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phosphate buffer (pH 7 2). The mobile
phase B consisted of 22-2% acetonitrile in
methanol. The increments of buffer B in
the gradient programme were 6-5%, 12-8%,
15-5%, 27-0%, 39 0%, 41-0%, and 59 5%
at 5 5, 6-0, 13-0, 13-5, 14-0, 19-5, and 22-5
minutes, respectively. The analysis was
carried out at a flow rate of 1-5 ml/min.

Before analysis 20 and 5 pl CSF samples
were diluted with an internal standard of 20
and 95 pl a-aminoadipic acid (5 ,M)
respectively. The reagent mixture was pre-
pared by dissolving 10 mg o-phthalaldehyde
in 250 ,1 methanol and adding 50 pl 2-mer-
captoethanol in 4-7 ml 1 M borate buffer
(pH 10-5). Derivatives were made by mix-
ing 63 pl o-phthalaldehyde with a 7 ,ul sam-
ple two minutes before injecting on to the
column.

Statistical analysis was by unpaired t test
and Mann Whitney U test. Data are given
as means (SEM).

Although there were slight decreases in
the concentrations of amino acids in
patients with essential tremor there were no
significant differences in most amino acids
(table). The control values were similar to
those found by others.4

Despite the great number of experimen-
tal studies dealing with the aetiology of
tremor induced by harmalin, no human
data exist yet that directly explain the gener-
ation of essential tremor.
The most surprising change in the con-

centrations of amino acids was that the con-
centration of serine and glycine was
reduced. Glycine can be formed from
serine by a reversible folate dependent
reaction catalysed by the enzyme, serine
trans-hydroxymethylase. Therefore it is
concluded that the reduction in the concen-
tration of glycine is a consequence of the
decreased concentration of its major precur-
sor, serine. The important role of glycine in
decreased inhibition in the CNS has been
demonstrated in the mutant spastic mouse.5
The less severe phenotypes of these auto-
somal recessive inherited mice are charac-
terised only by tremor of trunks and limbs,
raising an interesting comparison with the
similar features of essential tremor.'

Whereas the concentration of glutamate
was not significantly changed, that of
aspartate was significantly decreased
(p < 0-01). The climbing fibres of the cere-
bellum utilise excitatory amino acids as
neurotransmitters67 and an increase in the
concentration of excitatory amino acids
might have been expected if an overactivity
of the inferior olive were involved in essen-
tial tremor. From experimental studies,
however, the expected candidate for this
neurotransmitter is glutamate.67

This is the first clinical study that draws
attention to the possible role of glycine and
it is concluded that the decreased concen-
tration of glycine may be involved in essen-
tial tremor. Our findings also strengthen the
hypothesis that this disease is of central origin.
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Persistent hemiballism in Parkinson's
disease

Ballism has been regarded traditionally as a
unique hyperkinetic movement disorder
with clear anatomical localisation. In
humans and other primates, lesions of the
subthalamic nucleus cause contralateral
hemiballism. This rather neglected small
anatomical structure has lately attracted
interest in connection with Parkinson's dis-
ease, as it has been shown in primates
exposed to 1-methyl-4-phenyl-1,2,3,6-
tetrahydropyridine (MPTP), that the indi-
rect motor loop from the striatum via the
lateral segment of the globus pallidus and
the subthalamic nucleus may be overactive,
whereas the converse is true for the
GABAergic projection from the globus
pallidus to the thalamus.'

It is on this basis that experimental
anatomical lesions of the subthalamic
nucleus or neutralisation of its activity by
high frequency electrical stimulation or by
pharmacological agents such as N-methyl-
D-aspartate (NMDA) antagonists, have
been tried in Parkinson's disease or the
MPTP models. Such lesions can reverse
parkinsonian symptoms in the contralateral
limbs.

In patients with Parkinson's disease,
lesions in the subthalamic nucleus can
reverse parkinsonism contralaterally. We
recently treated a patient with Parkinson's
disease in whom a lesion in the subthalamic
nucleus was expressed by sustained violent
hemiballism. The patient was a 60 year old
right handed man. His history showed arte-
rial hypertension and non-insulin depen-
dent diabetes mellitus, both controlled
pharmacologically. He had gait distur-
bances and recurrent falls. When examined
by a neurologist, hypomimia, symmetric
limb rigidity that increased on contralateral
activation, and a short step gait were noted.
He had no tremor and showed a mild
central left facial weakness accompanied
by mild pyramidal signs. Treatment with
levodopa and carbidopa and selegiline was
beneficial.

About one year later, sudden involuntary
violent ballistic movements of the left limbs
appeared. On examination, there was rigid
limb tone on the right whereas on the left
the tone was normal. Tendon reflexes were
brisker on the left and the plantar response
was extensor. CT showed a haemorrhage in

Figure Unenhanced CTperformed about six
hours after the appearance of left hemibalism.
Note the haemorrhage in the right
subthalamus.

the right subthalamic nucleus (figure).
The ballistic movements continued

despite withdrawal of antiparkinsonian
drugs. Increasing doses of haloperidol up to
30 mg/day were not beneficial but aggravat-
ed the parkinsonian symptoms, mainly
bradykinesia. Clonazepam was added at a
dose of 1 mg thrice daily, which minimally
reduced the hemiballism but had to be
withdrawn because of intolerable somno-
lence.

