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1 It has recently been shown that both a1- and a2-adrenoceptors mediate vasoconstriction in the
canine external carotid circulation. The present study set out to identify the speci®c subtypes (a1A,
a1B and a1D as well as a2A, a2B and a2C) mediating the above response.

2 Consecutive 1 min intracarotid infusions of phenylephrine (a1-adrenoceptor agonist) and
BHT933 (a2-adrenoceptor agonist) produced dose-dependent decreases in external carotid blood
¯ow, without a�ecting mean arterial blood pressure or heart rate.

3 The responses to phenylephrine were selectively antagonized by the antagonists, 5-methylurapidil
(a1A) or BMY7378 (a1D), but not by L-765,314 (a1B), BRL44408 (a2A), imiloxan (a2B) or MK912
(a2C). In contrast, only BRL44408 or MK912 a�ected the responses to BHT933.

4 The above results support our contention that mainly the a1A, a1D, a2A and a2C-adrenoceptor
subtypes mediate vasoconstriction in the canine external carotid circulation.
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Abbreviations: BHT933, 6-ethyl-5, 6, 7, 8-tetrahydro-4H-oxazolo[4, 5-d]azepin-2-amine dihydrochloride; BMY7378, 8- [ 2- [ 4- (2-
methoxyphenyl)-1-piperazinyl]-ethyl]-8-azaspiro[4,5] decane-7,9-dione dihydrochloride; BRL44408, 2-[2H-(1-
methyl-1,3-dihydroisoindole)methyl]-4,5-dihydroimidazole; 5-HT, 5-hydroxytryptamine; i.c., intracarotid; i.v.,
Intravenous; L-765,314, 4-Amino-2-[4-[1-(benzyloxycarbonyl)-2(S)-[[(1,1-dimethylethyl) amino] carbonyl]-piper-
azinyl]-6,7-dimethoxyquinazoline; MK912, (2S,12bS)-1'3'-dimethylspiro(1,3,4,5',6,6',7,12b-octahydro-2H-ben-
zo[b]furo[2,3-a]quinazoline)-2,4'-pyrimidin-2'-one (L-657743)

Introduction

Although the underlying mechanisms for the initiation of a
migraine attack are poorly understood, the clinical e�cacy of
several acute anti-migraine agents can be explained by their

ability to produce a cranio-selective vasoconstriction (Verheg-
gen et al., 1998; De Vries et al., 1999a; Saxena & Tfelt-
Hansen, 2000). This has been shown for the triptans (e.g.
sumatriptan) and the ergots (ergotamine and dihydroergota-

mine) in dogs as well as pigs (Den Boer et al., 1991; De Vries
et al., 1998a; VillaloÂ n et al., 1999; Saxena & Tfelt-Hansen,
2000). In this respect, the carotid vasoconstrictor responses to

sumatriptan are exclusively mediated by serotonin 5-HT1B

receptors (De Vries et al., 1998a,b), whilst those to the ergots
seem to involve both 5-HT1B and a2-adrenoceptors (VillaloÂ n

et al., 1999).
Since both a1- and a2-adrenoceptors mediate the vasocon-

striction to adrenaline and noradrenaline in the canine

external carotid circulation (Willems et al., 2001), the present
study was designed to identify the speci®c subtypes (a1A, a1B
and a1D as well as a2A, a2B and a2C) mediating the above
response. For this purpose, the external carotid vascular bed

vasoconstrictor responses to the a-adrenoceptor agonists,
phenylephrine (a1) and BHT933 (a2), were analysed before
and after administration of selective antagonists at a1- and

a2-adrenoceptor subtypes (see Table 1). The results obtained
may open new avenues for the development of future anti-
migraine agents.

Methods

General

Experiments were carried out in a total of 42 dogs (16 ±

30 kg) not selected for breed or sex. The animals were
anaesthetized with an intravenous (i.v.) bolus injection of
sodium pentobarbitone (30 mg kg71) and additional amounts

(1 mg kg71, i.v.) were provided when required throughout the
experiment. All dogs were intubated with an endotraceal tube
and arti®cially respired with room air; for this purpose, a

Palmer ventilation pump was used at a rate of 20 strokes
min71 and a stroke volume of 13 ± 16 ml kg71, as previously
established by Kleinman & Radford (1964). Catheters were
placed in the inferior vena cava via a femoral vein for the

administration of antagonists and in the aortic arch via a
femoral artery, connected to a Statham pressure transducer
(P23 ID), for the measurement of blood pressure.

