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Donitriptan, but not sumatriptan, inhibits capsaicin-
induced canine external carotid vasodilatation
via 5-HT1B rather than 5-HT1D receptors

E Muñoz-Islas1, S Gupta2, LR Jiménez-Mena1, J Lozano-Cuenca1, A Sánchez-López1, D Centurión1,

S Mehrotra2, A MaassenVanDenBrink2 and CM Villalón1

1Departamento de Farmacobiologı́a, Cinvestav-Coapa, Czda. de los Tenorios 235, Col. Granjas-Coapa, México D.F., México and
2Department of Pharmacology, Cardiovascular Research Institute ‘COEUR’, Erasmus MC, University Medical Centre Rotterdam,
Rotterdam, The Netherlands

Background and purpose: It has been suggested that during a migraine attack capsaicin-sensitive trigeminal sensory nerves
release calcitonin gene-related peptide (CGRP), resulting in cranial vasodilatation and central nociception; hence, trigeminal
inhibition may prevent this vasodilatation and abort migraine headache. This study investigated the effects of the agonists
sumatriptan (5-HT1B/1D water-soluble), donitriptan (5-HT1B/1D lipid-soluble), PNU-142633 (5-HT1D water-soluble) and PNU-
109291 (5-HT1D lipid-soluble) on vasodilator responses to capsaicin, a-CGRP and acetylcholine in dog external carotid artery.
Experimental approach: 59 vagosympathectomized dogs were anaesthetized with sodium pentobarbitone. Blood pressure
and heart rate were recorded with a pressure transducer, connected to a cannula inserted into a femoral artery. A precalibrated
flow probe was placed around the common carotid artery, with ligation of the internal carotid and occipital branches, and
connected to an ultrasonic flowmeter. The thyroid artery was cannulated for infusion of agonists.
Key results: Intracarotid infusions of capsaicin, a-CGRP and acetylcholine dose-dependently increased blood flow through
the carotid artery. These responses remained unaffected after intravenous (i.v.) infusions of sumatriptan, PNU-142633, PNU-
109291 or physiological saline; in contrast, donitriptan significantly attenuated the vasodilator responses to capsaicin, but not
those to a-CGRP or acetylcholine. Only sumatriptan and donitriptan dose-dependently decreased the carotid blood flow.
Interestingly, i.v. administration of the antagonist, SB224289 (5-HT1B), but not of BRL15572 (5-HT1D), abolished the inhibition
by donitriptan.
Conclusions and implications: Our results suggest that the inhibition produced by donitriptan of capsaicin-induced external
carotid vasodilatation is mainly mediated by 5-HT1B, rather than 5-HT1D, receptors, probably by a central mechanism.
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aminocarbonyl)phenyl]-1-piperazinyl]ethyl]-N-methyl-1H-2-benzopyran-6-carboxamide; PNU-109291, [(S)-
(�)-1-[2-[4-(4-methoxy-phenyl)-piperazin-1-yl]-ethyl]isochroman-6-carboxylic acid methylamide]; SB224289,
2,3,6,7-tetrahydro-10-methyl-5-[20-methyl-40(5-methyl-1,2,4-oxadiazol-3-yl)biphenyl-4-carbonyl]furo [2,3-f] indole-
3-spiro-40-piperidine) hydrochloride

Introduction

Migraine, a syndrome with an elusive pathophysiology (see

Villalón et al., 2002), involves vasodilatation of cranial blood

vessels and activation of perivascular trigeminal sensory

nerves that results in the release of several neuropeptides,

particularly calcitonin gene-related peptide (CGRP) (see

Edvinsson, 2003). Indeed, plasma concentrations of CGRP,

but not of other neuropeptides, are elevated during migraine

headache and these are normalized by the triptans (such as

sumatriptan) in parallel with alleviation of headache (see

Goadsby et al., 2002).

CGRP is predominantly located on sensory neurons and

perivascular nerves surrounding blood vessels, where it is

co-localized with other vasoactive neuropeptides, such as

substance P and neurokinin A (Van Rossum et al., 1997). In
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addition, it dilates cranial blood vessels and transmits

vascular nociception (see Arulmani et al., 2004b). The release

of endogenous CGRP can be experimentally induced by

either trigeminal electrical stimulation (Buzzi et al., 1991;

Goadsby and Edvinsson, 1993) or chemical stimulation with

capsaicin (Potenza et al., 1994; Hou et al., 2002; Dux et al.,

2003). Interestingly, the water-soluble antimigraine drug,

sumatriptan (see Humphrey et al., 1991), attenuated the

increased release of CGRP evoked by trigeminal electrical

stimulation in rats and cats (Buzzi et al., 1991; Goadsby and

Edvinsson, 1993), but failed to modify the carotid vasodila-

tation and the increased release of CGRP induced by

capsaicin in pigs (Arulmani et al., 2004a). In this context,

it is noteworthy that sumatriptan does not easily cross an

intact blood–brain barrier (see Humphrey et al., 1991).

