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Abstract

The receptors mediating the cerebrovascular actions of endothelins have heen examined in feline cerebral resisiance arterioles in vivo.
The adventitia! microapplication of the endothelin ET, receptor antagonist BQ-123 (cyclo p-aspartate-p-trypiophan-L-leucine-n-valine-L-
preline) (0.1-10 M) per se had minimal effect on cerebral resistance arterioles examined. The adventitial microapplication of
endothelin-1 (10 nM) elicited a marked vasoconstriction of cerebral resistance arierioles (—29.1 + 1.9% from pre-injection baseline). The
endothelin-1 induced vasoconstriction was attenuated, in a dose dependent manner, by the adventitial co-applicaticn of BQ-123 and
endothelin-1 (estimated IC;, 0.7 uM). The adrvensitiul microapplication of the endothelin ET, receptor agonist BQ-3020 N-
acetyl[Ala'',Ala"’ET-1 (6-21)) (0.001-1 pM) effected a dose dependent vasodilatation (EC5, 30 nM, maximum response 25 + 5%
from pre-injection baseline). The magnitude of the vasodilatation elicited by BQ-3020 (100 nM and 1 pM) was dependent on the
pre-injection calibre of the arterioles examined. The intracarotid infusion (via the lingual artery) of BQ-3020 {0.5-500 pmol /min} had
no significant effect on the calibre of cerebral resistance arterioles. These results suggest that the peptide endothelin ETy receptor agonist
fails to gain access to the cerebrovascular endothelin ETy receptors following its intraluminal administration. These investigations
indicate that endothelin ET, receptors mediate vasoconstriction and endothelin ET; receptors mediate vasodilatation in feline cerebral

resistance arterioles in vivo.
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1. Introduction

The cerebral circulation is a major therapeutic target
area for the development of endothelin receptor antago-
nists. The endothelin peptides (endothelin-1, endothelin-2,
endothelin-3) are potent constrictors of cerebrovascular
smooth muscle in vivo and in vitro (Jansen et al., 1989;
Robinson and McCulloch, 1990; Adner et al., 1993; Feger
et al., 1994; Rubanyi and Polokoff, 1994: Schilling et al.,
1995). The application of exogenous endothelin-1 on ma-
jor cerebral arteries results in marked constriction of the
vessels and reduces cerebral blood flow to levels that
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induce neuronal pathology (Macrae et al., 1993; Fuxe et
al., 1992; Sharkey et al.. 1993). Elevations in tissue,
cerebrospinal fluid (CSF) and plasma endothelin levels
have been reported following cerebral ischaemia and sub-
arachnoid haemorrhage (Suzuki et al., 1992; Ziv et al,
1992; Barone et al., 1993; Bian et al., 1994; Spatz et al.,
1995). Despite the potential significance of the endothelins
in cerebrovascular disease, ihere has been limited phar-
macological characterisation of the endothelin receptor
subtypes present in cerebral bleod vessels. The investiga-
tions conducted to date have examined the effects of
endothelin receptor activation in major cerebral arteries,
e.g. basilar artery, middle cerebral artery, spinal artery
(Adner et al., 1993; Kitazono et al., 1993; Salom et al..
1993; Feger et al., 1994; Willette et al.. 1994; Schilling et
al., 1995). The cerebral resistance arterioles play the major
role in the regulation of blood flow to the brain and there
have been few investigations examining the effects of

0014-2999 /96 /$15.00 Copyright © 1996 Elsevier Science B.V. All rights reserved.

PII 50014-2999(96)00188-4



42 T.R. Patel et al. / European Journal of Pharmacology 307 (1996) 4148

endothelin receptor activation in the cerebral resistance
arterioles in vivo.

