechanical 

bladder hyperactivity, typical of cystitis, was antagonized by a TRPV1 blocker and was not 

revealed in TRPV1 KO mice.176, 177 Indeed, in the rat bladder, the TRPV1 antagonist JTS-653 

blocked overactivity without affecting normal micturition.178 In particular, TRPV1 channels were 

upregulated in neurons innervating the bladder and the related DRGs.179 

G. Cough 

Numerous literature data report a potential involvement for TRPV1 receptor in cough with 

capsaicin presenting unique protussive effects.180–182 As for the expression of TRPV1 channels they 

are distributed through the respiratory system, including in the nose, bronchi and vessel wall.183–186 

More recently, TRPV1 expression has been observed in primary cultures of epithelial cells isolated 

from human airways, where the receptor is upregulated in the airways of patients with refractory 

asthma mediating IL-8 release potentially relevant for long term cough reactivity.187 Importantly, it 

has been demonstrated that the most common cause of cold, human rhinovirus (HRV), infecting 

neuronal cells, induces an overexpression of TRPV1 through NGF-, IL-6- and IL-8-dependent 

mechanisms even though it has to be clarified whether this upregulation is crucial for HRV-

dependent cough.188 It has been observed an high level of TRPV1 and TGFß2 in blood and adenoid 

body specimens of children with upper airway cough syndrome in comparison with healthy 

subjects.189 Another evidence for the role of TRPV1 in cough derived from finding about tiotropium 

bromide, a muscarinic antagonist used as a drug for chronic obstructive pulmonary disease (COPD), 

that inhibited cough triggered by TRPV1 agonist.190 Contrasting results on TRPV1 role in cough 

derive from genetic studies as a single point mutations (SNPs) in TRPV1 channel decreases cough 

threshold in subjects with a history of workplace exposure.191 However, asthmatic patients with a 



14 
 

loss of function SNP of TRPV1 appear to be more sensitive to cough.192 Furthermore, the 

SB705498 ligand, a TRPV1 antagonist, even though was able to reduce cough reflex sensitivity to 

capsaicin, did not decrease cough frequency in patients affected by refractory chronic cough193 

suggesting that the role of TRPV1 in cough deserves other investigations.180 

H. Hearing loss 

TRPV1 is expressed in the organ of Corti and in spiral ganglion cells where it is involved in the 

cochlear homeostasis.194 The cochlear TRPV1 could serve as a sensor of cisplatin-induced oxidative 

stress and as mediator of cochlear damage. Induction of TRPV1 clearly results from ROS 

generation in the cochlea.195 Interestingly, salicylate could induce tinnitus through activation of 

TRPV1 in the rat auditory pathway.196 

4. MEDICINAL CHEMISTRY OF TRPV1 ANTAGONISTS 

While both TRPV1 agonists and antagonists have been targeted as potential analgesics in various 

animal models of neuropathic pain, the major focus of the drug discovery attempt has been on the 

identification of TRPV1 antagonists. Over the past several years, several pharmaceutical companies 

focused efforts drug discovery on the TRPV1 receptor antagonists. Starting with structures of lead 

agonists such as the natural products, capsaicin and its ultrapotent selective analog RTX 

(compounds 1 and 2, respectively, Fig. 2), passionate medicinal chemistry labors have been 

generated potent antagonists along with better understanding of TRPV1 pharmacology. The 

prototypical TRPV1 antagonist, structurally related to the capsaicin, is the N-(4-chlorophenethyl)-

4,5-dihydro-7,8-dihydroxy-1H-benzo[c]azepine-2(3H)-carboxamide 3 (capsazepine, Fig. 2) that 

was widely used in the past to dissect TRPV1-mediated responses. It has been shown that 

capsazepine blocked capsaicin-mediated performances in rodents and has become a precious tool 

for studying the effects of TRPV1 antagonists in neuropathic pain models. Challenges to improve 

on the poor physical properties associated with the capsazepine scaffold have led to a large number 

of diverse structures as potent TRPV1 antagonists. 
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The chemical section of the present review will provide an update of the progress made in SARs in 

the field with particular focus on the TRPV1 antagonists developed from 2008 onwards. 

Representative compounds and key characterization data covering multiple chemical series are 

highlighted. 

Fig. 2 

A. Phenyl- /Benzyl- Urea 

The 1,3-disubstitued ureas represent the major classes of the TRPV1 antagonists. The search for 

TRPV1 antagonists in Abbott Laboratories was started with identification of 7-hydroxynaphthalene 

urea 4 (Fig. 3) that was discovered as a part of high-throughput screening (HTS) campaign. Despite 

its potent cellular activity, compound 4 did not exhibit in vivo activity in animal models of 

inflammatory pain and was not orally bioavailable. Subsequently, the replacement of hydroxy-

naphthyl group with a variety of nitrogen containing bicyclic heteroaromatics produced the 5-

isoquinoline urea 5 (A-425619, Fig. 3) with better pharmacokinetic properties and higher aqueous 

solubility.197 It blocked capsaicin-evoked increases in intracellular calcium concentrations in 

HEK293 cells expressing recombinant human TRPV1 receptors (IC50 = 5 nM). A-425619 showed 

similar potency (IC50 = 3-4 nM) to block TRPV1 receptor activation by anandamide and N-

arachidonoyl-dopamine. Similar to capsazepine, A-425619 demonstrated competitive antagonism of 

capsaicin-evoked calcium flux, showing 25- to 50-fold more potency than capsazepine in blocking 

TRPV1 activation.198 Exploration of the SAR in this chemical series by replacement of the benzyl 

lipophilic portion with an indane moiety led to the identification of the indazolyl urea 6 (ABT-102, 

Fig. 3), a potent antagonist (IC50 = 5-7 nM) of capsaicin-induced Ca2+ influx in human recombinant 

TRPV1 receptors.199 ABT-102 was effective in blocking nociception in rodent models of 

inflammatory, post-operative, osteoarthritic, and bone cancer pain.117 Moreover, it was found that 

repeated administration of ABT-102 for 5-12 days increased its analgesic activity in models of post-

operative, osteoarthritic, and bone cancer pain while the associated hyperthermic effects were 

attenuated. Oral administration (100 µmol/kg) of 6 elicited a clear elevation (0.8 °C) in core body 
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temperature.200 However, in a randomized controlled trial it was not able to reduce hip arthritic pain 

in a model of dog OA.201
 

Evaluation of the SAR on the benzyl urea series revealed that introduction of lipophilic groups at 2- 

position, while maintaining the 4-CF3 substituent provided more in vivo activities when compared 

to the corresponding pyridinyl analogs. The lipophilic 2-(tert-butyl)ethyl substitution led to 

compound 7 (Fig. 3) which despite a positive pharmacokinetic profile and increase aqueous 

solubility relative to 6, was excluded from any preclinical development showing to be a time-

dependent inhibitor of CYP3A4 metabolism. The N1 metylation of indazole nucleus yielded 8 

(ABT-116, Fig. 3) with favorable in vitro activity and CYP inhibition profile.202  

In a related effort, PharmEste s.r.l. disclosed in a patent publication the urea TRPV1 antagonists 

characterized by a bicyclic heteroaryl portion. Among this series, the 2-oxobenzoimidaloes 9 and 10 

(Fig. 2) displayed antagonist activities exhibiting a complete abolition of capsaicin at 300 nM (IC50 

= 1 and 0.51 nM, respectively). Compound 9 showed a significant anti-hyperalgesic effect in 

chronic constriction injury-induced mechanical hyperalgesia test.203 

Starting from a naphthol-based urea series with low oral bioavailability, Bayer Yakuhin's Research 

Center identified the tetrahydronaphthols as TRPV1 inhibitors with oral bioavailability in rats. 

Tetrahydronaphthol derivative 11 (Fig. 3) showed high activity (hTRPV1 IC50 = 3.3 nM), it 

exhibited outstanding exposure after oral administration, good oral bioavailability in rats (F = 74%, 

1 mg/kg oral dose, 0.1 mg/kg iv) and adequate free fraction in rat plasma (fu = 0.28%). The area 

under the curve (AUC) relates to plasma levels obtained after oral administration to rats at 1 mg/kg 

for 11 was 650 (ng h/ml). In this group of compounds the enantiomers showed a low eudismic ratio 

at the receptor level.204,205 

Fig. 3 

B. Dibenzyl- Urea/Thiourea 

Following the discovery of dibenzylurea and relative thiourea derivatives206 as analogs of natural 

product capsaicine, in PharmEste research laboratories, a program was begun to reach 
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TRPV1 antagonists with improved aqueous solubility and metabolic stability. The new series of O-

hydroxyalkyl urea derivatives (compounds 12 and 13, Fig. 4) were tested against capsaicin-induced 

secondary allodynia in rats, prevented its pro-allodynic effect by 53.1% and 47.9% of inhibition, 

respectively. The R- and S-isomers of compounds 12 and 13 were synthesized in order to appreciate 

the difference in acting with respect to the racemic compounds. The most active isomers in calcium 

influx assay were the R-enantiomers with a values of IC50 = 7 and 53 nM, respectively. The O-

hydroxyalkyl ureas showed improvement in terms of metabolic stability and cytotoxicity.207  

It has been reported that isosteric replacement of the phenolic hydroxyl group in the thiourea 

TRPV1 agonists such as compounds 14 and 15 with the methylsulfonamido moiety provided the 

potent antagonists 16 and 17, respectively (Fig. 4), which inhibited the activation by capsaicin of rat 

and human TRPV1 expressed in CHO cells. In particular, the N-[2-(4-tertbutylbenzyl)-3-

pivaloyloxypropyl]-N′-[3-fluoro-4-(methylsulfonylamino)benzyl]thiourea 17 (Fig. 4) showed high 

affinity with a Ki value of 54 nM for the inhibition of rat TRPV1 [3H]RTX binding and potent 

antagonism with a Ki value of 7.8 nM for the inhibition of Ca2+ uptake in response to capsaicin with 

a low level of residual agonism.208,209 

In a related effort, to optimize the 4-methylsulfonamide TRPV1 antagonists, the amide surrogates 

of the parent thiourea antagonists was designed.210 An extensive SAR investigation of the amide 

antagonists led to the identification of the α-methyl amide analogues which showed very capable 

activities. Among them, the two α-methyl amide antagonists, 18 and 19 (Fig. 4) showed high 

binding affinities, with Ki values of 4.12 and 1.83 nM, respectively, they also exhibited potent 

antagonism with Ki values of 0.58 and 5.2 nM, respectively, in rTRPV1/CHO cells.210 

Continuing attempt to examine the effect of α-methylation on affinity for TPRV1 receptor, the α-

methylated analogs of simplified RTX thiourea antagonist were synthesized. The SAR analysis 

indicated that the C2-configuration was not important for activity; while the amide analogs preferred 

the S-configuration for receptor activity, the thiourea compounds privileged the R-configuration. In 

vitro binding competition assay with [3H]RTX and by a functional 45Ca2+ uptake assay using rat 
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TRPV1 heterologously expressed in CHO cells, compound 20 (Fig. 4) provided antagonism activity 

with a Ki of 10 nM and KiCAP of 23.9 nM.211  

Fig. 4 

 

C. Chromane and Tetrahydroquinoline Urea 

Further optimization efforts were undertaken by Abbott Laboratories to address the 

pharmacokinetic profile and potency of the previous series of urea class of TRPV1 antagonists. A 

series of structural modifications, including conformational restriction of the benzylic group of 5-

isoquinoline urea 5 (A-425619, Fig. 3) was achieved by generating the chromane and 

tetrahydroquinoline bicyclic scaffolds, which usually contribute to a higher solubility of the 

resulting ureas compared with the original rigid indane scaffold. Compounds 21 and 22 (Fig. 4) are 

the most representatives of this family, showing an IC50 values of 5 and 7 nM for the hTRPV1 

receptor, respectively, in calcium influx assay.212 From the in vitro SAR of the chromane ureas was 

emerged that different substituents such as the small lipophilic trifluoromethyl, bulky tertbutyl, and 

the basic piperidine ring were tolerated, while the site of the functional group assignment was the 

key for in vitro potency. In addition, the R-enantiomer showed greater potency than the S-

enantiomer. The chromane urea 21 was efficacious in multiple animal pain models and possessed a 

brain/plasma ratio of 0.42 in rats. From the SAR analysis, the position of the aryl substituent is a 

key factor for in vitro activity; and the 7- and 8-positions are the favorable sites for higher potency. 

Better in vitro activity was obtained from the large N-methyl or N-benzyl substituted analogs. 

Although, the tetrahydroquinoline ureas were found to be inhibitors of the cytochrome (CYP)3A4, 

the best combination of potency and CYP3A4 inhibition was achieved with 22 (hTRPV1 IC50 = 7 

nM, CYP3A4 = 47% inhibition).212  

Subsequently, an additional series of chromane ureas characterized by substitution at the 3 position 

(methyl, chlorine, or amine) of isoquinoline core were included in a patent publication by the 

Abbott Laboratories.213 One of this large number of family is urea 23 (Fig. 5) with superior profile 



19 
 

against all the three subtypes of CYP 450 enzyme CYP2C9, CYP2D6, and CYP3A4 showing 

limited transient temperature effect on core body temperature of rats.213 In a related study, a patent 

publication claimed also the phenylcyclopentane urea as TRPV1 antagonists. Several ureas were 

prepared by replacing the chromane ring with phenylcyclopentyl moiety. A large number of 

compounds were prepared exemplified by 24 and 25 (Fig. 5), bearing the indazole and isoquinoline 

cores, respectively, linked by urea function to the arylcycloalkyl portion of molecule. Most 

compounds of the reported patent were potent TRPV1 antagonists that inhibited the increase in 

cellular calcium in response to the capsaicin and showed little or no impairment of the subject’s 

ability to sense noxious temperature. Moreover, when they tested in various model of neuropathic 

pain, exhibited about 25% or more the calcium flux response remaining upon acid activation of 

TRPV1.214 

Further SAR studies on the chromane series and continues attempts to optimize the nociceptive and 

thermoregulatory functions of TRPV1 receptor led to a new patent publication by the Abbvie Inc.215 

Several compounds claimed in this publication inhibited the response to capsaicin but only partially 

blocked receptor activation by pH 5.0 solution. Those were also tested for their effect on noxious 

thermosensation using the tail immersion assay, where less than a 10% increased tail withdrawal 

latency when administered orally. An example of these urea-based compounds is derivative 26 (Fig. 

4).  

