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BACKGROUND AND PURPOSE

Nasal sensory nerves play an important role in symptoms associated with rhinitis triggered by environmental stimuli. Here, we
propose that TRPV1 is pivotal in nasal sensory nerve activation and assess the potential of SB-705498 as an intranasal therapy
for rhinitis.

EXPERIMENTAL APPROACH

The inhibitory effect of SB-705498 on capsaicin-induced currents in guinea pig trigeminal ganglion cells innervating nasal
mucosa was investigated using patch clamp electrophysiology. A guinea pig model of rhinitis was developed using intranasal
challenge of capsaicin and hypertonic saline to elicit nasal secretory parasympathetic reflex responses, quantified using MRI.
The inhibitory effect of SB-705498, duration of action and potency comparing oral versus intranasal route of administration
were examined.

KEY RESULTS
SB-705498 concentration-dependently inhibited capsaicin-induced currents in isolated trigeminal ganglion cells (pIC50 7.2).
In vivo, capsaicin ipsilateral nasal challenge (0.03-1 mM) elicited concentration-dependent increases in contralateral intranasal
fluid secretion. Ten per cent hypertonic saline initiated a similar response. Atropine inhibited responses to either challenge.
SB-705498 inhibited capsaicin-induced responses by ~50% at 10 mg-kg™" (oral), non-micronized 10 mg-mL™" or T mg-mL™'
micronized SB-705498 (intranasal) suspension.
Ten milligram per millilitre intranasal SB-705498, dosed 24 h prior to capsaicin challenge produced a 52% reduction in
secretory response. SB-705498 (10 mg-mL™, intranasal) inhibited 10% hypertonic saline responses by 70%.

CONCLUSIONS AND IMPLICATIONS

The paper reports the development of a guinea pig model of rhinitis. SB-705498 inhibits capsaicin-induced trigeminal
currents and capsaicin-induced contralateral nasal secretions via oral and intranasal routes; efficacy was optimized using
particle-reduced SB-705498. We propose that TRPV1 is pivotal in initiating symptoms of rhinitis.

Abbreviations
RARE factor, spin echo multi echo pulse sequence; TE, echo time; TR, repetition time; TRPV1, transient receptor
potential cation channel (subfamily V, member 1)
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Introduction

In the nose, sensory nerves in the nasal mucosa continuously
monitor the composition, humidity and temperature of
inhaled air and transmit signals to brain centres, which can
elicit noxious sensations such as itching and pain, trigger
defensive motor efferent responses (sneezing) and initiate
parasympathetic reflex responses such as glandular and/or
vascular secretion leading to rhinorrhoea and nasal conges-
tion (Sarin et al., 2006). At the nerve terminals, local sensory
axonal responses can also drive the release of pro-
inflammatory neuropeptide mediators such as Substance P
and calcitonin gene-related peptide from the nerve terminals,
and this can contribute further to nasal symptoms through
vascular engorgement and leak (Sarin et al., 2006). Nasal
sensory nerves can be triggered by a variety of factors includ-
ing weather changes, cold air, spicy food, airbourne pollution
particulates, perfumes, household cleaning products and
tobacco smoke (Shusterman, 2007).

Dysregulation of the normal nasal responses, such that
normal innocuous stimuli trigger defensive reflexes (‘nasal
hyper-responsiveness’), has been proposed to be a key mecha-
nism in patients in non-allergic rhinitits (Sarin et al., 2006,
Salib et al., 2008) and indeed may also be a driver of some of
the symptoms of allergic rhinitis (e.g. itch) (O’'Hanlon et al.,
2007; 2008). In non-allergic rhinitis, desensitization of
sensory nerves with capsaicin has been shown to provide
symptom relief in patients for up to 9 months (Van Rijswijk
etal., 2003) strongly implicating the sensory neurones in
mediating symptoms. Furthermore, stimulation of nasal
fibres by low-dose capsaicin leads to the development of
symptoms including burning sensation, lacrimation, rhinor-
rhoea and nasal congestion (Geppetti ef al., 1988; Sanico
et al., 1997; 1998). The predominant target of capsaicin is the
transient receptor potential cation channel (subfamily V,
member 1) (TRPV1) ion channel expressed on sensory neu-
rones (Caterina et al., 1997): TRPV1 is sensitive to many trig-
gers including capsaicin, heat, protons (pH), eicosanoid
derivatives, anandamide, and products of inflammation, such
as histamine, prostaglandins and bradykinin and has been
implicated in a variety of disorders including migraine,
chronic and acute pain and bladder irritability, chronic
arthritis, acute pancreatitis and diabetes (Yiangou et al., 2001;
Gunthorpe et al., 2002; Geppetti et al., 2005; Goadsby, 2005;
Appendino and Szallasi, 2006; Suri and Szallasi, 2008). In this
report, we propose TRPV1 as a key modulator of nasal sensory
nerve activation, and explore the potential use of the
selective TRPV1 antagonist, SB-705498 (Rami et al., 2006,
Gunthorpe et al., 2007), for the treatment of sensory nerve
evoked symptoms of rhinitis. This paper reports the in vitro
characterization of SB-705498 in guinea pig isolated trigemi-
nal ganglion cell bodies from cells innervating nasal mucosa
and the in vivo pharmacology of SB-705498 on capsaicin and
hypertonic saline-induced intranasal fluid secretion in the
guinea pig, as measured by MRI.