The effects of the endothelin peptides are mediated by
at least two receptor subtypes, endothelin ET, and en-
dothelin ETp (Arai et al, 1990; Sakurai et al., 1990;
Masaki et al., 1994). The classification of endothelin re-
ceptors was initially carried out using molecular bici.:2y
techniques and subsequently on the basis of agonist potwea-
cies of the endothelin isopeptides. Endothelin-1 and en-
dothelin-2 displayed enhanced potency compared to en-
dothelin-3 at the endothelin ET, receptor while the three
isopeptides were equipotent at the endothelin ETy receptor
(Arai et al., 1990; Sakurai et al., 1990; Masaki et al.,
1994). More recently a putative endothelin ET receptor
has been cloned and endothelin-3 displays a greater selec-
tivity than the other isopeptides for this receptor (Karne et
al., 1993). In the peripheral blood vessels, the vasocon-
strictor response of the endothelins is mediated primarily
by the stimulation of the endothelin ET, receptor subtype,
however, endothelin ETg receptors mediating vasocon-
striction and vasodilatation have been described (Sheity et
al., 1993; Warner et al., 1993; Rubanyi and Polokoff,
1994). Although the endothelin receptors mediating the
vasoconstrictor and vasodilator effects in peripheral arteri-
oles and microvessels are similar to the large arteries, there
are indications that the small calibre blood vessels may be
more sensitive to the effects of the endothelin peptides
(Homma et al., 1992; Rubanyi and Polokoff, 1994).

Recently peptide and non-peptide antagonists and ago-
nists selective for the endothelin receptors have been de-
veloped (Thara et al., 1991; Sogabe et al., 1992; Clozel et
al., 1993, 1994; Doherty et al., 1995). BQ-123 (cyclo
D-aspartate-D-tryptophan-L-leucine-D-valine-L-proline) is a
pentapeptide endothelin receptor antagonist that displays a
4000 fold selectivity for the endothelin ET, receptor sub-
type (Ihara et al., 1991; Rubanyi and Polokoff, 1994). The
selectivity of BQ-123 for the endothelin ET, receptor has
been utilised to examine the vasoconstrictor actions of
endothelin-i 1w a variety of vascular and non vascular
tissues (Ihara et al.,, 1991). BQ-3020 (N-
acetyl[Ala'' Ala*JET-1-(6-21)) is a linear analogue of the
endothelin-1 molecule and has demonstrated a ~ 4000
fold selectivity for the endothelin ET; receptor subtype
compared to the endothelin ET, receptor in in vitro and in
vivo investigations (Ihara et al., 1992). The present investi-
gations were designed to characterise the effects of en-
dothelin receptor activation in feline small cerebral resis-
tance arterioles in vivo.

2. Materials and methods
2.1. Surgical preparation

The experiments were performed on 8 adult female cats
weighing between 2-3 kg. Anaesthesia was induced using

alphaxolone /alphadolone (Saffan, Glaxo) administered
into the radial vein. The animals were intubated and
positive pressure ventilation with N,0-0O, (70%-30%) ini-
tiated. The femoral arteries and veins were cannulated for
the menitoring of arterial blood pressure and arterial blood
gas status and also for the administration of fluids and
drugs. Anaesthesia was maintained using a-chloralose (60
mg/kg) and supplemented as required to prevent the
return of the comeal reflex during the course of the
experiment. The inspired gas mixture was altered to O,
supplemented air (25% O,) and arterial blood samples
were taken at regular intervals to monitor blood gas status
and the animals maintained normocapnic by adjusting the
stroke volume. Metabolic acidosis was controlled by the
administration of sodium bicarbonate (8.4% solution)
where necessary. At the outset of the study, mean arterial
blood pressure (MABP) was 97 + 3 mm Hg, arterial pH
was 7.42 + 0.01, arterial carbon dioxide tension was 30 + 1
mm Hg and arterial oxygen tension was 201 + 5 mm Hg.
During the course of the study, the physiological variables
did not vary significantly from the levels at the otset.
The animals were placed in a stereotactic frame and
after a midline incision the scalps were retracted and
sutured onto a metal ring to form a well over the calvaria.
The temporalis muscle was retracted and a rectangular
craniectomy (2.5 cm X 1.5 cm) was made over the parietal
cortex using a saline cooled dental drill. The exposed dura
was bathed continuously with mineral oil at 38°C. With the
aid of a stereomicroscope (Bausch and Lomb) the dura
was excised and then reflected laterally. Bipolar diathermy
was used to eliminate bleeding from the dural vessels. The
preparation was allowed to equilibrate for 30 min before
any adventitial microapplications were performed. In a
separate group of animals the lingual artery was exposed
and catheterised. The catheter was advanced into the carotid
artery and subsequently used for the intravascular infu-
sions of the endothelin ETy receptor agonist BQ-3020.

