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Compound 1, (R)-1-(2,2-dimethyl-7-(trifluoromethyl)chroman-4-yl)-3-(3,6-dimethylisoquinolin-5-yl)urea; Compound 2,
(R)-1-(2,2-dimethyl-7-(trifluoromethyl)chroman-4-yl)-3-(3-methylisoquinolin-5-yl)urea; Compound 3, (R)-1-(2,2-dimethyl-
8-(trifluoromethoxy)chroman-4-yl)-3-(3-methylisoquinolin-5-yl)urea; 5’-I-RTX, 5'-iodo-resiniferatoxi.

Transient receptor potential vanilloid 1 (TRPV1) is a multifunctional ion channel playing important roles in a
numerous biological processes including the regulation of body temperature. Within distinct and tight chemical space
of chromanyl ureas TRPV1 ligands were identified that exhibit distinctive pharmacology and a spectrum of
thermoregulatory effects ranging from hypothermia to hyperthermia. The ability to manipulate these effects by subtle
structural modifications of chromanyl ureas may serve as a productive approach in TRPV1 drug discovery programs
addressing either side effect or desired target profiles of the compounds. Because chromanyl ureas in the TRPV1
context are generally antagonists, we verified observed partial agonist effects of a subset of compounds within that
chemotype by comparing the in vitro profile of Compound 3 with known partial agonist 5'--RTX.

Introduction

Transient receptor potential vanilloid 1 (TRPVI1) is the
founding member of a 28-member TRP ion channel superfam-
ily' and a subclass of thermoTRP channels that exhibit thermal
responses within a wide range of temperatures.” TRPV1 is acti-
vated at temperatures exceeding 43°C but also responds to a
wide range of stimuli, including exogenous capsaicin, metabolites
of endogenous arachidonic acid, chemical stimuli, such as acidic
media, and a variety of inflammatory agents including prosta-
glandins, bradykinin, and nerve growth factor.** The polymodal
nature of TRPV1 function along with observed reduced thermal
hyperalgesia in TRPV1 knockout mice in response to inflamma-
tory mediators™®’” generated significant interest in the pain
research community and prompted extensive research in explor-
ing effects of TRPV1 modulation.® During the last 1015 years
TRPV1 agonists and antagonists have been extensively evaluated
for their potential as efficacious and safe analgesics.9’10 However,
first generation TRPV1 antagonists caused hyperthermia, an
undesired side effect, in both preclinical species and humans.''
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In the course of evaluating mechanisms underlying hyperther-
mia associated with TRPV1 antagonists'> we'®'* and others"
have identified a subset of TRPV1 antagonists that do not
increase body temperature in rodents but still provide analgesic
relief in pain models. In this communication we report on identi-
fication of a subset of TRPV1 antagonists within a distinct chem-
ical class of chromanyl ureas'®'® that elicits hyperthermic,
hypothermic or no effects on body temperature depending on
subtle structural perturbations. We demonstrate that minor
structural differences also change the ability of the compounds to
block acid stimulation of TRPV1 and affect the functional nature
of a compound as TRPV1 antagonist or agonist. Pharmacological
profiles of some compounds are species-dependent and, there-
fore, temperature effects in humans may not be accurately pre-
dicted by observations in preclinical species.

Materials and Methods

5'-I-RTX was purchased from Sigma Aldrich. Other reagents
were sourced as described.'® Functional studies were conducted
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on a fluorometric imaging plate reader (FLIPRTET®Y) which
monitored effects of capsaicin or mild acid on Ca** uptake into
recombinant HEK293 cells expressing rat or human TRPV1 as
described previously.'? Antagonism of heat activation was mea-
sured at 48°C by using a custom made device (GNF Systems,
San Diego, CA) for the control of temperature. Telemeters were
inserted into male Sprague-Dawley rats and temperature was
monitored as detailed elsewhere.'” Pharmacokinetic parameters
were monitored by procedures as described. '

