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The Nonpeptide Calcitonin Gene-Related Peptide Receptor
Antagonist BIBN4096BS Lowers the Activity of Neurons with
Meningeal Input in the Rat Spinal Trigeminal Nucleus

Michael Jochen Marco Fischer, Stanislav Koulchitsky, and Karl Messlinger
Institute of Physiology and Experimental Pathophysiology, University of Erlangen-Nürnberg, D-91054 Erlangen, Germany

Calcitonin gene-related peptide (CGRP) has been suggested to play a major role in the pathogenesis of migraines and other primary
headaches. CGRP may be involved in the control of neuronal activity in the spinal trigeminal nucleus (STN), which integrates nociceptive
afferent inputs from trigeminal tissues, including intracranial afferents. The activity of STN neurons is thought to reflect the activity of
central trigeminal nociceptive pathways causing facial pain and headaches in humans.

In a rat model of meningeal nociception, single neuronal activity in the STN was recorded. All units had receptive fields located in the
exposed parietal dura mater. Heat and cold stimuli were repetitively applied to the dura in a fixed pattern of ramps and steps. The
nonpeptide CGRP receptor antagonist BIBN4096BS was topically applied onto the exposed dura or infused intravenously.

BIBN4096BS (300 �g/kg, i.v.) reduced spontaneous activity by �30%, the additional dose of 900 �g/kg intravenously by �50% of the
initial activity, whereas saline had no effect. The activity evoked by heat ramps was also reduced after BIBN4096BS (900 �g/kg, i.v.) by
�50%. Topical administration of BIBN4096BS (1 mM) did not significantly change the spontaneous neuronal activity within 15 min.

We conclude that the endogenous release of CGRP significantly contributes to the maintenance of spontaneous activity in STN
neurons. Blockade of CGRP receptors, possibly at central and peripheral sites, may therefore be an effective way to decrease nociceptive
transmission. This may offer a new therapeutic strategy for the treatment of facial pain and primary headaches.
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Introduction
Neuropeptide release is an important effector mechanism asso-
ciated with nociceptor stimulation. The neuropeptide calcitonin
gene-related peptide (CGRP) is found in a subset of polymodal
nociceptive afferents that are activated by a variety of noxious
stimuli, including heat (Caterina et al., 1999, 2000; Davis et al.,
2000). CGRP release from these afferents in the dorsal horn en-
hances thermal and mechanical nociceptive sensitivity (Bennett
et al., 2000; Sun et al., 2003). In peripheral tissues, CGRP released
from perivascular afferents contributes to the development and
maintenance of neurogenic inflammation (Brain and Williams,
1985; Brain et al., 1985; Gamse and Saria, 1986). Meningeal (du-
ral and pial) blood vessels are innervated by a dense network of
trigeminal sensory fibers, a major proportion of which contains
CGRP (Edvinsson et al., 1987; Keller and Marfurt, 1991;
Messlinger et al., 1993). CGRP is released on stimulation from
both the peripheral and central processes of these trigeminal af-

ferents (Messlinger et al., 1995; Jenkins et al., 2004). Importantly,
CGRP concentrations are raised in the jugular venous blood dur-
ing stimulation of the trigeminal ganglion in animals (Goadsby
and Edvinsson, 1993) and in humans during migraine attacks,
cluster headaches, and chronic tension-type headaches (Goadsby
et al., 1990; Goadsby and Edvinsson, 1994a; Ashina et al., 2000).
Additionally, infusion of CGRP in migraineurs can trigger a mi-
graine attack (Lassen et al., 2002). Together, CGRP seems to play
an important role in nociceptive processing in the trigeminovas-
cular system, which underlies the generation of headaches.

