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Abstract

This study examines whether the a -adrenoceptors in canine endothelium-denuded dorsal pedal artery and endothelium-denuded1
Ž .saphenous vein can be differentiated by 5-methyl-urapidil before non-paced and at end-stage heart failure induced by rapid ventricular

pacing. Noradrenaline and phenylephrine produced concentration-dependent contractions of the dorsal pedal artery and the saphenous
vein which were enhanced at end-stage heart failure. In non-paced animals, 5-methyl-urapidil was shown to be insurmountable against
noradrenaline with the artery being more sensitive compared to the vein. At end-stage heart failure, 5-methyl-urapidil was a competitive

Ž . Ž .antagonist against noradrenaline in both the artery and the vein with pA values of 8.1 7.9–8.4 and 8.6 8.2–9.1 , respectively. A2

different antagonist profile was seen against phenylephrine. Similar to noradrenaline, insurmountable antagonism was observed in the
artery and the vein before the development of heart failure. In contrast to noradrenaline, at end-stage heart failure, no antagonism was
seen with the concentrations of 5-methyl-urapidil tested against phenylephrine. These results suggest that the mechanisms mediating
contractions in the dorsal pedal artery and saphenous vein to noradrenaline and phenylephrine are heterogeneous and dependent on the
heart failure state.
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1. Introduction

Congestive heart failure is characterised by a decreased
cardiac output, for which several compensatory mecha-
nisms evolve. Activation of the sympathetic nervous sys-
tem results in elevated levels of circulating catechol-
amines, which mediate vasoconstriction and increased pe-
ripheral vascular resistance via stimulation of vascular
a -adrenoceptors, ensuring blood flow to vital vascular1

Ž .beds Cody and Laragh, 1988; Goldsmith and Kubo, 1988 .
In congestive heart failure, induced by rapid right ventricu-
lar pacing in the dog, haemodynamic and neurohumoural
changes occur which are similar to those seen in the

Žclinical setting of heart failure in man Armstrong et al.,
.1986; Parmley, 1985 .

This laboratory has been concerned with defining a -1

adrenoceptor characteristics in blood vessels following de-
velopment of pacing-induced heart failure. It was found, in
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Ž .mild heart failure 1 week pacing and at end-stage heart
Ž .failure approximately 4 weeks of pacing , that contractile

responsiveness of the dorsal pedal artery and saphenous
Žvein to a-adrenoceptor agonists was enhanced Forster et

.al., 1989a,1992a . This occurred with selective a -adren-1

oceptor agonists and mixed a-adrenoceptor agonists, but
Žnot with a -adrenoceptor agonists Forster and Armstrong,2
.1990; Forster et al., 1989a,b,1992a .

The existence of a -adrenoceptor subtypes has been the1

subject of debate for several years. Morrow and Creese
Ž .1986 found high and low affinity binding sites for WB

Ž Ž .4101 2- 2,6-dimethoxyphenoxyethyl aminomethyl-1,4-
.benzodioxane hydrochloride in rat brain. Moreover, func-

tional studies showed that chloroethylclonidine alkylated
the a -adrenoceptors in certain tissues to a much greater1

Ž .extent than in others Han et al., 1987a,b . The receptors
with high affinity for WB 4101 were termed a -adrenoc-1A

eptors and those being sensitive to alkylation by chloroeth-
Žylclonidine were termed a -adrenoceptors Morrow and1B

.Creese, 1986 . This classification has been supported by a
number of antagonists showing approximately 100-fold

Žgreater sensitivity for the a -adrenoceptor Gross et al.,1A
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.1988 . pA values for 5-methyl-urapidil in rat tissues with2
Žputative a -adrenoceptors submaxillary gland, kidney1A

.and in other reported literature are approximately 9.0
Ž .Clarke et al., 1995 , those pA values reported for 5-2

methyl-urapidil at the a - and a -adrenoceptors being1B 1D

7.5 and 8.0, respectively.
With the advent of molecular biology, cloning studies

Žhave identified three a -adrenoceptor subtypes a -, a -1 1b 1c

and a -; recombinant receptors are indicated by a lower-1d

case subscript, whereas functional, pharmacologically de-
fined receptors are indicated by an uppercase subscript:
Hieble et al., 1995; Bylund et al., 1994; Cotecchia et al.,

