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The classification of f-adrenoceptors in isolated ring
preparations of canine coronary arteries
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1 Relaxant responses to the B-adrenoceptor agonists isoprenaline, fenoterol, noradrenaline or
procaterol were obtained on isolated ring preparations of canine coronary arteries contracted with
KC1(20 mMm) or 5-hydroxytryptamine (3 uMm).

2 On left circumflex arterial preparations, Schild plots for the selective antagonists atenolol
(B;-selective) or ICI 118,551 (B,-selective), when using noradrenaline or fenoterol as agonist, were
superimposed. This suggested that only one subtype of B-adrenoceptor was involved in the
responses.

3 The pA; values on left circumflex artery preparations were: atenolol, noradrenaline as agonist
6.98, fenoterol as agonist 6.71; ICI 118, 551, noradrenaline as agonist 6.66, fenoterol as agonist
7.04. These data indicated that the p-adrenoceptor subtype was B;.

4 The relative potencies of isoprenaline: noradrenaline: fenoterol were left circumflex 100: 10.0:
2.3, left ventricular branch 100: 9.7: 2.0, septal branch 100: 10.9: 2.5. These data confirmed that
B1-adrenoceptors were involved in the responses of all three arterial preparations.

5 On preparations of left circumflex artery, left ventricular branch and septal branch, responses
were obtained to high concentrations (1 to 100 uM) but not to low concentrations (0.001 to 0.1 pM)
of procaterol. This observation confirmed the absence of B,-adrenoceptors in these arteries.

6 Responses of left circumflex artery to isoprenaline were potentiated by the extraneuronal uptake
inhibitor drugs, corticosterone and metanephrine.

7 It is concluded (a) that responses of canine left circumflex artery, left ventricular branch and

septal branch are mediated by a homogeneous population of B;-adrenoceptors, and (b) that
modulation of responses to isoprenaline by extraneuronal uptake is not confined to responses

mediated by B,-adrenoceptors.

Introduction

The classification of the p-adrenoceptor subtype in
coronary arteries as B; or B, has been controversial
(Bevan etal., 1980), and is still not resolved, despite a
wealth of experimental data on the subject (Fiegl,
1983). In the present study, isolated ring prepara-
tions of three of the larger coronary arteries from
dog, i.e. left circumflex artery, one of its ventricular
branches and the septal branch of the left coronary
artery, have been examined to see whether relaxant
responses might be mediated by both B,- and B,-
adrenoceptors, as has been described for other blood
vessels (Cohen & Wiley, 1978; O’Donnell & Wans-
tall, 1981a; 1984). The method used has been de-
scribed by O’Donnell & Wanstall (1981b). It in-
volves determining whether Schild plots for a selec-
tive B-adrenoceptor antagonist, obtained using a ;-

selective agonist and a f,-selective agonist, are
superimposed (homogeneous f-adrenoceptor popu-
lation) or separated (heterogeneous B-adrenoceptor
population). The Schild plot data led us to conclude
that relaxant responses of the coronary artery prep-
arations examined were mediated only by ;-
adrenoceptors. This conclusion was confirmed by
investigating responses to the highly B,-selective
agonist, procaterol (Minneman et al., 1979).

Due to the lack of involvement of B,-
adrenoceptors, experiments have also been carried
out to determine whether, for the left circumflex
artery, responses to isoprenaline could be poten-
tiated by extraneuronal uptake inhibitors (corticos-
terone and metanephrine). This was of interest since
it has been postulated that f-adrenoceptor-mediated
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responses to isoprenaline might be influenced by
extraneuronal uptake only if the responses involve
adrenoceptors of the B,-subtype (Bryan et al., 1981;
O’Donnell & Wanstall, 1983; Osswald &
Guimaraes, 1983). A preliminary report of some of
these data was communicated to the 38th meeting of
the Australian Physiological and Pharmacological
Society, Melbourne, August, 1982 (Wanstall &
O’Donnell, 1982).

