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21 ABSTRACT  In peripheral senso) RPV1 {transient receptor potential 75
vanilloid subfamily, member 1) fufictio atorgof painful stimuli, including those
23 mediated by capsaicin, acid, and hEat. An i activation is under investigation by 77
several pharmaceutical companies & an e Sty agentgdor pain management. TRPVT is also
95 expressed, albeit at lower levels, inhe braift and §§ non-rfe gissues, where its function(s) remains 79
. elusive. The contribution of TRPV1 reggptor ac eflexes and disease states is complex
97 andl is only beginning to be understooly Cons? t effects of TRPV1 antagonists on the 81
body may be unforeseen, Indeed, cliniCithytzi of TRPV1 antagonists were recently
99 terminated due to their marked hyperthermic 3¢ nthis review article, the medicinal chemistry of 83
TRPV1 antagonists is discussed inasmuch as it relates to the efficacy, safety, tolerability and potential side
effects of these compounds. In additiag, gailablgeint orthe current status of the clinical trials
31 with TRPV1 antagonists is summarize gD s 6, 08. ©2008 Wiley-Liss, Inc, 85
33 87
35 89
37  INTRODUCTION . ! VE opfs, ranges from  gj
Capsaicin i prove flavor and
39  ingredient responSible piquancy of hot chili oM al g digh pain killers to g3
peppers eaten on a daily basis by an estimated one chemical weapons and repellents [Buck and Burks,
41 quarter of the world population. According to new 1986; Szallasi and Blumberg, 1999; Malmberg and 95
fossil evidence, the cultivation of chili peppers in the Bley,_ 2095}. The latter group encompasses such diverse @
43 Americas has a 6,000-year history [Perry and T; lannery, applications as pepper spray [F orrester and Stanley, g7
2007; Perry et al, 2007], with the rest of the World 2003], capsaicin-flavored bird seed to repel squirrels
45 being rapidly conquered after Columbus introduced ~LRouhi, 1996] and self-protectant lotions to keep away  gg
Lot pepper to the Spanish royal court [Naj, 1992). Sharks. Apparently, there is little new under the sun:
47 Connoisseurs of hot, spicy food know the predominant Native Americans burnt pepper plants as a chemical 707
pharmacological actions of capsaicin from personal
49 experience: it induces profuse perspiration (known as “Correspondence to: Arpad Szallasi, MD, Department of 103
gustatory sweating) as well as a hot, burning sensation  Pathology, Monmouth Medical Center, 300 Second Avenue, Long
51 that dissipates upon repeated challenge [Buck and Branch, N 07740. E-mail: aszallasi@sbhes.com 105
Q Burks, 1986; Szallasi and Blamberg, 1999; Malmberg Received 2 December 2007; Accepted 16 December 2007
@ 53 and Bley, 2005]. Capsaicin is not only a spice, however,  published online in Wiley InterScience fwww.interscience.wiley. 107

but an extremely versatile agent whose biological uses,

© 2608 Wiley-Liss, Inc.
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longer an orphan receptor anymore. In fact, activators
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Fig. 1. "Early synthetic and semi-synthetic TRPV1 antagonists. ) 83
weapon to fight the Conquistadors; they alsfiSgd clgili § 1 atoxin (RTX), an ultrapotent capsaicin analo- -
concoctions to relieve pain [Naj, 1992]. Tt is, however,” gue isolated from the latex of the cactuslike plant, 87
still a mystery why the same pungency that repels Euphorbia resinifers [Szallasi and Blumberg, 1990]. -
squirrels or sharks is perceived as pleasurable by many  Since capsaicin and RTX share a (homo)vanillyl moicty 89
human beings. ~ essential for bloacl:mty but differ dramatically in the
Capsaicin ig - Q% . amamon membrane : - 91
ring ifritants in Himid receptor, VR1
causes is follow®t ifig “refl ; “Based on ion uptake
traditionally referred to as desens;hzatlon in whzch and patch-clamp studles it was postulated that the -
the previously excited neuron is refractory to various vanilloid receptor VR1 was a nonselective cation 95
unrelated stimuli [Buck and Burks, 1986; Szolcsdnyi, channel with limited selectivity for calcium [Wood
1989; Szallasi and Blumberg, 1999; Malmberg and et al, 1988]. Indeed, Julius and coﬂeagues {Caterina 97 -
Bley, 2005]. Desensitization to capsaicin has a clear etal, 1997] employed capsaicin-evoked Ca®* uptakein -
therapeutic potential. In fact, as reviewed recently, a rat dorsal root ganglion (DRG) expression system to = 99
capsaicin-containing creams have been in clinical use clone this receptor in 1997.
for decades for indications, including diabetic neuro- The past decade has witnessed unprecedented 101
pathy [Knotkova et al:, 2007]. advances in the vanilloid field. The vanilloid VR1
The concept of a specific capsaicin receptor was  receptor turned out to be the founding member of a 103
first postulated based on the distinct structure~activity now populous receptor family, the TRP (trapsient
relations shown by synthetic capsaicin analogues in release potential) receptors, and, accordingly, was 105
their irritant activity [Szolcsinyi and Jancsé-Gabor, renamed as TRPVI (transient release potential vanil-
1975]. Biochemical proof for the existence of this loid subfamily 1) [Montell et al., 2002]. TRPVL is no 107
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MEDICINAL CHEMISTRY OF THE VANILLOID (CAPSAICIN) TRPVT RECEPTOR e 3
of TRPV1 include noxious heat [Caterina et al,, 1997]  1996]; (2) neurons in the central nervous system 55
and pungent natural products (e.g., plant products as (CNS) [Szallasi and Di Marzo, 2000; Steenland et al.,
exemplified by capsaicin [Caterina et al., 1997], jellyfish  2006}; and (3) non-neuronal tissues [Gunthorpe and 57

[Cuypers et al., 2006], and spider toxins [Siemens et al.,
2006) through low pH [Tominaga et al., 1998; Jordt
et al.,, 2000} and agents in various “inflammatory soups”
{Hwang et al, 2000; Chuang et al, 2001] to
anandamide {Zygmunt et al,, 1999] and other putative
“endovanilloids” (endogenous TRPV1 kgands) [Di
Marzo et al., 2002]. In other words, TRPVL can be
thought of as a molecular integrator of diverse noxious
and pro-inflammatory stimuli rather than as a specific
capsaicin (vanilloid) receptor [Tominaga et al., 1998;
Caterina and Julius, 2001]. This observation provides a
mechanistic explanation for the characteristic “hot”
sensation evoked by capsaicin.
Other related channels (as of today, g
seven) also turned out to be heat-sensitive, Ji€
these receptors, often referred to as “tif
cover a wide temperature range with exj
between noxious cold (10°C, TRPAl) :

poutian et al., 2003; Dhaka et al., 2006].
Although all “thermoTRPs” represgy
targets for drug development [Krause ef
Cortright et al., 2007}, with a number “u
molecule antagomsts already in clinical trials, THRHRAg:
is clearly in the most advanced stage [Szallasx et al
2007]. These trials are exciting in that thgy rer
the litmus test for the feasibility of a new§plt
logical approach in pain relief, that is, th
blockade by an antagonist of a peripheral
where pain is generated [Szallasi et al, 2007]. If
TRPV] antagonists succeed in clinical practice, it will
give further impetus to drug development efforts
targeting other gTRE 5, -
TRPV1 antagonig

review is to provzde a comprehenswe overview of the
medicinal chemistry of TRPVI ligands, both agonist
and antagonists, with emphasis on the latter. We seek
an answer to the question raised by Hicks {2006] in a
recent editorial in Gastroenterology and Motility: is
TRPV1 still hot or it is time to cool down? But in order
to do so, first we have to briefly review the tissue

distribution, function, and molecular pharmacology of
TRPVL.

