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WHAT IS ALREADY KNOWN ABOUT
THIS SUBJECT
• Calcitonin gene-related peptide (CGRP) was

first described as a potent vasodilator.
• CGRP is also increasingly recognized as a

key player in the pathophysiology of
migraine, and CGRP receptor antagonists
potentially offer a new approach for treating
migraine.

• A novel pharmacodynamic assay to measure
CGRP receptor antagonist activity
non-invasively in humans has been
developed, which involves measuring the
increase in dermal blood flow induced by
topical application of capsaicin on the
forearm.

WHAT THIS STUDY ADDS
• This study shows that the novel oral CGRP

receptor antagonist, telcagepant, inhibits
the increases in dermal blood flow induced
by the topical application of capsaicin on
the human forearm.

• This experimental medicine model may
have utility to assist in dose selection for the
development of CGRP receptor antagonists.

AIMS
To evaluate inhibition of capsaicin-induced increase in dermal blood flow
(DBF) following telcagepant (MK-0974), a potent and selective orally
bioavailable calcitonin gene-related peptide (CGRP) receptor antagonist
being developed for the acute treatment of migraine.

METHODS
A three-period crossover study in 12 healthy adult men. Each subject received
a single oral dose of telcagepant 300 mg, telcagepant 800 mg or placebo at
0 h, followed 0.5 and 3.5 h later by two topical doses of 300 and 1000 mg
capsaicin per 20 ml water–ethanol mixture. Capsaicin was applied at two sites
on the volar surface of the subjects’ left and right forearms. DBF was assessed
by laser Doppler perfusion imaging immediately before (‘baseline’), and 0.5 h
after each capsaicin application at 1 and 4 h. Plasma samples to determine
telcagepant concentrations were collected immediately after laser Doppler
perfusion imaging. A pharmacodynamic model was developed to explore the
relationship between plasma concentration and inhibition of capsaicin-
induced increase in DBF.

RESULTS
Geometric mean plasma concentrations after dosing with 300 mg and
800 mg telcagepant were 720 and 1146 nM, respectively, at 1 h, vs. 582 and
2548 nM, respectively, at 4 h. The pharmacodynamic model suggested that the
EC90 for telcagepant inhibition of capsaicin-induced increases in DBF was
909 nM.

CONCLUSIONS
Telcagepant inhibits the increases in DBF induced by the topical application
of capsaicin on the human forearm. This experimental medicine model may
have utility to assist in dose selection for the development of CGRP receptor
antagonists.
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Introduction

Calcitonin gene-related peptide (CGRP) was first described
as a potent vasodilator [1, 2]. It acts primarily on vascular
smooth muscle cells and may cause vasodilation via an
endothelial-independent mechanism using adenylate
cyclase [3, 4].For some species, including humans, there are
data available suggesting the possible contribution of an
endothelial-dependent mechanism [5].

Apart from potent vasodilatory effects, the neuropep-
tide CGRP is also increasingly recognized as a key player in
the pathophysiology of migraine [6, 7]. CGRP and its recep-
tor are expressed in unmyelinated C-fibres and myelinated
Ad fibres and in multiple regions in the central nervous
system, including areas associated with trigeminal circuits
such as the hippocampus, amygdala, parabrachial nucleus,
periaqueductal grey, trigeminal nucleus, and trigeminal
ganglia [8,9].During a migraine headache,activation of the
trigeminovascular system results in the release of CGRP
into the cranial circulation leading to dilation of intracra-
nial extracerebral arteries, including the middle cerebral
artery [10].

The clinical efficacy of the triptans, so far the most suc-
cessful class of acute antimigraine drugs, may be attribut-
able to reversal of this vasodilation via 5-HT1B receptor
activation as well as to inhibition of CGRP release (both
peripheral and central) via activation of pre-junctional
5-HT1D receptors located on trigeminal fibres [6]. Indeed,
5-HT1D receptors have been shown to be co-localized with
CGRP in human trigeminal ganglia [11].

