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CGRP in human models of
primary headaches
Håkan Ashina, Henrik Winther Schytz and Messoud Ashina

Abstract
Objective: To review the role of CGRP in human models of primary headaches and to discuss methodological aspects
and future directions.
Discussion: Provocation experiments demonstrated a heterogeneous CGRP migraine response in migraine patients.
Conflicting CGRP plasma results in the provocation experiments are likely due to assay variation; therefore, proper
validation and standardization of an assay is needed. To what extent CGRP is involved in tension-type headache and
cluster headache is unknown.
Conclusion: Human models of primary headaches have elucidated the role of CGRP in headache pathophysiology and
sparked great interest in developing new treatment strategies using CGRP antagonists and antibodies. Future studies
applying more refined human experimental models should identify biomarkers of CGRP-induced primary headache and
reveal whether CGRP provocation experiments could be used to predict efficacy of CGRP antagonists in migraine
patients.
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Introduction
Human headache models provide a unique opportunity
to investigate the underlying pathophysiology of
primary headaches. One of the most extensively studied
signaling molecules is calcitonin gene-related peptide
(CGRP), which is widely distributed in the nervous
system (1–4), particularly in the perivascular trigeminal
sensory aﬀerents (5) and the trigeminal nucleus caudalis
(6). CGRP dilates human cerebral arteries (7,8),
induces mast cell degranulation (9) and plasma
extravasation (10), and is released upon trigeminal ganglion thermocoagulation (11). Randomized clinical
trials (RCT) have demonstrated the eﬃcacy of CGRP
antagonists and monoclonal antibodies in migraine
treatment (12–17). In addition, phase III RCTs in
migraine are ongoing and RCTs on CGRP antibodies
are
initiated
in
cluster
headache
patients
(ClinicalTrials.gov: NCT02438826 and NCT02397473).
CGRP has been studied directly as a trigger of
migraine attacks and indirectly by measuring CGRP
plasma levels after triggering primary headaches using
glyceryl trinitrate (GTN) and pituitary adenylate
cyclase activating peptide 38 (PACAP38) infusion.

Here, we review these studies, discuss methodological
aspects, and outline future directions.

CGRP in the GTN headache model
GTN is a nitric oxide (NO) donor, which serves as a
tool to investigate the role of NO in primary headaches.
The GTN headache model was developed and validated through extensive human experimental studies
(18). Juhasz et al. (19) investigated CGRP plasma
levels during GTN-induced migraine attacks and
reported increased CGRP levels during induced
migraine attacks in 10 patients, but found no CGRP
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changes in ﬁve patients without induced attacks.
In those who developed attacks, blood samples were
collected one to two hours after the beginning of the
migraine-like attacks, which started ﬁve to seven hours
after GTN infusion. In patients who did not develop
attacks, blood samples were taken ﬁve to six hours after
GTN infusion. Sumatriptan nasal spray, administered
120 minutes after the onset of the induced attack,
decreased CGRP levels and ameliorated headache
(20). The authors suggested that GTN infusion activates trigeminal nerve ﬁbers to liberate CGRP and
thereby induce migraine attacks.
In an RCT study, migraine patients received a GTN
infusion on two separate days, followed by either intravenous infusion of the CGRP receptor antagonist olcegepant 10 mg or a placebo (21). The majority of
migraine patients developed the usual biphasic headache pattern after GTN infusion: Mild to moderate
headache during an immediate phase within the ﬁrst
60 minutes after infusion, and migraine-like attacks
during a delayed phase in the next 2–12 h after infusion.
Olcegepant or placebo was administrated one hour
after the start of infusion. Olcegepant failed to prevent
GTN-induced migraine (seven patients reported
migraine after olcegepant compared to nine patients
after placebo). Interestingly, CGRP plasma levels
were unchanged at baseline, 30, 60, 90, 120, 180 and
240 minutes (21), which is in contrast to the study by
Juhasz et al. (19) reporting elevated CGRP plasma
levels at one to two hours after onset of delayed
migraine-like attacks approximately ﬁve hours after
GTN infusion. The lack of eﬃcacy of olcegepant in
prevention of GTN-induced migraine could have
three possible explanations: 1) CGRP acting upstream
from NO in the migraine-generating cascade (21); 2)
CGRP pathways are independent from NO migraineinducing pathways; 3) Olcegepant terminates acute
attacks of migraine, but is not eﬀective in preventing
attacks.
In tension-type headache, CGRP changes were
examined in blood samples collected from the antecubital vein during GTN-induced headache in 16 chronictension-type headache (CTTH) patients and 16 controls
(22). The study showed that GTN-induced immediate
headache was not associated with elevated plasma
CGRP in CTTH.
In cluster headache (CH), Fanciullacci et al. investigated CGRP levels in the external jugular vein
during sublingual nitroglycerine-induced cluster
attacks (23). Baseline CGRP plasma levels were
higher in the patients who were in an active period
compared to a remission period (23). Only cluster
headache patients during an active period reported
nitroglycerine-induced attacks (23,24) associated with
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further increase in plasma CGRP that reversed following sumatriptan injection (24). Based on these
ﬁndings, the authors proposed CGRP as a marker
for activation of the trigeminovascular system in cluster headache (23,24).