Methods

Canine coronary arterial preparations

Greyhounds of either sex, weighing 25 to 35 kg, were
killed with pentobarbitone i.v. The hearts were im-
mediately removed and the coronary arteries dissec-
ted free from the myocardium. Three different ves-
sels were used, the left circumflex artery, a small
branch of the left circumflex artery (left ventricular
branch) and the septal branch of the left coronary
artery. The approximate external diameters of these
3 vessels were 2-3 mm, 1 mm and 1-1.5 mm respec-
tively. The vessels were cleared and cut into rings
3-5mm in length. Up to 12 preparations were ob-
tained from each dog. Rings were either used im-
mediately or were stored in Krebs solution at 4°C for
24 or 48 h. Retrospective analysis of the experimen-
tal data indicated that preparations used on three
consecutive days did not differ from one another with
respect to the magnitude of the induced contraction
(to KCl or 5-hydroxytryptamine (5-HT) vide infra),
the maximum relaxation to isoprenaline or the sen-
sitivity to any of the B-adrenoceptor agonist or an-
tagonist drugs used. Thus data from all preparations
were pooled for analyses.

The ring preparations were mounted around two
horizontal stainless steel pins (one fixed and one
linked to a Statham Universal transducer, UC3 and
ULS) in an organ bath containing Krebs solution at
37°C gassed with 95% O, and 5% CO,. The resting
tension of the preparations was adjustedto 2.5to 3 g
(left circumflex), 1.5 g (left ventricular branch) and
1 g (septal branch) and preparations were allowed to
equilibrate for 2 to 3.5 h. At the completion of the
equilibration period preparations were contracted
with either KC1(0.1 ml of a 2 M solution of KCl added
to 10 ml of Krebs solution in the organ bath) or 5-HT
(3 uM). Cumulative concentration-response (rela-
xation) curves to B-adrenoceptor agonists (isop-
renaline, fenoterol or noradrenaline) were obtained.
At the end of each concentration-response curve the
maximum relaxation to isoprenaline was established,
and responses were expressed as a percentage of the
isoprenaline maximum. Maximum responses to
fenoterol or noradrenaline were shown to equal the

maximum response to isoprenaline. The concentra-
tion of each agonist producing 50 % of the maximum
response (ECsg) was determined. Negative log ECsq
values were used as an expression of the potency of
agonists and were also used to calculate the relative
potencies of the different agonists (see Results).

Schild plots for f-adrenoceptor antagonists

For these experiments, left circumflex arterial prep-
arations contracted with KCl were used. During the
equilibration period, these preparations were treated
with phenoxybenzamine (50 uM) for 30 min followed
by thorough washing with phenoxybenzamine-free
Krebs solution, in order to block a-adrenoceptors,
neuronal uptake and extraneuronal uptake. Cumula-
tive concentration-response curves to fenoterol or
noradrenaline were obtained in the absence (control)
and presence of increasing concentrations of either
atenolol or ICI118,551. The contact time for the
antagonists was 60 min. Values of concentration-
ratio (CR) were calculated by dividing the agonist
ECsy in the presence of antagonist by the agonist
ECso in the absence of antagonist. Preparations de-
clined slightly in sensitivity to noradrenaline and
fenoterol in successive concentration-response
curves. Thus correction factors were obtained (on
ring preparations from the same dogs as were usedin
the antagonist experiments), by carrying out experi-
ments which were identical in design to the antagon-
ist experiments, except that the antagonist was omit-
ted. The correction factors were used to correct the
experimentally determined CR values, as described
by O’Donnell & Wanstall (1979). Plots of log (cor-
rected CR— 1) against log molar antagonist concent-
ration (log [B]) were obtained. A linear least squares
regression analysis (Colquhoun, 1971) was used to
calculate the line of best fit through data points from
a number of dogs and this line is referred to as a
Schild plot. pA; values were obtained by extrapola-
tion of the Schild plots to log (CR-1)=0. 95%
confidence limits of these values were calculated
according to methods described by Colquhoun
(1971).