.1988; Lomasney et al., 1991; Schwinn et al., 1990 . The
a -adrenoceptor clone when expressed in cell lines trans-1b

fected with the cDNA for this subtype and the tissue
Ža -adrenoceptor have similar pharmacology Lomasney1B

.et al., 1991 . A clone was identified which had distinctly
different pharmacology from the a -adrenoceptor and the1A

a -adrenoceptor, this was subsequently termed the a -1B 1d
Ž .adrenoceptor clone Perez et al., 1991 . There is evidence

Žfor a functional a -adrenoceptor in the vasculature Kenny1D
.et al., 1995; Saussy et al., 1994 and the availability of

Ž w w Ž .B M Y 7 3 7 8 8 - 2 - 4 - 2 -m e th o x y p h e n y l -1 -
x x w xpiperazinyl ethyl -8-azaspiro 4,5 decane-7,9-dione dihy-

drochloride; a relatively selective a -adrenoceptor antag-1D
.onist will allow functional tissue correlates to be identi-
Ž .fied Graham et al., 1995 . Much controversy surrounds

the notion that the cloned a -adrenoceptor and the func-1c
Žtional a -adrenoceptor are identical counterparts Clarke1A

et al., 1995; Ford et al., 1994; Michel and Insel, 1994; Laz
. Žet al., 1993 . This notion has now been settled Watson

.and Girdlestone, 1996 . Nevertheless, there is support for
the existence of other a -adrenoceptor subtypes, particu-1

Žlarly in vascular smooth muscle Flavahan and Vanhoutte,
.1986; Muramatsu et al., 1991, 1995 , which hinders the

Žclassification into purely a - and a - Oriowa and1A 1B
.Ruffolo, 1992 .

The present study examines the effects of the selective
Ža -adrenoceptor antagonist, 5-methyl-urapidil Gross et1A

.al., 1988 against noradrenaline and phenylephrine in the
dorsal pedal artery and saphenous vein from non-paced
Ž . Ž .before heart failure development and paced 250 bpm
dogs with the hypothesis that the enhanced contractile
response in these blood vessels is mediated, in part, by
a -adrenoceptors.1A

2. Materials and methods

2.1. Canine model of congestiÕe heart failure

Ž .Adult male mongrel dogs 18–25 kg were precondi-
tioned to the study environment 2–3 weeks prior to the

Ž .onset of the study. Two groups of animals were used. i
Nine dogs which were not paced, acted as controls and
were killed acutely after conscious haemodynamics had

Žbeen evaluated previous data from this laboratory have
indicated that there are absolutely no changes in a group of
non-paced animals which were sham-operated and studied
4 and 8 weeks after pacemaker implantation and a group

Žof animals which were acutely killed Forster et al.,
.. Ž .1989b . ii Nine dogs paced to end-stage heart failure as

Ž .defined previously Armstrong et al., 1986 or a cut-off
Ž .period of 4 weeks of pacing Larosa and Forster, 1996 .

Pacemaker implantation was performed according to
Ž .methods previously described Armstrong et al., 1986 .

Ž y1Briefly, under sodium thiopental 25 mgPkg ; Abbott
.Laboratories, Montreal, Quebec, Canada anaesthesia, a

Žpacemaker generator Medtronics, Mississauga, Ontario,
.Canada was inserted into a subcutaneous cervical pocket

and a unipolar pacemaker lead was positioned, under
fluoroscopy, into the apex of the right ventricle. Dogs were
allowed a 1 week recovery period before pulse generators
were programmed to deliver 250 bpm. Approval for these
studies was obtained from the Animal Care Committee of
St Michael’s Hospital in accordance with the Animals of
Research Act and the guidelines of the Canadian Council
on Animal Care.