These observations suggest that inhibition of CGRP-
driven pathophysiological processes resulting from activa-
tion of the trigeminovascular system may yield a novel
therapeutic approach to treating migraine. Blockade of
these CGRP-dependent processes by the intravenous
administration of the CGRP receptor antagonist olcege-
pant (BIBN4096BS) confirmed the efficacy of this new
approach for reducing pain in migraine [12].This confirma-
tion fuelled the development of orally available CGRP
receptor antagonists as well as research into pharmacody-
namic models for the in vivo assessment of these
compounds.

A novel pharmacodynamic assay to measure CGRP
receptor antagonist activity non-invasively in vivo was first
established and validated in the rhesus monkey [13]. Sub-
sequently, the model was extended to humans as a repro-
ducible model that can easily be incorporated in early
clinical drug development studies [14]. In this model,
changes in dermal blood flow (DBF) in the forearm are
measured via laser Doppler imaging following the topical
application of a capsaicin solution. Capsaicin activates
the transient receptor potential vanilloid type 1 receptor
(TRPV1), producing neurogenic inflammation and vasodi-
lation via the local release of vasoactive mediators, includ-
ing CGRP and substance P (SP), and possibly also by the
activation of dorsal root reflexes. The resulting dermal

vasodilation in the rhesus forearm is driven primarily by
CGRP and can be blocked completely by CGRP receptor
antagonists, thus permitting the assessment of antagonist
potency in vivo against endogenously released CGRP [13].
In humans, the moderately potent CGRP antagonist
CGRP8–37 also blocks a substantial part of the capsaicin-
induced DBF increase, whereas indomethacin and L-NG-
monomethyl arginine (inhibitors of cyclooxygenase and
nitric oxide synthase, respectively) did not affect it [15].

Using the microvascular dynamics of the dermis as a
pharmacodynamic marker, the aim of this study was to
assess the ability of the novel oral CGRP receptor antago-
nist telcagepant [16–18] to block capsaicin-induced
increases in DBF in humans and to establish a
pharmacokinetic/pharmacodynamic relationship for the
compound.

Methods

Ethics
The study protocol was reviewed and approved by the
Independent Ethics Committee affiliated with the Katho-
lieke Universiteit, Leuven, Belgium. Before enrolment, all
participants gave informed consent in writing after a full
verbal and written explanation of the study. The study
was conducted in accordance with local law, the ethical
principles of the Declaration of Helsinki, as well as the
principles of Good Clinical Practice.

Subjects
Twelve healthy, male subjects between 18 and 45 years old
were enrolled. Mean � SD (range) for age, weight, and
height were 22 � 2 years (20–26), 74 � 7 kg (61–85) and
181 � 5 cm (176–188), respectively. All completed the
study per protocol.

Design and procedure
This study (Merck Protocol 001) was a randomized,
placebo-controlled, three-period crossover study. During
each period, subjects received a single dose of one of the
following treatments given orally as a liquid-filled capsule:
telcagepant 300 mg, telcagepant 800 mg or placebo. An
early experimental formulation of telcagepant was used
that differed from that used in subsequent clinical trials in
migraine patients [18–20] and the anticipated market for-
mulation. The early experimental formulation had lower
bioavailability than the later one. The sequence in which
these treatments were administered over the course of the
three periods was randomly assigned. Periods were sepa-
rated by at least 1 week of washout.

Subjects received telcagepant 300 mg, telcagepant
800 mg, or placebo (time = 0 h) followed 0.5 and 3.5 h
later by single topical doses of 300 and 1000 mg per 20 ml
capsaicin solution (in ethanol/polysorbate 20/water) in
10-mm rubber ‘O’-rings at two sites on the volar surface of
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the subjects’ left and right forearms. Capsaicin applications
(300 and 1000 mg per 20 ml) were administered at two sites
of the same forearm (right or left), and balanced by site
(site 1 or site 2) on arm and by arm (right or left) per time
point.

