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Neuropeptides are important in the pathophysiology of primary headaches.
Triptans, 5-HT1B/D receptor agonist, are effective in acute migraine management.
Triptans might reduce circulating neuropeptides VIP and PACAP.
Baseline VIP and PACAP do not differ between the cephalic and systemic circulation.
Sumatriptan does not change the circulating levels of VIP and PACAP in vivo.
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a b s t r a c t

Background and purpose: The origin of migraine pain is still elusive, but increasingly researchers focus
on the neuropeptides in the perivascular space of cranial vessels as important mediators of nocicep-
tive input during migraine attacks. The parasympathetic neurotransmitters, pituitary adenylate cyclase
activating peptide-38 (PACAP38) and vasoactive intestinal peptide (VIP) may be released from parasym-
pathetic fibres and activate sensory nerve fibres during migraine attacks. Triptans are effective and well
tolerated in acute migraine management but the exact mechanism of action is still debated. Triptans
might reduce circulating neuropeptides. To examine this question, we examined the effect of sumatriptan
on VIP and PACAP levels in vivo, under conditions without trigeminovascular system activation.
Methods: In 16 healthy volunteers we measured VIP and PACAP levels before and after administration of
subcutaneous sumatriptan. We simultaneously collected blood samples from the internal and external
jugular, the cubital veins and the radial artery, thereby covering both the cerebral and systemic circulation.
VIP and PACAP determinations were assayed blindly with respect to timing and vascular compartments,
but with all samples of a patient in the same assay, to minimize the influence of interassay variation.
Results: We found no difference in VIP and PACAP concentrations between the internal and external
jugular, the cubital veins and the radial artery, (P > 0.05), and the circulating levels of VIP and PACAP
did not change over time (P > 0.05). We found excellent agreement between neuropeptide levels in the
internal and the external jugular system.

Conclusion: Sumatriptan did not change the levels of circulating VIP and PACAP in the intra or extra cere-
bral circulation in healthy volunteers. Under baseline conditions, without trigeminovascular activation,
sumatriptan does not affect the release of neuropeptides VIP and PACAP.
Implications: Our results indicate no effect of 5-HT1B/D receptor activation on circulating levels of VIP

hout
and PACAP in humans wit

role for migraine it would be in
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1. Introduction

Neuropeptides are implicated in the pathophysiology of pri-

mary headaches. Vasoactive intestinal peptide (VIP) and pituitary
adenylate cyclase-activating polypeptide (PACAP) are both vasoac-
tive peptides belonging to a family of structurally related peptides
[1]. VIP and PACAP are found in perivascular parasympathetic nerve
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bres [2]. PACAP can interact with three subtypes of receptors
PAC1, VPAC1 and VPAC2) of which the latter two are shared with
IP [3]. Increased levels of neuropeptides have been found in cranial
enous blood during migraine attacks [4] and in patients with clus-
er headache [5]. Release of vasoactive peptides (as VIP and PACAP)
uring attacks could be the result of activation of a brainstem reflex
6] and parasympathetic outflow release neurotransmitters to the
ephalic vasculature that might trigger activation and sensitization
f perivascular sensory afferents [7] and cause pain.

The triptans, 5-hydroxytryptamine (5-HT1B/D receptor agonist),
re effective and well tolerated in acute migraine management [8].
riptans may lead to a decreased release of neuropeptides such
s calcitonin gene-related peptide (CGRP) [9], but potentially also
ther neuropeptides, as VIP and PACAP. It is unknown whether
riptans modulate the VIP and PACAP levels in vivo.

We therefore conducted a pharmacological model study to
xamined VIP and PACAP plasma levels under conditions without
rigeminovascular system activation, and we therefore examined
ealthy volunteers. Sumatriptan causes vasoconstriction of the
ural vessels [10] but acts only as a weak vasoconstrictor of the
uperficial temporal artery [11]. This could reflect a different action
f sumatriptan on intra and extracerebral vessels, and we therefore
easured peptide levels in the venous outflow from the intra- and

xtracerebral circulation before and after subcutaneous injection
f sumatriptan.

