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Beta-adrenoreceptor mechanisms in essential tremor:
a comparative single dose study of the effect of a
non-selective and a beta-2 selective adrenoreceptor
antagonist
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SUMMARY In order to study the mode of action of beta-adrenoreceptor antagonists in essential
tremor the efficacy of singe oral doses of 2, 4 and 10 mg LI 32-468, a peripherally acting,
selective beta-2 adrenoreceptor antagonist, was compared with a single oral dose of 120 mg
propranolol in a randomised, double blind, placebo controlled trial. Both the lowest dose of LI
and propranolol were shown to be equally superior to placebo in attenuating tremor magnitude.
This finding supports the contention that the beneficial effect of beta-adrenoreceptor antagonists
in essential tremor is mediated via peripheral beta-2 receptor mechanisms.

Essential tremor is a common monosymptomatic
disorder of unknown aetiology. Beta-
adrenoreceptor antagnoists are considered the drugs
of first choice in its treatment.' Whilst some of the
behavioural characteristics of essential tremor
resemble enhanced physiological tremor and it is
now accepted that enhanced physiological tremor is
mediated by peripheral beta-2 mechanisms,2 there is
still dispute as to the site and mode of action of
beta-adrenoreceptor antagonists in the control of
essential tremor.
The drug which so far has been proved to be of

greatest therapeutic benefit is propranolol,36 a
non-selective beta-adrenoreceptor antagonist
which, due to its lipid solubility, readily penetrates
the central nervous system. A number of clinical
trials support the contention that the main effect of
these drugs is mediated predominantly by peripheral
beta-2 adrenoreceptor mechanisms.78 However,
intra-arterial and intra-venous studies with pro-
pranolol have implicated central effects of this drug9
and some studies have shown that the selective
beta-1 adrenoreceptor antagonist metoprolol can
also be effective in reducing tremor in some
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patients. "' '5 Some of these studies may be criticised
because at the dosages used the relative selectivity
of beta-adrenoreceptor antagonists is at least par-
tially lost, and as metoprolol is a lipid soluble drug,
central and peripheral effects cannot be differenti-
ated. In a recent study Leigh et al'6 compared the
effects of atenolol, sotalol and metoprolol and found
no support for the concept that central or peripheral
beta-i mechanisms are important in essential
tremor and that the beneficial effect of beta-
adrenoreceptor antagonists may be mediated pre-
dominantly through peripheral beta-2 adreno-
receptor mechanisms. However, from the results
presented in that study atenolol, a hydrophilic, pre-
dominantly beta- 1 selective adrenoreceptor
antagonist, was equally effective in attenuating tre-
mor as the non-selective adrenoreceptor antagonist
sotalol on "objective" assessments. Therefore, in
order to investigate further the mechanism of action
of these drugs, a new agent with a highly selective
effect on peripheral beta-2 adrenoreceptors is
needed.

LI 32-468 (4-(3-tert-butylamino-2-hydroxy-
propoxy)spiro[cyclohexan- 1, 2-indan]- 1-on hyd-
rogen malonate) is a freely hydrophilic, selective
beta-2 adrenoreceptor antagonist which in animal
studies shows signs of effects on the central nervous
system only at extremely high doses, for example,
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Beta-adrenoreceptor mechanisms in essential tremor:

Table 1 Clinical details ofthe 12 patients used in the study

Patient Age (yr) Sex Duradon of Family history Magnitude of Frequency of
tremor (yr) tremor* tremor (Hz)t

1 50 F 1 - 13-0(004 9-2
2 56 M 50 - 46-8 033 5 9
3 19 F 1 + 24-1 -013 6-8
4 50 M 4 + 29-0 -019 6-1
5 72 M 1 - 9-8 -007 5-7
6 58 M 3 - 60-2 -038 6-3
7 19 M 15 + 564 -034 6-4
8 62 M 2 - 41-2 .022 6-8
9 56 M 50 - 9-3005 7-1

10 24 F 7 - 11-6003 9-6
11 64 M 40 - 21-2 -013 6-3
12 32 M 17 + 17-2 -008 7-4
Mean 46-8 15-9 28-3 -017

*Magnitude of tremor in the more affected hand was calculated from the mean of five pre-treatment measurements. Magnitude is
expressed both as root mean squared acceleration (g x 10-3, where g = 981 cm/sec2) and as hand displacement in cm (in parentheses).
tFrequency of the dominant peak of tremor in the more affected hand was calculated from the mean of five pre-treatment measurements.

