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Selective D- 1 dopamine receptor agonist effects in
hyperkinetic extrapyramidal disorders
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SUMMARY The motor and cognitive effects ofa selective D-l dopamine receptor agonist, SKF 39393,
were assessed in patients with Huntington's disease, Gilles de la Tourette's syndrome, tardive
dyskinesia, and torsion dystonia, using a double-blind placebo-controlled design. Over daily doses
ranging from 3-2 to 32 mg/kg and treatment intervals extending from one to seven weeks, no

consistent changes could be discerned. The contribution of D-l receptor mediated mechanisms to the
pathophysiology of hyperkinetic extrapyramidal disorders remains uncertain.

Dopaminergic mechanisms appear to play a central
role in the pathophysiology of hyperkinetic
extrapyramidal disorders. Within the past decade, two
general subclasses of dopamine receptors have been
identified. The D-l receptor mediates the stimulatory
effects ofdopamine on adenylate cyclase, while the D-
2 receptor is either unassociated with or negatively
linked to this enzyme.' Introduction ofagents selective
for these receptor subtypes has facilitated studies of
the functional roles of D-l and D-2 and D-2 receptor
mediated mechanisms,23 and has yielded information
that may assist in the development of improved
pharmacotherapy of extrapyramidal disease.
The D-2 dopamine receptor has previously been

considered most closely related to extrapyramidal
motor function.4 Nevertheless, recent preclinical
observations suggest that D-1 receptors may also
participate in the generation of involuntary and
cognitive deficits that attend certain hyperkinetic dis-
orders.9 Clinical experience also supports the notion
that D-1 receptor mediated mechanisms contribute to
the production of choreiform movements. Treatment
of Parkinson's disease with non-selective D-1/D-2
dopaminomimetics such as levodopa results in dose-
limiting facial, appendicular and axial dyskinesias.
When treatment is initiated with the relatively selective
D-2 agonist bromocriptine, the appearance of these
movements may be delayed.'0 Studies in the
experimental animal also implicate D-1 receptor
mechanisms in the behavioural alterations that occur
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in Huntington's disease and Gilles de la Tourette's
syndrome. For example, D-l receptor stimulation
appears to modify attentional mechanisms in rats,
alter the animals' responses to novel and noxious
stimuli, and affect their ability to switch from one
behavioural set to another."

In an attempt to evaluate the contribution of D-1
dopamine receptor mediated mechanisms to the
motor and cognitive changes associated with hyper-
kinetic extrapyramidal disease, SKF 38393, a selective
D-l receptor agonist2 was administered under double-
blind placebo-controlled design conditions to patients
with Huntington's disease, Gilles de la Tourette's
syndrome, tardive dyskinesia and torsion dystonia.

Methods

Five patients with Huntington's disease (3 men, 2 women;
ages 24 to 77 years), two with Gilles de la Tourette's
syndrome (2 males, ages 25 and 35), two with tardive
dyskinesia (one male and one female, ages 62 and 65), and
one with idiopathic torsion dystonia (male, age 27), con-
sented to participate in this study after full disclosure of its
purposes, risks and potential benefits. All centrally active
drugs had been withdrawn at least two weeks prior to
hospital admission for this therapeutic trial.

In the patients with Huntington's disease, choreiform
movements had been present for 2 to 20 years and ranged
from mild to moderately severe in the untreated state.
Diagnosis was based on clinical features, family history
suggestive of an autosomal dominant pattern of inheritance,
and evidence of caudate atrophy on CT scan. Psychometric
evaluation classified all these patients in the impaired range:
mean full scale IQ 74, range 59-87; verbal IQ 79, range 67-95,
performance IQ 72, range 58-80; memory quotient 73, range
61-88; Mattis dementia rating scale 113, range 93-126.

Both patients with Gilles de la Tourette's syndrome (DSM
IIIR criteria) had mild to moderate vocal and motor tics
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which had presented before age 16 years. Patient 6, who had
experienced tics for 31 years, also evidenced moderately
severe obsessive-compulsive symptomatology. Patient 7,
who had had tics for 10 years, also gave a history of
attentional deficit disorder and continued to manifest these
symptoms during the study. His neuropsychological testing
revealed definite cognitive dysfunction (table 4).

