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1 Cumulative concentration-response (relaxation) curves to three B-adrenoceptor agonists,
fenoterol (B,-selective), isoprenaline (non-selective) and noradrenaline (B;-selective) were ob-
tained on isolated ring preparations of rat pulmonary artery contracted with 15mm KCIL
a-Adrenoceptors and neuronal and extraneuronal uptakes were blocked with phenoxybenzamine.
The agonist concentration-response curves were reproducible.

2 Responses to each of the three agonists could be blocked by the B-adrenoceptor antagonists
atenolol (B;-selective) or ICI 118,551 (B,-selective) confirming the presence of B-adrenoceptors.

3 The relative potencies of the agonists were isoprenaline : fenoterol: noradrenaline = 100: 38:
1.4. This indicated that the predominant B-adrenoceptor type was f,.

4 Schild plots were obtained for atenolol and ICI 118,551 using the three different agonists. For
each antagonist the location of the Schild plot varied depending on which agonist was used. This
indicated that the B-adrenoceptor population mediating relaxation responses to f-adrenoceptor
agonists was not homogeneous.

5 Atenolol was most potent when noradrenaline was the agonist and ICI 118,551 was most potent
when fenoterol was the agonist.

6 It is concluded that isolated pulmonary artery ring preparations of the rat contain a mixed

population of B;- and B,-adrenoceptors both mediating relaxation.

Introduction

When B-adrenoceptors were subdivided into §; and
B, subtypes, vascular B-adrenoceptors were classified
as B, (Lands, Armold, McAuliff, Luduena & Brown,
1967; Lands, Luduena & Buzzo, 1967). Subsequent-
ly, some authors proposed that the p-adrenoceptors
in blood vessels might represent a third subtype
(Wasserman & Levy, 1974; Wardell, Colella, Shetz-
line & Fowler, 1974) although others found this
further subdivision unnecessary (O’Donnell & Wan-
stall, 1976). Also, the B-adrenoceptor type in some
blood vessels has subsequently been classified as B,
viz. in the coronary blood vessels (Baron, Speden &
Bohr, 1972; de la Lande, Harvey & Holt, 1974) and
in some cerebral blood vessels (Edvinsson &
Owman, 1974). These, and most other studies which
have attempted to classify vascular -adrenoceptors,
have used relative potency values of selective agon-
ists or selective antagonists.

Recently, a mixture of both B;- and B,-
adrenoceptors has been demonstrated in various
non-vascular preparations (Carlsson, Ablad, Brand-
strom & Carlsson, 1972; Furchgott, 1976; O’Don-
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nell & Wanstall, 1979a,b) and Furchgott (1976)
predicted that this might also be found in vascular
preparations. Determination of relative potency val-
ues would reveal only the predominant -
adrenoceptor type present and a different approach
is needed to demonstrate a mixed B-adrenoceptor
population. So far the only isolated blood vessels in
which a mixed B-adrenoceptor population has been
demonstrated are rat jugular and rat portal veins
(Cohen & Wiley, 1978). The present study has been
carried out on a rat artery preparation, the pulmo-
nary artery, a blood vessel in which the B-
adrenoceptor subtype(s) has not previously been
classified. The approach used to characterize the
adrenoceptor population was that previously used to
demonstrate the presence of both B;- and B,-
adrenoceptors in guinea-pig trachea (Furchgott,
1976; O’Donnell & Wanstall, 1979b) and in the atria
from some but not all species (O’Donnell & Wans-
tall, 1979a; Bryan, Cole, O’Donnell & Wanstall,
1981).
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Methods
Rat isolated pulmonary artery preparation

