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Recently, [123l]iodo-lisuride was synthesized for possible applica

tions in SPECT studies. The purpose of this investigation was to
compare the striatal binding and kinetics of this radloligand in
patients with Parkinson's disease and normal controls. Methods:
Six patients with Parkinson's disease and three normal controls
were examined. After intravenous injection of 111 MBq [123l]iodo-

lisuride, sequential SPECT examinations at 20, 40, 80 and 120 min
were performed. For each SPECT series the basal ganglia-to-
cerebellum ratio of tracer accumulation was calculated. In one
patient a repeat SPECT examination was undertaken under identical
conditions to test the reproducibility of the procedure. In two other
patients a second SPECT examination was performed after injection
of cold lisuride as a receptor saturation study. In addition, the time
course of the radioactivity was measured in the plasma and red
blood cells in each individual. Results: In both patients and controls,
the highest tracer accumulation was found within the striatum. The
basal ganglia-to-cerebellum ratio was 1.182 and 1.303 at 20 min,
1.353 and 1.450 at 40 min, 1.490 and 1.533 at 80 min, 1.550 and
1.583 at 120 min for patients and controls, respectively, which was
not statistically different. In the saturation study, 50 /Â¿gand 100 fig
cold lisuride led to a 28% and 33% reduction, respectively, of the
basal ganglia-to-cerebellum ratio at 120 min. The ligand showed a
rapid decline in plasma and red blood cells. The percent injected
dose per liter was calculated to be 1.6 and 0.9, respectively, for
plasma and red blood cells at 20 min. Conclusion: lodine-123-lodo-
lisuride SPECT seems useful for imaging intact striatal dopamine D2
receptors in patients with Parkinson's disease and may provide

clinically relevant information for quantitative assessment of the
availability and integrity of dopamine D2 receptors.
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A. striatal dopamine deficiency represents the major patho-
physiological mechanism in Parkinson's disease (/). Neuro-
pathologic examinations of patients with Parkinson's disease

have revealed that more than 60% of the dopaminergic neurons
of the substantia nigra can be degenerated (2). PET studies have
demonstrated that the presynaptic decarboxylation and storage
of ['8F]fluorodopa may be severely disturbed in this central

nervous system disorder (3). PET examinations with different
receptor ligands, however, have shown that the postsynaptic
dopamine D2 receptors are unaffected in Parkinson's disease

(4-6).
Postsynaptic dopamine D2 receptors have also been stud

ied by SPECT in akinetic-rigid disorders (7,8). SPECT with
[123I]IBZM as a dopamine D2 receptor ligand have demon
strated intact dopamine D2 receptors in Parkinson's disease (9).

In contrast, patients with Parkinsonism plus syndromes have
revealed decreased striatal dopamine D2 receptors (10).
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Dopamine agonists such as lisuride have been used clini
cally for the treatment of Parkinson's disease. Recently, lisuride
has been successfully labeled by 123I(11 ). It has been assumed

that this compound might be suitable for SPECT examinations
because of its high affinity and specificity to dopamine D2
receptors. Until today, SPECT examinations using this com
pound have been performed in patients with progressive su-
pranuclear palsy (12) and Rett's syndrome (13).

In animal studies, it has been shown that after labeling
[123I]-iodo-lisuride is able to pass the blood-brain barrier and

acts as a dopamine antagonist (14). Radiolabeled lisuride is
relatively stable metabolically. For [76Br]bromo-lisuride, 83%

of radioactivity in the striatum represents metabolically un
changed radioligand after 180 min (14).

The purpose of this study was to compare striatal binding and
[123I]iodo-lisuride kinetics. In patients with Parkinson's disease

and in healthy controls, sequential SPECT measurements were
performed to detect the time course of specific and nonspecific
binding of this compound. In addition, receptor displacement
studies were carried out after administration of cold lisuride.
Furthermore, the time course of [123I]iodo-lisuride was mea

sured in the plasma and red blood cells in both patients and
controls.

METHODS

Patients
Six patients (5 men, 1 woman, aged 42-72 yr) were studied. In

all patients, Parkinson's disease was diagnosed according to

criteria of the United Kingdom Brain Bank London. The severity of
the disease was classified according to the Hoehn and Yahr scale in
all patients (Table 1). One patient had never received dopaminergic
therapy (de novo), one patient responded to dopaminergic treat
ment and four patients showed fluctuations during the course of
treatment. In addition, three healthy individuals (1 man, 2 women,
aged 68-78 yr) were examined as controls. Written informed
consent was obtained from all subjects. The investigation was
approved by the ethical committee of the Rudolf Virchow Univer
sity Clinic of the Free University and the Bundesamt fÃ¼rStrahlen
schutz.

Any dopaminergic treatment, if applicable, was withdrawn 12 hr
before the examination was started. All individuals received 300
mg sodium perchlorate as a thyroid blocking agent 30 min before
tracer administration.