After administration of each antagonist dose, the venous
catheter was ¯ushed with 3 ml of saline. Mean blood pressure
(MAP) was calculated from the systolic (SAP) and diastolic
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(DAP) arterial pressures: MAP=DAP+(SAP-DAP)/3. Heart

rate was measured with a tachograph (7P4F, Grass
Instrument Co., Quincy, MA, U.S.A.) triggered from the
blood pressure signal. The common carotid artery was

dissected free and the corresponding internal carotid and
occipital arteries were ligated. Bilateral cervical vagosym-
pathectomy was systematically performed in order to prevent

possible baroreceptor re¯exes produced by the intracarotid
infusions of phenylephrine or BHT933. These compounds
were administered into the carotid artery by a WPI model
sp100i pump (World Precision Instruments Inc., Sarasota,

FL, U.S.A.) with a catheter inserted into the right cranial
thyroid artery. Thereafter, an ultrasonic ¯ow probe (4 mm R-
Series) connected to an ultrasonic T201D ¯owmeter

(Transonic Systems Inc., Ithaca, NY, U.S.A.) was placed
around the common carotid artery and the ¯ow through this
artery was considered as the external carotid blood ¯ow

(VillaloÂ n et al., 1993). Blood pressure, heart rate and external
carotid blood ¯ow were recorded simultaneously by a model
7D polygraph (Grass Instrument Co., Quincy, MA, U.S.A.).
The body temperature of the animals was maintained

between 37 ± 388C.

Experimental protocol

After the animals (n=42) had been in a stable haemodynamic
condition for at least 60 min, baseline values of mean blood

pressure, heart rate and external carotid blood ¯ow were
determined. After collecting these data, the animals were
divided into two groups. The ®rst group (n=36) received

consecutive intracarotid infusions (1 ml min71; during 1 min)
of phenylephrine (0.3, 1, 3 and 10 mg min71) and BHT933 (3,
10, 30 and 100 mg min71). At this point, the dogs were
subdivided into six subgroups (n=6 each) and the e�ects

produced by the above infusions of phenylephrine and BHT933
were elicited again after i.v. treatment with each dose of either:
(1) 5-methylurapidil (100 and 300 mg kg71); (2) L-765,314 (100

and 300 mg kg71; (3) BMY7378 (100 and 300 mg kg71); (4)
BRL44408 (300 and 1000 mg kg71); (5) imiloxan (300 and
1000 mg kg71) or (6) MK912 (100 and 300 mg kg71).

The second group (n=6) was subdivided into two
subgroups (n=3). The ®rst subgroup received consecutive
intracarotid infusions of phenylephrine (0.3, 1, 3 and

10 min71) as previously described. Then, the responses
elicited by these infusions of phenylephrine were elicited
again after i.v. administration of 5-methylurapidil
(100 mg kg71) and, subsequently, BMY7378 (100 mg kg71).

Likewise, the second subgroup received consecutive intracar-
otid infusions of BHT933 (3, 10, 30 and 100 mg min71) and
the responses produced were elicited again after i.v.

administration of BRL44408 (1000 mg kg71) and, subse-
quently, MK912 (100 mg kg71).
The dose-intervals between the di�erent doses of agonists

ranged between 5 and 15 min, as in each case we waited until
the external carotid blood ¯ow had returned completely to
baseline values. Moreover, after administration of a speci®c

dose of an antagonist, a period of 15 ± 25 min was allowed to
elapse before the responses to the respective agonists were
elicited again. The dosing with the agonists was sequential,
whereas that with the antagonists was cumulative. The

Ethical Committee of the CINVESTAV-PIN dealing with
the use of animals in scienti®c experiments approved the
protocols of the present investigation.

Data presentation and statistical analysis

All data in the text, ®gures and tables are presented as
mean+s.e.mean. The peak changes in external carotid blood
¯ow were expressed as per cent change from baseline. The

di�erence between the variables within one group of animals
was compared using an analysis of variance (randomized
block design) followed by the Student-Newman-Keuls test
(Steel & Torrie, 1980). Statistical signi®cance was accepted at

P50.05 (two-tailed).