The significance of CGRP is substantiated by the main effects
of the antimigraine drug family of triptans. Sumatriptan has long
been shown to reduce CGRP release concomitant with the relief
of migraine pain and other primary headaches (Goadsby and
Edvinsson, 1993). Triptans inhibit CGRP release by activating
serotonin 5-HT1D receptors located on trigeminal afferents, and
they constrict meningeal arterial vessels by activating vascular
5-HT1B receptors (Hargreaves and Shepheard, 1999). These ef-
fects are not exclusive for the trigeminovascular system but in-
clude, in particular, the coronary circulation. The Triptan Car-
diovascular Safety Expert Panel (Dodick et al., 2004)
recommended their use in the absence of cardiac contraindica-
tions. Therefore, the development of CGRP receptor antagonists
seemed to be an alternative perspective for antimigraine therapy.
Recently, BIBN4096BS, the first nonpeptide CGRP receptor an-
tagonist (Doods et al., 2000), has been tested successfully in the
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treatment of acute migraine (Olesen et al., 2004). In parallel, in an
animal preparation of meningeal nociception, BIBN4096BS has
been shown recently to reduce the activity of central trigeminal
neurons evoked by glutamate microiontophoresis or by electrical
stimulation of the superior sagittal sinus (Storer et al., 2004).

The purpose of this study was to investigate the effects of
BIBN4096BS on the spontaneous and heat-evoked activity in the
spinal trigeminal nucleus (STN). An animal preparation of menin-
geal nociception with repetitive thermal test stimuli was used as a
model for the trigeminal mechanisms in headache pathophysiology.

Materials and Methods
The experiments were performed in accordance with the ethical issues of
the International Association for the Study of Pain (Zimmermann,
1983). The experimental protocol was reviewed by an ethics committee
and approved by the local district government.

Experimental procedures. Male Wistar rats with body weights ranging
from 300 to 480 g were used. Details of the surgical and recording pro-
cedures have been described previously (Schepelmann et al., 1999; Koul-
chitsky et al., 2004). Briefly, rats were anesthetized with an initial intra-
peritoneal dose of 120 –150 mg/kg thiopentone (Trapanal; Byk Gulden,
Konstanz, Germany). The femoral artery was cannulated to monitor
arterial blood pressure, and the femoral vein was cannulated for the
administration of drugs. The animals were tracheotomized, paralyzed
with intravenous administration of gallamine triethiodide (40 mg/kg),
and artificially ventilated with oxygen-enriched room air. Expiratory
CO2 was monitored and maintained at 4.5–5%. Body temperature was
maintained at 37–37.5°C with a feedback-controlled homoeothermic
system (TKM 0902; Föhr Medical Instruments, Frankfurt, Germany).
The animals were kept under deep anesthesia throughout the experiment
with supplementary doses of thiopental given as required to suppress
nociceptive reflexes or blood pressure changes evoked by noxious pinch
stimuli of the earlobes. Vital parameters (blood pressure, heart rate, ex-
piratory CO2 level, and body temperature) were continuously recorded
throughout the experiment. The experiments were terminated with a
lethal intravenous dose of thiopentone.

Head surgery and electrophysiological recordings. The animals were
placed in a stereotaxic frame with the head held in a fixed position by ear
bars. The skin overlying the skull was opened, and the cranium was
exposed. Using a drill and fine forceps, a cranial window of �6 mm
(rostrocaudal) and �4 mm (inferior–superior) was carefully cut into the
left parietal bone to expose the dura mater. During surgery and through-
out the experiment, the dura was protected from drying with isotonic
saline. The neck muscles were divided along the animal’s midline, and
the medullary brainstem was exposed by cutting a window through the
atlanto-occipital ligament and the underlying dura mater. Carbon fiber
glass microelectrodes (impedance, 1– 6 M�) were inserted and advanced
into the ipsilateral medulla in 2.5 �m steps using a microstepper. Single-
shock stimuli (0.5 ms pulses; 10 –12 V; 0.2 Hz) were delivered to the
exposed dura through bipolar electrodes with their rounded tips touch-
ing the dural surface. Neurons in the subnucleus caudalis of the STN with
input from meningeal afferents were identified by their regular dis-
charges in response to electrical stimulation and by their responses to
mechanical probing of the dura. The position and size of dural receptive
fields were determined with von Frey filaments (0.05–10 mN), and facial
receptive fields indicating convergent afferent input were located with a
fine, blunt glass rod. The extracellular signals were bandpassed, ampli-
fied, and digitized with a sampling rate of 20 kHz before being recorded
to disk using SPIKE software (Forster and Handwerker, 1990). The po-
sition of the electrode for each recording site was determined by measur-
ing the distance caudal and lateral to the obex and by reading the depth of
the microdrive.