2.2. Measurement of cerebral resistance arteriolar calibre

Cerebral resistance arteriolar calibre was measured by
the method of Baez (1966) using an image splitter linked
through a closed circuit video display system. A detailed
description of the surgical preparation and measurement
techniques has appeared previously (Robinson and McCul-
loch, 1990). Briefly, the individual cerebral resistance
arterioles were viewed through a stereomicroscope and the
arteriolar diameter was measured from the degree of shear
applied to the image splitter in order to tangentially appose
the two images. The system was calibrated at X40 and
X 70 against threads of known diameter and this allows for
the direct measurement of vascular diameter in absolute
units ( wm). The vessel diameter was measured pre-inser-
tion of micropipettes, pre- and post-injection of substances
and the vessel diameter was monitored over a period of
1-2 min at each instance. In the intracarotid infusion
studies, the calibres of selected cerebral resistance arteri-



T.R. Patel et al. / Evuropean Journal of Phurmacology 307 11996} 41-48 43

oles were examined at 10 min and 20 min following the
start of the infusion of BQ-3020 at cach concentration. The
infusion of BQ-3020 was carried out for 30 min at each
concentration.

2.3. Administration of drugs

Artificial cerebrospinal fluid (CSF) was prepared with
the following composition: Na® 156 mM, K* 3 mM,
Ca’* 2.5 mM, HCO; 12 mM, C1” 152 mM. The pH of
the CSF was adjusted to 7.2 by aeration with 95% O,-5%
CO,. The agents to be administered by adventitial mi-
croapplication were dissolved in CSF. All solutions were
prepared freshly on the day of the study. Glass mi-
cropipettes (tip diameter 10-12 um) were filled under
vacuum with the solution to be studied and stored under
mineral oil in CSF until required. BQ-3020 for intravascu-
lar infusions was dissolved in 0.9% saline and infused at a
rate of 0.15 mi/min.

The substances were applied by adventitial microappli-
cation using a micromanipulator to position the pipettes in
the adventitial space around individual cerebral resistance
arterioles (pre-injection calibre range 42-334 pm). Small
volumes (approximately 5 ul) were delivered by a pres-
sure ejection system.

2.4. Statistical analvsis

All results were analysed using a one way analysis of
variance followed by two-tailed Student’s unpaired -test
using a Bonferroni correction factor for multiple group
comparisons. All results are expressed as means + S.E.M.
of the percentage change in arteriolar calibre from baseline
immediately prior to microapplication or infusion of sub-
stances.
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3. Resuilts
3.1. Perivascular microapplication of BQ-123 per se

The adventitial microapplications of CSF (pH 7.2) had
no significant effect on cerebral arteriolar calibre (—0.93
+ 1.6% from pre-injection baseline; n = 14). The adventi-
tial microapplications of BQ-123 per se (0.1-10 uM) had
no significant effect on cerebral arteriolar calibre (Fig. 1).

