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Abstract

wŽ . Ž . w Ž . x xThe anti-migraine drug, eletriptan R -3- 1-methyl-2-pyrrolidinylmethyl -5- 2- phenylsulphonyl ethyl -1H-indole; UK-116,044 , is a
novel 5-HT receptor agonist. In this paper, the regional vasoconstrictor profile of eletriptan, in comparison with sumatriptan, was1Br1D

examined in the anaesthetised dog. The inhibitory actions of eletriptan on neurogenic inflammation in rat dura mater were also assessed.
Ž y1 .In the anaesthetised dog, eletriptan 1–1000 mg kg i.v. produced a dose-dependent reduction of carotid arterial blood flow with a

Ž y1 .similar potency and maximum effect to sumatriptan ED values: eletriptan and sumatriptan, 12 and 9 mg kg , i.v., respectively .50
ŽHowever, eletriptan exhibited a significantly lower potency than sumatriptan in reducing coronary artery diameter ED values: 63 and50

y1 .19 mg kg , i.v., respectively, P-0.05 . In the femoral circulation, sumatriptan caused a significant reduction in arterial blood flow
Ž y1 . Ž y1 .ED 35 mg kg i.v. whereas eletriptan 1–1000 mg kg i.v. had no significant effect upon femoral arterial blood flow when50

Ž y1 .compared to vehicle-treated animals. In rats, eletriptan 30–300 mg kg i.v. administered prior to electrical stimulation of the
Žtrigeminal ganglion produced a dose-related and complete inhibition of plasma protein extravasation in the dura mater mean

y1 .extravasation ratio: control 1.9; eletriptan 1.0, minimum effective dose 100 mg kg , P-0.05 . The potency and maximum effect of
eletriptan was identical to that of sumatriptan in this model. When administered during a period of continual stimulation of the trigeminal

Ž y1 .nerve, eletriptan 100 mg kg i.v. produced a complete inhibition of plasma protein extravasation. The ability to reduce canine carotid
arterial blood flow and inhibit neurogenic inflammation in rat dura mater suggests that vascular and neurogenic mechanisms may
contribute to eletriptan’s clinical efficacy in migraine patients. In addition, eletriptan exhibits some selectivity for reducing carotid arterial
blood flow when compared with femoral arterial blood flow and coronary artery diameter, in the anaesthetised dog. q 2000 Elsevier
Science B.V. All rights reserved.
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1. Introduction

The 5-HT receptor agonist sumatriptan has been1Br1D

shown to be efficacious in the acute treatment of migraine
ŽFerrari, 1991; Ferrari and Saxena, 1993; Pilgrim and

.Blakeborough, 1994 . From preclinical studies, sumatrip-
tan has two well-defined peripheral actions on the trigemi-
novascular system. Firstly, the compound evokes 5-HT1B

receptor-mediated contractions of human isolated cerebral
Žand dural arteries Parsons et al., 1989; Jansen et al., 1992;

.Razzaque et al., 1999 . Secondly, by activation of in-
hibitory prejunctional 5-HT receptors located on perivas-1D

cular trigeminal nerve endings, sumatriptan prevents the

) Corresponding author. Tel.: q44-1304-648-202; fax: q44-1304-658-
444.

development of a sterile neurogenic inflammation in the
dura mater via inhibition of release of vasoactive neu-
ropeptides such as Substance P and calcitonin gene related

Ž . Žpeptide CGRP Buzzi and Moskowitz, 1990; Buzzi et al.,
.1991 . From clinical studies in migraine patients, there is

also evidence that sumatriptan causes both vasoconstric-
Žtion of intracranial blood vessels Caekebeke et al., 1992;

.Friberg et al., 1991 , and inhibits the release of the sensory
Ž .neuropeptide CGRP Goadsby and Edvinsson, 1993 , a

major transmitter substance in the firth cranial nerve in
man. Although the relative importance of the distinct
vascular and neurogenic actions of sumatriptan to its clini-
cal mode of action remains to be determined, it is probably
significant that all of the clinically effective 5-HT1Br1D

receptor agonists have a common ability to constrict cra-
nial blood vessels and inhibit trigeminal afferents in pre-

Žclinical animal models Saito et al., 1988; Buzzi and

0014-2999r00r$ - see front matter q 2000 Elsevier Science B.V. All rights reserved.
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Moskowitz, 1990; Den Boer et al., 1991; Saxena and
.Ferrari, 1996 .

