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Metallic mercury induced tremor in rabbits
and mercury content of the central
nervous system

KATSUHIRO FUKUDA
Department of Public Health, Hokkaido University School of Medicine, Hokkaido, Japan

Fukuda, K. (1971). Brit. J. industr. Med., 28, 308-311. Metallic mercury induced tremor in
rabbits and mercury content of the central nervous system. Tremor induced by metallic mercury
was experimentally produced in rabbits by intermittent exposure to mercury vapour (aver-
age concentration of 40 mg/m3 for 6 hr/day on 4 days/week for 13 successive weeks). Two
of six male rabbits exposed developed fine tremor and clonus in the fore- and hind-legs
after 13 weeks' exposure. Electromyographic records showed typical grouped voltages
accompanying the clonus (amplitude 0 3 to 1 0 mV, duration 20 to 30 ms, frequency 14
to 15 per second).

Activation analysis of the central nervous system showed mercury levels ranging from 0-8 to
3 9 ,ug/g wet tissue. The concentration in the cerebellum, the tegmentum, and the thalamus was
significantly higher than in the remaining structures. The relationship between the tremor
and the mercury content of the central nervous system is discussed and a positive causal
relationship is suggested.

Tremor is a prominent symptom of metallic mercury
poisoning (Baker, 1965; Luhan, 1968). The tremor is
reversible and subsides if the patient is properly
treated (Bidstrup, 1964; Kazantzis, 1965). This
suggests that the tremor reflects the severity of the
metallic mercury poisoning and that it may have
some close relationship with the mercury content of
the tissues involved. Although there have been some
electromyographic studies on mercurial tremor
(Isch, Rohmer, and Marx, 1950; Suzuki, Kubota, and
Kogi, 1960), little is known about the relationship
between experimental tremor and the mercury
content of the central nervous system.

In the present preliminary study, tremor due to
metallic mercury has been produced in rabbits and the
relationship between the tremor and the mercury
content of the central nervous system has been
investigated.

Experimental methods and materials
A fairly constant concentration of mercury in air was

generated by the method shown in Figure 1. Six normal
male rabbits (body weight 2 5 to 3 5 kg) were exposed to
mercury vapour (average concentration of 4-0 mg/il3
for 6 hr/day on 4 days/week for 13 successive weeks).
The mercury concentration was frequently measured by
a Kitagawa vapour detector. Each rabbit was observed
and checked to see whether it showed tremor when
supported by the angles of both mandibles in a vertical
position sitting on its buttocks. At the end of the 13th
week all the rabbits were examined in a shielded room by
electromyography using a concentric needle electrode.
The time constant was 0-01 s. Four of these rabbits (two
with clonus and two without) were killed, and several
different parts of the central nervous system were analysed
for mercury by non-destructive activation analysis
(Westermark and Sjostrand, 1960). After being rinsed in
saline and weighed, each specimen was sealed in a piece
of polyethylene tube, and irradiated at a neutron flux of
1 8 x 1014 n cm-2 s-4 for 20 minutes with standard and
control specimens, and aged for 9 to 10 days. The gamma
radiation from Hg197 was measured by scintillation
spectrometry with a sodium iodide well-type detector.
The mercury content was calculated from the count rate
after correction for background.
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FIG. 1. Mercury vapour generator.

a. Vinyl bag (about 2-8 m3).
b. Gas flow meter.
c. Air-tight stainless steel exposure chamber (about 0.5 mi).
d. Outlet for air sampling of intrachamber air.
e. Vacuum pump (0.25 W).
f. Mercuiy vapourizer (a reagent bottle, metallic mercury
in the bottom, bathed in water at 70'C, controlled by a
thermostat).
A Indicates stopcocks.

Results

None of the animals showed any tremor during the
control period of two weeks before exposure. In the
11th week of exposure the fore-legs of one rabbit

occasionally showed spontaneous tremor as well as
clonus when the legs were tapped. By the end of the
13th week of exposure two rabbits had occasional
tremor and clonus of their fore- and hind-legs. The
tremor observed was very fine and easily noticeable
when the animal was set in the way described under
'Methods'. The clonus occasionally appeared spon-
taneously during observation but it could also be
produced by tapping the legs and it tended to
decrease within one minute. Furthermore, all of the
six rabbits showed more exaggerated reflexes elicited
by the tapping of local muscles by an operator
compared with the control period.
On electromyographic examination the control

rabbits showed intermittent unit discharges, which
appeared continuously with almost equal inter-spike
intervals on tonic contraction of the extremities, as
shown in Figure 2A. The two rabbits with clonus,
however, showed the typical grouped voltages
presented in Figure 2B and C. The grouped voltages
were 0 3 to 1-0 mV and lasted 20 to 30 ms at a
frequency of 14 to 15 per second.
The results of analyses for mercury, carried out on