However, during a migraine attack, the blood–brain barrier

is transiently disrupted (Harper et al., 1977) and this

phenomenon may facilitate the penetration of sumatriptan

into the central nervous system (CNS), as previously shown

with a hyperosmolar mannitol solution (Kaube et al., 1993),

resulting in trigeminal inhibition. With the advent of more

lipid-soluble compounds, including second-generation trip-

tans (see Villalón et al., 2002) and selective 5-hydroxytripta-

mine (5-HT)1D receptor agonists (Ennis et al., 1998), the

question remains open as to whether lipid-soluble com-

pounds given i.v. could inhibit the carotid vasodilatation

induced by capsaicin and a-CGRP in vivo. On this basis, and

considering that central and peripheral trigeminal inhibition

involves activation of 5-HT1B/1D receptors (see Goadsby et al.,

2002; Villalón et al., 2002), the present study set out to

investigate in vagosympathectomized dogs: (a) whether the

agonists sumatriptan (5-HT1B/1D, water-soluble), donitriptan

(5-HT1B/1D, lipid-soluble), [(S)-(�)-3,4-dihydro-1-[2-[4-ami-

nocarbonyl)phenyl]-1-piperazinyl]ethyl]-N-methyl-1H-2-

benzopyran-6-carboxamide (PNU-142633) (5-HT1D, water-

soluble) and [(S)-(�)-1-[2-[4-(4-methoxy-phenyl)-piperazin-

1-yl]-ethyl]isochroman-6-carboxylic acid methylamide]

(PNU-109291) (5-HT1D, lipid-soluble) (see Table 1) are

capable of inhibiting the carotid vasodilator responses to

capsaicin, a-CGRP and acetylcholine; and (b) whether the

5-HT1B and/or 5-HT1D receptor subtypes are involved in

these effects of the agonists by means of using the selective

antagonists 2,3,6,7-tetrahydro-10-methyl-5-[20-methyl-40

(5-methyl-1,2,4-oxadiazol-3-yl)biphenyl-4-carbonyl]furo [2,3-f]

indole-3-spiro-40-piperidine) hydrochloride (SB224289) (5-

HT1B) and (1-(3-chlorophenyl)-4-[3,3-diphenyl(2-(S,R)hy-

droxypropanyl) piperazine]) hydrochloride (BRL15572)

(5-HT1D) (see Table 1). Our results showed that only

donitriptan inhibited capsaicin-induced external carotid

vasodilatation, a response that seems to be mainly mediated

by central 5-HT1B, rather than 5-HT1D, receptors.

Materials and methods

General methods

Experiments were carried out in a total of 59 dogs (body

weight: 15–25 kg) not selected for breed or sex. As previously

reported (Villalón et al., 1999), the animals were anaesthe-

tized with an i.v. bolus injection of sodium pentobarbitone

(30 mg kg�1) and additional amounts (1 mg kg�1, i.v.) were

provided when required throughout the experiment. All

dogs were intubated with an endotracheal tube and

artificially respired with room air, using a Palmer ventilation

pump (rate: 20 strokes min�1; stroke volume: 13–16 ml kg�1)

as previously established by Kleinman and Radford (1964).

Catheters were placed in: (i) a femoral vein for the

administration of vehicle, agonists and antagonists at

5-HT1B/1D receptors; and (ii) a femoral artery, connected to

a Statham pressure transducer (P23 ID), for the measurement

of arterial blood pressure. After administration of vehicle,

agonists or antagonists, the venous catheter was flushed with

3 ml of physiological saline. Mean arterial blood pressure

(MAP) was calculated from the systolic (SAP) and diastolic

(DAP) arterial pressures as follows: MAP¼DAPþ (SAP�DAP)/

3. Heart rate was measured with a tachograph (7P4F, Grass

Instrument Co., Quincy, MA, USA) triggered from the blood

pressure signal.

The right common carotid artery was dissected free and

the corresponding internal carotid and occipital branches

were ligated; under these experimental conditions, the blood

flow through the right common carotid artery was consid-

ered to represent that of the external carotid artery (for

further considerations see Villalón et al., 1993). Thereafter,

an ultrasonic flow probe (4 mm R-Series) connected to an

ultrasonic T206 flow meter (Transonic Systems Inc., Ithaca,

NY, USA) was placed around the right common carotid

artery. Bilateral cervical vagosympathectomy was system-

atically performed in order to prevent possible baroreceptor

reflexes produced by the intracarotid infusions of capsaicin,

a-CGRP and acetylcholine. Subsequently, a catheter was

introduced into the right cranial thyroid artery for the

administration of intracarotid infusions of capsaicin, a-CGRP

and acetylcholine. It is to be noted that the carotid arterioles

are dilated under our experimental conditions; as the main

objective of our study is to investigate the responses to

vasodilator agents (such as capsaicin, a-CGRP and acetylcho-

Table 1 Binding affinity constants (pKi) of several 5-HT receptor
agonists and antagonists for cloned human 5-HT1B and 5-HT1D receptors

