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ACEBUTOLOL, METOPROLOL AND PROPRANOLOL IN CONSCIOUS
DOGS WITH CHRONIC HEART-BLOCK: CHRONOTROPIC EFFECTS
AND RELATION BETWEEN DEPRESSION OF VENTRICULAR

ACTIVITY AND P-ADRENOCEPTOR BLOCKING POTENCY

M. BOUCHER & P. DUCHENE-MARULLAZ
Laboratoire de Pharmacologie Medicale. Faculte de Medecine 63001 Clermont-Ferrand
Cedex, France. INSERM F.R.A. 10

1 Atrial and ventricular chronotropic effects of acebutolol, metoprolol and propranolol were studied
in conscious dogs with chronic heart-block. Ventricular fl-adrenoceptor blocking activity was assessed
for the three drugs against isoprenaline (1 jg/kg) under the same experimental conditions.
2 Acebutolol and metoprolol significantly increased atrial rate. The effect was proportional to the
dose for acebutolol, independent for metoprolol. Propranolol had no significant effect on atrial rate.
All three drugs significantly lowered ventricular rate in proportion to the dose.
3 Ventricular fl-blocking potencies of metoprolol and acebutolol were respectively 2 and 3 times
weaker than that of propranolol as indicated by ED50 values.
4 The ventricular depressor effect observed was proportional to the degree of ventricular fl-blockade
present, although this may not be the only factor involved.

Introduction

In the conscious dog with heart-block, propranolol
depresses ventricular rate (Ruttenberg, Hurwitz, Blesa
& Pappelbaum, 1970; Robinson, Farr & Grupp,
1973; Duchene-Marullaz, Combre, Lavarenne,
Lapalus & Schaff, 1975; Reynolds & Di Salvo, 1978).
Depressed His bundle automaticity has also been
observed under similar experimental conditions for
alprenolol and practolol (Duchene-Marullaz et al.,
1975) and for sotalol and practolol (Reynolds & Di
Salvo, 1978). Pindolol appears to cause no significant
ventricular depression (Duchene-Marullaz et al.,
1975).
The present work compares the effects of acebuto-

loL metoprolol and propranolol, in a canine model in
which the bundle of His had been crushed, with par-
ticular reference to the relationship between ventricu-
lar depressor activity of these drugs and their ability
to block ventricular P-adrenoceptors.

Medtods

Ten mongrel dogs of either sex weighing between 10
and 21 kg were used. Atrioventricular block had been
produced in these animals, between 3 months to 6
years earlier, by crushing the bundle of His with for-
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ceps introduced through the right atrium. Cardiac
electrical activity was recorded from the three stan-
dard leads. The animals, which were already used to
the experimental conditions, were lightly restrained
and placed on a table. A catheter was inserted into a
cephalic vein before each test to enable drugs to be
administered without spurious effects due to injection
stress.
Drugs were administered in the following doses:

acebutolol (hydrochloride): 0.3125, 0.625, 1.25, 2.5 and
5 mg/kg; metoprolol (hydrochloride): 0.15625, 0.3125
and 0.625 mg/kg; prqpranolol (hydrochloride):
0.07812, 0.15625 and 0.3125 mg/kg.

Chronotropic effects

Each dose of each of the three drugs was administered
intravenously to a group of eight animals selected at
random. A control group of eight animals was given
saline (0.9% w/v NaCl solution) 0.5 ml/kg. Injections
took 30 s and an interval of 3 to 4 days always
elapsed between successive injections performed on
the same animal. Atrial and ventricular rates were
measured for a 30 s period, at the following times: 15,
10 and 5 min before injection, 1, 3 and 5 min after the
injection and thereafter every 5 min for 1 h.
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Results are expressed in terms of (a) mean rates for
each 30 s measuring period, and (b) mean maximal
variations in rate. These were calculated from indi-
vidual variations measured when mean rates were
either minimal or maximal during the first 30 min
following injection. Statistical analysis of the results
was performed by Student's t test for paired series.
The degree of dose-response proportionality was
assessed for both atrial and ventricular rate variations
for each drug in terms of significance of correlation
coefficients.

