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THE EFFECT OF ACEBUTOLOL
ON THE CEREBRAL CIRCULATION OF MAN

Although it is now well established in vitro that
cerebral blood vessels have f as well as a
adrenoceptors (Edvinsson & Owman, 1975) the
effects of f-adrenoceptor agonist and antagonist drugs
upon man's cerebral circulation have as yet not been
fully studied.

Intravenously-administered isoprenaline in animals
precipitates anaerobic glycolysis despite a substantial
increase in brain blood flow and oxygen utilization
(Xanalatos & James, 1972). Associated with these
changes in brain metabolism hyperventilation occurs.
The flow, metabolic and respiratory alteration are
prevented by the prior administration of propranolol
(James & MacDonell, 1975). Propranolol itself, in
anaesthetized dogs, causes a fall in cerebral blood flow
which does not appear to be secondary to a fall in
arterial blood pressure (James & MacDonell, 1975).
The fall in brain blood flow is accompanied by a
greater fall, in percentage terms, of cerebral oxygen
and particularly of cerebral glucose utilization. Similar
results were found by McCulloch, O'Keane, Harper &
MacKenzie (1975) in the baboon. These workers also
noted that the responsiveness of cerebral blood vessels
to CO2 was diminished following f,-adrenoceptor
blockade. The mechanism by which these changes
occur is obscure.

Acebutolol hydrochloride (M & B 17803A) is a f,-
adrenoceptor antagonist which has been shown in
dogs to cause a fall in brain blood flow at the same
time as decreasing metabolic requirements (Hares &
James, 1976 unpublished observations). It also
attenuates the effect of isoprenaline on brain
metabolism. The purpose of the present work was to
determine the effect of intravenous acebutolol on the
cerebral circulation of man. However, it should be
noted that whilst in the dog acebutolol has a greater
affinity for f,-adrenoceptors than for /2-receptors, in
man there is no evidence of significant cardioselec-
tivity (Briant, Dollery, Fenyvesi & George, 1971).

The significance of this in relation to the cerebral
circulation is unclear at present, but certainly in its
absence of cardioselectivity acebutolol is
representative of most of the fl-adrenoceptor blocking
agents currently available commercially. The drug
also has moderate intrinsic sympathomimetic activity
and membrane stabilizing activity.

Seven healthy volunteers mean age 34 years (range
30-38) and three hypertensive patients (age range
50-70 years) were studied. None of the patients had
overt cardiac, renal or cerebrovascular disease.
Informed consent was obtained from both volunteers
and patients. The study was approved by the ethical
committee of the hospital.

Cerebral blood flow was measured by the new
'33Xenon inhalation method of Wyper, Lennox &
Rowan (1976) and their technique was very closely
followed, with no significant differences in procedure.
This technique combines the inhalation method
pioneered by Obrist, Thompson, King & Wang (1967)
and Mallett & Veall (1965) with the initial slope
method of Paulson, Cronqvist & Risberg (1969).
Corrections for arterial recirculation of the gas were
made by monitoring the radio-activity of the end tidal
air. Subsequent deconvolutional analysis of the
cerebral decay curves was performed in the manner
suggested by Wyper et al. (1976). The important point
about this technique is that the inhalation period is
very short. The radio-active gas is carried principally
to the highly perfused organs such as the brain and
only little is carried to the poorly-perfused structures
in so short a period of time. Error due to extracranial
contamination by isotope is thus minimized. This
technique has been shown to give good agreement
with the more direct but unacceptably traumatic
internal carotid artery injection method (Wyper et al.,
1976).
End tidal CO2 measurements were performed in the

conventional way with a Beckman Infra red CO2
analyser. The plasma acebutolol concentration was
determined spectrophotometrically by the method of
Cuthbert & Collins (1975).

The subjects were rested in the supine position for
15 min before recordings were commenced. The
resting values of pulse, blood pressure and end tidal
PCO2 given represent the mean of three consecutive
readings. Cerebral blood flow was then measured by
the method given above. As soon as all control
readings had been obtained acebutolol was infused in
a total dosage of 0.2 mg/kg over a 10 min period. Ten
minutes after the termination of infusion a blood
sample for plasma acebutolol concentration was taken
from the contralateral arm. Further measurements of
heart rate, blood pressure, end tidal PCO2 and cerebral
blood flow were then recorded.
The effect of acebutolol on cerebral blood flow, end

tidal pCO2, blood pressure and heart rate are shown in
Table 1. Following the infusion there was a significant
increase in end tidal pCO2, decrease in heart rate and
fall in cerebral blood flow. Systolic and diastolic blood
pressure were not significantly changed.

