
Br. J. Pharmac. (1980), 68, 563-569

COMPARISON OF PHARMACOLOGICAL AND BINDING ASSAYS
FOR TEN P-ADRENOCEPTOR BLOCKING AGENTS AND TWO

fl-ADRENOCEPTOR AGONISTS
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1 The inhibition constants evaluated by binding assays for ten fl-adrenoceptor blocking agents and
two fl-adrenoceptor agonists, were compared with the pA2 and pD2 values determined in vitro and in
vivo.
2 There was only a limited correlation between fI or f2 selectivities observed with the different
methods.
3 Selectivity is generally less pronounced in binding assays than for in vivo and in vitro experiments.

Introduction

In the past few years, successful labelling of receptors
by radiolabelled agonists or antagonists has enabled
the study of,-adrenoceptors in many tissues from
several mammalian species. These binding techniques
make it possible to evaluate the affinity of,-adreno-
ceptor blocking agents or ,B-adrenoceptor agonists.
We set out to study the inhibition of [3H]-dihy-

droalprenolol binding by a series of ten fl-antagonists
and two #-agonists. We investigated their affinity for
the fl1 heart receptors and the P2 receptors of the
lung. We compared these results with those (some of
which have been published by Miesch, Bieth, Leclerc
& Schwartz, 1978), obtained by the usual pharmaco-
logical techniques.

Methods

Binding techniques; measurement of inhibition constants

Heart membrane preparation Membranes were pre-
pared from cardiac ventricles of male Wistar rats (200
to 250 g) by a slight modification of the method of
Harden, Wolfe & Molinoff (1976).
The ventricles were homogenized in 7 volumes of

ice-cold buffer (5 mm Tris-HCl, 8% sucrose, 1 mM
EGTA, pH 7.5) in a Polytron tissue disrupter. The
homogenate was centrifuged at 10,000 g for 10 min in
a refrigerated centrifuge and the pellet was washed by
resuspension in 7 volumes of the same buffer. After a
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second centrifugation the pellet was suspended with
the polytron in 1.72 M sucrose, 5 mM Tris-HCl buffer
pH 7.5 (20 ml per g of heart). The suspension was
transferred into cellulose nitrate tubes (24 ml/tube). A
15 ml layer of 0.2 M sucrose in Tris buffer pH 7.5 was
placed above the layer of 1.72 M sucrose. The tubes
were centrifuged at 100,000 g for 90 min in a Beck-
man SW27 swinging bucker rotor. Membranes which
collected at the interface of the two sucrose layers
were removed with a Pasteur pipette and diluted with
50 mM Tris-HCl buffer, pH 7.5 containing 4 mm Mg
S04 (1.5 mg protein/ml) for binding studies. Approxi-
mately 15 mg of membrane protein was obtained
from I g of heart.

Lung membrane preparation Two techniques were
used: the technique of Harden et al. (1976) already
used for heart membranes and a technique derived
from that of De Feudis & Somoza (1977). With the
latter technique, the lungs were homogenized in 10
volumes ice-cold 0.32 M sucrose solution. The homo-
genate was centrifuged at 1000 g for 10 min and the
pellet was discarded. The supernatant was centrifuged
at 17,000 g for 30 min. The pellet was washed by
resuspension in 5 mM Tris-HCI buffer pH 7.5 and
recentrifuged at 17,000 g for 30 min. The final pellet
was resuspended in 5 mm Tris-HCl buffer (about 3 mg
protein/ml) for binding studies. Approximately 10 mg
of membrane protein was obtained from 1 g of lung.