Three months after the event, the patient
still had hemiballistic movements, although
somewhat attenuated. At this time the mus-
cle tone in the left limbs was still normal, by
contrast with the rigidity on the right.
The co-occurrence of Parkinson's disease

and a lesion in the subthalamic nucleus in
the same patient is a coincidental event of
low probability, and confirms that destruc-
tion of the subthalamic nucleus in a patient
with Parkinson's disease can reverse parkin-
sonian symptoms in the contralateral limbs
as suggested by studies in primates.34
The persistence of hemiballism for sever-

al weeks is unusual. If hemiballism occurs
after iatrogenic subthalamic nucleus
destruction in monkeys treated with MPTP,
it is usually of short duration. Aziz et al,
however, in a study of the alleviating effect
of lesions of the subthalamic nucleus in
parkinsonian monkeys, mentioned one ani-
mal in whom hemiballism persisted for at
least 16 weeks.4 This finding, together with
ours, implies that the occurrence, severity,
and persistence of hemiballism should be
carefully studied before the use of subthala-
motomy by iatrogenic anatomical destruc-
tion becomes a therapeutic option in
Parkinson's disease.
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Brain glucose utilisation in a patient
with "athymhormia" from a family
with autosomal dominant parkinsonism
and psychic disturbances

Recently, we reported' a family with a pic-

ture clinically and neuropathologically con-

sistent with the syndrome of autosomal
dominant parkinsonism associated with psy-

chic disorders (ADPPD).2
The psychic disturbances reported in

patients with ADPPD have remained ill
defined to date, but have often been
referred to as "mental depression" or "apa-
thy". In one patient from our family with
ADPPD, we were able to further qualify
these psychic features, and to assess the
underlying brain functional alterations with
PET.

In 1987 a 56 year old female patient
showed progressive psychic retardation. In
1989 she showed global hypokinesia with
slight extrapyramidal hypertonia but no

tremor. At that time, a course of levodopa
treatment was begun but had soon to be
stopped due to total digestive intolerance.
In 1990, akinesia was pronounced but
extrapyramidal hypertonia was still moder-
ate. Meanwhile, the patient had become
more and more indifferent to her surround-
ings, neglecting everyday chores and depen-
dent for everyday matters on those
attending her. She had no complaints
except that of being mentally void. She
exhibited a flat affect but no anxiety, and
did not express any depressive thoughts.
She was, however, reluctant to submit to
medical examination. In addition to akine-
sia, examination highlighted an inexpressive
facies and moderate extrapyramidal hyper-
tonia of all four limbs without axial hyper-
tonia; examination at a date close to PET
showed resting tremor of the lower limbs.
There was no oculomotor abnormality.
Two years after onset the neuropsycho-

logical testing (limited by the patient's lack
of cooperation) showed no significant global
intellectual deterioration (Benton's visual
retention test, Signoret's cognitive assess-

ment set = 76, mini mental state = 28),
although her memory quotient on the
Wechsler memory scale was slightly low at
86. Verbal fluency was reduced at six words
a minute and the verbal span forward
slightly reduced at five. No sign of frontal
lobe dysfunction could be elicited on

Luria's graphic series. There was no grasp-
ing. Brain CT, EEG, and copper metabo-
lism were all normal. Questionable global
frontal atrophy could be seen on TI and T2
weighted MRI performed in 1990.

Her two brothers and her only sister had
a similar clinical presentation.' Postmortem
examination on the two brothers (carried
out six and 18 years after the onset of the
illness) had shown essentially identical
lesions: clearcut cortical atrophy limited to

the frontal lobes, massive neuronal and pig-

ment loss in the substantia nigra and other
brainstem pigmented nuclei, and moderate
neuronal loss in the striatum, pallidum,
thalamic nuclei, septal nuclei, and diagonal
band of Broca. No Lewy body was found by
optical microscopy or immunocytochemical
staining with ubiquitine antibodies either in
the substantia nigra or in the cortex.
Immunocytochemical staining by A4 pro-

tein and TAU protein antibodies were neg-

ative. No senile plaques, neurofibrillary
degeneration, amyloid angiopathy, Pick's
bodies, or iron deposition were found.

