
Letters to the editor

Permethrin metabolism

Me Me

ci

0O
Esterase

Me Me

ci

OH +

ci 0

HO

COOH 9
OH OH

D c

thought of as harmless may therefore be toxic
to a small proportion of the population who
have an inability to metabolise them easily to
safer compounds.
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(+ )-PHNO: a new anti-Parkinsonian
agent which does not induce chorea in
MPTP-treated squirrel monkeys

Exciting advances in drug delivery tech-
nology to control fluctuations in response to
anti-Parkinsonian therapy are under way.'
One recent development is a rate-controlled
transdermal delivery system for the selective

D, agonist (+ )-PHNO which was capable of
maintaining stable plasma levels in the
therapeutic range throughout a 24 hour
period in primates.2 The suitability of (+)-
PHNO for rate-controlled absorption
through the skin sets it apart from conven-

tional anti-Parkinsonian agents. However, as

well as "on-off" swings, many Parkinsonian
patients also have debilitating drug-induced
dyskinesias, especially chorea.3 The patho-
physiology of this side-effect is poorly under-
stood. We now report that (+ )-PHNO,
unlike levodopa, does not induce chorea in
MPTP-treated squirrel monkeys.
The subjects had previously served in

experiments using transdermal application of
(+)-PHNO2 and had all received intermit-
tent exposure to levodopa during the two
years before this study (total exposure ranged
from 70 to around 1500 mg/kg po for different
animals). Locomotor activity and drug-
induced choreoathetosis in each limb was

scored continuously by direct observation
every five minutes for up to three hours using
a clinically-based rating scale of 0-4 accord-
ing to frequency and severity. Dyskinesias in
each limb were rated separately as follows:
0= absent; 1 = occasional/mild; 2 = intermit-
tent/moderate; 3= frequent/marked; 4 = con-

tinuous/severe. Levodopa was administered
by oral gavage at 5, 10, 15 or 20 mg/kg lh
following treatment with double the respec-
tive dose of carbidopa. (+ )-PHNO was

examined at 0 625, 1 25, 2 5 or 5 pg/kg sc in
the leg.

Administration of levodopa caused a dose-
dependent increase in locomotor activity
accompanied by choreoathetoid movements
affecting the limbs, especially the legs. These
reached a peak some 40-60 minutes after
treatment and were characterised by
repetitive flexion/extension or circling
movements of the hands, forearms, hindlegs
and feet and gyration about the pelvis. Bucco-
lingual dyskinesias were not observed.
Chorea appeared less severe at the highest
dose of levodopa (20 mg/kg) due to the
emergence of verticalisation or climbing
behaviour between 90 and 165 minutes after
treatment. In contrast, treatment with (+)-
PHNO induced marked locomotor stimula-
tion, but no chorea was observed in the limbs
at any dose examined (see table). Unlike
levodopa, lashing movements of the tail were
observed following treatment with (+ )-
PHNO; the relevance of these movements for
dyskinesias in humans is not clear.
The absence of chorea in MPTP-treated

squirrel monkeys following acute administra-
tion of the D2-selective agonist (+)-PHNO
agrees with a similar finding using chronic
treatment with bromocriptine for five months
in macacques.4 Similarly, in stage I-III Park-

insonian patients, Stoessl et al 5did not make
any mention of dyskinesias following acute
single dose oral treatment with (+ )-PHNO.
Interestingly, the less selective D2 agonist
apomorphine has been reported to reduce

chorea in Parkinsonian patients receiving
levodopa therapy,6 in Huntington's disease7
and in neuroleptic-induced tardive dyskin-
esia.8 However, it should be noted that dysk-
inesias have occasionally been observed after
administration of (+ )-PHNO both in
primates9 and in humans.'0 The reason for
this discrepancy is not known, but may be
related to the severity of Parkinsonism, dura-
tion of prior treatment with levodopa
("priming"), and type of dyskinesia (chorea
or dystonia).
Our findings, and those of others, clearly

indicate a difference between the effects of a

nonselective, indirect agonist (levodopa) and
D2-selective direct agonists in the genesis of
chorea in the Parkinsonian brain. One inter-
pretation of these findings is that stimulation
of D, receptors may induce chorea. D, bind-
ing sites are particularly high in the medial
pallidal segment," an area implicated in the
induction of chorea.'2 It is also of interest that
the direct nigropallidal dopamine pathway is
relatively unaffected by the neurotoxin
MPTP," and this could provide a direct route
for the production of chorea by levodopa.
We would predict that use of a directly

acting selective D2 agonist such as (+ )-
PHNO via a sustained release preparation in
de novo Parkinsonian patients might greatly
reduce the incidence of both chorea and
motor fluctuations whilst giving effective
relief from akinesia.

We are extremely grateful to Professor C D
Marsden for his evaluation of the drug-
induced dyskinesias induced by levodopa and
(+)-PHNO.
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Table Induction of locomotor activity and chorea following treatment with levodopa or (+ )-PHNO in MPTP-treated squirrel monkeys

Levodopa (mg/kg po) (+)-PHNO (pg/kg sc)

Vehicle 5 10 15 20 Vehicle 0-625 1-25 2S 50

Score summed over 180 minutes Score summed over 75 minutes
Locomotor activity 9 (10) 21 (6)* 34 (6)* 45 (8)* 31 (5)* 14 (4) 24 (6)* 28 (3)* 35 (3)* 42 (2)*
Chorea 0 4 (2) 64 (20)* 188 (24)* 156 (28)* 0 0 0 1 (1) 0