More recently, the isoquinoline urea derivative including chromane moiety such as in compound 27 

(Fig. 5) with R configuration was found to be devoid of hyperthermic effects at high dose (hTRPV1 

IC50 = 2 nM in calcium influx assay). This data encouraged a more focused investigation of SAR to 

optimization of the chromanyl urea series, concluding in the discovery of R-1-(7-chloro-2,2-

bis(fluoromethyl)chroman-4-yl)-3-(3-methylisoquinolin-5-yl)-urea 28 (A-1165442, Fig. 5), a 

TRPV1 antagonist with good analgesic efficacy, temperature-neutral profile, favorable 

pharmacokinetic profile, and good efficacy against osteoarthritis pain in rodents (hTRPV1 IC50 = 9 

nM in calcium influx assay).216 
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Fig. 5 

 

D. Piperazine Urea 

A high-throughput screening performed by the Johnson & Johnson Pharmaceutical Research by 

fluorescence cell-based assay utilizing the Ca2+ permeability of TRPV1 led to the identification of 

several series of agonists and antagonists including the pyridinylpiperazine ureas.217 The 

representative hit 29 (hTRPV1 IC50 = 74 nM and rTRPV1 IC50 = 100 nM, Fig. 6), inhibited phorbol 

12-myristate-13-acetate (PMA)-, and anandamide-induced Ca2+ influx mediated by TRPV1 

(determined using FLIPR). Further SAR studies led to piperazine carboxamide 30 (BCTC, Fig. 6) 

that inhibited capsaicin-induced activation of rat TRPV1 (IC50 = 35 nM) and acid-induced 

activation of rat TRPV1 (IC50 = 6 nM).218 This compound has been extensively profiled in animal 

models of inflammatory and neuropathic pain.219 Poor metabolic stability, aqueous solubility, oral 

bioavailability has disqualified it for further development. Following investigations focused on the 

piperazine urea scaffold to improve the pharmacokinetic profile of compound 30 produced R-4-(6-

chloro-4-methylpyridazin-3-yl)-N-(6-fluorobenzo[d]thiazol-2-yl)-2-methylpiperazine-1 

carboxamide 31 (Fig. 6) that was recognized as a second-generation of BCTC analogs. It had a 

methyl chain on the piperazine ring, while tertbutylphenyl and pyridinyl nucleus were replaced with 

benzothiazolyl and pyridazinyl groups, respectively. Compound 31 (hTRPV1 IC50CAP = 226 nM, 

hTRPV1 IC50pH = 103 nM) showed better metabolic stability, longer half-life, aqueous solubility 

and decreased inhibition of HERG (human Ether-à-go-go-Related Gene) channel.220 

Employment of a tetrahydro-pyrimidoazepine core as a bioisosteric alternate for the piperazine urea 

resulted in the discovery of a novel series of TRPV1 antagonists. Utilizing the disclosed SAR from 

the piperazine urea series reported previously by the same research group, the 3-trifluoromethyl-

pyridine was chosen as the favorite substituent on the piperidine ring nitrogen.  The best compound 

of this study, the pyrimido-[4,5-d]azepine 32 (hTRPV1 IC50 = 6 nM, Fig. 6) was examined in an in 

vivo model of inflammatory pain and carrageenan-induced thermal hyperalgesia. Despite its low 
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oral bioavailability, compound 32 significantly attenuated thermal hyperalgesia, expressed as % 

maximal possible effect (% MPE), when dosed orally at 30 mg/kg.221 Subsequently, the structural 

modifications to improve aqueous solubility produced the piperazine analoge 33 (Fig. 5) which 

bears an isobutyl substituent (hTRPV1 IC50 = 11 nM).222 This compound provided improved rat 

pharmacokinetics (CL = 0.7 L/h/kg) compared to 32 (CL = 3.1 L/h/kg), was orally bioavailable, and 

gave a significant reversal of carrageenan-induced thermal hyperalgesia at 5 and 30 mg/kg in 

rats.222 

More recently, a published report by the Discovery Research, Purdue Pharma LP, described the 

SAR exploration effort around the 3-chloropyridin derivative BCTC to identify novel potent 

TRPV1 antagonists with improved aqueous solubility and pharmacokinetic properties. The 

bioisosteric replacement of the central piperazine core of BCTC with tetrahydropyridine nucleus led 

to 2-pyridyl-3,6-dihydropyridine carboxamide derivatives as TRPV1 antagonists. An extended SAR 

of the new tetrahydropyridine template was concluded in the discovery of analogue 34 (V116517, 

Fig. 6), which was evaluated in acute inflammatory complete Freund’s adjuvant (CFA) model for 

its ability to reverse thermal hyperalgesia. In this model, V116517 showed dose-dependent reversal 

of thermal hyperalgesia with an ED50 of 2 mg/kg. It also exhibited high potency for blocking proton 

activation of TRPV1 in inflamed tissue.223 

Fig. 6 

E. Pyrazole- Carboxamide/Urea 

TRPV1 antagonists based on pyrazole nucleus have been reported in several patent publications by 

Grüenenthal GmbH, in where an extensive SAR investigation around the pyrazole based urea and 

carboxamide derivatives was descried.224 The chemical structure of this new series was based on 

substitution of the benzyl ring of the previously N-benzylurea compounds with the heterocyclic 

pyrazole ring. The first series of compounds bearing an O-containing phenyl acetamide (35), phenyl 

propionamide (36) or phenyl urea (37) functions is depicted in Fig. 7, which showed high affinities 

for TPRV1 receptor (hKiCAP values of 1, 2, and 2 nM, respectively). 
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Subsequently substituted pyrazolyl carboxamide/urea derivatives bearing a phenyl moiety 

substituted with an N-cyclic group were designed 225. In this group of compounds the phenyl 

nucleus was substituted with various heterocycloalkyls, such as azetidinyl, thiazolidinyl, 

pyrrolidinyl, piperidinyl, and morpholinyl rings. The best compounds of this series, the azetidine 

derivative 38 and thiazolidine 39 (Fig. 7) displayed antagonist activities at 10 µM on the hTRPV1 

receptor with Ki affinity values of 15 and 29 nM, respectively. Grüenenthal GmbH research group 

has also investigated the pyrazolyl carboxamide and urea derivatives bearing a phenyl moiety 

substituted with a sulfonyl or sulfonamide groups as vanilloid receptor ligands. An example of the 

sulfonyl derivatives is showed in Fig. 6 (Compound 40) that exhibited a Ki value of 9 nM in binding 

experiments.226 The best results were obtained with the propionamide compounds bearing a 

sulfonamide chain such as in 41, 42, and 43, (Fig. 7) which showed excellent affinity for hTRPV1 

receptor with Ki values of < 1 nM (hKiCAP = 0.9, 0.7, and 0.3 nM).227
  

Replacing of the phenyl ring of 42 with a pyridine moiety resulted in a new family of pyridinyl- 

propanamide/urea compounds 44 and 45, respectively depicted in Fig. 7 as hTRPV1 antagonists 

(44, KiCAP = 1 nM, 45, KiCAP = 3 nM) that have been enclosed in a patent publication.228 

Fig. 7 

 

F. Pyridine- Propanamide/Urea 

Lee. J. and coworkers from Seoul National University published the 2-substituted-pyridine 

propanamide derivatives as TRPV1 receptor antagonists through replacement of the phenyl ring of 

previous N-4-tert-butylbenzyl-2-(4-methylsulfonylaminophenyl) propanamide (46, hTRPV1 Ki = 

46.2 nM, Fig. 8) with a pyridine ring.229 The SARs investigations of the 2-substituent in the 

pyridine moiety by various groups including amino, oxy, thio and alkyl functions designed 

compound 47 (Fig. 8), showing high antagonism with hTRPV1 KiCAP = 0.3 nM and IC50pH = 8.4 

nM. The effect of chiral center on activity was studied and the R-enantiomer of 47 exhibited greater 

affinity for the TRPV1 receptor than the S-enantiomer. It showed analgesic activity in a neuropathic 
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pain model with modest TRPV1-related hyperthermia in mice.230 Within the 2-arylsubstituted 

pyridine propanamide analoges, compounds such as 48 (Fig. 8) showed anti-allodynia in a mouse 

neuropathic pain model and blocked capsaicin-induced hypothermia in a dose-dependent manner.231 

In this study, the SARs of 2-alkyl/alkenyl pyridine derivatives as hTRPV1 antagonists were also 

investigated. Several compounds in the series showed outstanding and stereospecific TRPV1 

antagonism with high potencies. The 2-cyclohexyl derivative 49 (KiCAP = 0.6 nM, IC50pH = 43.4 nM, 

IC50heat45°C = 14 nM, Fig. 8) was preferred for further study and was shown to antagonize capsaicin-

induced hypothermia in a dose-dependent manner, consistent with its action in vivo being through 

TRPV1, and it showed  analgesic activity in a rat neuropathic pain model.232  

Subsequently, an additional series of more lipofile analogues, which were found to possess high 

TRPV1 antagonist activity were described by the same research group. The SAR analysis indicated 

that the lipophilicity of the 2-oxy substituents was a key determinant of antagonism. The 2-

isobutyloxy with low lipophilicity and 2-benzyloxy analogues 50 and 51, respectively (Fig. 8) 

showed analgesic activity in the formalin test in mice with full efficacy.233 In a related effort to 

optimize the properties of the antagonistic 2-(3-fluoro-4-methylsulfonamidophenyl) propanamide 

template by incorporation of various alkyl, dialkyl and aryl groups at the α-position in the 

acetamide central chain was investigated.234 From this study was emerged that the steric repulsion 

of the α-substituent was determinant for antagonistic potency. Within this series, compound 52 (Fig. 

8) showed excellent antagonism with a value of hTRPV1 Ki = 0.1 nM was more potent than the 

parent 47 while it showed weaker potency for the other activators. In addition, the docking study of 

47 indicated that its high potency could be attributed to a specific hydrophobic interaction of the m-

tolyl group with the receptor. 

In a related effort, further pyridine-urea linked to different aromatic nucleus such as isoquinoline 

and indazole moieties were claimed by Grünenthal GmbH in a patent publication.235 In particular, 

the N-[{2-(4-methylpiperidin-1-yl)-6-(trifluoromethyl)-pyridin-3-yl}methyl]-N’-(6,6-fused 

heterocyclic) urea (for example compound 53, Fig. 8) showed highly potent TRPV1 antagonism to 
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capsaicin, antagonized against stimulation by heat and was efficacious in the formalin pain 

model.236 Molecular modeling analysis with hTRPV1 homology model supplies the binding mode 

of compound 53 with the receptor in which hydrogen bonding between the pyridine nitrogen and 

Ser512 being important for high potency.  

Fig. 8 

 

G. Isoxazole Carboxamide 

The optimization effort to improve both TRPV1 potency and solubility led to the discovery of 

isoxazole-3-carboxamide derivatives as TRPV1 antagonists by the N.V. Organon and Pharmacopeia 

LLC companies.237,238 The synthesis and SARs of 5-phenylisoxazole derivatives showed that the 

1S, 3R-3-aminocyclohexanol entity was a fundamental stereochemically to confer both TRPV1 

potency and solubility. The trifluoromethyl in 4-positione of the 5-phenyl group was shown to 

impart strong potency to the molecules at TRPV1 whilst, introduction of fluoro substituents were 

found to make important contributions to the compounds exhibiting the required balance of 

solubility and potency. Compounds 54 (hTRPV1 IC50 = 3 nM) and 55 (IC50 = 79 nM) (Fig. 9) were 

identified as the most promising compounds from this series in calcium assay and were progressed 

into animal studies. Both compounds were able to attenuate the acute inflammatory thermal 

response in the rat CFA assay but suffered from poor solubility and high plasma protein binding.239  

Subsequently, Merck Research Laboratories described the structural modifications by substitution 

of the 4-position of 54 with specific polar functionality to improve solubility and physicochemical 

properties.240 In particular, the 4-isopropylmethylamino derivative 56 (hTRPV1 pIC50 = 7.2 in 

calcium influx assay, Fig. 9) showed clear attenuation of the acute inflammatory thermal response 

in the rat Capsaicin Hargreaves assay, although its lower in vitro potency as compared to compound 

54. In this series, the 4-isobutylmethylamino derivative 57 (pIC50 = 9, Fig. 9) demonstrated 

improved oral bioavailability (33%) as compared to compound 54 demonstrating significant 
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attenuation of the acute inflammatory thermal response in the rat capsaicin Hargreaves assay 

(p <0.01).241 

Fig. 9 

H. Piperidine Carboxamide 

Piperidine carboxamides were developed by the Johnson & Johnson Pharmaceutical Research and 

Development as potent antagonists of the TRPV1 receptor.242
 The initial compound 58 (Fig. 10) 

was a weak antagonist with a value of IC50 =600 nM for human TRPV1 receptors. Further 

optimization efforts were undertaken by structural modifications in the polar portion of this 

molecule leading to the identification of benzo[1,4]oxazin-3-one analog 59 (Fig. 10), that offered 

improved stability with significant value of activity (IC50 = 5 nM). Compound 59 was evaluated for 

in vivo efficacy in a rodent model of thermal hyperalgesia, which at an oral dose of 30 mg/kg 

produced a small but non-significant decrease in radiant heat latency at 30 min post-dose.242 

Purdue Pharma L.P. has also disclosed in a patent publication the phenylpiperidine-1-carboxamides 

(example 60, Fig. 10) and structurally similar compounds such as 61 (Fig. 9, IC50CAP = 33.8 nM, 

IC50pH = 1.1 nM) as human TRPV1 receptor antagonists. Within these series, a large number of 

compounds reduced FCA-induced thermal hyperalgesia with 50% to 100% reversal of mechanical 

hyperalgesia.243 

Fig. 10 

 

I. Pyrazolopyridine-3-/Imidazopyridine-3- Carboxamide 

Glaxo Group Limited has claimed in several patent publications the pyrazolo[1,5-a]pyridine and 

imidazo[1,2-a]pyridine carboxamides as TPRV1 receptor antagonists. These bicyclic chemotypes 

are characterized by presence of a phenoxyethyl chain linked to the carboxamide function such as in 

compounds 62 and 63 (Fig. 11). Most of the synthesized derivatives showed a pIC50 greater than 7.8 

in the capsaicin assay and greater than 4.6 in the acid stimulus assay.244 Structural modifications on 

this series by introduction of a cyclobutyl ring in the central portion and the hydroxymethyl group 
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as a side chain on the heterocyclic core produced the new family of N-cyclobutyl-imidazopyridine 

or N-cyclobutyl--pyrazolopyridine carboxamides as TRPV1 antagonist in recombinant HEK-293 

cells expressing TRPV1 assay (for example 64, Fig. 11).245 It showed a pIC50 of 9.1 and 9.2 in the 

capsaicine and in the pH assays, respectively. 

A related series of N-cyclobutyl-imidazopyridine methylamine analogues is also reported by the 

same company, wherein 8-trans-3-(2,3-dichlorophenoxy)cyclobutylamino)methyl)H-imidazo[1,5-

a]pyridin-6-yl)methanol 65 (Fig. 11) was assayed in vivo, showing clear dose response for the 

inhibition of capsaicin-induced bronchoconstriction.246, 247
  

J. Pyrrolopyridazine 

AstraZeneca R&D with a HTS campaign where the Ca2+ influx assay was replaced by the Rb+ 

atomic absorption spectroscopy assay discovered a novel indolizine class of compounds as TRPV1 

antagonist. This new chemotype proved to be unstable in the presence of light and oxygen and the 

metabolic stability was poor. Consequently, the addition of a heteroatom onto the bicyclic core 

structure to improve the light stability and the metabolic stability by reducing the lipophilic 

character led to the pyrrolopyridazine scaffold. This class of compounds exhibited the same level of 

potency, no light stability issue and a similar drug metabolism and pharmacokinetic (DMPK) 

profile, while the metabolic stability problem inherent to the indolizine class remained. A 

significant metabolic stability improvement was achieved by combining eLogD kept below 3 and a 

less flexible hydroxylamide moiety such as in compound 66 (Fig. 11). The inhibitory effect of 66 

against the human TRPV1 ligand-gated ion channel expressed in CHO cells was pIC50 = 5.5.248 

Fig. 11 

 

K. Benzothiazol Carboxamide 

A HTS campaign using the fluorescence cell-based assay that measures Ca2+ influx performed by 

the AstraZeneca R&D led to the identification of the benzothiazole hit 67 (Fig. 12). This compound 

was a potent and competitive antagonist with capsaicin at the hTRPV1 receptor, with an IC50 of 27 
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nM, but displayed poor metabolic stability in human microsomes and had low aqueous solubility 

(2.2 µM at pH 7.4).249 Further efforts to improve both aqueous solubility and metabolic stability 

profile, through the attachment of polar groups to the benzothiazole core and by blocking metabolic 

sites, resulted to the recognition of 4-bromo-N-(2-(hydroxymethyl)benzothiazol-5-yl)-2-

methylbenzamide 68 (IC50 = 52.3 nM, Fig. 12). It was active in a rat carrageenan model of 

inflammatory pain with no observed body temperature effects seen at an efficacious dose.249   

A parallel research activity performed by Purdue Pharma L.P. has claimed the benzothiazol-2-

carboxamides bearing 2,3-dihydroxypropyl pyridine-benzamide chain (compound 69, IC50 = 32 

nM, Fig. 12) as TRPV1 ligand, possessing moderate receptor affinity.250 Extensive SAR studies by 

Shionogi & Co. Ltd  aimed at improving the metabolic profile led to the 4-(4-fluoro-6-(2,3-

dihydroxypropyl)pyridin-3-yl)-N-(6-fluorobenzo[d]thiazol-2-yl)piperazine-1-carboxamide 70 (Fig. 

12).251 

Fig. 12 

L. Oxazole, Triazine 

A series of non urea TRPV1 antagonists were synthesized and evaluated by the Abbott 

Laboratories, to address CNS penetration and pharmacokinetic properties of their previous urea 

molecule ABT-102. The bioisosteric replacement of the urea functionality with 2-

arylaminooxazoles led to the 5-monosubstituted and 4,5-disubstituted 2-arylaminooxazoles as novel 

antagonists of the transient receptor potential vanilloid.252 

Exploration of SAR in this chemical series revealed that the key to the high potency was the 

hydroxyl group at the 7-position of the tetrahydronaphthalene ring on the amino group of the 

oxazole nucleus and a para-substitution on the phenyl group at the 5-position of the oxazole was 

preferred. Within this series, compound 71 (hTRPV1 IC50 = 3.2 nM, Fig. 13), was resolved and the 

R-enantiomer with the better pharmacokinetic profile was orally active in animal models of pain, 

exhibiting a statistically significant (p <0.01) 52% increase in the paw withdrawal latency in the rat 
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carrageenan hotbox model of thermal hyperalgesia at 10 µmol/kg po, and an ED50 of 14 µmol/kg 

(95% CI, 11–20 µmolkg po) in the rat osteoarthritis model of chronic pain. 