Laser Doppler scans were conducted immediately
before (‘baseline’) and 0.5 h after each capsaicin applica-
tion (i.e. at 1 and 4 h post telcagepant/placebo administra-
tion), allowing the maximal capsaicin-induced increase in
DBF (i.e. 0.5 h post capsaicin application, as previously
demonstrated [14]) to coincide with the appropriate
time points. Plasma samples for the pharmacokinetic/
pharmacodynamic analyses were collected at 1 and 4 h
after telcagepant/placebo dosing, immediately after each
laser Doppler DBF measurement. The timing of capsaicin
applications and DBF assessments was based on the
pharmacokinetic profile of the early formulation of tel-
cagepant which, at doses up to 500 mg, demonstrated a
Tmax of approximately 1–1.25 h and a plasma terminal half-
life of 4–6 h, similar to that for the later formulation [21]. It
was of interest to evaluate the ability of telcagepant to
maintain activity over approximately 4 h post dose.

The skin perfusion of the test sites, i.e. the region delim-
ited by the rubber O-rings, was mapped using a High Reso-
lution Laser Doppler Perfusion Imager (HR-LDPI system,
PeriScan PIM II®; Perimed, Järfälla, Sweden) as described by
Van der Schueren et al. [14] (Figure 1). With the X-Y scan-
ning laser probe, laser Doppler perfusion imaging allows
two-dimensional mapping of blood flow variability over an
extended skin surface.The method is noncontact, the laser
beam being controlled by the computer-controlled rota-
tion 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

function. For this reason, it is not meaningful to express the
cutaneous flow in absolute terms, but rather as arbitrary
‘perfusion units’ (AU). 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. [22].

Plasma samples were analysed for telcagepant concen-
trations. Both analyte and internal standard were isolated
using on-line extraction from human plasma. The
extracted analytes were analysed by high-performance
liquid chromatography with tandem mass spectrometry
detection [23]. The linear calibration curve ranged from
5 to 5000 nM. The lower limit of quantification for tel-
cagepant in plasma was 5 nM.

Statistical analysis and pharmacodynamic
modelling
Three analyses were performed. First, baseline DBF mea-
surements were analysed to explore any treatment effects,
since ‘baseline’ was prior to capsaicin application but after
telcagepant administration. A mixed model with terms
for period, site, arm, telcagepant dose and subject (as
a random effect) was used for mean perfusion data at
baseline.

Second, the percent difference from placebo in DBF at
1 and 4 h was calculated. This analysis did not take into
account baseline data. Mean perfusion values were log
transformed prior to analysis. An ANOVA model appropriate
for a three-period crossover design was used. The ANOVA

model included the following terms: subject (as a random
effect), period, treatment, capsaicin dose, arm, site, treat-
ment by capsaicin interaction, first-order carryover and
within-subject error. A two-sided 90% confidence interval
(CI) for the true difference (telcagepant–placebo) in log-
scale capsaicin response was computed from the ANOVA

using the mean squared error and referencing a
t-distribution for each telcagepant dose. The CI was back
transformed to obtain a geometric mean and correspond-
ing CI for the true mean ratio for fold difference from
placebo in capsaicin response. The resulting geometric
mean ratios and corresponding CIs were additionally
transformed to percent difference from placebo using the
following formula: percent difference from placebo = [1 –
(fold difference from placebo)] ¥ 100%. These estimates
were calculated for each time point and capsaicin dose
separately for both telcagepant 300 and 800 mg.

Finally, in addition to the descriptive analyses set out
above, a pharmacodynamic model was developed. This
model took into account baseline DBF. The model was
fitted using NONMEM VI with Compaq Visual Fortran 6.6
(update C) using a first-order conditional model with inter-
action. The model used clinical data from a pilot study of
DBF [14], a study using DBF assessment after dosing with a

Figure 1
Assessment of dermal blood flow using laser Doppler following applica-
tion of topical capsaicin to human forearm

