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Relationship between plasma propranolol
concentration and relief of essential tremor
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From the University Department of Neurology, Institute of Psychiatry and King's College
Hospital Medical School, London

SUMMARY The relationship between plasma propranolol concentration and relief of essential
tremor was examined in 11 patients during treatment with oral racemic propranolol in doses of
30 to 640 mg/day. Although propranolol decreased tremor in all 11 patients, the degree of im-
provement varied widely in individuals (mean 51%, range 25-90%), and was not related directly
to the plasma propranolol concentration. In seven patients, optimum reduction in tremor
occurred at plasma propranolol concentrations below 20 ng/ml (0.077 jumol/l) and, in three
others, below 40 ng/ml (0.154 Lmol/l). It is concluded that the optimum response of essential
tremor to propranolol is achieved at relatively low plasma propranolol levels, levels which are
obtained by daily propranolol doses of 120-240 mg.

Essential tremor has been regarded as an exagger-
ated form of physiological tremor (Marshall,
1962), often inherited as an autosomal dominant
trait, and exhibiting a characteristic and un-
explained sensitivity to ethanol (Growdon et al.,
1975). Marsden et al. (1967) showed that racemic
propranolol (Inderal, ICI) was capable of decreas-
ing physiological tremor of the hands by an action
on peripheral /8-adrenoreceptors in muscle (Mars-
den and Meadows, 1970) and muscle spindles
(Hodgson et al., 1969). Subsequently, a number of
studies indicated that racemic propranolol has a
beneficial effect in benign essential tremor
(Winkler and Young, 1971; Dupont et al., 1973;
Morgan et al., 1973; Winkler and Young, 1974;
Tolosa and Loewenson, 1975; Young et al., 1975).
However, the response of tremor to propranolol

in individual patients is variable, and some
workers have concluded that the drug is no more
effective than placebo (Foster et al., 1973; Sweet
et al., 1974). Since there is a wide variation in the
plasma propranolol concentration in different in-
dividuals after the same oral dose (Nies and
Shand, 1975), it is possible that variations in the
clinical response of essential tremor to the drug
are related to individual patients achieving dif-
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ferent plasma propranolol concentrations on the
same dose.

In a recent study of essential tremor, in which
propranolol was given intravenously, it was con-
cluded that suppression of tremor was related to
plasma propranolol concentration and that maxi-
mum tremor suppression was achieved at plasma
propranolol levels of 80-100 ng/ml (0.309-
0.386 ,umol/l) (McAllister et al., 1977). The present
study, therefore, was undertaken to examine the
relationship between tremor suppression and
plasma propranolol concentration during oral
medication. A preliminary report of this work was
given to the British Pharmacological Society
(Jefferson et al., 1979).

Patients and methods

Eleven patients with moderately disabling essential
tremor were studied. The diagnosis of essential
tremor was made on the basis of a characteristic
postural tremor of the upper limbs and sometimes
also of the head but without other neurological
abnormalities. All patients had normal thyroid,
cardiac, renal, and hepatic function, and had
previously reported a favourable response of their
tremor to propranolol. The main clinical features
of the patients are presented in Table 1.

Patients were assessed at two-weekly intervals
over a period of approximately three months; at
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Table 1 Clinical details of 11 patients with essential
tremor

Patient Age Sex Family Length of
(yr) history history

(yr)

1 40 M - 10
2 73 F + 50
3 66 M - 16
4 44 F - 6
5 31 F + 17
6 59 M - 34
7 45 F + 30
8 57 F - 4
9 62 M + 7
10 56 F + 30
11 50 F + 10

each visit each patient was prescribed a different
dose of racemic propranolol (Inderal, ICI) or
placebo, on a single-blind basis. Medication was
given in three or four divided daily doses, ranging
from 30-640 mg propranolol a day. The maximum
dose achieved in individual patients was deter-
mined by the occurrence of side effects, and com-
pliance was assessed by counting the number of
tablets which remained in the container at the end
of each two-week period.
At each visit the patients were assessed clinically