100 mg/kg in the rat. This compound possesses high
affinity for metabolic beta-adrenoreceptors which
mediate glycogenolysis that is 100 times more

potent than propranolol, whereas in isolated guinea
pig atria it is seven times less potent than pro-

pranolol as a beta-adrenoreceptor antagonist. Its
membrane stabilising activity is less than one third
that of propranolol and, like propranolol, has no

intrinsic sympathomimetic activity.'7 In human vol-
unteer studies, a single dose of 2 mg LI 32-468 eli-
cited virtually no cardiac beta-adrenoreceptor
blockade (predominantly beta-1), whereas a maxi-
mal metabolic beta-adrenoreceptor blocking effect
(beta-2) was demonstrated.'8

In the present study single doses of 2, 4 and 10 mg
LI 32-468 were compared with 120 mg propranolol
in a double blind, placebo controlled design in
patients with essential tremor.

Patients and methods

Twelve patients with essential tremor gave their informed
consent to participate in the study. Relevant clinical details
are presented in table 1. The diagnosis was established on
the basis of clinical history and detailed general and
neurological examination, accompanied by ancillary
laboratory investigations. Serum triodothyronine and
thyroxine were within normal limits in all cases. None of
the patients was taking other medication at the time of the
study. Patients with a history of excessive alcohol con-

sumption, congestive cardiac failure, heart block and
asthma were excluded from the study. Eleven of the
patients had type 2 essential tremor according to the
classification proposed by Marsden et al'9 and one patient
was classified as type 1 in that the tremor frequency was

readily "resettable" by external perturbation of the limb
from a torque motor producing displacements no greater
than the amplitude of the ongoing tremor.

Protocol
The study was double blind and placebo controlled. Each
patient was studied on five different occasions, separated
by at least one week. Tests were performed in the morning
after a light breakfast. The patients were instructed to ab-
stain from smoking and from taking alcohol or caffeinated
beverages for at least 12 hours before testing.

After 15 minutes rest, piezo-resistive linear
accelerometers (Endevco 7625-10) were attached with
adhesive tape, their sensitive axes orientated in the vertical
plane, to the dorsal surface of each hand in the second
interspace one cm proximal to the metacarpophalangeal
joints. The devices weighed 6 gm and had a frequency
response extending from steady state acceleration to 300
Hz with a sensitivity of 50 mV/g (g = acceleration of grav-
ity). Hand tremor was assessed with the patient seated,
fully relaxed and looking directly ahead. The forearms
were supported up to the wrist and the hands were unsup-
ported and outstretched horizontally in pronated posture
during the recording. Three separate tremor recordings of
about 1 min duration were obtained at 5 min intervals and,
to minimise the possible effects of fatigue, the hands were
allowed to rest freely between recordings. Accelerometric
signals were amplified and recorded simultaneously on
paper and magnetic tape for subsequent analysis.
On completion of tremor recording measurements of

pulse rate were obtained following a 10 minute period of
rest in the supine position and repeated after 1, 2 and 3
minutes of standing. At this stage the patients received a
single oral dose of either LI 32-468 (2 mg, 4 mg or 10 mg),
propranolol 120 mg or placebo, together with 50 ml of
plain water. The dose of propranolol selected was that
which has been previously shown to be superior to placebo
in reducing the amplitude of essential tremor when given
as a single dose.'5 The lowest dose of LI used has been
shown to be devoid of cardiac beta-adrenoceptor blocking
activity (that is, a selective beta-2 receptor antagonist).'8
The order of treatment was randomised.
Tremor recordings and measurements of supine and