Results

Compound 1, Compound 2, Compound 3, and 5'-I-RTX
exhibit different pharmacological profiles against polymodal
activation of recombinant rat and human TRPV1

The ability of Compound 1, Compound 2, and Compound 3
to inhibit TRPV1 activation was investigated using recombinant
HEK293 cells expressing rat or human TRPV1. All three chro-
mans as well as 5'--RTX were competitive with 50 nM capsaicin
at both rat and human TRPV1 and elicited potent antagonism
(Table 1). These compounds were also evaluated for activity on
pH 5-stimulated rat and human TRPVI. Acidic responses at rat
TRPV1 were blocked fully by Compound 1, partially by Com-
pound 2, and not by Compound 3 (Fig. 1) or <11.25 uM 5'-I-
RTX (Fig. 2). Both Compound 3 and 5'-I-RTX elicited partial
agonism upon addition to recombinant rat TRPV1 (Fig. 3)
while Compound 1 and Compound 2 did not.

All three chromanyl urea compounds potently blocked heat
activation of human TRPV1 with ICsq values of 20 nM, 5 nM
and 17 nM for Compounds 1, 2, and 3, respectively. Addition-
ally, these compounds were selective against human “cold” recep-
tors TRPA1 and TRPMS exhibiting no activity up to 100 pM
at TRPA1 and ICs values of >100 pM, 30 wM, and 25 pM at
TRPMS for Compounds 1, 2 and 3, respectively.

Pharmacological profiles of Compound 1 and Compound 2
at human TRPV1 were similar to their profiles at rat TRPV1;
the former fully blocked acid activation, while <11.25 pM of
the latter partially blocked the channel (Fig. 4). However, in
vitro data for 2 other compounds, Compound 3 and 5’-I-RTX,
were distinctly different at human versus rat TRPV1. Both com-
pounds behaved as partial blockers upon pH 5 activation of

human — but not rat — TRPV1. Moreover, Compound 3 and
5-I-RTX did not activate human TRPV1 when applied to
recombinant HEK293 cells at pH 5.

Compound 1, Compound 2, and Compound 3 exhibit
hyperthermic, temperature-neutral and hypothermic effects,
respectively, in rats

Compound 1 administered orally at 100 pmol/kg resulted in
a plasma concentration of 0.7 pg/mL, which produced a signifi-
cant increase in core body temperature with a maximum effect of
1.4°C above that observed in vehicle-treated rats (Fig. 1). The
same study performed with the pH 5 partial blocker Compound
2 resulted in no meaningful effect on core body temperature for
the 24 hr duration of the study (Fig. 1). The peak plasma con-
centration of 3.1 pg/mL achieved at 1 hr post dose was 2-fold
higher than efficacious plasma levels in the OA pain model
(unpublished data). In contrast to temperature elevating Com-
pound 1 and temperature-neutral Compound 2, the other chro-
man, pH 5 non-blocker Compound 3, produced hypothermia
(Fig. 1). Despite achieving a drug concentration 31-fold higher
than its efficacious plasma concentration in a rat OA model
(15.5 pg/mL in the telemetry study vs. 0.5 wg/mL in the OA
pain model; unpublished data), Compound 3 decreased rat body
temperature 2.0°C. This hypothermic effect persisted for13 hr.

Discussion

First generation TRPV1 antagonists increase body tempera-
ture in both preclinical species and humans.'" Efforts in our
group to develop different series of TRPV1 antagonists led to dis-
covery of the chromanyl urea chemotype.'® Potent compounds
within this narrow structural class exhibit significantly diverse
pharmacological responses at TRPV1 and thermoregulatory
effects.’” Minor structural manipulations generate compounds
that elicit effects in rats ranging from hypothermia to hyperther-
mia. Thus, Compound 1 increases body temperature 1.4°C at a
relatively low plasma concentration of 0.7 pwg/mL (Fig. 1).
Removal of the methyl group in the isoquinoline fragment of
Compound 1 generated Compound 2 that does not affect tem-
perature in rats at concentrations 2-fold higher than efficacious
plasma levels in the OA pain model (Fig. 1). On the other hand,