Clinical use of sumatriptan has underwritten the effec-
tiveness of 5-HT receptor agonists for the acute1Br1D

treatment of migraine. Nonetheless, clinical use has also
highlighted some limitations of sumatriptan in terms of it’s
adverse event profile and pharmacokinetic properties. For
example, adverse cardiovascular events have been reported

Žin response to sumatriptan Ottervanger et al., 1994; Wil-
.lett et al., 1992 and the compound is contraindicated in

patients with, or at risk of, cardiovascular disease. Further-
more, studies in volunteers have demonstrated that the
vasoconstrictor effects of sumatriptan are not restricted
exclusively to the cranial vasculature, and marked changes
in peripheral haemodynamics have been reported over the

Ž .therapeutic dose-range MacIntyre et al., 1993 . These data
are consistent with the ability of sumatriptan to contract

Žpreparations of human isolated saphenous vein Bax et al.,
. Ž1992 and coronary artery Connor et al., 1989; Cocks et

.al., 1993; Kaumann et al., 1994 , probably via activation
Žof contractile 5-HT receptors Kaumann et al., 1993;1B

.Nilsson et al., 1999 . The aim of our discovery programme
was therefore to identify a compound with improved selec-
tivity for the intracranial vasculature over other peripheral
blood vessels, such as, the coronary artery.

wŽ . Ž . wEletriptan R -3- 1-methyl-2-pyrrolidinylmethyl -5- 2-
Ž . x xphenylsulphonyl ethyl -1H-indole , has been shown to be

Žeffective in the acute treatment of migraine Goadsby et
.al., 2000 . Preclinical in vitro studies have demonstrated

that eletriptan binds with a high affinity to human recombi-
Žnant 5-HT , 5-HT and 5-ht receptors pK 8.0, 8.91B 1D 1F i

.and 8.0, respectively , and exhibits a qualitatively similar
selectivity profile to sumatriptan when evaluated in a range

Žof 5-HT receptor radioligand binding assays Napier et al.,
.1999 . In functional studies, eletriptan, unlike sumatriptan,

exhibits a partial agonist profile in canine vascular tissues
Ž .Gupta et al., 1999 . Eletriptan has also been shown to
constrict porcine carotid arteriovenous anastomoses in vivo
Ž .Willems et al., 1998 .

In this paper, we describe the in vivo pharmacological
profile of eletriptan in comparison with sumatriptan. There
were two aims of the study, the first being to determine if
eletriptan exhibits activity in models that may be indicators
of clinical efficacy in migraine patients, that is, vasocon-
striction of the canine carotid arterial vascular bed and
inhibition of neurogenic inflammation in rat dura mater.
Secondly, we have measured the regional vasoconstrictor
profile of eletriptan, in comparison with sumatriptan, in the
anaesthetised dog to establish eletriptan’s selectivity pro-
file in vivo.

2. Methods

All in vivo studies were conducted in accordance with
the United Kingdom Home Office guidelines and the

Ž .United Kingdom Animal Scientific Procedures Act 1986.
All procedures were carried out under full general anaes-
thesia and animals were humanely euthanased at the end of
the experiments.

2.1. Measurement of cardioÕascular parameters in the
anaesthetised dog

Ž .Female Beagle dogs Pfizer colony, 11–14.5 kg were
Ž .premedicated with piritramide 5.0 ml, s.c. and anaes-

thetised, via the right cephalic vein, with a mixture of 1:11
volumes of 10% a-chlorarose in PEG300 and 11% ure-

Ž y1 .thane in 0.9% saline 3.5 ml kg . All dogs were intu-
bated with an endotracheal tube and artificially ventilated

Žwith a Bird respirator MK7A Viamed, Keighley, W.
.Yorks to maintain arterial pH, P and P withinCO O2 2

Žnormal limits arterial pH 7.35–7.45; P 35–45 mm Hg;CO 2

.P 85–120 mm Hg . Body temperature was maintained atO 2

37–398C using a homeothermic blanket control system.
Arterial blood pressure was recorded from a cannulated

Žfemoral artery using a pressure transducer Spectromed
.Statham, model P231XL, USA . Blood samples for blood-

gas analysis were also taken from this arterial line
Ž .ABL510, Radiometer, Copenhagen, Denmark . The right
femoral vein was cannulated for infusion of a 2nd dose of

Ž y1 .anaesthetic 3.5 ml kg , given approximately 2 h later
Žand for infusion of sodium bicarbonate 1 M in 0.9%

.saline to maintain the acid–base balance. To maintain
anaesthesia, the right cephalic vein was used for continu-

Žous infusion of anaesthetic started when the second infu-
.sion had been terminated . The left cephalic vein was also

cannulated and used for the intravenous administration of
Ž .test substances. Lead II of the electrocardiogram ECG

was recorded from sub-epidermal needles, allowing con-
stant monitoring of the cardiac rhythm and derivation of

Žthe heart rate. Electromagnetic flow probes Skalar Medi-
.cal, Delft, The Netherlands; 2.5 mm diameter were used

to monitor blood flow in the left common carotid artery
and in the left femoral artery.