5-HT1B 5-HT1D

Sumatriptan 7.8a 8.5a

Donitriptan 9.4b 9.3b

PNU-142633 4.8c 8.3c

PNU-109291 5.23d 9.04d

SB224289 8.0e 6.2e

BRL15572 6.1f 7.9f

BRL15572, (1-(3-chlorophenyl)-4-[3,3-diphenyl(2-(S,R)hydroxypropanyl) pi-

perazine]) hydrochloride; PNU-142633, [(S)-(�)-3,4-dihydro-1-[2-[4-amino-

carbonyl)phenyl]-1-piperazinyl]ethyl]-N-methyl-1H-2-benzopyran-6-carboxa-

mide; PNU-109291, [(S)-(�)-1-[2-[4-(4-methoxy-phenyl)-piperazin-1-yl]-ethyl]

isochroman-6-carboxylic acid methylamide]; SB224289, 2,3,6,7-tetrahydro-

10-methyl-5-[20-methyl-40(5-methyl-1,2,4-oxadiazol-3-yl)biphenyl-4-carbonyl]

furo [2,3-f] indole-3-spiro-40-piperidine) hydrochloride; 5-HT, 5-hydroxy-

triptamine.

Data taken from
aLeysen et al. (1996).
bJohn et al. (1999).
cPregenzer et al. (1999).
dEnnis et al. (1998).
eHagan et al. (1997).
fPrice et al. (1997).

Inhibition of carotid vasodilatation to capsaicin
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line) on the external carotid circulation, we had to produce

a selective carotid preconstriction with an intracarotid

continuous infusion of phenylephrine (an a1-adrenoceptor

agonist). For this purpose, a 0.5 mm (external diameter)

needle, connected to a suitable catheter, was inserted into

the right common carotid artery for the continuous infusion

of phenylephrine by another motor-driven syringe. This

phenylephrine-induced carotid vasoconstriction, which

allowed us to obtain greater vasodilator responses (Arulmani

et al., 2004a), was compared with the effects produced after

10-min i.v. infusions of the highest doses of sumatriptan,

donitriptan, PNU-142633, PNU-109291 or equivalent

volumes of physiological saline. Thus, by using WPI model

sp100i pumps (World Precision Instruments Inc., Sarasota,

FL, USA): (i) capsaicin, a-CGRP and acetylcholine as well

as phenylephrine were infused into the carotid artery; and

(ii) sumatriptan, donitriptan, PNU-142633, PNU-109291 or

equivalent volumes of physiological saline were infused into

the femoral vein (for further details, see the Experimental

protocol described below).

Arterial blood pressure, heart rate and external carotid

blood flow were recorded simultaneously by a model 7D

polygraph (Grass Instrument Co., Quincy, MA, USA). The

body temperature of the animals was maintained between 37

and 381C.

Experimental protocol

After the animals (n¼59) had been in a stable haemody-

namic condition for at least 60 min, baseline values of mean

blood pressure, heart rate and external carotid blood flow

were determined. Subsequently, the animals were divided

into four groups (n¼20, 8, 20 and 11).

The first group (n¼20) was subdivided into five subgroups

(n¼4 each) that received consecutive 10-min i.v. infusions

of, respectively: (i) sumatriptan (1, 3, 10, 30, 100 and

300mg kg�1); (ii) donitriptan (0.1, 0.3, 1, 3, 10 and 30mg kg�1);

(iii) PNU-142633 (1, 3, 10, 30, 100 and 300 mg kg�1); (iv)

PNU-109291 (0.3, 1, 3, 10, 30 and 100 mg kg�1); and (v) equi-

valent volumes of physiological saline (0.5 ml min�1 during

10 min; given six times). The above compounds were given

consecutively following a cumulative dose-schedule

as i.v. infusions (at a rate of 0.5 ml min�1 during 10 min

for each dose).

The second group (n¼8) received consecutive intracarotid

infusions (1 ml min�1, for 1 min) of capsaicin (10, 18, 30

and 56 mg min�1), a-CGRP (0.1, 0.3, 1 and 3 mg min�1) and

acetylcholine (0.01, 0.03 and 0.1mg min�1). Then, this group

was subdivided into two subgroups (n¼4 each) that received

an intracarotid continuous infusion throughout the experi-

ment of, respectively: (i) vehicle (0.3 ml min�1 of physiolo-

gical saline); and (ii) phenylephrine (1.5 mg min�1, given at

a rate of 0.3 ml min�1), which produced a carotid vasocon-

striction similar to that elicited by the highest dose of

sumatriptan (300 mg kg�1, i.v.) or donitriptan (30 mg kg�1, i.v.)