Protein concentration was measured by the method
of Lowry, Rosebrough, Farr & Randall (1951).
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Binding assay [3H]-dihydroalprenolol ([3H]-DHA
from NEN: 48 to 58 Ci/mmol) and the membrane
suspension (equivalent to 0.3 mg protein for both
heart and lung) were incubated for 20 min at 25°C in
50 mM Tris-HCl buffer, pH 7.5, containing 2.5 mM
MgCI2, giving a final volume of 500 pi. [3H]-dihy-
droalprenolol binding in relation to concentration
was studied by incubation of increasing concen-
trations of [3H]-DHA (0.05 to 4 nM) with the same
receptor concentration, with and without unlabelled
alprenolol at a high concentration (10-5 nM). Specific
binding was considered as the difference betweeen the
radioactivity found in the absence and in the presence
of a high concentration of alprenolol; it was usually
80% of total binding. In competittive binding ex-
periments between [3H]-DHA and f-blocking agents,
the P-blocker at increasing concentrations and the
[3H]-DHA at a constant concentration (0.5 nM) were
added to the incubation mixture before the membrane
preparation.

Incubation was followed by filtration through a
Skatron apparatus on Whatman GF/B paper and
filters were rapidly washed with 15 ml of ice-cold
Tris-HCl buffer. After drying, the radioactivity
trapped by the filters was measured by counting in a
Packard liquid scintillation counter with a 40% effi-
ciency. The concentration of P-blocker inhibiting 50%
of maximal specific binding of [3H]-DHA is the IC50.
Ki values (inhibition constants) were calculated from
the equation:

Ki IC50
i ([3H]-DHA)

KD

where [3H]-DHA is the [3H]-dihydroalprenolol con-
centration and KD the equilibrium dissociation con-
stant of [3H]-DHA.

In vitro and in vivo experiments, determination of pA2
and pD2

For our in vitro experiments, we used the techniques
of Horrii, Kawada, Takeda & Imai (1974) for guinea-
pig atria and of Levy & Wilkenfeld (1970) for guinea-
pig trachea.

In vivo studies were made on the guinea-pig and on
the dog; on the guinea-pig we studied cardiac rhythm
(Miesch et al., 1978) and resistance to lung inflation
(Konzett & Rossler, 1940); on the dog, myocardiac
contractile force and vascular resistance (Willems &
Boggert, 1975).
pA2 and pD2 were determined experimentally

according to Arunlakshana & Schild (1959) and inter-
preted mathematically according to Miesch, Turlot,
Ehrhardt & Schwartz (1977).

Results

Binding assays

[3H]-dihydroalprenolol binds to P-adrenoceptor sites
in the rat heart and lung. Binding was saturable and
equilibrium reached a steady state after 20 min. Scat-
chard analysis (Scatchard, 1949) of the data showed
a single class of binding sites characterized by an
equilibrium dissociation constant, (KD) of 0.8 + 0.1
nm for the heart and 0.32 + 0.06 nm for the lung. The
maximal number of binding sites (B..,) was 38 + 9
femtomoles/mg protein for the heart and 460 + 70 for
the lung. Among the ten fl-blockers tested on heart
preparations (Figure 1), propranolol, oxprenolol and
pindolol were the most potent while sotalol, practolol
and butoxamine were the least potent. In binding
assays on lung preparations (Figure 2), propranolol,
oxprenolol and alprenolol were the most potent and
atenolol, acebutolol and practolol the least potent.
Comparison of the inhibition constants observed with
heart and lung preparations (Table 1) provides further
evidence for the selectivity of some fl-blockers for fl1
or,f2 receptors.

Acebutolol, atenolol and practolol, respectively 3,
4.5 and 9 times more potent on the heart, were fl,
selective. In contrast, sotalol and butoxamine were fl2
selective: they were respectively 8 and 5 times more
potent on the lung than on the heart. Some fi-
blockers such as propranolol and oxprenolol, de-
scribed as non-specific had inhibition constants which
did not differ significantly for the heart or the lung.
Though these results in general tallied with classical

data, this was not so for pindolol which appeared to
be more potent on heart receptors than on lung
receptors. Moreover, with our binding techniques, we
failed to show the f2 selectivity of two f-agonists,
salbutamol and terbutaline, which in our experiments
seemed to have a rather more obvious affinity for the
Pf heart receptors.