Male Wistar rats, S to 8 weeks old (130g to 210g)
were used throughout the study. Rats of this age
range were chosen because Fleisch & Hooker (1976)
showed that isoprenaline responses of rat arteries
were greatest in young animals. The rats were pre-
treated with reserpine (1 mg/kg i.p. 18-24h be-
forehand), to avoid possible complications from the
release of endogenous catecholamines, and were kil-
led by a blow on the head. A small ring segment
(1-3 mm in length) of the main pulmonary artery was
immediately removed and set up around two hori-
zontal stainless steel pins (one fixed and one linked to
a Statham Universal transducer, UC3 + ULS5) in an
organ bath containing Krebs solution at 37°C gassed
with 95% O, and 5% CO,. The resting tension of the
preparation was adjusted to 1 g and the preparation
was left to equilibrate for a period of 1h. Prepara-
tions were treated with phenoxybenzamine (50 uM
for 30 min followed by a 20 min period of thorough
washing) to block a-adrenoceptors, neuronal and
extraneuronal uptakes. This treatment caused com-
plete a-adrenoceptor blockade for at least S h after
removal of the phenoxybenzamine. At the conclu-
sion of the equilibration period the preparations were
contracted by the addition of 15 mM KCl (i.e. total
bath concentration of KCl was 20.9 mm) which pro-
duced a submaximal and sustained contraction.

The K*-contracted preparations relaxed on addi-
tion of isoprenaline, fenoterol or noradrenaline and
cumulative concentration-response curves could be
obtained. At the end of each concentration-response
curve a supramaximal concentration of isoprenaline
was added. Responses to the agonists were calculated
as a percentage of this maximum isoprenaline relaxa-
tion and plotted against log concentration agonist.
The ECsy, i.e. concentration producing 50% of the
maximum response, was then interpolated.

Effects of B-adrenoceptor antagonists

Concentration-response curves to isoprenaline,
fenoterol or noradrenaline were obtained in the ab-
sence (control) and presence of increasing concentra-
tions of either atenolol (B;-selective antagonist) or
ICI 118,551 (B,-selective antagonist). Neither of
these antagonists, in the concentrations used, caused
any alteration to the K*-induced contraction. Two
(or occasionally three) concentrations of antagonist
were used on any one preparation and the antagonist
contact time was 60 min. Values of concentration
ratio (CR) were obtained by dividing the ECs in the
presence of the antagonist by the ECsg in the control

curve. Separate experiments were carried out in
which the agonist concentration-response curves
were repeated at 1h intervals in the absence of
antagonist to determine whether there was any
change in sensitivity of the preparations due to time
and/or pre-exposure to the agonist. Preparations did
not change in sensitivity to either isoprenaline or
fenoterol but there was a progressive decline in sen-
sitivity to noradrenaline (1.2 fold in the second curve
and a further 1.2 fold in the third curve). Therefore,
as advocated by Furchgott (1972), the CR values
obtained when noradrenaline was the agonist were
corrected to allow for this change in sensitivity as
described by O’Donnell & Wanstall (1979b). Plots of
log molar antagonist concentration, (log [B]), against
log (CR — 1) were obtained as proposed by Arunlak-
shana & Schild (1959). A linear least squares regres-
sion analysis (Snedecor & Cochran, 1967) was used
to obtain the line of best fit, using the combined data
points from a number of animals, and this line is
referred to as a Schild plot. If a Schild plot had a slope
which was not significantly different from 1.0, a pA,
value for the antagonist was calculated from the
formula pA, =log (CR — 1) —log [B] as described by
O’Donnell & Wanstall (1979b).

Drugs and solutions

Drugs used were:- atenolol (I.C.1.), fenoterol hyd-
robromide (Boehringer Ingelheim), ICI 118,551
hydrochloride (erythro-pL-1(7-methylindan-4-
yloxy)-3-isopropylaminobutan-2-ol, I.C.L), (%)-
isoprenaline sulphate (Sigma), (—)-noradrenaline
acid tartrate (Sigma), phenoxybenzamine hydro-
chloride (Smith, Kline and French), phentolamine
methanesulphonate (Regitine, Ciba) and reserpine
(Serpasil, Ciba). Phentolamine and reserpine were
obtained as solutions in ampoules. All other drugs
were obtained as pure powders. Stock solutions (10
or 100 mMm) of atenolol, fenoterol, ICI 118,551, iso-
prenaline and noradrenaline were made up in 10 mM
HCI. Stock solutions (100mM) of phenoxyben-
zamine were prepared in absolute ethanol containing
10mM HCI. Dilutions of all drugs were made in
Krebs solution and kept on ice during the course of
the experiment.