(see first group for details). Twenty minutes after the start of

the infusion of physiological saline or phenylephrine, the

responses to the above doses of capsaicin, a-CGRP and

acetylcholine (in this order) were elicited again as described

above during the intracarotid continuous infusion of each

compound.

The third group (n¼20) received a continuous intracarotid

infusion of phenylephrine (1.5 mg min�1) as described pre-

viously and, 20 min later, the responses to the above doses

of capsaicin, a-CGRP and acetylcholine (in this order) were

elicited during the infusion of phenylephrine. Then, this

group was subdivided into five subgroups (n¼4 each) so that

the infusion of phenylephrine was stopped in the first two

subgroups (waiting about 60 min for the recovery of baseline

external carotid blood flow), whereas it remained continuously

infusing throughout the experiment in the remaining three

subgroups. Subsequently, by the use of another motor-driven

syringe inserted into the femoral vein and infusing at a rate

of 0.5 ml min�1 during 10 min (following the procedures

described for the first group): (i) the first two subgroups

(60 min after stopping the phenylephrine infusion) received,

consecutively, cumulative 10 min i.v. infusions of, respec-

tively, sumatriptan (1–300 mg kg�1) and donitriptan (0.1–

30 mg kg�1); and (ii) the remaining three subgroups (during

phenylephrine infusion) received, consecutively, cumulative

10-min i.v. infusions of, respectively, PNU-142633 (1–

300 mg kg�1), PNU-109291 (0.3–100 mg kg�1) and equivalent

volumes of physiological saline (0.5 ml min�1 during 10 min;

given 6 times). Then, the responses to the above doses of

capsaicin, a-CGRP and acetylcholine were reanalysed. It is

important to note that, with these procedures, the carotid

vasoconstriction was similar in all subgroups before the

1 min intracarotid infusions of capsaicin, a-CGRP and

acetylcholine.

Finally, the fourth group (n¼11) received an intracarotid

continuous infusion of phenylephrine (1.5 mg min�1) and,

20 min later, the responses to the above doses of capsaicin

were elicited as described above during the infusion

of phenylephrine. At this point, this group was subdivided

into three subgroups that received i.v. bolus injections of,

respectively, SB224289 (300 mg kg�1; n¼4), BRL15572

(300 mg kg�1; n¼ 4) and an equivalent volume of physiologi-

cal saline (0.15 ml kg�1; n¼3). After 10 min, each subgroup

received, consecutively, cumulative 10-min i.v. infusions

of donitriptan (0.1–30 mg kg�1) as described previously. It is

important to note that after the administration of SB224289

the donitriptan-induced vasoconstriction was completely

blocked; therefore, in order to maintain the carotid circula-

tion under a vasoconstriction state similar to that observed

previously with the administration of this antagonist, the

infusion of phenylephrine was maintained at a constant rate

(1.5 mg min�1) throughout the experiments in this subgroup.

In contrast, as BRL15572 or physiological saline did not

modify the donitriptan-induced carotid vasoconstriction,

the infusion of phenylephrine was interrupted just before

the administration of these compounds (results obtained

from preliminary experiments; not shown). Ten minutes

after the last i.v. dose of donitriptan (30 mg kg�1) had been

given, the responses to the above 1-min intracarotid

infusions of capsaicin were elicited again.

Each dose of capsaicin, a-CGRP and acetylcholine was in a

solution that was administered at a rate of 1 ml min�1 during

a period of 1 min. The dose intervals between the different

doses of capsaicin, a-CGRP and acetylcholine (given

sequentially as they produced transient responses) ranged

between 5 (acetylcholine) and 20 (capsaicin and a-CGRP) min,
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as in each case we waited until the carotid blood flow had

returned completely to baseline values. The doses of these

compounds were selected on the basis of results obtained from

preliminary experiments, in which reproducible and consis-

tent dose-dependent increases in carotid blood flow were

elicited with no changes in blood pressure or heart rate.

The Ethical Committee of our institution (CICUAL),

dealing with the use of animals in scientific experiments,

approved the protocols of the present investigation.

Data presentation and statistical evaluation

All data are presented as mean7s.e.m. The peak changes in

external carotid blood flow were expressed as percent change

from baseline. The difference between the variables within

one group of animals was compared by using a two-way

repeated measures analysis of variance or between different

groups), a two-way analysis of variance (both randomized

block design) followed by the Student–Newman-Keuls’ test

(Steel and Torrie, 1980). Statistical significance was accepted

at Po0.05 (two-tailed).