Experimental protocols. Throughout the experiment, the number of
impulses was counted and displayed. The spontaneous activity of all
units was recorded for a control period of �30 min before application of
substances. BIBN4096BS was topically applied to the exposed dura at 1
mM and observed for 15 min before optional intravenous application.
BIBN4096BS was diluted in saline and slowly injected (300 �g/kg, i.v.)

over a period of 5 min. After 26 min of observation, an additional dose of
900 �g/kg, resulting in a cumulative dose of 1200 �g/kg, was injected. In
another series of experiments, lidocaine (2%) was topically applied to the
dura after the control period.

Using a feedback-controlled vortex device (Beise et al., 1998) with a
flat circular thermode, 4 mm in diameter, the surface temperature of the
dura was kept at 32°C. Thermal stimulation before and after every drug
administration included two heat stimulation protocols and one cold
stimulation protocol. The first heat stimulus consisted of a ramp with a
slope of 0.1°C/s from 32 to 44°C, at which the temperature was held for
30 s and then returned to 32°C over 4 s. The second heat stimulus pro-
tocol was applied 180 s after the first and consisted of 4°C temperature
steps to 36, 40, and 44°C, each sequentially reached over 2 s and held for
30 s before the temperature returned to a baseline of 32°C over 4 s. In the
third protocol applied 180 s after the second, the temperature was de-
creased by 6°C over 2 s to 26 and 20°C, held for 30 s at each temperature,
and then returned to baseline.

Substances. BIBN4096BS was provided by Boehringer-Ingelheim
(Mannheim, Germany) (Doods et al., 2000). Topical and intravenous
solutions were made in saline with 0.2% HCl and titrated to a pH level of
4.5–5 with NaOH. Xylocaine was purchased from AstraZeneca (Wedel,
Germany).

Data analysis. Repeated measurements of experimental groups were
compared using Wilcoxon matched-pairs tests, and differences between
experimental groups were analyzed using a Mann–Whitney U test. All
tests were performed with Statistica software (StatSoft, Tulsa, OK). All
values are given as mean � SEM unless otherwise noted. Differences were
considered significant at p � 0.05 and are marked by asterisks in the
figures.

Results
General properties of units
From 31 male Wistar rats (368 � 8 g), a total of 36 neurons with
meningeal receptive fields recorded in the left caudal subnucleus
of the STN were included. The recording sites were located 1.23/
2.13/3.13 mm (minimum/mean/maximum) caudal to the obex,
1.10/1.73/2.50 mm lateral from the midline, and at a depth of
0.08/0.83/1.42 mm from the dorsal surface of the medulla. The
recording coordinates read from the microdrives have been con-
firmed previously with electrolytic lesions (Koulchitsky et al.,
2004). At the electrical threshold, the minimal response latency to
dural electrical stimulation was 11.7 � 0.8 ms. Dural receptive
fields were usually spot-like and located at, or close to, branches
of the medial meningeal artery. Von Frey thresholds within dural
receptive fields were 0.9 � 0.3 mN. All units also had low-
threshold facial receptive fields predominantly in the ophthalmic
region, as has been found in previous studies (Schepelmann et al.,
1999). Increasing the pressure stimuli into the noxious range or
pinching the facial receptive fields with sharp forceps caused con-
siderable increases in neuronal activity, revealing the wide dy-
namic range character of all units. The rate of mean spontaneous
activity was within the range of 0.06 –24.4 impulses/s, and the
mean rate was 4.8 (�1.0 SEM) impulses per second.

