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AIMS
Laser (radiant-heat) evoked potentials (LEPs) from vertex-EEG peak-to-peak (PtP)
amplitude were used to determine acute antinociceptive/antihyperalgesic effi-
cacy of ABT-102, a novel TRPV1 antagonist efficacious in preclinical pain models,
compared with active controls and placebo in normal and UVB-inflamed skin.

METHODS
This was a randomized, placebo- and active-controlled, double-blind,
intra-individual, crossover trial. Twenty-four healthy subjects received six
sequences of single doses of ABT-102 (0.5, 2, 6 mg), etoricoxib 90 mg, tramadol
100 mg and placebo. Painful stimuli were induced by CO2-laser on normal and
UVB-inflamed skin. LEPs and visual analogue scale (VAS-pain) ratings were taken
at baseline and hourly up to 8 h post-dose from both skin types.

RESULTS
Compared with placebo, significant mean decreases in the primary variable of
LEP PtP-amplitude from UVB-inflamed skin were observed with ABT-102 6 mg (P
< 0.001), ABT-102 2 mg (P = 0.002), tramadol 100 mg (P < 0.001), and etoricoxib
90 mg (P = 0.001) over the 8 h period; ABT-102 0.5 mg was similar to placebo.
ABT-102 6 mg was superior to active controls over the 8 h period (P < 0.05)
whereas ABT-102 2 mg was comparable. Improvements in VAS scores compared
with placebo were observed with ABT-102 6 mg (P < 0.001) and ABT-102 2 mg
(P = 0.002). ABT-102 average plasma concentrations were 1.3, 4.4 and 9.4 ng ml-1

for the 0.5, 2 and 6 mg doses, respectively. There were no clinically significant
safety findings.

CONCLUSIONS
TRPV-1 antagonism appears promising in the management of clinical pain, but
requires further investigation.

WHAT IS ALREADY KNOWN ABOUT
THIS SUBJECT
• ABT-102, a novel TRPV1 antagonist, has

demonstrated efficacy in several preclinical
models of pain. Laser (radiant-heat) evoked
potential amplitudes and pain visual
analogue scales, approved in numerous past
algesimetric studies, were used to evaluate
the antinociceptive and antihyperalgesic
effects of ABT-102 compared with placebo
and two active controls in normal and
UVB-inflamed skin.

WHAT THIS STUDY ADDS
• The results obtained using this model

indicated that ABT-102 was well tolerated
and dose-dependently efficacious in
reducing both thermal hyperalgesia and
non-hyperalgesic pain. The algesimetric
model showed reproducibility and
confirmed its suitability in a small number
of normal healthy subjects.
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Introduction

One of the greatest unmet needs in pain management
exists in the treatment of moderate to severe chronic noci-
ceptive pain [1]. Non-steroidal anti-inflammatory drugs
(NSAIDs) have only modest effects on moderate to moder-
ately severe pain and the treatment success of these
agents is often limited by gastrointestinal and/or cardio-
vascular effects [2, 3]. The use of opioids, while effective in
the management of moderate to severe pain, is compli-
cated by gastrointestinal tolerability and sedation [4], as
well as by concerns regarding tolerance and abuse poten-
tial [5–8]. New, effective, oral analgesics with acceptable
safety profiles are truly needed.

Transient receptor potential vanilloid type 1 (TRPV1)
receptors are activated in association with inflammation
and other conditions in both acute and chronic nocicep-
tive pain [9]. In addition to being found in all sensory
ganglia, TRPV1 is expressed in the central nervous system,
including certain regions of the brain. TRPV1 agonists
include capsaicin and its functional analogues, low extra-
cellular pH and heat > 43°C (for review see [10]). ABT-102 is
a TRPV1 receptor antagonist, representing a novel mecha-
nism of action for the treatment of nociceptive pain [11,
12]. ABT-102 has demonstrated efficacy in pre-clinical
models of acute and chronic nociceptive pain of both
cancer and non-cancer aetiology [13].

Measurements of pain in clinical studies typically
employ self-reported rating scales such as the visual ana-
logue scale (VAS).However,more quantitative electrophysi-
ological measures of brain activity in cortical regions that
process painful stimuli and integrate and interpret pain
have been established [14–16].Laser (radiant-heat) evoked
potentials (LEPs) are a neurophysiological way to measure
the central nervous system projection of pain pathways and
the integration into pain perception after CO2 laser-induced
activation of thinly myelinated cutaneous nociceptors.
After repeated stimuli to the skin, evoked potentials can be
recorded from the vertex position by electroencephalo-
graphic (EEG) surface electrodes after filtering and averag-
ing. The amplitude of the peak-to-peak (PtP) waveform
increases with the perceived intensity of experimentally
induced acute pain, and known analgesics have been
shown to reduce the PtP-amplitude (for review see [17]).