2.2. Organ bath experiments

Once the desired pacing time had elapsed, respective
dogs from either the non-paced or the end-stage heart
failure group were killed with an overdose of sodium
thiopental and small segments of dorsal pedal artery and

Ž .saphenous vein -4 cm were removed from the region of
Ž .the lateral hindpaw. Six ring sections 5 mm from each

vessel had their endothelium removed by inserting the tip
of fine forceps through the lumen and rolling the prepara-
tion back and forth on Krebs-Henseleit moistened filter
paper. Each vessel segment was then mounted in 10 ml

Žorgan baths containing Krebs-Henseleit solution gassed
.with 95% O r5% CO of the following mM composi-2 2

tion: NaCl 120, CaCl 2.5, KCl 5.6, MgSO 1.2, NaHCO2 4 3

25.0, NaH PO 1.2 and D-glucose 10.0. In addition, the2 4

following inhibitors were added to the Krebs-Henseleit
solution: propranolol, 10y6 M; indomethacin, 2.8=10y6

M; desipramine, 10y6 M and yohimbine, 10y7 M to
antagonise b-adrenoceptors, inhibit endogenous prostanoid
production, block neuronal uptake and antagonise a -2

adrenoceptors, respectively. These concentrations have
been shown to be optimum in affecting these other systems
Ž .Forster, 1995 . Each ring was attached to a force displace-

Žment transducer Model FT03C, Grass Instrument Co.,
.Quincy, MA, USA and changes in isometric tension were

Ždisplayed on a polygraph Model 7D, Grass Instrument,
.Quincy, MA, USA . The initial equilibration period was at

Žleast 1 h during which time frequent washing occurred
Žand optima resting tensions of 4 g and 2.5 g as previously

Ž ..determined in this laboratory Forster et al., 1991 were
maintained for the dorsal pedal artery and the saphenous
vein, respectively.
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2.3. Experimental design

After equilibration, cumulative concentration curves
were constructed on both preparations to noradrenaline and
phenylephrine. Briefly, rings were exposed to the lowest
concentration of agonist, the resulting contraction was
allowed to develop until it reached a plateau, after which
another higher concentration of the same agonist was
added. This procedure continued until either no further
increase in tension was observed or limited by the highest

Ž y4 .concentration of agonist 10 M . A total of four prepara-
tions were used from each vessel, one pair of rings re-
ceived noradrenaline and the other pair received phenyl-
ephrine. Once the initial concentration-effect curve was
completed, rings were washed frequently until the resting

Ž y8 .tension returned. 5-Methyl-urapidil 10 M was adminis-
tered to one ring of each pair so that antagonism could be
assessed against each of the agonists. The other ring of
each pair acted as a time control and did not receive
5-methyl-urapidil. The antagonist was in the bath 30 min
before re-constructing the concentration-effect curves. The
entire procedure was repeated on at least two more occas-
sions using two higher concentrations of 5-methyl-urapidil.
At the end of each experiment, vessels were preconstricted

Ž .with KCl 20 mM and when the contraction had devel-

oped and plateaued, without washing out, increasing con-
Ž y8 y5 .centrations of acetylcholine 10 M–10 M were added

to ensure successful endothelium denudation.

2.4. Data analysis

Contractions were expressed as arithmetic means"S.E.
Ž . Žfor n number of preparations one or two from each

.dog . To eliminate differences due to variability in muscle
mass, all contractile data were normalised for cross-sec-

Ž y2tional area gPmm ; determined by dividing the blotted
mass of the tissue by its length and specific gravity
Ž .Herlihy and Berardo, 1986 . EC values were expressed50

as geometric means with 95% confidence intervals. All
concentration-effect curve data were fitted to the logistic
function:

bw xYs ayd r 1q Xrc qdŽ . Ž .½ 5
which derived the maximum response and the EC from50

Žthe observed individual data points Parker and Waud,
.1971 . For the antagonist data, either Arunlakshana and
Ž .Schild 1959 analysis was performed for competitive an-