. Methods

We recruited 17 healthy subjects for the study (12 M/5 F, mean
ge 27.5 years, range 21–35 years). Inclusion criteria were: age
8–35 years, body weight 50–100 kg. Exclusion criteria were: a per-
onal or a family history of migraine or any other type of headache
except episodic tension type headache less than once a week);
eadache within 24 h before study start; any daily medication apart

rom oral contraceptives; pregnancy or breastfeeding; and seri-
us somatic or psychiatric diseases. Human chorionic gonadotropin
hCG) measurements were done in all female patients before start
f the experiments. The Ethics Committee of the County of Copen-
agen (KA-20060069), Danish Medicines Agency, and the Danish
ata Protection Agency approved the study, which was undertaken

n accordance with the Helsinki Declaration of 1964, as revised
n Edinburgh in 2000. The study was monitored by the unit for
ood Clinical Practice at Copenhagen University Hospital and reg-

stered on http://www.clinicaltrials.gov. All subjects gave written
nformed consent to participate in the study.

.1. Experimental design

All procedures were performed in a quiet room with a con-
tant temperature of 25 ◦C, and the subjects rested in the supine
osition for 30 min before baseline measurements. Catheters were

nserted in the internal (5Fr 200 mm, BD CareflowTM, Becton Dick-
nson Ltd., Singapore) and external jugular vein, the cubital vein
16G, Optiva 2, Medex Medical Ltd., Rossendale, Great Britain), and
he radial artery (20 G, arterial cannula, Becton Dickinson, Swin-
on, UK). Procedures were carried out under sterile conditions
nd sonographic guidance (Side Rite IV Ultrasound Scanner, BARD
ccess Systems, Inc., Salt Lake City, USA) was used to determine

he size and location of the internal jugular catheter, placed at bul-
us jugularis. The correct placement in the internal jugular vein
as confirmed by the marked O2 difference between the internal

nd external jugular veins, as described in [12]. We subcutaneously

njected sumatriptan 6 mg (GlaxoSmithKline) in the right thigh to
educe inter-patient variability in pharmacokinetics, and because
his formulation yields the highest therapeutic gain in migraine
atients.
rnal of Pain 4 (2013) 211–216

Blood samples were collected 10 min before sumatriptan and
then 15, 30, 60 and 90 min after drug administration. Blood samples
were collected in ice-chilled tubes containing heparin and apro-
tinin. Plasma was separated by centrifugation at 4 ◦C within half an
hour and then stored at −20 ◦C until shipment for analysis. Sam-
ples were coded and VIP and PACAP determinations were assayed
blindly with respect to timing and vascular compartments, but with
all samples of a patient in the same assay, to minimize the influence
of interassay variation. All catheters were flushed with isotonic
saline 0.9% immediately after sampling and emptied immediately
before sampling. The subjects were discharged from the hospital
2 h after injection of sumatriptan.

2.2. Plasma concentration of VIP

Blood samples for VIP measurement were collected in ice-
chilled tubes containing 50 IU of heparin and 500 kIU aprotinin
(Trasylol, Bayer, Germany) per ml blood. Plasma was separated by
centrifugation (1500 × g) at 4 ◦C within half an hour and immedi-
ately frozen at −20 ◦C. The VIP radioimmunoassay was performed
as previously described using antiserum 5603-6 at a final titre
of 1.2 × 106 in a total volume of 0.8 ml/tube [13]. This antiserum
recognizes the mid- and C-terminal region of the VIP molecule
(sequence 11–24) and displays no cross reactivity with other
known gastrointestinal peptides or neuropeptides. The label has a
specific radioactivity of 0.92 nCi/fmol (∼34 Bq/fmol). The IC50 value
(the concentration of VIP giving 50% displacement of label) was
24 pmol/l and the assay could detect changes of 3 pmol/l with 95%
confidence.