Here we report the results of a study conducted in
healthy human subjects investigating the antinociceptive
and antihyperalgesic effects of different ABT-102 doses, a
partial opioid receptor agonist (tramadol), a COX-2 inhibi-
tor (etoricoxib) and placebo in a model of experimentally
induced pain. Mild to moderate pain was induced by
repeated CO2 laser stimulation to ultraviolet (UVB)-
irradiated/-inflamed skin and to normal skin. A correlate of
perceived pain was measured by LEP amplitudes detected
by vertex-EEG, and retrospective VAS pain scores were reg-
istered after each LEP session. ABT-102 pharmacokinetics
(PK) were also characterized during the course of the trial.

Methods

Study design
This was a phase 1, single dose, randomized, double-blind,
placebo- and active-controlled, six period, intra-individual
complete crossover study carried out at a single centre in
Germany.The study was conducted in accordance with the
International Conference on Harmonization (ICH) guide-
line for Good Clinical Practice (GCP). Ethics committee
approval (Bavarian Chamber of Physicians, Munich,
Germany) and signed informed consent forms were
obtained prior to any study procedures. Receptor nomen-
clature in this report conforms to the 5th edition of the
British Journal of Pharmacology Guide to Receptors and
Channels [18].

The primary study objective was to compare the effi-
cacy of single doses of ABT-102 (0.5, 2 and 6 mg), tramadol
and etoricoxib with placebo in healthy subjects with mild
to moderate pain stimuli. The ABT-102 doses in this study
were selected to provide exposure levels comparable with
those evaluated in other clinical trials [19, 20]. These levels
were predicted to be efficacious based on experiments in
preclinical models of pain [13].

A schematic of the study design and treatment
sequences is presented in Figure 1. The duration of the
study was approximately 9 weeks. A screening visit 2 to
14 days prior to the first dose of study drug was conducted
to determine subject eligibility. Eligible subjects then
returned for a total of six assessment periods. Subjects
were randomized in an equal number to one of six treat-
ment sequences of single doses of ABT-102 (0.5, 2 and
6 mg), tramadol 100 mg, etoricoxib 90 mg and placebo,
applying a Williams design [21]. The randomization sched-
ule was produced by the Department of Statistics at
Abbott. Safety follow-up was conducted at the end of the
last assessment period.

The crossover study, planned with a total of 24 subjects,
was to detect a treatment difference at a two-sided 5%
significance level with a statistical power of 80%, if the true
difference of the target variable between the treatment
groups was 1.6 amplitude units (mV).This was based on the
assumption that the within-subject standard deviation of
the response variable was 5.6 mV. The crossover design of
this study comparing multiple regimens provides within-
subject comparisons thus increasing the statistical power.
Additionally, the randomized treatment sequences
provide well-controlled comparisons of the regimens. The
7 day washout period between doses was considered suf-
ficient to prevent drug carryover.

Subjects
Healthy males 18 to 60 years of age with a body mass index
(BMI) �18.0 kg m–2 and �29.0 k m–2 were eligible to par-
ticipate in the study. Subjects were excluded if they had
widespread acne, tattoos, scars or any pathogenic derma-
tological conditions at the sites for UV and laser exposures
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on the back. Subjects were also excluded if they had aller-
gies to any of the reference drugs, components of the
study drug or drug administration vehicle, required regular
use of medications, had used investigational drugs or
drugs that induce cytochrome P450 3A4-induced metabo-
lism within 1 month of study start, or had any clinically
significant findings or medical history that precluded the
subject from participating. Subjects were prohibited from
using topical drugs or cosmetics on the sites for laser and
UV exposures and were to refrain from sunbathing from
2 weeks prior to the first dose until the end of the study.

Study procedures
The timing of procedures and assessments relative to
study drug administration for each assessment period is
illustrated in Figure 2. UV irradiation (UVB 290 to 320 nm
wave length) was applied at the screening visit in ascend-
ing doses (corresponding to different irradiation times) to
six different small areas of skin on the back to determine
the individual minimum dose of UVB that produced the

first clearly discernible erythema. The two-fold individual
minimal erythema dose (MED) of UVB was applied to skin
on the back to produce a homogeneous area of skin
erythema and hyperalgesia 2 h prior to study drug
administration at each medication period. The UVB-
treated area was large enough (5 ¥ 5 cm) to perform
repeated laser stimulations at varying locations on each
assessment day. Two ‘wind-up’ or kindling laser stimula-
tion sessions on UVB-treated skin were performed prior
to study drug administration to enhance hyperalgesia
development.

ABT-102 and matching placebo were provided as oral
solutions. Commercial formulations of 50 mg tramadol
capsules (Aliud Pharma) and 90 mg etoricoxib tablets
(MSD, Merck, Sharp & Dohme) were utilized. Placebos for
tramadol and etoricoxib were manufactured by the
sponsor. A designated, unblinded member of the clinical
site staff not involved with any other aspects of trial
conduct prepared the study drug solution according to
protocol-specified instructions.