Materials and methods

All animal studies were ethically reviewed and carried out in
accordance with Animals (Scientific Procedures) Act 1986 and
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the GSK Policy on the Care, Welfare and Treatment of Labo-
ratory Animals.

SB-705498 was manufactured at GlaxoSmithKline. All
studies involving animals are reported in accordance with the
ARRIVE guidelines for reporting experiments involving
animals (Kilkenny et al., 2010; McGrath et al., 2010).

Guinea pig sensitization compounds: Albumin (chicken
egg white; Grade V, minimum 99% agarose gel electrophore-
sis), aluminium hydroxide hydrate and capsaicin were
obtained from Sigma-Aldrich Inc. (St. Louis, MO, USA). Cap-
saicin was made up in 5% dimethylsulfoxide (DMSO; BDH
Laboratory Supplies, Poole, England), 5% Tween 80® (Sigma-
Aldrich Inc.) and 90% PBS (pH 7.4) for all other vehicles 0.9%
NaCl was used. SB-705498 (TRPV1 antagonist) vehicle: 5%
DMSO, 45% polyethylene glycol, 50% H,O. Particle reduced
SB-705498 was achieved by micronization and made up as a
suspension with sonication for 15 min.

Electrophysiology

Preparation of guinea pig trigeminal ganglion cell bodies. Cell
bodies from the trigeminal ganglia were prepared using a
modified protocol from Taylor-Clark ef al. (2005). In brief,
two male Dunkin Hartley guinea pigs were pretreated with
atropine (1 mg-kg' i.p.) before being anaesthetized with iso-
flurane. Dil (25 pL of 2% Dil in DMSO) was instilled into the
left nostril and the guinea pig was placed on its left side to
recover. This procedure was repeated 24 h later, and the
right nostril dosed. Guinea pigs were culled 2-6 weeks
later, and an area of the trigeminal ganglia corresponding
to the area enriched with nasally innervating cell bodies
(Taylor-Clarke et al., 2005) was isolated, cut into small pieces
and incubated with papain (8 mg in 4 mL Leibovitz’s L-15
medium) for 40 min. The papain solution was removed and
the tissue washed twice with Minimal Essential Medium sup-
plemented with 5% foetal bovine serum, 5% horse serum,
100 units-mL™" penicillin/100 pg-mL™" streptomycin, 0.3%
glucose and 1.6 ug-mL™’ insulin/1.6 ug-mL™" transferrin/
1.6 ng'-mL™" sodium selenite. Cell bodies were dissociated
by trituration with fire-polished glass Pasteur pipettes of
decreasing tip pore size and the resulting cell suspension
filtered and centrifuged at 800 g for 3 min. The cells were
then resuspended in a 200 uL medium and 25 uL of the cell
suspension was applied to poly-D-lysine and laminin coated
12 mm glass coverslips. Cells were left to adhere to the cov-
erslip for 2 h at 37°C before being flooded with medium.

Whole cell patch clamp electrophysiology. Each coverslip was
broken into pieces and individual pieces were transferred to
a recording chamber mounted on an inverted microscope
(Nikon Eclipse 2000; Nikon UK Ltd., Kingston upon Thames,
Surrey, UK) equipped with phase-contrast optics and fluores-
cence. Cells were continuously perfused with extracellular
solution consisting of (in mM) NaCl (130), KCl (5), BaCl, (2),
MgCl, (1), glucose (30), HEPES (25) pH adjusted to 7.3 with
NaOH and 310-317 mOsm. Pipettes (1.5-4 MQ) were filled
with (in mM) CsCl (140), MgCl, (4), EGTA (10), HEPES
(10 mM), ATPdisodium salt (4), GTPsodium salt (0.3) and
CaCl, (0.1) pH adjusted to 7.3 with CsOH and 295 mOsm.
Cells were voltage clamped at —-70 mV via an Axoxlamp
200B amplifier. 10 mM stock aliquots of capsaicin in ethanol
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and a 10 mM stock solution of SB-705498 in DMSO were
prepared and stored at —20°C. Drug applications were con-
trolled by a fast application system (Biologic RSC200, time
for solution exchange ~30 ms) using a triple-barrel pipette
assembly.

