
Introduction

Migraine is defined as benign recurring headache
and/or neurological dysfunction, usually accompanied by
pain-free interludes and often provoked by stereotyped
stimuli (1). It is more prevalent in females than in males.
Although considerable progress has been made, the
pathophysiology of migraine is still far from clear. As
depicted in Figure 1, current theories propose that
migraine-specific triggers (cause unknown) evoke
changes in meningeal blood vessels causing dilatation
and activation of perivascular trigeminal nerves (2-6).
These nerves provide sensory information from the major
blood vessels, such as cerebral arteries, that are respon-
sible for regulating cerebral blood flow and from smaller
blood vessels located within the pain-sensitive meninges
(7, 8). Activated trigeminal nerve terminals release
vasoactive neuropeptides such as calcitonin gene-related
peptide (CGRP) within the meninges, mediating neuro-
genic inflammation that is characterized by vasodilata-
tion, plasma extravasation and mast cell degranulation,
releasing mediators such as histamine (8). Additionally,
neuropeptides relay nociceptive transmission to the cen-
tral nervous system (thalamus, hypothalamus, chemore-
ceptor trigger zone) via second-order neurons, leading to
severe migraine pain, photophobia/phonophobia, nausea
and vomiting, respectively.

Calcitonin gene-related peptide is one of several neu-
ropeptides found in human trigeminal sensory neurons
(2, 9-19). Present in both the pericranial vascular nerves
and the trigeminal ganglion, it is a potent dilator of cere-
bral and dural vessels (20, 21) and is involved in menin-
geal dural vasodilatation (22). Cranial CGRP levels are
elevated in patients with migraine (23, 24) and an infusion
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Abstract

Migraine involves dysfunction of brainstem path-
ways that normally modulate sensory input. The
involvement of calcitonin gene-related peptide
(CGRP) in migraine pathology is supported by both
clinical and experimental evidence. The release of
CGRP and other neuropeptides from trigeminal nerves
is thought to mediate neurogenic inflammation within
the meninges, which contributes to the generation of
severe cerebral pain experienced during migraine
attacks. Hence, structure-activity relationship studies
have been conducted in an attempt to develop small
molecules that behave as CGRP antagonists. Re-
cently, the development of a potent, nonpeptide CGRP
antagonist, BIBN-4096BS (olcegepant), represented a
major breakthrough. BIBN-4096BS demonstrates very
high affinity for the human CGRP receptor expressed
in SK-N-MC cells and may be useful in the treatment
of migraine, as well as providing new information on
CGRP receptor subtypes.
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been characterized molecularly consists of the 7-trans-
membrane G-protein-coupled calcitonin receptor-like
receptor (CRLR) linked to one of three single membrane-
spanning receptor activity-modifying proteins (RAMPs).
RAMPs are required for both receptor trafficking and
ligand binding. The association of CRLR with RAMP1
leads to a CGRP receptor that is antagonized by
the CGRP fragment CGRP8-37, whereas CRLR associat-
ed with RAMP2 produces an adrenomedullin receptor
that is antagonized by adrenomedullin22-52, and CRLR
associated with RAMP3 gives a CGRP/adrenomedullin
receptor.

Physiological studies have demonstrated that CGRP
is a potent dilator of cerebral and dural vessels (15, 18,
26, 27), and therefore has an important function in regu-
lating blood flow to the brain and pain-sensitive
meninges, suggesting that CGRP receptor antagonists
might be effective in treating migraine by blocking the

of CGRP can trigger a migraine attack (25). It has there-
fore been hypothesized that CGRP antagonists might be
effective in the treatment of acute migraine.

Calcitonin gene-related peptide is a 37-amino-acid
peptide that is expressed by neurons and endocrine cells
in various tissues. Two discrete isoforms have been
described: αCGRP, which is produced by alternative
splicing of a calcitonin gene transcript, and βCGRP, the
product of a separate gene (1, 2). The two transcripts are
highly similar, differing by 3 and 1 amino acids in humans
and rats, respectively (9). For both CGRP isoforms,
potent vasodilating activity has been demonstrated both
in vitro and in vivo (10). The vasodilating activity of CGRP
has recently gained importance in the pathogenesis of
migraine (11).