standing pulse rates were repeated 2 hours after drug
administration, when the plasma levels of both drugs were
expected to be approaching maximum.
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Tremor analysis was performed on-line using a Hewlett
Packard 5420A signal analyser.20 For each condition, that
is, before and after treatment, the program averaged 150
auto-spectra each derived from overlapping 10-24 second
samples of tremor. Fifty samples were taken from the
beginning of each of the three separate recording periods
and approximately 45 seconds of tremor recording contri-
buted to the analysis in each period. The advantage of
"overlap" analysis is that it compensates for the reduced
contribution of the beginning and the end of the data sam-
ple which results from the application of a Hanning win-
dow. The spectra, averaged thus, were displayed for meas-
urement in the form of "auto-spectra" in which the root
mean square (rms) magnitude of the frequency compo-
nents was plotted as a function of frequency. For simple
characterisation of the tremor, measurements were taken
of the frequency (Hz) of the dominant peak and of its
amplitude scaled in rms acceleration, the unit of accelera-
tion being taken as lg (g = 981 cm/s2). As it was found that
the peak tremor frequency did not vary significantly either
between recordings before and after treatment, or on the
different days of assessment, the magnitude of acceleration
is proportional to the amplitude of hand displacement.
Thus amplitude of displacement = ([acceleration x 9811/4
X Pi2 x frequency2) cm rms.

In each patient only the data obtained from the more
affected hand was used for the computation of the results.
In this study the dominant hand, in terms of magnitude of
tremor, remained invariant in individual patients over the
successive days of recording.
At the end of each recording session a 10 ml venous

blood sample was taken. Plasma LI 32-468 levels were
measured by radio receptor assay according to Rosenthaler
and Munzer2' and plasma levels of propranolol by gas
chromatography.22 At the end of testing all patients were
asked to report side effects and were specifically ques-
tioned on the occurrence of nausea, headache, dizziness,
drowsiness and visual symptoms.
Changes in tremor magnitude (absolute and percentage)

and frequency were evaluated by means of analysis of vari-
ance for repeated measures. Pairwise comparisons of
treatments were made using the Newman-Keuls test. Pulse
rate data were analysed using Student's t test for related
samples. In addition, relevant variables were correlated by
means of the product-moment correlation coefficient.

Results

Tremor frequency
The frequency of the dominant peak of hand tremor
in the patients included in the study ranged from 5-7

Cleeves, Findley

to 9-6 Hz. In any single patient the frequency was
similar in all pre-drug recordings and did not change
significantly after the administration of either of the
drugs or placebo.

Tremor magnitude
Magnitudes of tremor recorded prior to drug
administration showed considerable variation be-
tween patients (range 5-8 to 102*7 g x 10-3) and
within patients on different days of recording. How-
ever, within any single recording session there was
little fluctuation in tremor magnitude.

Table 2 presents the number of patients showing
decreases, increases or no change (arbitrarily
defined as a change of less than 15 %) in tremor
magnitude following placebo and drug treatments.
Drug effects in individual patients are presented
graphically in fig 1. Mean decreases in tremor mag-
nitude were 9-6% after placebo, 42-4% after 2 mg
LI, 16-4% after 4 mg LI, 30*7% after 10 mg LI and
39*4% after propranolol (fig 2). Analysis of variance
indicated a significant effect of treatments on tremor
magnitude expressed either as absolute change (p <
0.04) or percentage change (p < 0.05). Propranolol
and 2 mg LI produced a significantly greater reduc-
tion in tremor magnitude than that produced by
placebo (p < 0.05). The effects of propranolol and 2
mg LI were not significantly different. Neither the 4
mg LI nor 10 mg LI doses differed significantly in
their effect from placebo.
There was a significant postive correlation be-

tween baseline magnitude of tremor and reduction
in tremor magnitude for both propranolol and 2 mg
LI (absolute change p < 0-01, percentage change p
< 0.05). There was no significant correlation bet-
ween reduction in tremor magnitude and age, dura-
tion of symptoms, and tremor frequency.

Pulse rate
There was no significant difference in the pulse rate
recorded after 1, 2, and 3 minutes of standing in
each patient. The means of the three values was
therefore taken for further calculations. Pre drug
values of supine and standing pulse rate did not dif-
fer significantly between treatments.