Drugs

Apart from the anaesthetic (sodium pentobarbitone), the

compounds used in the present study were obtained from

the sources indicated: L-phenylephrine hydrochloride, cap-

saicin, rat a-CGRP, acetylcholine chloride and SB224289

(2,3,6,7-tetrahydro-10-methyl-5-[20-mathyl-1,2,4-oxadiazol-3-yl)

biphenyl-4-carbonyl] furo [2,3f] indole-3-spiro-40-piperidine

hydrochloride) (Sigma Chemical Co., St Louis, MO, USA);

sumatriptan succinate (gift from Dr Paul J Strijbos, Glax-

oSmithKline, Harlow, Essex, UK); donitriptan (gift from Dr

Gareth John, Institut de Recherche Pierre Fabre, Castres,

France); PNU-142633 [(S)-(�)-3,4-dihydro-1-[2-[4-aminocar-

bonyl)phenyl]-1-piperazinyl]ethyl]-N-methyl-1H-2-benzopyran-

6-carboxamide] (gift from Dr Robert B McCall, Pharmacia &

Upjohn, Kalamazoo, MI, USA); PNU-109291 [(S)-(�)-1-[2-[4-

(4-methoxy-phenyl)-piperazin-1-yl]-ethyl]isochroman-6-car-

boxylic acid methylamide] (gift from Dr Robert B McCall,

Pfizer Inc., Kalamazoo, MI, USA); and BRL15572 (1-(3chor-

ophenyl)4-[3,3-diphenyl (2-(S,R)hydroxy propanyl) pipera-

zine] hydrochoride) (Tocris Cookson Inc. Ellisville, MO,

USA). All compounds were dissolved in physiological saline.

When needed, some drops of 20% (v v�1) propylene glycol

(SB224289 and BRL15572) or 20% (v v�1) ethanol (capsaicin)

were added and, then, the resulting solution was finally

diluted with physiological saline; fresh solutions were

prepared for each experiment. These vehicles had no effect

(when given i.v. or intracarotidly) on external carotid

blood flow, blood pressure or heart rate (data not shown).

The doses of the antagonists refer to their respective salts,

whereas those of the agonists refer to their free base.

Results

Systemic and carotid haemodynamic effects of the different

treatments

Baseline values of mean blood pressure, heart rate and

external carotid blood flow in the 59 anaesthetized dogs were

175723mm Hg, 17773beats min�1 and 21378 ml min�1,

respectively. These variables were not significantly modified

in the subgroups that were about to receive an i.v. bolus

injection of either physiological saline (182723 mm Hg,

15777 beats min�1 and 240736 ml min�1; respectively),

SB224289 (16577 mm Hg; 20576 beats min�1 and 2097
40 ml min�1; respectively) or BRL15572 (164729 mm Hg;

17477 beats min�1 and 189713 ml min�1; respectively) after

the administration of these compounds (not shown); like-

wise, no significant changes occurred during the consecutive

administration of the cumulative 10-min i.v. infusions of

physiological saline (0.5 ml min�1; given six times). There-

fore, no time-dependent changes occurred in the haemody-

namic variables during the experimental period in the

animal model used here.

In contrast, the continuous intracarotid infusion of

phenylephrine (1.5 mg min�1; 20 min after starting the infu-

sion; n¼35) significantly decreased the external carotid

blood flow (211712 ml min�1 before and 123710 ml min�1

during treatment) without significant changes in mean

blood pressure (13677 mm Hg before and 14678 mm Hg

during treatment) or heart rate (17973 beats min�1 before

and 17773 beats min�1 during treatment). It is to be noted

that the decreased external carotid blood flow during the

phenylephrine infusion (123710 ml min�1, equivalent to an

approximate decrease of 41%) did not significantly differ

from that produced after the 10-min i.v. infusion of the

highest dose of sumatriptan or donitriptan (see below and

Figure 1). That is why the enhanced vasodilator responses to

capsaicin, a-CGRP and acetylcholine during the intracarotid

continuous infusion of phenylephrine were considered as

the control responses when compared to those produced

after the 10-min i.v. infusion of the highest dose of

sumatriptan or donitriptan (see below).

Effects of sumatriptan, donitriptan, PNU-142633 or PNU-

109291 on systemic and carotid haemodynamic variables

At the doses used, the cumulative 10-min i.v. infusions of

sumatriptan or donitriptan, but not of PNU-142633, PNU-

109291 or physiological saline, induced dose-dependent

decreases in carotid blood flow, with maximal percent

changes of 4376% (sumatriptan) and 4076% (donitriptan)

(see Figure 1). These effects were not accompanied by

changes in arterial blood pressure or heart rate and lasted

unchanged for a long time, as reported previously (De Vries

et al., 1998; John et al., 1999).