Non urea TRPV1 antagonists based on the atypical triazine scaffold were identified by Messeguer 

and coworkers.253 This series that behaved as uncompetitive antagonists acting as open channel 

blockers are therapeutically attractive because of their detection of over-activated TRPV1 channels, 

which could reduce the potential of unwanted side effects.254 Of this class, 2,4,6-trisubstitued-1,3,5-

triazine 72 (Fig. 13) inhibited whole-cell currents from rat TRPV1 injected Xenopus oocytes with 

an IC50 of 50 nM, showing strong voltage dependency (IC50 = 50 nM).253  

Fig. 13 

 

M. Biarylcarboxamide 

PharmEste srl disclosed in a patent publication the biarylcarboxyarylamide series as a novel 

chemotype of TRPV1 receptor antagonist. The SAR of new derivatives designated the N-(4-

chlorophenyl)-6-(isoquinolin-5-yl)pyridine-3-carboxamide 73 (V394, Fig. 14) as the most preferred 

compound. In radioligand binding assay, the saturation curve of [3H]-RTX to TRPV1 expressed in 

rat spinal cord showed a KD value of 0.21 nM and a Bmax value of 57 fmol/mg protein. The IC50 

value of V394 that inhibited capsaicin-evoked Ca2+ mobilization was 0.83 nM. In the capsaicin-

induced secondary allodynia in rat, V394 produced an important preventive effect (55%).255 

O. Acrylamide 

PharmEste srl published the isoquinolineacrylamide bearing an ionoinc substructure as TRPV1 

antagonists.256 Structural modifications on the 3 position of cyclohexen moiety produced the (2E)-

3-(3-(4-chlorophenoxy)-2,6,6-trimethylcyclohex-1-enyl)-N-(isoquinolin-5-yl)acrylamide 74 (Fig. 

14), exhibiting a significant preventive effect (54%) against the pro-allodinic effect of capsaicine 

(Ki = 4.6 nM). 

AmorePacific Corporation, through the synthesis of over 2,000 new compounds has discovered 
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a novel class of non-vanilloid TRPV1 antagonists. Among them, the pyridine-3-yl-acrylamide 75 

(PAC-14028, Fig. 14) showed important efficacies against varied disease models that include 

visceral pain, inflammatory bowel disease, and inflammatory pain. In particular, PAC-14028 has 

been reported as a new drug for atopic dermatitis and pruritus.257 It has completed a Phase II clinical 

study for Skin Pruritus (ClinicalTrials.gov Identifier: NCT02052531). 

N. Dienamide 

Fuji Research Park has developed a chemical series of 5,5-diphenylpentadienamides for targeting 

TRPV1 in vitro and in vivo.258 In this study, they investigated a variety of replacements for the 5-

position of dienamides with the goal of improving the related pharmacokinetics. The SAR analysis 

suggested that substitution with alkoxy groups on the phenyl ring at the 5-position increased the 

ability to penetrate the blood−brain barrier. This investigation concluded in the discovery of 

compound 76 (Fig. 14), which showed a good pharmacokinetic profile. The R-/S-enantiomers of 76 

were prepared by introduction of the optically active 5-amino-3-hydroxy-2-oxo-1,2,3,4-

tetrahydroquinoline that was obtained from a diastereomer salt resolution using optically active 

tartaric acid as the resolving reagent.  

The functional antagonist activity IC50 values for 76, based on inhibition of capsaicin (100 nM) 

induced influx of Ca2+ into human or rat TRPV1-expressing 293 EBNA cells, were 0.14 nM and 

0.35 nM, respectively. This compound was found to be effective at reversing mechanical allodynia 

in rats in a dose-dependent manner, and it reversed thermal hyperalgesia in a model of neuropathic 

pain induced by sciatic nerve injury. 

Fig. 14 

 

P. Benzoimidazole 

Very recently, Researchers in the Janssen R&D designed a series of benzo[d]imidazole TRPV1 

antagonists from the biarylamide scaffold 77 (Fig. 15). Evaluation of the SAR and optimization of 

the new TRPV1 pharmacophore led to the identification of benzoimidazole 78 (named 
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Mavatrep/JNJ-39439335, Fig. 15), bearing a trifluoromethylphenylvinyl chain in 5 poistion.259 

Mavatrep showed high affinity against TRPV1 receptor and exhibited potent in vitro functional 

activity and robust oral efficacy in multiple models of inflammatory pain at relatively low plasma 

levels. Mavatrep is an orally bioavailable hTRPV1 antagonist (Ki = 6.5 nM) that exhibited minimal 

effect on the enzymatic activity (IC50 > 25 µM) of CYP isoforms 3A4, 1A2, and 2D6. 

 

Fig. 15 

 

5. CLINICAL TRIALS 

The therapeutic value of TRPV1 antagonists has been investigated and numerous compounds are 

now in clinical trial for different pathologies. 

The TRPV1 antagonist ABT-102 (Fig. 3) entered phase I clinical studies for pain-associated with 

inflammation, tissue injury and ischemia. The antagonist was well tolerated with repeated dosing 

and increased the mean core body temperature by 0.6°C in healthy volunteers after short-term 

administration.260 By day 7, temperature increases were no longer significant for any dose tested. 

ABT-102 increased cutaneous and oral heat pain thresholds and the deficit in noxious heat 

perception did not attenuate with the 7-day.260 However, the last update for ABT-102 in the 

clinicaltrials.gov website was in 2010 and no study results have been posted. 

AZD1386 (Fig 16) entered phase II for potential oral treatment of OA, dental and GERD pain. Even 

if in phase II trial in subjects with dental pain AZD1386 was effective in reducing pain after third 

molar extraction,139 the drug did not significantly reduce pain in patients with OA or GERD.139 

Therefore, the phase II clinical trial with AZD1386 was terminated for lack of analgesic efficacy.127 

SB705498 was studied in different clinical studies for dermatitis atopic (phase I), rhinitis, migraine, 

cough, dental pain after tooth extraction, and irritable colon (phase II). SB705498 did not induce 

any serious adverse effects in preliminary human studies.261 Results have not been revealed until 

now. 
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AMG517 (Fig 16) entered a phase Ib dental pain (molar extraction) study but was discontinued 

because it induced a strong hyperthermia (up to 40.2°C) in human volunteers.81 

A phase II trial with GRC-6211 (Fig 16) for OA pain was suspended due to undisclosed reasons.136 

MK-2295 (Fig 16) has been developed for the potential treatment of pain and cough. In Phase II this 

drug significantly raised the threshold to heat pain in humans but induced hyperthermia.262 

The TRPV1 antagonist PHE377 (Fig 16) has completed a phase I clinical trial aimed to treat 

diabetic neuropathic pain and post herpetic neuralgia but the results have not been disclosed and 

now it has been withdrawn.  

JTS-653(Fig 16) has been studied for the potential treatment of pain and overactive bladder in a 

phase II study. 

XEN-D0501 (Fig 16) entered phase II development for the indications of overactive bladder and 

chronic cough. The TRPV1antagonist was well tolerated and induced only mild hyperthermia 

(0.74°C) at the highest dose tested.263 

PAC-14028 (Fig 14) entered in phase I clinical trials for cumulative skin irritation, and in phase II 

for patients with skin pruritus, rosacea, atopic dermatitis after a successful completion of preclinical 

studies.264 

DWP-05195 is now in Phase II for neuropathic pain and post-herpetic neuralgia treatment as oral 

administration. No study results have been disclosed. 

JNJ-39439335 entered in phase I clinical trials to evaluate the relief of paradoxical pain induced by 

a thermal grill experimental model and the efficacy to treat patients with chronic osteoarthritis pain 

of the knee. No data results have been posted. 

SYL-1001 has been studied in clinical trials of phase II for ocular pain associated with dry eye 

syndrome. No study results have been disclosed. 

NEO 6860 is currently under study in phase II for the treatment of osteoarthritic pain. 

 

Fig. 16 
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6. Conclusions  

The first recorded report describing evidence for a heat-activated ion channel in the pain pathway 

originates from 1997. Now, almost twenty years later, many ligands that selectively target these 

receptors have been developed and have enabled researchers to identify potential therapeutic areas 

for drug development. In particular, the transient receptor potential vanilloid subtype ion channel 

TRPV1 has been functionally linked to many pathophysiological states in preclinical studies. 

First of all, TRPV1 is considered as a highly validated pain target because i) its agonists such as 

capsaicin cause desensitization of TRPV1 channels that reduce pain in preclinical species, and ii) its 

antagonists relieve pain behaviors in rodent models of inflammation, osteoarthritis, and cancer. 

Hence, modulators of TRPV1 channels are potentially useful in the treatment of inflammatory and 

neuropathic pain in clinical trials. However, despite the widespread clinical use and success of the 

TRPV1 agonist capsaicin, for instance, in the local treatment of postherpetic neuralgia, any TRPV1 

antagonist is now available in therapy. TRPV1 antagonism caused hyperthermia as a dose-limiting 

adverse effect that hampers therapeutic utility. Not least, the blockade of physiological functions 

mediated by these important proteins may account for the difficulty in the validation of an 

antagonist as a drug. Nevertheless, pharmaceutical companies have invested millions of dollars for 

drug screening and lead optimization programs that have identified selective and potent TRPV1 

antagonists, many of which are undergoing clinical trials as analgesic drugs.  

While a primary area of interest is the role of this channel in mediating pain, a number of 

researchers are studying the ability of agonists or antagonists of TRPV1to relieve symptoms of 

other important diseases. In particular, TRPV1 role in metabolism, diabetes, insulin resistance and 

obesity, urinary incontinence, cough, arthritis and hearing loss has to be elucidated. 
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7. ABBREVIATIONS 

AKAP150 = A-Kinase Anchoring Protein 79/150  
CaMKII = calmodulin kinase II  
Cdk5 = cyclin-dependent kinase 5 
CFA = complete Freund’s adjuvant  
CGRP = Calcitonin gene related peptide  
CNS = central nervous system  
COPD = chronic obstructive pulmonary disease  
DRGs = dorsal root ganglia  
GERD = gastro-esophageal reflux of gastric contents  
GI = gastrointestinal  
GLP-1= glucagon-like peptide-1  
GPCR = G-protein coupled receptor  
HRV = human rhinovirus  
hTRPV1= human TRPV1  
HTS high-throughput screening  
IBD = inflammatory bowel disease  
IL = interleukin 
KO = knockout  
MIA = intra-articular monoiodoacetate  
NGF = nerve growth factor  
NMDG = N-methyl-d-glucamine  
OA = osteoarthritis  
PIP2 = phosphoinositide 4,5-biphosphate  
PKA = protein kinase A  
PKC = protein kinase C  
rTRPV1= rat TRPV1  
RTX = Resiniferatoxin 
SARs = structure–activity relationships  
SNARE = N-ethylmaleimide-sensitive factor attachment protein receptor  
SNPs = single point mutations  
TG = trigeminal ganglia  
TrKA = tropomyosin receptor kinase A  
TRPV1= Transient receptor potential vanilloid 1  
VR1= vanilloid receptor  
 
 

 

 

  



34 
 

REFERENCES 

1. Jancsó N, Jancsó-Gábor A, and Szolcsányi J. Direct evidence for neurogenic inflammation 

and its prevention by denervation and by pretreatment with capsaicin. Br J Pharmacol 

Chemother 1967;31:138–51. 

2. Szolcsányi J and Jancsó-Gábor A. Sensory effects of capsaicin congeners I. Relationship 

between chemical structure and pain-producing potency of pungent agents. 

Arzneimittelforschung 1975;25:1877–81. 

3. Caterina MJ, Schumacher MA, Tominaga M, Rosen TA, Levine JD, and Julius D. The 

capsaicin receptor: a heat-activated ion channel in the pain pathway. Nature 1997;389:816–

24. 

4. Hayes P, Meadows HJ, Gunthorpe MJ, Harries MH, Duckworth DM, Cairns W, Harrison 

DC, Clarke CE, Ellington K, Prinjha RK, Barton AJ, Medhurst AD, Smith GD, Topp S, 

Murdock P, Sanger GJ, Terrett J, Jenkins O, Benham CD, Randall AD, Gloger IS, and Davis 

JB. Cloning and functional expression of a human orthologue of rat vanilloid receptor-1. Pain 

2000;88:205–15. 

5. Savidge J, Davis C, Shah K, Colley S, Phillips E, Ranasinghe S, Winter J, Kotsonis P, Rang 

H, and McIntyre P. Cloning and functional characterization of the guinea pig vanilloid 

receptor 1. Neuropharmacology 2002;43:450–6. 

6. Bevan S, Quallo T, and Andersson DA. TRPV1., Springer Berlin Heidelberg, 2014, 207–

245. 

7. Liao M, Cao E, Julius D, and Cheng Y. Structure of the TRPV1 ion channel determined by 

electron cryo-microscopy. Nature 2013;504:107–112. 

8. Cao E, Cordero-Morales JF, Liu B, Qin F, and Julius D. TRPV1 Channels Are Intrinsically 

Heat Sensitive and Negatively Regulated by Phosphoinositide Lipids. Neuron 2013;77:667–

679. 

9. Moiseenkova-Bell VY, Stanciu LA, Serysheva II, Tobe BJ, and Wensel TG. Structure of 



35 
 

TRPV1 channel revealed by electron cryomicroscopy. Proc Natl Acad Sci 2008;105:7451–

7455. 

10. Caterina MJ, Leffler A, Malmberg AB, Martin WJ, Trafton J, Petersen-Zeitz KR, 

Koltzenburg M, Basbaum AI, and Julius D. Impaired nociception and pain sensation in mice 

lacking the capsaicin receptor. Science 2000;288:306–13. 

11. Ahern GP and Premkumar LS. Voltage-dependent priming of rat vanilloid receptor: effects 

of agonist and protein kinase C activation. J Physiol 2002;545:441–51. 

12. Premkumar LS and Ahern GP. Induction of vanilloid receptor channel activity by protein 

kinase C. Nature 408:985–90. 

13. Smart D, Gunthorpe MJ, Jerman JC, Nasir S, Gray J, Muir AI, Chambers JK, Randall AD, 

and Davis JB. The endogenous lipid anandamide is a full agonist at the human vanilloid 

receptor (hVR1). Br J Pharmacol 2000;129:227–30. 

14. Zygmunt PM, Petersson J, Andersson DA, Chuang H, Sørgård M, Di Marzo V, Julius D, and 

Högestätt ED. Vanilloid receptors on sensory nerves mediate the vasodilator action of 

anandamide. Nature 1999;400:452–7. 

15. Brand L, Berman E, Schwen R, Loomans M, Janusz J, Bohne R, Maddin C, Gardner J, 

Lahann T, and Farmer R. NE-19550: a novel, orally active anti-inflammatory analgesic. 

Drugs Exp Clin Res 1987;13:259–65. 

16. Szallasi A and Blumberg PM. Resiniferatoxin, a phorbol-related diterpene, acts as an 

ultrapotent analog of capsaicin, the irritant constituent in red pepper. Neuroscience 

1989;30:515–20. 

17. Ohnuki K, Haramizu S, Oki K, Watanabe T, Yazawa S, and Fushiki T. Administration of 

capsiate, a non-pungent capsaicin analog, promotes energy metabolism and suppresses body 

fat accumulation in mice. Biosci Biotechnol Biochem 2001;65:2735–40. 

18. Xu H, Blair NT, and Clapham DE. Camphor activates and strongly desensitizes the transient 

receptor potential vanilloid subtype 1 channel in a vanilloid-independent mechanism. J 



36 
 

Neurosci 2005;25:8924–37. 

19. Tominaga M, Caterina MJ, Malmberg AB, Rosen TA, Gilbert H, Skinner K, Raumann BE, 

Basbaum AI, and Julius D. The cloned capsaicin receptor integrates multiple pain-producing 

stimuli. Neuron 1998;21:531–43. 

20. Hwang SW, Cho H, Kwak J, Lee SY, Kang CJ, Jung J, Cho S, Min KH, Suh YG, Kim D, 

and Oh U. Direct activation of capsaicin receptors by products of lipoxygenases: endogenous 

capsaicin-like substances. Proc Natl Acad Sci U S A 2000;97:6155–60. 

21. Huang SM, Bisogno T, Trevisani M, Al-Hayani A, De Petrocellis L, Fezza F, Tognetto M, 

Petros TJ, Krey JF, Chu CJ, Miller JD, Davies SN, Geppetti P, Walker JM, and Di Marzo V. 

An endogenous capsaicin-like substance with high potency at recombinant and native 

vanilloid VR1 receptors. Proc Natl Acad Sci U S A 2002;99:8400–5. 