Dil —positive cells bodies were identified via punctuate
fluorescence. Preliminary experiments demonstrated that
repeated application of capsaicin to trigeminal cell bodies
underwent significant tachyphylaxis. Macroscopic currents
to 1 uM capsaicin, however, were stable over a 60 s period
(Figure 3) enabling the effect of SB-705498 to be examined.
Until stable, 1 uM capsaicin was applied (20s) and then
SB-705498 and capsaicin solutions were co applied for 20 s
before switching back to 1 uM capsaicin. A single concentra-
tion of SB-705498 was tested on each trigeminal cell body
and the data pooled.

Data was graphically represented using Graphpad Prism
(Version 5.0; GraphPad Software Inc., La Jolla, CA, USA) and
a non-linear regression fitted using the built in equation log
(inhibitor) versus normalized response — variable slope (also
known as the Hill equation: Y = 100{1 + 10"[(1logIC50 — X) x
HillSlope]}; where Y = normalized response and X = log
[SB-705498]) to generate a pIC50 value and Hill coefficient.

Study details

In vivo guinea pig studies. Female Dunkin-Hartley guinea pigs
were obtained from Harlan, UK at 180-200 g upon arrival.
Animals were housed in groups of six in a tempera-
ture and humidity controlled environment, with a 12-h
light : dark cycle. Food and water were available ad libitum.
Animals were intranasally sensitized bilaterally, twice
daily for 1 week with 25 uL of 20 ug-mL™ ovalbumin +
180 mg-mL™ aluminium hydroxide (excluding weekends).
This was followed by once daily sensitization with ovalbumin
(bilateral 25 uL, 5 mg-mL™" solution) until the day of study
(not including weekends).

Guinea pig weights ranged from 400 to 500 g on the day
of study. Animals were anaesthetized with intraperitoneal
urethane (1.5 g-kg™") (99% minimum) (Sigma-Aldrich Inc.).
Euthanasia: pentobarbitone sodium (Pentoject; Animal Care
Ltd., York. UK).

Six to 12 animals per group were evaluated in each analy-
sis (see individual studies for specific group sizes). All intra-
nasal pretreatments of either atropine, SB-705498 or their
respective vehicle controls were administered in 25 puL
volumes to conscious guinea pigs. All animals were anaesthe-
tized with urethane (1.5 g-kg") i.p. and MRI scanned to
obtain baseline nasal images. Each animal was then removed
from the scanner and capsaicin or hypertonic saline chal-
lenges (50 uL) were administered unilaterally to anesthetized
guinea pigs as using a hand held Gilson pipette. Each animal
was rescanned at 10 min post-challenge to measure contral-
ateral fluid volumes and tissue changes. This time point was
chosen following a time course study which indicated a
robust, stable, maximal response was achieved at 10 min
(data not shown).

Intranasal capsaicin or hypertonic saline challenges. The effect
of 25 pL intranasal unilateral capsaicin doses of 0.03, 0.3 and
1 mM capsaicin or capsaicin vehicle (5% DMSO, 5% Tween
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80, PBS) were investigated in dose response studies. In other
studies a single 25 pL dose of 0.3 mM of capsaicin was used to
elicit responses.

In studies investigating hypertonic saline-induced
responses, 25 pL of either 0.9% (vehicle), or 10% saline was
administered unilaterally.

Effect of intranasal atropine on responses to capsaicin or hyper-
tonic saline challenge. Atropine (an anti-cholinergic inhibi-
tor) was used to characterize parasympathetic reflexes.
Atropine was applied as a 10 mg-mL™" solution, 25 uL bilateral
intranasal dose 60 minutes prior to either capsaicin or hyper-
tonic saline challenge.

Effect of oral SB-705498 on capsaicin provoked nasal res-
ponses. Animals received an oral dose of 1 mL of 3, 10 or
30 mg-kg' SB705498 or vehicle 60 min prior to capsaicin
challenge.

Effects of intranasal SB-705498 on capsaicin provoked nasal secre-
tion. Animals received a 25 pL bilateral intranasal dose of
either 1 mg-mL™, 10 mg-mL™" and 30 mg-mL™" of SB-705498
or vehicle. SB-705498 was applied as a suspension using non-
micronized material or micronized material. Pretreatment
times prior to capsaicin challenge were either 1 h, or in dura-
tion of action studies, 24 h.

Effects of intranasal SB-705498 on hypertonic saline provoked
nasal secretion. Animals received a 25 pL bilateral intranasal
dose of either 10 mg-mL™' of micronized SB-705498 or
vehicle. Pretreatment times prior to 10% hypertonic saline
challenge were either 1 h, or in the duration study, 24 h.