In 1990, the cerebral utilisation of glu-
cose (CMRglc) was measured at rest with
eyes closed, by means of 1 8-fluorodeoxyglu-
cose, with a seven slice PET device of high
resolution (5-5 x 5 5 x 9 mm, x, y z, model
TTV 03, LETI, Grenoble, France) in

stereotaxic positioning conditions relative to
the Glabella-Inion line. Attenuation correc-

tion was carried out by means of a transmis-
sion scan. The regions of interest were

positioned directly over the MRI cross sec-

tions corresponding to the PET planes, by
means of a software enabling MRI data
acquired in 3D (FLASH procedure) to be
resliced to the PET coordinates with

respect to the Glabella-Inion landmarks.
Anatomical structures were identified on

the MRI relative to the bicommissural line,
and with Talairach's stereotaxic atlas of the
human brain. The circular (14 mm diame-
ter) regions of interest, 1 6 in number,
aimed at analysing the main functional neo-

cortical and subcortical structures, with
averaging over both sides.
The absolute CMRglc values and the rel-

ative metabolic indices (region/neocortex)
were compared with confidence intervals
calculated in a sample of 10 healthy volun-
teers of mean age 51 (SD 9) years. The
confidence intervals for single subject pre-
dictions were calculated as mean (SDt),
adjusting t to the sample size and the two
tailed probability value chosen (t = 2-262
for 9 df, and p < 0 05 here).

Analysis of the absolute CMRglc values
showed no significant abnormality,
although the values for all the structures
were close to the lower 95% confidence
limit as calculated in our control group.

Analysis of the "Region/Neocortex" indices
(table) showed diminished values for the
lateral prefrontal cortex, which just reached
the p = 0-05 level. The temporal/neocortex
index was significantly reduced (p < 0-05),
and the occipital/neocortex index was sig-
nificantly raised (p < 0-01); other regional

metabolic indices showed no significant
change. A lateral-prefrontal/occipital ratio,
calculated to assess the anteroposterior
metabolic gradient, was significantly (p <
0 05) reduced (0-78 for a 95% lower confi-
dence limit of 0 80).
Our patient's abnormal behaviour comes

nearest to what has been described since the
1 920s in the French literature as

"athymhormia" (in Greek, lack of 6vf,6s,
affect and 6p,ss, drive), initially in psychotic
patients and more recently in patients with
bilateral lesions of the striatum.3 Laplane et

a14 described a similar presentation in
patients with bilateral lesions of the pal-
lidum or frontal lobe white matter that they
called "loss of psychic self-activation" or

"psychic akinesia", also described recently
after paramedian bilateral thalamic infarct.5
Both "athymhormia" and "loss of psychic
self-activation" share certain features that
suggest frontal lobe dysfunction (for exam-

ple, mental retardation, reduced initiative),
but their hallmark is loss of drive (lack of
interest in things of life) and a flat affect
(lack of emotional reactivity) without global
mental deterioration. Reversal of this
behaviour by external stimulation, however,
seems less efficient in "athymhormia",'
which was the case in our patient.
The cerebral metabolic values in our

patient showed minor changes, with a mar-

ginally significant relative lateral-prefrontal,
and significant lateral-temporal hypometab-
olism, as well as a significant increase in rel-
ative metabolism of the occipital cortex, but
without metabolic alterations of the precen-

tral cortex or parietal lobe. This pattern
suggests an abnormal anteroposterior meta-
bolic gradient, also shown by a significantly
reduced lateral-prefrontal/occipital ratio.
Because this is the first report of metabolic
changes in the brain in ADPPD, our find-
ings can only be compared with previous
literature in other related diseases.

Previous studies in patients with psychic
akinesia from mainly bipallidal5 or bithala-
mic5 lesions have also reported mild lateral
prefrontal hypometabolism, suggesting
disruption in the prefronto-striato-pallido-
thalamo-prefrontal circuit at different levels
results in a similar clinicometabolic picture.
Neuropathological data in our patient's two
brothers (obtained at an advanced stage)
indicate the presence of lesions at several
locations in this circuit, with a possible
cumulative effect on cortical function;
moreover, this loop was presumably
deprived of its modulating dopaminergic
afferents, as is also the case in progressive

Regional metabolic ratios (regionlneocortex)

Regionl Patient Controls (mneani (95%o confidence intervals))

Frontobasal cortex 0-91 0-94 (0-73-1- 15)
Prefrontal lateral cortex 0.92* 1-05 (0-92-1- 17)
Whole prefrontal cortext 0-92 1-01 (0-86-1-15)
Precentral cortex 1-03 1-06 (0-89-1-23)
Whole frontal cortex: 0-94 1-02 (0-88-1- 14)
Whole temporal cortex 0 88** 0-96 (0-89-1-01)
Whole parietal cortex 1-01 1-04 (0-97-1-11)
Whole occipital cortex 1 18*** 1-00 (0-87-1-12)
Limbic cortex 0-85 0-87 (0-74-1-00)
Caudate nucleus 0-96 1-03 (0 89-1 16)
Lentiform nucleus 1-05 1-08 (0 82-1 34)
Basal ganglia§ 100 1-06 (0-87-1-24)
Thalamus 1-17 1-09 (0 86-1 31)
Cerebellum 0-94 0-94 (0-70-1- 16)

*p = 0 05; **p < 0-05; ***p < 0-01 v normal controls.
t Includes the frontobasal and the prefrontal lateral cortices.
t Includes the prefrontal and the precentral cortices.
(Includes the caudate and lentiform nuclei.
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