TISSUE DISTRIBUTION AND FUNCTION OF TRPV1
IN HEALTH AND DISEASE

TRPV1s can be divided into three major tissue
compartments (1) capsaicin-sensitive sensory neurons
in the peripheral nervous system (PNS) [Szallasi,

. S

receptor

Szallasi, 2007]. The biological function of TRPV1 in the
PNS is now well established and is reviewed further 59
below. Despite extensive research, it is still unclear
what biological roles TRPV1 may play in the CNS and 61
non-neuronal cells. :
TRPV is highly expressed in primary sensory 63
neurons [Caterina et al, 1997; Guo et al, 1999;
Sanchez et al., 2001]. Indeed, capsaicin was often 65
referred to as “selective sensory neurotoxin,” and
capsaicin sensitivity was widely accepted as a “func-
tional signature” of these cells {Szolesényi, 1984; 2004],
Generally speaking, capsaicin-sensitive neurons are 69
neurons with either unmyelinated (C-fibers)
elmated axons (Ad fibers) and cell bodies in 71
hsal root ganglion [DRG], and trigeminal)
Bk and Burks, 1986; Holzer, 1988]. The 73
Hon also has a capsaicin-sensitive compo-
Bers travel with the vagus nerve and are 5

67

77

yinflammatory neuropeptides, the most 79
examples of which are substance P (SP)
and calgionin gene-related peptide (CGRP) [Buckand 81
> 1986; Holzer, 1988), Of note, spinal terminals
also contain endogenous analgesic peptides like galanin
h apd Jacobowitz, 1985; Crawley et al., 2002].
Malfnin levels are upregulated folIowmg RTX 85
[ Szallasi, 1996] and this effect was suggested
o contribute to the cellular mechanism of RTX-evoked
desensitization [Xu et al,, 1997].
Sensory neuropeptides released from capsaicin- - 89
sensitive neurons have been 1mphcated in a wide array
pd, disease states. For 91
JOR® plays a role in
ogical ref Hicrovascular blood flow 93
[Tam and Brain, 2004] By contrast, deranged CGRP

83

87

release was postulated to contribute to the pathome- 95
chanism of both migraine [Geppetti et al., 2005;
Benemei et al., 2007] and hypertension [Marquez- 97 .

Rodas et al., 2006] In a rat model of hypertensmn
there is now good evidence that CGRP release is 99
evoked by endovanilloids, and in particular methanan-
damide, acting on TRPV] [Wang et al., 2007]. Slow SP E§01
release is believed to exert a trophic function on

epithelial cells [Tanaka et al., 1988; Paus et al,, 1995]. 103
In keeping with this hypothesis, ablation of cutaneous
peptidergic neurons by capsaicin administration at 105
supratherapeutic doses interferes with wound healing
{Smith and Liu, 2002] and leads to the formation 107

of skin uleers [Maggi et al, 1987]. Conversely,

Drug Dev. Res, DOT 10.1002/ddr
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overproductaon of SP has been suggested to play a role
in the pathobiology of psoriasis [Naukkarinen et al,
1993; Raychaudhun et al,, 1998]. Indeed, toplcal
capsaicin cream is beneficial in patients with psoriasis
[Bernstein et al., 1986], although it is still unclear to
what degree this "beneficial action may be attributed to
the anti-pruritic effeet of capsaicin [Arck and Paus,
2006]. Nonetheless, there is anecdotal evidence that
cutaneous nerve damage results in the clearance of
psoriatic plaques [Farber et al, 1990]. Interestingly,
psoriatic keratinocytes are km)wn to produce large
amount of nerve growth factor (NGF) [Raychaudhuri
et al,, 1998], a potent activator of TRPV1 [Chuang
et al,, 2001]. Last, deregulated CGGRP and SP release
from capsaicin-sensitive neurons has most recently
been linked to both obesity and diabetes, implyipg
therapeutic potential for TRPVI ligands fgs
control and blood glucose regulation [Grany’
and Szallasi, 2007; Tsui et al,, 20071
TRPV1 antagonist BCTC was reported by
at NovoNordisk to prevent agmg—re[at
and resultant type-2 diabetes in the ratg]
20071,
When released en masse, sensory

biochemical cascade collectively known
inflammation [Geppeth and Holzer, 1996] Nhe s
time, an impulse is generated and propagated iftoshe

(NS via the central fibers that enter the dorsal hom of

the spinal cord. The pivotal role of TRPYI,
initiation of the neurogemc mﬂammatory

the foundation for the use of TRPV1 antagomsts as
anti-inflammatory and analgesic drugs {Geppetti and
Holzer, 1996; Szallasi et al., 2006, 2007]. Importantly,
TRFV1 homozygous null mice (knockouts) are devo1d

(e.g., complete Fré C

clinical value for TRPVI antagomsts as novel analgesxc
drugs {Caterina et al., 2000; Davis et al,, 2000]. This
beneficial effect is mimicked by conditional knockdown
of TRPVI via siRNA in wild-type animals [Christoph
et al., 2006; Kasama et al., 2007].

TRPV1 is also widely present in brain nuclei
[Szallasi and Di Marzo, 2000; Steenland et al., 2006;
Pi Marzo and Maione, 2007] and non-neuronal tissues
{Gunthorpe and Szallasi, 2007]. As to the biological
roles of TRPV1 receptors in these tissues, speculations
are abundant, but conclusive evidence is still absent. In
the brain, recent behavioral studies imply a role for
TRPV1 in fear and various cognitive functions [Marsch
et al.,, 2007]. Furthermore, TRPV1 is co-localized with
tyrosine hydroxylase in basal ganglia, identifying these

Drug Dev. Res. DOY 10.1002/ddr

neurons as dopaminergic [Mezey et al.,, 2000].-ideed,
there is preliminary evidence linking TRPV1-expres-
sing basal ganglion neurons to a rat model of
Parkinson’s disease [Fernandez-Ruiz and Gonzalez,
2005; Di Marzo and Maione, 2007]. With regard to
non-neuroral tissues, an exciting but very controversial
area of research is the possible connection between
TRPV1 and cancer [Gunthorpe and Szallasi, 2007;
Prevarskaya et al, 2007 TREVI is apparently
expressed is various cancers but authors disagree
whether TRPV1 ligands are tumorigenic or, conversely,
anti-carcinogenic. Until this controversy is resolved,
there are a few basic observations to keep in mind.
First, bladder biopsies obtained from both experimen—
tal animals and patients undergoing chronic capsaicin
[X treatment are unremarkable {Dasgupta et al,,
; A%glino and Cruz, 2000; Apostolides et al., 2005].