Patients with tardive dyskinesia were not psychotic; both
had been treated with neuroleptics for symptoms of unipolar
depression (13 months in patient 8 and 4 years in patient 9).
Patient 8 manifested moderate to severe choreatic and
dystonic movements of the trunk and extremities as well as
akathisia. Patient 9 had moderate to severe linguo-facial-
buccal and upper extremity chorea.
One patient with idiopathic torsion-dystonia had severe

facial, axial and appendicular dystonic movements as well as
incapacitating dystonia of the pharyngeal musculature.
These movements had presented and progressed since 20
years of age and had not significantly improved following
unilateral thalamotomy 5 years prior to this study.
SKF 38393 (Research Biochemicals, Inc., Wayland, MA)

was administered orally in a double-blind, placebo-con-
trolled, cross-over design. Dosage was gradually increased
over a period of 10 to 14 days to a maximum of 11 to 32 mg/
kg given in three divided doses. SKF 38393 was then
withdrawn except in the two patients with tardive dyskinesia,
where the period of active drug treatment was extended to 33
and 50 days.

In Huntington's disease, tardive dyskinesia and torsion
dystonia, abnormal involuntary movements were evaluated
by two independent observers following administration of
placebo or drug using a modification of the Abnormal
Involuntary Movement Scale (AIMS). Movement severity in
selected body parts was rated on a scale of 0 (absent) to 4
(severe). In patients with tardive dyskinesia, the acute
response to SKF 38393 was evaluated over the first 2 weeks of
drug treatment. Patients with Gilles de la Tourette's syn-
drome, while on placebo and again on maximum doses of
SKF 38393, were videotaped during the performance of a
standard motor sequence (seated at rest, seated with arms
held outstretched and while performing repeated finger to
nose movements, and walking) which took approximately 5
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minutes and was repeated 7 to 10 times daily. Videotapes
were subsequently randomised and evaluated by two
neurologists unaware of the patients' treatment status. Tics
which were characteristic for either patient were counted in
each timed sequence and a mean frequency (tics/min) was
calculated for each day.

Treatment related changes in cognitive function were
evaluated in patients with Huntington's disease using a
comprehensive neuropsychological test battery (table 2). A
modification of this test battery was used to evaluate
functions purportedly impaired in Gilles de la Tourette's
syndrome (table 4). The entire battery, which took approxi-
mately 60 minutes to perform, was begun one hour after the
administration of the third daily dose of placebo or of the
maximum dose of SKF 38393 (12 ± 1-0 mg/kg in Hunting-
ton's disease patients; 9 1 and 9-8 mg/kg in patients with
Gilles de la Tourette's syndrome.)
Data were tested for significance using one way factorial

and repeated measures analysis of variance and least sig-
nificant difference multiple range tests.

Results

In Huntington's disease patients, there was no consis-

Table 1 Effect ofplacebo and various SKF 38393 doses on
choreatic movements in Huntington's disease

Patient Placebo 26-3 8 60-7-7 10-S15

I 11 12 12 11
2 19 15 18 18
3 19 20 18 16
4 24 28 23 1 5
5 18 15 16 19
Mean (SEM) 18 (2.0) 18 (3.6) 18 (1-8) 18 (2 3)

Values are the mean of 2 ratings by 2 independent observers
evaluated 90 minutes after the third daily dose of placebo or SKF
38393 at three different daily dose levels (3-2 ± 0 3 mg/kg, range 2-6
to 3-8 mg/kg; 6-8 ± 0-4 mg/kg, range 6-0 to 7-7 mg/kg; and
12 4 + 1-0 mg/kg, range 10-1 to 15 1 mg/kg). Choreatic movements
were rated on a scale of 0 (absent) to 4 (severe), in each of 10
categories and then summed, the maximum possible score being 40.