CGRP migraine models
Lassen et al. (25) reported the ﬁrst evidence on CGRP
provoking migraine attacks. Twelve migraine without
aura (MO) patients were randomly allocated to CGRP
or placebo infusion over 20 minutes. Originally, the
authors strictly applied the International Headache
Society classiﬁcation criteria for MO (26) and reported
migraine in three out of nine patients. Later, diﬀerent
criteria have been applied in experimentally-induced
migraine attacks (27), since migraine attacks experimentally provoked by pharmacological substances are
not spontaneous and, therefore cannot fulﬁll the strict
IHCD criteria for migraine without aura (28). By
applying these criteria, we calculated that 67 % of the
MO patients experienced delayed migraine-like attacks
compared to one in the control group. Interestingly,
CGRP-induced migraine-like attacks had a similar
time of onset as reported in a GTN headache provocation study (29).
CGRP provocation experiments have also been
extensively studied in migraine with aura (MA).
Hansen et al. (30) investigated migraine patients suﬀering exclusively from MA attacks. After CGRP infusion,
57 % of patients reported migraine-like attacks without
aura (30). In addition, four out of 14 reported typical
aura symptoms, which were likely due to experimental
stress. It would be interesting to re-challenge these
patients with CGRP. Familial hemiplegic migraine
(FHM) is an autosomal dominant subtype of MA
(31–32), and provocation studies showed that CGRP
did not provoke migraine attacks in FHM patients
with (33) and without (34) known mutations. These
data suggest a diﬀerent neurobiological pathway in
MO and MA compared with FHM, which renders
FHM patients less CGRP sensitive than in the
common migraine subtypes. Interestingly, pre-clinical
studies showed a decreased population of CGRPimmunostained cells (35) and increased CGRP release
(36) in the trigeminal ganglion in FHM1 knock-in mice
compared with normal wild-type mice. Taken together,
provocation studies demonstrated that the majority of
MO and MA patients developed delayed migraine-like
attacks after CGRP infusion. This is indicative of a
CGRP involved common cascade initiating migraine
pain in both MO and MA patients.
The CGRP vascular eﬀects in relation to migraine
have been studied by ultrasound-based imaging and
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brain imaging. Two studies reported that CGRP
dilated the superﬁcial temporal artery measured by
two-dimensional ultrasound and the middle cerebral
artery (MCA) measured indirectly via Doppler measured MCA velocity (13,37). Asghar et al. examined
intra- and extracerebral vessels after CGRP infusion
in healthy volunteers using high-resolution magnetic
resonance angiography (MRA) (38). CGRP dilated
the extracranial part of the middle meningeal artery
(MMA), but in contrast to Doppler MCA velocity
data, did not dilate the MCA. This study also showed
that sumatriptan constricted the MMA but not the
MCA (38). A functional magnetic resonance imaging
(fMRI) study investigated the blood oxygenation leveldependent (BOLD) response, as a surrogate marker of
neuronal activity in the visual cortex after CGRP and
placebo infusion (39). This study found that CGRP
infusion did not modulate neuronal activity in the
brain – likely due to exogenous CGRP not crossing
the BBB. However, following CGRP infusion in
healthy volunteers, noxious heat stimuli applied in the
trigeminal ophthalmic region resulted in an increased
BOLD response in the brainstem and insula compared
with baseline stimulation (40). In addition, decreased
BOLD response was found in the thalamus, cingulate
cortex, and caudate nuclei (40). Subcutaneous injection
of sumatriptan reversed these changes in BOLD
response (40). These data indicate that systemic
CGRP might modulate nociceptive transmission in
the trigeminal pain pathway. Finally, an MRA study
in MO patients examined circumference changes in the
extracranial part of the MMA and MCA during
CGRP-induced delayed migraine attacks (41). CGRP
induced delayed migraine-like attacks were associated
in 75% of the patients with dilation of the MMA and
MCA on the headache side. Subcutaneous injection of
sumatriptan caused cessation of the migraine-like
attacks and constricted only the MMA, whereas sumatriptan had no eﬀect on the MCA. These ﬁndings suggested that constriction of the MMA and not the MCA
were associated with amelioration of headache. A similar eﬀect of sumatriptan on the MMA circumference
was reported during spontaneous migraine attacks
(42). Collectively, these data suggest that CGRP is unlikely to cross the blood brain barrier (BBB), suggesting
a peripheral site of action. In support, a recent study
reported that CGRP induced migraine-like attacks
were not associated with premonitory symptoms (a
marker of CNS involvement) (43). Provocation studies
also revealed a heterogeneous response, i.e. some
patients developed attacks while others did not. The
question is to what extent a high family load of
migraine susceptibility genes would aﬀect hypersensitivity to CGRP. A recent study addressed this

