
Introduction

Parkinson’s disease (PD) is a severe and progressive neu-
rodegenerative disease with an insidious onset. The pre-
dominant neuropathological feature is a loss of dopamin-
ergic cells in the substantia nigra, pars compacta and the
ventral tegmental area. This results in a marked defi-
ciency of striatal dopamine (DA) [2]. The main motor
signs are bradykinesia, tremor, rigidity and postural insta-
bility. Postmortem studies have shown that the loss of DA
cells in PD is accompanied by a decline in the striatal,
presynaptic DA transporter, located on the nerve termi-
nals of DA neurons projecting from the substantia nigra to
the striatum [20]. Recently, ligands derived from cocaine
have become available for imaging these presynaptic DA

transporters in vivo by single photon emission computed
tomography (SPECT) [6, 17, 28, 29]. One of these com-
pounds, [123I]β-CIT (2β-carbomethoxy-3β-(4-iodophenyl)
tropane, has been shown to be especially useful in moni-
toring the dopaminergic degeneration of the nigrostriatal
pathway in PD patients [17]. Although [123I]β-CIT binds
in vitro to DA transporters and to serotonin transporters
with approximately equivalent affinity, Laruelle et al. [25]
showed in primate studies that the in vivo striatal [123I]β-
CIT binding is specific for the DA transporter. This find-
ing is consistent with the known relative density of DA to
serotonin transporters in the striatum of > 10:1 [17].

Initial SPECT studies imaging the DA transporter with
[123I]β-CIT showed a severe loss of striatal DA trans-
porters in PD, more pronounced in the putamen than in
the caudate nucleus, compared with healthy human sub-
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jects [5, 17, 18, 24]. More recent studies [1, 26, 30, 31,
33] have confirmed these findings.

Most patients included in these recent studies were
showing a wide range of disease severity, with varying
disease stages (Table 1). More importantly however, the
patients examined in these studies were often receiving
drugs acting on the dopaminergic system. This may lead
to a change in the number of DA transporters as a result of
alterations in the concentration of DA in the synaptic cleft
and to a competition of endogenous DA or the active drug
with the radioligand for the DA transporters.

The function of the DA transporter is to remove DA
from the synaptic cleft, which is an important mechanism
for the termination of dopaminergic neurotransmission.
Therefore, the number of these DA transporters may be
regulated by the level of synaptic DA, which would be
consistent with the concept of synaptic homeostasis [36].
For instance, it has been reported that subchronic treat-
ment with reserpine caused a significant decrease in the
binding of the widely used dopamine transporter ligand
GBR 12935 in rat and mouse striatum [12, 21]. Gordon et
al. [12] also showed that amantadine caused a significant
increase in GBR 12935 binding sites. Ikawa et al. [16] re-
ported an up-regulation of [3H]mazindol binding sites in
rat striatum after chronic levodopa treatment, whereas
Gnanalingham and Robertson [11] found a decrease in
[3H]mazindol binding after continuous, but not intermit-
tent, infusion of levodopa. Others found no effect of lev-
odopa treatment on DA transporter binding in rats or in
mice [12, 27, 32].

Laruelle et al. [25] found an inhibitory effect upon
acute administration of selegiline on the [3H] GBR 12935
binding in rat striatal slices, whereas infusion of high
doses of levodopa failed to displace striatal [123I]β-CIT
binding in non-human primates. It has also been shown
that chronic administration of L-deprenyl induced an up-
regulation of the [3H]mazindol-associated dopamine up-
take carrier, probably partly being mediated directly by
binding to the DA transporter [8, 34].

Thus, taking these data together, it is not unlikely that
the expression of the DA transporter may be influenced
by drugs modulating the synaptic DA level and that direct

interactions between the dopaminergic drugs and the DA
transporter occur. The use of these drugs may therefore be
a considerable confounding factor when studying in vivo
the number of DA transporters in humans and by infer-
ence the number of DA cells in the substantia nigra.
Therefore, in the present study only drug-naive patients
with PD were examined with [123I]β-CIT SPECT. The
purpose was: (1) to examine the ability of [123I]β-CIT
SPECT to discriminate patients with early PD from
healthy controls and (2) to investigate the relationship be-
tween the binding measures and the nature and severity of
the extrapyrimidal signs in early PD. In this way, we
hoped to improve our understanding of the pathophysiol-
ogy of PD and to define the value of this technique in di-
agnosing early PD.