Treatment sequences:
1:  0.5 mg → PBO → 2 mg → Etor → 6 mg → Tram
2:  2 mg → 0.5 mg → 6 mg → PBO → Tram → Etor
3:  6 mg → 2 mg → Tram → 0.5 mg → Etor → PBO
4:  Tram → 6 mg → Etor → 2 mg → PBO → 0.5 mg
5:  Etor → Tram → PBO → 6 mg → 0.5 mg → 2 mg
6:  PBO → Etor → 0.5 mg → Tram → 2 mg → 6 mg

Safety follow-up
at the end of

period 7

7 days washout between
evaluation days

Randomization and
First treatment

sequence

Screening visit
• Eligibility criteria
• Screening procedures
• UV minimal erythema
 dose determined

Period 2

2 to 14 days

Period  3 Period 7Period 4 …

Figure 1
Study design. 0.5 mg, 2 mg and 6 mg = dose of ABT-102; Etor = etoricoxib; PBO = placebo; Tram = tramadol

DischargeStudy drug
administration 

Time 
(h)

Confinement (~14 h)

−3:00 −2:00−2:05 −1:00 −0:15−2:25 4 5 6 7 8 102 310

Safety assessments
Equipment preparation

UVB exposure 
start

LEP
Warm-up 

LEP∗

VAS∗ LEP on UV-area
(Wind-up 1 and 2)∗

∗

Figure 2
Procedure timing relative to study drug administration. LEP = laser evoked potential; UVB = ultraviolet burn; VAS = visual analogue scale. *, Baseline
assessment; �, LEP and VAS on normal and UVB-irritated skin; •, Pharmacokinetic sampling; �, Skin reflection spectrometry measurement
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Each dose of study drug was taken orally after a stand-
ard breakfast. As the tramadol and etoricoxib placebos
were not precisely identical to their corresponding active
drugs, subjects were blindfolded for dosing. To maintain
further the blind, subjects were not allowed to handle
placebo capsules or tablets, and swallowed them directly
from a dispensing cup. ABT-102 and placebo were admin-
istered with approximately 100 ml of Ensure Plus® (Abbott
Laboratories), a commercial nutritional supplement prima-
rily consisting of water, corn maltodextrin, sugar, milk
protein concentrate, canola oil, corn oil and soy protein
isolate [22]. This was followed by another 100 ml of Ensure
Plus in the same container to recover any residual study
drug. Ensure Plus was selected to mask taste differences
between placebo and ABT-102.This method of administra-
tion was utilized in prior clinical trials of ABT-102 [19, 23].
Tramadol capsules, etoricoxib tablets and corresponding
placebos were taken with 100 ml of tap water.

Pain was induced by repeated CO2 laser stimuli (Pulsed
CO2-Laser, SYNRAD infrared gas LASER model E48-/- 26W,
SYNRAD Inc., North Bothell,WA, USA) to normal skin and to
the UVB-inflamed skin at specific times after study drug
administration.The normal skin evaluation was always per-
formed first in each daily session sequence.The areas of UV
and normal skin were randomly switched between the left
and right sides of the back in each medication period, with
UV exposure always occurring contralateral to the normal
skin condition. The six UVB sites were separated by der-
matomes. Subjects were asked to perform a pursuit track-
ing task on a computer screen to stabilize/standardize
vigilance while distracting from the painful laser stimuli
and avoiding expectancy. A binaurally presented 80 dBA
‘white’ noise provided additional vigilance stabilization
and masked acoustical cues.

Nociceptive processing was measured via LEP from
vertex-EEG as PtP-amplitude as well as the single N2 and
P2 components of the online LEPs averaging 12 artifact-
free, Gaussian-phase-free-filtered vertex-EEG sections
sampled with a digitization rate of 512 Hz after randomly
presented laser stimuli, stepping aside by 2 to 3 mm after
each stimulus, with a random inter-stimulus interval
between 4 and 8 s and a stimulus duration of 60ms each
using a beam diameter of 1.5 mm. Individual laser pain
thresholds were determined at screening. Stimulus inten-
sity was adjusted to 50% above pain threshold and kept
constant throughout the entire study periods for each
subject. LEP measurements from normal skin and
UV-erythema were taken at baseline and 1, 2, 3, 4, 5, 6, 7 and
8 h post-dose (Figure 2), equivalent in timing to 3, 4, 5, 6, 7,
8, 9, and 10 h post ‘acute’ UVB-irradiation in the morning of
the main assessment days. The acute UV-irradiation para-
digm evokes pathophysiological conditions, which are
similar to ‘acute’ clinical pain (e.g., post-operative, post-
traumatic states) with ongoing development of hyperalge-
sia and inflammation. Additionally, a self-reported paper
and pencil 100 mm VAS was completed by the subjects

immediately after each LEP session to assess the subjective
overall pain estimate. To evaluate the anti-inflammatory
effect of ABT-102, tramadol and etoricoxib, UV erythema
intensity was measured by skin reflection spectrometry
(Spectro 100® device, Instrument Systems, Munich,
Germany) using Lab-system for redness definition
(a-value).