Effect of a continuous intracarotid infusion of physiological saline

or phenylephrine on the external carotid vasodilator responses to

capsaicin, a-CGRP and acetylcholine

One-minute intracarotid infusions of capsaicin, a-CGRP and

acetylcholine induced dose-dependent increases in the

carotid blood flow (see Figure 2; control responses); these

effects were not accompanied by changes in heart rate or

mean blood pressure (not shown). These carotid vasodilator

responses: (i) remained without significant changes during a

continuous intracarotid infusion of vehicle (0.3 ml min�1 of

physiological saline throughout the experiment, 20 min after

Inhibition of carotid vasodilatation to capsaicin
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the infusion had been started; see Figures 2a, b and c) and (ii)

were significantly enhanced (particularly the highest doses)

during a continuous intracarotid infusion of phenylephrine

(1.5 mg min�1 throughout the experiment, 20 min after the

infusion had been started; see Figures 2d, e and f). The

duration of action of the vasodilator responses to capsaicin

and a-CGRP (between 5 and 20 min) was longer-lasting than

those to acetylcholine (between 1 and 5 min).

Moreover, during the infusion of phenylephrine

(1.5mg min�1), the enhanced vasodilator responses to capsai-

cin, a-CGRP and acetylcholine (control responses) remained

unchanged after consecutive administration of the 10-min i.v.

infusions of physiological saline (data not shown). Hence, the

enhanced vasodilator responses to capsaicin, a-CGRP and

acetylcholine during phenylephrine infusion were considered

as the control responses when compared to those elicited after

sumatriptan (300mg kg�1) or donitriptan (30mg kg�1).

Effects of i.v. administration of sumatriptan, donitriptan, PNU-

142633 or PNU-109291 on the carotid vasodilator responses to

capsaicin, a-CGRP and acetylcholine

The carotid vasodilator responses to capsaicin: (i) were

significantly inhibited after administration of donitriptan

(0.1–30mg kg�1; Figure 3b), particularly at 30 and 56mg min�1;

and (ii) remained unchanged after administration of suma-

triptan (1–300mg kg�1; Figure 3a), PNU-142633 (1–300mg kg�1;

Figure 3c) or PNU-109291 (0.3–100 mg kg�1; Figure 3d). In
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devoid of any effect, but are not shown for the sake of clarity.
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contrast, the carotid vasodilator responses to a-CGRP (see

Figure 4) and acetylcholine (see Figure 5) were not signifi-

cantly modified after i.v. administration of these doses of

sumatriptan, donitriptan, PNU-142633 or PNU-109291.

Effect of i.v. bolus injections of physiological saline, SB224289 or

BRL15572 on the donitriptan-induced inhibition of the carotid

vasodilator responses to capsaicin

As the inhibition produced by the 5-HT1B/1D receptor agonist

donitriptan on capsaicin-induced carotid vasodilator re-

sponses was specific (see above), we decided to investigate

the potential involvement of 5-HT1B and/or 5-HT1D receptors

by administering i.v. bolus injections of the selective

antagonists, SB224289 (5-HT1B) and BRL15572 (5-HT1D)

(see Table 1). Hence, Figure 6 shows that the inhibition

produced by donitriptan on capsaicin-induced carotid

vasodilator responses was: (i) completely antagonized in

the animals receiving 300 mg kg�1 of SB224289 (Figure 6b)

and (ii) unaffected in the animals receiving 300 mg kg�1 of

BRL15572 (Figure 6c) or equivalent volumes of physiological

saline (Figure 6a). In fact, when comparing the inhibitory

effects of donitriptan after BRL15572 (Figure 6c) or saline

(Figure 6a), there was no significant difference (P40.05). It

must be emphasized that the above doses of SB224289 and

BRL15572 were high enough to completely and selectively

block their respective receptors in the external carotid

circulation of dogs (De Vries et al., 1998).

Discussion and conclusions

General

Apart from the implications discussed below, our results

show that capsaicin and a-CGRP produced dose-dependent

vasodilator responses, as reported previously in the carotid

circulation of anaesthetized pigs (Kapoor et al., 2003a, b).

Indeed, capsaicin-induced carotid vasodilatation in pigs,

which is associated with increased plasma levels of CGRP,

can be antagonized by the CGRP1 receptor antagonist,
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E Muñoz-Islas et al 87

British Journal of Pharmacology (2006) 149 82–91



BIBN4096BS (Kapoor et al., 2003b). Although it is tempting

to speculate from our results that capsaicin-induced carotid

vasodilatation is also mediated by CGRP release, this

hypothesis remains unproven. Notwithstanding, our study

clearly demonstrates that, unlike sumatriptan, PNU-142633

and PNU-109291, donitriptan specifically inhibited the

carotid vasodilatation to capsaicin, but not that to a-CGRP

or acetylcholine. Considering the lipid solubility and brain

penetration of donitriptan (John et al., 1999), its inhibitory

action may involve a central mechanism. This inhibition,

being blocked by the antagonist SB224289 (5-HT1B), but

not by BRL15572 (5-HT1D) (Table 1), is mainly mediated by

the 5-HT1B receptor subtype.