by the same examiner (DJ) in the same surround-
ings, and any side effects encountered during
medication were recorded. After a 10 minute
period of rest lying flat, the supine and standing
pulse rate and blood pressure were measured.
Tremor during a number of manual tests was
scored objectively by rating each test on a scale
from 0-5, and a "total tremor score" was ob-
tained from the sum of the scores achieved in the
individual tests. Objective assessment of tremor
was made by visual rating of the tremor of the
outstretched hands, handwriting, spiral and
sinusoid drawings, and by scoring a timed
performance test which involved threading rings
on to a peg. The tests of handwriting and drawing
were rated independently by two observers (DJ
and CDM), the latter rating the samples without
knowing the patients' medication. There was a
close correlation between the ratings of the two
observers of the tests of handwriting and drawing
(r=0.94). Patients were also asked to rate the
severity of their own tremor by marking a 100 mm
linear scale, thus providing a "subjective tremor
score" at each visit.
Venous blood was withdrawn at the end of the

clinical examination, within two to four hours
after the preceding dose, and the plasma pro-
pranolol concentration was assayed using a
fluorimetric technique (Offerhaus and van der
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Vecht, 1976). The threshold for drug detection
was 5 ng/ml (0.019 ,umol/l) and the technique
measured (+) and (-) propranolol. Serial blood
samples were taken over a 12 hour period from
one patient who had been treated with 120 mg
propranolol daily for two weeks in order to
examine the fluctuations in plasma propranolol
concentrations during the day.

Results

Patient compliance, as assessed by tablet counting
at each visit, was excellent, and side effects from
propranolol were not reported when the daily
intake was below 120 mg. Above this dose, three
patients complained of lassitude and one other
patient developed nocturnal hallucinations which
remitted spontaneously after three nights and did
not recur despite a subsequent increase in the daily
propranolol intake to 640 mg. No patients reported
symptoms of hypotension during the study.

In the patient studied over a 12 hour period
(Fig. - 1), plasma propranolol concentrations
reached peak values approximately two hours
after each oral dose and, during the day, there
was a wide fluctuation in the plasma propranolol
levels, findings which are similar to those reported
by Vervloet et al. (1977).
Peak plasma propranolol concentrations also

showed a wide variation among the 11 patients
when they were taking the same daily oral dose
of propranolol (Fig. 2). For example, at a daily
intake of 120 mg of propranolol the plasma levels
ranged from 8-210 ng/ml (0.031-0.811 ,umol/l).
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Fig. 1 Fluctuation in the plasma propranolol
concentration over a 12 hour period in a subject
(patient 10) maintained on 120 mg daily of
propranolol by mouth. Ordinates: plasma propranolol
concentration in ng/ml and ,umol/l; abscissa: time
in hours. Arrows indicate times of oral administration
of propranolol 40 mg (Pr40).
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Fig. 2 Plasma propranolol concentrations during
different daily maintenance doses of oral propranolol
in 11 patients with essential tremor. Blood samples
withdrawn two to four hours after previous oral
propranolol dose. Ordinates: plasma propranolol
concentration in ng/ml and ,umol/l; abscissa: daily
oral propranolol dose, mg.

In individuals, however, there was a linear cor-

relation between the daily propranolol dose and
the plasma level measured two to four hours after
medication, as shown in Fig. 3, where the values
obtained in five patients who tolerated a wide
range of doses are presented.
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Fig. 3 Plasma propranolol concentrations in five
patients with essential tremor at different daily oral
doses of propranolol. Blood samples withdrawn two
to four hours after previous propranolol dose.
Ordinates: plasma propranolol concentrations in
ng/ml and ,umol/l; abscissa: daily oral propranolol
dose, mg.

By altering the daily dose, all patients achieved
at least one plasma propranolol concentration
below and at least one above 40 ng/ml
(0.154 ptmol/l) making it possible to compare the
response of tremor at low and high plasma
propranolol levels with that of placebo.