Ventricular #-blocking potencies and effects on arterial
pressure

Four representative animals were given two injections
of isoprenaline hydrochloride (1 tg/kg). The first
injection was given 15 min before, and the second 15
min after the administration of each of the three
drugs. Ventricular rates were measured before each
injection of isoprenaline and 0.5, 1 and 2 min after-
wards. The degree of isoprenaline-induced ventricular
tachycardia was compared before and after an
administration of each of the three drugs, and their
f-blocking potency assessed in terms of percentage
inhibition of this isoprenaline-indexed tachycardia.
Regression lines relating percentage inhibition of
tachycardia to dose were computed for each drug and
effective dose values (ED_O) calculated.
The effects on arterial pressure of 1 gtg/kg of iso-

prenaline before and after the administration of 2.5
mg/kg of acebutolol, 0.625 mg/kg of metoprolol or
0.3125 mg/kg of propranolol were also investigated. A
catheter was inserted into the right saphenous artery
under local anaesthesia and blood-pressure moni-
tored with a Statham P23 Db transducer connected
to a Cardiopan III T electrocardiograph via a press-
ure module.

Results

Effects on atrial and ventricular rates

In animals with chronic heart-block, atrial and ven-
tricular rates were between 31 and 120 beats/min
(mean + s.e. = 72 + 3 beats/min; n = 96) and
between 20 and 52 beats/min (mean + s.e. = 37 + 1
beats/min; n = 96) respectively. These rates were un-
affected for up to 1 h by the administration of 0.5
ml/kg of physiological saline (Figure 1). The atrial
rate at different times after saline administration
remained between 56 + 6 and 65 + 5 beats/min (from
the pre-injection control value of 63 + 5 beats/min)
and ventricular rate stayed between 37 + 3 and 39 + 4
beats/min (from a control value of 38 + 3 beats/min).

Effect of acebutolol. Acebutolol significantly increased
atrial rate (Figures 1 and 4) and this effect was dose-
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Figure 1 Changes in atrial and ventricular rates in
conscious dogs with chronic heart-block after injection
of acebutolol: 0.312 mg/kg (-); 1.25 mg/kg (A);
5 mg/kg (0); and saline (l). Values are means for
groups of 8 dogs. For reasons of clarity standard errors
have been omitted in this figure and Figures 2 and 3.

related (P < 0.01). Atrial tachycardia was evident
within the first min and declined towards control over
the 1 h period of observation. In contrast, acebutolol
significantly lowered ventricular rate (P < 0.01), e.g.
by 18% with a dose of 0.312 mg/kg and by 41% at 5
mg/kg (Figures 1 and 4). This effect was dose-related
(P < 0.05). The ventricular bradycardia always
appeared within the first min of injection and per-
sisted throughout the subsequent 1 h of observation.

Effect of metoprolol. Although metoprolol also signifi-
cantly increased atrial rate (P < 0.05; Figures 2 and
4) no dose-response relationship could be demon-
strated. However, metoprolol did significantly reduce
ventricular rate (P < 0.001; Figures 2 and 4), an effect
which was dose-related (P < 0.02). As with acebuto-
lol, ventricular bradycardia appeared immediately
after the injection and persisted throughout the 1 h
observation period.

Effect of propranolol. Propranolol raised the atrial
rate only slightly, and non-significantly, at all doses
(Figures 3 and 4), but caused significant ventricular
bradycardia (P < 0.01; Figures 3 and 4). As with ace-
butolol and metoprolol, ventricular bradycardia was
related to dose (P < 0.05), appeared immediately after
injection and lasted throughout the 1 h observation
period.

Ventricular fi-adrenoceptor blocking potencies of ace-
butolol, metoprolol and propranolol and their effects on
arterial pressure

For each of the three drugs, a relationship between
dose administered and percentage inhibition of ven-
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Figure 2 Changes in atrial and ventricular rate in
conscious dogs with chronic heart-block after injection
of metoprolol: 0.156 mg/kg (-); 0.312 mg/kg (A); 0.625
mg/kg (e); and saline (O). Values are means for groups
of 8 dogs.
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Figure 3 Changes in atrial and ventricular rate in
conscious dogs with chronic heart-block after injection
of propranolol: 0.078 mg/kg (U); 0.156 mg/kg (A);
0.312 mg/kg (-); and saline (O). Values are means for
groups of 8 dogs.
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Figure 4 Comparative effects of acebutolol (a), metoprolol (b) and propranolol (c) on atrial (open columns) and
ventricular (solid columns) rates, in the conscious dog with chronic heart-block. The figure shows the maximal
variations occurring during the first 30 min after the injections. Values are means for groups of 8 dogs; vertical
lines show s.e. mean. *0.01 < P < 0.05; **0.001 < P < 0.01; ***P < 0.001.

