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Review Article

Therapeutic uses of beta-adrenocepter blocking drugs in the
central nervous system in man

Paul Turner

Department ofClinical Pharmacology, St. Bartholomew's Hospital, London ECIA 7BE, UK.

Although beta-adrenoceptor antagonists were first
developed for their potential therapeutic uses in
cardiac disease, it was soon recognized during clinical
trials that they had effects on the central nervous
system, some ofthem unwanted, but others ofpossible
therapeutic value. This paper reviews some recent
developments in this area of beta-adrenoceptor
clinical pharmacology, earlier studies having been the
subject of other reviews.'

Some possible clinical indications for
beta-adrenoceptor blockade

1. Anxiety states

The 1980s have been called 'the age of anxiety',4 and
not suprisingly, therefore, large numbers of patients
have been treated with anxiolytic drugs in recent years.
The recognition of the development of physical and
psychological dependence on benzodiazepines when
taken regularly, even at doses within the therapeutic
range, and the occurrence of with drawal syndrome
when they are discontinued, has lead to great concern
about their use, both among prescribing doctors and
the public at large.5

It should not be necessary to use drugs in the
majority of patients with anxiety, psychological rather
than pharmacological therapies being generally the
most appropriate first line treatment.6 Among the
alternative groups ofdrugs which can be considered in
those patients requiring drug treatment, however, are
neuroleptics, antidepressants and beta-adrenoceptor
blocking drugs.
The efficacy of beta-blockers in the treatment of

anxiety has been demonstrated in many controlled
clinical trials, both when compared with placebo and
with benzodiazepines.6'7 Beta-i receptor blocking
drugs, such as atenolol, appear to be as effective as
propranolol in patients suffering from generalized
anxiety,8 but a placebo-controlled trial of the selective

beta-2 blocker ICI 118551 failed to show a therapeutic
effect, although the authors were also unable to
demonstrate an effect ofpropranolol in their patients.9
It is important to know whether or not the anxiolytic
action of beta-blockers is dependent on their selective
action at beta-I or beta-2 receptors. In their original
paper on propranolol in anxiety, Granville-Grossman
and Turner'" pointed out that the therapeutic benefit
was predominantly upon somatic symptoms, par-
ticularly cardiac, which might be expected to be most
effectively reduced by beta- I blockade. However,
beta-2 receptor blockade is more effective than beta- I
in reducing tremor," which may also be a prominent
symptom in anxiety. Further studies are, therefore,
needed to answer this important question.
Some phobic states may benefit from treatment with

beta-blockers. Gorman et al.,'2 in an open study,
found that atenolol was effective in social phobics who
complained of somatic symptoms and a fear of
humiliation when confronted with specific social
stimuli. They concluded that the mechanism involved
was a reduction in the autonomic nervous system
response to phobic stimuli. On the other hand, Fagers-
trom et al.'3 compared propranolol, atenolol and
placebo in a double-blind trial in similar patients and
found that although beta-blockade had the expected
effect on heart rate, the subjectively rated anxiety rose
consistently during exposure to the phobic stimulus,
and there was no general effect of either beta-blocker
on subjective anxiety. In general clinical practice,
however, Beaumont'4 claimed that beta-blockers are
of value in anticipatory anxiety, in panic disorders, in
some phobic patients, and in some generalized anxiety
states, and that they should be used in such patients
before attempting treatment with benzodiazepine anx-
iolytics.

2. Benzodiazepine withdrawal

Autonomic symptoms and signs are a feature common
to symptoms of withdrawal from alcohol, opiates and
benzodiazepines.'5 Seivewright and Tyrer'5 demon-
strated a reduction in severity of benzodiazepine
withdrawal symptoms by propranolol, and the
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preliminary results of a more recent study by Hall-
strom et al.5 appear to confirm this. Kraus et al."6 have
shown that atenolol was superior to propranolol in a
double-blind trial in management of patients hos-
pitalized with the alcohol withdrawal syndrome.

In these contexts, an important question arises as to
whether treatment with beta-blockers can itself pro-
duce central nervous dependence and a specific with-
drawal state; this is addressed below.