frumor formation in animals whose TRPV1
te been ablated either chemically (e.g.,
dsaicin  administration) or genetically
.0.gmice). These negative findings warrant
in inferpreting the biological significance of
Bssion in cancers, Most studies employ

ptosis. Capsamm is nonspemfic however for
; at the high concentrations used in these studies
{Szallam and Blumberg, 1999]. Indeed, some investi-

: interpret their findings as a direct (TRPVI-
) activation by capsaicin of apoptotic
pathwaysili Athanasiou et al., 2007]. Of note, similar
cautions ‘apply to the putative CNS effects of TRPV1
activation: neither capseucm nor the ﬁzst—generahon
TRPV1 antagonist, capsazepine, is selective for TRPVL.
Clearly these expenments need to be replicated using

glectisa TRPV1 agonists
F-clusmn can be

il cancer and higher
bram functions.

There is mounting evidence that TRPVI expres-
sion may be altered during disease conditions [Szallasi
et al.,, 2007]. Recognized patterns include (1) up- or
downregulatlon of native TRPVL; (2) ectopic expres-
sion of TRPV] in tissues where it is not normally
present; and (3) epigenetic changes by enzymatic
modification of the receptor protein (e.g., phospho-
rylation by kinases, in particular, protein kinase C).
Representative examples are discussed below. Upfront,
one needs to emphasize that it is unclear whether these
alternations are pathogenic or represent adaptive/
protective mechanisms.

TRPVI expression is bidirectionally regulated in
sensory neurons both at the tramscriptional and

55
57
59
61
63
65
67

69

Bere is no published report of increased

73
75
77
79
81
83
85
87
89
91
93
95
97
99
101
103
105

107



Journal: DDR.

@ Disk used A?gkticle 17716

B

Pages: 21 Despatch Date: 3/1/2008

11

13
15
17
i9
21

23

29
- 31
33
35
37
39

4]

45
47
49

51

b

"the less than satlsfactory results obtained i

posttranscriptional levels. A well-established example

- of upregulated TRPV] expression is the presence of

increased TRPVI1 protein levels in animal models of
inflammatory hyperalgesia [Wilson-Gerwing et al,

2005]. Importantly, this is in agreement with the
increase in TRPVI1-like immunoreactivity in a variety
of painful human disegpse conditions that encompass
such diverse conditions like caries [Morgan et al,

2005], reflux esophagitis [Matthews et al., 2004; Bhat
and Bielefeldt, 2006], inflammatory bowel disease
[Yiangou et al., 2001], fecal urgencyfirritable bowel
syndrome {Chan et al., 2003], vulvodynia [Tympanidis
et al, 2004], mastalgia [Gopinath et al.,, 2005], and
burning mouth syndrome [Yilmaz et al, 2007

Conversely, a diffuse loss of TRPV1-positive axons_

was reported in patients with painful periph
neuropathies [Lauria et al., 2006]: this Eoss mge

clinical trials using topical capsaicin for t}
of diabetic neuropathy [Hautkappe
Knotkova et al., 2007],

In animals, TRPVI is downregu]at
(capsaicin or RTX) desensitization of sefisory
[Szallasi and Blumberg, 1999]. This do

tion of a single RTX dose) and fully reverstigle [Sza)
and Blumberg, 1999]. It was suggested tha
induced TRPV1 downregulation is part of the DRt
typic switch [Ueda, 2006], referred to as vamllozd-
induced messenger plasticity,” that oceygs followir

vanilloid treatment [Szallasi, 1996]. During
the expression of pro-mﬂammatory ne

(e.g., SP and CGRP) is suppressed, whereas the leve '

of endogenous analgesic peptides (e.g., galanin) are
elevated [Buck and Burks, 1986; Szallasi and Blum-
berg, 1999]. The end-result of thzs phenotyple switch is
a lasting refract py, .

Sensory neurons noN-net '

ple, TRPV1 is ectoplcaily expressed on Ad ﬁbers dunng
nerve injury-induced thermal hyperaigesxa {Hudson
et al, 2001; Rashid et al., 2003] and in diabetic
neuropathy [Rashid et al., 2003 Hong and Wiley,
2005]. As discussed above in non-neuronal tissues,
ectopic TRPV1 expression was detected in various
cancers, the 51gn1ﬁc,ance of which is yet to be
delineated.

In feline interstitial cystitis, the phosphorylation
state of TRPVL appears to be disease-specific [Sculp-
toreanu et al., 2005]. If so, it may have important
implications for drug development since the pharma-
cological activity of some agonist/partial antagonist
compounds is affected by the phosphorylation state of
TRPVI [Wang et al, 2003; Lizanecz et al., 2006].

MEDICINAL CHEMISTRY OF THE VANILLOID (CAPSAICIN) TRPV1 RECEPTOR

Aregula sk
both long lasting (up to 4 weeks followinl admlmstra- .

;:.-; '_A c ambel' []‘anc S .l. d

@5

Theoretically, such TRPV1 antagonists can be synthe-
sized that selectively target disease-specific (phos-
phorylated) TRPV1 but spare normal TRPV1 [Szallasi
and Blumberg, 2006}.

MOLECULAR PHARMACOLOGY OF TRPV1:
IMPLICATIONS FOR ANALGESIA AND
THERMOREGULATION

Similar to other members of the TRP superfamily,
TRPVL is a putative six-transmembrane spanning
protein with a pore region localized between trans-
membrane segments 5 and 6 [Caterina et al., 1997].
The pore is thought to form a nonseleeﬁve cation
channel with a preference for Ca®* that is directly

actwated by capsaicin and noxious temperatures with

% ‘;...n_ threshold in vitro of about 43°C [Catenna

ffite egulation seems to have an endogenous
afet al, 2007a], as evidenced by the

blished more than a half century ago that
apsaicin administration results in a rapid drop in

body temperature [Issekutz et al., 1950; Jancsd, 1955].

grmic action of capsaicin was later linked to
hifc area of the brain {Szolesdnyi et al,, 1975],

8y reflect the “cold seeking behavior” of the
animal to counteract the acute, pro-inflammatory
effects of capsaicin administration {Almeida et al.,
2006]. Indeed, no hypothermia response is observed 1f
capsalclmtreated animals are kept in ambient tempera-
ite the contrary,
transferred to a
i and Blumberg,
1989]. These findings may be interpreted to imply a
pivotal role for TRPV1 in reguiahon of body tempera-
ture. However, no difference in circadian body
temperature regulation was described in TRPVI1
knockout mice compared with controls {lida et al.,
2005].

