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What is already known about this subject
• Capsaicin rapidly produces local neurogenic inflammation

(characterized by oedema and erythema) when locally
administered to the human skin by binding to the TRPV1
receptor present on dermal sensory nerve endings.

• In nonhuman primates, a pharmacodynamic assay has
been described and validated using capsaicin-induced
dermal vasodilation measured by laser Doppler perfusion
imaging to assess calcitonin gene-related peptide
antagonist activity.

• Laser Doppler perfusion imaging has also been shown to
be a reliable method for characterizing microvascular
changes in the human skin.

What this study adds
• Capsaicin induces a reproducible within-subject arm-to-arm

increase in dermal blood flow (DBF) when applied to the
human skin.

• This is the first study to describe a non-invasive
pharmacodynamic model in humans using capsaicin-induced
neurogenic inflammation and allowing repeated, reproducible
measurements of DBF to be performed.

• This model might therefore be utilized in the early clinical
evaluation of antagonists of putative mediators involved in
capsaicin-induced dermal vasodilation.
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Aims
Part I: to establish the dose and appropriate application site of capsaicin on the human
forearm in order to produce a robust and reproducible dermal blood flow (DBF)
response. Part II: to evaluate the within-subject arm-to-arm and period-to-period
reproducibility.

Methods
Both parts consisted of two study visits. In part I, placebo and 100, 300 and 1000 mg
capsaicin were applied at four predefined sites on the volar surface of both forearms.
Placebo and capsaicin doses were randomized and balanced by site between subjects.
Changes in DBF were assessed by laser Doppler perfusion imaging up to 60 min after
capsaicin application. In part II, only 1000 mg capsaicin was applied on the proximal
forearm and changes in DBF assessed up to 30 min (t30). DBF response was expressed
as percent change from baseline � SD and the corresponding AUC0-30. Reproducibility
assessment included calculation of the concordance correlation coefficient (CCC).

Results
Part I (n = 12 subjects): compared with placebo, 300 and 1000 mg capsaicin increased
DBF (P < 0.05) at all time points except at 10 min. This increase was reproducible at
the two most proximal sites from the 30-min time point onwards when compared
between arms (CCC � 0.8, i.e. substantial to almost perfect reproducibility). In part II
(n = 11), t30 averaged 390 � 120% and arm-to-arm reproducibility was almost perfect
(CCC = 0.91) for AUC0-30.

Conclusions
Capsaicin induces a reproducible within-subject arm-to-arm increase in DBF. We
provide a non-invasive pharmacodynamic model in humans to test antagonists of
mediators involved in capsaicin-induced dermal vasodilation, including calcitonin
gene-related peptide antagonists.
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Introduction
Capsaicin is a vanilloid responsible for the pungent taste
of hot peppers. Högyes was the first to state that the
pungent and irritant nature of capsaicin is mediated by
sensory nerves [1, 2]. This was confirmed in the second
half of the 20th century mainly by the work of Hungar-
ian scientists [3]. More recently, it has emerged that the
selectivity of capsaicin for the thin afferent neurons
of mammalian species is due to the existence of the
transient receptor potential vanilloid type 1 receptor
(TRPV1) [4–8]. This receptor is expressed on a sub-
population of primary sensory neurons consisting of Ad-
and C-fibre nociceptors. Binding of capsaicin to the
TRPV1 receptor provokes an inward nonselective cat-
ionic current depolarizing the neuron [5, 9]. This activa-
tion results in the release of bioactive substances, which
in turn act on target cells in the surrounding tissue
including mast cells, immune cells and vascular smooth
muscle cells. The resulting response is characterized by
redness and warmth (secondary to vasodilation), swell-
ing (secondary to plasma extravasation) and hypersensi-
tivity (secondary to alterations in the excitability of
primary sensory neurons). Collectively, this response is
referred to as ‘neurogenic inflammation’ [10].