This divergence from classical pharmacological
data led us to test these molecules on two different
lung membrane preparations obtained by the tech-
nique of Harden et al. (1976) and by the technique of
De Feudis & Somoza (1977). Table I shows overall
agreement between the two procedures. Pindolol was
more potent on cardiac receptors with both tech-
niques. However, the fl selectivity observed for sal-
butamol and terbutaline with the technique of Har-
den et al., was less evident with that of De Feudis &
Somoza.

Comparison of Ki values and pA2 and pD2

Table 2 shows, in addition to inhibition constants of
the various molecules, the pA2 of the #-antagonists
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Figure Inhibition of [3H]-dihydroalprenolol binding to rat heart membranes by ten fl-adrenoceptor blocking

agents. Values given are means of three experiments conducted in duplicate.
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Figure 2 Inhibition of [3H]-dihydroalprenolol binding to rat lung membranes by ten ,B-adrenoceptor blocking
agents. Values given .are means of three experiments conducted in duplicate.
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Table 1 Inhibition of [3H]-dihydroalprenolol binding to rat heart and lung membranes

Heart Ki (nM) Lung Ki (tnM)
Harden et al. Harden et al. De Feudis
technique technique technique

#-Antagonists
(±)-Propranolol 2.4 + 0.5 2.7 + 0.5 1.2 + 0.1
(±)-Oxprenolol 2.6 + 0.3 1.7 + 0.3 1.4 + 0.2
(±)-Pindolol 2.9 + 0.3 90 + 15 32 + 5
(±)-Alprenolol 9 + 1.2 3 + 0.5 2.4 + 0.3
(±)-Labetalol 27 + 5 22.5 + 5 25 + 0.6
(±)-Acebutolol 1200 + 265 3700 + 280 4000 + 530
(±)-Atenolol 1400 + 145 6250 + 480 3600 + 320
(±)-Sotalol 2400 + 235 340 + 50 300 + 45
(±)-Practolol 2500 + 210 22,000 + 500 24,000 + 600
(+)-Butoxamine 4200 + 300 750 + 70 800 + 120

,B-Agonists
(±)-Salbutamol 520 + 45 1000 + 80 2150 + 150
(±)-Terbutaline 1600 + 130 2500 + 205 3900 + 320

Values given are means + s.e. of three experiments conducted in duplicate.

Table 2 Comparison of Ki values and pA2 and pD2

Isolated Isolated
Heart atria Lung trachea
K; (nM) pA2 Ki (nM) pA2

#-Antagonists
(±)-Propranolol 2.4 + 0.5 8.62 + 0.17 2.7 + 0.5 8.47 + 0.23
(±)-Oxprenolol 2.6 + 0.3 8.73 + 0.08 1.7 + 0.3 8.46 + 0.28
(±)-Pindolol 2.9 + 0.3 9.19 + 0.35 90 + 15 8.97 + 0.24
(±)-Alprenolol 9 + 1.2 8.5 + 0.27 3 + 0.5 8.43 + 0.37
(±)-Labetalol 27 + 5 8.12 + 0.26 22.5 + 5 7.89 + 0.25
(±)-Acebutolol 1200 + 265 6.84 + 0.14 3700 + 280 5.47 + 0.43
(±)-Atenolol 1400 + 145 7.66 + 0.10 6250 + 480 6.13 + 0.27
(±)-Sotalol 2400 + 235 6.40 + 0.20 340 + 50 6.47 + 0.46
(±)-Practolol 2500 + 210 6.85 + 0.12 22,000 + 500 5.13 + 0.13
(±)-Butoxamine 4200 + 300 5.24 + 0.07 750 + 70 6.44 + 0.37

Isolated Isolated
atria trachea
pD2 pD2

f- Agonists
(±)-Salbutamol 520 + 45 6.45 + 0.29 1000 + 80 6.54 + 0.2
(±)-Terbutaline 1600 + 130 5.45 + 0.25 2500 + 205 5.8 + 0.3