Effects of procaterol

Concentrations of procaterol ranging from 0.001 um
to 100uM were tested on preparations of left
circumflex artery, left ventricular branch or
septal branch contracted with either KCI
(phenoxybenzamine-treated) or 5-HT (with phen-
tolamine 10 uM, cocaine 10uM and corticosterone
100 uM present for 30 min before and during the
concentration-response curves). Responses were ex-
pressed as a percentage of the maximum response to
isoprenaline.
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Effects of extraneuronal uptake inhibitors on responses
of left circumflex arterial preparations to isoprenaline

These experiments were carried out on preparations
contracted with 5S-HT. a- Adrenoceptors were block-
ed with phentolamine (10 uM), and neuronal uptake
was blocked with cocaine (10 puM). Concentration-
response curves to isoprenaline were obtained in the
absence and presence of the extraneuronal uptake
inhibitors (corticosterone (50 or 100uMm) or
metanephrine (50 uM)). Potentiation was expressed
in log units as the difference between the isoprenaline
negative log ECsq values in the presence and absence
of inhibitors. Repeated isoprenaline concentration-
response curves in the absence of inhibitors were
reproducible. In the experiments with corticos-
terone, the control isoprenaline concentration-
response curves were obtained in the presence of
absolute ethanol in a concentration corresponding to
that which was present when the corticosterone was
added. In the experiments with metanephrine, both
isoprenaline and fenoterol (which is not potentiated
by extraneuronal uptake inhibitors, O’Donnell &
Wanstall, 1976) were examined on the same prep-
arations. The negative log ECsq value for fenoterol
was decreased by metanephrine, because of the weak
B-adrenoceptor antagonist activity of metanephrine
(Kenakin, 1980). This change in negative log ECsg
value (in log units) was added to the potentiation
value for isoprenaline, in order to correct it for the
B-adrenoceptor antagonism by metanephrine
(O’Donnell & Wanstall, 1983).

Drugs and solutions

Drugs used were: atenolol (I.C.I.); cocaine hyd-
rochloride (Drug Houses of Australia); corticos-
terone (Sigma); fenoterol hydrobromide
(Boehringer-Ingelheim); S5-hydroxytryptamine
creatinine sulphate (Sigma); ICI 118,551 (erythro-
DL-1 (7-methylindan-4-yloxy)-3-isopropylamino-
butan-2-ol, I.C.1.); (*)-isoprenaline sulphate (Sig-
ma); (*)-metanephrine hydrochloride (Calbio-
chem); (—)-noradrenaline acid tartrate (Sigma);
phenoxybenzamine hydrochloride (Smith, Kline &
French); phentolamine methanesulphonate (Re-
gitine ampoules, Ciba); procaterol (Warner-
Lambert).

Stock solutions (10 or 100 mM) of atenolol,
fenoterol, ICI 118,551, isoprenaline, metanephrine
and noradrenaline were made up in 0.01 M HCI and
of cocaine and 5-hydroxytryptamine in deionized
water. Procaterol (10 mM) was made up in Krebs
solution and used immediately. Phenoxybenzamine
was dissolved in absolute ethanol containing 0.01 M
HCI to prepare a 100 mM stock solution. Corticos-
terone was dissolved in absolute ethanol to prepare a

50 mM stock solution. All dilutions of stock solutions
were made in Krebs solution and kept on ice during
the course of the experiment.

The composition of the Krebs solution was (mM):
NaCl114, KCl4.7, CaCl;2.5, KH;PO41.2,
MgS0O, 1.2, NaHCO3; 25, glucose 11.7, ascorbic acid
1.1.