Drugs

Apart from the anaesthetic (sodium pentobarbitone), the
compounds used in this study were: L-phenylephrine

hydrochloride, BHT933, 5-methylurapidil and BMY7378
dihydrochloride (all purchased from RBI, Zwijndrecht, The
Netherlands); L-765,314 (gift: Merck & Co., Inc., West Point,
PA, U.S.A.); BRL44408 (gift: Dr T.J. Verbeuren; Servier,

Suresnes, France); imiloxan hydrochloride (gift: Dr R. Eglen;
Roche Bioscience, Palo Alto, CA, U.S.A.) and MK912 (gift:
Dr W.L. Henckler; Merck & Co.; New Jersey, NJ, U.S.A.).

All drugs were dissolved in physiological saline; a short
period of heating was needed to dissolve 5-methylurapidil or
L-765,314 (acidi®ed to pH 6.8 ± 7.0 with 0.1 M HCl). The

doses of the antagonists refer to their respective salts, whilst
those of the agonists refer to their free base.

Results

Systemic and carotid haemodynamic effects of the
different treatments

Baseline values of heart rate, mean arterial blood pressure

and external carotid blood ¯ow in the 42 dogs were,
respectively, 131+4 beats min71, 132+3 mmHg and
134+9 ml min71. The systemic and carotid haemodynamic

Table 1 Binding a�nity constants (pKi) for cloned human
a1- and a2-adrenoceptor subtypes

Antagonist a1a a1b a1d a2a a2b a2c

5-Methylurapidil 9.0i 7.5i 7.9I 6.2h 6.4h 6.9h

9.1a 7.4a 8.0a

L-765,314 6.4b 8.7b 7.5b n.d. n.d. n.d.
BMY7378 6.6c 7.2c 9.4c 5.1c* 5.1c* 5.1c*

6.8j 7.0j 9.0j

BRL44408 n.d. n.d. n.d. 8.2d 6.2d 6.8d

7.6e 6.0e 6.4e

Imiloxan 54g 54g 54g 5.8e 6.9e 6.0e

6.5f 7.2f 6.8f

MK912 n.d. n.d. n.d. 8.9d 8.9d 10.2d

9.1f 9.1f 10.2f

Data taken from aShibata et al. (1995); bPatane et al. (1998);
cGoetz et al. (1995); dUhlen et al. (1994); eDevedjian et al.
(1994); fJasper et al. (1998); gMichel & Whiting (1981) (pA2

value for a1-adrenoceptors; no a�nity data is available on
speci®c a1-adrenoceptor subtypes); hHieble et al. (1995);
iSaussy et al. (1996); jCraig et al. (1997); *Value for rat
receptor; n.d., not determined.
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values before and 15 ± 25 min after i.v. administration of the
di�erent compounds are shown in Table 2. None of the
compounds produced signi®cant changes under these condi-

tions (P40.05). However, immediately after its administra-
tion, BRL44408 (1000 mg kg71) produced a transient, though
signi®cant, increase (35+10%) in mean blood pressure (from
127+13 to 170+14 mmHg; n=6). This vasopressor e�ect,

which was not accompanied by signi®cant changes in heart
rate and external carotid blood ¯ow or conductance (data not
shown), returned to baseline values after 25 min. In contrast,

no immediate haemodynamic changes were observed in the
other subgroups.

Systemic and haemodynamic changes to the agonists in
the different groups of animals

Intracarotid infusions of phenylephrine (a1-adrenoceptor
agonist; 0.3 ± 10 mg min71; Figure 1) and BHT933 (a2-
adrenoceptor agonist; 3 ± 100 mg min71; Figure 2) produced
dose-dependent decreases in external carotid blood ¯ow

(maximal per cent changes were 764+5 and 768+4%,
respectively). These responses to phenylephrine and BHT933,
which were not accompanied by signi®cant changes in heart

rate or blood pressure (not shown), have been previously
demonstrated to remain una�ected after two i.v. bolus
injections of physiological saline (Willems et al., 2001).

Figures 1 and 2 also show the e�ects of subsequent i.v.
administration of the antagonists, 5-methylurapidil (a1A), L-
765,314 (a1B), BMY7378 (a1D), BRL44408 (a2A), imiloxan

(a2B) or MK912 (a2C) on the external carotid vasoconstrictor
responses produced by the above agonists. The vasoconstric-
tor responses to phenylephrine remained una�ected after L-
765,314 (up to a dose of 300 mg kg71), but were signi®cantly

attenuated after 5-methylurapidil or BMY7378 (both
100 mg kg71) (maximal responses: 735+10 and 742+5%,
respectively; Figure 1, upper panel). The blockade produced

by 100 mg kg71 of these antagonists was maximal, since a
higher dose (300 mg kg71) of either antagonist did not
produce a further blockade (maximal responses: 724+4

and 748+7%, respectively; Figure 1, upper panel).
Similarly, a higher dose of L-765,314 (1000 mg kg71) did
not a�ect phenylephrine-induced vascular responses (data not
shown). It is worth noting that the blockade produced by the

above antagonists was speci®c, as their corresponding doses

did not signi®cantly modify the external carotid vasocon-
strictor responses to BHT933 (Figure 2, upper panel).