Values given are means + s.e. of three experiments conducted in duplicate for binding studies and of six deter-
minations for pA2 and pD2.
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and the pD2 of the P-agonists; the atria were used in
studying f1 activity and the trachea for #2.
There was a good correlation between the K; values

determined on the heart preparation and the pA2
observed on the atria (correlation coefficient r = 0.95,
P < 0.001).
The comparison between the Ki values for the lung

preparation and the pA2 observed on the trachea was
not so satisfying (correlation coefficient r = 0.67,
P < 0.05 with the technique of Harden et al). When
we considered K; values determined with De Feudis
& Samoza's technique, the correlation coefficient was
0.60 (P < 0. 1).
The selectivities observed with the membrane prep-

arations and in vitro on isolated organs are shown in
Table 3.

Comparison of in vitro and in vivo data

We studied four fl-blockers in vivo: propranolol, pin-
dolol, practolol and butoxamine (Table 4). In spite of
the arbitrary expression of our results in apparent
pA2, there was general agreement betweeen in vitro
studies and cardiac rhythm in the guinea-pig or con-
tractile force in the dog (for fI receptors); there was
also a good correlation between in vitro assays and
resistance to lung inflation in the guinea-pig and vas-
cular resistance in the dog (for f2 receptors).

Propranolol did not show any selectivity. However,
for practolol, in vivo selectivity seemed more pro-
nounced than in vitro: f1 selectivity was over 100 in
vivo and only 50 in vitro.

Discussion
Table 3 Comparison of selectivities obtained with
assays on isolated org'

fl-Antagonists

(± )-Propranolol
(± )-Oxprenolol
(± )-Pindolol
(± )-Alprenolol
(± )-Labetalol
(± )-Acebutolol
(± )-Atenolol
(± )-Sotalol
(± )-Practolol
(± )-Butoxamine

fl-Agonists

(± )-Salbutamol
(± )-Terbutaline

* ApA2 = pA2 on atr
t ApD2 = pD2 on atr

ans and with binding experiments It is easy to determine the affinity of the ,B-adrenergic
molecules by binding techniques which are regularly
used in studying /31 receptors. Recently, with the woik

l/K,heart of U'Prichard, Bylund & Snyder (1978) it has been
Antilog ApA2* shown that these techniques can also be a tool for the

I/Ki lung study of #2 lung receptors.
1.4 1.12 In general, our results tally with those of U'Pri-
1.9 0.65 chard et al. (1978) and Rugg, Barnett & Nahorski
1.66 31 (1978). However, with binding techniques, we have
1.2 0.33 observed a cardioselectivity for pindolol not revealed
1.7 0.83 before with traditional pharmacological techniques.

33.9 446 In the available literature we could find no data on

0.85 0.14 pindolol binding to f3I and /32 receptors. Furthermore,
52.5 8.8 we have noted that the selectivities observed in vivo or
0.08 0.18 in vitro are more pronounced than those determined

with binding techniques excepted for pindolol.
Antilog ApD2t 1/K, heart On the other hand, we found no evidence for the

1/Ki lung bronchoselectivity of salbutamol or terbutaline,
0.81 1.92 unlike U'Prichard et al. (1978) who reported a bron-
0.44 1.56 choselectivity of 5.6 for salbutamol and 5.4 for terbu-

taline in the rat. For salbutamol, the inhibition con-
*ia -pA2 on trachea. stants of 1000 nm found on rat lung preparation and
ria -pD2 on trachea. 520 nm on the heart preparation did not show any

Table 4 Comparison, for four fl-adrenoceptor blocking agents, of,B and #2 activities determined in vivo, in vitro
and with binding techniques