Radiotracer
All patients and controls received 111 MBq [123I]iodo-lisuride

[(3-(9,10-didehydro-2-iodo-6-methyl-8a-ergolinyl)-1,1 -diethyl-
urea] intravenously (//). Specific activity of [123I]iodo-lisuride

was determined to be >500 MBq/nmole and the radiochemical
purity was greater than 95% with a contamination of [I25l]iodo-
lisuride of less than 2.5 X 10~4 nmole.
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TABLE 1
Biographical and Clinical Data for Patients and Controls

Intensity of
Disease symptoms On-Off

Subject Age duration (Hoehn/Yahr phases
no. (yr) Sex (yr) Scale) (hr/day) Diagnosis

123456789725755426759777868MMMFMMFFM1081162.514nananaon/off2/42/42/2na3/43/5nananaon/off10/210/5nanana3/11nananaPOPDPDPDPDPDControlControlControl

na = not applicable; PD = Parkinson's disease.

Repeat Studies
Three patients were examined twice. The first examination

served as a baseline study and the second examination was
performed 1 wk later. In the second examination, one patient
received 50 /ig and one patient received 100 jxg cold lisuride
intravenously 20 min before tracer administration to measure
saturation of striatal receptors. Another patient underwent a repeat
study 1 wk after the baseline study to measure the reproducibility
of the scanning procedure.

SPECT
Sequential SPECT scans were obtained 20 min (Series I), 40 min

(Series II), 80 min (Series III) and 120 min (Series IV) postinjec-
tion. The acquisition time was 15 min for Series I to III and 45 min
for Series IV. All SPECT examinations were performed on a
single-head gamma camera with a low-energy, all-purpose colli-
mator. The acquisition protocol, image resconstruction techniques
and image evaluation have been described elsewhere (75).

All SPECT examinations were evaluated by using regions of
interest; for quantitative evaluation of individual radiotracer up
take, a basal ganglia-to-cerebellum ratio was calculated for each
SPECT series.

Blood Analysis
During each SPECT examination, 5-ml blood samples were

collected with heparinized syringes. The blood samples were
immediately centrifuged, and the plasma and red blood cells were
separated. The radioactivity of both the plasma and the red blood
cells were measured in a gamma counter. The measured radioac
tivity was expressed as the percent of injected dose per liter

Statistical Analysis
Statistical analysis was performed using a computer program

(Systat, Systat Inc., Evanston, IL).

RESULTS

SPECT
Visual analysis of all SPECT sequences showed highest

tracer accumulation within the striatum in both patients and
controls. In both groups, the extrastriatal regions of the brain
revealed only nonspecific tracer binding. The sequential SPECT
measurements demonstrated an initially steep increase of the
basal ganglia-to-cerebellum ratio, which was followed by a
slow incline from Series I to Series IV in patients and controls
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FIGURE 1. Basal ganglia-to-cerebellum (BG/CB) ratio versus time as mea
sured by [123l]iodo-lisuride SPECT (mean Â±s.d.) in patients and controls.

(Fig. I). The basal ganglia-to-cerebellum ratio was 1.182 and
1.303 at 20 min, 1.353 and 1.450 at 40 min, 1.490 and 1.533 at
80 min and 1.550 and 1.583 at 120 min for patients and
controls, respectively, which was not statistically different (p =
0.353, ANOVA). The results of the basal ganglia-to-cerebellum
ratio for all SPECT series are shown in Table 2.

Repeat Studies
The two SPECT examinations performed under the same

conditions 1 wk apart revealed almost identical results for the
basal ganglia-to-cerebellum ratio (Fig. 2).

The saturation study showed that 50 /j.g cold lisuride led to a
28% decrease of total tracer binding, which was equivalent to a
decrease of approximately 80% of the specific tracer binding in
SPECT Series IV (Fig. 3) and the application of 100 fig cold
lisuride resulted in a 33% decrease of total tracer binding.

Blood Examinations
The radioactivity measurements in the plasma and red blood

cells revealed a rapid decline in the percent injected dose per
liter (1.6 and 0.9, respectively) at 20 min (Fig. 4).

General Observations
Both patients and controls tolerated the studies well. No side

effects from tracer injection were observed.

TABLE 2
Basal Ganglia-to-Cerebellum (BG/CB) Ratio Results in Patients

and Controls

BG/CB ratio

SPECTseries1IIIIIIVTime(min)204080120Patients
(n =6)Mean1.1821.3531.4901.550s.d.0.1360.1190.1170.103Controls(n =3)Mean1.3031.4501.5331.583S.d.0.0550.1110.0990.138p(ANOVA)0.353
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RGURE 2. Basal ganglia-to-cerebellum (BG/CB) ratio versus time as mea
sured by [123l]iodo-lisuride SPECT in a patient with Parkinson's disease.

Baseline study and repeat examination under identical conditions 1 wk apart
from the baseline study.
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FIGURE 4. Time course of activity (%ID/liter) in plasma and red blood cells
for patients and controls.