Statistical Analyses

Mean values are quoted together with their standard
errors (s.e.). Comparisons have been made using

Student’s t test or paired ¢ test.
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Figure 1 Schild plots for (a) atenolol, and (b) ICI 118,
551 on canine left circumflex artery preparations using
noradrenaline (NA) or fenoterol (Fen) as agonist. The
plots are calculated regression lines of best fit through
data points from a number of animals. The vertical bars
represent the s.e. of estimated values of log
(concentration-ratio — 1) at points corresponding to the
antagonist concentrations used.
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Table 1 pA; values and slopes of Schild plots for atenolol
fenoterol or noradrenaline as agonists

and ICI 118,551 on canine left circumflex artery using

Slope of Schild PA; value
Agonist plot*s.e. (95% confidence limits)
Atenolol Noradrenaline 0.99+0.15 6.98
(4,12)* (6.63,7.63)
Fenoterol 1.22+0.18 6.71
(4,10) (6.40,7.29)
I1CI118,551 Noradrenaline 1.36+0.14* 6.66
(5, 10) (6.45,6.99)
Fenoterol 1.13+0.14 7.04
“4, 9 (6.77,7.51)

2Number of animals, number of data points.

*Slope significantly greater than 1.0 (0.05> P> 0.01) but not significantly different from that of the corresponding

plot using fenoterol as agonist.

Preparations were treated with phenoxybenzamine (50 uM for 30 min followed by wash out) and contracted with KCl

(20 mm).

Results

Schild plots for atenololand ICI 118,551 on
preparations of left circumflex coronary artery

For both atenolol and ICI 118,551, the Schild plot
obtained when using noradrenaline as agonist was
superimposed on that obtained when using fenoterol
as agonist (Figure 1). The pA; values obtained from
these Schild plots are shown in Table 1 together with
95% confidence limits. For each of the antagonists,
the pA, value obtained using noradrenaline as agon-
ist, was not significantly different from that obtained
using fenoterol as agonist (P> 0.05).

Potencies and relative potencies of isoprenaline,
noradrenaline and fenoterol on preparations of left
circumflex artery, left ventricular branch and septal
branch

The mean negative log ECsg values for isoprenaline,
noradrenaline and fenoterol are summarized in
Table 2. These have been used to calculate the rela-
tive potencies of the agonists (isoprenaline = 100).
The negative log ECsg values and relative potency
values were the same on each of the vessels examined
(Table 2). Noradrenaline was 4 to 5 times more
potent than fenoterol. The mean maximum relaxa-
tions to isoprenaline (expressed as a % of the KCI-

Table 2 Potencies (mean negative log ECso values) and relative potencies of isoprenaline (Iso) noradrenaline
(NA) and fenoterol (Fen) on canine left circumflex artery, left ventricular branch and septal branch

Mean negative log

ECsp*s.e. Relative potency

Iso NA Fen Iso NA? Fen

Left circumflex 8.20+0.13 7.50%0.11 6.57+0.11 100 100 2.3
(6) (8) (8)

Left ventricular 8.01+0.13 7.301+0.13 6.31+0.09 100 9.7 2.0
branch (5) 4) 4)

Septal branch 7.80%+0.13 7.141+0.19 6.20+0.11 100 109 2.5
(6) (4) 4)

2Half the experimental value to allow for the fact that (—)-noradrenaline was used, in contrast to (+)-isoprenaline.
The numbers in parentheses represent the number of animals.

Preparations were treated with phenoxybenzamine (50 uM for 30 min followed by wash out) and contracted with KCl
(20 mm).
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Figure 2 Responses to isoprenaline (a) or procaterol (b,c and d) on preparations of canine left circumflex artery
(a,b), septal branch (c) and left ventricular branch (d) treated with phenoxybenzamine (50 uM) and contracted with
KCl (20 mM). Concentrations are in uM. The resting tension before the addition of KCl is shown (*). At the end of
each procaterol concentration-response curve a supramaximal concentration of isoprenaline (10 uM) was added.

induced contraction) were 781*6.7% (12),
85+4.4% (S5) and 63 £ 11.4% (6) on left circumflex,
left ventricular branch and septal branch prepara-
tions, respectively.