Table 1. Potencies of Compound 1, Compound 2, Compound 3, and 5'--RTX at rat and human TRPV1 Potencies were determined by using Ca®" flux assays
performed on the FLIPR™™™, All compounds completely blocked capsaicin-evoked responses at rat and human TRPV1. The concentration of compounds
used to determine the percentage of inhibition against acid stimulation was 11.25 M. Results are shown as mean values and SD for at least 2-4 determina-
tions. ND represents data not determined due to insufficient block of pH 5 activation.

Rat Human
Compound Capsaicin ICso (nM) Acid IC50 (nM) Acid % inhibition Capsaicin ICso (nM) Acid IC50 (nM) Acid % inhibition
Compound 1 54.6 +/— 263 72.7 +/— 8.0 99.7 +/— 0.1 1440 +/—94 107.0 +/— 183 954 +/—1.8
Compound 2 20.9 +/— 3.1 ND 20.1 +/— 8.5 17.8 +/—16.3 20.1+/—73 76.2 +/— 6.6
Compound 3 429.0 +/— 162.0 ND —51+4/-9.2 65.7 +/— 10.6 ND 354 4/—2.1
5'--RTX 200.0 +/—90.3 ND —3.04+/—- 055 274.0 +/— 283 114.0 +/—50.7 64.4+4/—11.1
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Figure 1. Effects of TRPV1 ligands on acid-induced Ca*" flux into recombinant HEK293 cells expressing rat TRPV1 and on rat core body temperature. Rep-
resentative Ca" flux responses as monitored in FLIPR traces are shown for Compound 1, Compound 2, and Compound 3 (11.25 wM) to demonstrate
their effects on acid activation of rat TRPV1. The change in rat core body temperature represents mean and SEM for at least 5 determinations. (A) Com-
pound 1 is a full acid blocker of rat TRPV1 and elicits hyperthermia in rats. (B) Compound 2 is a partial acid blocker of rat TRPV1 and does not affect core
body temperature in rats. (C) Compound 3 is a partial agonist that does not block acid activation of rat TRPV1 and evokes hypothermia in rats.

replacing the trifluoromethyl group in Compound 2 with a tri-
fluoromethoxy group and moving it from the 7-position to the
adjacent 8-position of the chroman fragment results in Com-
pound 3 which elicits hypothermic effects of about —2°C
(Fig. 1). Temperature-elevating and temperature-neutral effects

of TRPV1 antagonists correlate with the
pharmacological profile of TRPV1
antagonists. Compounds that inhibit all
modes of channel activation (repre-
sented, e.g., by capsaicin, heat, and acid
and exemplified by Compound 1)
would be expected to increase body tem-
perature, while compounds  that
potently block capsaicin — but not other
modes of TRPVI1 activation — (e.g.,
Compound 2) would not be expected to
affecc body temperature.'>'  While
these observations proved largely consis-
tent over the course of an aggressive
campaign to identify temperature-neu-
tral TRPV1 antagonists, select com-
pounds  with  distinctly  different
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properties have been identified. For example, it was initially diffi-
cult to explain hypothermia evoked by Compound 3 (Fig. 1).
According to the generally accepted in vitro/in vivo relationship
for TRPV1 ligands, this compound — potent against capsaicin
and weak against acid activation — would be expected to be
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Figure 2. Effects of 5I-RTX on acid-induced Ca*" flux into recombinant HEK293 cells expressing rat
TRPV1. The pharmacological profile of 11.25 wM 5'-I-RTX against acid (pH 5.0) activation is illustrated

in a representative FLIPR
blocker of rat TRPV1.