Systemic and carotid haemodynamic changes produced by the

different treatments

The fact that mean blood pressure, heart rate and external

carotid blood flow remained unchanged in the animals

receiving i.v. saline, SB224289 or BRL15572, as well as

continuous intracarotid infusions of saline indicates that

no time-dependent changes occurred in the haemodynamic

variables during our experimental protocol. Moreover, as the

phenylephrine infusion decreased the external carotid blood

flow (about 41%) without changing mean blood pressure

or heart rate, a local vasoconstrictor effect (mediated by

a1-adrenoceptors; Willems et al., 2001) is implied. A similar

carotid vasoconstrictor effect was induced after the i.v.

infusion of the highest dose of donitriptan (4076%) or

sumatriptan (4376%), with the former being more potent

than the latter (Figure 1) as previously reported (John et al.,

1999). Our results also confirm that the receptors involved

in these vasoconstrictor effects resemble the 5-HT1B, rather

than the 5-HT1D subtype as, at the doses tested: (i) both PNU-

142633 and PNU-109291 were inactive on external carotid

blood flow (Figure 1); and (ii) the antagonist SB224289, but

not BRL15572, abolished the vasoconstriction to donitriptan

(see experimental protocol section), as previously shown for

sumatriptan (De Vries et al., 1998). These findings are in

keeping with the clinical antimigraine efficacy exhibited by

sumatriptan and donitriptan, but not by PNU-142633

(Gómez-Mancilla et al., 2001). It remains to be investigated

whether PNU-109291 has antimigraine properties.

It is noteworthy that phenylephrine, given into the carotid

artery, and the 5-HT1 receptor agonists mentioned above,

given i.v., were administered by different routes. This was

due to the fact that in preliminary experiments we observed

that, unlike PNU-142633 and PNU-109291, sumatriptan and

donitriptan given intracarotidly produced a decrease of 50%

in external carotid blood flow at very low doses (up to

1 mg kg�1 min�1 during 1 min). This low dose of sumatriptan

or donitriptan did not inhibit capsaicin-induced external

carotid vasodilatation (not shown) probably because the

plasma levels of these drugs (particularly donitriptan)

were not high enough to reach (and have discernible effects

in) the CNS. Consequently, we decided to administer

these compounds as i.v. cumulative infusions, so that after

the last infusion of each compound had been given, they

reached much higher levels just before starting the admin-

istration of capsaicin.
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Mechanisms involved in the external carotid vasodilator responses

to capsaicin, a-CGRP and acetylcholine

The fact that capsaicin, a-CGRP and acetylcholine produced

dose-dependent increases in external carotid blood flow

without modifying blood pressure or heart rate suggests

a local vasodilator response. Regarding the mechanisms

involved in these responses, other lines of evidence in the

carotid circulation have previously shown the involvement

of: (i) CGRP release and activation of BIBN4096BS-sensitive

CGRP1 receptors for capsaicin (Kapoor et al., 2003b); (ii)

BIBN4096BS-sensitive CGRP1 receptors for a-CGRP (Kapoor

et al., 2003a); and (iii) atropine-sensitive muscarinic recep-

tors located on the vascular endothelium for acetylcholine

(Villalón et al., 1993).

Potentiation of the vasodilator responses to capsaicin, a-CGRP

and acetylcholine during the intracarotid infusion of

phenylephrine, but not of saline

The external carotid vasodilator responses to capsaicin,

a-CGRP and acetylcholine were highly reproducible as they

did not significantly differ before and during the intracarotid

infusion of saline in control dogs (Figures 2a, b and c). In

contrast, these responses were enhanced during the intracar-

otid infusion of phenylephrine (Figure 2d, e and f) and were

reproducible during the intracarotid infusion of saline (see

Results section). This finding is attributed to the decrease

in external carotid conductance resulting from an increase

in the non-neurogenic vascular tone via the activation of

phenylephrine-sensitive a1-adrenoceptors (Willems et al.,

2001). Thus, the enhanced vasodilator responses to capsai-

cin, a-CGRP and acetylcholine during the phenylephrine

infusion were considered as the control responses when

compared to those elicited after i.v. donitriptan (30 mg kg�1)

or sumatriptan (300 mg kg�1) (see below).