Capsaicin has been used extensively in human pain
models to induce experimental pain [11–13]. When cap-
saicin is locally administered to the human skin, by
topical application or intradermal injection, it rapidly
produces local neurogenic inflammation by binding to
the TRPV1 receptor present on sensory nerve endings in
the skin [10, 14]. Most evidence indicates that the
release of calcitonin gene-related peptide (CGRP) is a
major initiator of this response [15, 16]. Other putative
bioactive mediators are substance P (SP), neurokinin
(NK) A, somatostatin, nitric oxide (NO), histamine and
prostaglandins, although their role in capsaicin-induced
neurogenic inflammation in the normal human skin is
less well established [17–21]

Capsaicin-induced neurogenic inflammation shows
striking similarities with the neurogenic inflammation of
the trigeminovascular system, which is thought to be of
central importance during a migraine attack [22]. The
cranial release of CGRP, for example, is suggested to be
pivotal in the pathogenesis of migraine, as confirmed by
the fact that the CGRP receptor antagonist BIBN4096BS
is efficacious in the treatment of migraine [23]. It is
tempting to speculate that capsaicin-induced dermal
neurogenic inflammation might serve as a model for
neurogenic inflammation elsewhere in the body. There-
fore, a better knowledge of the cascade of antidromic
effects of dermal sensory neuron stimulation may
improve our understanding of the pathophysiology of

migraine and the ways to prevent and/or abort a migraine
attack.

Helme et al. extensively studied the dermal neuro-
genic inflammation that occurs after the topical applica-
tion of capsaicin onto the human skin. They assessed
both the size of the flare response (i.e. erythema due to
an increase in blood flow) and allodynia (i.e. hypersen-
sitivity to heat and touch) [10]. The advent of an X-Y
scanning laser probe now allows a more reliable method
for characterizing the microvascular changes leading to
the flare reaction [24]. Laser Doppler perfusion imaging
has been used to study the influence of topically applied
capsaicin on blood flow responses in the human skin
[25]. Furthermore, Hershey et al. used topical applica-
tion of capsaicin on the skin of nonhuman primates and
rats to stimulate CGRP-mediated vasodilation, which
was measured by laser Doppler perfusion imaging [26].
They have also demonstrated that this capsaicin-induced
vasodilation is inhibited by a novel potent and selective
CGRP antagonist, thus validating a non-invasive phar-
macodynamic assay in animals that provides a rapid
evaluation of CGRP antagonists.

The overall aim of the present study was to evaluate
whether this pharmacodynamic model could be trans-
lated in healthy volunteers which would allow rapid
and objective readouts of CGRP antagonist activity
directly in the human species itself. In order to develop
a useful model for human studies, we first needed to
address two major issues, for which we designed a
two-part study.

In the first part, we identified the dose of capsaicin
needed to produce a robust and reproducible dermal
blood flow (DBF) response after topical application to
the human forearm. Simultaneously, the influence of the
forearm location on the capsaicin response was assessed.

In the second part, the within-subject arm-to-arm and
period-to-period reproducibility of the forearm DBF
response to capsaicin were evaluated using the optimal
dose of capsaicin and the most appropriate forearm loca-
tion as assessed in part I. In addition, different ways of
expressing the DBF response were compared and
sample size calculations performed.

Methods
Subjects
After approval by the ethics committee of the University
Hospital, written informed consent was obtained from
all subjects during a screening visit. Twelve men were
recruited for participation in the first part of the study; 21
in the second part. All subjects were caucasian, non-
smoking, healthy men between 18 and 45 years of age.
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Study design
Subjects were instructed to abstain from any drugs
during 3 days and from chocolate-, alcohol- and
caffeine-containing beverages and food during 12 h pre-
ceding each study period. Both study parts (part I and
part II) were open-label and consisted of two periods
separated by at least 1 week. Subjects fasted for at least
4 h before each study period. All measurements were
performed while the subjects rested in a semirecumbent
position on a comfortable bed in a quiet, temperature-
controlled room (ambient temperature of 24 � 1°C).