tricular tachycardia induced by isoprenaline (1 pg/kg)
could be demonstrated (correlation coefficients of
0.84, 0.88 and 0.74 for acebutolol, metoprolol and
propranolol respectively). ED50 values calculated
from the regression lines obtained were 643 +.168,
430 + 39 and 217 + 35 1tg/kg for acebutolol, meto-
prolol and propranolol respectively.

All three drugs had a comparable but weak hypo-
tensive effect (5 to 10 mmHg) at the doses used (2.5,
0.625 and 0.312 mg/kg for acebutolol, metoprolol and
propranolol respectively). Acebutolol and metoprolol
did not modify the hypotensive action of isoprenaline,
whereas propranolol almost entirely suppressed it
(Figure 5).

Discussion

The evaluation of the Pl-adrenoceptor blocking
potency of acebutolol and metoprolol relative to pro-
pranolol has yielded results which vary widely
depending on the experimental conditions. Thus in
vitro, acebutolol has a pA2 of 7 as compared with 8.4
for propranolol (Baird & Linnel, 1972; Spach, Miesch
& Schwartz, 1975). In the anaesthetized animal, the
f,-blocking activity of acebutolol has been found to
be between 3 and 20% of that of propranolol (Cuth-
bert & Owusu-Ankomah, 1971; Baird & Linnel, 1972;
Basil, Jordan, Loveless & Maxwell, 1973), whereas in
the conscious dog the PI,-blocking activity ratio is 7%

0
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Figure 5 Effects of isoprenaline before and after the three drugs acebutolol, metoprolol and propranolol, on
arterial pressure (AP), in the conscious dog with chronic heart-block. The mean arterial pressure (MAP) was
determined by integration.

(Basil et al., 1973). Our experiments indicate a
P1-blocking activity ratio of 33%, i.e. somewhat
higher than those previously reported.
As far as metoprolol is concerned, KB values in

vitro indicate a f,-blocking activity 14% of that of
propranolol (Johansson, 1973). In vivo, evaluations
are widely divergent, ranging from 20 to 200% relative
to propranolol (Ablad, Carlsson & Ek, 1973; Ablad,
Borg, Carlsson, Ek, Johnsson, Malmfors & RegArdh,
1975; Johnsson, 1975; Johnsson, Nyberg & S6lvell,
1975). Our results indicate an activity 50% that of
propranolol, which lies within the range of values pre-
viously reported.
The method used by us to evaluate f,i-blocking ac-

tivity does not claim to do any more than supplement
the large number of techniques already employed. To
begin with, there is no reason to suppose that the
fI1-blocking activity of a particular drug is the same in
both atrium and ventricle. In addition, the values
obtained here take into account the cardioselectivity
exhibited by acebutolol and metoprolol (Basil et al.,
1973; Ablad et al., 1973; Harms and Spoelstra, 1978).
This is clearly demonstrated in our experiments since

neither drug modified the hypotensive action of iso-
prenaline, whereas propranolol suppressed it. This
hypotension may reflexly trigger the cardioaccelerator
innervation which still acts on the ventricle in heart-
block (Vassalle, Levine & Stuckey, 1968). Moreover,
cardioselective drugs, and particularly metoprolol, in-
hibit the effects of cardiac sympathetic nerve stimu-
lation more readily than they do those of isoprena-
line; with propranolol the inhibition is of the same
order of magnitude for both types of stimulus (Ablad,
Bra.ndstr6m, Ek & Sjblander, 1971; Ablad et al.,
1973). It is thus likely that in our tests the f,i-blocking
potencies of acebutolol and metoprolol have been
somewhat underestimated relative to propranolol.