At least two receptor types, CGRP1 and CGRP2,
have been proposed from functional pharmacological
experiments. The family of CGRP receptors that has

Fig. 1. Schematic representation of migraine pathophysiology and possible sites of action of BIBN-4096BS (linflammatory products such
as histamine; u CGRP;       inhibited).
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cells, endothelial cells and astrocytes, with pIC50
values of 9.4, 10.9 and 13.8, respectively (30).

Surprisingly, BIBN-4096BS also acts as an antagonist
at adrenomedullin receptors in rat vas deferens, suggest-
ing an unlikely CRLR/RAMP2 receptor pharmacology
(31). Additionally, characterization of CGRP receptor sub-
types in rat left atrium and vas deferens employing CGRP
as agonist demonstrated 10-fold higher affinity for BIBN-
4096BS for rat atrium over rat vas deferens. BIBN-
4096BS also exhibited 10-fold greater potency in
antagonizing (Cys(Et)2,7-human αCGRP- and human
adrenomedullin-induced responses compared to CGRP-
induced responses in rat vas deferens, indicating recep-
tor heterogeneity in rat vas deferens (32). The selectivity
of BIBN-4096BS for human over rat receptors is due to
binding to residue 74 of human RAMP1 (33). The greater
selectivity of BIBN-4096BS for CRLR/RAMP1 over
CRLR/RAMP2 compared to CGRP8-37 suggests that the
latter compound undergoes greater interactions with
CRLR (31). Recently, the affinity of BIBN-4096BS and
CGRP8-37 was compared on CRLR/RAMP2 and
CRLR/RAMP3 complexes. BIBN-4096BS did not antago-
nize adrenomedullin at any of these receptors (34).

The isolated perfused murine mesenteric bed pro-
vides a model for direct measurement of microvascular
vasodilatation. The vessels are preconstricted with nora-
drenaline prior to application of a vasodilator, and a
decrease in perfusion pressure correlates with vasodi-
latation. BIBN-4096BS was found to be an effective
antagonist of CGRP and adrenomedullin responses in the
murine mesenteric and cutaneous microvasculature, and
of CGRP in  the murine aorta. Additionally, after local
application, BIBN-4096BS selectively inhibited the poten-
tiation of microvascular permeability in the cutaneous
microvasculature by CGRP and adrenomedullin, with no
effect on responses induced by other microvascular
vasodilators. BIBN-4096BS reversed both newly devel-
oped and established vasoactive responses induced by
CGRP (35).

It is unlikely that BIBN-4096BS is interacting with the
CRLR/RAMP2 (AM1 receptor) or CRLR/RAMP3 (AM2
receptor) complexes, as it has a very low affinity for
these receptors (34), but rather its effects appear to be

actions of CGRP. Agents acting as CGRP receptor antag-
onists are likely to inhibit the dilatation of major cerebral
vessels, diminish neurogenic inflammation within the
meninges, and block the activation of nociceptive neural
pathways. Thus, the ability of both triptans and CGRP
receptor antagonists to alleviate migraine pain may be
mediated by the same molecular targets activated follow-
ing CGRP receptor activation.

Boehringer Ingelheim�s BIBN-4096BS (olcegepant) is
the first CGRP receptor antagonist for which significant
efficacy has been demonstrated in the treatment of
migraine, which in turn provides further evidence for the
critical role of CGRP in the pathology of migraine. A non-
peptide CGRP antagonist, BIBN-4096BS (28), has under-
gone clinical investigation (29) to assess the importance
of CGRP in migraine headache and to ascertain whether
the concept of CGRP antagonism may offer advantages,
e.g., higher efficacy, lower recurrence rate or improved
side effect profile, compared to currently used antimi-
graine drugs.

Pharmacological Actions

Based on its antagonist properties, BIBN-4096BS has
been used as a pharmacological tool to characterize cell
lines endogenously expressing receptors of known com-
position. The pA2 values of BIBN-4096BS and CGRP8-37
for antagonism of hCGRP-induced cAMP production are
shown in Table I. These studies describe the ability of
BIBN-4096BS to interact with cell lines expressing human
and rat CGRP1 (CRLR/RAMP1) receptors (i.e., SK-N-MC
and L6 cells), rat adrenomedullin receptors (CRLR/
RAMP2; i.e., Rat2 cells) and a potential human CGRP2-
like receptor (Col-29 cells). The results clearly demon-
strate that BIBN-4096BS shows preferential binding to
the human CRLR/RAMP1 complex in functional assays
and that the differences in affinity for CGRP receptors
reported previously are due to species differences within
the same receptor subtype. In another study, BIBN-
4096BS was more potent than CGRP8-37 in antagonizing
agonist-induced cAMP production in smooth muscle

Table I: pA2 values of BIBN-4096BS as compared to CGRP8-37 (antagonists) in different cell lines expressing corresponding receptors,
as measured by human αCGRP (agonist)-induced cAMP production.