During each period, 10-mm rubber O-rings
(McMaster-Carr, New Brunswick, NJ, USA; 8 mm inner
diameter) were placed onto the skin at four equally
spaced sites on the volar surface of both forearms. The
rings were positioned so that their distal edges were 10,
14, 18 and 22 cm proximal to the wrist crease, within
approximately 1 cm of the midline and avoiding visible
veins. The proximal ring (i.e. closest to the antecubital
crease) is referred to as site 1, the distal ring (i.e. closest
to the wrist crease) as site 4. After placement of the
O-rings, a laser Doppler imager was used to obtain base-
line scans of the DBF in the areas defined by the rings.
Subsequently, these O-rings served as reservoirs to
contain the topically applied 20-ml capsaicin or placebo
solutions.

Capsaicin powder was obtained from Sigma-Aldrich
N.V. (Bornem, Belgium) and was dissolved in a 3 : 3 : 4
mixture of ethanol 100%, Tween-20 and distilled water.
Capsaicin was diluted so that 20 ml of the mixture con-
tained 100, 300 or 1000 mg capsaicin. The placebo solu-
tion corresponded to the same 3 : 3 : 4 mixture of ethanol
100%, Tween-20 and distilled water without capsaicin.

Part I: dose finding and assessment of the influence of
the forearm location
After obtaining baseline scans, subjects received single
topical doses of 100, 300 and 1000 mg capsaicin per
20 ml vehicle and placebo (i.e. 20 ml of vehicle) in the
four rings at each forearm. Applications were random-
ized and balanced by site between the different subjects.
Each subject received the same treatment on the left and
right forearms and during both study periods. The time
course of the blood flow response to each dose of
capsaicin/placebo was measured by performing laser
Doppler scans of the area within each ring at 10, 20, 30,
45 and 60 min postcapsaicin application.

Part II: within-subject arm-to-arm and period-to-period
reproducibility
After obtaining baseline scans, subjects received on both
forearms a topical dose of 1000 mg capsaicin per 20 ml

vehicle in the two proximal O-rings; placebo in the two
distal O-rings. Subsequently, laser Doppler scans were
performed at 10, 20 and 30 min postcapsaicin applica-
tion. Only subjects with an increase in forearm blood
flow from baseline of �100% in both proximal sites of
both arms and during both study periods were allowed to
participate. If this DBF increase threshold was not
attained, subjects were excluded from the study.

Assessment of forearm DBF response to capsaicin
The skin perfusion of the test sites, i.e. the region delim-
ited by the rubber O-rings, was mapped using a High
Resolution Laser Doppler Perfusion Imager (HR-LDPI
system, PeriScan PIM II®; Perimed, Järfälla, Sweden).
With the X-Y scanning laser probe, laser Doppler per-
fusion imaging allows two-dimensional mapping of the
blood flow variability over an extended skin surface. The
method is noncontact, the laser beam being controlled
by the computer-controlled rotation of a mirror about
two perpendicular axes. The red light of a 633-nm
helium-neon laser penetrates the skin variably to a depth
of about 0.6 mm. The vasculature within these layers
comprises vessels of variable size, orientation and func-
tion. For this reason, it is not meaningful to express the
cutaneous flow in absolute terms, but rather as arbitrary
‘perfusion units’. The estimation of the average skin
perfusion at the test sites was based on the measurement
of perfusion values of approximately 60 individual sam-
pling sites. These calculations were performed using
the built-in statistical function of the HR-LDPI
system (LDPIwin; Perimed). The methodology is fully
described by Fullerton et al. [24].

Data analysis and statistics
The change in DBF in response to capsaicin was
expressed as the percent change from baseline. At each
time point the mean of observations with the 90% two-
sided confidence interval (CI) is given. In addition, a
paired Student’s t-test was performed to compare the
DBF percent change from baseline to placebo.