Acebutolol caused significant atrial tachycardia
which reached 39 + 9 beats/min at the highest dose
used, (5 mg/kg). It is likely that the intrinsic sympath-
omimetic activity of the drug is involved (Khambatta,
1972; Basil et al., 1973) although it would seem to be
too weak to be solely responsible for such a marked
elevation in heart-rate. A more likely explanation
would be a reduction of vagal tone concomitant with
hypotension. Several months after the creation of the
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heart-block, atrial cardiomoderator tone is effectively
strong; functional denervation of the heart with atro-
pine and propranolol raises the atrial rate to 150 + 6
beats/min (Duchene-Marullaz, Combre and Chassa-
ing, 1974) whereas in the present experiments the
mean atrial rate was 72 + 3 beats/min. Metoprolol,
which possesses no intrinsic sympathomimetic ac-
tivity (Ablad et al., 1973) also raised atrial rate,
though less markedly than acebutolol. As previously
reported (Duchene-Marullaz et al., 1975; Reynolds &
Di Salvo, 1978) propranolol, though it lowered ar-
terial pressure to about the same extent as acebutolol
and metoprolol, did not significantly alter atrial rate.

All three drugs, at all doses administered, caused a
significant decrease in ventricular rate. Now, in the
conscious dog in sinus rhythm, provided the animals
are accustomed to the experimental procedures, as in
the present study, the administration of propranolol
(up to 2 mg/kg) and of acebutolol (up to 5 mg/kg)
does not affect heart-rate (Duchene-Marullaz, Schaff,
Delort & Billaud, 1967; Bergamaschi, Shanks, Cara-
vaggi & Mandelli, 1971; Kantelip, Gueorguiev &
Duchene-Marullaz, unpublished). In this study, the
ventricular bradycardia observed was considerable
(18 to 41% of the spontaneous ventricular rate for
acebutolol, 25 to 37% for metoprolol and 20 to 30%
for propranolol). This ventricular depressor effect is
dose-related and parallels the degree of the

f-blocking activities of the drugs. These results agree
with those of Reynolds & Di Salvo (1978) with pro-
pranolol. It may thus be that the particular haemody-
namic conditions brought about by heart-block, trig-
ger the cardioaccelerator system which to some extent
corrects an excessive ventricular bradycardia. Such a
corrective action would be suppressed to a degree
proportional to the #,-blocking activity of the drug
administered. However, although we cannot at this
stage offer any other explanation, the above mechan-
ism may not be the only one involved. Thus compar-
able degrees of ventricular bradycardia (9 beats/min)
were obtained with all three drugs with widely differ-
ing f,i-blocking activities (acebutolol 50 + 3%; meto-
prolol 27 + 5%; propranolol 41 + 5%). This indicates
that metoprolol has a higher ventricular depressor ac-
tivity for a given fl,-blocking potency than the other
two drugs. This difference cannot be explained by any
of the known properties of these drugs. At the doses
used, membrane stabilizing activity does not seem to
be involved, since with propranolol this effect
measured on ventricular muscle and Purkinje fibres
appears significant only from the dose of 3 mg/l
(Davis & Temte, 1968). Moreover, metoprolol is prac-
tically devoid of such activity (Ablad et al., 1973) and
acebutolol has only 20% of that of propranolol (Basil
et al., 1973).

References

ABLAD B., BORG K.O., CARLSSON E., EK L., JOHNSSON G.,
MALMFORS T. & REGARDH C.G. (1975). A survey of the
pharmacological properties of metoprolol in animals
and man. Acta Pharmac. Tox., 36, suppl V, 7-23.

ABLAD B., BRANDSTROM A., EK L. & SJOLANDER M. (1971).
Analysis of the actions of alprenolol and propranolol
on the beta-adrenergic receptors controlling heart rate
in the anaesthetized cat. Eur. J. Pharmac., 14, 319-332.

ABLAD B., CARLSSON E. & EK L. (1973). Pharmacological
studies of two new cardioselective adrenergic beta-
receptor antagonists. Life Sci., Oxford, 12, 107-119.

BAIRD J.R.C. & LINNELL J. (1972). The assessment of beta-
adrenoceptor blocking potency and cardioselectivity in
vitro and in vivo. J. Pharm. Pharmac., 24, 880-885.

BASIL B., JORDAN R., LOVELESS A.H. & MAXWELL D.R.
(1973). Beta-adrenoceptor blocking properties and car-
dioselectivity of M and B 17,803 A. Br. J. Pharmac., 48,
197-211.