22. Chu CJ, Huang SM, De Petrocellis L, Bisogno T, Ewing SA, Miller JD, Zipkin RE, Daddario 

N, Appendino G, Di Marzo V, and Walker JM. N-oleoyldopamine, a novel endogenous 

capsaicin-like lipid that produces hyperalgesia. J Biol Chem 2003;278:13633–9. 

23. Chuang HH, Prescott ED, Kong H, Shields S, Jordt SE, Basbaum AI, Chao M V, and Julius 

D. Bradykinin and nerve growth factor release the capsaicin receptor from PtdIns(4,5)P2-

mediated inhibition. Nature 2001;411:957–62. 

24. Amadesi S and Bunnett N. Protease-activated receptors: protease signaling in the 

gastrointestinal tract. Curr Opin Pharmacol 2004;4:551–6. 

25. Fernandes ES, Fernandes MA, and Keeble JE. The functions of TRPA1 and TRPV1: moving 

away from sensory nerves. Br J Pharmacol 2012;166:510–21. 

26. Lishko P V, Procko E, Jin X, Phelps CB, and Gaudet R. The ankyrin repeats of TRPV1 bind 

multiple ligands and modulate channel sensitivity. Neuron 2007;54:905–18. 

27. Smutzer G, Devassy RK, Smutzer G, and Devassy RK. Integrating TRPV1 Receptor 

Function with Capsaicin Psychophysics. Adv Pharmacol Sci 2016;2016:1–16. 

28. Olah Z. Ligand-induced Dynamic Membrane Changes and Cell Deletion Conferred by 



37 
 

Vanilloid Receptor 1. J Biol Chem 2001;276:11021–11030. 

29. Ho KW, Ward NJ, and Calkins DJ. TRPV1: a stress response protein in the central nervous 

system. Am J Neurodegener Dis 2012;1:1–14. 

30. Binshtok AM, Bean BP, and Woolf CJ. Inhibition of nociceptors by TRPV1-mediated entry 

of impermeant sodium channel blockers. Nature 2007;449:607–10. 

31. Devesa I, Ferrándiz-Huertas C, Mathivanan S, Wolf C, Luján R, Changeux J-P, and Ferrer-

Montiel A. αCGRP is essential for algesic exocytotic mobilization of TRPV1 channels in 

peptidergic nociceptors. Proc Natl Acad Sci 2014;111:18345–18350. 

32. Srinivasan K. Biological Activities of Red Pepper ( Capsicum annuum ) and Its Pungent 

Principle Capsaicin: A Review. Crit Rev Food Sci Nutr 2015;00–00. 

33. Chung M-K, Güler AD, and Caterina MJ. TRPV1 shows dynamic ionic selectivity during 

agonist stimulation. Nat Neurosci 2008;11:555–64. 

34. Munns CH, Chung M-K, Sanchez YE, Amzel LM, and Caterina MJ. Role of the outer pore 

domain in transient receptor potential vanilloid 1 dynamic permeability to large cations. J 

Biol Chem 2015;290:5707–24. 

35. Gavva NR, Klionsky L, Qu Y, Shi L, Tamir R, Edenson S, Zhang TJ, Viswanadhan VN, 

Toth A, Pearce L V., Vanderah TW, Porreca F, Blumberg PM, Lile J, Sun Y, Wild K, Louis 

J-C, and Treanor JJS. Molecular Determinants of Vanilloid Sensitivity in TRPV1. J Biol 

Chem 2004;279:20283–20295. 

36. Jordt S-E, Tominaga M, and Julius D. Acid potentiation of the capsaicin receptor determined 

by a key extracellular site. Proc Natl Acad Sci 2000;97:8134–8139. 

37. Elokely K, Velisetty P, Delemotte L, Palovcak E, Klein ML, Rohacs T, and Carnevale V. 

Understanding TRPV1 activation by ligands: Insights from the binding modes of capsaicin 

and resiniferatoxin. Proc Natl Acad Sci U S A 2016;113:E137–45. 

38. Yang F, Xiao X, Cheng W, Yang W, Yu P, Song Z, Yarov-Yarovoy V, and Zheng J. 

Structural mechanism underlying capsaicin binding and activation of the TRPV1 ion channel. 



38 
 

Nat Chem Biol 2015;11:518–524. 

39. Darré L and Domene C. Binding of Capsaicin to the TRPV1 Ion Channel. Mol Pharm 

2015;12:4454–65. 

40. Kumar R, Hazan A, Basu A, Zalcman N, Matzner H, and Priel A. Tyrosine Residue in 

TRPV1 Vanilloid Binding Pocket Regulates Deactivation Kinetics. J Biol Chem 2016; 

41. Valente P, Garcia-Sanz N, Gomis A, Fernandez-Carvajal A, Fernandez-Ballester G, Viana F, 

Belmonte C, and Ferrer-Montiel A. Identification of molecular determinants of channel 

gating in the transient receptor potential box of vanilloid receptor I. FASEB J 2008;22:3298–

3309. 

42. Bhave G, Hu H-J, Glauner KS, Zhu W, Wang H, Brasier DJ, Oxford GS, and Gereau RW. 

Protein kinase C phosphorylation sensitizes but does not activate the capsaicin receptor 

transient receptor potential vanilloid 1 (TRPV1). Proc Natl Acad Sci 2003;100:12480–

12485. 

43. De Petrocellis L, Harrison S, Bisogno T, Tognetto M, Brandi I, Smith GD, Creminon C, 

Davis JB, Geppetti P, and Di Marzo V. The vanilloid receptor (VR1)-mediated effects of 

anandamide are potently enhanced by the cAMP-dependent protein kinase. J Neurochem 

2001;77:1660–1663. 

44. Varga A, Bölcskei K, Szöke E, Almási R, Czéh G, Szolcsányi J, and Pethö G. Relative roles 

of protein kinase A and protein kinase C in modulation of transient receptor potential 

vanilloid type 1 receptor responsiveness in rat sensory neurons in vitro and peripheral 

nociceptors in vivo. Neuroscience 2006;140:645–57. 

45. Cesare P, Dekker L V, Sardini A, Parker PJ, and McNaughton PA. Specific involvement of 

PKC-epsilon in sensitization of the neuronal response to painful heat. Neuron 1999;23:617–

24. 

46. Jung J, Shin JS, Lee S-Y, Hwang SW, Koo J, Cho H, and Oh U. Phosphorylation of vanilloid 

receptor 1 by Ca2+/calmodulin-dependent kinase II regulates its vanilloid binding. J Biol 



39 
 

Chem 2004;279:7048–54. 

47. Jin X, Morsy N, Winston J, Pasricha PJ, Garrett K, and Akbarali HI. Modulation of TRPV1 

by nonreceptor tyrosine kinase, c-Src kinase. Am J Physiol Cell Physiol 2004;287:C558–63. 

48. Vellani V, Mapplebeck S, Moriondo A, Davis JB, and McNaughton PA. Protein kinase C 

activation potentiates gating of the vanilloid receptor VR1 by capsaicin, protons, heat and 

anandamide. J Physiol 2001;534:813–825. 

49. Sugiura T, Tominaga M, Katsuya H, and Mizumura K. Bradykinin lowers the threshold 

temperature for heat activation of vanilloid receptor 1. J Neurophysiol 2002;88:544–8. 

50. Vriens J, Appendino G, and Nilius B. Pharmacology of Vanilloid Transient Receptor 

Potential Cation Channels. Mol Pharmacol 2009;75:1262–1279. 

51. Morenilla-Palao C, Planells-Cases R, Garcia-Sanz N, and Ferrer-Montiel A. Regulated 

Exocytosis Contributes to Protein Kinase C Potentiation of Vanilloid Receptor Activity. J 

Biol Chem 2004;279:25665–25672. 

52. Camprubí-Robles M, Planells-Cases R, and Ferrer-Montiel A. Differential contribution of 

SNARE-dependent exocytosis to inflammatory potentiation of TRPV1 in nociceptors. 

FASEB J 2009;23:3722–33. 

53. Liu B, Zhang C, and Qin F. Functional recovery from desensitization of vanilloid receptor 

TRPV1 requires resynthesis of phosphatidylinositol 4,5-bisphosphate. J Neurosci 

2005;25:4835–43. 

54. Jendryke T, Prochazkova M, Hall BE, Nordmann GC, Schladt M, Milenkovic VM, Kulkarni 

AB, and Wetzel CH. TRPV1 function is modulated by Cdk5-mediated phosphorylation: 

insights into the molecular mechanism of nociception. Sci Rep 2016;6:22007. 

55. Ruparel NB, Patwardhan AM, Akopian AN, and Hargreaves KM. Homologous and 

heterologous desensitization of capsaicin and mustard oil responses utilize different cellular 

pathways in nociceptors. Pain 2008;135:271–9. 

56. Mohapatra DP and Nau C. Regulation of Ca2+-dependent Desensitization in the Vanilloid 



40 
 

Receptor TRPV1 by Calcineurin and cAMP-dependent Protein Kinase. J Biol Chem 

2005;280:13424–13432. 

57. Mandadi S, Numazaki M, Tominaga M, Bhat MB, Armati PJ, and Roufogalis BD. Activation 

of protein kinase C reverses capsaicin-induced calcium-dependent desensitization of TRPV1 

ion channels. Cell Calcium 2004;35:471–478. 

58. Numazaki M, Tominaga T, Toyooka H, and Tominaga M. Direct Phosphorylation of 

Capsaicin Receptor VR1 by Protein Kinase Cε and Identification of Two Target Serine 

Residues. J Biol Chem 2002;277:13375–13378. 

59. Chaudhury S, Bal M, Belugin S, Shapiro MS, and Jeske NA. AKAP150-mediated TRPV1 

sensitization is disrupted by calcium/calmodulin. Mol Pain 2011;7:34. 

60. Lukacs V, Rives J-M, Sun X, Zakharian E, and Rohacs T. Promiscuous Activation of 

Transient Receptor Potential Vanilloid 1 (TRPV1) Channels by Negatively Charged 

Intracellular Lipids: THE KEY ROLE OF ENDOGENOUS PHOSPHOINOSITIDES IN 

MAINTAINING CHANNEL ACTIVITY. J Biol Chem 2013;288:35003–35013. 

61. Sanz-Salvador L, Andrés-Borderia A, Ferrer-Montiel A, and Planells-Cases R. Agonist- and 

Ca2+-dependent desensitization of TRPV1 channel targets the receptor to lysosomes for 

degradation. J Biol Chem 2012;287:19462–71. 

62. Szallasi A, Nilsson S, Farkas-Szallasi T, Blumberg PM, Hökfelt T, and Lundberg JM. 

Vanilloid (capsaicin) receptors in the rat: distribution in the brain, regional differences in the 

spinal cord, axonal transport to the periphery, and depletion by systemic vanilloid treatment. 

Brain Res 1995;703:175–83. 

63. Mezey E, Tóth ZE, Cortright DN, Arzubi MK, Krause JE, Elde R, Guo A, Blumberg PM, 

and Szallasi A. Distribution of mRNA for vanilloid receptor subtype 1 (VR1), and VR1-like 

immunoreactivity, in the central nervous system of the rat and human. Proc Natl Acad Sci U 

S A 2000;97:3655–60. 

64. Roberts JC, Davis JB, and Benham CD. [3H]Resiniferatoxin autoradiography in the CNS of 



41 
 

wild-type and TRPV1 null mice defines TRPV1 (VR-1) protein distribution. Brain Res 

2004;995:176–83. 

65. Chávez AE, Chiu CQ, and Castillo PE. TRPV1 activation by endogenous anandamide 

triggers postsynaptic long-term depression in dentate gyrus. Nat Neurosci 2010;13:1511–8. 

66. Grueter BA, Brasnjo G, and Malenka RC. Postsynaptic TRPV1 triggers cell type-specific 

long-term depression in the nucleus accumbens. Nat Neurosci 2010;13:1519–25. 

67. Cavanaugh DJ, Chesler AT, Jackson AC, Sigal YM, Yamanaka H, Grant R, O’Donnell D, 

Nicoll RA, Shah NM, Julius D, and Basbaum AI. Trpv1 reporter mice reveal highly 

restricted brain distribution and functional expression in arteriolar smooth muscle cells. J 

Neurosci 2011;31:5067–77. 

68. Southall MD, Li T, Gharibova LS, Pei Y, Nicol GD, and Travers JB. Activation of epidermal 

vanilloid receptor-1 induces release of proinflammatory mediators in human keratinocytes. J 

Pharmacol Exp Ther 2003;304:217–22. 

69. Birder LA, Kanai AJ, de Groat WC, Kiss S, Nealen ML, Burke NE, Dineley KE, Watkins S, 

Reynolds IJ, and Caterina MJ. Vanilloid receptor expression suggests a sensory role for 

urinary bladder epithelial cells. Proc Natl Acad Sci U S A 2001;98:13396–401. 

70. Birder LA, Nakamura Y, Kiss S, Nealen ML, Barrick S, Kanai AJ, Wang E, Ruiz G, De 

Groat WC, Apodaca G, Watkins S, and Caterina MJ. Altered urinary bladder function in 

mice lacking the vanilloid receptor TRPV1. Nat Neurosci 2002;5:856–60. 

71. Boudes M and De Ridder D. Urothelial TRPV1: TRPV1-Reporter Mice, a Way to Clarify the 

Debate?. Front Physiol 2012;3:130. 

72. Reilly CA, Taylor JL, Lanza DL, Carr BA, Crouch DJ, and Yost GS. Capsaicinoids cause 

inflammation and epithelial cell death through activation of vanilloid receptors. Toxicol Sci 

2003;73:170–81. 

73. Heiner I, Eisfeld J, Halaszovich CR, Wehage E, Jüngling E, Zitt C, and Lückhoff A. 

Expression profile of the transient receptor potential (TRP) family in neutrophil 



42 
 

granulocytes: evidence for currents through long TRP channel 2 induced by ADP-ribose and 

NAD. Biochem J 2003;371:1045–53. 

74. Akiba Y, Kato S, Katsube K, Nakamura M, Takeuchi K, Ishii H, and Hibi T. Transient 

receptor potential vanilloid subfamily 1 expressed in pancreatic islet beta cells modulates 

insulin secretion in rats. Biochem Biophys Res Commun 2004;321:219–25. 

75. Golech SA, McCarron RM, Chen Y, Bembry J, Lenz F, Mechoulam R, Shohami E, and 

Spatz M. Human brain endothelium: coexpression and function of vanilloid and 

endocannabinoid receptors. Brain Res Mol Brain Res 2004;132:87–92. 

76. Saunders CI, Kunde DA, Crawford A, and Geraghty DP. Expression of transient receptor 

potential vanilloid 1 (TRPV1) and 2 (TRPV2) in human peripheral blood. Mol Immunol 

2007;44:1429–35. 

77. Chen C-W, Lee ST, Wu WT, Fu W-M, Ho F-M, and Lin WW. Signal transduction for 

inhibition of inducible nitric oxide synthase and cyclooxygenase-2 induction by capsaicin 

and related analogs in macrophages. Br J Pharmacol 2003;140:1077–87. 

78. Yang D, Luo Z, Ma S, Wong WT, Ma L, Zhong J, He H, Zhao Z, Cao T, Yan Z, Liu D, 

Arendshorst WJ, Huang Y, Tepel M, and Zhu Z. Activation of TRPV1 by dietary capsaicin 

improves endothelium-dependent vasorelaxation and prevents hypertension. Cell Metab 

2010;12:130–41. 

79. Zhang LL, Yan Liu D, Ma LQ, Luo ZD, Cao TB, Zhong J, Yan ZC, Wang LJ, Zhao ZG, Zhu 

SJ, Schrader M, Thilo F, Zhu ZM, and Tepel M. Activation of transient receptor potential 

vanilloid type-1 channel prevents adipogenesis and obesity. Circ Res 2007;100:1063–70. 

80. Jancsó-Gábor A, Szolcsányi J, and Jancsó N. Stimulation and desensitization of the 

hypothalamic heat-sensitive structures by capsaicin in rats. J Physiol 1970;208:449–59. 

81. Gavva NR. Body-temperature maintenance as the predominant function of the vanilloid 

receptor TRPV1. Trends Pharmacol Sci 2008;29:550–7. 

82. Yoshida A, Furube E, Mannari T, Takayama Y, Kittaka H, Tominaga M, and Miyata S. 



43 
 

TRPV1 is crucial for proinflammatory STAT3 signaling and thermoregulation-associated 

pathways in the brain during inflammation. Sci Rep 2016;6:26088. 

83. Muzzi M, Felici R, Cavone L, Gerace E, Minassi A, Appendino G, Moroni F, and Chiarugi 

A. Ischemic neuroprotection by TRPV1 receptor-induced hypothermia. J Cereb Blood Flow 

Metab 2012;32:978–82. 