Subjects and methods

Subjects

Sixteen early and drug-naive PD patients (8 men, 8 women) and
ten healthy controls (4 men, 6 women) were examined, ranging in
age from 32 to 64 years (mean 51.6, SD 9.5) and 20 to 65 years
(mean 44.7, SD 16.9), respectively (Table 2). The patients were
recruited from the Movement Disorders Unit of our outpatient
clinic. PD was diagnosed according to the criteria of the UK
Parkinson’s Disease Society Brain Bank [15]. The patients were
examined with the Hoehn and Yahr Staging Scale (HY) [13] and
the Unified Parkinson’s Disease Rating Scale (UPDRS) [7] to as-
sess the stage and severity of illness. All patients showed a positive
apomorphine challenge test (subcutaneously injected dose of 3
mg), defined as 20% reduction or more in the UPDRS motor score,
strenghthening the diagnosis of PD [14]. The healthy volunteers
were free of any neurological or psychiatric disease, and they were
not taking drugs known to affect the dopaminergic system. All
subjects gave written informed consent to the research protocol,
which was approved by the Medical Ethical Committee of the hos-
pital.

Methods

UPDRS

To study the relationship between the nature of the motor signs
and the SPECT binding measures, we used the UPDRS motor
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Table 1 Summary of [123I]β-
CIT SPECT studies performed
in Parkinson’s disease (Med me-
dication, HY Hoehn and Yahr
Staging Scale, UPDRS-mot mo-
tor section of Unified Parkin-
son’s Disease Rating Scale)
a Number of patients using lev-
odopa, dopamine agonists or
selegiline
b 18 patients stopped therapy
24 h before administration of
the ligand or were untreated
c Total UPDRS score
d Mean age

Authors Controls Patients Med Age (years) HY UPDRS-mot

Asenbaum et al. [1] 13 47 –b 66 (median) 2.5 –

Brücke et al. [5] 4 2 2a 73.5d 4.5 –

Innis et al. [18] 5 5 5 56 2.1 21

Kuikka et al. [24] 2 2 0 76.5 – –

Marek et al. [26] 8 8 3 61.8 1.2 14

Rinne et al. [30] 6 18 11 55.3 2.8 –

Seibyl et al. [31] 27 28 23 63 2.3 44c

Vermeulen et al. [33] 2 4 4 53 2.5 –

Present study 10 16 0 51.6 1.6 16.3



scores on the three main extrapyramidal signs of PD: bradykinesia
(the summed score of facial expression, finger taps, hand move-
ments, pronation-supination of the hands, leg agility, arising from
a chair and body bradykinesia); rigidity (rigidity of extremities and
neck); and tremor (tremor of extremities).

SPECT procedure

For SPECT studies, a brain-dedicated SPECT system, the Strich-
man Medical Equipment 810X system, linked to a MacIntosh II
(Apple) computer, was used. The Strichman camera consists of 12
individual crystals, each equipped with a focusing collimator. The
transaxial resolution of this camera is 7.6 mm full-width at half-
maximum (FWHM) of a line source in air [33]. The energy win-
dow was set at 135–190 keV. The subjects received potassium io-
dide before imaging in order to block thyroid uptake of free ra-
dioactive iodine. [123I]β-CIT (specific activity of > 185 MBq/nmol;
radiochemical purity of > 99%) was injected intravenously at an
approximate dose of 110 MBq. 123I labelling of β-CIT was per-
formed by Amersham Cygne BV (Technical University Eind-
hoven, The Netherlands), using the trimethylstannyl precursor of
β-CIT obtained from Research Biochemicals International (Nat-
ick, Mass., USA). SPECT image acquisition was performed 24 h
after injection [18]. Slices were acquired during 300-s periods
from the orbitomeatal line to the vertex with an interslice distance
of 10 mm. Data acquisition took place in a 128 × 128 matrix. At-
tenuation, correction and reconstruction of the images were per-
formed as earlier described [3, 4]. The measured concentration of
radioactivity was expressed as Strichman Medical Units (SMUs; 1
SMU = 100 Bq/ml as specified by Strichman Medical Equipment
Inc., Medfield, Mass., USA).