DISCUSSION
The dopamine agonist lisuride, a lysergic acid derivative, was

synthesized by Zikan and Semonsky in 1968 (16). In 1976,
direct dopaminergic action in mice was reported (17). Lisuride
shows a high affinity to dopamine D2 receptors with only
negligible binding to dopamine D l, serotonin or beta-adrener-

gic receptors (17).
After labeling with 123I, lisuride reacts as a dopamine D2
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RGURE 3. Basal ganglia-to-cerebellum (BG/CB) ratio versus time as mea
sured by [123l]iodo-lisuride SPECT in a patient with Parkinson's disease.

Baseline study and receptor saturation study before application of 50 jÂ¿gcold
lisuride.

receptor antagonist and becomes suitable for SPECT examina
tions. Therefore, for receptor displacement or saturation studies,
a radioligand has become available that is a derivative of a cold
pharmacologie active analog. Further comparative studies are
needed to demonstrate whether [123I]iodo-lisuride is more
advantageous than [123I]IBZM as a dopamine D2 receptor

imaging agent.
We believe that the use of 123I-labeled substances such as

[123I]iodo-lisuride or [123I]IBZM might be of diagnostic value

in the differential diagnosis among parkinsonian syndromes.
Using [I23l]iodo-lisuride, Chabriat et al. (12) found that dopa

mine D2 receptors are decreased in patients with supranuclear
palsy. Hierholzer et al. (10) also studied [123I]IBZM and

detected significantly lower dopamine D2 receptors in patients
with Parkinsonism plus syndromes compared to patients with
Parkinson's disease. Most substances that have been used for

PET or SPECT examinations of dopamine D2 receptors belong
to the classes of neuroleptics, butyrophenones and benzamides.

In this study, [I23l]iodo-lisuride had the highest accumulation

in the striatum. This observation agrees with other investigators
who also found the highest binding of [123I]iodo-lisuride and
[76Br]-bromo-lisuride in the basal ganglia of the baboon and

human brain (12,18). In their SPECT study, Chabriat et al. (12)
found basal ganglia-to-cerebellum ratios in controls with a
mean value of 1.59 Â± 0.22 at 60 min postinjection. The
sequential SPECT measurements in our study revealed an
initially steep increase of tracer accumulation followed by a
slow incline of the time-activity curves until 120 min in patients
and controls. Additional data points at 3 and 4 hr would have
been of value to clarify whether the basal ganglia-to-cerebellum
ratio plateaus. For patients and controls, however, a total scan
time of 120 min during which they were immobilized was
strenuous. To avoid repositioning artifacts, we believe that a
scan time of 2 hr is the maximum tolerable.

For patients and controls, there was no difference in the
striatal binding of [123I]iodo-lisuride in the time course of tracer

accumulation or in the basal ganglia-to-cerebellum ratio. Re
sults from PET studies demonstrated some evidence that the
basal ganglia-to-cerebellum ratio is proportional to dopamine
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D2 receptor density and that this ratio can be used for clinical
purposes because of its sensitivity and low variability (6,19).
Therefore, it seems justified that undisturbed striata! accumu
lation of [123I]iodo-lisuride indicates intact dopamine D2 recep
tors in Parkinson's disease (20).

Radioactivity measurements in the plasma and red blood cells
after application of [123I]iodo-lisuride showed that this radioli-

gand is rapidly cleared from peripheral blood. Furthermore,
there was no significant transport of [123I]iodo-lisuride from the

plasma compartment to the red blood cell compartment.
The saturation study in two patients demonstrated that 50 and

100 Â¿igcold lisuride led to a 28% and 33% reduction,
respectively, in ligand binding at 120 min. Such experiments
seem promising to test the availability of dopamine D2 recep
tors for dopamine agonists during the treatment of patients with
Parkinson's disease.

The repeat SPECT study, in one patient 1 wk after the
baseline study, indicates that such measurements using SPECT
yield reliable results and can be used for semiquantitative
assessment of radioligand binding.

The variation of striatal dopaminergic function versus age has
been the subject of some studies. There is some controversy
about the decline in presynaptic dopaminergic function versus
age. Although some investigators have found a correlation
between striatal [I8F] fluorodopa uptake with age (27), others

have not (22). There is consensus on the decline in striatal
dopaminergic D2 receptors versus age (23,7) in both PET and
SPECT studies. It has been shown that there is initially a steeper
decline in striatal dopaminergic D2 receptors in younger sub
jects, which levels off in older groups (23). These findings
agree with our own results, in which a correlation of the basal
ganglia-to-cerebellum ratio of [123I]iodo-lisuride versus age

could not be detected (p = 0.722 and p = 0.0841, respectively)
in older patients (aged 42-72 yr) or controls (aged 68-78 yr).

CONCLUSION
Iodine-123-iodo-lisuride SPECT can be utilized for imaging

intact striatal dopamine D2 receptors in patients with Parkin
son's disease as compared to normal controls. Iodine-123-iodo-

lisuride SPECT may yield clinically relevant information about
the functional status of dopamine D2 receptors by assessing the
basal ganglia-to-cerebellum ratio and by receptor saturation
studies.
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