hypothesis and reported no association between high
family load of migraine susceptibility genes and hypersensitivity to CGRP infusion (44). Thus, the conferring
risk of MO by high family load had no additive eﬀect
on CGRP-induced migraine-like attacks.

CGRP in the PACAP38 model
of migraine
PACAP38 is widely distributed in the human nervous
system (45). In rats, locally applied PACAP38 caused
CGRP release from the trigeminal nucleus caudalis, but
not from the trigeminal ganglion (46). PACAP38 provokes migraine attacks in 58–73 % of MO patients
(47,48) and dilates extracerebral arteries, but not intracerebral arteries (47) assessed by MRA. A recent study
investigated CGRP levels after PACAP38 provocation
(49). Patients were stratiﬁed into two groups: Those
who developed migraine-like attacks and those who
did not. CGRP plasma levels were measured several
times, lastly 90 minutes after the start of infusion.
Between the two patient groups, no diﬀerences in
CGRP levels were found. It seems that PACAP38
administration did not cause immediate CGRP release
in the blood. It should be noted that possible local
CGRP release from the trigeminal nucleus caudalis
and trigeminal ganglion are unlikely to be detected by
collected blood samples. Furthermore, whether CGRP
is increased during PACAP38-induced attacks remains
unknown.

Discussion
The present review has identiﬁed several methodological aspects important to discuss for future studies.
In the following, we will discuss: 1) Plasma CGRP as a
biochemical marker in human experimental models; 2)
heterogeneity of the CGRP response in migraine
patients; 3) brain imaging biomarkers of CGRPinduced primary headache attacks; 4) future experimental models using CGRP.

CGRP as a biochemical marker
Many experimental studies measured plasma CGRP
using diﬀerent assays. The assay variation or timing
of measurements might explain the conﬂicting CGRP
plasma results presented by the provocation studies
(Table 1). To date, several pharmaceutical companies
involved in developing CGRP antagonists and monoclonal antibodies have not presented studies measuring
CGRP plasma levels in RCTs (12–17). Recently, Eli
Lilly presented a poster on a validated assay, but no
data is available on migraine patients or after CGRP

GTN

GTN

GTN

GTN

GTN

PACAP38

Juhasz et al. (19)

Tvedskov et al. (21)

Ashina et al. (22)

Fanciullacci et al. (23)

Fanciullacci et al. (24)

Guo et al. (49)

Double-blinded

Open label
case study

Randomized placebo
controlled
Open label case study

Double-blindcross-over

Open label case
control

Study design

CGRP-like
immunoreactivity
radioimmunoassay (54)

CGRP-like
immunoreactivity
radioimmunoassay (55)

CGRP-like
immunoreactivity
radioimmunoassay (54)
CGRP-like
immunoreactivity
radioimmunoassay (55)