3. Tremor and other involuntary movements

The pharmacological treatment of essential tremor
has been reviewed recently.'7"8 Propranolol is con-
sidered by many neurologists to be the first choice in
management of essential tremor. Intermittent therapy
can be useful in patients whose tremor is exacerbated
by certain activities and situations. Primidone is an
alternative treatment, and in a placebo-controlled
double-blind trial was shown to be similar in efficacy
to propranolol.'9 There were, however, frequent com-
plaints of malaise, dizziness and unsteadiness follow-
ing the first doses of primidone, although thereafter it
was well tolerated. Propranolol and primidone can be
used together, and their effects may be additive.'8
There is increasing evidence that beta-2 blockade is
responsible for this effect of beta-blockers. In a
double-blind cross-over trial in patients with essential
tremor, ICI 118551, a selective beta-2 blocker, had a
similar effect to propranolol with respect to anti-
tremor efficacy when compared with placebo, but had
no effect on heart rate or blood pressure, both ofwhich
were reduced by propranolol.20
The role of beta-blocking drugs in management of

Parkinsonian tremor is more controversial, but Foster
et al.2' found that nadolol was significantly more
effective than placebo in reducing tremor amplitude,
but not frequency, in patients with Parkinson's disease
who continued their previous dopaminergic and
anticholinergic therapy.
The treatment of neuroleptic-induced akathesia is

generally unsatisfactory, but some recent studies have
suggested that beta-blockade may be effective. In a
small single-blind study in 6 patients, Adler et al.22
found that propranolol was more effective than
lorazepam, and in an open study in 16 patients with
severe akathisia, low doses of propranolol produced
rapid and complete improvement in 7, while betaxolol
was effective in all 4 patients treated with it.23 Adler et
al.24 went on to confirm there observations in a
double-blind cross-over trial ofpropranolol compared
with placebo in 12 patients, in which the active
treatment significantly improved objective and subjec-
tive ratings of akathisia while placebo did not. In a
further open study, Adler et al.25 found that pindolol
was also effective, and suggested that it might be the
preferred treatment if a beta-blocker had to be used in

a patient with bradycardia. This observation, if
confirmed, is of interest as pindolol possesses partial
agonist activity and can exacerbate essential and
physiological tremor.3' 26 If it is effective in neuroleptic-
induced akathisia, then the possibility should be
considered that the mechanism may not involve
beta-blockade but some other pharmacological
action. The results of further controlled studies of
beta-blocking drugs with different degrees of selec-
tivity, partial agonism and lipid solubility in patients
with this distressing condition are awaited with
interest.

4. Migraine

The evidence for the therapeutic efficacy of beta-
blocking drugs in migraine and the possible phar-
macological mechanisms underlying it have recently
been reviewed.27-29 The value of beta-blockers which
are devoid of partial agonist (intrinsic sym-
pathomimetic) activity has been confirmed in a further
study30 which found that both nadolol and prop-
ranolol reduced migraine attack frequency and con-
sumption of acute migraine-relief medication when
compared with placebo, but no significant differences
were found between the two active drugs. However,
the limitations of most published comparative studies
of active drugs in migraine because of inadequate
numbers of patients have been emphasized293' and
larger more carefully conducted studies are required.

Other studies have compared the prophylactic
effects of beta-blockers with non-steroidal anti-
inflammatory drugs. In a double-blind cross-over
trial,32 both propranolol and tolfenamic acid
significantly decreased the number and duration of
migraine attacks, and the consumption of additional
drugs, no difference being shown between the active
treatments, although the number of 31 patients
included was probably too small to show a clinically
important, albeit small, difference. Similarly, although
another comparison of propranolol and mefenamic
acid with placebo showed significant superiority of
active over inactive treatments, but no difference
between the two drugs,33 only 17 of the 29 patients
admitted to the study completed the trial, and no
serious conclusion can be made on relative efficacy of
the two active preparations.