A left thoracotomy was performed by removal of part
of the sixth rib and the heart was suspended in a pericar-
dial cradle. The external diameter of the left circumflex

Žcoronary artery was measured with a sonomicrometer ul-
trasonic transit-time dimension guage, model 120.2, Triton

.Technology, San Diego, USA . A pair of 5 MHz piezo-
electric crystals attached to backing material were sutured
to the opposing surfaces of the left circumflex coronary
artery, 3–5 cm from its origin. Correct alignment of the
crystals was verified by on-line sonomicrometer and oscil-
losope monitoring. Simultaneous monitoring of blood flow
in the left circumflex coronary artery was performed using

Ž .an electromagnetic flow probe 2.0 mm diameter . Care
was taken during instrumentation to limit dissection and

Ždamage of visible nerves. All parameters ECG, blood
.pressure, coronary artery diameter and blood flows were
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displayed continuously on a Gould TA4000 recorder and
simultaneously transferred to an in-house on-line data ac-
quisition system based on the Motorola 68,000 family
computer.

After a 60-min stabilisation period, a set of control
readings were taken. Cumulative doses of the drug com-

Ž y1 .pound 1–1000 mg kg or vehicle equivalent, were
administered by bolus injection at 5-min intervals with

Žreadings being taken by the computer every 30 s sampling
.rates250 Hz . For each dose of compound, the response

to compound for the measured parameters was reported at
the time of the peak change in carotid flow, with the
exception of the coronary artery diameter, where maximal
reductions generally occurred after the maximal changes in
carotid flow.

2.2. Measurement of plasma protein extraÕasation in rat
dura following electrical stimulation of the trigeminal
ganglion

ŽMale Sprague–Dawley rats 380–450 g, Charles River,
.Manston, UK were kept under diurnal lighting conditions

and allowed water ad libitum. Animals were anaesthetised
Ž y1 .with pentobarbitone 60 mg kg , i.p. and a femoral vein

was cannulated for intravenous injections. Animals were
Ž .placed in a stereotaxic frame Kopf 900 Instruments, USA

with the incisor bar set at y1.5 mm. Symmetrical burr
holes were drilled at 4.0 mm laterally and 4.0 mm anteri-
orly from bregma for a 400-g rat and adjusted proportion-
ally according to the rat weight. Paired non-concentric

Žbipolar electrodes 5 cm shaft, Clark Electromedical, Pang-
.borne were lowered 9.5 mm from the dura mater bilater-

ally into the trigeminal ganglia.
w125 x ŽI Radiolabelled human serum albumin 50 mCi

y1 . Ž y1 .kg and Evans Blue 20 mg kg were injected via the
femoral vein, followed 5 min later by either drug or
vehicle. After a further 10 min the right or left trigeminal
ganglion was arbitrarily selected and electrically stimu-

Žlated 3 min, 2.2 mA, 5 Hz, 2 ms duration; Isostim
Stimulus Isolator A320, World Precision Instruments, FL,

.USA . Immediately after the stimulation, animals were
perfused with 0.9% saline via the left cardiac ventricle for
a 5-min period at a constant pressure of 120 mm Hg to
wash the blood from the head region. Following removal
of the brain, the dura mater lining the anterior fossae was
removed and dissected bilaterally. Samples of extracranial
tissues innervated by the trigeminal nerve, i.e. eyelid,
conjunctiva and lower lip, were also removed, weighed,

Žand counted for radioactivity 1277 Gammamaster, LKB,
. y1Finland . The recorded counts mg wet weight of tissue

were then used to calculate an extravasation ratio between
the tissues for the stimulated and unstimulated sides.

A second set of experiments, designed to evaluate the
effect of eletriptan on an established and ongoing neuro-
genically-driven inflammatory response were based on a
paradigm described originally in guinea-pig by Huang et

Ž . Žal. 1993 , and adapted by ourselves in rat Gupta et al.,
.1995 . In rat experiments, the compound or vehicle were

administered 5-min after the completion of a 5-min period
of electrical stimulation of the trigeminal ganglion and
w125 x Ž y1 .I radiolabelled human serum albumin 50 mCi kg

Ž y1 .and Evans blue 20 mg kg were administered after a
further 5 min. Finally, 10 min after the administration of
the radiolabelled albumin, animals were perfused with

Ž .0.9% saline see above for detail , and tissues removed as
before.