Table 2 Effect ofSKF38393 on cognitivefunction in Huntington's disease

Baseline Placebo SKF38393
Maximum Mean (SEM) Mean (SEM) Mean (SEM)

Attention:
Digit Span Forward - 4-8 (0 5) 4-8 (0-6) 5-0 (0-7)
Digit Span Backward - 2-5 (0-3) 3 0 (0 4) 0 (0 4)
Simple Reaction Time - 629 (54 2) 434 (24-3) _ (104-5)
Go/No Go Reaction Time - 1608 (684 8) 1987 (847-1) 1555 (522)

Verbal Function:
Paired Associate Learning (Immediate Recall) 7 2-2 (0-4) 2-0 (0-4) 2-4 (0 3)
Paired Associate Learning (30 Minute Delayed Recall) 7 2-2 (0-6) 2 5 (0-6) 2-6 (0 3)
Verbal Fluency - 12 (2-5) 10 (2 0) 13 (1-3)

Visuospatial Function:
Embedded Figures 10 4-8 (1.7) 4-3 (2 0) 5-5 (0-9)
Street Map Away 16 14 (2 2) 14 (1-3) 12 (2 1)
Street Map Towards 16 13 (1 7) 14 (1-5) 13 (0 2)
Non-Verbal Fluency 40 14(6-6) 15 (6-7) 17 (66)

Attentional parameters were tested with digit span,2' and with reaction time, consisting of simple and complex response paradigms (go/nogo
response) ; verbal cognitive tests assessed both episodic and semantic aspects of memory, through paired associate learning,23 as well as
immediate and delayed recall and verbal fluency;' visuospatial tasks included embedded figures25 street map26 and non-verbal fluency"7 tests.
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Table 3 Effect ofSKF 38393 on ticfrequency in Gilles de la
Tourette's syndrome

Placebo SKF38393
Patient Region Mean (SEM) Mean (SEM)

6 Eyes: 4-2(1-3) 3-3(14)
Mouth: 6-1(1 1) 4-7(1-8)
Neck: 1 1(03) 2-3(0-4)

7 Neck: 4-5 (1-1) 2-3 (0.7)
Hand/Wrist: 6-2 (3-0) 2-6 (1-2)
Fingers: 37 (5) 30 (6)

Mean (SEM) tics per minute were counted by two independent
observers unaware of the patients' treatment status. Patients were
videotaped during placebo administration and at the maximum
SKF 38393 dose (23 mg/kg/day for patient 6 and 27 mg/kg/day for
patient 7) while performing a standard motor sequence which took
approximately 5 minutes and was repeated 7 to 10 times per day.

tent alteration in abnormal voluntary movements at
any of the SKF 38393 doses administered (table 1). In
addition, neuropsychological assessments revealed no
systematic change in cognition as a function of SKF
38393 treatment (table 2).

Patients with Gilles de la Tourette's syndrome also
had no statistically significant improvement in motor
function at any dose of SKF 38393, although there
appeared to be a general trend towards a reduction in
tic frequency (table 3). Multiple measures ofattention,
verbal and visuospatial cognition, and memory also
failed to change with SKF 38393 treatment (table 4).
Drug therapy did not have any discernable effect on
the obsessive compulsive symptomatology evidenced
by patient 6 (table 4).

Tardive dyskinesia patients had no consistent
change in the severity of their involuntary movements
during the administration of SKF 38393 (table 5).
However, choreiform movements in patient 8 initially
tended to increase, then subsided to baseline levels
over the next two weeks, only to worsen abruptly when
the drug was discontinued. In this individual, mean
AIMS scores appeared lower during stable dose

Table 4 Effect ofSKF 38393 on neuropsychological
function in Gilles de la Tourette's syndrome

Baseline Placebo SKF38393

Digit Span Forward 7/7 8/6 8/5
Digit Span Backward 7/5 8/5 8/5
Letter Attention Task 0/1 0/0 0/0
Verbal Fluency 32/32 41/21 51/28
Street Map Away 0/3 0/6 0/7
Street Map Towards 0/7 0/8 0/7
Leyton Yes Responses 36/23 36/18 36/19
Leyton Resistance Score 58/8 47/14 56/13
Leyton Interference Score 40/45 35/42 39/35