3.2. Perivascular co-application of endothelin-1 (10 nM)
and BQ-123

The adventitial microapplication of endothelin-1 (10
nM) effected a marked constriction of the cerebral arteri-
oles examined (—29.1 + 1.9% from pre-injection baseline;
n = 12). The concentration of endothelin-1 (10 nM) used
in the present investigations is the EC,, concentration for
the endcthelin-1 induced constrictions of cerebral resis-
tance arterioles determined in previous investigations
(Robinson and McCulloch, 1990). The adventitial co-ap-
plication of endothelin-1 (10 nM) and BQ-123 demon-
strated a dose dependent attenuation of the endothelin-1|
mediated vasoconstrictive response (Fig. 1). The concen-
tration of BQ-123 that produced a half maximal attenua-
tion (IC,,) of endothelin-1 induced vasoconstriction was
estimated to be approximately 0.7 uM.

3.3. Perivascular and intravascular administration of BQO-
3020

The adventitial microapplication of CSF had minimal
effect on arteriolar calibre, whereas. the adventitial mi-
croapplication of BQ-3020 (0.001-1 uM) effected dose
dependent dilatations of cerebral arterioles examined (EC,
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Fig. 1. (A) Vasomoter responses of pial arterioles to the adventitial microapplication of BQ-123. There are no significant altf:rations in the pial arteriolar
calibre at any concentration of BQ-123. Data are expressed as percent alieration from baseline of pial arteriolar calibre. Dat.a are prt:?em.ed as
mean + S.E.M. (i, number of arterioles examined = 6 for each conceniration). (B) Vasomotor responses of pial arterioles to adventitial co—apph.cauon .of
endothelin-1 (10 nM) and BQ-123. BQ-123 significantly attenuated the endothelin-1 induced vasoconstrictions (* * P < 0.01 for the comparison with
endothelin-1 alone). Data are expressed as percent alteration from baseline of pial arteriolar calibre. Data are presented as means + S.EM (n. number of

artericles examined = 5-12 for each concentration).
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Fig. 2. (A) Vasomotor responscs of pial arterioles to the adventitial microapplication of BQ-3020. BQ-3020 effected a dose dependent vasodilatation of the
pial arterioles examined (* = P < 0.01 for the comparison with CSF). Data are expressed as percent alteration from baseline of pial arteriolar calibre. Data
are presented as means + S.EM. (n, number of arterioles examined = 7-13 for each concentration). (B) The dependence of the pial arteriolar dilatation
elicited by BQ-3020 on the calibre of arteriole examined. Pial arteriolar diameter was determined prior to the adventitial microapplication of BQ-3020. The
arteriolar responses are expressed as the percent change from pre-injection baseline. (r?=0.36: P<001).

approximately 30 nM) (Fig. 2). The magnitude of the
response of cerebral arterioles to BQ-3020 (100 nM and 1
uM) was dependent on the pre-injection calibre of the
arteriole examined. Cerebral arterioles less than 100 pm
demonstrated an increased reactivity to BQ-3020 (Fig. 2).
Thie Teactivity of cerebral arterioles to CSF was not depen-
dent on the pre-injection arteriolar calibre (data not shown).
The intracarotid infusion of 0.9% saline had minimal effect
on pial arteriolar calibre or arterial blood pressure. The
intracarotid infusion of BQ-3020 (0.5-500 pmol /min) had
minimal effect on pial arteriolar calibre (Fig. 3). The
intracarotid infusion of BQ-3020 at a the rate of 500
pmol /min elicited a transient decrease in mean arterial
blood pressure (16.3 &+ 8.6 mm Hg from pre-infusion base-
ling) and the blood pressure returned to baseline within 5
min.
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Fig. 3. Vasomotor responses of pial arterioles to the intracarotid infusion
of BQ-3020. BQ-3020 or saline had mimmal effect on pial arterioles
examined. Data are expressed as percentage alteration from baseline of
pial arteriolar calibre. Data are presented as means + S.EM. (n, number
of arterioles examined = 11 for each concentration).