Effects of BIBN4096BS on spontaneous activity
After a control period of 30 min, BIBN4096BS (1 mM; 50 �l) was
topically applied to the exposed dura mater. The spontaneous
firing rate did not change within the 15 min period after applica-
tion (Fig. 1a). In another set of experiments, topical application
of the local anesthetic xylocaine (2%; 50 �l) to the dura reduced
spontaneous activity, which was significant from the fourth
minute after administration of xylocaine (Fig. 1b) ( p � 0.05;
Wilcoxon).

Intravenous injection of BIBN4096BS (300 �g/kg) caused a
28% reduction of discharge frequency (5 min period before vs 5
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min period after the injection; p � 0.001; n � 17; Wilcoxon) (Fig.
2c). The activity did not recover to baseline levels during the
following 20 min. An additional dose of 900 �g/kg BIBN4096BS
was then injected slowly. During the 5 min period after this in-
jection, the discharge frequency was 36% lower than that during
the 5 min period before the injection ( p � 0.001; n � 17; Wil-
coxon). The cumulative doses of BIBN4096BS resulted in a 54%
reduction of the initial control activity ( p � 0.001; n � 17; Wil-
coxon) (Fig. 2b). Again, the activity did not recover within 20
min. In separate control experiments, injection of the vehicle
(saline) at the same speed and volume did not change the fre-
quency of spontaneous discharge ( p � 0.26; n � 8; Wilcoxon).

Effects of thermal stimulation
Increasing the local temperature of the dura mater in a ramp- or
step-like mode caused an increase in neuronal activity (Fig. 3a).
During the slow-temperature ramp (32– 44°C within 120 s), the
discharge rate increased by 23% when compared with a control
period of the same duration before the stimulation ( p � 0.028;
n � 8; U test). Because of the small changes evoked by the slow-
heat ramp, a thermal activation threshold could not be reliably
determined. The fast temperature steps caused pronounced pha-
sic increases in activity. The phasic heat responses were analyzed
by comparing the first 10 s after the temperature steps to 36, 40,
and 44°C, with the last 10 s at 32°C. The activity after the three

temperature steps taken together was increased by 171% ( p �
0.001; n � 13; U test) (Fig. 3b). Separate analysis of the three
temperatures revealed significant increases in activity after all
three temperature steps ( p � 0.028, 0.006, and 0.003; n � 13
each; Wilcoxon tests) (Fig. 3c). Cooling of the dura did not
change neuronal activity. Fast decreases in temperature did not

Figure 1. Activity of neurons with afferent input from the exposed cranial dura mater recorded in
the spinal trigeminal nucleus caudalis. Activity was normalized to a period of 150 s before
application of 1 mM BIBN4096BS (a) or 2% xylocaine (b) at the dura. *p � 0.05.

Figure 2. Effects of intravenous BIBN4096BS on the activity of spinal trigeminal nucleus
neurons with dural afferent input. a, Sample recording showing the spontaneous activity of one
unit at 30 s intervals. Hatched bars indicate a period of BIBN4096BS injection. b, Normalized
activity of 17 U on a real time scale. Each point represents the mean activity during intervals of 150 s,
normalizedtotheperiodof150sbeforethefirstdrugapplication(opensquare).Hatchedbars indicate
injection of BIBN4096BS. Note the longer time between some 150 s intervals that were used for
thermal testing. c, Average activity of units over subsequent periods of 5 min after injection of
the indicated substance normalized to a period of 5 min before this injection. *p � 0.05.
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cause any significant changes in neuronal activity (data not
shown).