MRI methodology

Anaesthetized, free-breathing guinea pigs under respiratory
monitoring were positioned supine within a 2 Tesla Bruker
Medspec 96 cm S200 bore system using a 55 mm purpose-
built coil in a 22 cm gradient insert. Physiological monitoring
was carried out for the duration of the experiment (Small
Animal Monitoring System obtained from SA Instruments),
with the respiration rate (using a pneumatic pressure pad)
being continuously measured. Following positioning of the
animal in the centre of the magnet, and tuning and matching
of the coil, initial pilot scans were carried out in each of the
three planes; saggital, coronal and axial. Two scans were
performed pre- and post-challenge; one scan sequence
enhanced tissue and air space intensity [four averages, spin
echo multi echo pulse sequence (RARE factor) 4, echo time
(TE) 8.00 ms, Effective TE 32 ms, repetition time (TR)
1800 ms, field of view 5 x 5 cm, matrix 256 x 192, total scan
time of approximately 3 min; Figure 1], while the second
enhanced fluid intensity (four averages, RARE factor 16, TE
10.00 ms, effective TE 80 ms, TR 4681 ms, field of view
5 x 5 cm, matrix 256 x 192, total scan time of approximately
4 min; Figure 2). Acquiring baseline images allowed each
animal to act as its own control and comparisons among
animals to be made. The baseline status of each animal was
also considered prior to any challenging. Animals that had
significant background congestion associated with reduced
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Figures TA (baseline ‘anatomical’ images) and 2A (Baseline ‘fluid’ images) illustrate typical baseline images of the nasal cavity region of the guinea
pig using either a short or long TE spin echo sequence, respectively. Figure 1A and 2A produces good anatomical contrast allowing quantification
of tissue (x) and airspace (y), whereas Figures 1B (10 min post unilateral capsaicin challenge) and 2B (10 min post unilateral capsaicin challenge)
allow accurate quantification of fluid secretion into the nasal airspace. Following a capsaicin challenge, fluid (z) accumulation within the nasal

airspace can be visualized in Figure 2B.

airspace, because either fluid or tissue, would inevitably influ-
ence the animal’s response to a challenge, and hence would
be carefully assessed for inclusion into the final analysis.
Animals with baseline fluid of anything above 5 pL and or
tissue congestion of more than 50% were excluded from any
analysis.

Image analysis

Using these two specific imaging sequences, nasal airspace
and fluid volumes were quantified using Analyze 7.0 software
(Mayo Clinic, Rochester, MN, USA). A contour encompassing
the nasal passages was drawn and applied to each of the 13
slices of the image. The threshold value when applied to the
contour enabled the quantification of absolute fluid (mm?)
for each slice. A simple subtraction calculation was used to
determine the change in contralateral nasal fluid volume
between baseline and post-challenge time points (mm?).

Statistical analysis

Repeated measures aANova was applied to the data. Compari-
sons between group means were made in the form of differ-
ences and were tested to 95% confidence intervals.

Results

Trigeminal ganglion cell electrophysiology

Sensory afferents supplying the nasal mucosa in the guinea
pigs have their cell bodies located in the trigeminal gan-
glion and therefore it was of interest to investigate the
potency and reversibility of SB-705498 on capsaicin-evoked
responses in this population of isolated trigeminal ganglion
cells. Fluorescent Dil tracer, applied intranasally in vivo
allowed subsequent identification of the isolated ganglionic
cell bodies with afferents terminating in the nasal mucosa.
These fluorescently labelled cells were used in the patch
clamp experiments. Figure 3A shows that 1 uM capsaicin
generated an inward current that was stable over the 60 s
application period. Application of 300nM SB-705498
during the capsaicin response produced almost complete
inhibition that was rapidly reversed upon washout. The
potency of SB-705498 was evaluated in trigeminal ganglion
cell bodies; a single concentration of SB-705498 was evalu-
ated per cell and the data pooled for concentration—
response analysis (multiple concentrations per cell were
not possible because of run-down). The concentration
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Figure 3

SB-705498 inhibits the capsaicin-induced current in nasally inner-
vated guinea pig trigeminal cell bodies. (A) 1 uM capsaicin (black
bar) produced an inward current that was stable over the 60 s
application period. Application of 300 nM SB-705498 during the
capsaicin response (red bar) produced almost complete inhibition
that was rapidly reversed upon washout of SB-705498. (B) Pooled
data generated from similar experiments to those described in A.
Data were fitted with the Hill equation and gave an pIC50 estimate
of 7.2 and a Hill coefficient of 1.47.

response curve generated a pIC50 of 7.2 and Hill coefficient
of 1.47.