In part I of the study, we first calculated the means of
the DBF responses in both arms and during both periods
for every dose of capsaicin or placebo, at each time point
regardless of the site of application on the forearm. A
second analysis was made in which the means of the
increases in DBF in both arms and periods were assessed
at each site tested for each dose of capsaicin or placebo.
For each subject, the DBF percent change from baseline
was then compared between both arms (i.e. arm-to-arm
reproducibility) and between both study periods (i.e.
period-to-period reproducibility). To assess the test–
retest reproducibility of the DBF increase, the Bradley–

B. J. Van der Schueren et al.

582 64:5 Br J Clin Pharmacol



Blackwood procedure, which corresponds to the graph-
ical method of Altman and Bland, was used [27, 28].
Practically, the individual means of the increases of DBF
for each dose, at each time point and test site were
plotted vs. the individual differences in DBF response
between the right and left forearm (arm-to-arm repro-
ducibility) or first and second study period (period-to-
period reproducibility). For the arm-to-arm comparison,
the observations from the first and second study periods
were used, whereas for the period-to-period comparison,
the observations from both arms were included in the
analysis. Using the Bradley–Blackwood procedure, we
then tested site-by-site whether at any given time point
the regression coefficient of this regression analysis was
significantly different from zero. A regression coefficient
significantly different from zero suggests that the test–
retest reproducibility or model assumptions may be vio-
lated. The Bradley–Blackwood test was performed at the
0.05 significance level. As an exploratory assessment for
test–retest reproducibility, the concordance correlation
coefficient (CCC) was calculated for each time point and
each site [29–31]. A CCC value closer to 1 indicates a
more reproducible response.

In part II of the study, only subjects with an increase
in forearm blood flow from baseline of �100% (i.e.
responders) in both proximal sites of both arms and
during both study periods were included. The means of
the DBF percent change from baseline were calculated
for the two proximal test sites (i.e. the rings containing
the 1000 mg capsaicin dose) and for the two distal test
sites (i.e. the rings containing placebo). As in part I, the
observations from the first and second study periods
were used for the arm-to-arm comparison, whereas for
the period-to-period comparison the observations from
both arms were included in the analysis. In addition, the
area under the curve of the percent change from baseline
up to 30 min after capsaicin application (AUC0-30) was
calculated as a summary measure. To assess test–retest
reproducibility, the mean difference and the repeatability
coefficient (RC), i.e. 1.96 times the SD of the differ-
ences, were calculated according to Bland and Altman
[32]. Second, the mean within-subject coefficient of
variation (WCV) was calculated by dividing the within-
subject SD by the mean and expressing it as a percent-
age. The within-subject SD was calculated as the square
root of the residual mean square using two-way analysis
of variance (anova) [33]. A two-sided 95% CI was
calculated for the mean difference and WCV. Finally, the
CCC was calculated.

Sample size calculations for a paired study design
with continuous response measures were performed
using the mean response of periods 1 and 2 and the SD

of the difference in response between period 1 and
period 2 and between the dominant and nondominant
arm [34]. Sample sizes required to detect a predeter-
mined difference of 10, 20 and 50% in DBF response
between treatment periods and arms given a type I error
probability (a) of 0.05 and a power of 80% were calcu-
lated. P < 0.05 was considered statistically significant.

Results
Capsaicin application was well tolerated by all subjects
in both study parts and no adverse events of note were
reported. In most subjects, capsaicin provoked a local
flare and stinging sensation that disappeared within
2–6 h after application. Two subjects experienced a
stinging sensation at the exact spot of capsaicin applica-
tion whilst asleep, whereas another healthy volunteer
noted an aggravation of the residual stinging whilst
taking a hot bath.

Part I: dose finding and assessment of the influence of
the forearm location
The study was completed successfully by all 12 subjects.
Mean � SD (range) for age, weight and height was
24 � 3 years (20–30), 81 � 12 kg (67–115) and 184 �
7 cm (169–196), respectively.

When calculating the means of the DBF responses in
both arms and during both periods for each dose of
capsaicin or placebo, at each time point regardless of the
site of application on the forearm, a gradual increase of
the DBF after both the 300 mg and 1000 mg capsaicin
applications became apparent (Figure 1A). This increase
was statistically significant compared with placebo at all
time points except at 10 min postdose. The 100 mg dose
failed to increase DBF significantly at any time point.

Data were also analysed as a function of the forearm
location for each dose of capsaicin or placebo. At all
time points and at all sites, the 100 mg dose failed to
raise DBF compared with placebo (data not shown). At
the 300 mg dose, only site 1 (i.e. most proximal) dem-
onstrated a significant increase compared with placebo
at every time point except the 10-min time point
(Figure 1B). At the 1000 mg dose, sites 1, 2 and 4
showed significant increases of DBF compared with
placebo, again at all time points except at 10 min
(Figure 1C).