Data processing

For analysis of striatal [123I]β-CIT binding, the ratio of specific to
non-specific binding was calculated by summing two transversal
slices representing the most intense striatal binding. The analyses
were performed blind to the clinical data. A standard region of in-
terest (ROI) template, constructed according to a stereotactic atlas
and including regions for putamen, caudate nucleus and occipital

cortex, and additional ROIs for the entire striatum, was placed bi-
laterally on the summed image, as earlier described [3]. Estimates
of specific striatal binding were made by subtracting occipital
counts from striatal counts. The ratio of specific to non-specific
striatal [123I]β-CIT binding was then calculated by dividing spe-
cific striatal uptake by occipital binding [31].

The binding measures were used:

1. To calculate ipsilateral to contralateral asymmetry of [123I]β-
CIT binding in putamen, caudate nucleus and striatum:
Asymmetry-index AI = (ipsilateral – contralateral)/(ipsilateral +

contralateral)

2. To express the (ipsilateral and contralateral) relation between
[123I]β-CIT binding in putamen and caudate nucleus with the fol-
lowing index:
Putamen-caudate index (Pcidx) = (putamen – caudate)/(putamen +

caudate)

Contralateral refers to the side opposite that of initial presentation
of motor signs.

Statistics

Relationships between variables were measured with Spearman’s
rho. Analysis of variance (ANOVA), with age as a covariate, was
used to compare the regional SPECT data in the PD patients and
healthy controls. For healthy subjects, the mean striatal binding of
left and right was used for all analyses. Multiple regression analy-
sis was used to examine the relation between the [123I]β-CIT bind-
ing measures and age, UPDRS motor score, bradykinesia, rigidity
and tremor. The discriminative power of the binding measures was
analysed with discriminant function analysis. All analyses were
carried out with statistical software (SPSS version 5.0). Signifi-
cance was assessed at the P < 0.05 level.

Results

There was no significant difference in age and gender be-
tween patients and controls. Within the PD group, 12 pa-
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Table 2 Clinical data of 16 de
novo patients with Parkinson’s
disease [PD Parkinson’s dis-
ease, Trem tremor (maximum
score = 16), Rig rigidity (maxi-
mum score = 20), Brad
bradykinesia (maximum-score
= 44)]

Patient Age Sex Duration PD HY UPDRS UPDRS-mot Trem Rig Brad
(years) (years)

1 54 M 0.5 1 21 13 1 2 8
2 53 F 2.5 1 13 8 0 1 7
3 34 M 3 1 25 17 1 5 10
4 32 M 2 1 31 15 0 4 10
5 51 F 4 2 46 27 0 3 21
6 64 F 3 2 36 17 3 3 9
7 53 M 4 2 38 22 0 4 17
8 48 M 2 2 25 17 0 4 11
9 44 F 2 2 40 22 0 6 12

10 58 F 6 1 35 20 0 4 13
11 61 M 3 2 29 20 1 5 12
12 45 F 5 2.5 21 13 1 4 7
13 48 M 2 1 27 20 1 4 14
14 61 M 3 2.5 21 12 1 3 5
15 57 F 1 1 17 11 3 0 8
16 62 F 0.5 1 9 6 0 1 5

Mean 51.6 2.7 1.6 27.1 16.3 0.75 3.3 10.6



tients had initial right-sided motor signs and 4 patients
left-sided onset (patients 1, 2, 11 and 13; Table 2).