84. Shimizu I, Iida T, Horiuchi N, and Caterina MJ. 5-Iodoresiniferatoxin evokes hypothermia in 

mice and is a partial transient receptor potential vanilloid 1 agonist in vitro. J Pharmacol Exp 

Ther 2005;314:1378–85. 

85. Fosgerau K, Weber UJ, Gotfredsen JW, Jayatissa M, Buus C, Kristensen NB, Vestergaard 

M, Teschendorf P, Schneider A, Hansen P, Raunsø J, Køber L, Torp-Pedersen C, and 

Videbaek C. Drug-induced mild therapeutic hypothermia obtained by administration of a 

transient receptor potential vanilloid type 1 agonist. BMC Cardiovasc Disord 2010;10:51. 

86. Steiner AA, Turek VF, Almeida MC, Burmeister JJ, Oliveira DL, Roberts JL, Bannon AW, 

Norman MH, Louis J-C, Treanor JJS, Gavva NR, and Romanovsky AA. Nonthermal 

activation of transient receptor potential vanilloid-1 channels in abdominal viscera tonically 

inhibits autonomic cold-defense effectors. J Neurosci 2007;27:7459–68. 

87. Gavva NR, Bannon AW, Surapaneni S, Hovland DN, Lehto SG, Gore A, Juan T, Deng H, 

Han B, Klionsky L, Kuang R, Le A, Tamir R, Wang J, Youngblood B, Zhu D, Norman MH, 

Magal E, Treanor JJS, and Louis J-C. The vanilloid receptor TRPV1 is tonically activated in 

vivo and involved in body temperature regulation. J Neurosci 2007;27:3366–74. 

88. Wong GY and Gavva NR. Therapeutic potential of vanilloid receptor TRPV1 agonists and 

antagonists as analgesics: Recent advances and setbacks. Brain Res Rev 2009;60:267–77. 

89. Szallasi A and Blumberg PM. Vanilloid (Capsaicin) receptors and mechanisms. Pharmacol 

Rev 1999;51:159–212. 

90. Knotkova H, Pappagallo M, and Szallasi A. Capsaicin (TRPV1 Agonist) Therapy for Pain 

Relief. Clin J Pain 2008;24:142–154. 



44 
 

91. Holzer P. TRPV1 and the gut: from a tasty receptor for a painful vanilloid to a key player in 

hyperalgesia. Eur J Pharmacol 2004;500:231–41. 

92. Ji R-R, Samad TA, Jin S-X, Schmoll R, and Woolf CJ. p38 MAPK activation by NGF in 

primary sensory neurons after inflammation increases TRPV1 levels and maintains heat 

hyperalgesia. Neuron 2002;36:57–68. 

93. Keeble J, Russell F, Curtis B, Starr A, Pinter E, and Brain SD. Involvement of transient 

receptor potential vanilloid 1 in the vascular and hyperalgesic components of joint 

inflammation. Arthritis Rheum 2005;52:3248–56. 

94. Szolcsányi J. Forty years in capsaicin research for sensory pharmacology and physiology. 

Neuropeptides 2004;38:377–84. 

95. Davis JB, Gray J, Gunthorpe MJ, Hatcher JP, Davey PT, Overend P, Harries MH, Latcham J, 

Clapham C, Atkinson K, Hughes SA, Rance K, Grau E, Harper AJ, Pugh PL, Rogers DC, 

Bingham S, Randall A, and Sheardown SA. Vanilloid receptor-1 is essential for 

inflammatory thermal hyperalgesia. Nature 2000;405:183–7. 

96. Gavva NR, Tamir R, Qu Y, Klionsky L, Zhang TJ, Immke D, Wang J, Zhu D, Vanderah 

TW, Porreca F, Doherty EM, Norman MH, Wild KD, Bannon AW, Louis J-C, and Treanor 

JJS. AMG 9810 [(E)-3-(4-t-butylphenyl)-N-(2,3-dihydrobenzo[b][1,4] dioxin-6-

yl)acrylamide], a novel vanilloid receptor 1 (TRPV1) antagonist with antihyperalgesic 

properties. J Pharmacol Exp Ther 2005;313:474–84. 

97. Honore P, Wismer CT, Mikusa J, Zhu CZ, Zhong C, Gauvin DM, Gomtsyan A, El Kouhen 

R, Lee C-H, Marsh K, Sullivan JP, Faltynek CR, and Jarvis MF. A-425619 [1-isoquinolin-5-

yl-3-(4-trifluoromethyl-benzyl)-urea], a novel transient receptor potential type V1 receptor 

antagonist, relieves pathophysiological pain associated with inflammation and tissue injury in 

rats. J Pharmacol Exp Ther 2005;314:410–21. 

98. Rami HK, Thompson M, Stemp G, Fell S, Jerman JC, Stevens AJ, Smart D, Sargent B, 

Sanderson D, Randall AD, Gunthorpe MJ, and Davis JB. Discovery of SB-705498: a potent, 



45 
 

selective and orally bioavailable TRPV1 antagonist suitable for clinical development. Bioorg 

Med Chem Lett 2006;16:3287–91. 

99. Walker KM, Urban L, Medhurst SJ, Patel S, Panesar M, Fox AJ, and McIntyre P. The VR1 

antagonist capsazepine reverses mechanical hyperalgesia in models of inflammatory and 

neuropathic pain. J Pharmacol Exp Ther 2003;304:56–62. 

100. Kitagawa Y, Tamai I, Hamada Y, Usui K, Wada M, Sakata M, and Matsushita M. Orally 

administered selective TRPV1 antagonist, JTS-653, attenuates chronic pain refractory to non-

steroidal anti-inflammatory drugs in rats and mice including post-herpetic pain. J Pharmacol 

Sci 2013;122:128–37. 

101. Lehto SG, Tamir R, Deng H, Klionsky L, Kuang R, Le A, Lee D, Louis J-C, Magal E, 

Manning BH, Rubino J, Surapaneni S, Tamayo N, Wang T, Wang J, Wang J, Wang W, 

Youngblood B, Zhang M, Zhu D, Norman MH, and Gavva NR. Antihyperalgesic effects of 

(R,E)-N-(2-hydroxy-2,3-dihydro-1H-inden-4-yl)-3-(2-(piperidin-1-yl)-4-

(trifluoromethyl)phenyl)-acrylamide (AMG8562), a novel transient receptor potential 

vanilloid type 1 modulator that does not cause hyperthermia in rats. J Pharmacol Exp Ther 

2008;326:218–29. 

102. Ghilardi JR, Röhrich H, Lindsay TH, Sevcik MA, Schwei MJ, Kubota K, Halvorson KG, 

Poblete J, Chaplan SR, Dubin AE, Carruthers NI, Swanson D, Kuskowski M, Flores CM, 

Julius D, and Mantyh PW. Selective blockade of the capsaicin receptor TRPV1 attenuates 

bone cancer pain. J Neurosci 2005;25:3126–31. 

103. Immke DC and Gavva NR. The TRPV1 receptor and nociception. Semin Cell Dev Biol 

2006;17:582–91. 

104. Szallasi A, Cortright DN, Blum CA, and Eid SR. The vanilloid receptor TRPV1: 10 years 

from channel cloning to antagonist proof-of-concept. Nat Rev Drug Discov 2007;6:357–72. 

105. Ross RA. Anandamide and vanilloid TRPV1 receptors. Br J Pharmacol 2003;140:790–801. 

106. Singh Tahim A, Sántha P, and Nagy I. Inflammatory mediators convert anandamide into a 



46 
 

potent activator of the vanilloid type 1 transient receptor potential receptor in nociceptive 

primary sensory neurons. Neuroscience 2005;136:539–48. 

107. Van Buren JJ, Bhat S, Rotello R, Pauza ME, and Premkumar LS. Sensitization and 

translocation of TRPV1 by insulin and IGF-I. Mol Pain 2005;1:17. 

108. Zhang X, Huang J, and McNaughton PA. NGF rapidly increases membrane expression of 

TRPV1 heat-gated ion channels. EMBO J 2005;24:4211–23. 

109. Stein AT, Ufret-Vincenty CA, Hua L, Santana LF, and Gordon SE. Phosphoinositide 3-

Kinase Binds to TRPV1 and Mediates NGF-stimulated TRPV1 Trafficking to the Plasma 

Membrane. J Gen Physiol 2006;128:509–522. 

110. Zhang N, Inan S, Inan S, Cowan A, Sun R, Wang JM, Rogers TJ, Caterina M, and 

Oppenheim JJ. A proinflammatory chemokine, CCL3, sensitizes the heat- and capsaicin-

gated ion channel TRPV1. Proc Natl Acad Sci U S A 2005;102:4536–41. 

111. Zhang X, Li L, and McNaughton PA. Proinflammatory mediators modulate the heat-

activated ion channel TRPV1 via the scaffolding protein AKAP79/150. Neuron 

2008;59:450–61. 

112. Tominaga M, Wada M, and Masu M. Potentiation of capsaicin receptor activity by 

metabotropic ATP receptors as a possible mechanism for ATP-evoked pain and hyperalgesia. 

Proc Natl Acad Sci U S A 2001;98:6951–6. 

113. Li Y, Cai J, Han Y, Xiao X, Meng XL, Su L, Liu FY, Xing GG, and Wan Y. Enhanced 

function of TRPV1 via up-regulation by insulin-like growth factor-1 in a rat model of bone 

cancer pain. Eur J Pain 2014;18:774–84. 

114. Miura M, Sasaki M, Mizukoshi K, Shibasaki M, Izumi Y, Shimosato G, and Amaya F. 

Peripheral sensitization caused by insulin-like growth factor 1 contributes to pain 

hypersensitivity after tissue injury. Pain 2011;152:888–95. 

115. Dai Y. TRPs and pain. Semin Immunopathol 2016;38:277–91. 

116. Chu KL, Chandran P, Joshi SK, Jarvis MF, Kym PR, and McGaraughty S. TRPV1-related 



47 
 

modulation of spinal neuronal activity and behavior in a rat model of osteoarthritic pain. 

Brain Res 2011;1369:158–66. 

117. Honore P, Chandran P, Hernandez G, Gauvin DM, Mikusa JP, Zhong C, Joshi SK, Ghilardi 

JR, Sevcik MA, Fryer RM, Segreti JA, Banfor PN, Marsh K, Neelands T, Bayburt E, Daanen 

JF, Gomtsyan A, Lee C-H, Kort ME, Reilly RM, Surowy CS, Kym PR, Mantyh PW, 

Sullivan JP, Jarvis MF, and Faltynek CR. Repeated dosing of ABT-102, a potent and 

selective TRPV1 antagonist, enhances TRPV1-mediated analgesic activity in rodents, but 

attenuates antagonist-induced hyperthermia. Pain 2009;142:27–35. 

118. Fernihough J, Gentry C, Bevan S, and Winter J. Regulation of calcitonin gene-related peptide 

and TRPV1 in a rat model of osteoarthritis. Neurosci Lett 2005;388:75–80. 

119. Puttfarcken PS, Han P, Joshi SK, Neelands TR, Gauvin DM, Baker SJ, Lewis LGR, Bianchi 

BR, Mikusa JP, Koenig JR, Perner RJ, Kort ME, Honore P, Faltynek CR, Kym PR, and 

Reilly RM. A-995662 [(R)-8-(4-methyl-5-(4-(trifluoromethyl)phenyl)oxazol-2-ylamino)-

1,2,3,4-tetrahydronaphthalen-2-ol], a novel, selective TRPV1 receptor antagonist, reduces 

spinal release of glutamate and CGRP in a rat knee joint pain model. Pain 2010;150:319–26. 

120. Kelly S, Chapman RJ, Woodhams S, Sagar DR, Turner J, Burston JJ, Bullock C, Paton K, 

Huang J, Wong A, McWilliams DF, Okine BN, Barrett DA, Hathway GJ, Walsh DA, and 

Chapman V. Increased function of pronociceptive TRPV1 at the level of the joint in a rat 

model of osteoarthritis pain. Ann Rheum Dis 2015;74:252–9. 

121. Kalff K-M, El Mouedden M, van Egmond J, Veening J, Joosten L, Scheffer GJ, Meert T, and 

Vissers K. Pre-treatment with capsaicin in a rat osteoarthritis model reduces the symptoms of 

pain and bone damage induced by monosodium iodoacetate. Eur J Pharmacol 2010;641:108–

13. 

122. Szabo T, Biro T, Gonzalez AF, Palkovits M, and Blumberg PM. Pharmacological 

characterization of vanilloid receptor located in the brain. Brain Res Mol Brain Res 

2002;98:51–7. 



48 
 

123. Engler A, Aeschlimann A, Simmen BR, Michel BA, Gay RE, Gay S, and Sprott H. 

Expression of transient receptor potential vanilloid 1 (TRPV1) in synovial fibroblasts from 

patients with osteoarthritis and rheumatoid arthritis. Biochem Biophys Res Commun 

2007;359:884–8. 

124. Valdes AM, De Wilde G, Doherty SA, Lories RJ, Vaughn FL, Laslett LL, Maciewicz RA, 

Soni A, Hart DJ, Zhang W, Muir KR, Dennison EM, Wheeler M, Leaverton P, Cooper C, 

Spector TD, Cicuttini FM, Chapman V, Jones G, Arden NK, and Doherty M. The Ile585Val 

TRPV1 variant is involved in risk of painful knee osteoarthritis. Ann Rheum Dis 

2011;70:1556–61. 

125. Cathcart CJ, Johnston SA, Reynolds LR, Al-Nadaf S, and Budsberg SC. Efficacy of ABT-

116, an antagonist of transient receptor potential vanilloid type 1, in providing analgesia for 

dogs with chemically induced synovitis. Am J Vet Res 2012;73:19–26. 

126. Malek S, Sample SJ, Schwartz Z, Nemke B, Jacobson PB, Cozzi EM, Schaefer SL, Bleedorn 

JA, Holzman G, and Muir P. Effect of analgesic therapy on clinical outcome measures in a 

randomized controlled trial using client-owned dogs with hip osteoarthritis. BMC Vet Res 

2012;8:185. 

127. Miller F, Björnsson M, Svensson O, and Karlsten R. Experiences with an adaptive design for 

a dose-finding study in patients with osteoarthritis. Contemp Clin Trials 2014;37:189–99. 

128. Remadevi R and Szallisi A. Adlea (ALGRX-4975), an injectable capsaicin (TRPV1 receptor 

agonist) formulation for longlasting pain relief. IDrugs 2008;11:120–32. 

129. Killock D. Pain: Could TRPV1-targeted analgesia of OA pain still be feasible?. Nat Rev 

Rheumatol 2013;9:698. 

130. Zhang R-X, Ren K, and Dubner R. Osteoarthritis pain mechanisms: basic studies in animal 

models. Osteoarthritis Cartilage 2013;21:1308–15. 

131. Kim HY, Chung G, Jo HJ, Kim YS, Bae YC, Jung SJ, Kim J-S, and Oh SB. Characterization 

of dental nociceptive neurons. J Dent Res 2011;90:771–6. 



49 
 

132. Breivik T, Gundersen Y, Gjermo P, Fristad I, and Opstad PK. Systemic chemical 

desensitization of peptidergic sensory neurons with resiniferatoxin inhibits experimental 

periodontitis. Open Dent J 2011;5:1–6. 

133. Quiding H, Jonzon B, Svensson O, Webster L, Reimfelt A, Karin A, Karlsten R, and 

Segerdahl M. TRPV1 antagonistic analgesic effect: a randomized study of AZD1386 in pain 

after third molar extraction. Pain 2013;154:808–12. 

134. Holzer P. Transient receptor potential (TRP) channels as drug targets for diseases of the 

digestive system. Pharmacol Ther 2011;131:142–70. 

135. Kaneko Y and Szallasi A. Transient receptor potential (TRP) channels: a clinical perspective. 

Br J Pharmacol 2014;171:2474–507. 

136. Nilius B and Szallasi A. Transient receptor potential channels as drug targets: from the 

science of basic research to the art of medicine. Pharmacol Rev 2014;66:676–814. 

137. Kollarik M and Brozmanova M. Cough and gastroesophageal reflux: insights from animal 

models. Pulm Pharmacol Ther 2009;22:130–4. 

138. Fujino K, de la Fuente SG, Takami Y, Takahashi T, and Mantyh CR. Attenuation of acid 

induced oesophagitis in VR-1 deficient mice. Gut 2006;55:34–40. 

139. Krarup AL, Ny L, Gunnarsson J, Hvid-Jensen F, Zetterstrand S, Simrén M, Funch-Jensen P, 

Hansen MB, and Drewes AM. Randomized clinical trial: inhibition of the TRPV1 system in 

patients with nonerosive gastroesophageal reflux disease and a partial response to PPI 

treatment is not associated with analgesia to esophageal experimental pain. Scand J 

Gastroenterol 2013;48:274–84. 