Žtagonism or IC geometric means with 95% confidence50
.intervals values were calculated for insurmountable antag-

Ž .Fig. 1. Time-matched control, concentration-effect curves generated for noradrenaline and phenylephrine before heart failure upper panel and at end-stage
Ž .heart failure lower panel . The open circles represent the first curve, the open triangles represent the second curve, the open squares represent the third

curve and the open diamonds represent the fourth curve. Each curve was separated by a period of approximately 90 min and each point is the
mean"S.E.M. from at least 4 dogs. Data shown are for the dorsal pedal artery, similar time-matched control curves were seen on the saphenous vein.
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onism. IC is defined as that concentration of antagonist50

which causes a reduction in the maximum response to the
Ž .agonist by 50% Jenkinson et al., 1995 . Statistical analysis

for all data except the contractile data was performed by
the non-parametric test, Mann-Whitney U-test. Student’s
t-test was performed for end-stage heart failure versus
control and if more than one comparison was used, then a
Bonferroni correction was applied. In all cases a P value
of -0.05 was considered significant.

2.5. Drugs and solutions

The following drugs were used: acetylcholine iodide,
l-noradrenaline bitartrate, phenylephrine hydrochloride, de-

Žsipramine hydrochloride, indomethacin all from Sigma,
. ŽSt. Louis, MO, USA , propranolol hydrochloride Ayerst

.Laboratories, New York, NY, USA and 5-methyl-urapidil
Ž .Research Biochemicals International, Natick, MA, USA .

Stock solutions and dilutions were made in deionised
water, with the exception of noradrenaline and indo-
methacin. Noradrenaline was made up in 0.2% ascorbic
acid with subsequent dilutions in deionised water. In-
domethacin was dissolved in the bicarbonate mixture be-
fore being added to the Krebs-Henseleit solution.

3. Results

3.1. General

The haemodynamic variables of the two groups of dogs
are shown in Table 1. Typically, heart failure was associ-
ated by a rise in heart rate, left ventricular filling pressure,
mean pulmonary artery pressure and mean pulmonary
capillary wedge pressure, as well as an increase in sys-

Table 1
Haemodynamic profile for the two groups of dogs

Before heart failure End-stage heart failure
y1 bŽ .HR beatsPmin 105"3 160"7

Ž .MAP mmHg 111"4 103"4
bŽ .LVEDP mmHg 10"1 35"2
bŽ .PA mmHg 14"1 40"2
bŽ .PCWP mmHg 6"1 30"1
bŽ .RA mmHg 8"1 16"2

y1 bŽ .CO litresPmin 5"1 3"0.3
bŽ .SVR Units 78"5 110"12

Ž .Each value is mean"S.E.M. for 9 dogs in each group for heart rate HR ,
Ž .mean arterial pressure MAP , left ventricular end-diastolic presure

Ž . Ž .LVEDP , pulmonary artery pressure PA , pulmonary capillary wedge
Ž . Ž . Ž .pressure PCWP , right atrial pressure RA , cardiac output CO and

Ž .systemic vascular resistance SVR which was calculated from MAPy
RArcardiac index. Conscious haemodynamic variables were measured

Ž .with the pacemaker turned off i.e., under normal sinus rhythm by
insertion of a Swan-Ganz catheter and a Millar catheter. b Significance at
the P -0.05 level for end-stage heart failure versus before heart failure.

Table 2
Ž y2 . Ž y7Maximal response g tensionPmm for 5-methyl-urapidil 5-MU; 10

.M against noradrenaline and phenylephrine in the dorsal pedal artery and
saphenous vein