In vivo MRI studies
Dose-response to capsaicin and hypertonic saline challenges and
the effect of atropine pretreatment. Figure 4 shows the dose-
response to an ipsilateral nasal capsaicin challenge in the
guinea pig. Fluid secretions observed at 10 min post-capsaicin
challenge on the contralateral nasal passage increased in a
concentration-dependent manner from 0.03 to 1 mM. Sig-
nificance (P < 0.05 compared with capsaicin vehicle chal-
lenge; n = 6) was achieved at 0.3 and 1 mM capsaicin (50 pL).
No significant increases were seen with the vehicle challenge
group. The 0.3 mM capsaicin response was shown to be
completely inhibited by 10 mg-mL™ atropine (Figure 5). All
further studies characterizing the effect of SB-705498 used a
capsaicin challenge concentration/volume of 0.3 mM/50 pL.
The stimulatory effect of hypertonic saline is also shown
in Figure 5. Whereas 0.9% saline was ineffective in producing
a contralateral fluid response (Figure 4), 10% saline induced a
significant increase of approximately 26 mm?®: this response
was inhibited by atropine by over 70%.
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Figure 4

Effect of capsaicin on contralateral fluid secretion. Baseline measure-
ments = pre capsaicin challenge, 10 min data point = 10 min post-
capsaicin ipsilateral challenge. *P < 0.05; compared with vehicle
pretreatment group, n = 7/8 per group. ANovA, with Dunnett’s
follow-up analysis.
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Figure 5

Effect of intranasal atropine on capsaicin and hypertonic saline-
induced nasal secretion. Baseline measurements = pre capsaicin chal-
lenge, 10 min data point = 10 min post 0.3 mM capsaicin ipsilateral
challenge. **P < 0.001; compared with vehicle pretreatment group,
n = 5/8 per group. aNova, with Dunnett’s follow-up analysis.

Effect of oral administration of SB-705498 on capsaicin provoked
nasal secretion. Capsaicin challenge elicited approximately
15 uL of fluid secretion in vehicle control animals. SB-705498
administered orally 1 h prior to challenge inhibited the con-
tralateral response at all doses evaluated in a dose-dependent
manner. At the lowest dose of 3 mg-kg' a non-significant
reduction of ~30% (P < 0.06) was seen whereas at 10 and
30 mg-kg ' approximately 50% (P < 0.05) and 70% (P < 0.001)
reductions were observed, respectively (Figure 6).
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Effect of 1 h pretreatment of oral non-micronized SB-705498 on
capsaicin provoked nasal secretion. Baseline measurements = pre
capsaicin challenge, 10 min data point = 10 min post 0.3 mM cap-
saicin ipsilateral challenge. (*)P = 0.06; *P < 0.05; **P < 0.001 com-
pared with vehicle pretreatment group, n=10/12 per group. ANOVA,
with Dunnett’s follow-up analysis.
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Figure 7

Effect of 1 h pretreatment of intranasal non-micronized SB-705498
on capsaicin provoked nasal secretion. Baseline measurements = pre
capsaicin challenge, 10 min data point = 10 min post 0.3 mM cap-
saicin ipsilateral challenge. (*)P < 0.07; *P < 0.005; ***P < 0.0001;
compared with vehicle pretreatment group, n = 10/12 per group.
ANovA, with Dunnett’s follow-up analysis.

Effects of topical intranasal administration of SB-705498 on
capsaicin-induced nasal secretion. This experiment was con-
ducted to determine whether SB-705498 is effective in inhib-
iting capsaicin-induced responses when delivered as an
intranasal suspension directly to the nasal mucosa. Figure 7
shows that SB-705498 delivered topically in the nose inhib-
ited fluid secretion in a concentration-dependent manner
with approximately 50% inhibition (P < 0.005) obtained at
10 mg-mL™" and 75% inhibition (P < 0.0001) at 30 mg-mL™":
approximately 35% reduction was observed at 1 mg-mL’,
but this was not significant (P < 0.07). It is interesting to
note that the topical bilateral dose of 50 uL of a 10 mg-mL™
suspension equates to a total dose of 0.5 mg of SB-705498
per animal. Equivalent inhibition via the oral route was
obtained with a total dose of approximately 5 mg per animal
when dosed orally (i.e., the 10 mg-kg™" group), suggesting a
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Figure 8

Effect of 1 h pretreatment of intranasal micronized SB-705498 on
capsaicin provoked contralateral nasal fluid secretion. Baseline meas-
urements = pre capsaicin challenge, 10 min data point =10 min post
0.3 mM capsaicin ipsilateral challenge. **P < 0.0005 compared with
vehicle pretreatment group, n = 10/12 per group. anova, with Dun-
nett’s follow-up analysis.

10-fold increase in potency is achieved through the topical
route.

It was of interest to explore whether the intranasal
potency of SB-705498 could be increased further by reducing
the particle size of SB-705498 used in the intranasal suspen-
sion. The effect of micronized SB-705498 intranasal suspen-
sions on capsaicin-induced responses is shown in Figure 8. At
the lowest concentration of 1 mg-mL™" (which given as a
50 pL bilateral dose equates to a 50 ug total dose per animal)
a 50% inhibition of the capsaicin response was observed. This
degree of inhibition was equivalent that seen at 10 mg-mL™
of the non-micronized formulation. Similarly 75% inhibition
was observed at 3 mg-mL™ in the micronized formulation,
which is comparable with the level of inhibition seen at
30 mg-mL™" in the non-micronized formulation. These data
suggest therefore that an additional 10-fold increase in
potency can be achieved by particle reduction of SB-705498
used in the intranasal suspension.