Inhibition of capsaicin-induced blood flow by telcagepant

Br J Clin Pharmacol / 69:1 / 17



TRPV1 antagonist [24], and this present study. The model
form is a double-Emax model (Equation 1). DBF is dermal
blood flow (AU); E0 is the baseline blood flow for an indi-
vidual prior to capsaicin application (AU); Emax, caps is the
maximum blood flow increase due to capsaicin application
(AU); Dcaps is the dose of capsaicin applied to the skin (mg
per 20 ml); ED50, caps is the dose of capsaicin required to
cause 50% of the maximal capsaicin-induced increase in
DBF (mg per 20 ml); Emax, CGRP is the maximal inhibition of
capsaicin-induced increase in DBF due to a CGRP antago-
nist (fraction); Ctelcagepant is the concentration of telcagepant
(nM); and EC50, telcagepant is the concentration of telcagepant
required to cause 50% inhibition of the current capsaicin-
induced increase in DBF (nM). Log-normally distributed
intersubject variability terms (h with standard deviation
w) were determined for the baseline blood flow (E0),
maximum DBF change due to capsaicin application
(Emax, caps), and 50% maximal change in DBF due to capsaicin
application (ED50, caps). Covariates for additive or propor-
tional changes in E0 (DE0) and Emax, caps (DEmax, caps) by study
were assessed using forward substitution and backward
elimination with a < 0.05 and 0.002, respectively. E0 and not
Emax, caps covariates were significant for all studies, and in the
model the TRPV1 study was considered the standard case.

DBF E
E D

D ED

E Ccaps caps

caps caps

CGRP telcagepan= +
+

−0
50

1max,

,

max, tt

telcagepant telcagepantC EC+
⎛
⎝⎜

⎞
⎠⎟50,

(1)

Results

As expected, geometric mean plasma concentrations of
telcagepant were higher after a dose of 800 mg than after
300 mg. Geometric mean plasma concentrations after
dosing with 300 mg telcagepant and 800 mg telcagepant
were 720 and 1146 nM, respectively, at 1 h, and 582 and
2548 nM, respectively, at 4 h (Table 1).

Analysis of ‘baseline’ DBF measurements performed 0.5
or 3.5 h after dosing with placebo or telcagepant, immedi-
ately before capsaicin administration, showed that
neither dose of telcagepant had an intrinsic effect on
DBF (Table 2).

In the analysis of percent difference from placebo at 1 h
and 4 h, which did not take into account baseline data,
telcagepant produced a 37–68% difference (reduction) in
mean perfusion relative to placebo depending on the dose
(Table 3). Although CIs overlapped, greater mean percent
differences (reductions) from placebo in perfusion were
seen for the 800-mg dose of telcagepant compared with
the 300-mg dose.

Using the semi-mechanistic pharmacodynamic model
represented in Equation 1 (which did account for baseline
data), with parameters shown in Table 4, the interactions
between CGRP receptor antagonism and capsaicin-
induced increase in DBF became apparent. Figure 2 illus-
trates the concentration–response curves for telcagepant.

The EC50,telcagepant was found to be 101 nM, yielding an EC90 of
909 nM, but owing to a paucity of data at and below the
EC50, this should be viewed as an approximation for the
EC50.

Discussion

The present study has clearly demonstrated that the novel
CGRP receptor antagonist telcagepant is able to inhibit
capsaicin-induced increases in DBF. Both 300 and 800 mg
of telcagepant caused significant inhibition of capsaicin-
induced increases in DBF after 300 or 1000 mg capsaicin
at 1 and 4 h post telcagepant intake. Analysis of the
pharmacokinetic/pharmacodynamic relationship sug-
gests that telcagepant engages the CGRP receptor with
an EC90 of approximately 900 nM. However, because of the
paucity of data at lower plasma concentrations, the cer-

Table 1
Individual plasma concentrations (nM) of telcagepant following adminis-
tration of single oral doses of 300 and 800 mg to healthy male subjects
(n = 12)

Subject
Telcagepant 300 mg Telcagepant 800 mg
C1 h (nM) C4 h (nM) C1 h (nM) C4 h (nM)