Test–retest reproducibility was assessed by site from
arm-to-arm and from period-to-period using the
Bradley–Blackwood test (Table 1). Apart from site 4, no
sites violated arm-to-arm or period-to-period test–retest
reproducibility from 30 min onwards. One exception
was site 2, for which the period-to-period reproducibility
was violated at 60 min postdose.

Capsaicin-induced neurogenic inflammation in the human skin
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Figure 1
(A) Dermal blood flow (DBF) response (percent change from baseline) after application of placebo (�), 100 mg (�), 300 mg (�) and 1000 mg (�)

capsaicin. The mean of the DBF responses in both arms and during both periods for each dose of capsaicin or placebo was calculated for each

subject. Number of subjects = 12, number of observations per dose/placebo = 48. *P < 0.05; **P < 0.001 (paired Student’s t-test comparing the

percent change from baseline to placebo). Data are mean of observations � 90% confidence interval (CI). (B) DBF response (difference from

placebo in the percent change from baseline) after application of 300 mg capsaicin. The mean of the DBF responses in both arms and during both

periods was calculated for each subject. Site 1 is most proximal; site 4 most distal. Number of subjects receiving 300 mg capsaicin at given site = 3,

number of observations per site = 12. *P < 0.05; **P < 0.001 (paired Student’s t-test comparing the percent change from baseline to placebo). Data

are mean of observations � 90% CI. (C) DBF response (difference from placebo in the percent change from baseline) after application of 1000 mg

capsaicin. The mean of the DBF responses in both arms and during both periods was calculated for each subject. Site 1 is most proximal; site 4 most

distal. Number of subjects receiving 1000 mg capsaicin at given site = 3, number of observations per site = 12. *P < 0.05; **P < 0.001 (paired

Student’s t-test comparing the percent change from baseline to placebo). Data are mean of observations � 90% CI. Site 1 (�); site 2 (�);

site 3 (�); site 4 ( )
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The CCC showed substantial to almost perfect
strength-of-agreement for test–retest arm-to-arm DBF
measurements at the 30-min time point at sites 1 and 2.
The test–retest period-to-period reproducibility was
moderate for the same sites at the same time point
(Table 1).

Part II: within-subject arm-to-arm and period-to-period
reproducibility
Of the 21 subjects enrolled in part II, 10 nonresponders
were excluded from further analysis (i.e. the increase in
forearm blood flow was <100% in one of the proximal
sites during one of the two study periods). The data of

the 11 remaining subjects were included in the repro-
ducibility analysis. Mean � SD (range) for age, weight
and height of these 11 subjects was 25 � 5 years (20–
37), 81 � 7 kg (69–91) and 182 � 5 cm (174–192),
respectively.

The gradual increase in the DBF after 1000 mg capsai-
cin application is shown by arm pooled over periods
(Figure 2A) and by period pooled over arms (Figure 2B).
This increase was statistically significant compared with
placebo at all time points. However, the increase in the
DBF was not significantly different when comparing the
same time points between arms or periods.

Results for the reproducibility analyses of DBF
responses are given in Table 2. The test–retest reproduc-
ibility was better from arm-to-arm than when compared
from period-to-period. This is reflected by the CCC for
arm-to-arm test–retest reproducibility, which varies
from moderate for DBF expressed at t30 to almost perfect
for DBF expressed as AUC0-30. As a consequence,
a smaller number of subjects was needed to detect a
predetermined shift in DBF response between arms
than between periods.

Discussion
The present study convincingly demonstrates that the
increase in DBF following capsaicin application is
adequately reproducible at the proximal forearm when
the DBF response is sufficiently robust (i.e. defined as
�100% increase from baseline). The procedure was well
tolerated and no adverse events of note were reported.

