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Abstract Pituitary adenylate cyclase-activating peptide-

38 (PACAP38) and vasoactive intestinal peptide (VIP)

belong to the same secretin–glucagon superfamily and are

present in nerve fibers in dura and skin. Using a model of

acute cutaneous pain we explored differences in pain per-

ception and vasomotor responses between PACAP38 and

VIP in 16 healthy volunteers in a double-blind, placebo-

controlled, crossover study. All participants received

intradermal injections of 200 pmol PACAP38, 200 pmol

VIP and placebo into the volar forearm. Measurements

included pain intensity on a visual analog scale (VAS),

blood flow by laser Doppler flowmetry, visual flare and

wheal. Pain intensities after PACAP38 and VIP were mild

and limited to a short time of about 100 s after injection.

The area under the VAS-time curve was larger following

PACAP38 (P = 0.004) and VIP (P = 0.01) compared to

placebo. We found no statistical difference in pain per-

ception between PACAP38 and VIP. Skin blood flow

increase, flare and wheal were larger after both PACAP38

(P = 0.011) and VIP (P = 0.001) compared to placebo.

VIP induced a considerably larger increase in skin blood

flow, flare and wheal than PACAP38 (P = 0.002). In

conclusion, we found that peripheral nociceptive cutaneous

responses elicited by PACAP38 and VIP are similar in

healthy volunteers. This suggests that acute pain and

vasomotor responses following intradermal injections of

PACAP38 and VIP are primarily mediated by VPAC

receptors.
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VIP � Pain � Neurogenic inflammation �
Mast cell degranulation � Migraine without aura

Introduction

Pituitary adenylate cyclase-activating peptide (PACAP)

and vasoactive intestinal peptide (VIP) are members of the

secretin–glucagon superfamily of peptides and involved in

various biological functions, including nociceptive trans-

mission [1]. PACAP and VIP are functionally linked as

both peptides bind to the VPAC1 and VPAC2 receptors

with equal affinity, but PACAP also selectively binds to the

PAC1 receptor [2].

The role of PACAP38, the most predominant PACAP

form in most tissues [3–6], has been explored in an exper-

imental human migraine model [7–9]. It was shown that

intravenous administration of PACAP38 induced acute

headache and delayed migraine-like attacks in migraine

sufferers [9]. In contrast, VIP infusion only induced very

mild headache during infusion and no delayed migraine-

like attacks [8]. These results suggest that PACAP38-

induced migraine could be due to the selective activation of

the PAC1 receptor by PACAP38. The major limitation of

the human migraine model is that peripheral nociceptive

mechanisms in the perivascular space, such as neurogenic

inflammation and mast cell degranulation, cannot be visu-

alized. Furthermore, following intravenous administration it
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is unknown to what extent the experimental drug reaches

sensory nerve endings in perivascular space relevant for

head pain. Given that skin nociceptors show property

characteristics similar to dural nociceptors [10, 11], the

cutaneous model of acute pain offers a method to compare

pain mechanisms between PACAP38 and VIP in an isolated

skin area under controlled conditions. The cutaneous

application of algogenic substances may result in neuro-

genic inflammation shown as increased blood flow and

flare, which are caused by activation of nociceptors and the

subsequent release of substance P (SP) and CGRP [12].

Furthermore, mast cell degranulation can be investigated by

a relatively simple analysis of skin wheal reponse [13],

which reflects a localized vasodilatation and leakage of

plasma proteins from postcapillary venules [14].

The aims of the present study were, in a double-blind

placebo-controlled crossover study, to elucidate the dif-

ferences between PACAP38 and VIP in generating (1)

cutaneous pain; (2) neurogenic inflammation, measured by

increases in skin blood flow and flare; (3) mast cell

degranulation, measured by increase in skin wheal. We

hypothesized that PACAP38 would induce more pain,

neurogenic inflammation and mast cell degranulation

compared to VIP and placebo.

