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Central Dopaminergic Pathways in 
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Positron Emission Tomography 
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ABSTRACT: [ l8F] 6-fluoro-L-dopa and positron emission tomography has been used to study intracerebral dopamine distribution in 
five control subjects and six patients with hemiparkinsonism. In the control subjects striatal, frontal and cingulate accumulations 
were clearly seen. In addition l8F concentrated in the region of the insula and the parietal lobe. 

In the patients striatal accumulation l8F was reduced in the contralateral striatum, especially in the putamen. The uniformity of 
distribution of 18F in the striatum on the side of the parkinsonian signs was also irregular. This finding is consonant with the suggestion 
that intracerebral compensatory mechanisms prevent the manifestation of intracerebral dopamine deficiency from becoming 
obvious until a late stage of the disease. 

RESUME: Le [18F] -6-fluoro-L-dopa et la tomographie a emission de positrons ont et6 utilises pour etudier la distribution de la 
dopamine au niveau du cerveau de cinq sujets normaux et de six sujets souffrants de la maladie de Parkinson unilat6rale. Chez le sujet 
normal, la fixation du [l8F] est clairement demontree dans le corp strie, le lobe frontal et la circonvolution cingulate, et aussi dans la 
region de l'insula et le lobe parietal. 

Chez le sujet souffrant de la maladie de Parkinson unilateral, une diminution de la fixation du [l8F] a ete identified dans le corp 
stri6 contralateral, particulierement dans le putamen. La distribution du [l8F] dans le corp strie ipsilateral est aussi irreguliere. Ces 
r6sultats sont concordants avec la these que des mecanismes intracerebraux compensatoires retardent la manifestation des 
symptomes resultants d'une carence de dopamine cerebrale jusqu'a un stade avance de la maladie. 
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A loss of cells from the Zona compacta of substantia nigra 
and a consequent reduction in striatal dopamine concentration 
characterise Parkinson's disease [Hornykiewicz, 1982]. Such 
definitive measurements can only be made on autopsy material. 
Striatal dopaminergic afferents account for approximately 10% 
of all neurones impinging on the striatum [Hokfelt and Ungerstedt, 
1974] so that even a massive reduction in their number cannot 
be detected by computerized axial tomography. With the advent 
of positron emission tomography, using [l8F] 2-fluoro-2-deoxy-
D-glucose, or oxygen-15 claims for disordered cerebral meta
bolism in Parkinson's disease have been made [Lenzi et al., 
1977;Leendersetal., 1983;Rougemontetal., 1983]. However, 
there is still no concensus. Careful autoradiographic studies 
using [14C] deoxyglucose in rats [Wooten and Collins, 1981] 
show that glucose consumption in globus pallidus is increased 
ipsilaterally when the substantia nigra is destroyed on one side 
by direct injection of 6-hydroxydopamine. 

It has recently become possible to visualize dopamine directly 
in the human brain. This has been done by positron emission 
tomography using [18F] 6-fluoro-L-dopa as an analogue of dopa 
[Garnett et al., 1983]. The purpose of this article is to describe 
the anatomy of the intracerebral dopaminergic pathways, as 
depicted by [l8F] fluorodopa, and to compare our findings in 
control subjects with those derived from a small group of 
individuals suffering from hemiparkinsonism. 
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MATERIAL AND METHODS 

Six patients, aged 47 to 66 years with hemiparkinsonism and 
five control subjects aged from 25 to 50 years were studied. The 
parkinsonian patients were all male and fortuitously all had 
predominantly left sided symptoms: one of the patients was left 
handed. Tremor was the presenting symptom in five of the six 
patients and had been present from two to six years. Hypokinesia 
was demonstrated in all patients and was the presenting feature 
in one. Only one patient was taking antiparkisonian drugs 
(Sinemet) at the time of the study. The control subjects were 
healthy members of the laboratory staff. 

[18F] 6-fluoro-L-dopa was prepared from accelerator produced 
l8F [Firnau et al., 1981]. It was injected intravenously 1 hour 
before an individual's head was examined in the tomograph. An 
individual sat quietly for the hour between injection and 
examination. 