1 730.43 574.31 1125.2 989.83
2 1508.62 489.07 6803.51 5017.76

3 677.08 385.14 565.29 1607.59
4 1122.08 226.16 4587.8 1949.27

5 983.8 503.82 801.88 588.5
6 38.39 914.61 27.01 2523.28

7 1028.97 411.54 2741.02 4521.23
8 1061.97 969.62 1207.43 5316.89

9 1805.62 1506.9 5043.3 3151.16
10 2082.93 961.66 1942.43 8131.29

11 552.32 382.27 246.18 2037.17
12 268.2 604.52 1499.4 2578.26

Geometric mean 719.51 581.88 1146.28 2547.67

Table 2
Model-based means and standard errors for baseline pre-capsaicin
dermal blood flow (DBF) (arbitrary units) and P-values assessing treat-
ment effect (n = 12)

Treatment
Capsaicin dose*

300 mg per 20 ml 1000 mg per 20 ml

Telcagepant 300 mg 0.453 (0.0232) 0.424 (0.0210)
Telcagepant 800 mg 0.450 (0.0228) 0.434 (0.0214)

Placebo 0.449 (0.0228) 0.414 (0.0210)
P-value† 0.99 0.73

*Baseline DBF scans were performed immediately before capsaicin application, at
0.5 h and 3.5 h after telcagepant or placebo. †P-value from model including terms
for period, site, arm and treatment with subject as a random effect. Separate
model used for 300 and 1000 mg per 20 ml capsaicin doses.
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tainty of the EC50 is not clear. Additional studies at lower
concentrations may help to delineate this part of the curve
further.

The relatively flat concentration–response curve above
900 nM indicates that at or above this plasma concentra-
tion, telcagepant is maximally blocking the peripheral
CGRP receptor in healthy men. Of note, the early formula-
tion of telcagepant used in the present study had lower
bioavailability than the formulation subsequently used in
the acute migraine clinical trials. In the clinical trials, both
150- and 300-mg doses of the later formulation were effec-
tive [19, 20]. Interestingly, the mean plasma concentrations
achieved by these doses are approximately two- to four-
fold higher than 900 nM, suggesting that larger doses than
those producing maximal peripheral CGRP receptor inhi-
bition are necessary for antimigraine efficacy. It could be
the case that in a migraine population, higher doses are
needed to inhibit maximally the peripheral CGRP receptor
in a majority of patients. Another possibility is that periph-
eral CGRP receptor inhibition may not be sufficient for anti-
migraine efficacy and that central engagement may also

be required. Further research is needed to investigate
these possibilities.

Additional studies with other CGRP receptor antago-
nists will help delineate the relationship between
capsaicin-induced dermal vasodilation and acute migraine
efficacy. Studies using intravenous bolus administration of
a close analogue of olcegepant in the rhesus monkey
have shown that the doses required to inhibit capsaicin-
induced DBF increase by 47% and 100% were 3 and
30 mg kg-1, respectively [13]. These doses were similar to
those reported for comparable levels of inhibition of facial
blood flow in response to trigeminal nerve stimulation in
the marmoset, the invasive animal model used to guide
clinical dose selection for olcegepant [25]. The clinically
effective dose reported in the olcegepant proof-of-
concept study in migraine patients was 2.5 mg intrave-
nously, which in 50–80-kg adults approximates to
32–50 mg kg-1.This dose of olcegepant, in a separate study,
resulted in a geometric mean Cmax of 210 ng ml-1 [26], sup-
porting the clinical relevance of this pharmacodynamic
model in the marmoset.

Table 3
Capsaicin-induced dermal blood flow following telcagepant or placebo (n = 12)

Time Telcagepant dose, mg Capsaicin dose
Mean perfusion (volt)
Geometric mean*

Mean perfusion (active/
placebo) GMR* (90% CI) % Difference† (90% CI)

1 h Placebo 300 mg per 20 ml 1.19

300 0.56 0.47 (0.34, 0.64) 53.10 (36.15, 65.54)

800 0.47 0.40 (0.29, 0.54) 60.20 (45.83, 70.77)

Placebo 1000 mg per 20 ml 1.67

300 0.69 0.41 (0.30, 0.56) 58.70 (43.78, 69.66)

800 0.53 0.32 (0.23, 0.43) 68.22 (56.74, 76.66)
4 h Placebo 300 mg per 20 ml 1.00