2.3. Drugs and solutions

w125 xThe following compounds were purchased: I human
Ž .serum albumin Amersham International, UK ; Evans blue

Ž .dye and a-chlorarose Sigma, Dorset, UK , sodium pento-
Ž .barbitone Sagatal, May and Baker, Essex, UK , pir-

Žitramide Dipidolor, Janssen Pharmaceuticals, Beerse, Bel-
. Žgium and urethane Aldrich Chemicals, Steinhem, Ger-
.many .

Eletriptan and sumatriptan were synthesised by the
medicinal Chemistry department, Pfizer Central Research,
UK. Both compounds were initially dissolved in distilled
water and diluted in 0.9% saline to obtain the doses
required.

2.4. Statistical analysis and calculations

All data represent the mean"S.E.M. for n separate
experiments. In the anaesthetised dog studies, comparison
of drug- and vehicle-evoked effects on mean arterial pres-
sure, heart rate, and femoral circulation was carried out by
analysis of covariance, using baseline values as the covari-
ate to adjust mean values to a comparable basis. In studies
to measure the vasoconstrictor properties of the tested
drugs, contractile potencies are expressed as ED values,50

which represent the dose of agonist required to produce
50% of the maximum response attainable for that particu-
lar agonist. ED values were derived by an in-house50

Žlogistic curve-fitting programme based on ALLFIT De-
.lean et al., 1978 , and are expressed as the geometric mean

Table 1
Baseline control parameters in the anaesthetised dog measured at time
zero and at 45 min following completion of the cumulative administration
of vehicle equivalent to a cumulative dose of 1000 mg kgy1 i.v.

Parameter Pre-vehicle Post-vehicle
Ž . Ž .0 min 45 min

Ž .MABP mm Hg 92"4 92"5
Ž .HR beatsrmin 115"18 125"20

Ž .Coronary diameter mM 3219"320 3244"334
Ž .Carotid blood flow mlrmin 181"15 172"12
Ž .Femoral blood flow mlrmin 114"15 105"15
Ž .Coronary blood flow mlrmin 32"6 35"6

Data are expressed as mean"S.E.M. They represent the mean value of
four separate experiments.
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with 95% confidence limits in parentheses. Statistical anal-
Žysis of the ED data carotid blood flow, coronary artery50

.diameter was carried out by analysis of variance on the
log dose scale. Analyses of variance and covariance were
carried out using the Genstat statistical package, version 5
Ž .NAG, Oxford, UK .

In plasma extravasation studies, the level of plasma
leakage produced in the presence of each dose of test drug
was compared with that produced in a separate vehicle-
treated control group. Differences between means were
analysed for statistical significance by Student’s unpaired t
test. P values of less than 0.05 were considered to indicate
a significant difference between the responses being com-
pared.

3. Results

3.1. Haemodynamic profile in the anaesthetised dog

To establish the stability of haemodynamic parameters
in the anaethetised dog, four control experiments were

Ž . Ž .Fig. 1. Effect of a eletriptan and b sumatriptan on carotid arterial
Ž . Ž .blood flow B and coronary artery diameter v in the anaesthetised

dog. Data are expressed on the ordinate scale as a percentage of the
maximum effect produced in that particular vascular bedrvessel, and on

Ž y1 .the abscissa scale as drug dose mg kg i.v. . Each data point represents
the mean response of between 9 and 10 separate experiments, with
S.E.M. values shown by the vertical bars.

Table 2
Comparison of baseline values, maximal reductions and potency for
eletriptan and sumatriptan on carotid arterial blood flow and coronary
artery diameter

Eletriptan Sumatriptan

Carotid blood flow
y1Ž .Baseline flow ml min 171"9 154"12

y1Ž .Maximal reduction D ml min 83"7 77"9
y1Ž . w x w x w xED mg kg 95% confidence limits 12 10–16 9 7–1150

Coronary artery diameter
Ž .Baseline diameter mm 3663"259 3355"133
Ž .Maximal reduction D mm 113"13 92"26

y1 aŽ . w x w x w xED mg kg 95% confidence limits 63 37–107 19 11–3150

Data are expressed as mean"S.E.M. with the exception of the ED50

values, which are expressed as the geometric mean with 95% confidence
limits in parenthesis.

aP -0.05 when compared to sumatriptan using analyses of variance
and covariance tests.

performed to determine the effect of cumulatively adminis-
Ž . Žtered saline 0.9% wrv on all baseline parameters Table