Exploration of the skin microcirculation by laser
Doppler technology has often been considered poorly
reproducible [35]. However, the introduction of laser
Doppler perfusion imagers that allow the quasi-
simultaneous measurement of skin blood flow at a very
large number of points, thus allowing the ‘averaging out’
of spatial variations encountered within the explored
area, has improved the reproducibility of this technique
considerably [24, 36, 37]. Clear guidelines for the mea-
surement of DBF by laser Doppler perfusion imaging
are now available and it has become a regularly used
technique for assessing mean cutaneous blood flow of
both normal and irritated forearm skin [24].

Data from the first part of this study revealed a dose-
dependent capsaicin-induced increase in DBF. At the
1000 mg capsaicin dose, a robust and reproducible
response was present in both proximal sites at the
30-min time point. The maximum response occurred
between 30 and 45 min after capsaicin application, with
a clear decline at the 60-min time point. The transient
nature of the capsaicin-induced vasodilation has also
been seen in rats, rabbits and rhesus monkeys and may

Table 1
Test–retest reproducibility for dermal blood flow response
by site

Site
Time,
min

Arm-to-arm
reproducibility

Period-to-period
reproducibility

P-value* CCC P-value CCC

1 10 < 0.001 0.269 0.0005 0.190
20 0.0360 0.766 0.7684 0.697
30 0.2117 0.804 0.8034 0.780
45 0.4483 0.790 0.7481 0.859
60 0.9618 0.760 0.4384 0.715

2 10 0.0692 0.355 0.0244 0.215
20 0.2384 0.951 0.0009 0.836
30 0.2479 0.887 0.1039 0.714
45 0.4876 0.932 0.4859 0.376
60 0.1515 0.797 0.0431 0.344

3 10 0.4623 0.163 0.4421 0.423
20 0.0025 0.325 0.0006 0.163
30 0.1137 0.513 0.3259 0.117
45 0.0552 0.372 0.5679 0.408
60 0.1548 0.490 0.1614 0.245

4 10 0.0448 0.236 0.1160 0.050
20 0.0056 0.073 0.0001 0.367
30 0.0028 0.623 0.0220 0.644
45 0.0048 0.808 0.8164 0.720
60 0.4062 0.951 0.3193 0.788

Number of subjects = 12, number of observations = 48.
The proximal ring (i.e. closest to the antecubital crease) is
referred to as site 1, the distal ring (i.e. closest to the wrist
crease) as site 4. *Based on Bradley–Blackwood test:
P < 0.05 indicates evidence of unequal means or unequal
variances from right arm to left arm or from period 1 to
period 2. CCC, Concordance correlation coefficient indicat-
ing strength of agreement; CCC > 0.9, almost perfect; CCC
0.8–0.9, substantial; CCC 0.65–0.8, moderate; CCC
< 0.65, poor.
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be attributed to the half-life and depletion of the endog-
enous mediators and/or the desensitization of the
TRPV1 receptor [26, 38, 39].

Data from the first part of this study clearly indicated
that, compared with the more distal sites, the two proxi-
mal sites of the human forearm showed the most repro-
ducible and robust responses to capsaicin. This regional
variation in response has also been seen in a study in
humans using transdermal iontophoretic application of
acetylcholine to induce vasodilation in the forearm skin
[36]. The reasons for this regional variation remain
uncertain. Heterogeneity in the density and function of
the capsaicin-sensitive nociceptive nerve endings as well
as of the dermal microcirculation seem the most plau-
sible explanations. In addition, the transdermal trans-
fer of the capsaicin-containing solution might differ
between the proximal and the distal forearm due to
differences in skin thickness. Whatever the explanation,
the results indicate the importance of clearly defining
application sites and of using the same sites on dif-
ferent occasions if one wishes to optimize the test–retest
reproducibility of the DBF response.

From the first part of the study, it became apparent
that although overall DBF increased significantly after
both the 300 mg and 1000 mg capsaicin applications,
there were large interindividual differences.