CGRP-like
immunoreactivity
radioimmunoassay (54)

CGRP-like
immunoreactivity
radioimmunoassay (53)

*Assay used

Baseline, 20, 30, 40, 60, and
90 min after infusion

Baseline, 60 min after infusion,
and 60 and 120 min after
onset of migraine-like attack
Baseline, 30 min, 60 min, 90 min,
120 min, 180 min, and 240 min
after infusion
Baseline, 10 min, 20 min, and
60 min after infusion
Baseline, 15 min after infusion,
onset of crisis, peak of crisis,
and after sumatriptan-induced
remission
Baseline, peak of provoked
attack, and after sumatriptaninduced remission or spontaneous remission

Time of measurements

Increased CGRP plasma levels in
active period CH patients.
No increase in CGRP plasma
levels in remission period CH
patients
No increase in CGRP plasma
levels in MO patients

No increase in CGRP plasma
levels in CTTH patients
Increased CGRP plasma levels in
active period CH at peak of
crisis

No increase in CGRP plasma
levels in MO patients

Increased CGRP plasma levels in
MO patients

Major findings

*The studies used different radioimmunoassays measuring CGRP plasma levels (53–55).
Migraine without aura (MO); Cluster headache (CH); Chronic tension-type headache (CTTH); Glyceryl trinitrate (GTN); Pituitary adenylate cyclase activating peptide 38 (PACAP38).

Substance

Reference

Table 1. Overview of reported CGRP plasma level changes in experimental headache provocation studies.
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infusion (the 5th European Headache and Migraine
Trust International Congress 2016). This raises a serious question about the validity of the CGRP plasma
measurements in experimental models. Even if the present assays have been validated, or reﬁned ones are
developed, it is uncertain if plasma CGRP reﬂects
local CGRP release from trigeminal aﬀerents.
Another possibility could be to measure CGRP in the
cerebrospinal ﬂuid (CSF), which is more likely to reﬂect
CNS release of CGRP. However, this approach is unlikely to be feasible in headache provocation
experiments.
Some GTN provocation studies reported a triptaninduced decrease in CGRP plasma levels. The exact
underlying mechanism remains unclear. The triptaninduced decrease in CGRP release might be due to a
direct inhibition via presynaptic 5-HT receptors on
trigeminal nerve endings (50). Alternatively, it could
be secondary to a decreased activation of perivascular
trigeminal nerves because of cranial vasoconstriction.
Separating neuronal and vascular mechanisms of
action has proven very diﬃcult so far, and is a limitation in human in vivo research. Therefore, it
remains to be proven if and how triptans aﬀect
CGRP plasma concentrations during an acute
migraine attack.
One of the major methodological reservations in the
triptan and CGRP interaction studies is that none of
the GTN provocation studies were placebo-controlled
(20,23,24). Thus, CGRP levels may decrease spontaneously during a migraine attack. It would be interesting
to investigate CGRP levels during the full course of
spontaneous migraine attacks. During untreated
GTN-induced migraine attacks, CGRP levels decrease
after an initial increase within the ﬁrst hour after the
onset of attacks (19). Also, the GTN provocation studies collected blood samples at diﬀerent time points
after the start of infusion (19,21,22,23,24). The study
by Juhasz et al. (19) collected blood samples several
hours after the onset of attack. Therefore, CGRP
levels might already have been decreasing spontaneously at the time of triptan administration in other
studies. If we assume that sumatriptan decreases
CGRP levels, it is likely because they were elevated
prior to administration. In support, sumatriptan did
not cause changes in plasma CGRP at baseline in
healthy volunteers (51).