Significant decreases in standing tachycardia were

Table 2 Numbers ofpatients showing decreases, increases or no change in tremor magnitude following placebo and drug
treatments.

Placebo 2 mg LI 4 mg LI 10 mg LI Propranolol

Patients showing decreases in
tremor 4 8 7 10 11

Patients showing increases in
tremor 2 1 2 1 1

Patients showing no change 6 3 3 1 0
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Fig 1 Values oftremor magnitude (in g x 1 0-3) for individual patients before and after placebo and single oral doses of2,
4 and 10 mg LI 32-468 and 120 mg propranolol.

observed after administration of propranolol (p <
0.01), 4 mg LI and 10 mg LI (p < 0-05). Both
placebo and 2 mg Li were without effect. The reduc-
tion in standing tachycardia produced by pro-
pranolol was significantly greater than that produced
by 4 mg LI but was not significantly different from
10 mg LI (fig 3).
There was no significant correlation between

reduction in tremor magnitude and inhibition of
standing tachycardia following the administration of
propranolol or any dose of LI.

Plasma drug levels
Blood plasma levels for individual patients
approximately 2 hours after single oral doses of 2
mg, 4 mg and 10 mg LI 32-468 and 120 mg prop-
ranolol are shown in table 3. There was no correla-
tion between drug levels and reduction in tremor
magnitude.

Side effects
None of the patients complained of any adverse
reactions after any of the doses of LI or propranolol.

Discussion

The present study clearly demonstrates that a single
oral dose of 2 mg LI 32-468 is significantly better
than placebo in reducing the magnitude of essential
tremor. The mean reduction in tremor magnitude of
42% of baseline value was equipotent with the
effect of 120 mg propranolol. Single doses of 4 mg
and 10 mg LI did not have a significantly greater
effect on tremor magnitude than placebo. The
explanation for this is not clear. It is apparent from
the results on the inhibition of standing tachycardia
(fig 3) that at the 4 mg and 10 mg doses there has
been some loss of beta-2 selectivity. This in itself
would not explain loss of tremorlytic activity as pro-
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Fig 2 Mean (+ I SEM) values oftremor magnitude
(percent ofbaseline value) for 12 patients after placebo and
single oral doses of2, 4 and 10 mg LI 32-468 and 120 mg
propranolol. Reduction in tremor magnitude was significant
(p < 0O05) as compared with placebo for 2 mg LI and
propranolol only.

pranolol itself is a non-selective beta adrenoreceptor
antagonist. One possible explanation would be the
development of intrinsic sympathomimetic acivity at

higher doses, though there is no evidence of this
from extensive animal studies'7 and the limited

Plocebo 2mg U 4mgLI 1OmgLI Propranolol

Fig 3 Mean (+ I SEM) increase in pulse rate on standing
in 12 patients before (cross hatched) and after (open bars)
treatments. Significant inhibition ofstanding tachycardia
was observed after propranolol (p < 0.01), 4 mg and 10 mg
LI (p < 0O05) as compared to values before treatment.

Cleeves, Findley

Table 3 Levels ofLI 32-468 and propranolol in plasma
(ng-equiv./ml) after a single oral dose.

Patient Dose of LI Propranolol

2 mg 4 mg 10 mg 120 mg

1 16-8 59*9 116-2 127-4
2 18-3 54.7 106-0 37-8
3 - 54-2 130-6 66-4
4 17-9 - 124-1 69-2
5 11-0 18-8 87-9 27-2
6 17-0 400 90-6 -

7 - 29-7 118-9 79*0
8 11-0 22-0 105-4 48-2
9 9-6 15-2 91-7 19-2
10 16-7 12-1 79-9 43-4
11 11-9 43-9 96-1 72-4
12 15-7 29-1 124-6 -