Physical examinations, vital signs, ECGs and clinical
laboratory evaluations (including tests of liver function)
were performed in each period. Body temperature (aural),
respiration rate, sitting blood pressure, and pulse rate were
measured at screening, prior to dosing, at 1, 2, 3, 4, 5, 6, 7, 8
and 10 h post-dose, and prior to discharge from the study
centre. Adverse events were assessed as reported through-
out the study.

Pharmacokinetics
Blood samples for PK characterization of ABT-102 plasma
concentrations were collected prior to dosing and at 1, 2, 4,
6, 8 and 10 h after dosing. The blood samples were col-
lected via an indwelling cannula in 4 ml evacuated potas-
sium ethylenediaminetetraacetic acid (EDTA)–containing
collection tubes. The samples were centrifuged within
30 min of collection using a refrigerated centrifuge to
separate the plasma. The plasma samples were frozen
within 1 h after collection and maintained at -20°C or
colder. Plasma concentrations of ABT-102 were deter-
mined using a validated liquid chromatography method
with tandem mass spectrometric detection at Abbott
Laboratories (Abbott Park, IL, USA). A highly sensitive bio-
analytical method was utilized in the present study. This
method has been previously published and the reader is
referred to this publication for details on bioanalysis [24].
The lower limit of quantitation (LLOQ) was established at
0.011 ng ml-1 using a 300 ml plasma sample. The in-study
calibration contained nine standards ranging from 0.011
to 12.2 ng ml-1. All calibration curves had correlation coef-
ficient values greater than or equal to 0.996.Samples quan-
tified above the highest standard were diluted with blank
plasma and re-assayed. Samples quantified below the
lowest standard were reported as zero. In-study quality
control samples demonstrated that the inter-run variabil-
ity (% CV) ranged from 1.7 to 7.9% and the mean bias
ranged from -3.3 to 2.6%.

ABT-102 maximum observed plasma concentration
(Cmax) and time to Cmax (tmax), area under the curve from
time 0 to 10 h post-dose (AUC0-10) and average plasma
concentration (Cave) during the 10 h of measurement were
estimated using non-compartmental analysis. The non-
compartmental analysis was conducted using WinNonlin
Professional software (Version 5.2; Pharsight Corporation,
Mountain View, CA, USA).

Statistical analysis
The primary efficacy variable was the averaged (artifact-
free) LEP PtP-amplitude from vertex-EEG leads after
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repeated CO2-laser stimulation of UVB-inflamed skin. The
secondary variables were LEP PtP-amplitude after
repeated CO2-laser stimulation of normal skin, LEP N2 and
P2 amplitudes after repeated CO2 laser stimulation of
normal and UVB-inflamed skin,VAS pain scores on repeated
CO2-laser stimulation of both skin conditions and the
a-value of UV-erythema (CIE Lab-system). For LEP, VAS and
UV-erythema intensity variables, a linear mixed effects
model was employed.The model had fixed effects for base-
line value (pre-dose measurement on normal skin for each
period), sequence, time post-dose, treatment, period, inter-
action of treatment and time post-dose and interaction of
period and time post-dose.

For the variance/covariance structure, compound sym-
metry was assumed within a period. Variances were
assumed to be the same in all periods, but correlation of
measurements in different periods was allowed to be
smaller than the correlation of measurements within a
period. For LEP and VAS variables, within the framework of
the model, the hypothesis of no interaction between tra-
madol and placebo with time of measurement was tested
at a significance level of 0.05. If this hypothesis was not
rejected, the hypothesis of no difference between trama-
dol and placebo main effects was tested at level 0.05.
Assuming that the performance of tramadol was satisfac-
tory, the hypothesis of no difference between the highest
ABT-102 dose and placebo was tested in the same way as
for the comparison of tramadol and placebo. As judged
appropriate from the results of these tests, additional
tests for other pair-wise comparisons of treatments were
performed.

All subjects who took at least one dose of study drug
were included in the safety analyses. Adverse events were
coded using the Medical Dictionary for Regulatory Activi-
ties (MedDRA) version 10.1 [25] and were tabulated by
System Organ Class and MedDRA preferred term with a
breakdown by treatment. Laboratory test values, vital sign
measurements and ECG interval values that were poten-
tially clinically significant according to predefined criteria
were identified and listed separately. A linear mixed effects
model like that described for the LEP variables was used for
vital signs. Within the framework of the model, tests were
performed to explore the possibility of effects of ABT-102
dose levels.

Results

Subjects
The 24 randomized subjects were healthy Caucasian
males, Fitzpatrick skin type II through IV. The mean [stand-
ard deviation (SD)] age was 38.1 (6.65) years, mean (SD)
body weight was 83.7 (8.61) kg and mean (SD) BMI was
25.2 (2.2) kg m–2. All subjects completed all periods of the
study.