0(17-0-41 g specimens, are shown in the Table. A
statistical test (Scheffe, 1953) with the results shown
in the Table revealed no significant difference in
mercury content between the rabbits with clonus
and those without (at the 10% level of significance,
for the degrees of freedom (13, 14) 0 + S x D(O) =
0-086 ± 0-84 (- 0-754, + 0 926), where 0 indicates
an estimated difference of the means, and S x D(0)
indicates the confidence interval calculated by
Scheffd's formula) but there was, at the 5% level,
significantly more mercury in the cerebellum,
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FIG. 2. Electromyograms of
control rabbit (A) and those
exposed (B) and with clonus (C).
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TABLE
MERCURY CONTENT IN CENTRAL NERVOUS SYSTEM

(Each figure represents the measured value (,ug/g) of wet tissue in each specimen.)

No. Neocortex Cerebellum Tegmentum Thalamus Caudate Pons Spinal cord

Rabbits with clonus 2 1 0 3-1 1 7 2-3 0.5 0 9 1.0
1-4 2-0 1.9 2-8 1-8 1-2 0-8

Rabbits without 1-3 1 8 * 3.9 08 1i2 09
clonus 2 1-4 2 5 1 8 2-8 1.0 1 2 1 2

* No specimen

tegmentum, and thalamus than in the remaining
structures (degree of freedom (13, 14), 6 ± S x D(O)
=1 27 ± 111 (+0-16, +238)).

Discussion

Previously, Ashe et al. (1953) examined the effects
of an intermittent and controlled exposure to
mercury through the respiratory tract for a fairly
long term on rabbits. But they did not report
tremor. Beliles, Clark, and Yuile (1968) found fine
tremors in the fourth week in rats repeatedly exposed
to mercury vapour (17 mg/m3 for 2 hr/day on 5
days/week for about 4-5 successive weeks) and they
also found some histological changes in the central
nervous system, but they did not report the mercury
content in the tissues.
The present work has shown that rabbits may

develop spontaneous tremor as well as clonus
following a series of intermittent exposures to
mercury vapour and has also suggested some causal
relationship between tremor and the mercury
content in the central nervous system. The tremor
was associated with grouped voltages of the
electromyogram, as one might expect. These
voltages are known to appear in several situations
and have been customarily regarded as of central
origin when such peripheral factors as muscular
fatigue, exposure to cold, atrophy of disused muscles,
rheumatic arthritis, and myelitis can be excluded
(Hori and Yoshii, 1956). Since none of these local
factors was operative in the present study, the
tremor observed may be of central origin and the
mercury in the central nervous system may have
some causal relationship with the tremor, supposing
some dose-response relationship of mercury in the
tissues (Passow, Rothstein, and Clarkson, 1961).
Although there were no significant differences in

the mercury content of the rabbits with clonus and
those without, the present study disclosed higher
concentrations of mercury in the cerebellum,
tegmentum, and thalamus than in the other structures.
The cerebellum is a highly important extrapyramidal

structure, and both the tegmentum, including the
substantia nigra, and the thalamus have some
functional significance in extrapyramidal motor
control (Cooper, 1966). It is, therefore, possible
that some functional impairment of these structures
may cause, at least in part, the tremors observed.
These are only preliminary experiments, and

further studies are necessary to provide fuller
information for an estimation of the probable rate
of appearance of the tremor under such conditions
as those described here.

The author is greatly indebted to Professor T. Yokota,
M.D., and to Dr. T. Yamauchi, M.D., of Hokkaido
University for the electromyographic recording and for
guidance; to Professor T. Morozumi and Dr. H. Ohashi
for suggestions about the activation analysis; to Pro-
fessor A. Okada, M.D., of Sapporo Medical College for
providing the exposure chamber; to Professor S. Abe,
M.D., and Professor S. Watanabe, M.D., for their help.
Permission for irradiation for the activation analysis at
the Institute of Atomic Energy was given by the special
committee of the Science Council for common usage of
the atomic pile.
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