The clinical significance of the hyperthermic
response to TRPV1 antagonists remains to be deli-
neated. In the rat, this hyperthermic response is
modest (~1°C), transient (i.e., attenuates upon re-
peated TRPV1 antagonists administration), and can be
easily managed by such common antipyretic drugs as
acetaminophen [Gavva et al, 2007b]. Yet, Amgen
effectively terminated the third molar extraction
clinical trials with its lead compound after phase 1

Drug Dev. Res. DO 10.1002/ddr
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6 GHARAT AND SZALLASK

. after the core temperature reached 40°C in one patient
" [Gavva, 2007]. The question awaiting answer is; “The

capsaicin receptor TRPVI: Is it a pain transducer or a
regulator of body temperature?” [Gavva, 2007].

The findings in animals are confusing and provide
lithe guidance in patient management. If TRPV]
blockade is hyperthermic, it should exacerbate the
febrile response to bacterial lipopolysaccharide (LPS).
However, TRPV]1 knockout mice not only show an
attenuated fever in response to bacterial LPS [lida
et al., 2005] but also demonstrate enhanced hypother-
mia, hypotonia, and peritoneal exudates in a murine
model of sepsis {Clark et al., 2007). Based on these
observations, pessimists may argue that TRPV1
antagonists can have deleterious effects in hospitalized
patients by inducing fever and increasing vulnergh
to septic shock. But this is not necessarily &,
relationship between LPS and TRPVI is q
Indeed, it was suggested that LPS-ind
mediated by a capsaicin-sensitive mec
independent of TRPV1 [Dogan et al., 204

febrile response to LPS in the chic

capsaicin because it lacks the capsaicilj,
domain {Jordt and Julius, 2002]. Even mo:
the effect of TRPVI ablation on sepsis applag
strikingly species-dependent. In the mouse, 3

deletion of TRPV1 exacerbates the harmful cop-

nents of sepsis [Clark et al., 2007]. By copfrast, in. the
rat chemical ablation of TRPVI not o : dverts
mortality but also ameliorates sepsis-induce abalic

effects [Bryant et al., 2003]. Clearly, more research 1s
needed to determine whether TRPVL antagonists are
beneficial or harmful in patients with sepsis.

o ‘- [GIyCOVa ::5::

)

ethanol [Trevisani et al., 2002); (11) plant natural
products such as capsaicin [Caterina et al., 1997, RTX
[Szallasi and Blumberg 1989], evodiamine [Pierce
et al., 2004], camphor [Xu et al., 2005], and phorbol
esters [Premkumar and Ahern, 2000]); (12} jellyfish

{Cuypers et al., 2006] and spider venoms [Siemens’

et al, 2006]; (13) negatively charged air pollutants
[Agopyan et al, 2004]; and (14) hydrogen sulfide
[Trevisani ét al., 2005]. Some of these agents activate
TRPVL directly by interacting at specific residues in
the receptor protein, whereas others act indirectly via
enzymatic modification of TRPV1 function.
The capsaicin-binding domain was first described
by Julius and colleagues [2002]. This is in partial
w.overlap - with the residues that are responsible for the
*iigaggiiinity [3H]RTX binding [Johnson et al., 2006].
gnd recognition sites are intracellular. A third
B domain was localized to the pore region:

i this is inv Yed in capsaicin-gating but not heat and/or

ton A ion [Sutton et al., 2005; Johnson et al,,
gntrast, the pH sensor in TRPVI is
ar §Tousova et al, 2005]. The N-terminus
. repdats of TRPV1 contain a multiligand
, wam [Liskko et al., 2007] whereas the ATP binding
isite 'was Idtalized to the C-terminus of TRPVI
gl al., 2007]. Given this complex structure
angfctivation, it is hardly surprising that TRPV1
guigonists show selectivity in their pharmacological
profile. Indeed, it was postulated that TRPVI antago-
i§tsnlie inlp two broad categories: class A antagonists,
Ent TRPV] activation both by capsaicin and
15, ghd class B antagonists, which are selective for
capsaicin |Gavva et al,, 2005].
The activation state of TRPV1 also depends on its
phosphorylation state, which reflects a dynamic balance

TRPV1 functions as a polymodal nociceptor with  between phosphorylation by kinases and dephosphor-

a dynamic threshold xofwagh
mediate the \ Of =.5.5 e ot '
[Julius and Bashaffm.* 200 T e 3 .

Even considering the role of TRPV! as a polymodal
nociceptor, it is amazing how diverse agents can
activate (or sensitize) TRPVI. An incomplete and
ever-growing list of TRPVI activators include (1} heat
and protons [Caterina et al., 1997; Tominaga et al,,
1998; Jordt et al, 2000]; (2) bradykinin and nerve
growth factor [Chuang et al., 2001]: (3) arachidonic
acid metabolites such as anandamide {Zygmunt et al.,
1999; Mohaved, 2005], N-arachidonyl-dopamine and
N-oleoyldopamine [Huang et al., 2002]; (4) lipoxygen-
ase products (I12- and 15-HPETE) [Hwang et al.,
2000]; (5) leukotriene B, [Shin et al., 2002]; (6)
prostaglandins [Moriyama et al., 2005]; (7} adenosine
and ATP [Kwang et al., 2000}; (8) prokineticins [Negri
et al., 2006]; (9) polyamines [Ahern et al., 2006]; (10)

Drug Dev. Res. DOI 10.1002/ddr

EC T

d Szallasi, 2004,
Fost studies agree
ation by ldnases (e.g.,
protein kinase C [Numazaki et al,, 2002; Premkumar
et al., 2004] and protein kinase A [Mohapatra and Nau,
2005)]) of TRPV? causes sensitization, whereas depho-
sphorylation by protein phosphatases {e.g., calcineurin
[Mohapatra and Nau, 2005]) promotes TRPV1 desen-
sitization. Notable exceptions include reports that (1)
protein kinase C may directly activate TRPV1 [Pre-
mkumar and Ahern, 2000}, and (2) both protein kinase
A [Bhave et al,, 2002] and C [Liu et al., 2004] may play
a role in desensitization. Both pro-inflammatory/algesic
and analgesic agents can affect these pathways. For
instance, bradykinin [Lee et al, 2005} and nerve
growth factor [Zhang et al., 2005] reduce the activation
threshold of TRPVI via protein kinase C-dependent
phosphorylation. Conversely, morphine blocks TRPV1
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sensitization by preventing its phosphorylation by
. protein kinase A [Vetter et al., 2006].

Of the protein kinase C isozymes, protein kinase
Ceappears to be the most important: this isozyme has
been linked to sensitization of TRPV1 to noxious heat
[Cesare et al, 1999]. Compounds that selectively
inhibit protein kinasg Ce abolish heat hyperalges;a
[Zhang et al., 2007], mimicking the phenotype of mice
whose TRPVl has been deleted by genetic recombina-
tion [Caterina et al., 2000; Davis et al., 2000].