140. Trevisani M, Smart D, Gunthorpe MJ, Tognetto M, Barbieri M, Campi B, Amadesi S, Gray 

J, Jerman JC, Brough SJ, Owen D, Smith GD, Randall AD, Harrison S, Bianchi A, Davis JB, 

and Geppetti P. Ethanol elicits and potentiates nociceptor responses via the vanilloid 

receptor-1. Nat Neurosci 2002;5:546–51. 

141. Vigna SR, Shahid RA, and Liddle RA. Ethanol contributes to neurogenic pancreatitis by 



50 
 

activation of TRPV1. FASEB J 2014;28:891–6. 

142. Akbar A, Yiangou Y, Facer P, Brydon WG, Walters JRF, Anand P, and Ghosh S. Expression 

of the TRPV1 receptor differs in quiescent inflammatory bowel disease with or without 

abdominal pain. Gut 2010;59:767–74. 

143. Miranda A, Nordstrom E, Mannem A, Smith C, Banerjee B, and Sengupta JN. The role of 

transient receptor potential vanilloid 1 in mechanical and chemical visceral hyperalgesia 

following experimental colitis. Neuroscience 2007;148:1021–32. 

144. Niiyama Y, Kawamata T, Yamamoto J, Omote K, and Namiki A. Bone cancer increases 

transient receptor potential vanilloid subfamily 1 expression within distinct subpopulations of 

dorsal root ganglion neurons. Neuroscience 2007;148:560–72. 

145. Iadarola MJ and Gonnella GL. Resiniferatoxin for Pain Treatment: An Interventional 

Approach to Personalized Pain Medicine. Open Pain J 6:95–107. 

146. Tatsumi E, Katsura H, Kobayashi K, Yamanaka H, Tsuzuki K, Noguchi K, and Sakagami M. 

Changes in transient receptor potential channels in the rat geniculate ganglion after chorda 

tympani nerve injury. Neuroreport 2015;26:856–61. 

147. Fukuoka T, Tokunaga A, Tachibana T, Dai Y, Yamanaka H, and Noguchi K. VR1, but not 

P2X(3), increases in the spared L4 DRG in rats with L5 spinal nerve ligation. Pain 

2002;99:111–20. 

148. Hudson LJ, Bevan S, Wotherspoon G, Gentry C, Fox A, and Winter J. VR1 protein 

expression increases in undamaged DRG neurons after partial nerve injury. Eur J Neurosci 

2001;13:2105–14. 

149. Bölcskei K, Helyes Z, Szabó A, Sándor K, Elekes K, Németh J, Almási R, Pintér E, Petho G, 

and Szolcsányi J. Investigation of the role of TRPV1 receptors in acute and chronic 

nociceptive processes using gene-deficient mice. Pain 2005;117:368–76. 

150. Pabbidi RM, Yu S-Q, Peng S, Khardori R, Pauza ME, and Premkumar LS. Influence of 

TRPV1 on diabetes-induced alterations in thermal pain sensitivity. Mol Pain 2008;4:9. 



51 
 

151. Suri A and Szallasi A. The emerging role of TRPV1 in diabetes and obesity. Trends 

Pharmacol Sci 2008;29:29–36. 

152. Zsombok A. Vanilloid receptors--do they have a role in whole body metabolism? Evidence 

from TRPV1. J Diabetes Complications 27:287–92. 

153. Nilius B and Flockerzi V, Eds.Mammalian Transient Receptor Potential (TRP) Cation 

Channels, 222:. Berlin, Heidelberg: Springer Berlin Heidelberg, 2014. 

154. Razavi R, Chan Y, Afifiyan FN, Liu XJ, Wan X, Yantha J, Tsui H, Tang L, Tsai S, 

Santamaria P, Driver JP, Serreze D, Salter MW, and Dosch H-M. TRPV1+ sensory neurons 

control beta cell stress and islet inflammation in autoimmune diabetes. Cell 2006;127:1123–

35. 

155. Derbenev A V and Zsombok A. Potential therapeutic value of TRPV1 and TRPA1 in 

diabetes mellitus and obesity. Semin Immunopathol 2016;38:397–406. 

156. Wang P, Yan Z, Zhong J, Chen J, Ni Y, Li L, Ma L, Zhao Z, Liu D, and Zhu Z. Transient 

receptor potential vanilloid 1 activation enhances gut glucagon-like peptide-1 secretion and 

improves glucose homeostasis. Diabetes 2012;61:2155–65. 

157. Smeets AJ and Westerterp-Plantenga MS. The acute effects of a lunch containing capsaicin 

on energy and substrate utilisation, hormones, and satiety. Eur J Nutr 2009;48:229–34. 

158. Kang J-H, Tsuyoshi G, Le Ngoc H, Kim H-M, Tu TH, Noh H-J, Kim C-S, Choe S-Y, 

Kawada T, Yoo H, and Yu R. Dietary capsaicin attenuates metabolic dysregulation in 

genetically obese diabetic mice. J Med Food 2011;14:310–5. 

159. Lee Y, Hong S, Cui M, Sharma PK, Lee J, and Choi S. Transient receptor potential vanilloid 

type 1 antagonists: a patent review (2011 - 2014). Expert Opin Ther Pat 2015;25:291–318. 

160. Tsui H, Razavi R, Chan Y, Yantha J, and Dosch H-M. ‘Sensing’ autoimmunity in type 1 

diabetes. Trends Mol Med 2007;13:405–13. 

161. Gao H, Miyata K, Bhaskaran MD, Derbenev A V, and Zsombok A. Transient receptor 

potential vanilloid type 1-dependent regulation of liver-related neurons in the paraventricular 



52 
 

nucleus of the hypothalamus diminished in the type 1 diabetic mouse. Diabetes 

2012;61:1381–90. 

162. Zsombok A, Bhaskaran MD, Gao H, Derbenev A V, and Smith BN. Functional plasticity of 

central TRPV1 receptors in brainstem dorsal vagal complex circuits of streptozotocin-treated 

hyperglycemic mice. J Neurosci 2011;31:14024–31. 

163. Kang J-H, Goto T, Han I-S, Kawada T, Kim YM, and Yu R. Dietary capsaicin reduces 

obesity-induced insulin resistance and hepatic steatosis in obese mice fed a high-fat diet. 

Obesity (Silver Spring) 2010;18:780–7. 

164. Lee G-R, Shin MK, Yoon D-J, Kim A-R, Yu R, Park N-H, and Han I-S. Topical application 

of capsaicin reduces visceral adipose fat by affecting adipokine levels in high-fat diet-

induced obese mice. Obesity (Silver Spring) 2013;21:115–22. 

165. Ohyama K, Nogusa Y, Suzuki K, Shinoda K, Kajimura S, and Bannai M. A combination of 

exercise and capsinoid supplementation additively suppresses diet-induced obesity by 

increasing energy expenditure in mice. Am J Physiol Endocrinol Metab 2015;308:E315–23. 

166. Ohyama K, Nogusa Y, Shinoda K, Suzuki K, Bannai M, and Kajimura S. A synergistic anti-

obesity effect by a combination of capsinoids and cold temperature through promoting beige 

adipocyte biogenesis. Diabetes 2016;65:1410–23. 

167. Lee E, Jung DY, Kim JH, Patel PR, Hu X, Lee Y, Azuma Y, Wang H-F, Tsitsilianos N, 

Shafiq U, Kwon JY, Lee HJ, Lee KW, and Kim JK. Transient receptor potential vanilloid 

type-1 channel regulates diet-induced obesity, insulin resistance, and leptin resistance. 

FASEB J 2015;29:3182–92. 

168. Motter AL and Ahern GP. TRPV1-null mice are protected from diet-induced obesity. FEBS 

Lett 2008;582:2257–62. 

169. Avelino A, Cruz C, Nagy I, and Cruz F. Vanilloid receptor 1 expression in the rat urinary 

tract. Neuroscience 2002;109:787–98. 

170. Avelino A, Charrua A, Frias B, Cruz C, Boudes M, de Ridder D, and Cruz F. Transient 



53 
 

receptor potential channels in bladder function. Acta Physiol (Oxf) 2013;207:110–22. 

171. Brito R, Sheth S, Mukherjea D, Rybak LP, and Ramkumar V. TRPV1: A Potential Drug 

Target for Treating Various Diseases. Cells 2014;3:517–45. 

172. Charrua A, Reguenga C, Cordeiro JM, Correiade-Sá P, Paule C, Nagy I, Cruz F, and Avelino 

A. Functional transient receptor potential vanilloid 1 is expressed in human urothelial cells. J 

Urol 2009;182:2944–50. 

173. Cefalu JS, Guillon MA, Burbach LR, Zhu Q-M, Hu D-Q, Ho MJ, Ford APDW, Nunn PA, 

and Cockayne DA. Selective pharmacological blockade of the TRPV1 receptor suppresses 

sensory reflexes of the rodent bladder. J Urol 2009;182:776–85. 

174. Birder LA, Wolf-Johnston AS, Sun Y, and Chai TC. Alteration in TRPV1 and Muscarinic 

(M3) receptor expression and function in idiopathic overactive bladder urothelial cells. Acta 

Physiol (Oxf) 2013;207:123–9. 

175. Coelho A, Wolf-Johnston AS, Shinde S, Cruz CD, Cruz F, Avelino A, and Birder LA. 

Urinary bladder inflammation induces changes in urothelial nerve growth factor and TRPV1 

channels. Br J Pharmacol 2015;172:1691–9. 

176. Dornelles FN, Andrade EL, Campos MM, and Calixto JB. Role of CXCR2 and TRPV1 in 

functional, inflammatory and behavioural changes in the rat model of cyclophosphamide-

induced haemorrhagic cystitis. Br J Pharmacol 2014;171:452–67. 

177. Wang Z-Y, Wang P, Merriam FV, and Bjorling DE. Lack of TRPV1 inhibits cystitis-induced 

increased mechanical sensitivity in mice. Pain 2008;139:158–67. 

178. Kitagawa Y, Wada M, Kanehisa T, Miyai A, Usui K, Maekawa M, Sakata M, Matsuo A, 

Hayashi M, and Matsushita M. JTS-653 blocks afferent nerve firing and attenuates bladder 

overactivity without affecting normal voiding function. J Urol 2013;189:1137–46. 

179. Dang K, Bielefeldt K, and Gebhart GF. Cyclophosphamide-induced cystitis reduces ASIC 

channel but enhances TRPV1 receptor function in rat bladder sensory neurons. J 

Neurophysiol 2013;110:408–17. 



54 
 

180. Benemei S, Patacchini R, Trevisani M, and Geppetti P. TRP channels. Curr Opin Pharmacol 

2015;22:18–23. 

181. De Logu F, Patacchini R, Fontana G, and Geppetti P. TRP functions in the broncho-

pulmonary system. Semin Immunopathol 2016;38:321–9. 

182. Grace MS, Baxter M, Dubuis E, Birrell MA, and Belvisi MG. Transient receptor potential 

(TRP) channels in the airway: role in airway disease. Br J Pharmacol 2014;171:2593–607. 

183. Watanabe N, Horie S, Michael GJ, Keir S, Spina D, Page CP, and Priestley J V. 

Immunohistochemical co-localization of transient receptor potential vanilloid (TRPV)1 and 

sensory neuropeptides in the guinea-pig respiratory system. Neuroscience 2006;141:1533–

43. 

184. Watanabe N, Horie S, Spina D, Michael GJ, Page CP, and Priestley J V. 

Immunohistochemical localization of transient receptor potential vanilloid subtype 1 in the 

trachea of ovalbumin-sensitized Guinea pigs. Int Arch Allergy Immunol 2008;146 Suppl 

:28–32. 

185. Seki N, Shirasaki H, Kikuchi M, Sakamoto T, Watanabe N, and Himi T. Expression and 

localization of TRPV1 in human nasal mucosa. Rhinology 2006;44:128–34. 

186. Banner KH, Igney F, and Poll C. TRP channels: emerging targets for respiratory disease. 

Pharmacol Ther 2011;130:371–84. 

187. McGarvey LP, Butler CA, Stokesberry S, Polley L, McQuaid S, Abdullah H, Ashraf S, 

McGahon MK, Curtis TM, Arron J, Choy D, Warke TJ, Bradding P, Ennis M, Zholos A, 

Costello RW, and Heaney LG. Increased expression of bronchial epithelial transient receptor 

potential vanilloid 1 channels in patients with severe asthma. J Allergy Clin Immunol 

2014;133:704–12.e4. 

188. Abdullah H, Heaney LG, Cosby SL, and McGarvey LPA. Rhinovirus upregulates transient 

receptor potential channels in a human neuronal cell line: implications for respiratory virus-

induced cough reflex sensitivity. Thorax 2014;69:46–54. 



55 
 

189. Lu Y-X, Gu Q-L, Du J, Zhao J, Liu C, Huang X-L, and Zou J-Z. Upper airway cough 

syndrome in children and two inflammatory factors: TRPV1 and TGF-β2. Int J Pediatr 

Otorhinolaryngol 2014;78:445–50. 

190. Birrell MA, Bonvini SJ, Dubuis E, Maher SA, Wortley MA, Grace MS, Raemdonck K, 

Adcock JJ, and Belvisi MG. Tiotropium modulates transient receptor potential V1 (TRPV1) 

in airway sensory nerves: A beneficial off-target effect?. J Allergy Clin Immunol 

2014;133:679–87.e9. 

191. Smit LAM, Kogevinas M, Antó JM, Bouzigon E, González JR, Le Moual N, Kromhout H, 

Carsin A-E, Pin I, Jarvis D, Vermeulen R, Janson C, Heinrich J, Gut I, Lathrop M, Valverde 

MA, Demenais F, and Kauffmann F. Transient receptor potential genes, smoking, 

occupational exposures and cough in adults. Respir Res 2012;13:26. 

192. Cantero-Recasens G, Gonzalez JR, Fandos C, Duran-Tauleria E, Smit LAM, Kauffmann F, 

Antó JM, and Valverde MA. Loss of function of transient receptor potential vanilloid 1 

(TRPV1) genetic variant is associated with lower risk of active childhood asthma. J Biol 

Chem 2010;285:27532–5. 

193. Khalid S, Murdoch R, Newlands A, Smart K, Kelsall A, Holt K, Dockry R, Woodcock A, 

and Smith JA. Transient receptor potential vanilloid 1 (TRPV1) antagonism in patients with 

refractory chronic cough: a double-blind randomized controlled trial. J Allergy Clin Immunol 

2014;134:56–62. 

194. Zheng J, Dai C, Steyger PS, Kim Y, Vass Z, Ren T, and Nuttall AL. Vanilloid receptors in 

hearing: altered cochlear sensitivity by vanilloids and expression of TRPV1 in the organ of 

corti. J Neurophysiol 2003;90:444–55. 

195. Mukherjea D, Jajoo S, Whitworth C, Bunch JR, Turner JG, Rybak LP, and Ramkumar V. 

Short interfering RNA against transient receptor potential vanilloid 1 attenuates cisplatin-

induced hearing loss in the rat. J Neurosci 2008;28:13056–65. 

196. Kizawa K, Kitahara T, Horii A, Maekawa C, Kuramasu T, Kawashima T, Nishiike S, Doi K, 



56 
 

and Inohara H. Behavioral assessment and identification of a molecular marker in a 

salicylate-induced tinnitus in rats. Neuroscience 2010;165:1323–32. 

197. Gomtsyan A, Bayburt EK, Schmidt RG, Zheng GZ, Perner RJ, Didomenico S, Koenig JR, 

Turner S, Jinkerson T, Drizin I, Hannick SM, Macri BS, McDonald HA, Honore P, Wismer 

CT, Marsh KC, Wetter J, Stewart KD, Oie T, Jarvis MF, Surowy CS, Faltynek CR, and Lee 

C-H. Novel transient receptor potential vanilloid 1 receptor antagonists for the treatment of 

pain: structure-activity relationships for ureas with quinoline, isoquinoline, quinazoline, 

phthalazine, quinoxaline, and cinnoline moieties. J Med Chem 2005;48:744–52. 

198. El Kouhen R, Surowy CS, Bianchi BR, Neelands TR, McDonald HA, Niforatos W, 

Gomtsyan A, Lee C-H, Honore P, Sullivan JP, Jarvis MF, and Faltynek CR. A-425619 [1-

isoquinolin-5-yl-3-(4-trifluoromethyl-benzyl)-urea], a novel and selective transient receptor 

potential type V1 receptor antagonist, blocks channel activation by vanilloids, heat, and acid. 

J Pharmacol Exp Ther 2005;314:400–9. 