2.3. Plasma concentration of PACAP38

Blood samples for PACAP38 measurements were collected in
ice-chilled tubes containing 50 IU of heparin and 500 kIU aprotinin
(Trasylol, Bayer, Germany) per ml of blood. Plasma was sepa-
rated by centrifugation (1500 × g) at 4 ◦C within half an hour and
immediately frozen at −20 ◦C. The concentration of PACAP38 in
plasma was measured radioimmunochemically using antiserum
733C-5 directed against the sequence PACAP28–38 [14]. The anti-
serum that was used at a final titre of 1.2 × 105 in a total volume
of 0.8 ml/tube does not cross-react with PACAP27, VIP or other
structurally related peptides. Synthetic PACAP28–38 labelled to a
specific radioactivity of 30 Bq/mol with 125I by the iodogen method
was used as tracer and synthetic human PACAP38 was used as
standard. The IC50 value (the concentration of PACAP38 giving 50%
displacement of the tracer) was 17 pmol/l and the assay could
detect changes of 2 pmol/l with 95% confidence. The intra-assay
and inter-assay coefficient of variation values at a level of 20 pmol/l
were 3.1 and 10.1%, respectively. Since PACAP38 in human plasma
is bound to the protein ceruloplasmin [15] the peptide was freed
from ceruloplasmin before measurement by the following proce-
dure: 1.2 ml of 1% trifluoroacetic acid was added to an equal volume
of plasma from each subject and mixed thoroughly for 60 s. After
incubation for 10 min on ice-bath the mixture was neutralized by
addition of 15 �l of 5 M NaOH. Subsequently 2.5 ml of absolute
ethanol was added. After thorough mixing followed by centrifu-
gation at 1500 × g for 20 min at 4 ◦C the supernatant was decanted
and dried under vacuum. The dried product was reconstituted to
its original volume with assay buffer.

2.4. Data analysis and statistics
ANOVA was used to assess change within groups over time, with
catheters as the between subjects factor and time of sample as
the within subjects factor. We also compared the area under the
curve (AUC) for the peptide concentration between the different

http://www.clinicaltrials.gov/
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Table 1
Baseline neuropeptide concentration (mean ± SEM).

Radial artery (n = 16) Internal jugular vein (n = 15) External jugular vein (n = 10/11) Cubital vein (n = 15)

VIP (pmol/l) 3.5 ± 0.22 3.5 ± 0.17 2.9 ± 0.25 (n = 10) 3.4 ± 0.16
PACAP (pmol/l) 0.54 ± 0.06 0.58 ± 0.06 0.62 ± 0.08 (n = 11) 0.46 ± 0.06

Table 2
Relative changes in VIP and PACAP concentration between baseline and Cmax, (mean, 95% CI) (P > 0.05 for all).

Radial artery (n = 16) Internal jugular vein (n = 15) External jugular vein (n = 10/11) Cubital vein (n = 15)
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warmth (n = 5). These adverse events occurred shortly after admin-
istration, and resolved mostly spontaneously within 30 min. No
other periprocedural side effects were observed.
VIP +0.95% (−10.0 to +11.9%) +2.58% (−12.5 to +17.6%
PACAP +2.3% (−14.7 to +19.2%) +7.2% (−10.3% to +24.7%

ascular compartment. We compared the AUC, baseline values and
hanges over time in peptide levels within each vascular compart-
ent using one-way ANOVA. We did a post hoc analysis of the

ifference in peptide concentration between baseline and the time
f maximal sumatriptan concentration, Cmax, 15 min after injection,
sing a Dunnett t-test. We compared the baseline-Cmax difference
etween compartments using the one-way ANOVA. To determine
he agreement between the peptide concentration in the internal
nd external jugular system, we compared data as described by
land and Altman [16]. Changes in vascular variables were ana-

yzed using a paired, two-way t-test. Baseline was defined as time
10 min. Plasma half-life was calculated fitting individual curves

n a one-phase exponential decay model (Graph-Pad prism 3.0, San
iego, CA, USA). All analyses were performed with SPSS for Win-
ows 17.0 (Chicago, IL, USA). Five percent (P < 0.05) was accepted
s significance level.

.5. Vital signs

Arterial blood pressure was measured on the radial arterial
atheter (GabarithTM, single transducer set, Becton Dickinson Ltd.,
ingapore), monitored continuously and recorded on paper every
5 min. Heart rate and ECG (Cardiofax V, Nihon-Cohden, Japan) was
onitored continuously on an LCD screen and recorded on paper

very 15 min.