The effect of phosphatlciyhnomtol 4,5-bipho-
sphate [abbreviated as PtdIns{4,5)P2 or PIP2} on
TRPVL is complex and less well understood [Brauchi
et al, 2007; Qin, 2007]. Ongmally, Julius and

coﬂeagues suggested that TRPVL is under the inhibi-

tory control of PIP2 [Chuang et al,, 2001; Presco
Julius, 2003}, which would be consistent withsthe
of endogenous TRPV1 tone except for cop
ture regulation. They also proposed that:#1
by phospholipase C of PIP2 may
biochemical mechanism of TRPV1 acti
et al., 2001], and (2) functional reco
from desensitization requires PIF2 r

capsalcm activates phosphohpase C in TRP
sing cells, resulting in PIP2 depletion and sub:
desensitization. Importantly, the phosphohpase
inhibitor, U73122 prevents capsaicin d
of TRPV1 [Lukacs et al., 2007]. How can of
these conflicting ﬁndings? Rohacs and @GO
(Lukacs et al,, 2007] believe the PIP2 may
inhibitory and potentiating effects on TRPV1 depend-
ing on the cellular milien. This biphasic behavior is
hardly unprecedented: both some natural products
(eg, cinnamodigl [§7allasi gka pih elie,
compounds [W4
TRPV1, depending :
‘ylation state of the receptor.

An emerging area of TRPV1 modulation is the
heteromeric assembly of TRPV1 subunits [Garcia-Sanz
et al., 2004; Hellwig et al., 2005] and the interaction of
TRPVL with its splice variants and other intracellular
proteins that may play a role in the shuffling of TRPV1
among various subcellular compartments [Cortright
and Szallasi, 2004; Szallasi and Blumberg, 20086;
Szallasi et al, 2007]. As first predicted by its large
radiation inactivation size inconsistent with a single
protein [Szallasi and Blumberg, 1991], TRPV1 prob-
ably exists in a multimeric form, most likely as a
tetramer [Garcia-Sanz et al., 2004]. This model is
entirely consistent with the positive cooperative nature
of the ligand binding properties of TRPV1 [Szallasi and

MEDICINAL CHEMISTRY OF THE VANILLOID (CAPSAICIN) TRPV1 RECEPTOR
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Blumberg, 1999]. TRPV1 is actively transported
between the cell membrane and intracytoplasmic
compartments [Morenilla-Palao et al., 2004]: it was
suggested that upon phosphorylation by protein kinase
C, TRPV1 is directed to the membrane [Zhang et al.,
2005] and “then the dephosphorylated protein is
reshuffled to the intracelfular depots,

COMPETITIVE TRPV1 ANTAGONISTS OBTAINED BY
CHEMICAL MODIFICATION OF AGONISTS

The very existence of TRPV1 predicted the
existence of painful endogenous compounds, the so-
called endovanilloids [Kwal et al., 1998; Szallasi and
Blemberg, 1999; Di Marzo et al., 2002; Walker et al.,
2003]. It can be arpued that if endovanilloids are
' in the development of pathologic pain,
' TRPV1 antagonists should be analgesic
e access of pro-algesic endovanilloids to
This concept has gained strong experi-
; by the absence of mﬂammatory thermal

is gt al., 2000].
figst competitive TRPV1 antagonists, as
d by capsazepine (2) (Fig. 1), were derived
fh structural modlﬁcatton of TRPVI agonists

gt dical Research in an: attempt to dissociate the
1ntolerable irritant and pungent properties of capsaicin

es from their analgesic activity. [Walpole and
b , 1993]. Capsazepme is a conformation-
-gnstifa ined capsaicin analogue and extensive NMR
X-ray crystallographic studies gave rise to a
proposal of different binding modes for agonist versus
an antagonist [Walpole et al., 1994}: agonists bind to
the TRPVl receptor in an extended conformation,

the most widely used pharmace ogxcal tool in studies
involving TRPV1 despite its many unfavorable proper-
ties, including low potency, metabolic instability, and
interaction at receptors other than TRPV1 (e.g.,
nicotinic acetylcholine receptors and voltage sensitive
calcium channels) [Szallasi and Blumberg, 1999]. One
must use caution when interpreting positive or negative
results with capsazepine. Since capsazepine is a class B
TRPV1 antagonist, that is, it does not inhibit all types of
TRPV1 activators [Gavva et al, 2005], a lack of
inhibition by capsazepine does not necessarily imply
that TRPV1 was not involved in the response.
Conversely, a block of response by capsazepine may
be mediated by targets other than TRPV1.

It was with serendipity that it was discovered by
investigators at NovoNordisk that halogenation, and

Drug Dep. Bes. DOT 10.1002/ddr
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27

more specifically iodination, of TRPV1 agonist may
provide potent antagonists [Wahl et al, 2001]. For
example, jodination of RTX [Wahl et al, 2001] and

_nonivamide [Appendino et al, 2003] in the homo-

vanillyl moiety results in potent TRPV1 antagonists.
Interestingly, the position of iodine is critical for

" determining the pharmacological activity of the mole-

cule. For instance, introducton of jodine at C-5
position in RTX (3) or at C- position in nonivamide
(4a) (Fig. 1) resulted in complete reversal, whereas the
converse produced either less potent antagonist or
partial agonists [Appendino et al, 2005abc]. It is
unclear how halogenation works at the molecular level
as iodination of vanillic- and dihydroferulic-RTX

analogues has no impact on TRPV1 agonism EAppen-

dino et al., 2007]. Halogenated TRPV1 antagon
useful tool in in vitro assays, but not much

about their in vivo efficacy, mostly because oy afE 10

considered as drug candidates.

Other examples of TRPV1 antago
by chemical modification of existing T}
mclude the thiourea-based KJM 429 (5)

Lee et al., 2003; Kang et al., 2007]. Thele
were obtained by specific substitution in l_

group of the 3' phenolic hydroxyl group in thete
benzyl ring of the corresponding agonist. ]YL i421lisa

8 GHARAT AND SZALLASI : s

result of an additional fluoro-substituent at C-2' of KJM
429. JYL-1421 was assessed in various bioassays in.the
rat where it behaved as a TRPV] antagonist, both more
potent and more selective than capsazepine [Jakab
et al.,, 2005]. .

POTENT, SMALL-MOLECULE TRPV1 ANTAGONISTS

The molecular identification of TRPVI in 1997
[Caterina &t al., 1997] paved the way to the launching
by pharmaceutical companies of high-throughput
screening and combinatorial chemistry programs
aimed at the identification of novel antagonists with
better efficacy, safety, and pharmacokinetic profiles.

Pyridyl Piperazine Carboxamides

{(N-(4 teft—butylphenyl)-4-(3-chloropyn-
7 eramned—carboxamide) (7) (Fig. 2) is the

(GSK), and Abbott and Purdue
avatchalam, 2002; Dax et ai., 2002.; Yura

BCTC (7)
o CF,
s
CF, |/\N NTON
[ ~
=N HO
o

Fig. 2. Piperazine carboxamides and benzimidazoles.