Effects of BIBN4096BS on activity evoked by
thermal stimulation
After injection of BIBN4096BS, the responses to thermal stimu-
lation were smaller compared with the respective stimuli before
BIBN4096BS. In parallel with the decreased spontaneous activity,
the responses to the slow-heat ramp ( p � 0.025, n � 8 after 300
�g/kg; p � 0.012, n � 8 after 900 �g/kg; Wilcoxon) as well as the
phasic responses to the heat steps ( p � 0.028, n � 13 after 300
�g/kg; p � 0.004, n � 13 after 900 �g/kg; Wilcoxon) were signif-
icantly smaller.

Subsequent to the first injection of BIBN4096BS, the neuronal
activity during the slow-heat ramp was no longer different from
the spontaneous activity; heat steps induced an increase in neu-
ronal activity after 300 �g/kg BIBN4096BS ( p � 0.034; n � 13;
Wilcoxon) but not after an additional injection of 900 �g/kg.
After the cumulative dose of 1200 �g/kg BIBN4096BS, heat-
evoked neuronal activity was no longer observed.

Discussion
BIBN4096BS has been developed as a nonpeptide CGRP receptor
antagonist, the properties of which have been ascertained in a
variety of preclinical in vitro and in vivo experiments (Edvinsson
et al., 2002; Arulmani et al., 2004). Moreover, this compound had
promising results in a clinical trial demonstrating that blockade
of CGRP receptors offers a new therapeutical approach to the
treatment of migraine attacks (Olesen et al., 2004).

A headache is assumed to be closely correlated with the activ-
ity of neurons in the spinal trigeminal nucleus, with afferent in-
put from the cranial dura. Therefore, we developed an animal
model to record neuronal activity in the STN as a measure of
meningeal nociception.

An intravenous injection of BIBN4096BS had a profound and
long-lasting inhibitory effect on the spontaneous activity of STN
neurons. The activity evoked by heat ramps applied to the ex-
posed dura mater was also significantly reduced after an intrave-
nous injection of BIBN4096BS. In contrast, topical administra-
tion of BIBN4096BS did not significantly change the neuronal
activity within the 15 min observation period.

CGRP receptor location and possible sites of action
The differential effect of BIBN4096BS on the activity in trigemi-
nal neurons raises two questions: first, where is CGRP released
and, second, where are CGRP receptors located? CGRP is ex-
pressed in a major proportion of trigeminal primary afferent
neurons (O’Connor and van der Kooy, 1988). The cranial dura
mater and intracerebral arteries of different species, including
human, are densely innervated by CGRP-immunoreactive nerve
fibers (Keller and Marfurt, 1991; Messlinger et al., 1993). In the
trigeminal nucleus, CGRP-immunopositive terminals are abun-
dant in the superficial laminas (Knyihar-Csillik et al., 1998).
CGRP immunoreactivity is colocalized with capsaicin-sensitive
neurons that express heat-transducing TRPV1 (transient recep-
tor potential vanilloid subtype 1) receptors (Bae et al., 2004). In a
variety of studies, the release of CGRP from meningeal tissues,
including intracerebral arteries, has been measured and shown to
be increased after noxious stimulation (Zagami et al., 1990;
Messlinger et al., 1995). Central release of CGRP, which has been
examined in the spinal dorsal horn (Schaible et al., 1994), is also
likely to occur in the STN. Together, it is reasonable to hold that
CGRP is released from both peripheral and central terminals of