Because the striata can be asymetrically disposed within the 
brain a series of at least five sequential slices were examined. 
Each slice was 1.6 cm thick; it overlapped its predecessor by 
0.5 cm and it was oriented approximately 10° above the 
orbitomeatal line. The McMaster positron tomograph that was 
used for these studies has a spatial resolution of 7 mm, Full 
Width at Half Maximum, in the plane [Nahmias et al., 1983]. 
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RESULTS 

Figures 1 and 2 illustrate the distribution of l8F in a normal 
brain. The sequence of tomographic slices was collected over 
90 min during which time there was little change in tissue 
concentration of l8F. Radioactivity is seen in the temporalis 
muscles in all slices. The striatum is clearly seen in five of the 
eight slices. The lowest striatal slice 1(b) shows nucleus 
accumbens; slices 1(d), 2(a) and 2(b) show the putamen as an 
immediate posterior relation of the head of the caudate; slice 
2(c) shows the uppermost part of the head of the caudate. The 
lowest slice of all, 1 (a), shows the anterior poles of the temporal 
lobes flanking the cavernous sinus which at 60 min contains no 
measurable fluorine-18 activity. 

The uppermost two slices 2(c) and 2(d) show isotope in the 
frontal lobes and in the anterior part of the cingulate gyrus. 
Apart from the striatal accumulation of radioactivity a striking 
feature of this study was the accumulation of fluorine-18 in the 
frontal lobe, the region of the insula, lateral to striatum, and in 
the parietal lobe. Occipital activity was always conspicuously 
low. 

Figure 3 shows typical tomographic slices obtained from each 
of 4 of the 6 patients suffering from hemiparkinsonism. In all 
cases accumulation of l8F in the right (contralateral) putamen is 
reduced or absent. When compared to normals there is also a 
reduction in the accumulation of activity in the head of the 
caudate. Although this is a preliminary study we have a distinct 
impression that the accumulation of isotope in the ipsilateral 
striatum is less uniform than in the control subjects. There is no 
apparent difference in the distribution of cortical radioactivity. 

DISCUSSION 

As with any technique that uses external probes to localise 
and quantitate the distribution of radioactively labelled molecules 
within an organism it must be assumed that the label, in this 
case fluorine-18, remains attached to the molecule of interest 
and does not change its biological properties. There is ample 
evidence that [l8F] fluorodopa fulfills these criteria [Garnett et 
al., 1983]. However we do not yet know which of the intracerebral 
metabolites of dopa is carrying the label an hour or more after it 
has been injected. In rhesus monkeys half of the fluorine-18 
that is present in the striatum at one hour can be discharged 
with reserpine [Garnett et al., 1983]. This suggests that part of 
the radioactivity is in the form of fluorodopamine which is 
known to be formed by decarboxylation of fluorodopa [Firnau 
et al., 1975]. It is unlikely that much of the 18F activity, is due to 
the major metabolite of dopa, homovanillic acid, [HVA] because 
the half clearance time for intracerebral HVA is only about 10 
minutes [Wiesel et al., 1973]. Fluorodopa is cleared very rapidly 
from the blood so that the blood itself cannot sustain a feed of 
radioactivity to the brain. On balance it would seem that most 
of the l8F in the brain one to two hours after an injection of [l8F] 
fluorodopa is [ l8F] fluorodopamine. At autopsy striatal dopamine 
concentration exceeds that of the cortex thirtyfold [Lloyd and 
Hornykiewicz, 1972]. In this present study the ratio of striatal 
to cortical activity is only 3:1. This reduced relative concentration 
may reflect delayed vesicular storage of newly formed fluoro
dopamine in the striatum. It may also be due to a more rapid 
metabolism of fluorodopa in the cortex with subsequent loss of 
cortical radioactivity as [l8F] fluoro-HVA. There is some evidence 
to support the latter hypothesis [Hornykiewicz, O., Personal 

Communication]. It is also generally believed that tyrosine 
hydroxylase is the rate limiting enzyme in the synthetic chain 
leading to dopamine. Because the administration of fluorodopa 
bypasses this step it might be argued that any local intracerebral 
accumulation of fluorine-18 merely reflects the local activity of 
the next enzyme in the synthetic chain, viz. aromatic acid 
decarboxylase. If this were the explanation a ratio of striatal to 
cortical l8F activity of 12:1 would be predicted on the basis of 
the regional distribution of aromatic L-amino acid decarboxylase 
reported by Lloyd and Hornykiewicz (1972). 