Dorsal pedal artery Saphenous vein
maximum response maximum response

Noradrenaline
Ž .Before no 5-MU 28.3"2.4 33.6"2.0

a a,cŽ .with 5-MU 13.8"0.6 23.8"1.4
bŽ .End-stage no 5-MU 41.4"3.4 46.1"2.6

Ž .with 5-Mu 37.7"2.3 37.0"2.4

Phenylephrine
Ž .Before no 5-MU 30.7"1.1 35.6"2.2

a aŽ .with 5-MU 14.2"1.6 19.2"1.5
b b,cŽ .End-stage no 5-MU 42.4"3.8 60.4"3.6

cŽ .with 5-MU 36.5"3.4 55.3"2.5

Maximum response data are expressed as mean"S.E.M. for at least 4
dogs. a Significance at the P -0.05 level for before heart failure with
5-MU versus no 5-MU. b Significance at the P -0.05 level for end-stage
versus before heart failure in the absence of 5-MU. c Significance at the
P -0.05 level for saphenous vein versus dorsal pedal artery.

temic vascular resistance. Cardiac output was always sig-
nificantly decreased in the heart failure group.

None of the time-control preparations differed in re-
sponsiveness throughout the course of the study as can be
seen in Fig. 1. Typically, end-stage heart failure was
associated with an increased maximum response to both

Ž .noradrenaline and phenylephrine in both vessels Table 2 .
EC values for noradrenaline on the dorsal pedal artery50

Ž . Ž .were 3.8 2.9–5.0 mM and 2.1 0.2–3.3 mM for non-
paced and end-stage heart failure, respectively. The vein
exhibited significantly lower EC values, compared to the50

Ž . Ž .artery, which were 0.8 0.4–1.5 mM and 0.9 0.3–3.7
mM for non-paced and end-stage heart failure, respec-
tively. In both preparations, the EC values for phenyl-50

ephrine were not significantly different regardless of the
Ž Ž .heart failure state before heart failure: 6.7 5.1–8.8 mM

Ž .and 5.7 3.6–8.9 mM for the artery and the vein; and at
Ž . Žend-stage heart failure: 9.2 4.7–11.8 mM and 6.7 4.5–

. .9.9 mM for the artery and vein, respectively .
None of the vascular preparations reacted with a relax-

ation in response to increasing concentrations of acetyl-
choline indicating that the endothelium removal process
had been successful.

3.2. The effect of 5-methyl-urapidil on responsiÕeness of
the dorsal pedal artery to noradrenaline

Fig. 2 shows concentration-effect curves constructed to
noradrenaline in the absence and presence of increasing
concentrations of 5-methyl-urapidil in the canine dorsal
pedal artery before and at end-stage heart failure. In arte-
rial rings from non-paced animals, increasing concentra-
tions of 5-methyl-urapidil caused a concentration-depen-
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Fig. 2. Concentration-effect curves were constructed for noradrenaline in
the absence and presence of increasing concentrations of 5-methyl-urapi-

Ž .dil in the dorsal pedal artery before heart failure upper panel and at
Ž .end-stage heart failure lower panel . Control curves in both data sets are

represented by the closed circles. Curves constructed in the presence of
y8 Ž . y810 M 5-methyl-urapidil closed triangles ; in the presence of 3=10

Ž . y7M 5-methyl-urapidil closed squares ; and in the presence of 10 M
Ž .5-methyl-urapidil closed diamonds . Each point is the mean"S.E.M. of

at least 4 determinations from at least 4 dogs. The inset in the lower panel
represents the Schild plot; no Schild plot could be derived for the
non-paced group since 5-methyl-urapidil caused a concentration-depen-
dent decrease in the maximum response. For statistical comparisons, see
Table 2.

dent decrease in the height of the maximum response by
noradrenaline. Further analysis of these data yielded an

Ž .IC of 0.1 0.07–0.2 mM. At end-stage heart failure, the50

dorsal pedal artery was seen to respond to noradrenaline
Ž .in the absence of 5-methyl-urapidil in an enhanced man-
ner resulting in an increase in the maximum response
Ž .Table 2 . It is apparent that the gradient of the slope is
shallower than that seen before heart failure. 5-Methyl-
urapidil caused a concentration-dependent dextral displace-
ment of the concentration-effect curve which was associ-
ated with no significant change in the height of the maxi-

Žmum response as determined by the curve-fit analysis see
. Ž .Section 2.4 . The resulting Schild plot inset Fig. 2 ren-

Ž .dered a pA value of 8.1 7.9–8.4 and a slope of y1.22
Ž .y0.9 to y1.4 .