Ž . Ž . Ž .Fig. 2. Comparison of the effect of a eletriptan B and b sumatriptan
Ž . Ž .' compared to vehicle v on femoral arterial blood flow in the
anaesthetised dog. Data are expressed on the ordinate scale as femoral

Ž y1 . Ž y1 .blood flow ml min , and on the abscissa as drug dose mg kg i.v. .
Each data point represents the mean response of between 4 and 10
separate experiments, with S.E.M. values shown by the vertical bars.
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Ž . Ž y1 . Ž .Fig. 3. Effect of a eletriptan 30–300 mg kg i.v. and b sumatriptan
Ž y1 .30–300 mg kg i.v. on plasma protein extravasation produced in the
dura mater following electrical stimulation of the trigeminal ganglion in
rat. Data are expressed on the ordinate as a mean extravasation ratio in

Žstimulatedrunstimulated sides, and on the abscissa as drug dose mg
y1 .kg . Vertical bars represent the S.E.M. of ns7–10 separate experi-

ments. Statistical analysis was performed using Student’s unpaired t test,
) P -0.05 when compared to vehicle-treated controls.

.1 . There were no significant changes in any of the param-
eters measured over the time period of the experiment.

The intravenous administration of eletriptan or suma-
Ž y1 .triptan both 1–1000 mg kg i.v. produced no signifi-

cant change in heart rate and only at the top dose of 1000
mg kgy1 with eletriptan was there a statistically significant

Žincrease in mean arterial blood pressure mean increase of
.13.3 mm Hg, P-0.05 and although the magnitude of

change was similar for sumatriptan this was not significant
Ž .mean increase 7.3 mm Hg .

Ž y1 .Eletriptan 1–1000 mg kg i.v. produced a dose-de-
pendent reduction of carotid arterial blood flow with a

Žpotency similar to that observed for sumatriptan mean
y1 w xED value mg kg i.v. 95% confidence limits : eletrip-50

w x w xtan 12 10–16 , ns9; sumatriptan 9 7–11 , ns10; Fig.
.1 and Table 2 . The maximum reduction in carotid arterial

Žblood flow produced by both drugs was also similar mean
reduction: eletriptan 44% at 1000 mg kgy1 i.v.; sumatrip-

y1 .tan 42% at 1000 mg kg i.v., Table 2 . However, over
the same dose range, eletriptan exhibited a significantly

lower potency to reduce coronary artery diameter when
Ž y1compared with sumatriptan mean ED value mg kg50

w x w xi.v. 95% confidence limits : eletriptan 63 37–107 , ns9;
w xsumatriptan 19 11–31 , ns10, P-0.05; Fig. 1 and

.Table 2 , although the maximum reduction in diameter was
Žsimilar for both compounds mean reduction: eletriptan

2.6% at 1000 mg kgy1 i.v., ns9; sumatriptan 2.5% at
y1 .1000 mg kg , ns10; Table 2 . Neither compound had

any significant effect on coronary blood flow compared to
Ž .vehicle-treated animals data not shown .

In the femoral circulation, sumatriptan produced a
dose-dependent reduction in femoral artery blood flow

w x y1 Žwith an ED of 35 17–49 mg kg i.v. mean reduction50
y1 . Ž .of 42% at 1000 mg kg i.v., P-0.05; ns10 Fig. 2 .

In contrast, equivalent doses of eletriptan did not evoke
Ž .significant changes in femoral flow P)0.05 when com-
Ž .pared with vehicle-treated controls Fig. 2 .

3.2. TrigeminoÕascular studies in the anaesthetised rat

When administered prior to electrical stimulation of the
Ž y1 .trigeminal ganglion, eletriptan 30–300 mg kg i.v.

produced a dose-dependent inhibition of plasma protein
extravasation in the dura mater when compared to that

Ž .observed in vehicle-treated controls Fig. 3a . The mini-
Ž .mum effective dose MED of eletriptan that produced a

significant reduction of plasma protein extravasation, when
compared to vehicle, was 100 mg kgy1 i.v., a dose which
also evoked a maximal and complete inhibition of plasma

Žprotein extravasation mean extravasation ratio"s.e.m:
control 1.91"0.35, ns10; eletriptan 100 mg kgy1 i.v.

Table 3
Effects of intravenously-administered eletriptan, sumatriptan and vehicle
on trigeminal nerve stimulation-induced plasma protein leakage in the
anaesthetised rat

Ž .a Eletriptan
y1Ž . Ž .Tissue Vehicle ns10 Dose of Eletriptan mg kg i.v.