Fluctuations of pCO2 have been shown by this and
other methods to exert an appreciable influence on
cerebral blood flow (Lennox, Wyper & Jawad, 1975).
Following acebutolol, end tidal pCO, is increased. In
the past several authors have made 'corrections' for
fluctuations in CO2 but such an adjustment does not
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appear justifiable since it has been shown that
following fi-adrenoceptor blockade the reactivity to
CO2 is altered. Nevertheless in this study the decrease
in brain blood flow cannot be explained by PCO2
changes as the PCO2 changes observed might have
been expected to produce brain blood flow changes in
the opposite direction; neither can the changes be
ascribed to variation in blood pressure. There further-
more seems to be little relationship between the
plasma concentration of acebutolol and the effect on
cerebral blood flow. This study in man seems to
confirm our finding in dogs (Hares & James, 1976
unpublished observations) that acebutolol causes a fall
in cerebral blood flow. In that species the fall was
associated with an even greater fall in oxygen and
glucose demands.

Although no direct measurements of metabolism

were made in this study, in situations where flow falls
more than oxygen requirements or indeed where
oxygen requirements increase more than flow, hyper-
ventilation usually results (James, 1968). It thus seems
likely that the effect of acebutolol on brain blood flow
and metabolism is similar in both man and dog.
We wish to acknowledge the financial support for

this study from May and Baker Ltd. We are very
indebted to Dr R. Collins and his associates for the
measurement of plasma acebutolol concentrations.

PAMELA HARES, I.M. JAMES & D. GRIFFITH

Section of Clinical Pharmacology, Academic Department of
Medicine, The Royal Free Hospital, Hampstead, London,
N.W.3.

Received October 14, 1976

References

BRIANT, R.H., DOLLERY, C.T., FENYVESI, T. & GEORGE,
C.F. (1971). Pharmacology of M & B 17803A in man
and dog. Br. J. Pharmac., 43, 468-469.

CUTHBERT, M.F. & COLLINS, R.F. (1975). Plasma levels
and,-adrenoreceptor blockade with acebutolol, practolol
and propranolol in man. Br. J. clin. Pharmac., 2,49-56.

EDVINSSON, L. & OWMAN, C. (1975). Pharmacological
identification of adrenergic (a and ,B), cholinergic
(muscarinic and nicotinic), histaminergic (H, and H2)
and serotonergic receptors in isolated intra and extra-
cranial vessels. In Blood Flow and Metabolism in the
Brain, 1, 18-25, eds Harper, A.M., Jennett, W.B.,
Miller, J.D. & Rowan, J.O. London: Churchill
Livingstone.

JAMES, I.M. (1968). Changes in cerebral blood flow and in
systemic arterial pressure following spontaneous
subarachoid haemorrhage. Clin. Sci. 35, 11-17.

JAMES, L.M. & MacDONELL, L. (1975). Factors affecting
the cerebrovascular response to noradrenaline in the dog.
Br. J. Pharmac., 54, 129-143.

LENNOX, G.A., WYPER, D.J. & JAWAD, K. (1975). A Xe'33
inhalation technique for RCBF measurement normal and
abnormal flow patterns. In Blood Flow and Metabolism
in the Brain, 8, 12-16, eds Harper, A.M., Jennett, W.B.,
Miller, J.D. & Rowan, J.O. London: Churchill
Livingstone.

MALLETT, B.L & VEALL, N. (1965). The measurement of
regional cerebral clearance sites in man using Xenon'33
inhalation and extracranial recording. Clin. Sci., 29,
179-191.

McCULLOCH, J., O'KEANE, M., HARPER, A.M. &
MACKENZIE, E.T. (1975). Effect of the f-adrenergic
blocker, propranolol on cerebral blood flow and
metabolism. In Blood Flow and Metabolism in the Brain,
2, 30-35, eds Harper, A.M., Jennett, W.B., Miller, J.D.
& Rowan, J.O. London: Churchill Livingstone.

OBRIST, W.D., THOMPSON, H.E., KING, C.H. & WANG, U.S.
(1967). Determination of regional cerebral blood flow by
inhalation of '33Xenon. Circulation Res., 20, 124-135.

PAULSON, O.B., CRONQVIST, S. & RISBERG, J. (1969).
Regional cerebral blood flow: a comparison of 8 delector
and 16 delector instrumentation. J. Nucl. Med., 10,
164-173.

WYPER, D.J., LENNOX, G.A. & ROWAN, J.O. (1976). Two
minute slope inhalation technique for cerebral blood flow
estimation in man. I. Method. J. Neurol. Neurosurg.
Psychiat. 39, 141-146.

XANALATOS, C. & JAMES, I.M. (1972). The effect of
arterial CO2 pressure on the response of cerebral and
hind limb blood flow and metabolism to isoprenaline
infusion in the dog. Clin. Sci., 42, 63-70.