Moreover, the vasoconstrictor responses to BHT933

remained una�ected after imiloxan (up to 1000 mg kg71),
but were signi®cantly attenuated after BRL44408
(1000 mg kg71) or MK912 (100 mg kg71) (maximal responses:
756+5 and 737+4%, respectively; Figure 2, lower panel).

The blockade produced by 100 mg kg71 of MK912 was
maximal, since a higher dose (300 mg kg71) did not produce
a further blockade (maximal response: 728+6%). It should

be highlighted that the antagonism produced by BRL44408 or
MK912 (at the doses mentioned above) was speci®c, as they
did not signi®cantly modify the external carotid vasoconstric-

tor responses to phenylephrine (Figure 1, lower panel). Based
on its a�nity pro®le at the di�erent a2-adrenoceptor subtypes
(see Table 1), we did not test a higher dose of BRL44408.

It should be pointed out that the decreases in external
carotid blood ¯ow produced by phenylephrine or BHT933
were similar to those observed in the corresponding vascular
conductance (data not shown).

Figure 3 (left panel) shows that the vasoconstrictor responses
to phenylephrine were signi®cantly attenuated by BMY7378
(100 mg kg71), as previously observed (Figure 1, upper panel).

It is noteworthy that the subsequent administration of 5-
methylurapidil (100 mg kg71) produced a further blockade of
the phenylephrine induced responses over the one previously

produced by BMY7378 (Figure 3, left panel). By analogy,
Figure 3 (right panel) shows that the responses to BHT933 were
signi®cantly attenuated by BRL44408 (1000 mg kg71), as

previously shown (Figure 2, lower panel). The subsequent
administration of MK912 (100 mg kg71) produced a further
blockade of the responses to BHT933 over the one previously
produced by BRL44408 (Figure 3, right panel).

Discussion

General

According to the International Union of Pharmacology
Subcommittee on Nomenclature for Adrenoceptors, a-
adrenoceptors have been divided into a1- and a2-adrenocep-
tors with subdivisions into a1A, a1B and a1D and a2A, a2B and

a2C subtypes, respectively (Hieble et al., 1995; Hieble &

Table 2 Absolute values of heart rate, mean arterial blood pressure and external carotid blood ¯ow and conductance in anaesthetized
dogs before and after i.v. treatment with 5-methylurapidil (300 mg kg71), L-765,314 (300 mg kg71), BMY7378 (300 mg kg71),
BRL44408 (1000 mg kg71), imiloxan (300 mg kg71) or MK912 (300 mg kg71)

Mean arterial blood External carotid External carotid
Heart rate pressure blood flow conductance

Treatment (beat min71) (mmHg) (ml min71) (ml min71 mmHg71)
(n=6 each) Before After Before After Before After Before After

5-Methylurapidil 131+5 117+7 136+9 122+8 146+17 103+10 111+18 86+9
L-765,314 130+5 131+5 138+8 138+7 144+28 144+30 112+30 111+30
BMY7378 142+10 134+10 129+8 122+8 124+16 126+20 99+16 106+21
BRL44408 117+13 112+11 128+13 148+10 141+40 102+27 127+48 51+21
Imiloxan 109+5 118+6 131+7 128+10 106+14 131+16 84+15 108+20
MK912 158+12 163+12 133+5 122+11 149+11 135+7 113+9 115+10

