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Low plasma concentrations of adrenaline and
physiological tremor in man
IW FELLOWS, IA MACDONALD, HJ WHARRAD, AT BIRMINGHAM

From the Department of Physiology and Pharmacology, Queen's Medical Centre, Nottingham, UK

SUMMARY Finger tremor was measured in six normal subjects during intravenous infusions of
adrenaline (10 ngkg -minm and 50 ngkg - 'min- ) resulting in venous plasma adrenaline concen-

trations within the physiological range (0 77 + 0-08 and 2-28 + 0-18 nmol 1- 1). Tremor amplitude
significantly increased after 15 and 25 minutes infusion at the higher dose of adrenaline. The lower
dose of adrenaline increased tremor in three of the six subjects.

Adrenaline infused intravenously increased the
amplitude of tremor in patients with Parkinson's dis-
ease.'-' Marsden etal showed that a similar effect
was seen when adrenaline was infused intravenously
into normal subjects and they demonstrated that the
receptors responsible for the increase in tremor were
in the forearm.5
With the advent of newly-developed methods for

the measurement of catecholamines it has become
clear that the doses of adrenaline used in earlier stud-
ies would have resulted in plasma adrenaline concen-
trations much higher than those likely to be encoun-
tered in physiological situations. The present study
was designed to determine whether or not rates of
infusion of adrenaline resulting in plasma adrenaline
concentrations within the physiological range pro-
duced measurable increases in finger tremor.

Methods

Six healthy males (aged 20-30 years, all right-handed) gave
informed consent to participate in the study which was
approved by the Medical School Ethical Committee. The
subjects were studied supine in a constant temperature room
at 30°C; they had not taken alcohol or caffeine-containing
beverages for at least 16 hours before the tremor mea-
surement and had only consumed a light breakfast before
08.00 hours. One of the subjects was a smoker but did not
smoke on the day of the tests. Each subject sat in the labora-
tory for 30 minutes before the experiment. Venous cannulae
were inserted, one into a vein in the right forearm and
another in the left forearm, and the subject then rested

Address for reprint requests: Professor AT Birmingham, Department
of Physiology and Pharmacology, Medical School, Queen's Medical
Centre, Nottingham NG7 2UH, UK.

Received 25 June 1985
Accepted 23 July 1985

supine for 30 minutes. Solutions were infused into the
superficial right forearm vein over 30 minutes and venous
blood samples were obtained from the indwelling left ante-
cubital venous cannula. The plasma was assayed for adren-
aline and noradrenaline concentration.6 Tremor was mea-
sured for I minute periods before, and at 5, 15 and 25
minutes during each 30 minute infusion and again at 10 and
20 minutes after each infusion.
On three separate occasions at least one week apart at the

same time of day (always in the afternoon) the subjects
received (I) adrenaline 50ngkg-'min-' diluted in saline
(154 mmol NaCl I -1) containing ascorbic acid (I mg ml -')
(referred to as adrenaline-50) or (2) adrenaline
10ngkg-1min-' in the same diluent (referred to as
adrenaline- 10) or (3) saline (154 mmol NaCl 1-1) containing
ascorbic acid (1 mg ml - 1) (control).

Tremor measurement
Measurements of finger tremor of the right hand were made
using a small accelerometer (mass 13 g) (Bruel and Kjaer
type 4367) attached by a "Perspex" ring (mass 2 g) to the
terminal phalanx of the middle finger.' Recordings were
made with the forearm supported and the hand out-
stretched. All measurements were made with the subjects
supine. Measurements were made for one minute and
recorded via a charge amplifier (Bruel and Kjaer type 2635)
onto a Racal FM taperecorder for further analysis.

Tremor analysis
Frequency analysis of the tremor waveform, filtered to
remove frequencies above 50 Hz to prevent alias con-
tamination, was carried out using a Hewlett-Packard 3582A
spectrum analyser, remotely programmed with a type 9825A
desk-top calculator in conjunction with a type 7225A graph
plotter and double disc drive (HP9885S and HP9885M).
Five second epochs of the analogue signal were digitised and
subjected to Fourier analysis; the frequency spectra from
eight sequential epochs were averaged to yield for each sub-
ject a mean frequency spectrum covering the range 0 4 to
51 2 Hz in 0 2 Hz intervals. A Hann passband was used to
minimise leakage. From the frequency spectrum the root
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mean square (rms) of tremor amplitude was calculated for
the 0-50 Hz and the 8-11 Hz frequency bands.
For identification of the dominant frequency, each mean

frequency spectrum was smoothed by the method of
"smoothing by threes": for each spectral point, the com-
puter summed half its amplitude value with one quarter of
the amplitude value of each of the two adjacent points. This
process was repeated 23 times. From the smoothed spectrum
the dominant peak was identified as the peak of greatest
amplitude and the frequency of this dominant peak was
determined.8

0-08 nmol 1- and during the high dose infusion
(adrenaline-50) to 2-28 + 0 12 nmol I -. These peak
concentrations were significantly different (ANOVA
p < 0 001). By 15 and 30 minutes after cessation of
the infusions plasma adrenaline levels had returned to
basal values. Venous noradrenaline concentrations
during adrenaline infusions were slightly but
significantly higher (range 1 27 to 1 52 nmol 11-) than
pre-infusion levels (1-18 to 1 38 nmol 11 (ANOVA p
< 0-01).

Analysis ofplasma catecholamines
Catecholamines were extracted from plasma using a two-
stage cation exchange and diphenyl borate extraction pro-
cess and measured by high-performance liquid chro-
matography with electrochemical detection.6 All samples
from a single infusion on one subject were measured in the
same assay batch. The lower limits of detection of this assay
were 0-05 nmol l-F' for both adrenaline and noradrenaline.
The intra-assay coefficients of variation at baseline levels of
catecholamines were noradrenaline (1-5 nmol 1-) 6%,
adrenaline (0-2 nmol 1-') 9%. The interassay coefficients of
variation were noradrenaline 9%, adrenaline, 20%.