Methods

Sixteen healthy subjects (8 females and 8 males), mean age

27 years (range 19–45), were recruited. The subjects were

in good health condition and did not suffer from any

peripheral vascular disease or neurological or dermatologic

disorder. All subjects were non-smokers and did not take

any daily medication apart from oral contraceptives. All

females were non-pregnant and took oral contraceptives

during the study and for at least 2 days before both study

days, since cutaneous sensory and vasomotor responses

differ throughout the female hormonal cycle [15].

The Committees on Biomedical Research Ethics of

the Capital Region of Denmark approved the study

(HB2008142). All subjects gave informed consent to par-

ticipate in the study that was undertaken in accordance with

the Helsinki Declaration of 1964, as revised in Edinburgh

in 2000.

Design

Using a double-blind, placebo-controlled, crossover design

all participants were, in a balanced order, randomly allo-

cated to receive injections of PACAP38 and placebo or

VIP and placebo (isotonic saline) on two study days sep-

arated by at least 2 days. Thus, each participant received

two injections each day, active substance in one and pla-

cebo in the other arm. One of the investigators (HWS)

performed all the experimental procedures, while each

subject rested in a supine position on a comfortable bed in a

quiet room (temperature of 24–25�C). Prior to provocation

participants rested in the supine position for at least 30 min

to reduce influences of experimental conditions on cuta-

neous blood flow [16]. Likewise, intake of coffee, tea,

cocoa, tobacco, methylxanthine-containing foods or bev-

erages was not allowed for the last 4 h before the study

[16].

Spontaneous pain intensity was recorded after the

experimental drug injection. Assessment of skin blood

flow, flare and wheal were recorded 5, 15 and 20 min after

injection of the experimental drug. The validated Danish

version of McGill Pain Questionnaire MPQ [17] was used

to assess the subjective pain quality and pain distribution.

Intradermal injections

All experimental drugs were prepared, blinded and ran-

domised by the Central Pharmacy, Herlev Hospital, Den-

mark. The test substrates were 18.1 lg/ml PACAP38 and

13.3 lg/ml VIP (both Calbiochem�, Darmstadt, Germany)

and the pharmacy produced vials with 200 pmol PA-

CAP38 and 200 pmol VIP. The subjects arm was placed

in a comfortable position and 0.05 ml was injected intra-

dermally at an angle of approximately 15� using a 29-

gauge needle (BD Micro-Fine U-100 insulin 0.5 ml

syringes, BD Medical, USA). The injection site was the

flexor side of the forearm 1/3 distal to the cubital fossa, no

more than 1 cm off midline avoiding visible veins. The

injection point was chosen since proximal sites of the

human forearm show the most reproducible and robust

responses to pain activation [18]. In the opposite arm, the

other experimental drug was injected similarly at least 1 h

after the first injection.

Assessment of pain intensity, distribution and quality

Experimental drug-induced pain intensity was recorded

continuously every 2 s on a 10 cm electronic visual analog

scale (VAS), with anchor points 0 = no pain and 10 = the

worst imaginable pain. Data were collected in a computer

for later analysis. Subjects did not see the numeric corre-

lates to their pain perceptions at any point during the study.

Experimental drug-induced pain was determined and

expressed as area under the VAS–time curve (VASAUC,

cm 9 min), peak pain intensity and pain time (total time

period of reported pain). When testing and recording of the

investigated arm were completed, the subject chose the

appropriate descriptor words of the MPQ and was asked to

draw the perceived pain distribution on an arm chart. The
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pain distribution area was later quantified by cutting and

weighing the pain drawing using an analysis weight

(readability 0.1 mg, Mettler Toledo AJ 150-L, Greifensee,

Switzerland).

Assessment of skin blood flow

The forearm skin blood flow was measured by laser

Doppler flowmetry (LDI, Moor Instruments, Devon, UK).

An area of 4 9 4 cm was scanned with the injection in the

center of the area at a distance of 30 cm from the skin. The

image resolution was obtained at 114 9 114 pixels with a

scan speed of 4 ms/pixel. Bandwidth was set at 250 Hz to

15 kHz. Each single scan lasted 69 s. Relative blood flow

changes (expressed in %) were calculated by subtracting

the baseline blood flow from blood flow at 5, 15 and

20 min after injection of the experimental drug.