The ~omposition of the Krebs solution was (mM):
NaCl 114, KC1 4.7, CaCl, 2.5, KH,PO, 1.2, MgSO,
1.2, NaHCO; 25, glucose 11.7, ascorbic acid 1.1.

Statistical analyses

All mean values are quoted together with standard
errors (s.e.). Comparisons have been made using
paired ttest.
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Table 1 Mean negative log ECs values and relative potency values for three p-adrenoceptor agonists on rat

pulmonary artery contracted with KCl (15 mm)

Mean neg. log
Agonist ECsg value Relative potency’
(%)-Isoprenaline (Iso) 75? 11'9 ())505 100
(*)-Fenoterol 7.1 ? 118()).07 38
(—)-Noradrenaline 6-0%210()).07 1.4

2Relative potency = antilog (mean neg. log ECso agonist — mean neg. log ECsq Iso) x 100.

®Number of preparations.

“This value is one half of the experimental value and so allows for the fact that (—)-noradrenaline was used whereas

(*)-isoprenaline and (*)-fenoterol were used.
Results
Relative potencies of f-adrenoceptor agonists

The first addition of 15 mM KCI to rat pulmonary
artery preparations caused an increase in tension
ranging from 104 to 580 mg (314.9% 15mg, n=57).
A cumulative concentration-response (relaxation)
curve could then be obtained to a B-adrenoceptor
agonist. The mean maximum relaxation to iso-
prenaline was 96.9% (s.e.mean 1.7, n=57) of the
magnitude of the KCIl contraction. Papaverine
(1mM) produced a slightly greater relaxation re-
sponse. Maximum relaxations to noradrenaline and
fenoterol were between 90 and 100% of that to
isoprenaline. The potencies (mean negative log ECsg
values) and relative potencies of isoprenaline,

fenoterol and noradrenaline, were calculated from
the control concentration-response curves and are
summarized in Table 1.

Schild plots for f-adrenoceptor antagonists

The Schild plots for ICI 118,551 and atenolol were in
different locations depending upon the agonist used
(Figure 1). ICI 118,551 was most potent against
fenoterol and least potent against noradrenaline.
Atenolol was most potent against noradrenaline and
least potent against fenoterol. For each antagonist
the Schild plot with isoprenaline as agonist was
located between the plots with fenoterol and
noradrenaline. The slopes and pA,; values relating
to these Schild plots are summarized in Table 2.

Table 2 Slopes of Schild plots and pA; values for ICI 118,551 and atenolol on rat pulmonary artery

Antagonist Agonist
ICI1118,551 Fenoterol
Isoprenaline
Noradrenaline
Atenolol Fenoterol
Isoprenaline
Noradrenaline
*Number of data points
®Number of animals

Slope of Schild Mean pA;
plotts.e. ts.e.
0.831+0.12 9.16+0.09
(12)° G}
0.65+0.06*** c
a7)
1.23+0.14 7.31%£0.10
(16) @
1.08+£0.22 5.03+0.11
12) @)
0.99+0.13 5.541+0.11
11 )
0.641+0.05*** c
(15)

°pA; values not calculated because the slope of the Schild plot was significantly less than 1.0. Extrapolation of these
Schild plots to log (CR — 1) = 0 would give pA; values of 8.99 for ICI 118,551 and 6.59 for atenolol.
***Slope of Schild plot significantly less than 1.0; P<0.001.
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log (concentration ratio —1)
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Figure 1 Schild plots for (a) atenolol and (b) ICI
118,551 on rat isolated pulmonary artery ring prepara-
tions using fenoterol (------ ), isoprenaline (----) or
noradrenaline (- ) 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
the estimated values of log (CR—1) at those points
corresponding to the antagonist concentrations used.

Discussion

The experiments described in this paper have de-
monstrated that relaxation responses to -
adrenoceptor agonists can be obtained on isolated
ring preparations of rat pulmonary artery contracted
with KCl. The responses were shown to be blocked
by two B-adrenoceptor antagonists, ICI 118,551 and
atenolol, confirming that the relaxation responses
were mediated by B-adrenoceptor stimulation.
Fleisch & Hooker (1976) had observed relaxation
responses to isoprenaline on rat pulmonary artery
preparations. They assumed that the responses were
the result of B-adrenoceptor stimulation and, since
the present study commenced, Chand & Altura
(1980) have confirmed this. However, neither group

of workers investigated the B-adrenoceptor sub-
type(s) involved.