Drusg Dev. Res. DOI 10.1002/ddr

®
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OCH
AMG 2674 (10)
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 (ICs0=16nM) and also exhibited excelle
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(ICso = 4.8nM) and capsaicin (ICs = 35nM), that is,
it is a class A antagonist. Moreover, it shows a much
better selectivity profile as compared to capsazepine
against a panel of ion channels, receptors, enzymes and
transporters of clinical relevance. Importantly, BCTC is
bioavailable per os (5-15%) with a plasma half-life of
nearly 1.0h and is_aetive in rat models of acute
inflammatory and neuropathic pain [Pomonis et al.,
2003] with significant penetration into the CNS
[Valenzano et al., 2003].

BCTC, however, showed significant shortcomings
in preclinical studies, most importantly, it blocked (87%
inhibition at 1 uM) hERG channels expressed in HEK-
293 cells [Tafesse et al., 2004). Inhibitors of hERG
channels are known to produce potentially fatal
cardiovascular effects such as prolongation o
cardiasc QT interval causing ventricular argh
and fibrillation [Roden et al., 1996]. '

Of note, Johnson & Johnson develf
triftaoromethylpyridin-2-yl)-1-(5-triftuoro
2-y)piperazine-1-carboxamide (9) (Fig. 2
close analogue of BCTC [Swanson et ]
compound functioned as a potent hfman
(hTRPV1) antagonist against capsaicin (§
and other modes of activation such

vailability (100%) and plasma half-life (7-8 h)%§
et al, 2005]. The hyperthermia produced B

compound prevented its further development [Swanson '

et al., 2005]. .
 In summary, the piperazine carbox{giflies gs
contains * highly potent TRPVL antagonigfs§fwhdse
clinical potential is limited by a combination of complex
pharmacokinetics, low aqueous solubility, metabolic
stability, hyperthermia, and potential cardiovascular
side effects (the latter mediated by hERG channels).

Piperazi neﬂ-

AMG-2674 (10) (Fig, 2), a highly potent TRPV1
antagonist belonging to the series of 2-(4-pyridin-2-
ylpiperazin-1-yl)-1H-benzo[d]imidazoles, was discov-
ered at Amgen as a modified piperazine amide
[Ognyanov et al., 2006]. The compounds in this class
are modified BCTC analogues where the Nl-carbox-
yanilide group of BCTC has been cyclized to form a
benzimidazole moiety. The introduction of lipophilic
groups such as 3,4,5-trifluorophenyl on the benzimi-
dazole ring and polar head groups such as hydro-
xymethyls on the pyridine ring restores the high
potency of these antagonists, implying the existence
of a large hydrophobic pocket in the TRPVI receptor.
Similar to the BCTC series, introduction of a methyl
group with R-configuration on the piperazine ring

Vit

01505

from poogd ‘

a9

enhances the potency of these compounds. AMG-2674
was obtained by a stepwise modification of the BCTC
scaffold. This compound demonstrated potent activity
in vitro in capsaicin- and pH-induced activation of
rTRPVL (IC5 = 0.9 nM). In vivo, oral administration of
AMG-2674 10 rats blocked capsaicin-induced flinching
(ECso = 8.8 mg/kg) and thermal hyperalgesia by 46%
following intraplantar application of complete Freund's
adjuvant [Ognyanov et al., 2006].

. Piperazine Carboxamides to Biaryl Carboxamides to
Aminoquinazolines

A collaborative effort between Neurogen and
Merck identified a series of biaryl carboxamides as
TRPV1 antagonists with high potency and metabolic
Stability [Zheng et al,, 2006]. This series featured

thgc replacement of the piperazine ring from
e pipera¥jne carboxamide series with a phenyl ring,
ructure—adiivity relationships were similar to those of
 pipeRiing carboxamide series. Compounds 11-14
ved excellent potency (ICsy values of
human as well as rat TRPV1. Compound
s the most potent compound in this class
& of 6nM at hTRPVI1 against capsaicin
. However, these compounds still suffered
aqueous solubility and bioavailability.
gfion of a heteroatom such as nitrogen in the
gl ring (see compounds 15-18; Fig. 3), in an
attempt to decrease the lipophilicity and, in tumm,
impgove, aqueous solubility of the compounds led to
sighjfcafgdlecrease in the potency.
: ._‘R ntrast, a dramatic increase in potency was
observed upon cyclization of the carbonyl group to the
central phenyl ring that yielded the aminoquinazoline
derivative 19 (Fig. 4) [Zheng et al.,, 2006]. Combined,
these studies indicate that co-planarity of the carbox-
ide gith Hhe, cor o ring is essential
Lo (hifpound 22 (Fig. 4)
pighty VI TCyg = 1.1 nM) and rTRPV1
(ICsp = 1.4nM) but also exhibited long half-life (8.1h)
and excellent oral bioavailability (99%) attributed to its
low clearance (23ml/min/kg) and may be to some
extent to its conformational rigidity. A phase 2 clinical
study was initiated in October 2006 to assess the safety,
tolerability, and efficacy of NGD-8243/MK2295 (struc-
ture not disclosed) compared with ibuprofen in
patients with postoperative dental pain.

d. 1,3-Disubstituted urea compounds

Several pharmaceutical companies (e.g., Abbott,
GSK, Bayer) are actively investigating 1,3-disubstituted
urea compounds. A series of 5-amino-isoquinoline urea
derivatives was reported by Johmson & Johnson as
potent TRPVI antagonists [Jetter et al, 2004]. This
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(15)

Fig. 3. Biaryliheteroaryl carboxamides.

I

=N

Fig. 4. Quinazolines as modified benzamides.

series resulted from a systematic modif
optimization of the TRPV1 agonist 4-pen
3yl-benzamide 20 (Fig. 5). Replaceme}
pyridine group with isoquinoline led to a reversal o
agonist activity to an antagonist activity in compound
21. Further modification of the carboxamide (21) to a
urea (22) (Fig. 5) and subsequent lead optimization of

the urea resultegy i i
nist, 1-{4-triftuor :
(Ing = 3.0 HM) lg .

was developed independently as an optimized lead
compound, now known as A-425619 [Gomtsyan et al.,
2005]. However, the lead for A-425619 was a hydro-
xynaphthalene urea derivative (24) (Fig, 5), coming
from high-throughput screening of Abbott’s compound
library. Bioisosteric replacement of hydroxynaphtha-
lene group was required since the hydroxy group,
although essential for activity, was also a potential site
for metabolism and hence a lability for pharmacokd-
netic properties. Several bicyclic heterocycles, based
on their comparative charge distribution studies, were
considered. Isoguinoline turned out to be the most
suitable heterocycle for this series. A-425619 blocked
capsaicin-evoked increases in intracellular Ca®* con-
centrations in HEK293 cells expressing recombinant

Drug Dev. Res. DOI 10.1002/ddx

14
a3 14

(18}

ceptors with a potent ICs value of 5nM [El
., 2005). A-425619 showed similar potency
L =4nM) in blocking TRPV1 receptor activation
by anandamide and N-arachidonoyl-dopamine (El
Kouhen et al, 2005). In vivo, A-425619 reduced
capsaicin-induced mechanical hyperalgesia dose-de-
pendently with an EDso of 45 pmol/kg when . given
jrgy | ols of inflammatory

. fitance, A-425619
P y nduced chronic inflammatory
pain orally [Honore et al, 2005].