Ž . Ž . Ž .30 ns7 100 ns8 300 ns8
a aDura 1.91"0.35 1.59"0.39 1.04"0.16 1.02"0.19

Conjunctiva 2.66"0.49 2.20"0.70 1.98"0.46 3.09"0.64
aEye lid 5.04"1.19 4.38"2.12 1.40"0.35 4.77"1.59

Lower lip 3.82"0.92 3.75"0.42 4.47"0.52 3.11"0.26

Ž .b Sumatriptan
y1Ž . Ž .Tissue Vehicle ns10 Dose of Sumatriptan mg kg i.v.

Ž . Ž . Ž .30 ns8 100 ns8 300 ns7
a aDura 1.83"0.20 1.34"0.20 1.14"0.16 0.97"0.18

aConjunctiva 2.86"0.48 2.03"0.28 2.54"0.92 1.27"0.30
aEye lid 8.20"2.22 2.62"0.62 4.63"2.92 2.73"1.39

Lower lip 2.20"0.37 1.84"0.23 2.71"0.44 2.02"0.54

Ž .Data are expressed as mean"S.E.M. Number in parenthesis n snumber
of animals per group.

aP -0.05 when compared to vehicle-treated group using a Student’s
t-test for unpaired data.
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1.04"0.16, ns8, P-0.05; eletriptan 300 mg kgy1 i.v.
.1.02"0.19, ns8, P-0.05 . In a separate series of

experiments, sumatriptan inhibited plasma protein extrava-
sation with a similar potency and maximum effect to

Želetriptan mean extravasation ratio"s.e.m.: control 1.83
"0.20, ns10; sumatriptan 100 mg kgy1 i.v. 1.14"0.16,
ns8, P-0.05; sumatriptan 300 mg kgy1 i.v. 0.97"0.18,

. Ž .ns7, P-0.05 Fig. 3b . This action is selective for the
intracranial tissues innervated by the trigeminal nerve as
demonstrated by a lack of significant effect of eletriptan on
plasma protein extravasation in the facial tissues of lower

Ž .lip and conjunctiva Table 3, panel a . A statistically-sig-
nificant effect was noted in the eye lid following 100 mg
kgy1 eletriptan, but this was not dose-related and is not
considered to be of biological relevance. Sumatriptan also
tended to inhibit plasma protein extravasation in the eyelid
but significant effects were only achieved at 30 and 300

y1 Ž .mg kg i.v. in the conjuctiva Table 3, panel b .

3.2.1. Ongoing and established neurogenically driÕen re-
sponse in rat dura mater

In a separate study using a modified protocol, eletriptan
was administered during a period of ongoing and estab-
lished plasma protein extravasation produced by activation
of the trigeminal ganglion. Under these conditions eletrip-

Ž y1 .tan 100 mg kg i.v. produced a rapid and complete
inhibition of plasma protein extravasation in the dura

Žmater mean extravasation ratio"s.e.m.: control 1.71"

0.2, ns10; eletriptan 0.98"0.1, ns10, P-0.05, Fig.
. y14 . These data demonstrate that a dose of 100 mg kg i.v.

eletriptan is equally effective against neurogenic inflamma-

Ž y1 .Fig. 4. Effect of eletriptan 100 mg kg i.v. on an established and
ongoing neurogenically-driven plasma protein extravasation produced in
dura mater. Eletriptan or vehicle were administered 5 min after the
completion of a 5-min period of electrical stimulation of the trigeminal

w125 xganglion in rat. I human serum albumin leakage in the dura mater
was measured after a further 10-min period. Data are expressed on the
ordinate, as a mean extravasation ratio in stimulatedrunstimulated sides,

Ž y1 .and on the abscissa as drug dose mg kg . Vertical bars represent the
S.E.M. of 10 separate experiments. Statistical analysis was performed
using Student’s unpaired t-test, ) P -0.05 when compared to vehicle-
treated controls.

tion when administered prior to, or during, activation of
the trigeminal system.

4. Discussion

Clinical trials have demonstrated that eletriptan is an
effective oral therapy for the acute treatment of migraine
Ž .Goadsby et al., 2000 . In this paper, we have determined
the in vivo pharmacological profile of eletriptan, in com-
parison with sumatriptan, to establish whether this new
agent is efficacious in animal models in which the vascular
and neurogenic mechanisms implicated in migraine are
measured and to compare the haemodynamic profile of
eletriptan with that of sumatriptan in the carotid, femoral
and coronary vascular beds.