The relative potencies of isoprenaline, fenoterol
and noradrenaline on rat pulmonary artery (100: 38:
1.4) were very similar to those previously obtained
on guinea-pig trachea (100: 37: 2.5, calculated from
the potency data of O’Donnell & Wanstall, 1979b).
Thus, on both guinea-pig trachea, which is consi-
dered to contain predominantly but not exclusively
B>-adrenoceptors (Furchgott, 1976; O’Donnell &
Wanstall, 1979b) and on rat pulmonary artery (this
study) fenoterol was much more potent than norad-
renaline. In contrast, on a tissue known to contain
predominantly, but not exclusively, B;-
adrenoceptors (cat atria), fenoterol and norad-
renaline were equipotent (O’Donnell & Wanstall,
1979a) and in two tissues believed to contain only
Bi-adrenoceptors (rat and guinea-pig atria, rate re-
sponses) fenoterol was less potent than norad-
renaline (O’Donnell & Wanstall, 1979a,b; Bryan et
al., 1981). Thus the relative potency values of the
B-adrenoceptor agonists demonstrated that the pre-
dominant subtype of B-adrenoceptor in rat pulmo-
nary artery was B, but it was not possible from that
data to conclude whether only B,-adrenoceptors
were present.

The difference in potency between isoprenaline
and noradrenaline (viz. 71 fold) observed on rat
pulmonary artery was not as great as the 300 fold
difference which Furchgott (1976) postulated was in-
dicative of a purely B,-adrenoceptor population in a
tissue, suggesting that B;-adrenoceptors might also
be involved. Definitive evidence for this was ob-
tained from further experiments in which Schild plots
were obtained for two selective antagonists, using
fenoterol (B,-selective) and noradrenaline (B;-
selective) as agonists. This approach has been used in
other tissues (O’Donnell & Wanstall, 1979a,b;
Bryan et al., 1981) and has recently been substan-
tiated (Wanstall & O’Donnell, 1980). For each of the
antagonists, ICI 118,551 (B,-selective, O’Donnell &
Wanstall, 1980) and atenolol (B;-selective, O’Don-
nell & Wanstall, 1979b), the Schild plots on rat
pulmonary artery were in different locations depend-
ing on the agonist used. If rat pulmonary artery had
contained only B,-adrenoceptors, i.e. a homogenous
B-adrenoceptor population, then, for either of these
selective antagonists, the Schild plots would have
been superimposed whatever the agonist used. The
separation of the Schild plots when using B-
adrenoceptor agonists of differing selectivity was evi-
dence for a mixture of B;- and B,-adrenoceptors
mediating the relaxation response (O’Donnell &
Wanstall, 1979a,b, 1980; Bryan et al., 1981).

Some of the Schild plots obtained on rat pulmo-
nary artery had slopes which were less than the
theoretical value of 1.0. These low slopes were not
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peculiar to one particular antagonist or to one par-
ticular agonist. They only occurred when the an-
tagonist selective for B,-adrenoceptors (ICI 118,
551) was used in conjunction with the agonists acting
predominantly through B,-adrenoceptors (isop-
renaline or fenoterol) or when the antagonist selec-
tive for B;-adrenoceptors (atenolol) was used in con-
junction with the agonist acting predominantly
through Bj-adrenoceptors (noradrenaline). These
observations were compatible with the prediction
made by Furchgott (1976) for tissues in which the
response was mediated by a mixed receptor popula-
tion. In tissues with a homogeneous receptor popula-
tion the slope of the antagonist Schild plots should be
1.0, irrespective of the agonist, provided that the
antagonism is purely competitive (Arunlakshana &
Schild, 1959) and the experimental conditions are
properly controlled (Furchgott, 1972). Thus, it could
be argued that the low slopes obtained for some of
the Schild plots in the present study provided addi-
tional, albeit indirect, support for the conclusion that
the B-adrenoceptor population being studied in the
rat pulmonary artery preparation was not
homogeneous.

In conclusion, the present study has not only con-
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