SPECT data: patients versus controls

Three patients showed overlap with the control subjects
on the SPECT data of the ipsilateral putamen, seven (ipsi-
lateral) and four (contralateral) patients on the SPECT
data of the caudate nucleus, and four (ipsilateral) and one
(contralateral) patient(s) on the data of the entire striatum.
The ratios of specific to non-specific [123I]β-CIT binding
in all studied regions are shown in Table 3. The mean ra-
tios in these 6 regions were significantly lower in the pa-
tient compared with the control group [all P values < 0.01
(ANOVA with age as covariate)], being lower at the con-
tralateral side (P values < 0.001, Wilcoxon Signed Rank
test). The reduction of [123I]β-CIT binding in the putamen

was ipsilateral 60% and contralateral 70%, whereas the
decrease in the caudate nucleus was lower, being 34% and
42% of the control mean, respectively. When only the pa-
tients with unilateral PD (HY = 1, n = 8) were compared
with the healthy controls, the striatal binding measures
were significantly reduced bilaterally in the patient com-
pared with the control group (ipsilateral: P = < 0.001, r2 =
0.75; contralateral: P < 0.001, r2 = 0.80). When the puta-
men and caudate nucleus were considered as two distinct
striatal regions, the ipsi- and contralateral caudate nuclei
were not significantly decreased in the patients compared
with the controls.

The AI’s for putamen, caudate, and striatum were sig-
nificantly higher in the patient group compared with the
controls (putamen: P < 0.001, r2 = 0.61; caudate: P < 0.001,
r2 = 0.50; striatum: P < 0.001, r2 = 0.57). The putamen-
caudate indices were higher on the ipsi- as well as on the
contralateral sides in the control group (P < 0.001, r2 =
0.80 and 0.78, respectively).

Discriminant analysis

The results of the discriminant function analysis, utilizing
the SPECT data of the studied brain regions, are shown in
Table 4 and Fig. 1. Classification was 100% correct with
the contra- and ipsilateral putamen or striatum as predic-
tors as well as with the overall putamen-caudate index (F
ratio = 87.2, Wilks’ lambda = 0.22, P < 0.0001). The AI
for putamen and caudate nuclei predicted group member-
ship in 92% of the cases.

Disease severity and SPECT

A clear and significant negative correlation was found be-
tween the UPDRS totala and motorb scores and the [123I]β-
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Table 3 [123I]β-CIT SPECT
measures of de novo patients
with Parkinson’s disease and
healthy controls [ipsi ipsilat-
eral, contra contralateral (side
opposite that of initial presen-
tation of motor signs), AI
asymmetry-index, Pcidx puta-
men-caudate index]

SPECT data are expressed as
follows: (binding in region of
interest – binding in occipital
cortex)/(binding in occipital
cortex). Data are shown as
mean (minimum-maximum).
In the control group, ipsilateral
is arbitrarily assigned to the
left region.
*Significant difference com-
pared with controls (all P val-
ues < 0.01). Bonferroni correc-
tion was used to allow for mul-
tiple testing

Controls PD group

HY = 1 HY = 2–2.5

n = 10 n = 16 n = 8 n = 8

Putamen
Ipsi 6.13 (3.67– 9.83) 2.43 (1.29–4.20)* 3.02 (1.88–4.20)* 1.84 (1.29–2.47)*
Contra 5.99 (3.67– 8.50) 1.82 (1.00–3.40)* 2.15 (1.13–3.40)* 1.48 (1.00–1.84)*
AI 0.01 (–0.05– 0.07) 0.14 (–0.03–0.29)* 0.18 (0.11–0.29)* 0.11 (–0.03–0.21)*

Caudate 
Ipsi 6.93 (4.78–10.17) 4.60 (2.48–7.93)* 5.54 (3.25–7.93) 3.66 (2.48–5.53)*
Contra 6.91 (5.25–10.33) 3.98 (2.04–6.87)* 4.86 (2.38–6.87) 3.10 (2.04–4.68)*
AI 0.00 (–0.09– 0.07) 0.08 (0.00–0.21)* 0.07 (0.02–0.21)* 0.09 (0.00–0.15)*

Striatum
Ipsi 6.28 (4.11– 9.50) 3.08 (1.70–5.40)* 3.83 (2.38–5.40)* 2.33 (1.70–3.32)*
Contra 6.18 (4.11– 8.83) 2.51 (1.35–4.20)* 3.04 (1.50–4.20)* 1.99 (1.35–3.00)*
AI 0.00 (–0.04– 0.05) 0.10 (0.02–0.25)* 0.12 (0.05–0.25)* 0.08 (0.02–0.12)*