Cell line Receptor pA2 BIBN-4096BS pA2 CGRP8-37 Ref.

Rat L6 CRLR + RAMP1 9.25 7.81 31, 55
(CGRP1)

Human SK-N-MC 9.95 8.35 31, 55
CRLR + RAMP1 11 - 56

(CGRP1) 11.2 - 37
Human colony Col-29 CRLR + RAMP2 9.98 7.34 31, 55

(hCGRP2)
Rat2 CRLR + RAMP2 Unable to antagonize 6.72 31, 55

(ADM)

ADM, adrenomedullin; CGRP, calcitonin gene-related peptide; CRLR, calcitonin receptor-like receptor; RAMP, receptor-associated mem-
brane protein.



tance, pulsations and skin redness) hemodynamic
responses to αCGRP.

The fact that BIBN-4096BS also abolished αCGRP-
induced decreases in the A-V SO2 difference suggests an
action on carotid arteriovenous anastomoses (for further
considerations, see 45). Chemical substances, such as
capsaicin, release endogenously stored CGRP (3, 46),
which in turn dilates the carotid vasculature, including
carotid arteriovenous anastomoses (43). In our study,
intracarotid administration of capsaicin dilated carotid
arteriovenous anastomoses and arterioles, together with
an increase in carotid pulsations (Fig. 3) and a narrowing
of arteriovenous oxygen saturation difference (A-V SO2),
as well as an elevation in jugular vein plasma CGRP con-
centration (Figs. 4 and 5). These effects were dose-
dependently antagonized by BIBN-4096BS, except jugu-
lar venous plasma CGRP concentrations which increased
(47). We concluded that blockade of prejunctional
�inhibitory� CGRP autoreceptors by BIBN-4096BS led to
increased release of CGRP by capsaicin, similar to the
modulation of sympathetic neurotransmission by presy-
naptic α-adrenoceptors (48).

Although the exact nature of CGRP receptors that
mediate porcine carotid vascular responses is not certain,
cardiac inotropic and vasodilator responses are mediated
predominantly by CGRP1 receptors (49), for which BIBN-
4096BS has very high affinity (28, 50). Although we can-
not rule out the involvement of CGRP in certain other con-
ditions, for example, in cardiac preconditioning or
coronary artery disease (51-53), the present results sug-
gest cardiovascular safety for BIBN-4096BS. Neverthe-
less, the role of CGRP in cardiovascular pathophysiology
needs to be elucidated before it can be established
whether or not CGRP receptor antagonists like BIBN-
4096BS are completely safe in patients with cardiovascu-
lar disorders.

Pharmacokinetics

The safety, tolerability and pharmacokinetics of BIBN-
4096BS have been evaluated in healthy young male and
female volunteers in a double-blind, placebo-controlled,
randomized first-in-human study using single rising doses
(54). BIBN-4096BS was infused i.v. for 10 min at doses
ranging from 0.1 to 10 mg. Blood and urine samples were
collected at different time periods. More adverse effects
were observed with the higher doses of 5 and 10 mg of
BIBN-4096BS, while lower doses had incidence rates
similar to placebo. Mild to moderate adverse effects
included reactions at the injection site, fatigue, headache,
diarrhea, flatulence, paresthesia, rhinitis, flushing and
abdominal pain. BIBN-4096BS exhibited multicompart-
mental disposition characteristics following i.v. adminis-
tration. The apparent volume of distribution at steady
state (Vss) was 20 l and the terminal half-life was 2.5 h.
The total plasma clearance of BIBN-4096BS was 12 l/h
and the mean renal clearance was 2 l/h, suggesting that
elimination is mainly via nonrenal pathways.

mediated via the CGRP receptor (35). This observation
was initially confirmed in pig coronary and basilar arteries
(36), where BIBN-4096BS was used as a pharmacologi-
cal tool to determine the different CGRP receptors. It was
evident from this study that αCGRP receptors are present
in these arteries, which are potently blocked by BIBN-
4096BS. In another study in bovine middle cerebral artery
segments, BIBN-4096BS and αCGRP8-37 both blocked
αCGRP-induced dilatation with respective pKB values of
6.3 and 7.8.