BERGAMASCHI M., SHANKS R.G., CARAVAGGI A.M. & MAN-
DELLI V. (1971). A comparison of the cardiovascular
action of four adrenergic beta-receptor blocking agents
in resting conscious dogs. Am. Heart J., 82, 338-351.

CUTHBERT M.F. & OWUSU-ANKOMAH K. (1971). Effect of
M and B 17,803 A, a new beta-adrenoceptor blocking
agent, on the cardiovascular responses to tilting and to
isoprenaline in man. Br. J. Pharmac., 43, 639-648.

DAVIS L.D. & TEMTE J.V. (1968). Effects of propranolol on

the transmembrane potentials of ventricular muscle and
Purkinje fibers of the dog. Circulation Res., 22,
661-677.

DUCHLNE-MARULLAZ P., COMBRE A. & CHASSAING C.
(1974). Influence sur la frequence auriculaire du chien
en bloc auriculo-ventriculaire chronique de l'associa-
tion atropine-propranolol et de l'excitation des fibres
cardioacceleratrices du vague. C.R. Soc. Biol., 168,
747-750.

DUCHtNE-MARULLAZ P., COMBRE A., LAVARENNE J.,
LAPALUS Ph. & SCHAFF G. (1975). Comparaison des
effets du propranolol, de l'alprenolol, du pindolol et du
practolol sur les rythmes cardiaques de chiens non nar-
coses en dissociation auriculo-ventriculaire chronique.
J. Pharmac. (Paris), 6, 441-452.

DUCHtNE-MARULLAZ P., SCHAFF G., DELORT P. & BIL-
LAUD J. (1967). Influence de la yohimbine, de la phen-
tolamine, du D.C.I., du pronethalol et du propranolol
sur la frequence cardiaque de chien. Therapie, 22,
1377-1390.

HARMS H. H. & SPOELSTRA A.J.G. (1978). Cardiac and
bronchial beta-adrenoceptor antagonistic potencies of
atenolol, metoprolol, acebutolol, practolol, propranolol
and pindolol in the anaesthetized dog. Clin. exp. Phar-
mac. Physiol., 5, 53-59.

JOHANSSON B. (1973). Effects of propranolol and a new
"cardio selective" beta-blocker, H93/26, on responses of



340 M. BOUCHER & P. DUCHENE-MARULLAZ

isolated rat atria to isoprenaline and noradrenaline.
Eur. J. Pharmac., 24, 194-204.

JOHNSSON G. (1975). Influence of metoprolol and proprano-
lol on hemodynamic effects induced by adrenaline and
physical work. Acta Pharmac. Tox., 36, suppl V, 59-68.

JOHNSSON G., NYBERG G. & SOLVELL L. (1975). Influence of
metoprolol and propranolol on hemodynamic effects
induced by physical work and isoprenaline. Acta Phar-
mac. Tox., 36, suppl. V, 69-75.

KHAMBATTA R.B. (1972). Acebutolol (Sectral; M and B
17803 A) a new cardio-selective beta-receptor antagon-
ist I. General review Medicine Today, 6, 136-140.

REYNOLDS R.D. & Di SALVO J. (1978). Effects of dl-
propranolol on atrial and ventricular rates in unanes-
thetized atrio-ventricular blocked dogs. J. Pharmac.
Exp. Ther., 205, 374-381.

ROBINSON J., FARR W. & GRUPP G. (1973). Atrial rate re-

sponse to ventricular pacing in the unanesthetized A-V
blocked dog. Am. J. Physiol., 224, 140-145.

RUTTENBERG H., HURWITZ R., BLESA M. & PAPPELBAUM S.
(1970). Effects of propranolol on myocardial automa-
ticity in conscious dogs with chronic complete heart-
block. UCLA Forum Med. Sci., 13, 69-74.

SPACH M.O., MIESCH F. & SCHWARTZ J. (1975). Comparai-
son des pA2 de differents beta-bloquants. Nouv. Presse
Med., 4, suppl. no. 46, 3221-3222.

VASSALLE M., LEVINE M.J. & STUCKEY J.H. (1968). On the
sympathetic control of ventricular automaticity. The
effects of stellate ganglion stimulation. Circulation Res.,
23, 249-258.

(Received October 23, 1979
Revised December 3, 1979.)