Pcidx
Ipsi –0.07 (–0.16– 0.01) –0.31 (–0.45–0.22)* –0.30 (–0.40–0.22)* –0.33 (–0.45–0.24)*
Contra –0.08 (–0.21– 0.02) –0.36 (–0.55–0.21)* –0.39 (–0.55–0.28)* –0.34 (–0.44–0.21)*

Table 4 Results of discriminant function analyses in 16 de novo
patients with Parkinson’s disease and 10 healthy controls

Predictors λ F ratio P value Classified
correct 

1 Putamen contra 0.24 74.4 < 0.0001 92%

2 Putamen ipsi 0.34 47.5 < 0.0001 100%
Putamen contra 0.24 74.4 < 0.001

3 Caudate contra 0.51 22.7 < 0.001 85%

4 Caudate ipsi 0.64 13.7 < 0.01 92%
Caudate contra 0.51 22.7 < 0.01

5 Striatum contra 0.30 55.1 0.0001 92%

6 Striatum ipsi 0.42 33.6 < 0.0001 100%
Striatum contra 0.30 55.1 < 0.0001



CIT binding in the entire putamen [a: r = –0.69 (P =
0.001), b: r = –0.71 (P < 0.01)], caudate nucleus (a: r =
–0.81 (P < 0.001), b: r = –0.89 (P < 0.001)] and striatum
(a: r = –0.79 (P < 0.001), b: r = –0.81 (P < 0.001)]. No
significant correlations could be detected between age and
disease duration, and UPDRS motor score (Table 5). Mul-

tiple regression analysis was performed with the binding
measures of the putamen, caudate nucleus and striatum as
dependent variables, and with age and UPDRS motor
score as independent variables. Disease severity ac-
counted for a great and highly significant part of the vari-
ance in the studied regions (putamen: r2: 0.51; β-age: non-
sign; β-UPDRS: –0.66; caudate nucleus: r2: 0.81; β-age:
–0.34; β-UPDRS: –0.90; striatum: r2: 0.70; β-age: –0.39;
β-UPDRS: –0.82).

Patients with unilateral signs showed significantly
higher [123I]β-CIT binding ratios for all studied striatal re-
gions (except the contralateral putamen) than subjects in a
more advanced stage of PD with bilateral extrapyramidal
signs, being comparable in age and UPDRS motor scores
(Table 3).

Nature of motor signs and SPECT

The correlations between the main motor signs and the
striatal [123I]β-CIT binding measures are shown in Table
5. Tremor, in contrast to bradykinesia and rigidity, is not
correlated with the UPDRS motor score and the SPECT
measures. Multiple regression analysis was performed
with the striatal [123I]β-CIT binding (ipsi- and contralat-
eral) as dependent variable, and with age, bradykinesia,
rigidity and tremor as independent variables (Table 6).

It appeared that the majority of the variability in stri-
atal [123I]β-CIT binding can be explained by variation in
rigidity, age and bradykinesia, the last of these accounting
for the smallest part. Adding tremor as an independent
variable did not change the proportion of the total varia-
tion explained (r2) by the regression model. The residuals
and all variables used in the model did show normal dis-
tribution.

Discussion

This is the first reported extensive study in early PD ex-
amining only drug-naive patients with [123I]β-CIT
SPECT. By doing this, we have excluded the possible
confounding influence of dopaminergic drugs on the stri-
atal [123I]β-CIT binding. We have shown that early and
drug-naive patients with PD can be clearly distinguished
from healthy controls with [123I]β-CIT SPECT. The re-
duction in [123I]β-CIT binding was more pronounced in
the putamen than in the caudate nucleus, and greater in
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Fig.1 Application of discriminant analyses to 16 de novo patients
with PD and 10 healthy controls, with different predictors. Indi-
vidual discriminant scores are shown

Table 5 Correlation coeffi-
cients between age, disease
variables and striatal (Str) [123I]
β-CIT binding