3.3. The effect of 5-methyl-urapidil on the responsiÕeness
of the saphenous Õein to noradrenaline

The effect of 5-methyl-urapidil on the responsiveness of
the saphenous vein to noradrenaline from non-paced and
end-stage heart failure animals is shown in Fig. 3 and
Table 2. Before heart failure, 5-methyl-urapidil produced a
concentration-dependent decrease in the maximum re-
sponse generated by noradrenaline. The calculated IC for50

Ž .these data was 0.5 0.2–0.8 mM which was significantly
Žgreater than the IC for the dorsal pedal artery 0.150

Ž . .0.07–0.2 mM . Furthermore, 5-methyl-urapidil affects
the upper portion of the concentration-effect curve to a
much greater extent than the lower portion. No significant

Fig. 3. Concentration-effect curves were constructed for noradrenaline in
the absence and presence of increasing concentrations of 5-methyl-urapi-

Ž .dil in the saphenous vein before heart failure upper panel and at
Ž .end-stage heart failure lower panel . Control curves in both data sets are

represented by the closed circles. Curves constructed in the presence of
y8 Ž . y810 M 5-methyl-urapidil closed triangles ; in the presence of 3=10

Ž . y7M 5-methyl-urapidil closed squares ; and in the presence of 10 M
Ž .5-methyl-urapidil closed diamonds . Each point is the mean"S.E.M.

from at least 4 determinations from at least 4 dogs. The inset in the lower
panel represents the Schild plot; no Schild plot could be derived for the
non-paced group since 5-methyl-urapidil caused a concentration-depen-
dent decrease in the height of the maximum response. For statistical
comparisons, see Table 2.
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Fig. 4. Concentration-effect curves were constructed for phenylephrine in
the absence and presence of increasing concentrations of 5-methyl-urapi-

Ž .dil in the dorsal pedal artery before heart failure upper panel and at
Ž .end-stage heart failure lower panel . Control curves in both data sets are

represented by the closed circles. Curves constructed in the presence of
y8 Ž . y810 M 5-methyl-urapidil closed triangles ; in the presence of 3=10

Ž . y7M 5-methyl-urapidil closed squares ; and in the presence of 10 M
Ž .5-methyl-urapidil closed diamonds . Each point is the mean"S.E.M.

from at least 4 determinations from at least 4 dogs. For statistical
comparison, see Table 2.

reduction in the magnitude of the contraction was seen
until a noradrenaline concentration of 10y6 M was admin-
istered.

The effect of 5-methyl-urapidil on the responsiveness of
the saphenous vein to noradrenaline from dogs at end-stage
heart failure was seen to be distinctly different as shown in
the lower panel of Fig. 3. First of all there were no
significant differences in the derived maximum responses
Ž .according to the logistic function; see Section Section 2.4
by noradrenaline in the presence of any of the concentra-
tions of 5-methyl-urapidil tested. Secondly, there was a
concentration-dependent displacement of the concentra-
tion-effect curve to the right. Arunlakshana Schild analysis

Ž .of these data generated a pA value of 8.6 8.2–9.1 with a2
Ž .slope of y0.8 y0.6 to y1.1 as shown in the inset of

Fig. 3. In addition, and similar to the artery, the gradient of
the control curve was less than that seen before heart
failure.

3.4. The effect of 5-methyl-urapidil on the responsiÕeness
of the dorsal pedal artery to phenylephrine

In Fig. 4, concentration-effect curves generated by
phenylephrine in the absence and presence of 5-methyl-
urapidil on the dorsal pedal artery are depicted. It can be
seen that before heart failure, 5-methyl-urapidil shifted the
concentration-effect curve downwards in a concentration-
dependent manner. The maximum response was signifi-
cantly reduced as derived by the logistic function equation
Ž . Ž .Table 2 and the IC was 0.1 0.06–0.2 mM. In contrast,50

Žat end-stage heart failure, 5-methyl-urapidil in the concen-
.trations used had no effect on the contractions developed

with phenylephrine.