Specific inhibition by donitriptan, but not by sumatriptan, PNU-

142633 or PNU-109291 on the vasodilator responses to capsaicin

Because i.v. donitriptan or sumatriptan produced a carotid

vasoconstriction similar to that produced by phenylephrine

(see above), any effect of donitriptan or sumatriptan on

capsaicin-, a-CGRP- or acetylcholine-induced carotid vasodi-

latation should be attributed to a direct interaction of these

triptans with their respective receptors, rather than to

decreases in baseline carotid blood flow. Moreover, it should

be kept in mind that the effects of PNU-142633 and PNU-

109291 on the vasodilator responses to capsaicin, a-CGRP

and acetylcholine were analysed during an intracarotid

infusion of phenylephrine, as these drugs failed to produce

vasoconstriction per se. Hence, the fact that donitriptan (but

not sumatriptan, PNU-142633 or PNU-109291) significantly

inhibited the vasodilator responses to capsaicin (Figure 3)

has several possible explanations, including:

(i) Sumatriptan and PNU-142633, being water-soluble, do

not easily cross the blood–brain barrier (see Humphrey

et al., 1991; McCall et al., 2002) and, thus, sumatriptan-

sensitive 5-HT1B/1D receptors or PNU-142633-sensitive

5-HT1D receptors located peripherally do not seem to be

involved; and

(ii) Donitriptan and PNU-109291, being lipid soluble, cross

the blood–brain barrier and have access to the CNS

(Ennis et al., 1998; John et al., 1999); nevertheless, as

only donitriptan inhibited capsaicin-induced vasodila-

tation, donitriptan-sensitive 5-HT1B/1D (rather than

PNU-109291-sensitive 5-HT1D) receptors, probably

located in the CNS, seem to be involved.

In keeping with the above suggestions, i.v. sumatriptan

failed to inhibit the trigeminal activity induced by electrical

stimulation unless the blood–brain barrier had been dis-

rupted (Kaube et al., 1993). In addition, i.v. zolmitriptan

(another lipid soluble triptan), but not sumatriptan, inhib-

ited the expression of c-Fos produced by electrical stimula-

tion of trigeminal neurons (Hoskin and Goadsby, 1998);

these differential effects can be explained by central effects

produced by zolmitriptan.

On the other hand, our findings showing that donitriptan,

sumatriptan, PNU-142633 or PNU-109291 failed to modify

the carotid vasodilator responses to a-CGRP (Figure 4) or

acetylcholine (Figure 5) demonstrates that the inhibitory

effect of donitriptan on the capsaicin-induced vasodilata-

tion: (i) is specific and (ii) does not involve a postjunctional

interaction with vascular CGRP or muscarinic receptors.

Accordingly, these findings reinforce our assertion that the

inhibition by donitriptan involves a central, rather than

a peripheral, mechanism.

Involvement of 5-HT1B rather than 5-HT1D, receptors in the

inhibition by donitriptan

It has previously been shown that activation of 5-HT1B,

5-HT1D and 5-HT1F receptors (in decreasing order of potency)

inhibits the trigeminovascular nociceptive transmission in

cats (Goadsby and Classey, 2003). Our study in dogs is in

keeping with the above finding only regarding the role of

5-HT1B receptors (probably owing to differences in species and/

or experimental conditions), as the inhibition by donitriptan

on capsaicin-induced vasodilatation was: (i) antagonized by

SB224289, but not by BRL15572 or vehicle (Figure 6); and (ii)

not mimicked by the agonists PNU-142633 and PNU-109291

(Figure 3). Likewise, the role of 5-HT1F receptors in our study

is unlikely as donitriptan displays a rather low affinity for

these receptors (pKi: 5.47; John et al., 1999).

Admittedly, the above interpretation is based on the

assumption that species differences between the binding

of sumatriptan, donitriptan, PNU-142633, PNU-109291,

SB224289 and BRL15572 to canine and human 5-HT1B and

5-HT1D receptors do not play a major role (see Table 1).

Possible locus of the 5-HT1B receptors involved in the specific

inhibitory action of donitriptan

Our suggestion that donitriptan inhibits capsaicin-induced

external vasodilatation mainly by central mechanisms is

consistent with previous studies. In this context, electrical

stimulation of the sagital sinus (Kaube et al., 1993), dural

blood vessels (Davis and Dostrovsky, 1986) or the middle

meningeal artery (Hoskin et al., 1999) has been shown to

activate a group of cells in the trigeminocervical complex. It
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has been suggested that the trigeminocervical complex is a

potential target for 5-HT1B/1D receptor agonists that cross

the blood–brain barrier, as a specific binding site for [3H]-

sumatriptan has been demonstrated in cats, guinea-pigs and

humans (Mills and Martin, 1995; Waeber and Moskowitz,

1995; Pascual et al., 1996), as well as for [3H]-zolmitriptan

in cats (Goadsby and Knight, 1997). Thus, our results

imply that the 5-HT1B receptors involved in the inhibitory

action of donitriptan are most likely located in the

trigeminocervical complex.

In conclusion, the above results, taken together, suggest

that the inhibition produced by donitriptan on capsaicin-

induced vasodilatation of the external carotid artery is

mainly mediated by 5-HT1B receptors, probably by a central

mechanism.
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