Values are expressed as the mean (1 SEM) for data obtained using seven animals.
*p < 0 01 compared to vehicle treatment, Dunnett's multiple comparison test.
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Delayed-onset posthemiplegic dystonia
and imitation synkinesia

The late development of hemidystonia fol-
lowing hemiplegia is an uncommon sequela of
stroke.' Its pathogenesis is still contraversial
but may involve lesions in the contralateral
caudate nucleus, lentiform nucleus, and
thalamus, or combinations of these.2 Imita-
tion synkinesia was defined by Marie and
Foix as "involuntary symmetrical
movements tending to reproduce on one side
of the body, movements executed by the
other."3 It is usually associated with a
thalamic or parietal lesion.4 We report a
patient who developed a previously undes-
cribed association ofhemidystonia and imita-
tion synkinesia as a late complication of a
thalamic haemorrhage.
A 74 year old man with a three year history

of hypertension developed acute headache,
right hemiplegia, and hemianaesthesia in
October 1982. The right limbs were
hyperreflexic and the right plantar response
extensor. Computed tomography (CT)
showed a left thalamic haematoma with
involvement of the internal capsule. Two
months later, the patient was able to walk
with crutches although his hemianaesthesia
remained unchanged. Six months after the
stroke, he developed voluntary pulling and
twisting movements in his right arm and
shoulder. Progressively, the involuntary
movements spread to the neck, mouth, ton-
gue, and the right side of his face. As a result,
he had slight difficulty with speech and in
swallowing. His eyelids intermittently
screwed up forcefully, especially on the right
side. His right leg was deformed, with a flexed
knee, extended ankle, and clawed foot.
Because of the leg dystonia, he found it
difficult to walk and was almost confined to a
wheel-chair from November 1984. Burning
paraesthesia gradually developed in his arm
and leg and his body. In August 1985, the
patient's dystonic right hand started to
imitate involuntarily simple movements that
were performed by the left hand, such as
waving fingers.

In December 1986, he was admitted
because of increasing swallowing distur-
bance, hemidystonia, and paraesthesia of the
right arm and leg. On examination, he was
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alert and intellect was not
cranial nerves were intact and e
were full and the optic fundi
Mild hemiparesis and hyperre

cortical SEP was obtained following the right
median or tibial nerve stimulation. Daily
regimens of 6 mg diazepam, 300 mg
levodopa, 6 mg haloperidol, 15 mg baclofen,
75 mg dantrolene, 300 mg phenytoin and
600 mg carbamazepine had been tried with-
out effect.
A left stereotaxic thalamotomy was perfor-

med in January 1987. Post-operatively, there
was marked improvement in the orofacial
dystonia, blepharospasm, hemidystonia,
imitation synkinesia and in the burning
paraesthesia in the right limbs. The mild

500 uV hemiparesis and hemidystonia, and hemian-
100 ms aesthesia persisted. Two weeks after opera-

tion the patient was able to take food without
difficulty and to walk with support. He
remained in the same condition, without
medication, two years after the operation.
The points of particular interest in this

patient were first, the unique association of
the late development hemidystonia with
imitation synkinesia in the hemiparetic limbs
and, second, the marked improvement of
both involuntary movements after stereotaxic
thalamotomy. These two observations may
indicate that hemidystonia and imitation syn-
kinesia share a common pathogenesis.

Disorganisation of the lemniscal system at
any level may be responsible for imitation
synkinesia.4 This might be a plausible explan-
ation for the appearance of imitation synkin-

ngs. a) simul- esia on the right hand with ipsilateral hemian-
iitative con- aesthesia in out patient with thalamic
'icis brevis haemorrhage. However, it is difficult to
actions of right explain the distinct improvement of imitation
ontraction) synkinesia after stereotaxic thalamotomy.
rArrows; Burke et al has suggested that delayed onsetirt voluntary dystonia is the result of slowly evolving

aberrant neuronal sprouting, stimulated by
the original lesion.' In our patient, the effect
of thalamotomy may have been the result of
removal of such aberrant neuronal sprouting,
leading to the relief of hemidystonia.
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muscle atrophy were noted in the right limbs
but plantar responses were flexor. All sensory
modalities were diminished in the right side
of the body and in the right extremities. His
right shoulder was adducted and fixed, and
the elbow was slightly flexed. The forearm
was deformed with a flexed wrist and
hyperextended fingers, particularly seen in an
outstretched position. There were orolingual
dystonia, bilateral blepharospasm, and
g.imacing of the right side ofhis face. Waving
his left hand voluntarily, the patient simul-
taneously waved his right hand unintention-
ally. These imitative movements of the right
hand could also be induced by moving either
foot but not by passive movement of the left
hand or either foot.

Routine haematological, electrolyte, and
liver and renal function tests were normal.
Serology for syphilis was negative. A chest
radiograph was normal. CT showed
hypodensity in the left thalamus. Surface
EMG recordings showed simultaneous mus-
cle activities on both right and left abductor
pollicis brevis, when the patient was asked to
abduct his left thumb (fig la). Similarly,
there were muscle activities on the right wrist
extensor muscles simultaneous with left
anterior tibialis during dorsiflexion of the left
foot (fig lb). An EEG showed diffuse slow
waves. Somatosensory evoked potentials
(SEP) following stimulation of the left
median and tibial nerves were normal. No
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Magnetic resonance imaging in ad-
renoleukodystrophy presenting as
spinocerebellar degeneration

Magnetic resonance imaging of a patient with
adrenoleukodystrophy, presenting as spino-
cerebellar degeneration, showed symmetrical
lesions in the corticospinal tract and
cerebellar white matter adjacent to the den-
tate nuclei. These findings differentiate
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