Heterogeneity of the CGRP response, brain
imaging, and future studies
The headache-inducing mechanisms of CGRP are not
fully clariﬁed. Migraine studies have demonstrated that

68 % of MO and MA patients are responders to CGRP
infusion, i.e. these patients reported migraine-like
attacks (25,30,41). It is unknown why 32% of patients
did not develop migraine attacks, and the question is
whether these patients would respond to CGRP antagonists. It should be noted that ﬂuctuating susceptibility
to migraine (52) might inﬂuence the CGRP response.
The number of MA patients who reported delayed
headache was signiﬁcantly higher than delayed headache reported by controls (30). It is possible that
some patients with delayed headache did not develop
full-blown migraine attacks because of ﬂuctuating susceptibility to migraine. To date, no study has been conducted to reproduce the lack of CGRP response in the
same population of non-responders. It would be interesting to investigate the eﬃcacy of CGRP antagonists
and antibodies in a migraine population that has been
phenotyped as CGRP infusion responders versus nonresponders. This would enable us to possibly predict the
eﬃcacy of future drugs targeting CGRP in patients.
Brain imaging studies have shown that CGRP
causes MMA dilation (38) and modulates nociceptive
transmission in deep brain structures (40). It is not
fully clariﬁed whether CGRP induced MMA
dilatation is an epiphenomenon or important for
the development of migraine headache. Future studies
should examine whether CGRP antibody treatment
blocks CGRP-induced MMA dilation and migrainelike attacks.
Considering that CGRP levels are increased after
GTN in cluster headache provocation experiments
(24), there is a need to examine whether CGRP induces
cluster headache attacks. Such an experiment would
also be interesting to conduct on CTTH patients,
since no CGRP plasma increase has been reported in
these patients (22). PACAP38 infusion did not change
the plasma levels of CGRP in migraine patients (49),
but it is unknown whether PACAP38-induced migraine
attacks can be aborted or prevented by CGRP antagonism. An ongoing clinical trial is investigating the preventative eﬀect of AMG334 in the PACAP38 migraine
model (ClinicalTrials.gov: NCT02542605).

Conclusion
Human models of CGRP have contributed signiﬁcantly
to elucidating CGRP’s role in the pathophysiology of
primary headaches, particularly in migraine. It remains
unclear to what extent CGRP is involved in TTH and
cluster headache. Future studies using more reﬁned
human experimental models including brain imaging
should investigate the site of action of CGRP-induced
headache to identify speciﬁc biomarkers.
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Article highlights
. Provocation experiments demonstrated a heterogeneous CGRP migraine response in migraine patients.
. Conﬂicting CGRP plasma results in the provocation experiments are likely due to assay variation, and
therefore proper validation and standardization of an assay is needed.
. To what extent CGRP is involved in tension-type headache and cluster headache is unknown.
. Future experiments might reveal whether CGRP provocation experiments could be used to predict the
eﬃcacy of CGRP antagonists in migraine patients.
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10. Schlereth T, Schukraft J, Krämer-Best HH, et al. Interaction of calcitonin gene related peptide (CGRP) and
substance P (SP) in human skin. Neuropeptides 2016;
59: 57–62.
11. Goadsby PJ, Edvinsson L and Ekman R. Release of
vasoactive peptides in the extracerebral circulation of
humans and the cat during activation of the trigeminovascular system. Ann Neurol 1988; 23: 193–196.
12. Sun H, Dodick DW, Silberstein S, et al. Safety and efficacy of AMG 334 for prevention of episodic migraine: A
randomised, double-blind, placebo-controlled, phase 2
trial. Lancet Neurol 2016; 15: 382–390.
13. Petersen KA, Lassen LH, Birk S, et al. BIBN4096BS
antagonizes human alpha-calcitonin gene related peptide-induced headache and extracerebral artery dilatation. Clin Pharmacol Ther 2005; 77: 202–213.
14. Bigal ME, Edvinsson L, Rapoport AM, et al. Safety,
tolerability, and efficacy of TEV-48125 for preventive
treatment of chronic migraine: A multicentre, randomised, double-blind, placebo-controlled, phase 2b study.
Lancet Neurol 2015; 14: 1091–1100.
15. Ho TW, Mannix LK, Fan X, et al. Randomized controlled trial of an oral CGRP receptor antagonist, MK0974, in acute treatment of migraine. Neurology 2008; 70:
1304–1312.
16. Dodick DW, Goadsby PJ, Silberstein SD, et al. Safety
and efficacy of ALD403, an antibody to calcitonin generelated peptide, for the prevention of frequent episodic
migraine: A randomised, double-blind, placebo-controlled, exploratory phase 2 trial. Lancet Neurol 2014;
13: 1100–1107.
17. Dodick DW, Goadsby PJ, Spierings EL, et al. Safety
and efficacy of LY2951742, a monoclonal antibody to
calcitonin gene-related peptide, for the prevention of
migraine: A phase 2, randomised, double-blind,
placebo-controlled study. Lancet Neurol 2014; 13:
885–892.