Effects of procaterol on preparations of left circumflex
artery, left ventricular branch and septal branch

No responses to procaterol, in the concentration
range 0.001 to 0.1 uM, were obtained on any of the
three vessel types examined, whether the prepara-
tions were contracted with KCl or with 5-HT. Small
relaxant responses were obtained to procaterol in
concentrations of 1 to 100 uM (Figure 2). The re-

sponse to 100 uM procaterol was less (30-64%) than
the maximum response to isoprenaline, but it was not
established whether this was the maximum response
to procaterol, since concentrations higher than
100 uM were not tested.

Effects of corticosterone and metanephrine on
responses of left circumflex artery to isoprenaline

On preparations contracted with 5-HT, responses to
isoprenaline were significantly potentiated by both
corticosterone and metanephrine (P <0.01; paired ¢
test). The mean potentiation (in log units) by cor-
ticosterone (50 uM) was 0.26 £ 0.04 (6) and by cor-
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ticosterone (100puM) 0.55+0.08 (6). The mean
potentiation by metanephrine 50 uM (when cor-
rected for the weak B-adrenoceptor antagonist activi-
ty of metanephrine, see Methods) was 0.47 £0.07
(5). The mean maximum relaxation to isoprenaline
on 5-HT-contracted preparations was 85%4.3%
(16) which was similar to that obtained on KCI-
contracted preparations.

Discussion

There is already evidence in the literature for the
involvement of each subtype of B-adrenoceptor (f; or
B,) in responses of coronary blood vessels to B-
adrenoceptor agonists (see Fiegl, 1983). It has also
been suggested that coronary vascular B-
adrenoceptors might have properties intermediate
between those of B;- and B,-adrenoceptors (Ross &
Jorgenson, 1970; Cornish & Miller, 1975; Parratt,
1980; Fiegl, 1983).

Most of the evidence for the presence of -
adrenoceptors has been obtained from experiments
on isolated coronary vessels, and was based largely
(a) on the rank order of potency of isoprenaline,
noradrenaline, adrenaline and salbutamol, and (b)
on the potency of the B;-selective antagonist, prac-
tolol, against the non-selective agonist isoprenaline
(see Fiegl, 1983). These data onisolated vessels have
been obtained on large, rather than resistance, coro-
nary vessels. In contrast, most of the evidence for
B,-adrenoceptor-mediated responses has been ob-
tained in studies in which total coronary blood flow
has been measured, either in vivo or in perfused
isolated hearts. Therefore, the data probably relate
to responses of the smaller resistance vessels. The
evidence for B,-adrenoceptors in these experiments
was based on the ability to obtain responses to B-
adrenoceptor agonists after administration of an an-
tagonist which blocked B;-adrenoceptors, e.g. prac-
tolol.

The experiments on isolated vessels, in which B;-
adrenoceptors were detected, and those on whole
hearts, in which B,-adrenoceptors were detected,
were not designed to reveal a minor population of the
other subtype of B-adrenoceptor, if present. Conse-
quently it has never been clearly established whether
or not both B-adrenoceptor subtypes are involved in
the response of any particular region of the coronary
vascular bed. If both subtypes of B-adrenoceptor
should co-exist in any of the vessels of the coronary
vasculature, this could be one reason why there are
differing opinions in the literature on the classifica-
tion of coronary vascular f-adrenoceptors. The only
data to date which have been interpreted as suggest-
ing that both B;- and B,-adrenoceptors may be in-
volved in responses of a coronary vessel are those of
Vatner et al., (1982) in conscious dogs.