In a large percentage of the volunteers, DBF failed to
increase by >100% when compared with baseline, even
at the 1000 mg capsaicin dose. Helme et al. have exten-
sively investigated the wide variation in size and inten-
sity of the capsaicin-induced flare response. They found
that the major factors in flare response were body site
and age, though they also emphasized that one must be
guarded in the interpretation because of the large
number of variables involved [10]. Gazerani et al.
recently found the capsaicin-induced sensory and vaso-
motor responses were also gender specific [40]. As our
aim in the present study was to produce a robust and
reproducible DBF response, we chose to include males
only and decided, in part II of the study, to select only
men with a DBF increase from baseline of �100% fol-
lowing capsaicin application. This decision was based
on our findings in part I, which suggested that in this
way reproducibility would further increase.

In part II, we chose to report the mean difference and
RC [32], the WCV [33] and the CCC [29–31] to char-
acterize the test–retest reproducibility of the DBF
response to capsaicin application. Comparing reproduc-
ibility data between studies is often a daunting experi-
ence, as various measures of reproducibility are reported
in medical literature and measurement protocols often
differ between studies. The majority of studies that used
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Figure 2
(A) Dermal blood flow (DBF) response (percent change

from baseline) after application of placebo and 1000 mg

capsaicin. The mean of the DBF responses at the capsaicin

or placebo application sites during both study periods was calculated.

Number of subjects = 11, number of observations = 44. D, Dominant

arm; ND, nondominant arm. Data are mean of observations � 90%

confidence interval (CI). Placebo D (�); Placebo ND (�); 1000 mg

capsaicin D (�); 1000 mg capsaicin ND (�). (B) DBF response

(percent change from baseline) after application of placebo and

1000 mg capsaicin. The mean of the DBF responses at the

capsaicin or placebo application sites in both arms was calculated.

Number of subjects = 11, number of observations = 44. P1, Period 1;

P2, period 2. Data are mean of observations � 90% CI. Placebo P1

(�); Placebo P2 (�); 1000 mg capsaicin P1 (�); 1000 mg

capsaicin P2 (�)
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laser Doppler perfusion imaging and for which repro-
ducibility data are available assessed the DBF response
to acetylcholine and sodium nitroprusside [41–43].
These studies differ strongly in design, population and
even drug administration, which makes comparison
of reproducibility with our current study rather mean-
ingless. Furthermore, there is general lack of detailed
information on the exact conditions under which repro-
ducibility was tested in most of these studies.

In our study we used the AUC0-30 as a summary
measure. The use of summary measures to analyse serial
measurements is a useful and simple tool in medical
research [44]. Summary measurements are considered to
be more clinically relevant than data obtained on dis-
crete points in time and allow the presentation of a
response over time as a single value. It is also believed
that the use of summary measures may reduce variability
and thus increase reproducibility. In the present study,
reproducibility of the summary response AUC0-30 was
not consistently better compared with reproducibility of
the single time point measure t30. This is in agreement
with previous findings of our group [45]. Here the use of
the AUC as a summary measure accurately accentuates
the inferiority of period-to-period compared with arm-
to-arm reproducibility.

In rats and rabbits, CGRP has been identified as one of
the major mediators of capsaicin-induced vasodilation
[46, 47]. This was confirmed by Hershey et al., who
developed and validated a non-invasive pharmacody-
namic model using capsaicin in rats and nonhuman pri-
mates to assess CGRP antagonist activity in vivo [26].
They demonstrated that capsaicin induces dose- and
time-dependent vasodilation that could be readily

detected and quantified by laser Doppler perfusion
imaging. They also showed that a CGRP antagonist
inhibited the capsaicin-induced increase in DBF, but at
doses that were different between rhesus monkeys and
rats. This difference in inhibitory dose serves as an illus-
tration of the molecular differences in CGRP receptor
pharmacology between species and was one of the prime
motives for the translation of this model for CGRP
release to the human species itself.