Ashina et al.
18. Iversen HK, Olesen J and Tfelt-Hansen P. Intravenous
nitroglycerin as an experimental model of vascular headache. Basic characteristics. Pain 1989; 38: 17–24.
19. Juhasz G, Zsombok T, Modos EA, et al. NO-induced
migraine attack: Strong increase in plasma calcitonin
gene-related peptide (CGRP) concentration and negative
correlation with platelet serotonin release. Pain 2003; 106:
461–470.
20. Juhasz G, Zsombok T, Jakab B, et al. Sumatriptan causes
parallel decrease in plasma calcitonin gene-related peptide (CGRP) concentration and migraine headache
during
nitroglycerin
induced
migraine
attack.
Cephalalgia 2005; 25: 179–183.
21. Tvedskov JF, Tfelt-Hansen P, Petersen KA, et al. CGRP
receptor antagonist olcegepant (BIBN4096BS) does not
prevent glyceryl trinitrate-induced migraine. Cephalalgia
2010; 30: 1346–1353.
22. Ashina M, Bendtsen L, Jensen R, et al. Calcitonin generelated peptide levels during nitric oxide-induced headache in patients with chronic tension-type headache.
Eur J Neurol 2001; 8: 173–178.
23. Fanciullacci M, Alessandri M, Sicuteri R, et al. Responsiveness of the trigeminovascular system to nitroglycerine
in cluster headache patients. Brain 1997; 120: 283–288.
24. Fanciullacci M, Alessandri M, Figini M, et al. Increase in
plasma calcitonin gene-related peptide from the extracerebral circulation during nitroglycerin-induced cluster
headache attack. Pain 1995; 60: 119–123.
25. Lassen LH, Haderslev PA, Jacobsen VB, et al. CGRP
may play a causative role in migraine. Cephalalgia 2002;
22: 54–61.
26. Headache Classification Committee of the International
Headache Society. Classification and diagnostic criteria
for headache disorders, cranial neuralgias and facial pain.
Cephalalgia 1988; 8: 1–96.
27. Schytz HW, Birk S, Wienecke T, et al. PACAP38 induces
migraine-like attacks in patients with migraine without
aura. Brain 2009; 132: 16–25.
28. Guo S, Olesen J and Ashina M. Phosphodiesterase 3
inhibitor cilostazol induces migraine-like attacks via
cyclic AMP increase. Brain 2014; 137: 2951–2959.
29. Thomsen LL, Kruuse C, Iversen HK, et al. A nitric oxide
donor (nitroglycerin) triggers genuine migraine attacks.
Eur J Neurol 1994; 1: 73–80.
30. Hansen JM, Hauge AW, Olesen J, et al. Calcitonin generelated peptide triggers migraine-like attacks in patients
with migraine with aura. Cephalalgia 2010; 30:
1179–1186.
31. Eising E, de Vries B, Ferrari MD, et al. Pearls and pitfalls
in genetic studies of migraine. Cephalalgia 2013; 33:
614–625.
32. de Vries B, Frants RR, Ferrari MD, et al. Molecular
genetics of migraine. Hum Genet 2009; 126: 115–132.
33. Hansen JM, Thomsen LL, Olesen J, et al. Calcitonin
gene-related peptide does not cause the familial hemiplegic migraine phenotype. Neurology 2008; 71: 841–847.
34. Hansen JM, Thomsen LL, Olesen J, et al. Calcitonin
gene-related peptide does not cause migraine attacks in
patients with familial hemiplegic migraine. Headache
2011; 51: 544–553.