Note that none of the above treatments produced signi®cant changes (P40.05). The lower doses of the above compounds were
similarly without signi®cant e�ect. Non-signi®cant e�ects were also produced by the administration of 5-methylurapidil followed by
BMY7378 or of BRL44408 followed by MK912 (not shown).
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Ru�olo, 1996; Docherty, 1998; Brodde & Michel, 1999;
Langer, 1999). We recently demonstrated that both a1- and
a2-adrenoceptors mediate vasoconstrictor responses in the

porcine (Willems et al., 1999) as well as canine (Willems et
al., 2001) carotid arterial bed. The present study set out to
identify which a1- and a2 -adrenoceptor subtypes mediate this
latter vasoconstrictor response, employing antagonists with a

moderate to high subtype selectivity: 5-methylurapidil (a1A),
L-765,314 (a1B), BMY7378 (a1D), BRL44408 (a2A), imiloxan
(a2B) and MK912 (a2C); Table 1. Our results show that

mainly a1A- and a1D-adrenoceptors mediate the canine
external carotid vasoconstrictor responses to phenylephrine,
whereas those to BHT933 are mainly mediated by a2A- and

a2C-adrenoceptors. Admittedly, the di�erences in antagonist
potency observed against phenylephrine- and BHT933-
induced vascular responses may be partly due to di�erences
in the metabolism of antagonists or by a�nity di�erences

between canine and human a1- and a2-adrenoceptor subtypes;
however, these data are not available at present.

Systemic and carotid haemodynamic effects of the
different antagonists

Apart from the a2A-adrenoceptor antagonist, BRL44408,
none of the antagonists used in this investigation produced

any signi®cant haemodynamic response. Even with
BRL44408, the immediate increase in blood pressure was
short lasting. This e�ect may have been due to a direct

activation of vascular a1-adrenoceptors, as shown with other
a2-adrenoceptor antagonists in anaesthetized rats (Vayssettes-
Courchay et al., 1996). Alternatively, such a vasopressor
e�ect could also be explained by a blockade of prejunctional

a2-adrenoceptors leading to an enhancement of neuronal
release of noradrenaline (Ho�man & Lefkowitz, 1996).

Role of a1- and a2-adrenoceptor subtypes in canine
external carotid vasoconstriction

The blockade produced by 5-methylurapidil and BMY7378
(both 100 mg kg71) of the responses to phenylephrine, being
maximal as a higher dose (300 mg kg71) did not produce a
further blockade, was selective as these compounds failed to

antagonize the responses to BHT933. These results favour a
predominant involvement of a1A- and a1D-adrenoceptors.
Admittedly, since 5-methylurapidil shows a reasonable

a�nity at a1A- and a1D-adrenoceptors (pKi: 9.0 and 7.9,
respectively), we cannot categorically exclude a possible
blockade of phenylephrine-induced responses resulting from

antagonism of both receptors. However, the fact that 5-
methylurapidil produced a further blockade of the responses

Figure 1 The e�ect of subsequent i.v. administration of 5-methylurapidil (5MU; 100 and 300 mg kg71), L-765,314 (L; 100 and
300 mg kg71), BMY7378 (BMY; 100 and 300 mg kg71), BRL44408 (BRL; 300 and 1000 mg kg71), imiloxan (IMI; 300 and
1000 mg kg71) or MK912 (MK; 100 and 300 mg kg71) on the external carotid vasoconstrictor responses produced by consecutive
1 min intracarotid (i.c.) infusions of phenylephrine in anaesthetized dogs. *P50.05 vs corresponding dose in control curve.
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to phenyleprhine after a high dose of BMY7378 suggests the

additional role of a1A-adrenoceptors. Thus, after BMY7378
and 5-methylurapidil (both 100 mg kg71) the maximal
response to phenlephrine (720+8%; Figure 3) did not
signi®cantly di�er from that after prazosin (maximal

response: 711+3%, Willems et al., 2001). In the light of
these ®ndings, the role of a1B-adrenoceptors seems question-
able, a view consistent with the fact that L-765,314 (up to

1000 mg kg71; data not shown) did not a�ect the responses to
phenylephrine.
The blockade produced by BRL44408 (1000 mg kg71) and

MK912 (100 and 300 mg kg71) of the responses to BHT933
was selective as these compounds failed to antagonize the
responses to phenylephrine. It should be pointed out that the

blockade after 100 mg kg71 of MK912 was maximal, since a
higher dose (300 mg kg71) did not produce a further
blockade. We decided not to test a higher dose of
BRL44408, since it displays a reasonable a�nity at a2A-
adrenoceptors (pKi: 8.2) and the doses used (300 and
1000 mg kg71) should be su�cient to block a2A-adrenocep-
tors. These results imply the coexistence of a2A- and a2C-
adrenoceptor subtypes. This suggestion gains weight when
considering that MK912 produced a further blockade of the
responses to BHT933 (particularly at its highest dose) after

the blockade produced by a high dose of BRL44408.