BLOOD PRESSURE AND PULSE RATE (FIGS. 4 AND 5)
Supine and standing diastolic blood pressures were
unaffected by propranolol when compared with
placebo. Supine systolic blood pressure was un-
affected at plasma propranolol concentrations
below 40 ng/ml but was reduced at plasma levels
above 40 ng/ml (0.154 tmol/l) compared with
placebo (P<0.01). Standing systolic blood pressure
was reduced at plasma propranolol concentrations
below and above 40 ng/ml (0.154 ,umol/l) com-
pared with placebo (P<0.05), but there was no
difference between the mean reductions in blood
pressure below and above 40 ng/ml.
There was a marked reduction in the supine

pulse rate during treatment with propranolol
(P<0.001), but there was no difference between
the supine pulse rates at plasma propranolol con-
centrations below and above 40 ng/ml
(0.154 ,umol/l). Standing pulse rate was reduced at
plasma propranolol concentrations below 40 ng/ml
compared with placebo (P<0.001), but there was
an even greater reduction in the standing pulse
rate at plasma levels above 40 ng/ml (P<0.01).

TREMOR
When the total objective tremor scores were
examined (Table 2), all patients showed an im-
provement in their score during medication with
propranolol (P<0.001), the maximum improve-
ment ranging from 25-90% (mean 51%). There
was no difference between the scores achieved at
the lower and higher plasma propranolol levels.
These findings were confirmed by the subjective
tremor scores recorded by the patients (Table 3).
Seven patients, with a plasma propranolol con-

centration below 20 ng/ml (0.077 tLmol/l) showed
a reduction in tremor of 10-80% compared with
placebo (P<0.02), but failed to show further
tremor suppression at higher plasma propranolol
concentrations (Fig. 6). Three other patients
achieved maximal, or near maximal, tremor sup-
pression at plasma propranolol levels of 40 ng/ml
(0.154 ,umol/l) or less. Only one patient appeared
to gain additional benefit from increasing plasma
propranolol levels up to or above 100 ng/ml
(0.386,umol/l), but even she relapsed when the
level was further increased to 500 ng/ml
(1.931 umol/l).
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Fig. 4 Mean supine and standing
systolic and diastolic blood pressures
+SE (bar) in 11 patients with essential
tremor during treatment with placebo
(P) and propranolol at plasma
concentrations below and above
40 ng/ml (0.154 ,imol/l). Using
Student's t test for paired data, supine
systolic blood pressure is reduced
compared with placebo only at plasma
propranolol levels above 40 ng/ml
(p<0.01), while standing systolic blood
pressure is reduced at plasma levels
below (p<0.05) and above (p<O.0)
40 ng/ml. There is no significant
difference between diastolic blood
pressures during medication with
placebo and propranolol at plasma
levels below or above 40 ng/ml
(0. I <P<0.05).
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Fig. 5 Mean pulse rate -SE (bar) in 11 patients
with essential tremor during medication with
placebo and propranolol at plasma concentrations
below and above 40 ng/ml (0.154 ,umol/l).
Using Student's t test for paired data, both
supine and standing pulse rates are reduced
compared with placebo at low (p<0.001) and
high (p<0.001) plasma propranolol levels. The
standing pulse rate is reduced more at plasma
propranolol levels above 40 ng/ml than at plasma
levels below 40 ng/ml (p<0.01).
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Table 2 Changes in total objective tremor scores
during medication with placebo and propranolol at
plasma levels below and above 40 ng/ml
(0. 154 umol/l)

Patient Placebo Plasma propranolol concentration

< 40 ng/ml > 40 ng/ml

1 20.0 7.0 12.0
2 18.5 15.0 13.0
3 17.0 13.0 11.0
4 10.0 2.5 1.5
5 11.0 4.0 8.5
6 6.0 3.0 3.5
7 12.0 12.0 7.9
8 13.0 10.0 7.0
9 12.0 10.0 9.8
10 11.0 7.0 8.3
1 1 7.0 3.5 4.0
Mean score 12.5 7.9 7.9
SE 1.33 1.32 1.1
(Maximum tremor score=25)

Tremor is reduced objectively at both low and high plasma propranolol
levels (analysis of variance, P < 0.001) but there is no difference between
the effects produced at the different plasma propranolol levels (p> 0.98).