Scores are for two patients with Gilles de la Tourette's syndrome
(patient 6 and patient 7). Neuropsychological tests, in addition to
those administered to patients with Huntington's disease (table 2),
included the Letter Attention Task Omissions2' (Adapted) and the
Leyton obsessional inventory.29

Table 5 Effect ofSKF38393 on involuntary movements in
tardive dyskinesia and torsion dystonia

Placebo SKF 38393
Patient Diagnosis Mean (SEM) Mean (SEM)

8 Tardive Dyskinesia 12 (2-5) 17 (1-7)
9 Tardive Dyskinesia 8-9 (0 7) 8-3 (0-5)
10 Torsion Dystonia 27 (1-0) 29 (0 5)

Mean (SEM) AIMS scores derive from 2 blinded ratings performed
after the 2nd (patients 8 & 9) or 3rd (patient 10) daily dose of drug
or placebo. Choreatic movements and dystonic postures were scored
on a scale of 0 (absent) to 4 (severe) in either 6 body parts (tardive
dyskinesia) or 10 body parts (torsion dystonia) and these scores were
then summed. SKF 38393 daily dosages were 9 5 mg/kg/day for
patient 8, 1 1 mg/kg for patient 9, and 32 mg/kg for patient 10.

treatment (11, SEM 0-2; daily dose 9 5 mg/kg) than
during either the initial placebo (12, SEM 2 5) or
second placebo phases (18, SEM 1-3).
The patient with idiopathic torsion dystonia showed

no apparent effect on AIMS scores at either of two
doses of SKF 38393 (table 5).

There were no clinically significant adverse effects
associated with SKF 38393 administration in any of
the patients.

Discussion

The present results indicated that subacute adminis-
tration ofthe selective D-1 dopamine receptor agonist,
SKF 38393, over a wide range of doses had no
clinically significant effect on motor function in two
patients with tardive dyskinesia and in one patient
with idiopathic torsion dystonia, or on either motor or
cognitive function in five patients with Huntington's
disease and two with Gilles de la Tourette's syndrome.
It is unlikely that this lack of efficacy can be attributed
to a failure of the drug to cross the blood brain barrier
in pharmacologically significant amounts. Unmeta-
bolised SKF 38393 has been demonstrated in human
cerebrospinal fluid following the oral administration
of doses comparable to the maximum levels used in
this study.'2 Moreover, doses of SKF 38393 given our
patients, calculated on a mg/kg body weight basis,
approximated those which reproducibly modify
motor activity in rats,'3 and which produce CSF drug
levels similar to those found in rat brain at the time
of maximum behavioural response.'2 Further, a
stimulatory effect of SKF 38393, in the dose range
used in this study, on prolactin secretion has been
observed in humans.'4 Because the D-1 agonist has no
direct effect on prolactin secreting cells outside the
blood brain barrier, the hormone release appears to be
centrally mediated.
The negative response to SKF 38393 reported here

may reflect a very limited role for D-1 receptor
mediated mechanisms in hyperkinetic extrapyramidal
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motor disease. Conceivably, the pathophysiology and
pharmacotherapy of these disorders may relate lar-
gely, if not exclusively, to the D-2 subclass of
dopamine receptors.

Considerable preclinical evidence, nevertheless,
suggests that D- 1 receptor mediated mechanisms may
participate in the regulation of motor function. In
rodents, concurrent stimulation of both D- 1 and D-2
receptors appears necessary for the full expression of
the motor and electrophysiological effects of
dopamine agonists, and the D-1 receptor appears to
regulate the level of response to D-2 receptor
stimulation.5 D-1 receptor stimulation is a require-
ment for the induction of stereotypy, a behaviour
which serves as an animal model for abnormal in-
voluntary movements in humans.67 Chronic D-1
receptor stimulation appears to be necessary for the
appearance of agonist-induced behavioural super-
sensitivity, a model for the chronic motor and
behavioural effects of long-term dopamine agonist
administration in Parkinson's disease.8 In monkeys
chronically exposed to neuroleptics, selective D- 1
receptor blockade produces acute dystonic reactions
and oral dyskinesias, which closely resemble those
seen in patients with extrapyramidal disorders.9
The inability of SKF 38393 to modify motor