Efficacy
Table 1 contains results over time for PtP-amplitude and
VAS pain scores by treatment group and the mean differ-
ences from placebo over the 8 h period with associated
95% CIs. PtP-amplitude and VAS pain scores are presented
graphically in Figures 3 and 4, respectively. Results for N2
and P2 amplitude changes for each treatment compared
with placebo are presented in Table 2.

The statistic for the test on sequence effect was not
significant for any variable, with a P value of 0.60 for the
primary variable, with the smallest P value being 0.171 for
the VAS pain score in normal skin. The statistical model
accounted for any period effects, including the interaction
of period with time post-dose. However, the statistics for
these effects were not significant at the 0.10 level for any
variable except redness in UVB-inflamed skin, for which the
statistics for both the interaction of period and time
post-dose and for the period main effect (pertaining to
the average over the several times) were significant at
P < 0.001.

Primary efficacy variable: LEP PtP-amplitude reductions in
UVB-inflamed skin Results for the averaged (artifact-free)
LEP PtP-amplitude from vertex-EEG leads after repeated
CO2-laser stimulation of hyperalgesic UVB-inflamed skin are
presented in Figure 3B. PtP-amplitude increased over time
with placebo due to both increasing inflammation and the
kindling effect of repeated laser sessions. For the primary
outcome measure, statistically significant effects com-
pared with placebo were observed with ABT-102 6 mg (P <
0.001), ABT-102 2 mg (P = 0.002), tramadol 100 mg (P <
0.001) and etoricoxib 90 mg (P = 0.001) for the average
reduction in PtP-amplitude over 8 h. The peak effect of
ABT-102 6 mg occurred at 2 to 3 h, consistent with time of
maximum plasma exposure (Table 3). ABT-102 6 mg was
more effective than placebo in reducing PtP-amplitude at
all post-administration time points from 1 to 8 h. ABT-102
6 mg was superior to both active comparators over the 8 h
period (P < 0.05). ABT-102 2 mg was comparable in effect
with both active controls, whereas ABT-102 0.5 mg was
similar to placebo.

Secondary efficacy variable: LEP PtP-amplitude reductions
in normal skin LEP PtP results over time on normal, non-
hyperalgesic skin are presented in Figure 3A. In contrast to
UVB-inflamed skin, no relevant development of hyperalge-
sia was observed in PtP-amplitude in normal skin after
repeated CO2-laser stimulation. ABT-102 6 mg, ABT-102
2 mg and tramadol 100 mg demonstrated a statistically
significant reduction in PtP-amplitude compared with
placebo over 8 h (all P < 0.001). ABT-102 6 mg was signifi-
cantly more effective compared with both tramadol
100 mg (P < 0.05) and etoricoxib 90 mg (P < 0.001) for the
average PtP reduction over 8 h post-dose.Etoricoxib 90 mg
and ABT-102 0.5 mg exhibited placebo-like effects.
Etoricoxib was statistically superior to placebo only in
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UVB-inflamed skin. Placebo treatment values were rela-
tively constant over time, thus demonstrating no circadian
rhythm or habituation to repeated laser sessions over the
daily time course.

Secondary efficacy variables: LEP single N2 and P2 com-
ponent amplitudes in both skin types The results of the
single LEP-components (N2, P2) for UVB and normal skin
supported the major findings for the overall PtP ampli-
tudes in both skin types. As a sign of hyperalgesia they
generally demonstrated higher amplitudes for the irritated
UVB-inflamed skin than seen in the normal skin condition.
Both skin sites obviously showed a higher amplitude
reduction in the earlier N2 vs. the later appearing P2 ampli-
tude, especially for the highest ABT-102 dose (6 mg,
Table 2).

Secondary efficacy variable: VAS pain scores in normal
skin In contrast to UV-exposed skin, the VAS pain scores
rose only slightly but continuously over 8 h in the normal

skin upon repeated CO2-laser stimulation (Figure 4A). In
normal, non-hyperalgesic skin, ABT-102 6 mg, ABT-102
2 mg and tramadol 100 mg showed significant improve-
ment compared with placebo for the average post-dose
reduction over 8 h (all P < 0.001). ABT-102 6 mg was
numerically better than tramadol 100 mg at all time points
and was significantly better than etoricoxib 90 mg for the
average post-dose reduction over 8 h (P < 0.001) in normal
skin. The effect of ABT-102 2 mg was significant compared
with etoricoxib in the average VAS pain scores over the 8 h
period (P = 0.004) and comparable with tramadol 100 mg.
The effect of ABT-102 0.5 mg was similar to the effects of
placebo and etoricoxib.