4. Discussion

In contrast to the vast literature on the characterisation
of endothelin receptors in the peripheral vasculature, there
is less information concerning the endothelin recepiors in
the cercbial resistunce arterioles. A number of investiga-
tors have characterised the endothelin receptors in the
major cerebral arteries (spinal, basilar, middle cerebral) in
different species (Adner et al., 1993; Kitazono et al., 1993;
Salom et al., 1993; Feger et al., 1994; Willette et al., 1994,
Schilling et al., 1995). Resistance arterioles play an impor-
tant role in the regulation of cerebral blood flow and in
this investigation we have attempied to characterise the
endothelin receptors in cerebral resistance arterioles. Inves-
tigations in the peripheral vasculature indicate that the
endothelin ET, receptor is the predominant receptor medi-
ating endothelin-1 induced vasoconstrictions (Warner et
al., 1993; Masaki et al., 1994; Rubanyi and Polokoff,
1994). The role of endothelin ET; receptors is more
controversia! with endothelin ETy receptor mediated vaso-
dilatation and vasoconstriction reported in different vascu-
lar beds (Clozel et al., 1992; Sumner et al., 1992; Shetty et
al., 1993). In the feline skeletal muscle, the constriction of
resistance arterioles is mediated by the endothelin ET,
receptor (Ekelund et al., 1993; Ekelund, 1994) while en-
dothelin-1 mediated vasodilatation is mediated by the en-
dothelin ET receptor (Ekelund et al., 1995). The present
investigations have demonstrated that endothelin ET, re-
ceptors mediate vasoconstriction while endothelin ETy
receptors mediate vasodilatation in feline small cerebral
resistance arterioles in vivo. The failure of the intracarotid
infusion of BQ-3020 to alter cerebral arteriolar calibre
indicates that the endothelin ET; receptors may not be
readily accessible by intraluminal endothelin receptor ago-
nists which are peptide analogues.
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The role of endogenous endothelin in the regulation of
vascular tone in peripheral and cerebral blood vessels has
been suggested (Yoshimoto et al.. 1990; Haynes and Webb,
1994). In feline peripheral blood vessels, an absence of
basal endothelin mediated tone has been demonstraied
{Ekelund et al., 1993, 1995; Ekelund. 1994}. In the current
investigations the adventitial microapplication of the ET,
receptor antagonist BQ-123 had minimal effect on the
calibre of the pial arterioles. The perivascular microappli-
cation of other endothelin receptor antagonists, c.g. Bosen-
tan, PD 145065, PD155080, have demonstrated similar ef-
fects indicating that under the present experimental condi-
tions there is minimal endothelin mediated tone in the
cerebral resistance arterioles (Pate] et al., 1994, 1995b).
These observations contrast with the reports of Yoshimoto
et al. (1990) which suggest that there is a basal production
of endothelin by cerebrovascular endothelial cells in cul-
ture, and those of Haynes and Webb (1994) which indicate
the presence of basal endothelin mediated tone in human
forearm vessels. The adventitial co-application of endothe-
lin-1 with increasing concentrations of BQ-123 demon-
strates a dose dependent attenuation of the endothelin-1
induced vasoconstriction. The estimated IC, for BQ-123
determined from these experiments is 0.7 uM and this is
comparable to the values obtained for this antagonist in
other tissues (Ihara et al.. 1991). In cerebral resistance
arterioles it_appears that ihe vasoconstrictor effect of en-
dothelin-1 is medinted primarily via endothelin ET, recep-
tors. The ability of BQ-123 to attenuate the effects of
exogencus endothelin-1 in cerebral resistance arterioles 15
similar to the responses obtained with the combired en-
dothelin ET,/ET, recepior antagonists Bosentan and
PD145065 and endothelin ET, receptor antagonist
PD155080 (Putei ¢t al.. 1994, 1995b).