In the present study evidence has been obtained
that, in at least three of the larger coronary vessels of
the dog, relaxation to B-adrenoceptor agonists is
mediated only by B;-adrenoceptors. The evidence for
this in the left circumflex artery preparations is (1)
the Schild plots for atenolol (B;-selective) or for
ICI 118,551 (B,-selective), when using two different
agonists, noradrenaline (B;-selective) and fenoterol
(B.-selective), were superimposed, suggesting that
responses were mediated by a homogeneous popula-
tion of B-adrenoceptors; (2) the pA, values for both
antagonists were close to values previously obtained
on B;-adrenoceptors (see O’Donnell & Wanstall,
1983); (3) noradrenaline was more potent than
fenoterol and (4) the B,-selective agonist, procaterol,
produced responses only in concentrations higher
than 1uM. Procaterol has previously been shown to
be able to detect a small minority of B,-adrenoceptors
in a tissue containing predominantly -
adrenoceptors, and the concentrations which activate
Bo-adrenoceptors are in the range 0.001 to 0.1 uM
(Hedberg & Mattson, 1981).

On the two other vessels studied (the left ventricu-
lar branch and septal branch) the relative potencies
of isoprenaline, noradrenaline and fenoterol were
the same as those obtained on the left circumflex
artery, and responses to procaterol were obtained
only at high (> 1 uM) concentrations. Thus the data
indicated that these smaller branches had the same
B-adrenoceptor population as the larger left circum-
flex artery (i.e. B; only), even though smaller
branches have been shown to differ from the left
circumflex artery in other respects, e.g. in smaller
branches the adrenergic innervation is less dense
than in the left circumflex artery (Denn & Stone,
1976) and a-adrenoceptors are sparse (Morishita,
1979) or absent (Cohen et al., 1983).

Since Bj-adrenoceptors are more sensitive than
Bo-adrenoceptors to the neurotransmitter, norad-
renaline, and in canine coronary arteries, are acti-
vated by noradrenaline released from sympathetic
nerves by electrical stimulation (Toda & Hayashi,
1982; Cohen et al., 1983), then canine coronary
vascular Bj-adrenoceptors can be regarded as func-
tionally innervated receptors. Furthermore, re-
sponses of these receptors to neuronally released
noradrenaline can be modulated by neuronal uptake
(Toda & Hayashi, 1982) i.e. neuronal uptake can act
as a dissipation mechanism for agonists acting on
these PBj-adrenoceptors. We have investigated
whether responses of the B;-adrenoceptors in the left
circumflex artery could be modulated by another
dissipation mechanism, namely extraneuronal up-
take, since extraneuronal uptake has been postulated
to be more closely associated with f,- than with
Bi-adrenoceptors (Bryan et al., 1981; Osswald &
Guimaraes, 1983). In fact, potentiation, by ex-
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traneuronal uptake inhibitors, of responses known to
be mediated exclusively by B;-adrenoceptors has not
previously been described. Although extraneuronal
uptake inhibitors potentiated responses of coronary
arteries of sheep to isoprenaline (Brine et al., 1979)
and of ox to noradrenaline (Kalsner, 1974; Kalsner et
al., 1975), the absence of a minor population of
B.-adrenoceptors in the preparations from these two
species has not yet been experimentally established.
In the present study, responses of the canine left
circumflex artery to isoprenaline (mediated exclu-
sively by Bj-adrenoceptors, vide supra) were poten-
tiated by corticosterone and by metanephrine. This
suggests that modulation of f-adrenoceptor-
mediated responses by extraneuronal uptake is not
confined to responses mediated by B,-adrenoceptors,
as had previously been suggested (Bryan etal., 1981;
O’Donnell & Wanstall, 1983; Osswald & Guimaraes,
1983).

In conclusion, the experiments described in this
paper have confirmed the presence of Bi-
adrenoceptors in three of the larger coronary arteries
from dog and, in addition, have shown that, in these
three arteries, there is no minor population of B-
adrenoceptors. The evidence in the literature for
B»-adrenoceptors in the resistance vessels seems to be
good (Fiegl, 1983). Thus it remains possible that
vessels smaller than those examined in the present
study could contain a heterogeneous pg-adrenoceptor
population, or even a homogeneous f,-adrenoceptor
population, depending on whether the transition
from B;-adrenoceptors in the larger vessels to B,-
adrenoceptors in the resistance vessels is gradual or
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