Secondary efficacy measure: VAS pain scores in UVB-
inflamed skin The VAS pain scores increased much more
steeply in UVB-inflamed skin upon repeated CO2-laser
stimulation vs. non-UV-exposed (normal) skin (Figure 4B).
ABT-102 6 mg prevented this increase for at least 3 h
after intake. Over 8 h ABT-102 6 mg and 2 mg showed
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significant improvements in VAS pain scores compared
with placebo for the average post-dose reduction over 8 h
(P < 0.001 and P = 0.002, respectively). ABT-102 6 mg dem-
onstrated a significant decrease in VAS pain score com-
pared with tramadol 100 mg (P = 0.005) and etoricoxib
90 mg (P < 0.001) for the average post-dose reduction over
8 h.Both tramadol 100 mg (P = 0.002) and etoricoxib 90 mg
(P = 0.019) were superior to placebo for the average post-
dose reduction over 8 h. ABT-102 2 mg was comparable
with the active controls, while ABT-102 0.5 mg was similar
to placebo.

Evaluation of skin redness in UVB-inflamed skin With
respect to skin redness measured by reflection spectrom-
etry (a-value of Lab-system), all doses of ABT-102 and
tramadol 100 mg demonstrated negligible differences
compared with placebo. Etoricoxib 90 mg had a significant
attenuating effect compared with placebo on skin redness
for the average post-dose reduction over 6 h (P = 0.001).

Pharmacokinetics
The PK parameters characterizing ABT-102 exposure
during the course of the experiment are reported in
Table 3. The time of ABT-102 maximum plasma exposure
(tmax) was 2 to 3 h on average in the current study. As the
dose increased from 0.5 to 6 mg, ABT-102 maximum con-
centration increased from 2.1 to 14.9 ng ml-1 and the
average concentration increased from 1.3 to 9.4 ng ml-1.
The variability in ABT-102 exposure was modest (%CV less
than 30% for Cmax and AUC).

Safety
There were no serious adverse events and all treatment-
emergent adverse events were mild in severity. Twenty of
24 (83%) participants reported at least one treatment-
emergent adverse event. The most frequently reported
adverse event in subjects taking ABT-102 was feeling cold,
reported by 10 subjects (42%) in the 6 mg group and six
subjects (25%) in the 2 mg group. There was a transient

Table 2
LEP N2 and P2 component amplitude changes compared with placebo in UVB-inflamed and normal skin

Time post-dose (h) Average over the 8 h
period (95% CI)1 2 3 4 5 6 7 8

N2 amplitude: UVB-inflamed skin (LS means, mV)

ABT-102 0.5 mg -0.81 -1.02 -1.26 -1.69 -2.05 -0.90 -1.27 -0.99 -1.25 (-2.72, 0.22)

ABT-102 2 mg -3.00+ -3.92** -4.18** -3.79** -1.96 -1.23 0.70 -0.14 -2.19+ (-3.67, -0.71)

ABT-102 6 mg -2.69+ -6.91** -6.96** -6.52** -6.44** -5.40** -2.70+ -3.23+ -5.11** (-5.11, -6.58)

Tramadol 100 mg 0.06 -1.70 -2.12 -2.49+ -3.27+ -3.36+ -2.75+ -1.85 -2.19+ (-3.66, -0.71)

Etoricoxib 90 mg 1.14 -2.78+ -3.24+ -3.23+ -3.88** -2.68+ -1.59 -0.42 -2.08+ (-3.55, -0.61)
N2 amplitude: normal skin (LS means, mV)
ABT-102 0.5 mg -0.15 -1.98 -2.26 -0.81 -0.58 -0.04 -0.75 -2.06 -1.08 (-2.49, 0.33)
ABT-102 2 mg -1.66 -3.20+ -3.50+ -4.26** -3.80** -2.62+ -4.58** -4.28** -3.49** (-4.91, -2.07)
ABT-102 6 mg -0.61 -4.48** -4.60** -6.16** -5.59** -3.24+ -4.24** -5.16** -4.26** (-5.67, 2.85)
Tramadol 100 mg 0.80 -1.04 -1.51 -3.45+ -3.31+ 3.18+ -3.19+ 4.84** -2.46** (-3.88, -1.05)
Etoricoxib 90 mg 1.05 -0.36 0.07 1.83 0.10 0.42 -0.67 -1.44 0.12 (-1.29, 1.53)

P2 amplitude: UVB-inflamed skin (LS means, mV)

ABT-102 0.5 mg -0.08 0.40 -1.58 -2.47+ 0.32 -1.00 0.40 -0.64 -0.58 (-1.88, 0.72)

ABT-102 2 mg -2.00 -1.73 -2.90+ -3.44+ -1.58 -0.93 -0.59 -0.31 -1.69+ (-2.98, -0.39)

ABT-102 6 mg -1.75 -5.24** -5.63** -6.39** -3.45+ -2.74+ -1.45 -3.02+ -3.71** (-5.01, -2.41)

Tramadol 100 mg -0.01 -2.93+ -2.57+ -4.41** -2.80+ -2.53+ -1.50 -1.87 -2.33** (-3.63, -1.02)