In the absence of definitive understanding of the
mechanism of action of beta-blockers in migraine
prophylaxis, it has been suggested that psychological
effects may be involved. To investigate this further,
Ziegler et al.4 compared the efficacy of propranolol
and amitriptyline in migraine prophylaxis in a double-
blind placebo-controlled cross-over design in 30
patients. Both drugs were superior to placebo, but
neither was superior to the other. Furthermore, the
effectiveness ofneither drug correlated with a decrease
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in anxiety or depression demonstrated by
psychological testing with the Speilberger, Zung or
Hamilton tests. Nevertheless, on the basis that an
enhanced beneficial therapeutic effect might accrue
from combination of an antidepressive drug and a
beta-blocker in patients with headache due to mig-
raine and tension together ('combination headache'),
Pfaffenrath et al.35 gave a combination ofamitriptyline
and a beta-blocker (propranolol or metoprolol) to 61
patients with combination headache in an open
uncontrolled trial, and demonstrated a marked reduc-
tion in headache frequency. This cannot be considered
more than preliminary evidence, however, which
requires confirmation in a placebo-controlled trial in
adequate numbers of patients.
Although beta-blockers are generally well tolerated

in patients with migraine,36 vasospastic and occlusive
complications have been described.28 More recently,
Bardwell and Trott37 have reviewed the literature on
stroke in migraine, including the mechanism of action
of beta-blockers, and have questioned the appropri-
ateness of using these agents indiscriminately for
migraine prophylaxis, particularly in patients where
migraine attacks have been associated with or
preceded by conspicuous sensory or motor deficits.
A relationship appears to exist between migraine

and somnambulism, and the possibility has been
raised38 that propranolol may be capable of triggering
episodes of somnambulism in patients already
troubled by it or with a history of this disorder in
childhood.

It is evident, therefore, that the definitive place of
beta-blocking drugs in the prophylaxis of migraine,
and the recognition of those patients most likely to
benefit from them, still awaits final elucidation.

5. Schizophrenia

The therapeutic efficacy of propranolol in acute
schizophrenia is still uncertain, and little significant
advance has been made in the subject since we last
reviewed it.2 More evidence has accumulated that the
addition of propranolol to treatment with
phenothiazines such as thioridazine leads to marked
increases in plasma levels of the latter,39 but not to
changes in haloperidol levels. ' The latter observation
raises the possibility that the therapeutic action of
propranolol may not be entirely due to its phar-
macokinetic interaction, and this is supported by a
further double-blind placebo-controlled study4' in
patients treated initially with haloperidol which
showed that the dextro-isomer of propranolol had a
small but significant therapeutic effect in preventing
deterioration in a group of acute schizophrenics when
the haloperidol had been withdrawn. The phar-
macological basis of this antipsychotic action of
D-propranolol is unknown.

6. Aggressive syndromes

Several open studies have suggested that beta-
blocking drugs are of value in controlling aggressive
behaviour associated with chronic schizophrenia,42
organic brain disease,43-45 autism,46 as well as in
patients with temper outbursts but no evidence of
other central nervous disease.47 This is a difficult group
of syndromes to subject to double-blind assessment,
but Greendyke and Kanter48 carried out a double-
blind placebo-controlled cross-over study with pin-
dolol in 11 patients with impulsive, explosive
behaviour due to brain disease. Pindolol treatment
was associated with significant therapeutic benefit
without sedation or other use-limiting effects.

It is of interest that a paradoxical violent episode
has been described as part of a psychotic reaction to
propranolol in therapeutic doses.49 Similar paradox-
ical effects have been described with the usually
anti-aggressive benzodiazepine drugs.i'

7. Sleep disturbances

The adverse effect of lipid soluble beta-blockers on
sleep2 and the influence of propranolol on somnam-
bulism38 have been discussed elsewhere in this review.
It is of interest, therefore, that propranolol has been
claimed to have beneficial short-term effects in nar-
coleptic patients, although in the long-term the benefit
disappeared.5' Despite its anxiolytic properties (see
above), in a double-blind placebo-controlled cross-
over trial propranolol did not show any hypnotic
properties, and even increased the insomnia in a
sample of patients previously treated chronically with
conventional hypnotic drugs, mainly ben-