7
35. Mathew R, Andreou AP, Chami L, et al. Immunohistochemical characterization of calcitonin gene-related peptide in the trigeminal system of the familial hemiplegic
migraine 1 knock-in mouse. Cephalalgia 2011; 31:
1368–1380.
36. Fioretti B, Catacuzzeno L, Sforna L, et al. Trigeminal
ganglion neuron subtype-specific alterations of Ca(V)2.1
calcium current and excitability in a Cacna1a mouse
model of migraine. J Physiol 2011; 589: 5879–5895.
37. Lassen LH, Jacobsen VB, Haderslev PA, et al. Involvement of calcitonin gene-related peptide in migraine:
Regional cerebral blood flow and blood flow velocity in
migraine patients. J Headache Pain 2008; 9: 151–157.
38. Asghar MS, Hansen AE, Kapijimpanga T, et al. Dilation
by CGRP of middle meningeal artery and reversal by
sumatriptan in normal volunteers. Neurology 2010; 75:
1520–1526.
39. Asghar MS, Hansen AE, Larsson HB, et al. Effect of
CGRP and sumatriptan on the BOLD response in
visual cortex. J Headache Pain 2012; 13: 159–166.
40. Asghar MS, Becerra L, Larsson HB, et al. Calcitonin
gene-related peptide modulates heat nociception in the
human brain – an fMRI study in healthy volunteers.
PLoS One 2016; 11: e0150334.
41. Asghar MS, Hansen AE, Amin FM, et al. Evidence for a
vascular factor in migraine. Ann Neurol 2011; 69:
635–645.
42. Amin FM, Asghar MS, Hougaard A, et al. Magnetic
resonance angiography of intracranial and extracranial
arteries in patients with spontaneous migraine without
aura: A cross-sectional study. Lancet Neurol 2013; 12:
454–461.
43. Guo S, Vollesen AL, Olesen J, et al. Premonitory and
nonheadache symptoms induced by CGRP and
PACAP38 in patients with migraine. Pain 2016; 157:
2773–2781.
44. Guo S, Christensen AF, Liu ML, et al. Calcitonin generelated peptide induced migraine attacks in patients with
and without familial aggregation of migraine.
Cephalalgia. Epub ahead of print 18 March 2016. DOI:
10.1177/0333102416639512.
45. Tajti J, Uddman R, Moller S, et al. Messenger molecules
and receptor mRNA in the human trigeminal ganglion.
J Auton Nerv Syst 1999; 76: 176–183.
46. Jansen-Olesen I, Baun M, Amrutkar DV, et al. PACAP38 but not VIP induces release of CGRP from trigeminal
nucleus caudalis via a receptor distinct from the PAC1
receptor. Neuropeptides 2014; 48: 53–64.
47. Amin FM, Hougaard A, Schytz HW, et al. Investigation
of the pathophysiological mechanisms of migraine
attacks induced by pituitary adenylate cyclase-activating
polypeptide-38. Brain 2014; 137: 779–794.
48. Schytz HW, Birk S, Wienecke T, et al. PACAP38 induces
migraine-like attacks in patients with migraine without
aura. Brain 2009; 132: 16–25.
49. Guo S, Vollesen AL, Hansen YB, et al. Part II:
Biochemical changes after pituitary adenylate cyclaseactivating polypeptide-38 infusion in migraine patients.
Cephalalgia. Epub ahead of print 18 March 2016. DOI:
10.1177/0333102416639517.

8
50. Buzzi MG, Carter WB, Shimizu T, et al. Dihydroergotamine and sumatriptan attenuate levels of CGRP in
plasma in rat superior sagittal sinus during electrical
stimulation
of
the
trigeminal
ganglion.
Neuropharmacology 1991; 30: 1193–1200.
51. Hansen JM, Petersen J, Wienecke T, et al. Sumatriptan
does not change calcitonin gene-related peptide in the
cephalic and extracephalic circulation in healthy volunteers. J Headache Pain 2009; 10: 85–91.
52. Stankewitz A and May A. Cortical excitability and
migraine. Cephalalgia 2007; 27: 1454–1456.
53. Nemeth J, Gorcs T, Helyes Z, et al. Development of a
new
sensitive
CGRP
radioimmunoassay
for

Cephalalgia 0(0)
neuropharmacological research. Neurobiology 1998; 6:
473–475.
54. Schifter S. Circulating concentrations of calcitonin generelated peptide (CGRP) in normal man determined with a
new, highly sensitive radioimmunoassay. Peptides 1991;
12: 365–369.
55. Geppetti P, Frilli S, Renzi D, et al. Distribution of calcitonin gene-related peptide-like immunoreactivity in various rat tissues: Correlation with substance P and other
tachykinins and sensitivity to capsaicin. Regul Pept 1988;
23: 289–298.