3.5. The effect of 5-methyl-urapidil on the responsiÕeness
of the saphenous Õein to phenylephrine

Concentration-effect curves to phenylephrine in the
saphenous vein are shown in Fig. 5. Before heart failure,

Fig. 5. Concentration-effect curves were constructed for phenylephrine in
the absence and presence of increasing concentrations of 5-methyl-urapi-

Ž .dil for the saphenous vein before heart failure upper panel and end-stage
Ž .heart failure lower panel . Control curves for both data sets are repre-

sented by the closed circles. Curves constructed in the presence of 10y8

Ž . y8M 5-methyl-urapidil closed triangles ; in the presence of 3=10 M
Ž . y75-methyl-urapidil closed squares ; and in the presence of 10 M
Ž .5-methyl-urapidil closed diamonds . Each point is the mean"S.E.M. of

at least 4 determinations from at least 4 dogs. For statistical comparisons,
see Table 2.
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5-methyl-urapidil significantly shifted the concentration-ef-
fect curve downwards by suppression of the maximum
response in a concentration-dependent fashion with an

Ž .IC of 0.08 0.06–0.1 mM. At end-stage heart failure,50

similar to that seen in the dorsal pedal artery, 5-methyl-
urapidil failed to antagonise the contractions developed
with phenylephrine.

4. Discussion

The key findings of this study were 2-fold. First, prior
to heart failure development, 5-methyl-urapidil was an
insurmountable antagonist against both noradrenaline and
phenylephrine in both the dorsal pedal artery and saphe-
nous vein. Second, at end-stage heart failure, 5-methyl-
urapidil became a competitive antagonist against nor-
adrenaline, but failed to antagonise phenylephrine. These
data support the heterogeneous nature of the a -adrenoc-1

eptors in blood vessels and suggest that the relative popu-
lations of a -adrenoceptor subtypes are capable of chang-1

ing in disease settings, such as heart failure.
Before heart failure, both noradrenaline and phenyl-

ephrine produced concentration-dependent contractions in
both the artery and the vein with similar maxima suggest-
ing that the contractions to these agents are mediated by
a -adrenoceptors. On the basis of the EC values, nor-1 50

adrenaline was more potent, with phenylephrine having
half the potency in the artery and being some 8-fold less
potent in the saphenous vein. In addition, the vein was
more sensitive to noradrenaline, whereas both vessels ex-
hibited similar sensitivity to phenylephrine. Previously, a
distinction between noradrenaline- and phenylephrine-
induced contractions in the dorsal pedal artery and the
saphenous vein was made on the susceptibility to calcium

Žchannel inhibition with nifedipine Forster and Campbell,
. Ž .1993 and protein kinase C inhibition Forster, 1995 . At

end-stage heart failure, both blood vessels exhibited an
exaggerated response with noradrenaline and phenyl-
ephrine, but no significant changes in EC were observed.50

This latter observation differs from that seen previously
Ž .Forster et al., 1989a,b and may be related to different

Žpacing regimens 5.2 weeks versus 4 weeks in the current
.study . Clearly, these observations are very dependent on

the stage of heart failure development. Nevertheless, this
exaggerated response appears to be relatively selective for
the a -adrenoceptor agonists and mixed a-adrenoceptor1

agonists, as no such enhancement was encountered with
angiotensin I, II or III, nor is an increase seen in response

Žto the depolarising agent, potassium chloride Forster et
.al., 1989b,1992b .