52zodiazepines.5
The possibility that nightmares and hallucinations

associated with treatment with beta-blocking drugs
might be associated with depression in pineal
melatonin secretion has been investigated by Brismar
et al.53 They found that nightly urinary melatonin
excretion was lower in all six patients with nocturnal
central nervous system (CNS) symptoms than in six
control patients with similar diagnoses and treatments
but without such nocturnal CNS symptoms. It is
possible, however, that melatonin secretion serves
only as a marker for central noradrenergic activity (see
below), and the changes seen in this study are unlikely
to contribute significantly to understanding the nature
ofthe sleep disturbance apart from focussing attention
on the central noradrenergic system.

Is there a beta-blocker withdrawal syndrome involving
the central nervous system?

The abrupt withdrawal ofbeta-blocking drugs, partic-
ularly those without partial agonist activity, can rarely
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be associated with a cardiovascular withdrawal synd-
rome.3 Can such a syndrome occur in the central
nervous system? Anecdotal reports suggest that this
might be so. For example, Patterson"4 described a 46
year old male patient who developed a psychotic
reaction on withdrawal of a long-acting propranolol
preparation prescribed for hypertension. This reaction
remitted on recommencing propranolol treatment.
The increasing use of beta-blockers, particularly

propranolol for neuropsychiatric indications such as
those discussed above, makes it essential to determine
whether or not a clinically important central nervous
withdrawal syndrome occurs following their use, and
if so, its incidence. In a recent study, Al-Qassab et al.55
compared the effects of abrupt withdrawal of prop-
ranolol with those of continuing treatment on tremor,
melatonin excretion and rating scales of sleep, mood
and vigilance in normal subjects. The only observation
which suggested any form of withdrawal syndrome
was a complaint of insomnia in some subjects during
the first two weeks ofwithdrawal compared with none
in the treatment-continued group, but this did not
reach statistical significance. While the results of this
study are encouraging, their implications are limited.
Studies of the cardiovascular withdrawal syndrome
involve studying the effects of beta-receptor agonists
on peripheral measurements such as heart rate and
tremor. No such agonist models of central beta-
receptor function have yet been developed, and so
strictly comparable studies have not yet been carried
out. Until they are, the question of whether or not a
central nervous beta-adrenoceptor withdrawal synd-
rome can occur must remain in doubt.

Unwanted central effects of beta-blocking drugs

Unwanted effects of beta-blocking drugs on the
human central nervous system have been described

since they were first introduced into clinical medicine,2
and reports and studies on them continue to appear in
the literature. Sophisticated methodology for detec-
ting the impairing effects of drugs on central nervous
function in normal volunteers has permitted the
recognition of such effects following modest doses of a
variety of beta-blockers, including the hydrophilic
drug atenolol.56 However, clinical studies in hyperten-
sive patients suggest that the clinical importance of
such central effects is generally not significant57-59
although occasional cases of depression may occur,
sometimes even following topical ocular administra-
tion for treatment of glaucoma.' It is important,
therefore, to be aware of these important, albeit
uncommon, unwanted effects ofbeta-blocker therapy.

Central receptor activity of beta-receptor blocking
drugs

Preliminary evidence that beta-adrenoceptor blocking
drugs might interact with central 5-hydroxy-
tryptamine (5HT) as well as noradrenergic systems has
been reviewed elsewhere.2 Recent studies have attemp-
ted to identify the 5HT receptor subtypes involved,
and it appears from animal brain studies that L-
propranolol and racemic cyanopindolol act as mixed
agonist-antagonists at 5HTIB autoreceptors.6'
Another study62 suggests that L-propranolol also
interacts with 5HTIA receptor, distinct from the 5HTIB
receptor which may be present in intracranial blood
vessels. It is evident that the pharmacological
mechanisms underlying the central nervous effects of
beta-blocking drugs reviewed above have not yet been
elucidated, but almost certainly involve factors addi-
tional to beta-receptor blockade.
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