Etoricoxib 90 mg 1.24 -1.69 -3.80** -3.69** -2.69+ -4.06** -1.45 -0.50 -2.08** (-3.38, -0.78)
P2 amplitude: normal skin (LS means, mV)
ABT-102 0.5 mg -0.34 -0.44 -0.97 0.11 0.77 -0.01 -1.49 0.80 -0.19 (-1.53, 1.14)
ABT-102 2 mg -1.59 -2.62+ -2.82+ -2.32* -2.18+ -2.16 -3.42+ -0.54 -2.21** (-3.54, -0.87)
ABT-102 6 mg -1.62 -2.84+ -4.35** -4.33** -3.62** -2.47+ -3.65** -1.91 -3.10** (-4.44, -1.76)
Tramadol 100 mg -0.05 -1.48 -1.95 -2.15 -2.36+ -2.72+ -4.14** -0.82 -1.96** (-3.30, -0.61)
Etoricoxib 90 mg 1.59 -0.86 -1.22 0.73 -0.10 -1.06 -1.70 0.34 -0.29 (-1.62, 1.05)

Statistically significant values in bold type; +P � 0.05 vs. placebo; **P � 0.001 vs. placebo. LS, least-squares; LEP, laser evoked potential; UVB, ultraviolet burn.

Table 3
ABT-102 pharmacokinetic parameters (mean � SD) during the course of
the experiment

Pharmacokinetic parameters
(Units)

ABT-102 dose
0.5 mg 2 mg 6 mg

n 24 24 24
tmax (h) 2.2 � 0.7 2.2 � 0.6 2.8 � 1.0

Cmax (ng*hr ml-1) 2.1 � 0.6 7.0 � 1.7 14.9 � 4.3
Cave (ng*hr ml-1) 1.3 � 0.3 4.4 � 1.0 9.4 � 2.5

AUC0-10 (ng*hr ml-1) 13.0 � 3.4 44.1 � 10.3 93.9 � 25.1

AUC0-10, area under the plasma concentration–time curve from time 0 to 10 h
post-dose; Cave, average plasma concentration; Cmax, maximum observed plasma
concentration; tmax, time to maximum observed plasma concentration.
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dose-dependent effect on temperature compared with
placebo (range 0.1 to 0.9°C). In the ABT-102 dose groups,
body temperature ranged from 35.9°C (ABT-102 2 mg) to
38.1°C (ABT-102 6 mg), compared with a range of 35.6°C to
37.7°C in subjects taking placebo. No clinically significant
changes were observed in liver function tests, or any other
laboratory, vital sign or ECG parameter. No subject left the
study prematurely due to an adverse event.

Discussion

This study investigated the efficacy of ABT-102 vs. placebo
and the active comparators tramadol and etoricoxib in an
experimental model of acute pain.ABT-102 was effective at
two dose levels (2 mg and 6 mg) in reducing evoked pain
in normal human subjects as assessed by the primary effi-
cacy variable of LEP PtP-amplitude reduction in CO2-laser
(radiant-heat) stimulated UVB-inflamed skin. These two
dose levels of ABT-102 were also effective in normal non-
inflamed skin although to a lesser extent, as expected from
the particular role of TRPV1 in inflammatory thermal
hyperalgesia [26, 27]. The effects of ABT-102 were clearly
dose-dependent in both skin types. Comparable effects
were observed in secondary LEP endpoints (single N2 and
P2 component amplitudes). A smaller increase over hours
in VAS pain scores was demonstrated with repeated CO2-
laser stimulation in normal skin, while the effect over time
was consequently more pronounced in UVB-inflamed skin
with ongoing hyperalgesia development. Clear dose–
responses in VAS pain score reduction in UVB-inflamed and
normal skin were also observed with ABT-102 treatment.
Of note, ABT-102 6 mg was superior to tramadol 100 mg
and etoricoxib 90 mg in UVB-inflamed skin as measured by
both LEP and VAS score. Etoricoxib was the only agent that
demonstrated a statistically significant effect on erythema
intensity compared with placebo, due to its anti-
inflammatory properties that ABT-102 and tramadol do
not possess.

Drug effects in reducing processing of both
nociceptive/algesic and hyperalgesic stimuli were consist-
ent when measured by LEP and VAS pain score. Addition-
ally, the time course of observed drug effects was
consistent with the plasma exposure tmax for ABT-102 (~2 to
3 h post-dose, Table 3), tramadol (~2 h post-dose) [28] and
etoricoxib (~1 h post-dose) [29]. With active treatment, an
earlier and greater magnitude of reduction was observed
with the electrophysiological measure than with the sub-
jective VAS pain assessment. This was indicated by smaller
P values observed in the target variable when comparing
PtP amplitudes vs. VAS pain with regard to placebo on the
basis of the average of all eight LEP post-administration
session time points in UVB-inflamed skin for all five active
treatments. The effect size estimate was correspondingly
larger in the PtP amplitudes for all five active treatments.