Substituted Aminoethyl Ureas

This series of TRPV1 antagonists also belong to
the 1,3-disubstituted urea class. Investigators at GSK
described a substituted aminoethyl urea derivative, SB-
452533 (25) (Fig. 6) that showed good potency as
TRPV1 antagonist against capsaicin, heat and low pH-
mediated activation [Rami et al., 2004]. This urea
derivative, however, could not be developed further
due to its high intrinsic clearance determined by in
vitro rat and human liver microsomes. The high
intrinsic clearance was attributed to the N-dealkylation
of the N-ethyl group. To circumvent this problem, the
N-ethyl group was cyclized on to the adjacent phenyl,
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20) (21)

agonist

antagonist

A 425619 (23)

potent antagonist

Fig. 5. 1,3-Disubstituted urea lead molecules.

SB 452533 (25)

SB 705498 (28)

Fig. 6. Aminoethyl ureas and their cyclic analogues,

giving rise to a sgﬁ"; MQ i

roina
(Fig. 6) that showed lower potency than SB-452533
and high intrinsic clearance rates. By contrast, cycliza-
tion of the N-ethyl group with the distant carbon of the
ethylene linker produced 3-aminopyrrolidine ureas
(27) (Fig. 6) with equivalent to or higher potency and
lower intrinsic clearance than SB-452533. Further
optimization of the 3-aminopyrrolidine derivative 27
led to the synthesis of SB-705498 (28) (Fig. 6)
[Gomtsyan et al., 2005], a clinical candidate that was
evaluated in phase 2 trials for migraine. These trials
were discontinued due to a lack of efficacy.

Aryl Cinnamides

Researchers at GSK identified SB-366791 (29)
(Fig. 7) by screening an in-house compound library as a

RRECT
0| >/ P

11

(22)

potent antagonist

Aminopyrrolidines (27}

' iélzoi of

otent compefitive i “both hTRPVL and
1TRPV1, endowed with superior target selectivity
compared to capsazepine [Gunthorpe et al., 2004].
Subsequently, investigators at Amgen described AMG-
9810, - (E)-3-(4-t-butylphenyl)-N-(2,3-dihydroben-
zo[b}{1,4] dioxin-6-yl)acrylamide (30) (Fig. 7), as a
potent TRPVL antagonist by random screening of its
synthetic compound library [Doherty et al, 2005].
AMG-9810 functions as a competitive antagonist of
capsaicin activation (ICso=17nM for hTRPV]) and
blocked all known modes of TRPV1 activation,
including protons, heat and endogenous ligands, such
as anandamide, N-arachidonyl dopamine, and oleoyl-
dopamine [Doherty et al., 2005]. In vivo, AMG-9810
was also effective at preventing capsaicin-induced
eye wiping in a dose-dependent manner reversing
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15

(31)
17

Fig. 7. Ary! cinnamides.

19

21  thermal and mechanical hyperalgesia
inflammatory pain induced by intraplantigr injggti
23 CFA, However, it showed poor oral alisorpts
: metabolic stability in rat. A stepwisefoptim}
25  strategy was undertaken to come up
@ candidate having the desired efficacy, % g
27 . pharmacokinetic profile. The lead structgge

divided into three sections (benzodioxan-2-yl syStumgg
29  acrylamide core, aryl group) that were independently

optimized to obtain analogues 31 and 32,(Fig, T,

3L vitro, both analogues were highly potent (

" in capsaicin as well as pH-mediated act

33 hTRPVL. Their pharmacokinetic profile in Sprague-

Dawley rats was also encouraging with compound 32

35 demonstrating low clearance (0.8 L/h/kg), high volume

of distribution (2,800 ml/kg) and favorable halflife

37 (29h). While i i s ok

pharmacokineti &

39 both analogues awaits validation in vivo.

- models (CoMFA and CoMSIA) developed for the aryl

41  cinnamides predict binding modes which are consistent

with the previously developed models. It is predicted

43  that these molecules also bind in the TM3/4 region of
the TRPV1 channel [Vishwanadhan et al., 2007].

45
Additional TRPV1 Antagonists From Diverse
a7 Chemical Classes

d i

The race for launching a clinically useful mole-

49 cule in a broad therapeutic area such as pain for 2 novel
therapeutic target has spurred tremendous research

51  activity within the pharmaceutical industry. Although

: most of the molecules discovered can be broadly
classified into the categories described above, a diverse
class of chemical structures do not fit the classification.

Drug Dev, Res. DO 10.1002/dde

S
S
o
Chyo. A e,

a clinical (2
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SO
O N #
H .

AMG 9810 (30)

(32

common features such as the tert-butyl
iftuoromethyl phenyl, quinoline, isoqui-
ir bioisosteres can still be found amongst

as the pyringldine, pyridazine, quinazoline, piperidine,
d some others. Essentially, in most cases,
yl or thiocarbonyl group, a key group for
y, has been incorporated as ring nitrogen in the
above-mentioned linkers.
e ghemical diversity in compounds 33-50
sgCvident from the structures listed above. A
ber @f second generation TRPVI antagonists such

" as AMG-517 (51) (Fig. 9) from Amgen [Doherty et al.,

2007; Gavva et al., 2007; X, Wang et al,, 2007; Y. Wang
et al., 2007] and A-784168 from Abbott [Cui et al,

2006] belong to this chemical class. These compounds

in management.
the acrylamide
p of AMG-98 imidine ring with an
oxygen linked heterocycle. This modification has led to
improvement in the overall pharmacokinetic profile of
acrylamide class of TRPV] antagonist. AMG-517 acts
as a potent, competitive and orally available antagonist
of TRPV1 in humans, monkeys, rats and mice
{(ICgo<2nM), with greater than 4,000-fold selectivity
over other TRP channels, a panel of G-protein-coupled
receptors, and various ion channels {Doherty et al.,
2007; Gavva et al., 2007; X. Wang et al., 2007; Y. Wang
et al,, 2007). AMG-517 demonstrated antihyperalgesic
efficacy in animal models of inflammatory pain,
including carrageenan- and CFA-induced thermal
hyperalgesia. Like other TRPV1 antagonists, AMG-
517 caused transient hyperthermia that attenuated
after repeated dosing [Gavva et al., 2007]. Further
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@ 25 Fig. 8. Continued. 9
27 ol
29 83
31 85
33 87
35 89
37 Fe ol
39 Fig 9. Second-generation TR$ 93
41 optimization of AMG-517 led to highly potent trisub- 784168 was compared with another TRPV1 antagonist, 95

stituted pyrimidines [Wang et al,, 2007] with improved
solubility profiles. A-784168 (52} (Fig, 9) is a modified

piperazine-carboxamide analogue wherein the pipera-
45  zine is replaced by tetrahydropyridine. This modification
appears to conserve the desired conformation of the

47 molecule to retain in vitro potency. A-784168 inhibited
capsaicin induced activation of hTRPV1 with an ICs
49  value of 23nM and also blocked capsaicin-induced acute