Mean 14-6 34*5 106-0 590
SEM 1-0 5-2 4-8 9-8

studies on normal human volunteers.'8
There has been much recent discussion as to the

mode of action of beta-adrenoreceptor antagonists
on essential tremor, in particular whether effects in
the central nervous system are important and also
whether there is significant effect via beta- 1 mechan-
isms either peripheral or central. The present study
does however provide support for the contention
that the action of beta-adrenoreceptor antagonists
on essential tremor is mediated predominantly by
peripheral beta-2 adrenoreceptors. The effective
dose of LI 32-468, that is 2 mg has no significant
effects on beta-1 adrenoreceptors as evidenced by
the lack of inhibition of standing tachycardia in the
patients in this study and in normal volunteers.'8 It is
a markedly hydrophilic compound and therefore has
insignificant central effects, particularly when given
as a single 2 mg dose in that central accumulation of
the drug or an active metabolite could not have
occurred. Membrane stabilising activity would not
be an important factor in the tremorlytic effect of 2
mg LI as in the animal model the membrane stabilis-
ing activity of LI is weaker than that of propranolol'7
and even with propranolol it only becomes
significant at plasma levels considerably greater than
that which produces beta blockade and attenuation
of tremor.2324 Furthermore it would be expected
that if the membrane stabilising activity was impor-
tant the higher doses of LI should have been at least
equally effective. Thus, a single oral dose of 2 mg LI,
a peripherally acting selective beta-2 adrenorecep-
tor antagonist was shown to be equipotent, in its
effect on tremor magnitude, to 120 mg propranolol.
This finding supports the contention of Leigh et al'6
that the beneficial effects of beta-adrenoreceptor
antagonists are mediated predominantly via
peripheral beta-2 adrenoreceptor mechanisms.

These peripheral beta-2 adrenoreceptors are
located on the extrafusal muscle fibres2526 and on
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Beta-adrenoreceptor mechanisms in essential tremor:

the intrafusal fibres of the muscle spindles.27-29 It
has been demonstrated that sympathomimetric
amines such as adrenaline will induce tremor or
exaggerate essential tremor by a direct effect on
these receptors producing both an alteration in mus-
cle contractility25 26 and, more importantly, an
increase in muscle spindle sensitivity,30 with result-
ing synchronisation of afferent feedback during the
stretch phase of spindle discharge. Such agonist
effects can readily be blocked by beta-2
adrenoreceptor antagonist activity at these receptor
sites, though it has not been proved that these are
necessarily the only peripheral sites of action of
these drugs in essential tremor.3' Since the beneficial
effect of beta-adrenoreceptor antagonists on essen-
tial tremor is peripherally determined, it would be
unlikely that complete attenuation of a centrally
"driven" tremor could be achieved. Indeed, com-
plete abolition of essential tremor by these drugs is
rarely found clinically or in trials employing objec-
tive measurement techniques.'5 34 35 In contrast
complete attenuation of large amplitude, low fre-
quency (therefore centrally determined) essential
tremor'9 can be seen using drugs (for example
primidone) whose primary action is in the central
nervous system.32

In the present study there was no correlation be-
tween either plasma LI or propranolol levels and
reduction in tremor amplitude. This lack of corre-
lation has been a consistent finding in studies of the
effect of propranolol on essential tremor.3334 This
may reflect marked inter-patient differences in the
severity and responsiveness of tremor,'5 the degree
of protein binding3" the presence of active metab-
olite(s) or that the drug levels achieved were above
that in which any relationship between plasma level
and response exists.

Single dose studies of the effects of beta-
adrenoreceptor antagonists in essential tremor do
not always predict the effects of the drug when given
on prolonged administration,35 therefore it is neces-
sary to follow up these initial findings with a control-
led study to determine whether the effect of the drug
is maintained in chronic use. If the response of
tremor to small doses of LI is maintained on pro-
longed administration then this drug may provide a
useful addition to drugs currently available for the
management of essential tremor. In situations where
simultaneous beta-I and beta-2 antagonism may be
disadvantageous to the patient with essential tre-
mor, such as in the elderly or in patients with heart
disease, there may be an indication to use LI in pre-
ference to propranolol. In other tremulous states
such as drug withdrawal, or drug intoxication, there
may also be a preference for a beta-2 adrenorecep-
tor antagonist. -ELong-term studies will be- necessary
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to determine whether this drug is better tolerated in
patients with essential tremor than propranolol.
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