Figure 3. Heat-evoked activity of units with afferent input from the exposed cranial dura
mater recorded in the spinal trigeminal nucleus caudalis and effects of BIBN4096BS. a, Trigem-
inal neuron with phasic and tonic coding of dural heat stimulation. The activity is an average of
four subsequent heat-step stimulation trials. The temperature (Temp.) of the dura was step-
wise increased as indicated from 32 to 44°C, with each step lasting for 30 s. ref., Reference
activity. b, Neuronal activity of 13 U normalized to the 150 s before the first heat stimulation. A
slow-heat ramp from 32 to 44°C over a period of 120 s slightly increased the activity of spinal
trigeminal neurons (hatched bars). Temperature steps caused a phasic increase in neuronal
activity (heat phasic part: mean of first 10 s periods of temperature steps vs reference activity
before the first heat stimulation as indicated in a by dotted lines). Responses to both thermal
stimulation protocols were reduced after BIBN4096BS compared with the control period. c,
Phasic increase in neuronal activity of 13 U normalized to the reference activity before each heat
stimulation (periods of 10 s indicated in a by dotted lines). After BIBN4096BS, no significant
activation by heat stimuli was observed. *p � 0.05 versus spontaneous activity (b) or control
period (c).
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meningeal nociceptive afferents after noxious stimulation of the
meninges.

CGRP receptors have been functionally located on intracra-
nial arterial blood vessels, where they induce vasodilatation and
increases in intracranial blood flow (Kurosawa et al., 1995; Brian
et al., 1996; Williamson et al., 1997). CGRP receptors may also be
located on primary afferents, because they have been demon-
strated in cultured dorsal root ganglion cells using nanogold-
linked CGRP (Segond et al., 2002). Recent functional studies
suggest that CGRP can modulate the sensitivity of nociceptive
primary afferents in an isolated rat nerve-skin preparation (P. W.
Reeh, personal communication). Thus, it is possible that CGRP
released from meningeal afferents contributes to the control of
afferent activity via autoreceptors. Local application of
BIBN4096BS onto dural receptive fields did not change the activ-
ity of neurons in the spinal trigeminal neurons. Therefore, CGRP
released from meningeal afferents is not likely to contribute to the
spontaneous activity of central trigeminal neurons. This does not
result from a lack of activity of these afferents, because topical
application of local anesthetics lowered the spontaneous activity
of the central neurons, indicating a tonic primary afferent input
from the meninges. Because the neurons in our sample received
convergent input from meningeal and facial areas, extracranial
afferents also could have been targeted by intravenous adminis-
tration of BIBN4096BS to bring about a reduction of the activity
of central trigeminal neurons. In a similar preparation as that
used in our experiments, the antimigraine drug sumatriptan was
able to decrease the activation of spinal trigeminal neurons, par-
ticularly in response to facial stimulation (Burstein and
Jakubowski, 2004).

In contrast to topical application, intravenous injection of
BIBN4096BS was effective in lowering the activity of spinal tri-
geminal neurons. Consequently, we cannot exclude a central site
of action of the CGRP receptor antagonist. This is supported
by the observation that microiontophoretic injection of
BIBN4096BS and CGRP8 –37 at the recording site in the STN had
an effect similar to that observed in our study with systemic ad-
ministration (Storer et al., 2004). A central site of action of CGRP
is further substantiated by the suppression of spontaneous activ-
ity in STN neurons after iontophoretic application of triptans
(Storer and Goadsby, 1997). Triptans activate 5-HT1B/D recep-
tors, which are suggested to inhibit CGRP release both in periph-
eral meningeal tissues and in the STN (Goadsby and Edvinsson,
1994b). However, it should be noted that CGRP receptors, to
date, have not been localized in the trigeminal nucleus, so the
mechanisms of central CGRP effects remain unclear.

An argument against a central effect of BIBN4096BS is its
limited ability to penetrate the blood– brain barrier (H. Doods,
personal communication). However, it cannot be excluded that
the blood– brain barrier is disrupted in the experimental situa-
tion (Kaube et al., 1993). Even a small percentage of the intrave-
nously applied BIBN4096BS crossing the intact blood– brain bar-
rier may be sufficient to produce the changes seen in our
experiments.