Binding
Ki (tnM) pA2

fl-Antagonists heart atria

Propranolol
Pindolol
Practolol
Butoxamine

2.4
2.9

2500
4200

8.62
9.19
6.85
5.34

Apparent pA2
guinea-pig

cardiac rhythm

7.35
7.93
6.54

Apparent pA2
dog

cardiac
contractile

force

7.04
8.17
6.46
4.70

Binding
Ki (nM)
lung

2.7
90

22,000
750

pA2
trachea

8.47
8.97
5.13
6.44

Apparent pA2
guinea-pig

resistance to
lung inflation

7.41
8.19
4.60
5.04

Apparent pA2
dog

vascular
resistance

7.16
8.07
4.39
5.16
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bronchoselectivity; our results are comparable with
those of Rugg et al. (1978) who, for salbutamol, found
an inhibition constant of 1400 nm on a rat lung mem-
brane preparation; they do not give any results for fl
receptors, but Nahorski states that he was unable to
demonstrate any bronchoselectivity for salbutamol or
terbutaline (Nahorski, 1978).
We would like to put forward three possible expla-

nations for these divergences:

Criticism of the biniding technique

It is by no means sure that determination of Ki values
by competition with a fl-blocker, [3H]-dihydroal-
prenolol, is appropriate in studying fl-agonists such as
salbutamol and terbutaline; in such cases, a P-agonist
might be more suitable as the labelled ligand. Recep-
tors have distinct conformations according to whether
they bind with an agonist or an antagonist. Indeed,
U'Prichard et al. (1978) reported lower values for sal-
butamol and terbutaline inhibition constants when
[3H]-adrenaline was used instead of [3H]-dihydro-
alprenolol for competitive binding. Nevertheless,
these assays require the addition to the incubation
mixture of high concentrations of pyrocatechol and
phentolamine, which may well interfere with the reac-
tion.

In addition to these observations, it should be
pointed out that under the electron microscope, our
membrane preparations are seen to be heterogeneous
and that all the techniques described in the literature
lead to the same result.

Possible heterogenieity of receptors

According to Carlsson's hypothesis (Ablad, Carlsson,
Carlsson, Dahlhof & Hultberg, 1974) supported by
Furchgott & Wakade (1975), fl, and f2 receptors
might be present within a given tissue in varying pro-
portions according to the species. Miesch et al. (1978)
found no evidence to support this hypothesis: in the

guinea-pig atria assay, the shift of the dose-response
curve for noradrenaline (#1 selective) and for adrena-
line (/2 selective) is the same after IPS 339 a selective
/2 blocker. Nevertheless, Rugg et al. (1978) show, with
inhibition of [3H]-DHA binding by practolol, a selec-
tive /I blocker and by erythroprocaterol, a selective
/2 agonist, that /3 and /2 adrenoceptors may coexist
in the lung; analysis of the displacement curves with
the Scatchard technique indicates a majority of /2
receptors in the rat lung (75% /2 and 25% /I) and a
majority of /3 receptors in the rabbit lung (60% /3I
and 40% /2). It is only with the salbutamol experi-
ments, that the Scatchard analysis of our curves
reveals the possibility of there being two distinct types
of /3-receptors.

Criticism of in vitro and in vivo assays

Correlation between the inhibition constants obtained
with a lung preparation and the pA2 determined on
trachea is poor.
The technique for determining the pA2 for the /2

receptors is reproducible; nevertheless, it is paradoxi-
cal that it may depend on isoprenaline inhibiting
relaxation of the trachea previously contracted by
carbachol. In the same way, the in vivo activity of a /2
blocker is tested by its ability to inhibit the suppres-
sion by isoprenaline of a bronchospasm induced with
5-hydroxytryptamine.

In fact, we note that for the /3-blockers described as
highly selective such as acebutolol, atenolol, practolol
and butoxamaine, the selectivity is the same whatever
the technique, but their selectivity is clearer for in
vitro assays or isolated organs than for binding
assays. For example, practolol selectivity seems to de-
crease from in vivo assays to in vitro and still
further for binding assays. It is quite possible that the
biodisposability of the drugs may account for these
variations better than structural differences between
31 and /2 receptors and perhaps other subtypes.
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