Table 3 Patients' subjective tremor scores during
medication with placebo and propranolol at plasma
levels below and above 40 ng/ml (0.154 ,umol/l)

Patient Placebo Plasma propranolol concentration

< 40 ng/ml > 40 ng/ml

1 10.0 5.0 5.0
2 8.5 10.0 7.4
3 10.0 9.0 10.0
4 5.5 2.8 0.0
5 7.0 3.0 3.7
6 9.0 4.5 5.5
7 2.0 3.5 3.8
8 9.5 7.5 7.5
9 10.0 8.0 8.0
10 6.0 4.8 4.5
1 1 7.5 8.7 7.2
Mean score 7.7 6.1 5.7
SE 0.75 0.79 0.82
(Maximum tremor score= 10)

Tremor is reduced subjectively at both the low and high plasma propra-
nolol levels compared with placebo (analysis of variance, P < 0.02) but
there is no difference between the effects produced at the different
plasma levels (p < 0.2).

Discussion

Optimum control of essential tremor during oral
medication with propranolol occurred at much
lower plasma propranolol levels (less than
40 ng/ml) than those reported by McAllister et at.
(1977) for intravenously administered propranolol
(80-100 ng/ml (0.309-0.386 ttmol/l)). Further-
more, there did not appear to be a linear correla-
tion between tremor suppression and the logarithm
of the plasma propranolol concentration over the
range of 5-500 ng/ml (0.019-1.931 p.mol/l). Even
though a greater reduction in the standing pulse

60-

40-

20

2 6 20 (0 100 200 50(
Plasma propronobl concentraton (ng/ml)

Fig. 6 Percentage reduction in tremor compared with
placebo at different plasma propranolol concentrations
in 11 patients with essential tremor. Ordinate:
percentage reduction in tremor; abscissa: plasma
propranolol concentration in ng/ml on log scale.

rate was seen at plasma propranolol levels above
40 ng/ml, tremor suppression was equally effective
at low and high plasma propranolol concentra-
tions. While differences in the techniques used to
assess tremor may account in part for the different
results obtained in the present study compared
with those of McAllister and his colleagues, it is
possible that there may be a difference in the
therapeutic effects of oral and intravenous pro-
pranolol. 4-Hydroxypropranolol, a metabolite with
/8-adrenoreceptor antagonist properties (Paterson
et al., 1970; Cleaveland and Shand, 1972), is
produced only after oral administration of pro-
pranolol and may, therefore, enhance the ,B-
blocking effect of the drug. A difference between
the effects of oral and intravenous propranolol
was also noted by Coltart and Shand (1970) who
found that about three times the plasma levels
were required to block exercise-induced tachy-
cardia after intravenous as against oral
propranolol administration.
While several studies have demonstrated a

linear relationship between the logarithm of the
plasma propranolol concentration and the ,B-
adrenoreceptor antagonist effect of the drug
(Coltart and Shand, 1970; Paterson et al., 1970;
Cleaveland and Shand, 1972; Pine et al., 1975;
Baber and McAinsh, 1978), it is more difficult to
establish a corresponding relationship between
plasma levels and the therapeutic actions of the
drug in various pathological conditions. Studies in
hypertension (Hansson et al., 1974; Chidsey et al.,
1975), angina pectoris (Pine et al., 1975), and
cardiac arrhythmias (Coltart et al., 1971) have all
shown great individual variations in the thera-
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peutically effective plasma propranolol levels.
Furthermore, although it has been suggested
that plasma propranolol concentrations of
40-100 ng/ml (0.154-0.386 tkmol/l) are required
for optimum p-adrenergic blockade (Nies and
Shand, 1975), several recent studies have shown
that propranolol may also produce a high degree
of /-adrenergic blockade at plasma levels below
20 ng/ml (0.077 jumol/l) (Leonetti et al., 1975;
Davies et al., 1978), findings which are supported
in the present study.

It, therefore, appears that the wide range of
individual responses of essential tremor to pro-
pranolol is not explained by different plasma
propranolol concentrations achieved in individuals
on the same dosage schedule. The critical dif-
ference between those patients who respond to
propranolol and those that do not remains
undetermined.

In conclusion, the results of the present study
indicate that optimum suppression of essential
tremor by propranolol occurs at relatively low
plasma propranolol concentrations which are al-
most always achieved by daily doses of 120-
240 mg, and that it is not necessary to increase
the dose of propranolol above such levels in the
hope of achieving better control of the tremor.
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