Doses of BIBN4096BS in comparison with other studies
In a recent study (Storer et al., 2004), BIBN4096BS applied ion-
tophoretically to the STN of cats caused a short-lasting inhibition
of spontaneous and glutamate-evoked activity. In our study,
BIBN4096BS (300 and 900 �g/kg) reduced spontaneous activity
for �20 min. This difference may indicate that blockade of pe-
ripheral and central CGRP receptors is most effective in produc-
ing a long-lasting antinociceptive effect.

Species differences in the agonist affinity of CGRP receptors
that are partly encoded by the receptor activity-modifying pro-
teins 1–3 (Moreno et al., 2002) must also be taken into account to
evaluate the reported differences in potency of BIBN4096BS. In
pigs, increases in blood flow induced by TRPV1-mediated release
of CGRP were dose-dependently inhibited by intravenous
BIBN4096BS but not maximally at the highest dose (1 mg/kg)
tested (Kapoor et al., 2003). In rats, no changes in heart rate,
mean arterial pressure, systemic vascular conductance, or cardiac
output were observed with BIBN4096BS at 3 mg/kg (Arulmani et
al., 2004). Compared with rat CGRP receptors, human CGRP
receptors have �100-fold the affinity for BIBN4096BS (Mallee et
al., 2002). In the first clinical trial published by Olesen et al.
(2004), the maximum response rate after 2 h of drug administra-
tion occurred at a dose of �70 �g/kg. Taking into account the
mentioned differences in affinity between species, the cumulative
dose of 1.2 mg/kg used in our experiments is not considered to be
an unreasonably high dose for rats.

Responses to thermal stimulation
Heat sensitivity of primary afferents in the exposed dura has been
assessed with a focused light beam recording from the guinea pig
nasociliary nerve (Bove and Moskowitz, 1997). In another study,
noxious cold stimuli were applied onto the rat dura to activate
neurons in the STN with afferent meningeal input (Ebersberger
et al., 1999). In pilot experiments before our examination, we
tested various heat and cold stimulation protocols on the exposed
dura. Longer periods of fixed temperatures (36, 40, and 44°C) did
not cause reliable changes in neuronal activity. In contrast, faster
temperature changes that could only be applied with the newly
developed vortex device (see Materials and Methods) produced
phasic temperature-dependent increases with rapid adaptation
of neuronal activity. These heat-evoked responses were reduced
by intravenous injection of BIBN4096BS at a rate similar to the
decrease in spontaneous activity and thus turned out to be a
reliable measure of stimulus-dependent neuronal activity.

The present experiments also show that STN neurons code
dural heating over a range of 32– 44°C. Although the dura is
unlikely to experience such a temperature range, peripheral and
central sensitization might shift the working range of primary
afferents and second-order neurons down to body temperature,
as has been shown in cutaneous afferents (Petho et al., 2001).
Sensitization of primary meningeal afferents by endogenous me-
diators such as nitric oxide, inflammatory mediators, and low pH
has been demonstrated previously (Strassman et al., 1996; Bur-
stein et al., 1998; Levy and Strassman, 2004).

Possible clinical significance of CGRP receptor blockade
Triptans, 5-HT1B/D receptor agonists, are currently some of the
most commonly used substances for the treatment of migraines.
In addition to their direct vasoconstrictory effect, the inhibition
of CGRP release from primary afferent endings is regarded to be
most important. However, among the patients treated with
triptans, nearly 40% are nonresponders, 30% of the responders
sustain recurrent headaches within 2–24 h, and 70% of patients
do not become free of pain (Ferrari et al., 2002). Therefore, a new,
possibly additional, target site for drug therapy seems desirable.
CGRP receptors have been proposed as a new therapeutical ap-
proach, and recently, these ideas were confirmed in a random-
ized, multicenter, double-blind study in acute migraine patients
(Olesen et al., 2004).

In our model of headache pathophysiology, BIBN4096BS re-
duced spontaneous and thermally evoked activity in STN neu-
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rons. These experimental data strengthen the notion that periph-
eral or central inhibition of CGRP receptors may be useful in the
treatment of migraine pain and other headaches.
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