In order to examine these phenomena further, the effect
Žof 5-methyl-urapidil a selective a -adrenoceptor antago-1A

.nist; Gross et al., 1988; Aboud et al., 1993 was used.
5-Methyl-urapidil inhibited the contractions by noradrena-
line and phenylephrine in an insurmountable manner. This

was unusual, since if the response to noradrenaline and
phenylephrine involved an a -adrenoceptor, then compet-1A

itive antagonism would have been expected. Therefore,
before heart failure, both vessels displayed a heterogenous
population of a -adrenoceptors confirming other reports1
Ž .Hicks et al., 1991; Low et al., 1994 . In addition, 5-
methyl-urapidil affected the upper portion of the concen-
tration-effect curves to a greater extent which further
indicates receptor heterogeneity. Moreover, Clarke et al.
Ž .1995 demonstrated that 5-methyl-urapidil defined two
sites in the noradrenaline-perfused kidney of the rat, and
similar to the data reported herein with 5-methyl-urapidil,
Ž . Ž .S q -niguldipine selective a -adrenoceptor antagonist1A

Ž .acted as an insurmountable antagonist Boer et al., 1989 .
At end-stage heart failure, 5-methyl-urapidil antago-

nised noradrenaline in a competitive manner in both the
dorsal pedal artery and the saphenous vein. The pA value2

for 5-methyl-urapidil in the saphenous vein is consistent
Žwith the a -adrenoceptor in various tissues Burt et al.,1A

1995; Garcia-Sainz and Romera-Avila, 1993; Marshall et
. Ž .al., 1995; Testa et al., 1993 . A lower pA estimate 8.12

was found in the dorsal pedal artery. This pA value is2
Žvery close to that described for the a -adrenoceptor 8.0;1D

.Clarke et al., 1995 . Whether the adrenoceptors in the
dorsal pedal artery at heart failure represent further classes
of functional a -adrenoceptors awaits subsequent studies1

with selective a -antagonists, namely chloroethylcloni-1B
Ž . Ždine Han et al., 1987b and spiperone Eltze and Boer,

.1992; Taddei et al., 1993 , as well as the selective a -1D
Ž .adrenoceptor antagonist, BMY 7378 Goetz et al., 1995 .

Preliminary data with chloroethylclonidine have been pre-
sented. These results indicated that, in the dorsal pedal

Ž y4 .artery, chloroethylclonidine at a concentration of 10 M
inhibited the noradrenaline response by 66% compared to
the saphenous vein before heart failure. However, at end-
stage heart failure, the effect of the same concentration of
chloroethylclonidine in both the artery and the vein was

Ž .negligible Forster and Le Tran, 1996 .
5-Methyl-urapidil failed to antagonise contractions de-

veloped in response to phenylephrine on both blood ves-
sels at end-stage heart failure. This would indicate that
phenylephrine is not producing its contraction via a -1A

adrenoceptors. This is in conflict with reports suggesting
Žthat phenylephrine is an a -adrenoceptor agonist Piascik1A

.et al., 1991 and as described for the human vas deferens
Ž .Furukawa et al., 1995 . In this latter study, 5-methyl-
urapidil was a competitive antagonist against phenyl-
ephrine yielding a pA value of 8.8. On the other hand, a2

recent report indicates that phenylephrine-activated recep-
tors are not recognised by 5-methyl-urapidil in the dog

Ž .saphenous vein Daniel et al., 1996 . The lack of effect by
5-methyl-urapidil against phenylephrine may indicate that
another a -adrenoceptor exists in the dorsal pedal artery1

and the saphenous vein at end-stage heart failure. There-
fore, the possibility remains that other a -adrenoceptors1
Ž .atypical await classification.
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In conclusion, it appears that more than one functional
a -adrenoceptors exist in the dorsal pedal artery and the1

saphenous vein and that this heterogeneity is altered in the
setting of pacing-induced heart failure and is dependent on
the stage of heart failure. The lack of effect by 5-methyl-
urapidil against phenylephrine may imply that an unusual
a-adrenoceptor subtype may exist in these blood vessels in
the setting of heart failure. Additionally, the mechanism
whereby phenylephrine induces its contractile response
may differ from noradrenaline. Notwithstanding, the func-
tion of the adrenoceptors in the regulation of vascular tone
in different vascular beds cannot be fully appreciated
without the use of a full range of selective agonists and
antagonists.
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