Assessment of flare

Flare (erythema around the injection site) was identified

visually by HWS and mapped 5, 15 and 20 min after the

injection on an acetate sheet. The flare areas were subse-

quently quantified by cutting and weighing the maps on a

laboratory weight (readability 0.1 mg, Mettler Toledo AJ

150-L, Greifensee, Switzerland).

Assessment of wheal

The wheal (the area of edema caused by plasma extrava-

sation) was inspected visually and by light palpation by

HWS 5, 15 and 20 min after the injection. Afterward the

wheal was outlined with a marker pen on transparent

removable tape above the wheal and the tape was pasted on

millimeter paper and later calculated to total wheal area (in

mm2).

Statistical analysis

The pain scores are expressed as median values with

quartiles. Other variables are expressed as mean values

with standard deviation (±SD). PACAP38 was compared

to placebo on the opposite arm on the injection day and the

same was done for VIP, since it has been shown that arm-

to-arm comparison is more reproducible than period-to-

period comparison [18].

The primary endpoint was difference in the area under

VAS-time curve (VASAUC) between PACAP38 versus

placebo, VIP versus placebo and PACAP38 versus VIP.

The secondary endpoints were difference in maximum skin

blood flow change, flare, wheal and pain distribution

between PACAP38 versus placebo, VIP versus placebo and

PACAP38 versus VIP. Peak pain intensity and pain time

were also obtained but not analyzed statistically. Given that

the data were not normally distributed, we performed

Friedman’s two-way analysis of variance for the four

groups: PACAP38, VIP, placebo on VIP day and placebo

on PACAP38 day. If the overall P value was less than 0.05,

we applied a post hoc Wilcoxon signed rank test to test the

differences between relevant groups for which the signifi-

cance level P \ 0.05 was also chosen. SPSS (version 16.0)

was used for statistical analysis.

Results

All 16 subjects completed both study days and no data

were missing. There were no differences between the two

placebo injections for any test variable.

Pain intensity

Pain after PACAP38 and VIP was mild and limited to a

short time of about 100 s after the injection (Fig. 1 and

Table 1).

The Friedman’s two-way analysis of variance revealed

that the VASAUC depended on the injected substance

(P \ 0.001). Post hoc analysis showed that the VASAUC

was larger following PACAP38 (P = 0.004) and VIP

(P = 0.01) than after placebo. No statistical difference was

found for PACAP38 compared to VIP (P = 0.255). The

pain distribution area depended on the injected substance

(P \ 0.001). Post hoc analysis revealed that pain distri-

bution area was larger after PACAP38 (P = 0.001) and

VIP (P = 0.023) than after placebo. No statistical differ-

ence was found between PACAP38 and VIP (P = 0.215).

Peak pain intensity and pain time are shown in Table 1.
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Fig. 1 Median pain scores following injection of 200 pmol VIP and

200 pmol PACAP38. Median pain score did not exceed 0 on any

placebo day. Area under VAS-time curve was larger following VIP

(P = 0.01) and PACAP38 (P = 0.004) compared to placebo
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The most frequent descriptor words in the MPQ after

injections are listed in Table 2.

Skin Blood flow change

The increase in skin blood flow depended on the injected

substance (P \ 0.001) (Figs. 2 and 3). Post hoc analysis

revealed a maximal increase in skin blood flow after PA-

CAP38 and VIP 5 min after injection, which was larger

than compared to placebo (P \ 0.001). VIP induced a

larger maximal increase in skin blood flow than PACAP38

(P = 0.002).

Visible flare

The flare area depended on the injected substance

(P \ 0.001) (Fig. 3). Post hoc analysis revealed a maximal

flare area 5 min after PACAP38, which was larger com-

pared to placebo (P \ 0.001). The maximal flare area

following VIP also occurred 5 min after injection and was

larger compared to placebo (P \ 0.001). VIP induced a

larger maximal flare area than PACAP38 (P = 0.001) at

5 min after injection.

Wheal

The wheal area depended on the injected substance

(P \ 0.001) (Fig. 3). Post hoc analysis revealed a maximal

wheal area 20 min after PACAP38, which was larger

compared to placebo (P = 0.011). The maximal wheal

area after VIP also occurred 20 min after injection and was

larger compared to placebo (P = 0.001). The VIP-induced

wheal area was larger than PACAP38-induced wheal

(P = 0.001) at 20 min after injection.