Previous investigations of Armstead et al. (i989) in the
piglet and Faraci (198¢) in the rat indicated the existence
of endothelin mediated vasodilatation in cerebral resistance
arterioles. However, the absence of receptor selective ago-
nists and antagonists prevented the characterisation of the
endothelin receptor subtypes. In the present investigations.
the adventitial microapplication of the endothelin ETg
receptor agonist BQ-3020 effected a dose dependent vaso-
dilatation of cerebral resistance arterioles in vivo. These
observations are in agreement with reports indicating that
endothelin ETy receptors mediate vasodilatation in the rat
basilar artery in vivo and in vitro (Kitazono et al., 1993:
Feger et al., 1994; Schilling et al.. 1995). Preliminary
investigations have demonstrated that the BQ-3020 medi-
aied vasodilatations can be attenuated by the combined
encothelin ET,/ET, receptor antagonist bosentan (T.R.
Patel, unpublished observations) suggesting that the en-
dothelin ETy, receptor subtype may mediate vasodilatation
in feline cerebral arterioles (Masaki et al.. 1994). The
cranial window technique used in the present investiga-
tions allows us to examine cerebral resistance arterioles
(40-350 um) under normal physiologic and neurogenic
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Fig. 3. The dependence of the pial arcriolar constriction elicited by
endothelin-1 (10 nM) on the calibre of arteriole examined. Pial arteriolar
diameter was determined prior to the adventitial microapplication of
endothelin- 1. The arteriolar responses are expressed as the percent chiange
from pre-injection baseline. Post hoc analyses of these responses have
demonstrated significant association between the arteriolar response and
pre-injection catibre (r° = 0.11: P < 0.01) (see text for references!

control. This in sitv preparation facilitates the observation
of vasodilator responses of cerebral arteriole;s without the
pre-constriction. Previous investigations have demon-
strated that the responscs of cerebral resistance arterioles
in vivo. to vasodilator or vasoconstrictor agents, may be
dependent on the pre-isijection calibre of artericles in vivo
(Kuschinsky and Wahl, 1975; Harper and MacKenzie.
1977: McCulloch and Edvinsson, 1980). The present in-
vestigations have demonstrated that cerebral arterioles less
than 100 wm elicited a greater vasodilator response fol-
lowing the adventitial application of BQ-3020. In the
present study we have been unable to demonstrate a
similar correlation foliowing the adventitial application of
endothelin-1 (10 nM). The absence of a correlation with
endothelin-1 may be due to the small number of arterioles
examined. We have re-examined the responses of cerebral
arterioles to endothelin-1 irom the present study and those
conducted previously and can demonstrate a significant
correlation between the pre-injection calibre of arterioles
and response to adventiiial endothelin-1 (Fig. 4) (Patel et
al., 1994, 1995b. 1996). The responses of arterioles to the
microapplication of CSF was not dependent on the calibre
of the arterioles.