The rank order of efficacy of the drugs was identical in
the PtP amplitude and VAS outcome measures. The only
discrepancy between LEP amplitudes and VAS scores over
time was that the latter rose continuously in normal skin
(under placebo, etoricoxib, and ABT-102 0.5 mg) while the
former remained relatively constant, close to the pre-dose
level. However, the effective analgesic drugs and doses
(tramadol, ABT-102 2 mg and 6 mg) reduced or prevented
this apparent increase in laser-induced pain ratings on
normal skin. The design of the present study only allows
speculation regarding the underlying cause of the discrep-
ancy between LEP and VAS in non-hyperalgesic skin. The
LEP is a measurable byproduct of cortical pain processing.
Its amplitude correlates best with the subjective VAS score,
which correlates well with the physical stimulus intensity
[30, 31]. Cumbrousness and aversiveness (i.e. the affective
attitude towards the painful stimuli) are not known to
affect LEP amplitude, while it is conceivable that the VAS
ratings are influenced by negative emotions accumulating
during a long, boring day in the laboratory.

The use of etoricoxib and tramadol in the UVB-inflamed
skin and normal skin conditions served to validate the
algesimetric model. The rationale for the introduction of
the acute UV-irradiation paradigm (2 h pre-dosing) with
developing erythema and hyperalgesia vs. a steady-state
one is explained in the Methods section. In CO2-laser stimu-
lated UVB-inflamed skin there is thermal hyperalgesia and
up-regulation of TRPV1 receptor functions [32–34]. Under
these conditions, etoricoxib 90 mg was effective in reduc-
ing PtP-amplitude, consistent with published anti-
hyperalgesic effects [17,35]. In CO2-laser stimulated normal
skin, where no inflammation would be expected, etori-
coxib 90 mg was ineffective and placebo-like data were
achieved. Tramadol was effective in both skin conditions,
consistent with its opioid-like general analgesic mecha-
nism of action. One can therefore conclude that the reduc-
tions in PtP-amplitude and VAS pain score observed in this
experimental pain model are drug-specific and related to
their mechanism of action.

ABT-102 exposure from the solution formulation
increased dose-proportionally when administered under
fed conditions [19]. In the present study, ABT-102 plasma
exposure increased with dose in the 0.5 to 6 mg single dose
range and the increase in exposure appeared to be less than
dose-proportional (12-fold increase in dose resulted in
7-fold increase in exposure; Table 3). ABT-102 is a low solu-
bility high permeability drug, the bioavailability of which
increases with food with some formulations [23].Therefore,
administration of ABT-102 solution formulation following a
10 h fast in the present study is most likely responsible for
the less than dose-proportional increase in exposure.
Detailed reports of exposure–response analyses of the effi-
cacy endpoints from the present study are warranted.

As typically seen with this class of compound, there was
a dose-dependent increase in body temperature, with no
increases above 39°C. The safety profile of ABT-102 differs
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from that of MK-2295, another TRPV1 antagonist. Adminis-
tration of MK-2295 showed an increase in heat pain thresh-
old that remained after participants stopped taking the
drug [36]. In the current study, heat pain threshold changes
were observed with exposure levels but were transient and
not associated with a permanent effect, consistent with
trials investigating ABT-102 effects on thermosensory
function [20].The overall evidence suggests that the safety
profiles of agents in this class vary depending on the indi-
vidual compound under investigation.

ABT-102 was safe and generally well tolerated by sub-
jects in this study. Confirmation of the detected ABT-102
antinociceptive and antihyperalgesic effect magnitude
and its link to clinical relevance in analgesia can be drawn
secondarily from a former meta-analytical approach, sum-
marizing past studies with known clinically effective stand-
ard analgesics (e.g. from NSAID and opiate types) [17, 35].
In particular, the strong thermal antihyperalgesic effects
may be beneficial in certain clinical pain conditions,
because it has been demonstrated that the heat thresh-
olds of TRPV1 (in cultured sensory neurons) as well as of
cutaneous nociceptors can drop and remain below body
temperature, if inflammation is mimicked by bradykinin
application [37–39]. This is likely one reason why wounds,
fractures, sprain and strain traumata and other sub-acute
inflammatory conditions cause ongoing pain and why
patients obtain benefit from cooling. In this way, the TRPV1
antagonist may mimic the analgesic effect of an ice pack
without the risk of inducing cold pain.

The attrition of compounds in phase 2/3 of pharmaceu-
tical development has an intense negative effect on phar-
maceutical R&D productivity [40]. Attempts to minimize
attrition are therefore imperative when planning how best
to utilize available resources in pharmaceutical develop-
ment. Applying methods to evaluate reliably the potential
of drug candidates early in development is one way to
enhance R&D output. As exemplified in this study, the LEP
methodology is reproducible and can be used in a rela-
tively small number of healthy subjects.

In conclusion, the collective results obtained using this
model support the efficacy of ABT-102 for treatment of
hyperalgesia and nociceptive pain. Further investigation is
warranted to characterize the treatment effects of ABT-102
in the management of acute and chronic clinical pain.
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