. Results

One subject withdrew from the study before any proce-
ures were performed and sixteen subjects completed the study,
12 M/4 F, mean age 27.5 years, range 21–35 years). Due to catheter
elated problems there were missing values in samples from inter-
al jugular vein (n = 5 out of 80), external jugular vein (n = 26 out
f 80) and cubital vein (n = 13 out of 80). The missing values were
venly distributed across time points. There were no differences in
aseline neuropeptide concentration between the four catheters
VIP, P = 0.15, PACAP, P = 0.21) (Table 1).

.1. Plasma levels of VIP after sumatriptan

We found no difference in VIP concentration (P = 0.65) (Fig. 1),
nd AUCVIP did not differ between the four vascular compartments
P = 0.92). The ANOVA showed that VIP did not change over time in
he four compartments (P > 0.05).

There were no difference in VIP concentration between base-
ine and Cmax; mean 0.11 pmol/l, (95% CI −0.1 to +0.33) (P = 0.32)
Table 2).
.2. Plasma levels of PACAP after sumatriptan

We found no difference in PACAP concentrations (P = 0.42)
Fig. 1), and AUCPACAP did not differ between the four vascular
−1.44% (−24.8 to +22.0%)(n = 10) +3.45% (−6.5 to +13.4%)
−10.9% (−27.8 to +5.9%) (n = 11) −1.2% (−22.3 to +22.7%)

compartments (P = 0.36). The ANOVA showed that PACAP did not
change over time in the four compartments (P > 0.05).

There were no difference in PACAP concentration between base-
line and Cmax; mean −0.008 pmol/l (95% CI −0.07 to +0.06) (P = 0.30)
(Table 2).

3.3. Variation between internal and external jugular
neuropeptide concentration

The mean difference in VIP concentrations was 0.16 pmol/l
between the internal and external jugular vein, with a variability of
the measurements, also called 95% limits of agreement (1.96 ± SD
about the mean) [16] of 1.59 pmol/l (Fig. 2).

The mean difference in PACAP concentrations was 0.009 pmol/l
between the internal and external jugular vein, with a variability
of the measurements of 0.49 pmol/l (Fig. 2).

3.4. The vascular effects of sumatriptan

Sumatriptan induced a significant increase in mean arterial
blood pressure (P < 0.001), of 7.9% ± 1.5 relative to baseline at Cmax,
but did not change heart rate (P > 0.05) (Fig. 3).

3.5. Adverse events

The following adverse events were reported: tightness and pres-
sure of the neck and body (n = 10), headache (n = 8) and a feeling of
Fig. 1. VIP and PACAP before and after sumatriptan (median ± SEM). Concentration
(pmol/l) of VIP (squares) and PACAP (triangles) before and after 6 mg subcutaneous
sumatriptan.
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Fig. 2. Intra vs. extracerebral levels of VIP and PACAP. Bland–Altman plot of VIP (left)
difference in VIP concentration between internal and external jugular vein was 0.16 pm
internal and external jugular vein was −0.009 pmol/l with a precision of ±0.49. Lines deli
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ig. 3. The vascular effects of sumatriptan. Changes in middle arterial blood pressure
squares) and heart rate (triangles) after sumatriptan (mean ± SEM).

. Discussion

The major outcome of the present study is that sumatriptan did
ot change the levels of circulating VIP and PACAP in the intra or
xtracranial circulation in healthy volunteers.