Intracasotid infusion of BQ-3020 failed to demonstraie
a significant alteration in arteriolar calibre of cerebral
resistance vessels. A distinguishing feature of the cerebral
circulation is the blood-brain barrier. The blood-brain bar-
rier can prevent the access of molecules. e.g. peptides. to
the adventitial surface of cerebral arterioles (Ermisch et al..
1993). Endothelin receptor agonists or antagonists targeted
at the cerebrovasculature would have to gain access to the
abluminal surface of cerebral arterioles in order to exert
their effects. BQ-3020 with its peptide structure would not
be expecied to penetrate the blood-brain barrier and gain
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access to the abluminal surface of cerebral vessels. Previ-
ous investigations using intraluminal administration of en-
dothelin-1 have demonstrated alterations in cerebral blood
flow and cerebral blood volume (Kobari et al., 1994a;
Willette et al., 1990). The intraluminal infusion of endothe-
lin-1 induces systemic hypertension, and hypertension per
se produces alterations in cerebral arteriolar calibre as part
of the cerebral autoregulatory response. Endothelin-1 can
also activate endnthelin ET, and endothelin ET,; receptors
and for these reasons it was not examined in the present
investigations. The failure of intracarotid infusions, in
contrast to the adventitial application, of BQ-3020 to alter
arteriolar calibre indicates that the endothelin ETy recep-
tors may be located on the abluminal surface of cerebral
resistance arterioles. In the present investigations, assum-
ing a carotid blood flow of 5 ml/min, we estimate that the
intravascular concentration of BQ-3020 (with these infu-
sion rates) would be in the range of 0.1-100 nM. The
adventitial microapplication of these concentrations of BQ-
3020 elicit a dilatation of cerebral resistance arterioles. The
failure of the intracarotid infusion of BQ-3020 to alter pial
arteriolar calibre is at variance with the observations of
Kobari et al. (1994b). The differences in the observations
could be the result of the different methodological ap-
proaches employed in the two investigations. Kobari et al.
(1994b) have used alterations in cerebral blood volume as
an indicator of cerebral vasodilatation. Cerebral blocd
volume is a measure of cerebral capacitance (a combira-
tion of arterial, arteriolar, capillary and venous diameters)
and alterations in cerebral capacitance will not necessarily
reflect increases in cerebral blood flow. In the present
investigations, BQ-3020 was administered as a continuous
infusion while Kobari and colleagues administered the
agents as a bolus (Kobari et al., 1994b). The alterations in
cerebral Plood volume reported may be the result of an
injection artefact (Kobari et al., 1994b). Evidence from in
vitro investigations have indicated the susceptibility of
endothelin receptors to desensitisation (Hollenberg et al..
1993). The initial intracarotid infusions of low doses of
BQ-3020 could have resulted in the desensitisation of
endothelin ETy receptors in the cerebral arterioles. The
infusion of S00 pmol/min of BQ-3020 resulted in a
transient reduction in mean arterial blood pressure indicat-
ing that the endothelin ETy receptors in the peripheral
vasculature were activated,

In the rat basilar artery, endothelium dependent vaso-
dilatation has been demonstrated following activation of
endothelin ETy receptors (Feger et al., 1994; Schilling et
al., 1995). The vasodilatation in the rat basilar artery is
mediated by nitric oxide (Feger et al., 1994; Schilling et
al., 1995). The mediation of the dilator response following
the activation of endothelin ETy receptors in feline cere-
bral resistance arterioles is unknown but a functional link
to either nitric oxide or prostacyclin are possibilities. The
present investigations do not discount the existence of
endothelin ETg receptors on the luminal surface of en-

dothelial cells or on cerebrovascular smooth muscle since
northern blot analysis and funciional studies on human
blood vessels have indicated the existence of receptors
without a functional link to either nitric oxide or prostacy-
clin (Liischer, 1993; Seo et al., 1994).

The feline species has been used for investigating the
role of the endothelins in the pathophysiology of focal
cerebral ischaemia (Patel et al., 1995a). The present inves-
tigations indicate that the location of the endothelin ET,
receptors is on the abluminal surface of cerebral resistance
arterioles and that the endothelin ETg receptors mediate
vasodilatation. The dilatation of cerebral resistance arteri-
oles would result in an increase in cerebral blood flow.
The ability of pharmacologic agents to increase cerebral
blood flow would have beneficial effects in conditions of
impaired cerebral blood flow e.g. stroke. In contrast to the
description of endothelin ET}, receptor mediated vasocon-
striction in peripheral tissues, similar responses have not
been observed in cerebral arteries or arterioles in vivo or in
vitro. The present investigations indicate a vasoconstrictor
action for endothelin ET, receptors in feline cerebral
resistance arterioles. The present investigations suggest
that antagonists selective for the endothelin ET, receptors
may be of greater utility than the combined endothelin
ET,/ ETg receptor antagonists in cerebrovascular investi-
gations.
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