Figure 2 The e�ect of subsequent i.v. administration of 5-methylurapidil (5MU; 100 and 300 mg kg71), L-765,314 (L; 100 and
300 mg kg71), BMY7378 (BMY; 100 and 300 mg kg71), BRL44408 (BRL; 300 and 1000 mg kg71), imiloxan (IMI; 300 and
1000 mg kg71) or MK912 (MK; 100 and 300 mg kg71) on the external carotid vasoconstrictor responses produced by consecutive
1 min intracarotid (i.c.) infusions of BHT933 in anaesthetized dogs. *P50.05 vs corresponding dose in control curve.

Figure 3 The e�ect of subsequent i.v. administration of: (i)
BMY7378 (BMY; 100 mg kg71) and 5-methylurapidil (5MU;
100 mg kg71) on the external carotid vasoconstrictor responses to
intracarotid (i.c.) infusions of phenylephrine (left panel); or (ii)
BRL44408 (BRL; 1000 mg kg71) and MK912 (MK; 100 mg kg71) on
the vasoconstrictor responses to i.c. infusions of BHT933 (right
panel) in anaesthetized dogs. *P50.05 vs corresponding dose of
agonist in control curve. **P50.05 vs corresponding dose of agonist
after administration of the ®rst antagonist (i.e. BMY7378 in the left
panel or BRL44408 in the right panel).
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Accordingly, after BRL44408 (100 mg kg71) and MK912
(100 mg kg71) the maximal response to BHT933 (720+3%;
Figure 3) did not signi®cantly di�er from that after

rauwolscine (maximal response: 715+3%; Willems et al.,
unpublished observation). Considering the above, the role of
a2B-adrenoceptors seems unlikely, a view reinforced by the
fact that imiloxan (up to 1000 mg kg71) failed to block the

responses to BHT933.

Resemblance of the canine external carotid a1A, a1D,
a2A and a2C-adrenoceptors to other a1- and
a2-adrenoceptor subtypes

As reviewed by Vargas & Gorman (1995) as well as Docherty
(1998), a number of studies shows that both a1- and a2-
adrenoceptor subtypes can mediate smooth muscle contrac-

tion. Some of the pharmacological preparations employed
include rat vas deferens (a1A) (Burt et al., 1998), rat aorta
(a1D) (Hussain & Marshall, 1997), porcine common digital
artery (a2A) (Blaylock & Wilson, 1995) and dog saphenous

vein (a2C) (MacLennan et al., 1997). Other blood vessels
suggest a functional coexistence of a1A- and a1D-adrenoceptor
subtypes, e.g. rat renal artery (Villalobos-Molina et al., 1997).

The a1B and a2B subtypes, although not involved in canine
external carotid vasoconstriction, seem to mediate constric-
tion of the rabbit cutaneous resistance arteries (a1B) (Smith et

al., 1997) and the rat kidney (a2B) (Docherty, 1998).
In a number of tissues, admittedly, a2-adrenoceptors

contribute to a predominantly a1-adrenoceptor mediated

response (Docherty, 1998). However, to the best of our
knowledge, the present study seems to be one of the ®rst to
show in vivo the functional role of speci®c a1 (a1A and a1D)-
and a2 (a2A and a2C)-adrenoceptor subtypes mediating

vasoconstriction in a vascular preparation (the canine
external carotid bed).

Possible clinical implications

To date, all acutely-acting anti-migraine agents, including the

triptans and the ergots alkaloids, produce a potent
vasoconstriction in the carotid circulation of dogs (Saxena,
1972; VillaloÂ n et al., 1995; 1999; De Vries et al., 1998a) and
pigs (Saxena, 1995; De Vries et al., 1998b; 1999b). In contrast

to the well-established role of serotonin 5-HT1B receptors in
the carotid vasoconstrictor e�ects of the triptans (De Vries et
al., 1998a; 1999b), the ergots seem to involve both 5-HT1B

and a2-adrenoceptors (VillaloÂ n et al., 1999). However,
irrespective to the mechanisms involved, a selective vasocon-
striction within the carotid circulation is an important

property of antimigraine drugs. Therefore, we submit that
the development of selective agonists at a1A, a1D, a2A and
a2C-adrenoceptor subtypes may have potential therapeutic

usefulness in the treatment of migraine.

Conclusion

Taken together, the present results suggest that both a1A-
and a1D-adrenoceptors mediate the canine external carotid
vasoconstrictor responses to phenylephrine, while those to

BHT933 are mainly mediated by a2A- and a2C-adrenocep-
tors.
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