function in the extrapyramidal disorders studied here
may reflect the fact that the drug is a partial D-l
receptor agonist.'5 Conceivably, SKF 38393 may
produce clinically significant effects only at doses
above or below those used in the present study.
Nevertheless, at least in the case of Huntington's
disease, this seems unlikely since motor function was
formally assessed over a broad dose range without
apparent effect. Alternatively, despite its high selec-
tively in vitro and its behavioural potency in
laboratory animals, SKF 38393 may not have identi-
cal pharmacologic properties in man. If this is true,
acute administration of this agent may not actually
reflect the effect of D- I receptor stimulation in hyper-
kinetic extrapyramidal disease.

Other explanations are also possible. Pathological
changes in Huntington's disease involve degeneration
ofmedium spiny neurons projecting from the striatum
to primary outflow regions such as globus pallidus and
substantia nigra reticulata.'6 The highest cerebral
concentrations of D-1 receptors are found in these
regions, located presynaptically on terminals of the
medium spiny afferents." The number of these recep-
tors may thus be substantially reduced in Hunting-
ton's disease, and D-1 receptors could therefore be
involved in the pathophysiology of this disorder by
virtue of their absence. Consequently, SKF 38393
would have no effect on motor or cognitive signs. Such
pathological changes appear to be unique to Hunting-
ton's disease, however, and would not readily explain
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the failure of SKF 38393 to affect Gilles de la
Tourette's syndrome, tardive dyskinesia or torsion
dystonia.
On the other hand, D-1 receptors might in fact play

a role in the pathophysiology ofall these disorders, but
the failure ofSKF 38393 to modify motor or cognitive
function could be due to a ceiling effect: elevated
release of endogeneous dopamine or an increase in
post-synaptic receptor sensitivity in these disorders
may result in maximal D-1 receptor tone which cannot
be further augmented by selective agonist administra-
tion. The participation of the D1 receptor could be
effectively demonstrated, in such circumstances, only
by the use of selective antagonists. Results of a
previous study'8 suggest that mixed D-1/D-2 receptor
antagonists and relatively selective D-2 receptor
antagonists may have different effects on choreiform
movements in certain extrapyramidal disorders.

Finally, D-l dopamine receptors might contribute
to the pathophysiology of these disorders by virtue of
their interaction with D-2 receptors, a possibility
which is not directly addressed in the present study.
Preclinical investigations have documented a complex
functional interaction between D-1 and D-2 receptors
and suggested that the D-1 receptor may exert its most
profound effects only when the D-2 receptor is con-
currently stimulated."'9 Indeed, some studies sug-
gest that such an interaction may be essential.7
Clinical observations support this possibility; SKF
38393 administered alone has no apparent effect on
motor function in Parkinson's disease, but may
modify dyskinesias induced by levodopa.'2 If a
functional interaction between receptor subtypes
plays a role in the pathogenesis of motor or cognitive
phenomena associated with hyperkinetic extra-
pyramidal disease, it will necessarily be documented
only by further studies utilising combinations of
selective D-1 and D-2 receptor agonists or antagonists.

In summary, our results suggest that the subacute
administration ofthe D-l receptor agonist SKF 38393
has no clinically significant effect on motor or cogni-
tive function in patients with various hyperkinetic
extrapyramidal disorders. While these negative results
may be due to methodological limitations, they might
also suggest the D-1 receptor mediated mechanisms do
not contribute significantly to the pathophysiology of
these diseases. On the other hand, the D-1 receptor
may in fact play a substantial role in the pathogenesis
of hyperkinetic extrapyramidal disorders which can-
not be adequately characterised by the administration
of SKF 38393.
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