Study safety

The volunteers tolerated the intradermal experimental drug

injections to the forearm well and no adverse events or

complaints were reported.

Discussion

PACAP38 and VIP both evoked cutaneous pain, increased

blood flow and flare (neurogenic inflammation) as well as

wheal (mast cell degranulation). Surprisingly, PACAP38

induced mild short-lasting pain that was not different from

VIP-induced pain. Furthermore, VIP induced more blood

flow, flare and wheal than PACAP38. These data indicate

that the PAC1 receptor activation is not involved in acute

pain, neurogenic inflammation and mast cell degranulation.

Localization of receptors and nociceptors

Nociceptors are present in the human epidermis and dermis,

along the wall of blood vessels, around sweat glands and hair

follicles [19, 20]. Immunohistochemical studies have shown

that PACAP38- and VIP-immunoreactive nerve fibers are

present in human skin close to mast cells, sweat glands and

hair follicles [20–24]. The peptides have equal affinity for

the VPAC1 and VPAC2 receptors, but only PACAP acti-

vates the PAC1 receptor. VPAC1 and VPAC2 receptors

have been visualized on dermal vessel walls [25, 26] and the

PAC1 receptor has been identified in skin tissue [23]. So far,

however, no studies have attempted to identify VIP/PACAP

receptors on human sensory dermal nociceptors. Human

skin mast cells express higher levels of VPAC2 mRNA

compared to VPAC1 mRNA [22]. Collectively, these data

suggest that PACAP38 and VIP might have modulatory

effects on nociceptive processing in the human skin.

PACAP38 and VIP induced cutaneous pain

To our knowledge, this study is the first to explore differ-

ences in pain responses between PACAP38 and VIP. We

found that intradermal injection of PACAP38 and VIP

induced pain to an equal degree. One study reported that

intradermal injection of 150 pmol VIP evoked pain [27],

but pain intensity was not precisely described. In the

present study the pain area was larger after PACAP38

and VIP than placebo. This may suggest activation of

nociceptors, with larger receptive fields than nociceptors

Table 1 Median values with quartiles, except pain distribution as

mean (±SD)

VIP PACAP38 Placebo

VASAUC (cm 9 s) 1.2 (0.6–1.7)* 1.0 (0.4–1.6)* 0.2 (0–0.4)

Pain distribution

area (cm2)

5.3 ± 8.0* 2.9 ± 5.3* 1.6 ± 3.5

Peak pain (VAS) 1.3 (0.9–2.8) 1.7 (1.0–2.2) 0.5 (0–1.2)

Pain time (s) 96 (83–136) 63 (49–120) 26 (2–59)

VASAUC area under VAS-time curve, * P \ 0.05 for active drug

versus placebo

Placebo values are shown as a mean of placebo on VIP and PACAP38

day

Peak pain and time were not analyzed statistically

Table 2 Words chosen by 30% and more of subjects in the McGill

Pain Questionnaire (MPQ)

VIP % PACAP38 % Placebo %

Boring 44 Boring 56 Boring 41

Annoying 31 Sharp 31 Tender 41

Taut 38
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activated by placebo. Surprisingly, our study revealed no

difference in pain perception between PACAP38 and VIP.

Given that PACAP38 induces more headache than VIP and

response properties of cutaneous and dural nociceptors

seem similar [10, 11] we expected more pain after PA-

CAP38 than after VIP. This would have indicated that the

PAC1 receptor plays a key role in nociceptive processing

of sensory afferents and explain the difference in head pain

responses. One limitation of the present study was that we

did not examine the dose response effects of PACAP38 and

VIP. However, neuropeptides implicated in migraine

pathogenesis have usually been investigated in cutaneous

pain models in the range of 50–500 pmol [28–30] and were

shown to be suitable dosages when investigating pain,

wheal and flare.