199. Gomtsyan A, Bayburt EK, Schmidt RG, Surowy CS, Honore P, Marsh KC, Hannick SM, 

McDonald HA, Wetter JM, Sullivan JP, Jarvis MF, Faltynek CR, and Lee C-H. Identification 

of (R)-1-(5-tert-butyl-2,3-dihydro-1H-inden-1-yl)-3-(1H-indazol-4-yl)urea (ABT-102) as a 

potent TRPV1 antagonist for pain management. J Med Chem 2008;51:392–5. 

200. Surowy CS, Neelands TR, Bianchi BR, McGaraughty S, El Kouhen R, Han P, Chu KL, 

McDonald HA, Vos M, Niforatos W, Bayburt EK, Gomtsyan A, Lee C-H, Honore P, 

Sullivan JP, Jarvis MF, and Faltynek CR. (R)-(5-tert-butyl-2,3-dihydro-1H-inden-1-yl)-3-

(1H-indazol-4-yl)-urea (ABT-102) blocks polymodal activation of transient receptor 

potential vanilloid 1 receptors in vitro and heat-evoked firing of spinal dorsal horn neurons in 

vivo. J Pharmacol Exp Ther 2008;326:879–88. 

201. Malek S, Sample SJ, Schwartz Z, Nemke B, Jacobson PB, Cozzi EM, Schaefer SL, Bleedorn 

JA, Holzman G, and Muir P. Effect of analgesic therapy on clinical outcome measures in a 

randomized controlled trial using client-owned dogs with hip osteoarthritis. BMC Vet Res 



57 
 

2012;8:185. 

202. Brown BS, Keddy R, Perner RJ, DiDomenico S, Koenig JR, Jinkerson TK, Hannick SM, 

McDonald HA, Bianchi BR, Honore P, Puttfarcken PS, Moreland RB, Marsh KC, Faltynek 

CR, and Lee C-H. Discovery of TRPV1 antagonist ABT-116. Bioorg Med Chem Lett 

2010;20:3291–4. 

203. Napoletano, Mauro; Trevisani M and Pavani, Maria Giovanna; Fruttarolo F. Preparation of 

bicyclic heteroaryl ureas and amides as TRPV1 vanilloid receptor antagonists., WO 

2011120604, 2011. 

204. Urbahns K, Yura T, Mogi M, Tajimi M, Fujishima H, Masuda T, Yoshida N, Moriwaki T, 

Lowinger TB, Meier H, Chan F, Madge D, and Gupta JB. Naphthol derivatives as TRPV1 

inhibitors for the treatment of urinary incontinence. Bioorg Med Chem Lett 2011;21:3354–7. 

205. Urbahns K, Yura T, Gupta JB, Tajimi M, Fujishima H, Masuda T, Yamamoto N, Ikegami Y, 

Marumo M, Yasoshima K, Yoshida N, Moriwaki T, Madge D, Chan F, and Mogi M. 

Tetrahydro-naphthols as orally available TRPV1 inhibitors. Bioorg Med Chem Lett 

2012;22:3408–11. 

206. Pier Giovanni Baraldi, Pier Andrea Borea PG. Vanilloid trpv1 receptor antagonists., WO 

2005123666, 2005. 

207. Pier Giovanni Baraldi, Pier Andrea Borea, Pierangelo Geppetti, Francesca Fruttarolo, Maria 

Giovanna Pavani MT. O-substituted-dibenzyl urea-derivatives as trpv1 receptor antagonists., 

WO 2008075150, 2008. 

208. Lee J, Kang S-U, Lim J-O, Choi H-K, Jin M, Toth A, Pearce L V, Tran R, Wang Y, Szabo T, 

and Blumberg PM. N-[4-(Methylsulfonylamino)benzyl]thiourea analogues as vanilloid 

receptor antagonists: analysis of structure–activity relationships for the ‘C-Region.’ Bioorg 

Med Chem 2004;12:371–385. 

209. Lee J, Lee J, Kang M, Shin M, Kim J-M, Kang S-U, Lim J-O, Choi H-K, Suh Y-G, Park H-

G, Oh U, Kim H-D, Park Y-H, Ha H-J, Kim Y-H, Toth A, Wang Y, Tran R, Pearce L V, 



58 
 

Lundberg DJ, and Blumberg PM. N-(3-acyloxy-2-benzylpropyl)-N’-[4-

(methylsulfonylamino)benzyl]thiourea analogues: novel potent and high affinity antagonists 

and partial antagonists of the vanilloid receptor. J Med Chem 2003;46:3116–26. 

210. Ryu H, Jin M-K, Kim SY, Choi H-K, Kang S-U, Kang DW, Lee J, Pearce L V, Pavlyukovets 

VA, Morgan MA, Tran R, Toth A, Lundberg DJ, and Blumberg PM. Stereospecific high-

affinity TRPV1 antagonists: chiral N-(2-benzyl-3-pivaloyloxypropyl) 2-[4-

(methylsulfonylamino)phenyl]propionamide analogues. J Med Chem 2008;51:57–67. 

211. Kim HS, Jin M-K, Kang S-U, Lim J-O, Tran P-T, Hoang V-H, Ann J, Ha T-H, Pearce L V, 

Pavlyukovets VA, Blumberg PM, and Lee J. α-Methylated simplified resiniferatoxin (sRTX) 

thiourea analogues as potent and stereospecific TRPV1 antagonists. Bioorg Med Chem Lett 

2014;24:2685–8. 

212. Schmidt RG, Bayburt EK, Latshaw SP, Koenig JR, Daanen JF, McDonald HA, Bianchi BR, 

Zhong C, Joshi S, Honore P, Marsh KC, Lee CH, Faltynek CR, and Gomtsyan A. Chroman 

and tetrahydroquinoline ureas as potent TRPV1 antagonists. Bioorg Med Chem Lett 

2011;21:1338–1341. 

213. Gomtsyan, Arthur R.; Voight, Eric A.; Bayburt, Erol K.; Chen, Jun; Daanen, Jerome F.; 

Didomenico, Stanley, Jr.; Kort, Michael E.; Kym, Philip R.; McDonald, Heath A.; Perner, 

Richard J.; Schmidt RG. Preparation of chromene urea compounds as therapeutic TRPV1 

antagonists., WO2010045401, 2010. 

214. Gomtsyan, Arthur; Daanen, Jerome F.; Gfesser, Gregory A.; Kort, Michael E.; Lee, Chih-

Hung; McDonald, Heath A.; Puttfarcken, Pamela S.; Voight, Eric A.; Kym PR. Preparation 

of urea compounds TRPV1 antagonists for treating pain., US 20120245163, 2012. 

215. Michael J. Dart, Philip R. Kym, Eric A. Voight, Anurupa SHRESTHA, Jerome F. Daanen, 

Tammie K. Jinkerson, Ryan G. Keddy, Sridhar Peddi, Arthur Gomtsyan, Michael E. Kort, 

Gregory A. Gfesser, Kevin R. Woller DWN. TRPV1 Antagonists., WO 2013096226, 2013. 

216. Voight EA, Gomtsyan AR, Daanen JF, Perner RJ, Schmidt RG, Bayburt EK, DiDomenico S, 



59 
 

McDonald HA, Puttfarcken PS, Chen J, Neelands TR, Bianchi BR, Han P, Reilly RM, 

Franklin PH, Segreti JA, Nelson RA, Su Z, King AJ, Polakowski JS, Baker SJ, Gauvin DM, 

Lewis LR, Mikusa JP, Joshi SK, Faltynek CR, Kym PR, and Kort ME. Discovery of (R)-1-

(7-chloro-2,2-bis(fluoromethyl)chroman-4-yl)-3-(3-methylisoquinolin-5-yl)urea (A-

1165442): a temperature-neutral transient receptor potential vanilloid-1 (TRPV1) antagonist 

with analgesic efficacy. J Med Chem 2014;57:7412–24. 

217. Swanson DM, Dubin AE, Shah C, Nasser N, Chang L, Dax SL, Jetter M, Breitenbucher JG, 

Liu C, Mazur C, Lord B, Gonzales L, Hoey K, Rizzolio M, Bogenstaetter M, Codd EE, Lee 

DH, Zhang S-P, Chaplan SR, and Carruthers NI. Identification and biological evaluation of 

4-(3-trifluoromethylpyridin-2-yl)piperazine-1-carboxylic acid (5-trifluoromethylpyridin-2-

yl)amide, a high affinity TRPV1 (VR1) vanilloid receptor antagonist. J Med Chem 

2005;48:1857–72. 

218. Valenzano KJ, Grant ER, Wu G, Hachicha M, Schmid L, Tafesse L, Sun Q, Rotshteyn Y, 

Francis J, Limberis J, Malik S, Whittemore ER, and Hodges D. N-(4-tertiarybutylphenyl)-4-

(3-chloropyridin-2-yl)tetrahydropyrazine -1(2H)-carbox-amide (BCTC), a novel, orally 

effective vanilloid receptor 1 antagonist with analgesic properties: I. in vitro characterization 

and pharmacokinetic properties. J Pharmacol Exp Ther 2003;306:377–86. 

219. Gomtsyan A and Faltynek CR. Vanilloid Receptor TRPV1 in Drug Discovery: Targeting 

Pain and Other Pathological Disorders., 2010. 

220. Tafesse L, Sun Q, Schmid L, Valenzano KJ, Rotshteyn Y, Su X, and Kyle DJ. Synthesis and 

evaluation of pyridazinylpiperazines as vanilloid receptor 1 antagonists. Bioorg Med Chem 

Lett 2004;14:5513–9. 

221. Hawryluk NA, Merit JE, Lebsack AD, Branstetter BJ, Hack MD, Swanson N, Ao H, Maher 

MP, Bhattacharya A, Wang Q, Freedman JM, Scott BP, Wickenden AD, Chaplan SR, and 

Breitenbucher JG. Discovery and synthesis of 6,7,8,9-tetrahydro-5H-pyrimido-[4,5-

d]azepines as novel TRPV1 antagonists. Bioorg Med Chem Lett 2010;20:7137–7141. 



60 
 

222. Lebsack AD, Rech JC, Branstetter BJ, Hawryluk N a, Merit JE, Allison B, Rynberg R, Buma 

J, Rizzolio M, Swanson N, Ao H, Maher MP, Herrmann M, Freedman J, Scott BP, Luo L, 

Bhattacharya A, Wang Q, Chaplan SR, Wickenden AD, and Breitenbucher JG. 1,2-diamino-

ethane-substituted-6,7,8,9-tetrahydro-5H-pyrimido[4,5-d]azepines as TRPV1 antagonists 

with improved properties. Bioorg Med Chem Lett 2010;20:7142–6. 

223. Tafesse L, Kanemasa T, Kurose N, Yu J, Asaki T, Wu G, Iwamoto Y, Yamaguchi Y, Ni C, 

Engel J, Tsuno N, Patel A, Zhou X, Shintani T, Brown K, Hasegawa T, Shet M, Iso Y, Kato 

A, and Kyle DJ. Structure-activity relationship studies and discovery of a potent transient 

receptor potential vanilloid (TRPV1) antagonist 4-[3-chloro-5-[(1S)-1,2-dihydroxyethyl]-2-

pyridyl]-N-[5-(trifluoromethyl)-2-pyridyl]-3,6-dihydro-2H-pyridine-1-carboxamide 

(V116517. J Med Chem 2014;57:6781–94. 

224. Frank, Robert; Christoph, Thomas; Schiene, Klaus; De Vry, Jean; Damann, Nils; Lesch, 

Bernhard; Bahrenberg, Gregor; Saunders, Derek John; Stockhausen, Hannelore; Kim, Yong-

Soo; Kim, Myeong-Seop; Lee J. Substituted pyrazolyl-based carboxamide and urea 

derivatives bearing a phenyl moiety substituted with an O-containing group as vanilloid 

receptor ligands and their preparation., WO 2013068461, 2013. 

225. Robert Frank, Thomas Christoph, Nils Damann, Bernhard Lesch, Gregor Bahrenberg, Derek 

John Saunders, Hannelore Stockhausen, Yong-Soo Kim, Myeong-Seop Kim JL. Substituted 

pyrazolyl-based carboxamide and urea derivatives bearing a phenyl moiety substituted with 

an n-cyclic group as vanilloid receptor ligands., WO 2013068463, 2013. 

226. Robert Frank, Thomas Christoph, Nils Damann, Bernhard Lesch, Gregor Bahrenberg, Derek 

John Saunders, Hannelore Stockhausen, Yong-Soo Kim, Myeong-Seop Kim JL. Substituted 

pyrazolyl-based carboxamide and urea derivatives bearing a phenyl moiety substituted with 

an so2-containing group as vanilloid receptor ligands., 2013068464, 2013. 

227. Robert Frank, Thomas Christoph, Nils Damann, Bernhard Lesch, Gregor Bahrenberg, Derek 

John Saunders, Hannelore Stockhausen, Yong-Soo Kim, Myeong-Seop Kim JL. Substituted 



61 
 

pyrazolyl-based carboxamide and urea derivatives bearing a phenyl moiety substituted with 

an n-containing group as vanilloid receptor ligands., WO 2013068462, 2013. 

228. Robert Frank, Gregor Bahrenberg, Thomas Christoph, Bernhard Lesch JL. Substituted 

heteroaromatic pyrazole-containing carboxamide and urea derivatives as vanilloid receptor 

ligands., WO 2013013815, 2013. 

229. Kim YS, Kil M-J, Kang S-U, Ryu H, Kim MS, Cho Y, Bhondwe RS, Thorat SA, Sun W, Liu 

K, Lee JH, Choi S, Pearce L V, Pavlyukovets VA, Morgan MA, Tran R, Lazar J, Blumberg 

PM, and Lee J. N-4-t-Butylbenzyl 2-(4-methylsulfonylaminophenyl) propanamide TRPV1 

antagonists: Structure-activity relationships in the A-region. Bioorg Med Chem 

2012;20:215–24. 

230. Kim MS, Ryu H, Kang DW, Cho S-H, Seo S, Park YS, Kim M-Y, Kwak EJ, Kim YS, 

Bhondwe RS, Kim HS, Park S, Son K, Choi S, DeAndrea-Lazarus IA, Pearce L V, Blumberg 

PM, Frank R, Bahrenberg G, Stockhausen H, Kögel BY, Schiene K, Christoph T, and Lee J. 

2-(3-fluoro-4-methylsulfonylaminophenyl)propanamides as potent transient receptor 

potential vanilloid 1 (TRPV1) antagonists: structure-activity relationships of 2-amino 

derivatives in the N-(6-trifluoromethylpyridin-3-ylmethyl) C-region. J Med Chem 

2012;55:8392–408. 

231. Ryu H, Seo S, Kim MS, Kim M-Y, Kim HS, Ann J, Tran P-T, Hoang V-H, Byun J, Cui M, 

Son K, Sharma PK, Choi S, Blumberg PM, Frank-Foltyn R, Bahrenberg G, Koegel B-Y, 

Christoph T, Frormann S, and Lee J. 2-Aryl substituted pyridine C-region analogues of 2-(3-

fluoro-4-methylsulfonylaminophenyl)propanamides as highly potent TRPV1 antagonists. 

Bioorg Med Chem Lett 2014;24:4044–7. 

232. Ryu H, Seo S, Cho S-H, Kim HS, Jung A, Kang DW, Son K, Cui M, Hong S, Sharma PK, 

Choi S, Blumberg PM, Frank-Foltyn R, Bahrenberg G, Stockhausen H, Schiene K, Christoph 

T, Frormann S, and Lee J. 2-Alkyl/alkenyl substituted pyridine C-region analogues of 2-(3-

fluoro-4-methylsulfonylaminophenyl)propanamides as highly potent TRPV1 antagonists. 



62 
 

Bioorg Med Chem Lett 2014;24:4039–43. 

233. Thorat SA, Kang DW, Ryu H, Kim MS, Kim HS, Ann J, Ha T, Kim S-E, Son K, Choi S, 

Blumberg PM, Frank R, Bahrenberg G, Schiene K, Christoph T, and Lee J. 2-(3-Fluoro-4-

methylsulfonylaminophenyl)propanamides as potent TRPV1 antagonists: structure activity 

relationships of the 2-oxy pyridine C-region. Eur J Med Chem 2013;64:589–602. 

234. Tran P-T, Kim HS, Ann J, Kim S-E, Kim C, Hong M, Hoang V-H, Ngo VTH, Hong S, Cui 

M, Choi S, Blumberg PM, Frank-Foltyn R, Bahrenberg G, Stockhausen H, Christoph T, and 

Lee J. α-Substituted 2-(3-fluoro-4-methylsulfonamidophenyl)acetamides as potent TRPV1 

antagonists. Bioorg Med Chem Lett 2015;25:2326–30. 