“nocifensive behavior in vivo. In the CFA model of
chronic inflammatory pain, A-784168 inhibited both
thermal hyperalgesia and mechanical allodynia following
oral administration [Cui et al., 2006]. To asses the role of
CNS in broad-spectrum analgesia, the efficacy of A-

Drug Dev. Res. DOI 10.1002/ddr

A-795614 (53) (Fig 9) in models, presumably mediated
by central sensitization, including CFA- and capsaicin-
induced mechanical allodynia and esteoarthritic pain
[Cui et al,, 2006]. In these models, the potency of the
two compounds was similar after intrathecal adminis-
tration. However, when administered p.o., A-784168,
with good CNS penetration, was more potent than.
795614. Theése results demonstrate that TRPVI rece
tors in the CNS play an important role in pain medi
by central sensitization. In addition, these n
demonstrate that significant CNS penetration is’
sary for a TRPV1 antagonist to produce broad-sp
analgesia [Cui et al., 2006]. :
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is strong evidence that TRPV1 antagonists can relieve
inflammatory, cancer, and neuropathic pain [Krause

vanilloid activity of N-acylvanillamines by aromatic iodination.
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PAST, PRESENT, FUTURE 2007]. Additionally, TRPV1 antagonists may be aseful
Several of the 'potent, small-molecule TRPVL 2 tl}e management o f urinary incont%nence,_cough, 57
antagonists (at least six according to company press gr:ﬁzigs, 21(1)1{1)%1:’&1&16, t(}ixl abetes, (;msd (I)lbe,SIt-‘zf [Anish anf%
- releases) are currently undergoing clinical trials, % 1 ;00"7 ; Lunthorpe and ozallasi, 2006; Szgllam _ 59
however, definitive information regarding their clinical eta "In st 1 RPV1 . ,
efficacy and adverse effects are difficult to obtain. d n _sumgzry, T. -atgfagoréjslt: ﬁre vory promis- 61
Companies with TRPV1 antagonists in phase 2 clinical ' ©TY§ can ates in animal models but their c!xmcal
trials include GSK (SB-705498), Merck-Neurogen future ‘is unclear. Ap pa_rentl'y, the hyperthermic re- 63
(MK-2295/NGD-8243) and Glenmark/Lilly (GRC SPonse to TREPVI antagonists that can be easily
6211). Companies with TRPV1 antagonists in phase 1 marlxagr?d lil expt?nmer.ital anirnals m?y reach danger— 65
clinical trials include Amgen (AMG-517), Abbett ousyhxgb evels in pallents. én_other requenFI y voiced
(ABT102), and Pfizer. concern is _the possibility of sﬂenf;. myocardial %nfarc— 67
According to the available information, the GSK  Hon” in patients on TRPVY, a,ntagoms'ts for chronic pain
lead compound SB-705498 has successfully completed due to. lon_g'QtE syndrome(.i The widespread TBPVI 69
phase 1 clinical trials [Chizh et al., 2007] and onbllnl ?ca?flfls an mf non-neuronal hss_ues,
being evaluated in patients with postoperagife I 0 alC;gl nctlo;ls of TREV1 are a? ssenual.ly n
pain and rectal hypersensitivity [http:/clinigh trials.gov/ g " LOWD, r:utlan awa of concern. Yet, alone or in
] MK-2205/NGD-8243 and GRC-621f are baing  vith other analgesic drugs, TRPVI 73
tested in patients with dental pain (molf fay prove clinically useful drugs to relieve
Further clinical indications for MK-298) ' 7
are urinary incontinence and cough. Amgs
clinical trials with its lead compourlg : v
extraction due concerns over the hypd) 4 REFERENCES 79
sponse that reached 40°C in one patient J Yu S, Simon SA. 2004. TRPVI receptors
2007]. The status of the Abbott and Pfizer & mediate pifticulate matter-induced apoptosis. Am J Physiol Lang
remains unknown. Cell MAF Physiol 286:1L563-1572. 81
b dGPi' W:.hng X, Miyares RL. 2006. Polyamines are potent 83
igands for the capsaicin receptor TRPV1. | Biol Chem 281
CONCLUSION i d J
The worldwide analgesic drug marki§ Wad esti- : teiner AA, Branco LG, Romanovsky AA. 2006, Gold- 85
mated at US $38-billion in 2002 and is e@58ted o pg Jehavior as a thermoregulatory strategy in systemic
nearly double by the year 2010. An estimated 50 imation. Eur ] Neurosci 23:3359-3367. 87
million Americans suffer from chronic pain conditions, Apztg({;;ﬁdés A, Brady CM; Yw;%%‘q Davis Ell’a :‘h_f’wfef ?}» Anand P.

I 3 3 ; . Lapsatcin receptor It uro Umn Of neurogenic
:}it:nmlzgi?a?ﬁit? sﬁ'gl;:l]a:lt);zozft‘:ﬁg ;ﬂge;rzﬁi%:ﬁ?;: g;I:daél—zol%ders and e%'ect of intravesical resiniferatoxin, Urglogy - 89
relief, More thag & ilieg issgstsagnuallyeducde gy g, &% a0 4 dario N. Bianchi F o1
chronic pain (insfjra cdmpaln, T Tm i [pett B Di Moo v
and lost productivity), and this niimber 1s sure T5 sy 2003, genation of a capsaicin analogue leads to novel 93
At the level of the individual, chronic pain adversely  vanilloid TRPV1 receptor antagonists. Br | Pharmacol 139:
affects patient well-being, level of function, and quality ~ 1417-1424. 05
of life. Chronic pain is often undertreated, and the Ap£eggii:;0 G,N?e l;letj\oczlllis L, Tgvxlsdam Ntli, ::Iigassi %D;ddtaario o
unfilled needs are well recognized. Consequently, P Pmnzng" G‘Ze 0 A, Nazzieri D, Ligres ampi B, Fontana

. A . . . \ , Geppettl F, Di Marzo V. 2005a, Development of the
St e Qoo o Soloprt L o ot e o
of new analgesic drugs. TRPV1 antagonists representa  potential. ] Pharmacol Exp Ther 312:561-570. '
new paradigm in the development of analgesic drugs.  Appendino G, Harrison 8, De Petrocellis L, Daddario N, Bianchi F, 101
Unlike traditional analgesic drugs that block the  Schiano-Morello A, Trevesani M, Benvenuti T, Geppetti P, Dt
inﬂammatory response and the propagation and Marzo V..20‘055, Halogenation of a cagsaicin analogue leads to 103
transmission of pain, TRPV1 antagonists prevent pain ?:H?I \leJ;ilmd TREPV1 receptor antagonists. Br | Pharmacol 139;
by silencing a nociceptor in the periphery where pain is o ) o . 105
generated [Szallasi et al., 2006, 2007]. In animals, there Apﬁeg?ﬁag;?&d ggélsocrl?fhfltzﬁsi;; 0?4 c?gsl:loc:ls ’steﬂirzﬁl}?: 107
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