A duration study was conducted to explore the inhibitory
activity of SB-705498 at 24 h after intranasal dosing. Micro-
nized SB-705498 (as a 10 mg-mL™" suspension) was effective
in inhibiting the capsaicin response by 52% (P < 0.001;
Figure 9) Interestingly, non-micronized SB-705498 suspen-
sions showed a trend to inhibition but this was not signifi-
cant again suggesting particle reduction improves the in vivo
efficacy of SB-705498.

Effect of intranasal SB-705498 on the contralateral secretory
response to 10% hypertonic saline challenge. In the clinic,
hypertonic saline is used as a challenge agent to explore
hyper-reactivity of nasal responses in patients with rhinitis
and it has been suggested that this acts as a surrogate for cold
dry air which is a recognized trigger in non-allergic rhinitic
patients (Sanico et al., 1999). In rodent trigeminal ganglion
cells it has been demonstrated that TRPV1 is acutely
up-regulated following exposure to hypertonic media (Chen
et al., 2009). It was of interest, therefore, to explore the phar-
macology of the hypertonic saline challenge in the guinea pig

British Journal of Pharmacology (2013) 169 580-589 585
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Figure 9

Effect of 24 h pretreatment of intranasal non-micronized and micro-
nized SB-705498 on capsaicin provoked contralateral nasal fluid
secretion. Baseline measurements = pre capsaicin challenge, 10 min
data point = 10 min post 0.3 mM capsaicin ipsilateral challenge.
**P < 0.001 compared with vehicle pretreatment group, n=10/12
per group. ANovA, with Dunnett’s follow-up analysis.
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Figure 10

Investigation into the contralateral effects of micronized SB-705498
pretreatment (-1 h) following an ipsilateral challenge with 10%
hypertonic saline. Baseline measurements = Pre-hypertonic saline
(HTS) challenge, 10 min data point = 10 min post HTS ipsilateral
challenge. Pretreatment = micronized suspension of SB-705498 at
10 mg-mL™". *P < 0.005 compared with vehicle pretreatment group,
n = 6 per group. ANovA, with Dunnett’s follow-up analysis.

model to assess whether the hypertonic saline response was
sensitive to inhibition by SB-705498. Figure 10 illustrates the
inhibitory effect of a micronized 10 mg-mL™"' suspension of
SB-705498 on 10% hypertonic saline-induced responses. Ipsi-
lateral challenge with 10% hypertonic saline produced sig-
nificant increases in contralateral fluid (greater than 25 uL);
micronized SB-705498 inhibited this secretory response by
almost 70% (P < 0.005).

Discussion and conclusions

The role of the TRPV1 in rhinitis was investigated in a novel
preclinical guinea pig model. In the nose, stimulation of
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TRPV1 expressing mnasal fibres elicits release of pro-
inflammatory mediators, as well as producing reflex
responses that contribute to rhinitic symptoms such as
sneeze, rhinorrhoea, nasal itch and congestion. Blockade of
the TRPV1 ion channel, which when activated elicits axonal
depolarization leading to sensory neuronal firing, may there-
fore provide a novel approach for modulating symptoms of
rhinitis. In order to validate this mechanism it was necessary
to (i) confirm nasal sensory afferents functionally express
TRPV1 and (ii) develop an animal model that would depict
nasal symptoms that mimic clinical disease manifestation
and be suitable for accurate quantitation of pharmacological
effects.

To explore whether TRPV1 is functionally expressed in
the target tissue (the nasal sensory neurone), we used a
method employing Dil as an in vivo neuronal tracer to label
cell bodies innervating the nasal mucosa in the guinea pig
(Taylor-Clark et al., 2005). The population of fluorescently
labelled cell bodies isolated from the trigeminal ganglion
were targeted for whole-cell patch clamp electrophysiology
and were shown to elicit inward currents in response to
capsaicin that could be rapidly and reversibly inhibited by
the TRPV1 selective antagonist, SB-705498. The potencies of
both capsaicin and SB-705498 in the trigeminal cell bodies
compare closely with values previously reported in cells
recombinantly expressing guinea pig TRPV1 (Gunthorpe
et al., 2007). These data thereby support functional expres-
sion of TRPV1 in nasally innervating sensory neurones.

Studies in guinea pigs where capsaicin was delivered topi-
cally to the nose has been shown to increase nasal airway
resistance and secretions (Asakura ef al., 1994), suggesting
TRPV1 plays a role in mediating rhinitis symptoms. Similarly,
hypertonic saline and cold dry air have also been shown to
cause neurogenic inflammation in the human nose through
activation of nociceptive receptors (Philip etal.,, 1993;
Baraniuk et al., 1999), although in these studies, the TRPV1-
dependency of the responses was not directly demonstrated.
To date, techniques used in the studying of the enhancement
of the neuronal component in rhinitis include rhinomanom-
etry for nasal airway resistance and analysis of constituents
and volumes of secreted fluid. Subjective reporting of symp-
toms has also been used as a measure of the response.