trace to demonstrate that 5'--RTX is a partial agonist and an acid non-
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Figure 3. Partial agonist effects of Compound 3 and 5--RTX on recombinant rat TRPV1 expressed on HEK293
cells. Representative Ca>" flux responses reflected in FLIPR traces for 11.25 M Compound 3 (A) and 5'-I-RTX

that 9/-1-
RTX is a partial agonist of
TRPV1.>* Comparison of FLIPR

which demonstrated

temperature-neutral in preclinical models. Yet Compound 3
proves hypothermic in rats, an effect typically associated with
TRPV1 small molecule agonists such as capsaicin. Close inspec-
tion of the FLIPR curves of Compound 3 reveals subtle activa-
tion of the channel upon application of the compound directly
to HEK293 cells expressing recombinant TRPV1. This observa-
tion suggests that Compound 3 evokes partial agonism. The sig-
nal is minimal but is consistently reproducible among select
hypothermic TRPV1 ligands in the chromanyl urea series. In
order to probe further into this observation the behavior of 5'-1-
RTX, a well documented partial agonist of TRPV1, was exam-
ined in the identical FLIPR setting. This analog of the ultrapo-
tent TRPV1 agonist RTX was originally classified as a TRPV1

profiles of 5-I-RTX and Com-
pound 3 indicates that both compounds elicit Ca** influx into
recombinant rat TRPV1 cells in a qualitatively similar manner,
supporting the conclusion that Compound 3 is a partial agonist
of the channel (Fig. 3). Interestingly, compounds with distinct
pharmacological profiles (Compound 2, Compound 3, and 5'-1-
RTX) evoke different responses in human versus rat TRPVI
(Fig. 4). Compound 2, Compound 3, and 5'-I-RTX more
potently inhibit acid-evoked responses at human TRPV1. There
is no indication of partial agonism for latter 2 compounds.
Such interspecies differences in the pharmacology of TRPV1
ligands serve as a caution in projecting thermoregulatory effects
from in vitro pharmacology and preclinical models to the clinical
setting.
Discovery of compounds with a
wide range of pharmacological pro-
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Figure 4. Pharmacological profiles of Compound 1, Compound 2, and Compound 3 at acid-stimulated
recombinant human TRPV1 expressed on HEK293 cells. Representative Ca®" flux responses reflected in FLIPR
traces for TRPV1 ligands at 11.25 wM. (A) Compound 1, full acid blocker; (B) Compound 2, partial acid
blocker; (€) Compound 3, partial acid blocker; (D) 5'-I-RTX, partial acid blocker.
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a human TRPV1 homology model® provide useful information
on restriction points of the protein defined as selectivity filter and
lower gate. These data along with earlier mutagenesis studies®®?’
are starting to provide insight into TRPV1 ligand binding pockets
and associated conformational changes upon binding of agonists

and antagonists to TRPV1.

Conclusions

In summary, slight variation of the nature or position of sub-
stituents in a structurally distinct chromanyl urea scaffold exerts
significant impact on the pharmacological behavior of TRPV1
ligands and, as a consequence, produces a variety of thermoregu-
latory effects in rats ranging from hyperthermia to hypothermia.
In vitro pharmacological profiles and thermoregulatory effects of
representatives from 3 subsets of chromanyl urea TRPV1 ligands
that are closely related are described. Compound 1 inhibits both
capsaicin- and acid-evoked responses in rat recombinant TRPV1

and evokes hyperthermic effects in rats. Compound 2 fully blocks
capsaicin activation, only partially blocks acid response, and does
not evoke significant temperature effects in rats. Compound 3
has been shown to be a partial agonist and produces hypothermic
effects in rats. The latter shows no agonist effects at recombinant
human TRPV1. Similarly 5'-I-RTX behaves as partial agonist at
recombinant rat — but not human — TRPV1. Ability to generate
and characterize TRPV1 ligands with different pharmacological
and thermoregulatory profiles within the same structural class of
compounds may accelerate the discovery of still more effective
modulators of the TRPV1 channel. Although Compounds 1-3
display favorable selectivity profiles against other thermosensory
receptors, TRPA1 and TRPMS, a possibility of non-TRPV1-
mediated thermal effects or lack thereof cannot be fully excluded.
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