*P < 0.05; **P < 0.01

Str ipsi Str contra Age Brad Rig Trem

Age –0.14 0.01
Brad –0.61* –0.72** –0.29
Rig –0.46 –0.58* –0.52** 0.54**
Trem 0.11 0.13 0.30 –0.31 –0.16
UPDRS-mot –0.79** –0.86** –0.27 0.94** 0.66** –0.25
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the regions contralateral to that of initial presentation of
motor signs, which confirms postmortem [9, 10, 22] and
in vivo findings by others [1, 26, 31]. Our data show a de-
crease in putaminal [123I]β-CIT binding of 60% and 70%
of the control mean, and in the caudate nucleus of 34%
and 42%, ipsi- and contralateral, respectively. These per-
centages are somewhat different from those found by
Seibyl et al. [31] (putamen: 65% and 75%; caudate nu-
cleus: 49% and 59%), and Innis et al. [18] (putamen:
76%; caudate nucleus: 58%), probably because of a dif-
ference in disease severity and possibly also owing to al-
terations in the number of DA transporters after prolonged
treatment with dopaminergic drugs.

It appeared that discriminant function analysis of the
binding measures of the ipsi- and contralateral putamen
classified 100% of the cases in the correct group. The
contralateral putamen did show the greatest discrimina-
tive power. Thus, our findings indicate that it is possible
to discriminate healthy subjects from PD patients very
well in the earliest stage of the disease using only the
SPECT measures of the putamen.

Interestingly, the striatal binding measures of the pa-
tients with unilateral PD (HY = 1) were significantly re-
duced bilaterally compared with those of the controls. We
found a significant reduction in striatal binding amounting
to 39% on the ipsilateral side. Finding an ipsilateral loss
of striatal DA transporters in unilateral, drug-naive PD
strongly indicates that with [123I]β-CIT SPECT it is possi-
ble to identify patients in the preclinical phase of the dis-
ease, which may be a long period [23]. Others have re-
ported similar findings in unilateral PD patients, who
were, however, not all drug-naive [1, 26]. Their findings

and ours emphasize the importance of investigations
aimed at the discovery of preclinical signs that can help to
identify subpopulations having an increased risk of the
development of PD.

In the present study, highly significant, negative corre-
lations were found between disease severity and the bind-
ing measures of the studied regions. We also found signif-
icantly higher ratios in patients with HY stage 1 compared
with patients with HY stage 2 or 2.5. These findings sup-
port the results of earlier studies demonstrating significant
correlations between [123I]β-CIT SPECT binding mea-
sures and symptom severity [1, 31], and the disability
stage of PD [30]. Of interest is the lack of correlation be-
tween tremor scores and SPECT, whereas rigidity, and to
a lesser extent bradykinesia, explained a significant part
of the variability in striatal [123I]β-CIT SPECT binding.
With respect to tremor, 8 out of 16 patients have a tremor
score equivalent to 0 (Table 2), producing a distribution
which is skewed to the right. Seibyl et al. [31] also found
no correlation between [123I]β-CIT SPECT binding and
tremor ratings. This, and the absence of a correlation of
tremor with the other motor signs, raises the question of
whether the neuropathological and biochemical basis of
tremor is different from that of rigidity and bradykinesia,
which has been suggested earlier [2, 19, 35].

In summary, with [123I]β-CIT SPECT it is now possi-
ble to discriminate drug-naive patients with early PD from
healthy subjects very well, the putamenal binding mea-
sures showing the greatest discriminative power. Subjects
with very mild motor symptoms and signs that do not yet
fulfill the criteria for PD, but who are suspected of having
the disease may be diagnosed earlier with [123I]β-CIT
SPECT. Disease severity correlated negatively and highly
significantly with the binding measures of the putamen,
caudate nucleus and the striatum. Tremor ratings did not
correlate with the SPECT measures, whereas rigidity and
bradykinesia did. A bilateral loss of striatal [123I]β-CIT
binding was found in patients with unilateral motor symp-
toms and signs, indicating that in the future it may be pos-
sible to detect the dopaminergic deficit in preclinical PD,
offering many opportunities regarding new neuropharma-
cological therapy.
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Table 6 Data of multiple regression analysis in patients

Dependent Independent Adjusted r2 Sign F Beta Sign t
variable variables (P <) (P <)

Striatum ipsi 0.75 0.001
Age –0.68 0.001
Brad –0.33 0.05
Rig –0.76 0.001

Striatum contra 0.81 0.0001
Age –0.62 0.001
Brad –0.33 0.05
Rig –0.82 0.001
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