300 0.62 0.63 (0.48, 0.82) 37.34 (17.63, 52.32)
800 0.52 0.52 (0.40, 0.69) 47.65 (31.19, 60.17)
Placebo 1000 mg per 20 ml 1.44
300 0.86 0.60 (0.45, 0.78) 40.38 (21.64, 54.64)
800 0.62 0.43 (0.33, 0.56) 57.23 (43.78, 67.46)

*Geometic mean ratio (GMR), computed from least squares estimates from ANOVA performed on the natural-log transformed values.
†Transformed from mean perfusion GMR.

Table 4
Parameters fitted to the pharmacodynamic model

Parameter Parameter estimate % RSE for parameter w Estimate % RSE for w estimate

E0 (AU) 0.544 4.17 0.019 41.2
Emax,caps (AU) 2.56 18.4 0.257 49.8

Emax,CGRP (fraction) 0.921 2.76 NA NA
ED50, caps (mg per 20 ml) 430 46.5 3.57 44.5

EC50, telcagepant 101 37.3 NA NA
DE0, pilot 0.416 11.2 NA NA

DE0, telcagepant -0.115 21.8 NA NA
Proportional residual error 0.0678 10.5

AU, arbitrary units; RSE, relative standard error. See text for definition of parameters.
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As noted in the Introduction, binding of capsaicin to
the TRPV1 receptor provokes neurogenic inflammation
and vasodilation through the release of bioactive media-
tors, and possibly also by activation of dorsal root reflexes.
In human skin CGRP, SP, neurokinin A, nitric oxide (NO),
histamine and prostaglandins are among the mediators
thought to contribute to this response [27]. Nevertheless,
our previous study using this DBF model [15] suggested
that prostaglandins, NO and SP did not make a substantial
contribution to the changes in microvascular perfusion

accompanying neurogenic inflammation.This is in contrast
to findings in rodent skin, where SP is probably an impor-
tant mediator of the response [28]. One of the key param-
eters in the pharmacodynamic model presented here is
Emax,CGRP, the fraction of the maximal inhibition of capsaicin-
induced increase in DBF that can be ascribed to a CGRP
antagonist. The best fit was found with a value of 92.1%,
suggesting that other mediators may indeed play a
minor role. The pharmacodynamic modelling approach
employed in the present study is a more robust data analy-
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sis method than previous graphical methods due to the
fact that it allows more accurate accounting for baseline
variability and allows the biological mechanism to be
detailed in a mathematically consistent manner. Future
studies will be important to determine the identity of the
mediators involved as well as their contribution.

Although CGRP is one of the most potent endogenous
vasodilators in the human body, it seems minimally in-
volved in the maintenance of basal peripheral vascular tone
[29–32]. In humans, high doses of the peptide CGRP recep-
tor antagonist CGRP8–37 did not decrease resting forearm
blood flow [33]. It has also been reported that the small
molecule CGRP receptor antagonist olcegepant has no ef-
fects on cerebral and systemic haemodynamics or on tem-
poral, radial and middle cerebral artery diameter in healthy
subjects [34].Likewise, in the present study telcagepant did
not affect baseline dermal perfusion.Taken together, these
data suggest that CGRP receptor antagonists may be
relatively free of cardiovascular side-effect liability under
resting conditions. As a result, in the treatment of acute
migraine headache, CGRP antagonists may offer advan-
tages over current 5-HT1B/1D receptor agonists (triptans),
where cardiovascular liabilities are a major perceived risk.
However, notwithstanding these reassuring data, given the
role of CGRP in myocardial ischaemia and heart failure [35,
36], the vascular effects of this new class of compounds
should be assessed more extensively in vivo in humans.

In summary, the present study has shown that tel-
cagepant (MK-0974) inhibits the increases in DBF induced
by the topical application of capsaicin on the human
forearm without affecting basal dermal perfusion. This in
vivo human experimental medicine model may provide
useful information to be taken into account when consid-
ering dose selection for the development of CGRP receptor
antagonists.
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