235. Robert Frank, Thomas Christoph, Bernhard Lesch JL. Substituted bicyclic aromatic 

carboxamide and urea derivatives as vanilloid receptor ligands., WO 2013013816, 2013. 

236. Sun W, Kim H-S, Lee S, Jung A, Kim S-E, Ann J, Yoon S, Choi S, Lee JH, Blumberg PM, 

Frank-Foltyn R, Bahrenberg G, Schiene K, Stockhausen H, Christoph T, Frormann S, and 

Lee J. 6,6-Fused heterocyclic ureas as highly potent TRPV1 antagonists. Bioorg Med Chem 

Lett 2015;25:803–6. 

237. Andrew Laird Roughton, Koc-Kan Ho, Michael Ohlmeyer, Irina Neagu, Steven G. Kultgen, 

Nasrin Ansari, Yajing Rong, Paul David Ratcliffe RP. 5-phenyl-isoxazole-3-carboxamide 

derivatives as trpv1 modulators., WO 2009016241, 2009. 

238. Ronald Palin, Paul David Ratcliffe, Steven G. Kultgen, Koc-Kan Ho, Andrew Laird 

Roughton MO. Isoxazole-3-carboxamide derivatives., WO 201009, 2010. 

239. Palin R, Abernethy L, Ansari N, Cameron K, Clarkson T, Dempster M, Dunn D, Easson A-

M, Edwards D, Maclean J, Everett K, Feilden H, Ho K-K, Kultgen S, Littlewood P, 

McArthur D, McGregor D, McLuskey H, Neagu I, Neale S, Nisbet L-A, Ohlmeyer M, Pham 

Q, Ratcliffe P, Rong Y, Roughton A, Sammons M, Swanson R, Tracey H, and Walker G. 

Structure-activity studies of a novel series of isoxazole-3-carboxamide derivatives as TRPV1 

antagonists. Bioorg Med Chem Lett 2011;21:892–8. 



63 
 

240. Bianchi BR, El Kouhen R, Chen J, and Puttfarcken PS. Binding of [3H]A-778317 to native 

transient receptor potential vanilloid-1 (TRPV1) channels in rat dorsal root ganglia and spinal 

cord. Eur J Pharmacol 2010;633:15–23. 

241. Ratcliffe P, MacLean J, Abernethy L, Clarkson T, Dempster M, Easson AM, Edwards D, 

Everett K, Feilden H, Littlewood P, McArthur D, McGregor D, McLuskey H, Nimz O, 

Nisbet LA, Palin R, Tracey H, and Walker G. Identification of potent, soluble, and orally 

active TRPV1 antagonists. Bioorg Med Chem Lett 2011;21:2559–2563. 

242. Cheung WS, Calvo RR, Tounge BA, Zhang S-P, Stone DR, Brandt MR, Hutchinson T, 

Flores CM, and Player MR. Discovery of piperidine carboxamide TRPV1 antagonists. 

Bioorg Med Chem Lett 2008;18:4569–72. 

243. Tafesse L. TRPV1 antagonists including dihydroxy substituent and uses thereof., US 

8889690, 2014. 

244. Keith Biggadike, Veronique Birault, Aurelie Cecile Champigny, Diane Mary Coe, Owen 

Rhys Hughes, Deborah Needham DTT. Imidazo [1, 2 -a] pyridine and pyrazolo [1, 5 -a] 

pyridine derivatives as trpv1 antagonists., WO 2012045729, 2012. 

245. Keith Biggadike, Veronique Birault, Aurelie Cecile Champigny, Diane Mary Coe, Owen 

Rhys Hughes, Deborah Needham DTT. N-cyclobutyl-imidazopyridine or -pyrazolopyridine 

carboxamides as trpv1 antagonists., WO 2012072512, 2012. 

246. Keith Biggadike, Gianpaolo Bravi, Aurelie Cecile Champigny, Diane Mary Coe, Deborah 

Needham DTT. N- cyclobutyl - imidazopyridine - methylamine as trpv1 antagonists., WO 

2012139963, 2012. 

247. Keith Biggadike, Gianpaolo Bravi, Aurelie Cecile Champigny, Diane Mary Coe, Deborah 

Needham DTT. N-cyclobutyl-imidazopyridine-methylamine as TRPV1 antagonists., US 

8754101, 2014. 

248. Dorange I, Forsblom R, Macsari I, Svensson M, Bylund J, Besidski Y, Blid J, Sohn D, and 

Gravenfors Y. Discovery of novel pyrrolopyridazine scaffolds as transient receptor potential 



64 
 

vanilloid (TRPV1) antagonists. Bioorg Med Chem Lett 2012;22:6888–95. 

249. Besidski Y, Brown W, Bylund J, Dabrowski M, Dautrey S, Harter M, Horoszok L, Hu Y, 

Johnson D, Johnstone S, Jones P, Leclerc S, Kolmodin K, Kers I, Labarre M, Labrecque D, 

Laird J, Lundström T, Martino J, Maudet M, Munro A, Nylöf M, Penwell A, Rotticci D, 

Slaitas A, Sundgren-Andersson A, Svensson M, Terp G, Villanueva H, Walpole C, Zemribo 

R, and Griffin AM. Potent and orally efficacious benzothiazole amides as TRPV1 

antagonists. Bioorg Med Chem Lett 2012;22:6205–11. 

250. Yu J. Preparation of substituted benzothiazoles as TRPV1 antagonists., WO 2013021276, 

2013. 

251. Kurose N. Piperidine and piperazine derivatives as TRPV1 antagonists and their preparation 

and use for the treatment of diseases., WO 2011162409, 2011. 

252. Perner RJ, Koenig JR, Didomenico S, Gomtsyan A, Schmidt RG, Lee CH, Hsu MC, 

McDonald HA, Gauvin DM, Joshi S, Turner TM, Reilly RM, Kym PR, and Kort ME. 

Synthesis and biological evaluation of 5-substituted and 4,5-disubstituted-2-arylamino 

oxazole TRPV1 antagonists. Bioorg Med Chem 2010;18:4821–4829. 

253. Vidal-Mosquera M, Fernández-Carvajal A, Moure A, Valente P, Planells-Cases R, González-

Ros JM, Bujons J, Ferrer-Montiel A, and Messeguer A. Triazine-Based Vanilloid 1 Receptor 

Open Channel Blockers: Design, Synthesis, Evaluation, and SAR Analysis. J Med Chem 

2011;54:7441–7452. 

254. Messeguer A, Planells-Cases R, and Ferrer-Montiel A. Physiology and pharmacology of the 

vanilloid receptor. Curr Neuropharmacol 2006;4:1–15. 

255. Pier Giovanni Baraldi, Pier Andrea Borea, Pierangelo Geppetti, Maria Giovanna Pavani, 

Francesca Fruttarolo MT. Biarylcarboxyarylamides as vanilloid-1 receptor modulators., WO 

2008006480, 2008. 

256. Pier Giovanni Baraldi, Pier Andrea Borea, Pierangelo Geppetti, Maria Giovanna Pavani, 

Francesca Fruttarolo MT. Vr1 vanilloid receptor antagonists with a iononic substructure., 



65 
 

WO 2008006481, 2008. 

257. Lim K-M and Park Y-H. Development of PAC-14028, a novel transient receptor potential 

vanilloid type 1 (TRPV1) channel antagonist as a new drug for refractory skin diseases. Arch 

Pharm Res 2012;35:393–6. 

258. Saku O, Ishida H, Atsumi E, Sugimoto Y, Kodaira H, Kato Y, Shirakura S, and Nakasato Y. 

Discovery of Novel 5,5-Diarylpentadienamides as Orally Available Transient Receptor 

Potential Vanilloid 1 (TRPV1) Antagonists. J Med Chem 2012;55:3436–3451. 

259. Parsons WH, Calvo RR, Cheung W, Lee Y-K, Patel S, Liu J, Youngman MA, Dax SL, Stone 

D, Qin N, Hutchinson T, Lubin M Lou, Zhang S-P, Finley M, Liu Y, Brandt MR, Flores CM, 

and Player MR. Benzo[d]imidazole Transient Receptor Potential Vanilloid 1 Antagonists for 

the Treatment of Pain: Discovery of trans-2-(2-{2-[2-(4-Trifluoromethyl-phenyl)-vinyl]-1H-

benzimidazol-5-yl}-phenyl)-propan-2-ol (Mavatrep). J Med Chem 2015;58:3859–74. 

260. Rowbotham MC, Nothaft W, Duan WR, Wang Y, Faltynek C, McGaraughty S, Chu KL, and 

Svensson P. Oral and cutaneous thermosensory profile of selective TRPV1 inhibition by 

ABT-102 in a randomized healthy volunteer trial. Pain 2011;152:1192–200. 

261. Chizh BA, O’Donnell MB, Napolitano A, Wang J, Brooke AC, Aylott MC, Bullman JN, 

Gray EJ, Lai RY, Williams PM, and Appleby JM. The effects of the TRPV1 antagonist SB-

705498 on TRPV1 receptor-mediated activity and inflammatory hyperalgesia in humans. 

Pain 2007;132:132–41. 

262. Eid SR. Therapeutic targeting of TRP channels--the TR(i)P to pain relief. Curr Top Med 

Chem 2011;11:2118–30. 

263. Round P, Priestley A, and Robinson J. An investigation of the safety and pharmacokinetics 

of the novel TRPV1 antagonist XEN-D0501 in healthy subjects. Br J Clin Pharmacol 

2011;72:921–31. 

264. Lim K-M and Park Y-H. Development of PAC-14028, a novel transient receptor potential 

vanilloid type 1 (TRPV1) channel antagonist as a new drug for refractory skin diseases. Arch 



66 
 

Pharm Res 2012;35:393–6. 

 

Mojgan Aghazadeh Tabrizi received her B.S. in Pharmacy (University of Ferrara, 1987), Ph.D. 

in Medicinal Chemistry (University of Ferrara, 1992). She has worked at the Department of 

Pharmaceutical Sciences of Ferrara University focusing her interests on the adenosine receptors 

ligands and antitumor compounds in collaboration with the company King Pharmaceuticals (North 

Carolina, U.S.A.), now part of Pfizer. Since 2008, she has been part of a research project on the 

treatment of pain and inflammation involving the endocannabinoid system. She is author/co-author 

of several scientific publications in the field of medicinal chemistry. 

 

Pier Giovanni Baraldi received his degree in Chemistry in 1974 from the University of Ferrara 

where he is currently Full Professor of Medicinal Chemistry. He has published more than 400 

scientific papers including about 50 patents focusing his research activity on the design and 

synthesis of minor groove alkylating agents, combretastatin analogs, ligands for ARs, cannabinoid 

receptors, and TRP channel modulators. 

 

Stefania Gessi received her Doctor degree in Biology Summa cum Laude from University of 

Ferrara in 1994 and her PhD in Cellular and Molecular Pharmacology in 2000. She is currently 

Associate Professor of Pharmacology in the Medical Sciences Department of the University of 

Ferrara. Her research activity focuses on the pharmacological, biochemical and molecular study of 

adenosine receptors in health and diseases. 

 

Stefania Merighi received her Doctoral degree in Biology Summa cum Laude in 1997 and her 

Ph.D. degree in Cellular and Molecular Pharmacology in 2003 from the University of Ferrara. 

Currently, she is Senior Researcher of Pharmacology at the University of Ferrara. Her research 

activities primarily focus on the pharmacological, biochemical and molecular study of GPCRs in 

oncology and neuroinflammation. 

 

Pier Andrea Borea received his degree in Chemistry from the University of Ferrara in 1967. He is 

currently President of the Evaluation Board of the University of Ferrara. He contributed to some 

400 publications in international journals and about 20 chapters in international books. His main 

field of interest is represented by the study, at the molecular level, of drug–receptor interactions. 

 



67 
 

Figure Captions 

Figure 1. Schematic diagram that shows key structural features of TRPV1 receptors. Six 

transmembrane domains TM constitute TRPV1 receptors with a pore region located between TM5 

and TM6 domains and N- and C- long and intracellular terminals. Six ankirin repeat domains are 

contained in the N-terminal tail allowing binding of calmodulin (CaM) and ATP. A TRP domain is 

present in the C-terminal tail in addition to the binding sites for PIP2 and CaM. Putative sites for 

capsaicin and protons are shown. 

 

Figure 2. TRPV1 Agonists (1, 2), TRPV1 Antagonist (3). 

Figure 3. Phenyl-/Benzyl- Urea TRPV1 antagonists. 

Figure 4. TRPV1 antagonists (Dibenzyl Ureas 12, 13), TRPV1 agonists (Dibenzyl Thioureas 14, 

15), TRPV1 antgonists (Dibenzyl Thioureas 16, 17), TRPV1 antgonists (α-Methyl Amides 18-20). 

Figure 5. SAR optimization of Chroman and Tetrahydroquinoline Urea TRPV1 antagonists.Figure 

6. Piperazine Ureas (29-30), related Pyrimido[4,5-d]azepines (32, 33) and, Tetrahydropyridine 

(34). 

Figure 6. Piperazine Ureas (29-30), related Pyrimido[4,5-d]azepines (32, 33) and, 

Tetrahydropyridine (34). 

Figure 7. SAR optimization of Pyrazole Carboxamide and Pyrazole Ureas (35-43) leading to 

Pyridinyl- Propanamide/Ureas (44, 45) as TRPV1 antagonists. 

Figure 8. Pyridine Propanamide  and Pyridine Urea TRPV1 antagonists. 

Figure 9. Isoxazole Carboxamide TRPV1 antagonists. 

Figure 10. Piperidine Carboxamides TRPV1 antagonists. 

Figure 11. Pyrazolopyridine-3-carboxamide (62), Imidazopyridine-3-carboxamides (63-65), and 

Pyrrolopyridazine (66). 

Figure 12. Benzothiazol-5-carboxamides (67, 68), Benzothiazol-2-carboxamides (69, 70). 

Figure 13. Oxazole (71) and Triazine (72) TRPV1 antagonists. 
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Figure 14. Biarylcarboxyarylamide (73), Acrylamides (74, 75), and Dienamide (76) TRPV1 

antagonists. 

Figure 15. SAR optimization of biarylamide (77) leading to benzoimidazole (78). 

Figure 16. Selected TRPV1 antagonists in clinical development. 



Figure 1. Key structural features of TRPV1 receptors. 

 

Schematic diagram that shows key structural features of TRPV1 receptors. Six transmembrane 

domains TM constitute TRPV1 receptors with a pore region located between TM5 and TM6 

domains and N- and C- long and intracellular terminals. Six ankirin repeat domains are contained 

in the N-terminal tail allowing binding of calmodulin (CaM) and ATP. A TRP domain is present in 

the C-terminal tail in addition to the binding sites for PIP2 and CaM. Putative sites for capsaicin 

and protons are shown. 

 

 

 

 

 

 

 

 

 

 

 

 



Figure 2. TRPV1 Agonists (1, 2), TRPV1 Antagonist (3). 

 
 
 



Figure 3. Phenyl-/Benzyl- Urea TRPV1 antagonists. 
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Figure 4. TRPV1 antagonists (Dibenzyl Ureas 12, 13), TRPV1 agonists (Dibenzyl Thioureas 14, 

15), TRPV1 antgonists (Dibenzyl Thioureas 16, 17), TRPV1 antgonists (α-Methyl Amides 18-20). 

 



Figure 5. SAR optimization of Chroman and Tetrahydroquinoline Urea TRPV1 antagonists. 

 

 

 
 
 
 



Figure 6. Piperazine Ureas (29-30), related Pyrimido[4,5-d]azepines (32, 33) and, 

Tetrahydropyridine (34). 
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Figure 7. SAR optimization of Pyrazole Carboxamide and Pyrazole Ureas (35-43) leading to 

Pyridinyl- Propanamide/Ureas (44, 45) as TRPV1 antagonists. 

 

  



Figure 8. Pyridine Propanamide  and Pyridine Urea TRPV1 antagonists. 
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Figure 9. Isoxazole Carboxamide TRPV1 antagonists. 
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Figure 10. Piperidine Carboxamides TRPV1 antagonists. 

 
 
 



Figure 11. Pyrazolopyridine-3-carboxamide (62), Imidazopyridine-3-carboxamides (63-65), and 

Pyrrolopyridazine (66). 
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Figure 12. Benzothiazol-5-carboxamides (67, 68), Benzothiazol-2-carboxamides (69, 70). 
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Figure 13. Oxazole (71) and Triazine (72) TRPV1 antagonists. 
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Figure 14. Biarylcarboxyarylamide (73), Acrylamides (74, 75), and Dienamide (76) TRPV1 

antagonists. 
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Figure 15. SAR optimization of biarylamide (77) leading to benzoimidazole (78). 
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Figure 16. Selected TRPV1 antagonists in clinical development. 
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