BIBN-4096BS has been shown to possess potent
competitive antagonist activity at human cerebral and
coronary artery CGRP1 receptors (37). The pA2 values
are similar to those obtained in the SK-N-MC cell line (see
Table I), suggesting the involvement of a common recep-
tor mechanism mediating the vasodilating effects of
CGRP, i.e., CRLR/RAMP1. Interestingly, CGRP was
approximately 10-fold less potent on coronary than cere-
bral arteries (pEC50 values of 8.3 and 9.4, respectively),
which was probably related to differences in receptor den-
sity in the two arteries (37, 38).

Antidromic stimulation of the trigeminal ganglion in
marmosets is a model suggested to measure facial blood
flow to evaluate drugs that target the trigemino-vascular
system during migraine headache (39). Antidromic stimu-
lation of this ganglion results in the release of neuropep-
tides, including CGRP, leading to an increase in the skin
blood flow innervated by sensory nerves. BIBN-4096BS
completely inhibited this response, demonstrating that
CGRP plays a major role in the vasodilatation observed
following stimulation of the trigeminal nerve in mar-
mosets. Triptans such as sumatriptan and zolmitriptan
partially inhibited the increase in facial blood flow due to
trigeminal ganglion stimulation (28).

We have carried out different sets of experiments in a
porcine model of migraine (5, 40) to study the hemody-
namic effects of CGRP after endogenous release through
capsaicin administration or exogenous administration of
human αCGRP. Hemodynamic effects of exogenous
intracarotid infusion of human αCGRP and the cardio-
vascular safety of BIBN-4096BS in pigs were initially
assessed. Activation of CGRP receptors elicits dilatation
in different vascular beds in several species (41-43).
Consistent with these studies, our experiments show that
intracarotid infusions of αCGRP produced a marked
vasodilatation in the porcine carotid circulation, with an
accompanying fall in systemic arterial blood pressure
(Fig. 2). The fact that the animals were systematically
vagosympathectomized may explain why the hypoten-
sion was not accompanied by a baroreflex-mediated
tachycardia, as reported earlier (41-43). Interestingly, the
ipsilateral skin redness, together with the marked
decrease in arteriovenous oxygen saturation difference
(A-V SO2) induced by CGRP, indicate that porcine carotid
arteriovenous anastomoses dilated in response to
αCGRP (44). In this experimental study in anesthetized
pigs, BIBN-4096BS proved to be an effective antagonist
at the CGRP receptors mediating the systemic (hypoten-
sion), as well as the carotid (increased carotid conduc-

Drugs Fut 2004, 29(11) 1091
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endpoint of the study, was significantly higher after infu-
sion of BIBN-4096BS than after placebo.

Although these clinical findings are very encouraging,
future research will be required to compare the safety and
tolerability of BIBN-4096BS with the triptans and to devel-
op more convenient formulations for the administration of
nonpeptide CGRP receptor antagonists.
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Clinical Studies

A multicenter, double-blind, randomized clinical trial of
BIBN-4096BS was performed in patients with migraine
receiving either placebo or 0.25, 0.5, 1, 2.5, 5 or 10 mg
of BIBN-4096BS intravenously over a period of 10 min
(29). BIBN-4096BS was effective in treating migraine
headaches up to 6 h after onset. It had no vasoconstric-
tor effect, with paresthesia as the only adverse event.
This confirmed the favorable safety and tolerability results
reported earlier in the phase I study (54). Additionally, the
rate of response to pain 2 h after treatment, the primary

Fig. 2. Changes in mean arterial blood pressure and total carotid vascular conductance from baseline following intracarotid infusion of
αCGRP in anesthetized pigs before (control) and after i.v. treatment with vehicle (n=6) or BIBN-4096BS (100, 300 and 1000 µg/kg; n=7).
All values are expressed as mean ± s.e.m. The two highest doses of αCGRP significantly decreased mean arterial blood pressure and
increased total carotid conductance (significance not shown for the sake of clarity). These effects of αCGRP were dose-dependently
antagonized by BIBN-4096BS. #p < 0.05 vs. response after the corresponding volume of vehicle.
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