In addition to CGRP, capsaicin-sensitive nociceptors
in the skin contain a number of other mediators that
might play a role in capsaicin-induced vasodilation. The
involvement of SP in capsaicin-induced vasodilation has
been proven in several animal species [16, 48]. In the
human skin, SP has been shown to induce vasodilation in
the absence of neuropeptide-induced activation of noci-
ceptors [49]. However, there is as yet no conclusive
evidence for the involvement of SP in capsaicin-induced
vasodilation in the human skin [17, 50]. Additionally,
there are, to our knowledge, no reports on the influence
of NK1 receptor antagonists on capsaicin-induced flare
in vivo in humans. The putative role of proinflammatory
prostaglandins and NO in capsaicin-induced neurogenic
inflammation also remains a much debated issue [21,
51, 52]. Therefore, further characterization and under-
standing of the (patho)physiological process following
dermal capsaicin application is warranted.

The pathophysiology of migraine is complex and
incompletely understood, but vasodilation of cranial
blood vessels and the activation of the trigeminal vascu-
lar system probably play a significant role [53]. Obser-
vations in animal and human studies suggest that CGRP,
released from perivascular nerve terminals, is a key

Table 2
Test–retest reproducibility of dermal blood flow (DBF) response and sample size calculations

DBF
response

Test–retest
reproducibility

Mean difference
(95% CI) RC

WCV (%)
(95% CI) CCC

Sample size
10% shift

Sample size
20% shift

Sample size
50% shift

t30 Period-to-period 49 (-19.6, 118.0) 307 28 (19, 38) 0.40 129 34 7
(%) Arm-to-arm 36 (-85.4, 14.4) 223 21 (14, 27) 0.68 69 19 5
AUC0-30 Period-to-period 1119 (-239, 2476) 6058 43 (30, 57) 0.33 297 76 14
(% min-1) Arm-to-arm 139 (-340, 619) 2140 15 (11, 20) 0.91 39 11 4

Number of subjects = 11, number of observations = 44, the mean DBF response in the two proximal rings was used in the
test–retest analysis. Test–retest period-to-period and arm-to-arm reproducibility data for DBF response expressed as percent
change from baseline at 30 min (t30) and as the area under the curve of the percent change from baseline (AUC0-30). RC,
Repeatability coefficient; WCV, within-subject coefficient of variation; CCC, concordance correlation coefficient; 95% CI, 95%
two-sided confidence interval.
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player involved in the activation of the trigeminovascu-
lar system. Therefore, inhibition of CGRP-driven patho-
physiological processes may yield a novel therapeutic
approach in migraine, as confirmed by the experience
with BIBN4096BS, the first highly selective and potent
CGRP receptor antagonist proven to be efficacious in the
acute treatment of migraine headache [23]. Given the
species-dependent affinity of CGRP receptor antagonists
for the CGRP receptor [26], different pharmacodynamic
assays have been developed in several clinically relevant
animal models to predict the efficacy of CGRP receptor
antagonists in vivo. One of our primary goals was to
develop a non-invasive pharmacodynamic model in
healthy volunteers to provide a rapid assessment of
CGRP antagonist activity and/or CGRP release inhibi-
tion in humans. Nevertheless, depending on the further
characterization of the dermal capsaicin response, the
model might also be of value when studying drugs that
influence SP, prostaglandins or NO release.

Although we are fully aware of the gender-specific
response to capsaicin, we used our model solely in male
healthy volunteers on account of standardization con-
cerns [40]. Future gender-specific investigations using
capsaicin-induced neurogenic inflammation could
nevertheless greatly improve our understanding of
gender-related (patho)physiological processes, such
as migraine-related trigeminal sensitization. Finally, it
should be noted that no pharmacodynamic model,
including that presented here, completely mimics the
pathophysiological processes one wants to study. The
effect of a drug on capsaicin-induced dermal neurogenic
inflammation is indicative only of its efficacy in treating
the neurogenic inflammation within the meningeal vas-
culature during a migraine attack. Nevertheless, the use
of such a model can have great advantages in dose
finding and proof of concept studies.

In summary, we have developed a pharmacodynamic
model in humans which is non-invasive, technically
uncomplicated and has a rapid and objective end-point.
This pharmacodynamic model allows for repeated mea-
surements to be performed which we have shown to be
adequately reproducible. This model might therefore
facilitate the early clinical evaluation of antagonists of
mediators involved in neurogenic inflammation, includ-
ing CGRP, TRPV1 and, possibly, SP antagonists.
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