In evaluating compound effects on perivascular trigemi-
nal afferents in rat, it was demonstrated that when adminis-
tered prior to electrical stimulation of the trigeminal gan-

Ž y1 .glion, eletriptan has a potency MED 100 mg kg i.v.
and maximum effect equivalent to that seen with sumatrip-
tan. Like sumatriptan and other 5-HT receptor agonists1

such as dihydroergotamine and ergotamine, eletriptan had
no effect on plasma protein extravasation in extracranial
tissues, which receive inputs from the second and third
divisions of the trigeminal ganglion. Thus, it is emerging

Ž .that the distribution of the receptor s which mediates the
inhibition of neurogenic inflammation to eletriptan and
other agents may be restricted to intracranial perivascular
trigeminal afferents, specifically those arising from the
first division of the trigeminal nerve, the opthalmic branch.
In terms of the pharmacological identity of the target
inhibitory receptor, this has not yet been elucidated. How-
ever, by use of the polymerase chain reaction, mRNA
transcripts for the 5-HT and 5-HT receptors and more1B 1D

recently the 5-ht subtype, have been shown to be located1F
Žin the trigeminal ganglia of rat 5-ht subtype not exam-1F

. Žined, Bruinvels et al., 1993 and man Bouchelet et al.,
.1996 . Furthermore, the pharmacology of the prejunctional

5-HT receptor in rat is consistent with the 5-HT subtype1D
Ž .Williamson et al., 1997 , and the 5-HT receptor protein,1D

but not 5-HT receptor protein, is expressed on human1B
Ž .trigeminal sensory neurones Longmore et al., 1997 . More

Žrecently, selective 5-ht agonists, such as LY344864 N-1F
w Ž . x3- dimethylamino -2,3,4,9-tetrahydro-1H-carbazol-6-yl -

Ž . . Ž Ž4-fluoro- R -benzamide and LY334370 4-fluoro-N- 3-
Ž . . .1-methyl-4-piperidinyl -1 H-indol-5-yl benzamide have
also been shown to be effective in animal models of

Ž .neurogenic dural inflammation Phebus et al., 1996, 1997 .
The recent identification of selective pharmacological re-
ceptor antagonists for the 5-HT and 5-HT receptors1B 1D
Ž .Price et al., 1997 should help define the functional role
of these subtypes in models of neurogenic inflammation.

One criticism of the neurogenic hypothesis of migraine
is whether an inhibition of neuropeptide release would
translate to a rapid onset of relief of migraine symptoms in
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the clinic, and it has been argued that only a vasocon-
strictor mechanism would be able to rapidly reverse a
pathophysiological event of vascular origin. Thus, we
adapted a paradigm described originally by Moskowitz et
al., in which it was demonstrated that a 5-min period of
electrical stimulation of trigeminal ganglion in guinea-pig
could be used to provoke trigeminal fibres which innervate
the dura mater to fire continuously, in the absence of

Želectrical stimulation, for up to 45 min Huang et al.,
.1993 . This experimental protocol has been used to

demonstrate that sumatriptan could reverse an established
and ongoing neurogenically-driven sterile inflammation
when administered during this period of continual neuronal

Ž .firing Huang et al., 1993 . In the present study eletriptan,
Ž y1 .when tested at the MED 100 mg kg i.v. defined in

pretreatment studies, was able to completely inhibit plasma
protein extravasation within minutes. Thus, if the inflam-
matory environment that develops using this experimental
protocol mimics those events which occur pathophysiolog-

Žically during migraine Arnold et al., 1998; Pappagallo et
.al., 1999 , it appears that the inflammatory process could

be inhibited by eletriptan within a clinically relevant
timescale to abort an established migraine attack. Recent
data from clinical studies has, however, questioned the
importance of inhibiting neurogenic inflammation in the
treatment of acute migraine. For example, CP-122,288
ŽŽ . w Ž .R -N-methyl- 3- 1-methyl-2-pyrrolidinylmethyl -1 H-in-

x .dol-5-yl methanesulphonamide , a conformationally re-
stricted sumatriptan analogue, was 1000 times more potent
than sumatriptan in inhibiting plasma protein extravasation

Ž .in the dura mater of the rat Gupta et al., 1995 and so was
active at doses that did not have vascular effects. This
compound was, however, ineffective in clinical studies of

Ž .acute migraine Roon et al., 1997 . Similarly, another
conformationally restricted zomitriptan analogue, 4991W93
Ž Ž . w Ž .trans- S -4- 3- 3-dimethylaminocyclobutyl -1 H-indol-5-

x . Žylmethyl oxazolidin-2-one Giles et al., 1999; Earl et al.,
. Ž1999 , bosentan, an endothelin receptor antagonist May et

.al., 1996 and a number of tachykinin NK receptor1
Žantagonists Lee et al., 1994; Goldstein et al., 1997; Con-

.nor et al., 1998; Norman et al., 1998 , were highly effec-
tive in inhibiting plasma protein extravasation but ineffec-
tive in the treatment of acute migraine. These data indicate
that inhibition of neurogenic inflammation alone is not a
prerequisite for an effective acute treatment of migraine.