VIP- and PACAP38-induced blood flow,

flare and wheal

Intradermal injection of VIP induces histamine release in

human skin in vivo measured with microdialysis technique

[31] and produces both a wheal and flare reaction within a

few minutes of similar degree as in our study [27, 32, 33]. In

contrast, intradermal capsaicin injection induces flare, but

not wheal [34]. Topical capsaicin pre-treatment inhibits

neurogenic inflammation (shown as flare) by depletion of

nociceptors [13]. This robustly inhibits VIP induced skin

flare, but does not affect the wheal reaction, which therefore

most likely is caused by mast cell degranulation [13]. Thus,

VIP is likely to induce neurogenic inflammation and mast

cell degranulation via two different mechanisms. In the

present study we found that VIP increased skin blood flow

and flare more than PACAP38, which is in agreement with a

previous study [35]. Intradermal histamine injection indu-

ces increased skin wheal [36]. PACAP38 causes histamine

release in human skin, but much less than compared to VIP

and PACAP27 [24]. Thus, these data explain the larger

wheal area following VIP injection compared to PACAP38.

At present we cannot exclude that VIP and PACAP could

induce receptor-independent direct activation of mast cells,

which have been suggested in an animal model [37], and

might explain the differences in wheal responses.

Present study in relation to VIP and PACAP38 models

of migraine

We acknowledge possible physiological differences in

tissue responses and therefore the extrapolation of data

Fig. 2 Example of flow

responses measured with laser

Doppler flowmetry to placebo,

200 pmol PACAP38 and

200 pmol VIP in one subject
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from cutaneous model into intravenous models of migraine

is critical. Activation and sensitization of dural nociceptors

may play a key role in generation of head and migraine

pain [38, 39]. As dural nociceptors have properties similar

to the skin nociceptors [10, 11] the human skin seems to be

a suitable compartment for human in vivo investigations of

neuropeptides involved in neurovascular headaches. Fur-

thermore, the present human model of acute cutaneous pain

is a well validated model [18, 40], suitable to test and

compare pain mechanisms in an isolated area under con-

trolled conditions.

We have previously proposed that PAC1 receptor acti-

vation is a likely mechanism of PACAP38-induced delayed

migraine-like attacks [9]. In the present study the induction

of cutaneous pain, apparent neurogenic inflammation and

mast cell degranulation all seem to be driven by VPAC

receptor activation. Such mechanisms may contribute to

pain during spontaneous and experimental migraine attacks

[41–43]. This raises the question as to why VIP infusion does

not induce delayed headaches and migraine-like attacks?

In the present study 200 pmol of PACAP38 or VIP

injected at a single point into the dermis induced short-

lasting pain. This was caused by a high local concentration

of peptides in the dermis, which cannot be expected to be

reached when 200 pmol/kg PACAP38 or VIP are intrave-

nously infused. In human experimental migraine studies, it

is very rare that an experimental drug induces pain else-

where than the head [8, 44–48]. Thus, cephalic vessels are

either surrounded by nociceptors with different and more

sensitive properties than in other organs, or headache is

caused by other mechanisms. It would be interesting to

examine a group of migraine patients, to explore if cuta-

neous pain responses differ between migraineurs and

healthy controls.

Various signaling molecules, such as CGRP and pros-

taglandin I2, do not induce neurogenic inflammation in

human skin models [30, 32], but are known to induce

migraine-like attacks [45, 49]. Mast cell degranulation may

also play a role in migraine pathogenesis [50, 51]. Yet, VIP

only showed a modest (10%) effect on histamine release in

rat dura mater [52]. More neurogenic inflammation and

mast cell degranulation after VIP than after PACAP38

question these phenomena as causative in PACAP38-

induced delayed migraine-like attacks. Thus, PACAP38

might induce a yet unknown cascade of events taking hours

to result in migraine-like attacks, which are probably dri-

ven by PAC1 receptor activation.

Conclusion

Intradermal injections of PACAP38 and VIP in the forearm

of human volunteers evoked equal pain responses. Inter-

estingly, VIP induced larger blood flow and flare as well as

wheal responses as compared to PACAP38. This suggests

VPAC receptor activation as causative for acute pain,

neurogenic inflammation and mast cell degranulation in a

human model of cutaneous pain.
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