Statistical analysis
Statistical analysis of these results used standard analysis of
variance (ANOVA) methods. Where F tests revealed
significant differences between treatments, differences were
identified by t tests on the contrasts in the group means.

Results

Plasma catecholamines
The means of the pre-infusion plasma adrenaline con-
centrations on the three separate occasions were:
saline, 0 16 + 0-03; adrenaline-10, 0-19 + 0-02;
adrenaline-50, 0-15 + 0-04nmol 1-'. During the low
dose infusion of adrenaline (adrenaline-10) the
plasma adrenaline rose to a peak mean of 0-77 +

I

infusion

-5 0 5 10 15 20 25
Time (mins)

I

Recovery

30 40 50

Fig 1 Overall rms acceleration (0-50 Hz) before, during
and after infusions ofsaline (-), adrenaline
10 ngkg -'min -' (0) and adrenaline 50 ngkg -'min -' (A)
*p < 0 05, **p < 0.01 for differencesfrom saline infusion.

Tremor
The effect of adrenaline on tremor amplitude
expressed as overall (0-5OHz) rms acceleration is
shown in fig 1. After 5 minutes infusion of adrenaline-
50, tremor amplitude increased from 0 18 + 0-03 to
0-33 + 0-07 ms-2 (mean + SEM) and by 25 minutes
the mean rms acceleration had increased to 0-61 +
0-18 ms-2 (p < 0-01 compared with control infusion).
Tremor amplitude had returned to pre-infusion levels
20 minutes after the end of the infusion. Overall
tremor amplitude did not increase significantly during
the adrenaline-10 infusion nor during the saline
infusion.

Figure 2 shows the mean tremor spectra for the six
subjects measured during the saline, adrenaline-10
and adrenaline-50 infusions. The variation in the
response between subjects is indicated by the broken
lines representing the standard error of the mean. The
small increase in tremor amplitude in the 8-11 Hz
band during the adrenaline-10 infusion was not
significantly different from the control infusion
although in three of the six subjects tremor amplitude
did increase. The higher dose of adrenaline produced
a statistically significant increase in tremor (8-11 Hz
and 0-50 Hz p <0-0 1). There was considerable vari-
ation in the magnitude of the response between sub-
jects as indicated by the large standard errors but
tremor amplitude was enhanced in all six subjects at
that dose.

There were no significant shifts when the fre-
quencies of the dominant peaks for the control,
adrenaline-10 and adrenaline-50 measurements were
compared.

Discussion

Physiological tremor is increased by endogenously
produced adrenaline, in stress and anxiety,910 hypo-
glycaemia and during exercise, and during intra-
venous administration of adrenaline.' This study
confirms the latter observation and provides further
information regarding the levels of adrenaline
required to produce detectable changes in the tremor
spectrum.
Marsden et al infused adrenaline at a rate of
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Fig 2 Meanfrequency spectra over the range 0-25 Hz ( ± 1 SEM) for 6 subjects showing the changes occurring during the
25th minute ofan infusion ofsaline (left), adrenaline 10ngkg--min1l (middle) and adrenaline 50ngkg -min-l (right).

10 g/min and we estimate that this would have pro-
duced venous concentrations of 5-6 nmol 1-V, that is
three times greater than in the present study. It has
recently become possible to determine accurately the
low concentrations of adrenaline in the blood seen in
physiological situations such as in the supine and
standing positions and during exercise. 11-13 The
doses used in this study resulted in measured venous
concentrations of 08nmoll-1 (adrenaline-10) and
23 nmol 1- 1 (adrenaline-50) and were similar to the
concentrations found on standingt 1 2 and after
excercise (heart rate 158 bmin - 1). 13 In this study the
higher dose produced concentrations at the upper end
of the physiological range achieved from endogenous
adrenaline release which are likely to have been 3-25
times lower than the levels investigated in other
tremor studies.2 -
Our results demonstrate that enhancement of

plasma levels of adrenaline to levels similar to those
seen during exercise caused a broad frequency band
rise in tremor amplitude. Smaller increases in circu-
lating adrenaline such as those which might occur

when changing from a supine to a standing position
were not sufficient to cause a consistent rise in tremor
amplitude in an 8-11 Hz frequency band. In more
sensitive subjects an increased tremor may be seen
since tremor increased in three of our subjects at the
low dose of adrenaline.
Marsden et al showed that peripheral ,B-adreno-

ceptors located in the forearm were responsible for
the increase in tremor elicited by fl-agonists.5 Adren-
aline has other metabolic and haemodynamic effects
on skeletal muscle. These same doses of adrenaline
caused a reduction in vascular resistance14 which
could alter the visco-elasticity of the muscle and
therefore its natural resonance and filtering proper-
ties. Lactate levels in the muscle increase when adren-
aline concentrations in the blood exceed
12nmoll-.1415 Fellows etal14 have shown that
plasma potassium concentration falls during an
infusion of adrenaline 50 ngkg - 'min - '. These meta-
bolic effects may be important in the mechanism pro-
ducing an increase in tremor when plasma adrenaline
concentrations rise. The plasma adrenaline thresholds
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for metabolic actions are higher than for cardiac
chronotropic effects.1415 The tremogenic threshold
for adrenaline though not precisely determined in this
study appears to be at the lower plasma concentration
(06nmoll-1) which is in the range which causes
tachycardia. The venous levels of adrenaline required
to produce measurable effects on tremor have been
found to be within the physiological range.
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