In this paper, we evaluated both capsaicin and hypertonic
saline using MRI techniques, which allowed for highly accu-
rate measurements of nasal secretion and airspace to be meas-
ured through the entire nasal cavity. We have developed a
novel animal model depicting the parasympathetic neuronal
reflex response of the guinea pig nose to intranasal ipsilateral
challenge through absolute quantification of the fluid secre-
tions in the contralateral nasal cavity. Challenge with
0.3 mM capsaicin produced a reproducible fluid response
resulting in approximately 20 uL contralateral fluid secretion,
and inhibition of the fluid response was achieved using
topical atropine pretreatment demonstrating parasympa-
thetic involvement. It is worth noting that in order to
produce a robust model to support our investigations it was
recognized early on that challenging naive guinea pigs with
capsaicin produced a high degree of variability as well as a
reduced total response. In order to reduce this variability and
enhance the total response to capsaicin, it was necessary to
sensitize animals using ovalbumin/aluminium hydroxide,



purely for producing a more robust model. This is the first
demonstration in the guinea pig that nasal secretions in situ
can be used to accurately quantify a parasympathetic reflex
response elicited by a sensory neuronal trigger such as cap-
saicin. In addition, unlike more conventional methodologies
such as filter paper absorbance and rhinomanometry, MRI
has provided a tool that allows in vivo evaluation of nasal
symptoms associated with both secretory and tissue with
unprecedented accuracy that could be translated directly to
the clinic.

The model presented herein describes a capsaicin-evoked
reflex event which measures contralateral fluid secretion via
MRI. The pharmacological profile of SB-705498 currently sup-
ports it as being a selective, potent TRPV1 antagonist
(Gunthorpe et al., 2007) and therefore we are proposing the
mechanism inhibiting the capsaicin-induced secretion is via
suppression of TRPV1 activity of sensory nerves in the ipsi-
lateral nostril. Further evidence for this mechanism could be
explored in future studies by dosing SB-705498 unilaterally
and exploring whether indeed the site of inhibitory action is
the same as the site of capsaicin activation (i.e. at the sensory
nerve site). Independent evaluation of the effect of SB-705498
applied on either the ipsilateral side or the contralateral side
alone prior to ipslateral capsaicin challenge would better elu-
cidate the site of action of topical SB-705498. Muscarinic
receptors are known to mediate the parasympathetic reflex
effects on nasal secretion (Kim and Baraniuk, 2007) and
indeed, atropine was seen to inhibit the secretory response
following capsaicin challenge. However, in vitro pharmaco-
logical profiling of SB-705498 conducted across a commercial
binding receptor screening panel (conducted at CEREP, Celle
I’Evescault, France) showed no appreciable interaction at the
muscarinic receptors M1, M2, M3 and M4 (1 uM screening
concentration yielded 11% or less inhibition of target radio-
ligand binding; data unpublished).

In order to explore the TRPV1-dependency of the
capsaicin-induced intranasal responses in the guinea pig
rhinitis model, SB-705498 was dosed orally to guinea pigs at
doses of 3, 10 and 30 mg-kg™. This dose range and timing of
the capsaicin challenge were chosen based on previous guinea
pig pharmacology in a model of visceral pain (unpublished
GSK data on file) and guinea pig pharmacokinetic data
obtained following oral dosing (Rami efal., 2006). These
studies have confirmed that SB-705498 has a profound inhibi-
tory effect on the parasympathetic responses elicited follow-
ing sensory nerve activation with the TRPV1 agonist,
capsaicin and that the target can be engaged when the antago-
nist is released into the systemic circulation, following oral
administration. More interestingly, the inhibitory effect can
also be achieved after the TRPV1 antagonist is dosed topically,
with a substantial reduction in total dose level required to
elicit an equivalent response. The reduced ‘total body burden’
for SB-705498 after intranasal administration was approxi-
mately 10 times for a conventional suspension of the drug. A
further order of magnitude could be gained by reducing the
particle size of the suspended drug material. The comparison
of the active doses of SB-705498 for different routes and
formulations highlights the following: (i) considering the
good oral bioavailability of SB-705498 in guinea pig (data not
shown), it is highly unlikely the superior in vivo potency
observed for the intranasal route is due to increased systemic