.1. Localization and function of VIP and PACAP

VIP is present in the parasympathetic nerve fibres surround-
ng human temporal [17] and middle cerebral artery [18] and VIP
eceptors are found in the human sphenopalatine and otic ganglia
19]. PACAP immunoreactive nerve fibres surround cerebral ves-
els in the cat [20], and the trigeminal nucleus caudalis in humans
21]. PACAP receptors can be found on cerebral arteries [22] and the
erivascular nerves of both sensory, parasympathetic and sympa-
hetic nerves [22].
Parasympathetic nerve fibres innervating cerebral vessels origi-
ate from the sphenopalatine and otic ganglia [23], and VIP, PACAP
nd their receptors are found in the sphenopalatine ganglion [24].
he activation of postganglionic parasympathetic neurons in the
and PACAP (right) concentration in the internal and external jugular vein. Mean
ol/l with a precision of ±1.59. Mean difference in PACAP concentration between
neate mean and the 95% limits of agreement (mean ± 2 × SD).

sphenopalatine ganglion, leads to vasodilation and possibly activa-
tion of meningeal nociceptors [25]. Blockade of the sphenopalatine
ganglion with intranasal lidocaine might be effective in the treat-
ment of migraine attacks [26]. VIP and PACAP are thus present in
structures and have physiological effects that are highly relevant in
migraine pathophysiology.

4.2. VIP and PACAP in migraine

It is highly debated whether migraine attacks and trigemino-
vascular activation lead to increased release of neuropeptides [27].
The role of VIP and PACAP in migraine was examined in a series
of human experimental studies. When administered to humans,
PACAP38 induces sustained cephalic vasodilatation in healthy vol-
unteers and migraine-like headache in patients with migraine
without aura [28], whereas VIP induces just a short lasting and
mild headache in control subjects [29] and no migraine attacks in
patients with migraine without aura [30]. The migraine induction
by PACAP-38, in contrast to VIP, suggests that the shared VIP/PACAP
receptors (VPAC1 and VPAC2) are unlikely to be causal for induction
of migraine, but points towards an important role of the PACAP-
selective PAC1 receptor. The exact pronociceptive mechanisms of
PACAP are still not mapped out in details, but central sensitization
[31] or mast cell degranulation could be involved [32].

4.3. Triptans and VIP/PACAP

The triptans are effective in the acute treatment of migraine
pain [8]. The exact mechanisms of action are still unresolved but
could include reduced release of vasoactive peptides [9]. It has
been suggested that after triptan administration, head pain sub-
sides in parallel with normalization of neuropeptide release [33].
The present results, however, suggest no effect of sumatriptan on
levels of circulating VIP and PACAP in healthy volunteers.

4.4. Intra vs. extracerebral levels of VIP and PACAP
It has been suggested that blood from the internal jugular
vein specifically reflects intracranial neurotransmitter physiology,
whereas the external jugular blood express neurotransmitter and
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iochemical variations in both intra- and extracranial cerebral
tructures [34]. As a part of the study we examined whether suma-
riptan had different effect on the VIP/PACAP concentration in
lood from the internal and the external jugular system. We found
xcellent agreement between neuropeptide levels in both compart-
ents (Fig. 2), indicating a similar effect of triptans on neuropeptide

evels in the two compartments. Sumatriptan is hydrophilic and
herefore does not easily penetrate the blood–brain barrier (BBB)
owever, recent findings support a peripheral site of action for
umatriptan in the dural pain fibres [35].

.5. Methodological considerations

The objective of our study was to examine the effect of suma-
riptan on plasma levels of VIP and PACAP, not to determine
hether the drug was effective in migraine treatment. We there-

ore conducted this experiment as a pharmacological model study
n healthy volunteers, knowing that our subjects (mostly males)
re not reflective of the migraine population in general. Our results
ndicate no effect of 5-HT1B/D receptor activation on circulating
evels of VIP and PACAP in humans without trigeminovascular
ctivation. Given that neuropeptides play an important role for
igraine it would be interesting to conduct a similar study in a
igraine population.

.6. Conclusions

The present study shows that

(I) Baseline levels of VIP and PACAP do not differ between the
cephalic and systemic circulation (Table 1).

(II) Sumatriptan, at the clinically maximum dose does not change
the circulating levels of VIP and PACAP in vivo, without trigemi-
novascular system activation (Fig. 1).

(III) We found excellent agreement between the levels of VIP and
PACAP in the internal and the external jugular veins (Fig. 2),
suggesting that future studies could use just one of the two.

IV) Sumatriptan affected blood pressure (Fig. 3) indicating that the
drug was present in relevant doses, even though we did not
measure the blood concentration of sumatriptan.
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