From an anatomical standpoint the accumulation of fluorine-18 
in the opercular regions was unexpected as was the posterior 
extension of what we believe to be dopaminergic activity into 
the parietal lobe. Some accumulation of labelled fluorodopa in 
the diffusely distributed noradrenergic cortical system cannot 
be excluded. If this were the explanation for the opercular 
activity a similar accumulation would be expected in the occipital 
lobes. 

In the hemiparkinsonian patients the accumulation of l8F was 
reduced in the contralateral putamen. This observation could 
be corroborated in several sequential tomographic slices. The 
accumulation of l8F in the contralateral caudate was also reduced 
but, qualitatively, to a much lesser extent than in the putamen. 
Although the alterations in striatal l8F accumulation were primarily 
on the side opposite to the parkinsonian signs the ipsilateral 
striatum could also be distinguished from normal; its accumulation 
of l8F was never as intense or as uniform as in the control 
subjects. 

These findings represent the first direct demonstration, during 
life, of a disturbance of intrastriatal dopamine metabolism in 
Parkinson's disease. A loss of dopamine, predominantly affecting 
the putamen, has been noted before in autopsy material, 
(Hornykiewicz, 1980) and Lee et al. (1978) found that the 
specific binding of 3H-apomorphine was significantly reduced 
in the putamen of parkinsonian patients who had not received 
L-dopa therapy. These same authors noted an increase in specific 
binding of 3H-haloperidol in the putamen and attributed their 
findings to denervation supersensitivity. Our results would also 
be expected from a reduced number of dopaminergic terminals 
in the putamen. Compared to the data usually reported from 
autopsy studies, our patients were relatively young, (mean age, 
54 years) and had displayed parkinsonian signs for a relatively 
short time (mean 3 years). They were thus studied at an early 
stage in their disease and while in good health. All were employed 
in their usual jobs and two played racquet games regularly. 
Tremor of the contralateral hand and arm was the most constant 
and striking sign in our patients and it might be tempting to 
ascribe this sign to a deficiency of dopaminergic activity in the 
putamen. However one patient who was primarily hypokinetic 
and had no tremor could not be distinguished from the other 
patients on the basis of the fluorodopa study. An abnormal 
accumulation of l8F was also present on the side of the 
parkinsonion signs. Again, it was the area of the putamen that 
was most involved. This biochemical abnormality would seem 
to antedate the onset of physical signs. Our findings are thus 
consonant with the notion that the physical signs of Parkinson's 
disease develop relatively late in the natural history of the 
disease and represent a state of striatal decompensation. What 
we do not yet know is whether the reduced accumulation of l8F 
fluoro-dopa in the putamen is due to a loss of dopaminergic 
neurones or whether it represents a functional abnormality of 
these cells at a relatively early stage of the disease. 
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Figure 1 — Tomographic slices of normal brain from a single individual obtained approximately 1 hour after anl.V. injection of 3.0 mCi [,SF] 6-fluoro-L-dopa. All 
slices are parallel to a plane orientated 10° above the orbito meatal line. The lowest slice, (A), transects the cavernous sinus which appears black in the centre of 
the picture. The next slice up (B) contains nucleus accumbens and posterior to it the most rostral part of substantia nigra. Slice (C) contains the heads of the 
caudate and slice (D) the whole striatum. 

All of the figures are colour coded with purple representing the most intense accumulation of l8F followed by the reds, yellows, greens and blues. The most 
peripheral activity in this and the subsequent figures is due to radioactivity in the temporalis muscles. 
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Figure 2 — (A) and (B) show the whole stritum and (C) shows the upper part of the heads of the caudate. Slices (C) and (D) show an obvious accumulation of 
the frontal lobes and in (D) the cingulate gyrus. Little occipital accumulation ofl8F is apparent in any of the slices of this or the preceeding figure. 

'Fin 
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Figure 3 — (A), (B), (C) and(D) are sections of the brains of hemiparkinsonian patients taken through the striatum. In all cases the accumulation of'sF activity in 

the right putamen is reduced compared to the left. A less obvious reduction of activity is also seen in the right caudate. When compared to normals the 
distribution of radioactivity in the left striatum is irregular. 
In all figures, the patient's right is represented on the left of the picture. 
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