The role of TRPV1 in nasal secretion

exposure to the TRPV1 antagonist over the oral route through
direct absorption into the bloodstream; (ii) the accessibility to
the target/biophase in the nasal tissue is key to the in vivo
efficacy and particle size reduced material showed enhanced
efficacy because of the faster in situ dissolution, successfully
competing with mucociliary clearance. The data suggest a
reduction in dose to achieve a 50% inhibition from 5 mg per
animal, when given by the oral route, to 50 ug per animal
when micronized and delivered topically. Topical application
in a clinical setting would provide a useful alternative to
systemic treatments in part because of the established risk of
hyperthermia in subjects treated with TRPV1 antagonists
(Gavva et al., 2007; Krarup et al., 2011; Round et al., 2011). In
preclinical species such as mouse, rat, dogs and monkeys
moderate body temperature increases of 0.5-1.5°C have been
reported where (Gavva et al., 2007): these are mostly transient
in nature and in some instances subsequent acute exposure
may show no perturbation in core temperature (Gavva et al.,
2007). In this current study, topical administration of
SB-705498 at 30 mg-mL™" resulted in no measurable increase
in core temperature as measured by a simple rectal probe
technique (data not shown): A previous study with orally
administered SB-705498 in guinea pig showed no effect on
subcutaneous body temperature at 10 mg-kg™ and up to 0.6
and 0.8°C degree increases at 30 and 100 mg-kg™, respectively
(unpublished data). From our limited studies it would appear
therefore that reducing the systemic dose through targeting
local administration in the nose can limit the risks associated
with potential hyperthermia.

The effect of a low topical dose of a solution formulation
of SB-705498 on capsaicin challenge were recently reported
by Alenmyr et al. (2012) in patients with seasonal allergic
rhinitis. Here, a dose approximating 0.2 mg, delivered by
nasal lavage, inhibited the nasal pain and heat sensation
elicited by a 5 mM capsaicin spray applied 2 min after the
SB-705498. In contrast, this low dose was ineffective in reduc-
ing the sensation of nasal secretion. Duration of action of the
effect of this SB-705498 formulation was not measured in this
clinical study. To compare this study with the guinea pig
study in this report, proportionally higher doses of SB-705498
were dosed at 1 h prior to capsaicin challenge and effects of
the volume of nasal secretion were measured objectively via
MRI.

One of the most appealing aspects of the investigation
completed on SB-705498 is its extended duration of action in
the MRI model after intranasal administration. A long lasting
effect is a particularly challenging goal for the intranasal
route, especially when the active compound is presented as a
suspension, as the mucociliary clearance is a highly efficient
mechanism that rapidly removes undissolved particles from
the site of administration. Moreover, the electrophysiology
data obtained at the TRPV1 receptor suggests a rapid on-off
rate, consistent with previous recombinant cell assays (data
not shown), thus suggesting the long duration of action
cannot be explained in terms of favourable receptor kinetics.
Therefore, a plausible explanation for the effects observed is
that SB-705498 rapidly dissolves in the nasal fluid, readily
penetrates into the nasal turbinate tissue (hypothesis sup-
ported by the high in vitro permeability measured for the
compound in an Madin-Darbey canine kidney assay, data
not shown), where it is retained for several hours by virtue of
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its lipophilicity/tissue affinity, which did not translate in the
in vivo state. This long duration of action of SB-705498 seen
in the nose of the guinea pig may therefore be in part asso-
ciated with the clearance mechanisms required for a suspen-
sion that is mucocilliary and or absorption through the
mucosal epithelium.

In addition to its inhibitory action on capsaicin-induced
neuronal responses, SB-705498 was also effective in inhibit-
ing fluid secretory responses to 10% hypertonic saline, dem-
onstrating that TRPV1 plays a major role in hypertonic saline
responses in vivo. Capsaicin-induced currents have previously
been reported to be potentiated by changes in tonicity in rat
isolated trigeminal ganglion cells, which was associated with
increases in TRPV1 immunolocalization in the plasma mem-
brane strongly implicating TRPV1 regulation by changes in
osmolarity (Liu ef al., 2007). Thus, the findings in guinea pig
described herein further suggest a functional role for TRPV1
in mediating neuronal responses to changes in local tonicity
such as occurring in nasal mucosa of cold dry air sensitive
non-allergic rhinitics (Cruz et al., 2006). The clinical utility of
a TRPV1 antagonist in patients with rhinitis is therefore of
interest. Given the clinical finding that TRPV1 antagonists
can cause hyperthermia and alternation in thermal sensation
in skin in humans following oral dosing (Gavva et al., 2008;
Krarup et al., 2011; Rowbotham et al., 2011), localizing the
antagonist to the target site of the nasal mucosa and substan-
tially reducing systemic exposure is of key importance in
developing an effective and safe therapy for rhinitis. The
guinea pig pharmacology presented here showed that topi-
cally applied, micronized SB-705498 substantially reduced
the total dose required for inhibition of nasal secretory
responses. In conclusion, we suggest that TRPV1 plays a key
role in guinea pig nasal secretory responses to capsaicin and
hypertonic saline.
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