In anaesthetised dog studies, both eletriptan and suma-
triptan produced a dose-dependent reduction of carotid

Žarterial blood flow with a similar potency ED 12 mg50
y1 y1 .kg i.v. and 9 mg kg i.v., respectively and maximum

effect. These data are consistent with findings from an
Ž .anaesthetised pig study Willems et al., 1998 in which

intravenous administration of eletriptan produced a dose
dependent decrease in total carotid blood flow, exclusively
by decreasing cephalic arteriovenous anastomotic blood
flow. This study also demonstrated that these changes in
carotid haemodynamics were predominantly mediated by

5-HT receptors. The present study in anaesthetized1Br1D

dogs also showed that doses of eletriptan, which produced
a maximal reduction in carotid blood flow, produced no
change in heart rate or blood pressure. Eletriptan did,
however, produce a significant pressor response at the top

Ž y1 .dose tested 1000 mg kg i.v. which was similar in
magnitude to that observed with sumatriptan. These data
are consistent with studies in man in which high oral doses
Ž .90 and 120 mg of eletriptan tended to increase diastolic

Ž .pressure with no change in heart rate Milton et al., 1997 .
When coronary arterial blood flow was measured, no
effect was observed to either compound, even at the

Ž y1 .highest dose tested 1000 mg kg i.v. , an observation
which is consistent with previous studies using sumatriptan
Ž .Feniuk et al., 1989 . Although contractile 5-HT recep-1B

Ž .tors have been described in canine Parsons et al., 1992
Žand human isolated coronary artery Connor et al., 1989;
.Cocks et al., 1993; Nilsson et al., 1999 , these are conduc-

tance rather than resistance vessels, and therefore it was
anticipated that blood flow would remain unaffected. How-
ever, when coronary arterial diameter was measured using
sonomicrometry, both compounds did produce a dose-de-
pendent reduction in vessel diameter. Importantly, eletrip-

Ž .tan exhibited a significantly P-0.05 lower potency than
sumatriptan at reducing coronary artery dimensions, and
this lower activity was reflected in a wider separation
between its carotid:coronary dose–response curves. These
results are consistent with findings from in vitro studies
with human vascular tissue in which eletriptan had equiva-
lent potency to sumatriptan in contracting the human iso-

Žlated middle meningeal artery blood vessel predictive of
.therapeutic efficacy but was less potent in the human

Žisolated coronary artery Maassen VandenBrink et al.,
.1999 . Furthermore, efficacious clinical plasma levels of

eletriptan, caused no significant coronary artery constric-
tion in patients without significant obstructive coronary

Ž .artery disease Muir et al., 1999 . Moreover, in the femoral
vascular bed, sumatriptan produced a significant dose-de-

Ž y1 .pendent reduction of blood flow ED 35 mg kg i.v.50

when compared with vehicle-treated controls but no signif-
Ž y1icant effect was observed with eletriptan 1–1000 mg kg

.i.v. . Overall, these observations suggest that eletriptan has
a different regional vasoconstrictor profile when compared
with sumatriptan, exhibiting a selectivity for the carotid
arterial bed. The basis for this regional difference is the
subject of further investigation.

In conclusion, the work described in the present study
demonstrates that eletriptan inhibits intracranial neurogenic
inflammation in rat, and reduces carotid arterial blood flow
in dog, with a potency and maximum effect equivalent to
sumatriptan. The present data support the premise that
eletriptan’s established efficacy in migraine patients
Ž .Goadsby et al., 2000 may be attributed to its ability to
inhibit both the vascular and neurogenic mechanisms im-
plicated in migraine albeit that current information would
suggest that the neurogenic component may be of lesser
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importance. In addition, studies in the anaesthetised dog
have demonstrated that eletriptan has a distinct haemody-
namic profile being more selective than sumatriptan for
reducing carotid arterial blood flow when compared with
femoral arterial blood flow and coronary artery diameter.
These data suggest that for a given level of efficacy,
eletriptan will have a reduced propensity, relative to suma-
triptan, to cause changes in coronary artery diameter,
however, only clinical experience over a long period of
time will confirm or refute this claim.
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