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Positron emission tomography offers the new opportunity to study 

non-invasively the regional brain pharmacokinetics of labeled drugs in vivo 

in man. One possible application would be to use the pharmacologic properties 

of some drugs to bind specifically to a certain class of physiological recep

tors, the labeled ligand being used as a probe to study in vivo the regional 

concentration and affinity of specific receptors both in normal and in various 

pathologic situations for which there is no satisfactory animal model. Poten

t ia l applications are numerous, e.g. in the pathophysiologic study of schizo

phrenia,depression, tardive dyskinesia, anxiety, degenerative disorders, etc. . 

This paper presents our results using C-Pimozide as a labeled neu

roleptic in the study of dopaminergic (DA) receptors. 

Pimozide is a DA antagonist that fu l f i l l s most of the necessary condi

tions for in vivo demonstration of specific binding. I t is neither completely 
c 

trapped in lung? , nor significantly metabolized within the f i rs t 2 hours 

after I.V. injection ; i t crosses the blood-brain barrier wel l , with a 

f i rs t - pass extraction fraction of about 70 % after intra-carotid injection 

of C-Pimozide in the baboon (unpublished data from our laboratory) ; in 

vitro studies have shown its high affinity (K i * 1.2 nM) and high selectivi-
9 10 ty for the DA receptors ' . 

During the f i rst two to four hours after i ts I.V. injection at tracer 
3 

doses in rodents, H-Pimozide accumulates in the DA-rich striatum but washes 

out continuously from the cerebellum, a reference organ because of its lack 
3 

of DA receptors ; these regional differences in uptake and kinetics of H-

Pimozide being abolished by inhibiting or displacing doses of cold competitor, 

they were taken as consistent with specific in vivo binding to striatal DA 

receptors • . However, presumably because of its higher lipophilicity , 
i 3 7 

H-Pimozide bound more to non-specific sites than did H-spiperone , a poten

t ia l disadvantage when studying specific binding 1n vivo ; on the other 
•/ • 
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hand, spiperone binds to serotoninergic receptors with equally high affinity, 

and hence is not a selective DA ligand. 

In addition, the application to in vivo Positron Emission Tomographic 

(PET) study requires that the labeling procedure with C be easy, reprodu

cible and fast, and that pure ligand of high radioactive specificity at in

jection time be available, as is the case for C-Pimozide . The specific 

receptors studied must be in sufficient concentration in the brain structure 

studied, and the latter must be adequate in terms of both size and shape to 

allow imaging with current PET systems, as should be the case for the dopami

nergic receptors in the striatum. 

Finally, the approach has been shown to be feasible in previous PET 
3 studies of benzodiazepine receptors in .the baboon's brain and of muscarinic 

12 receptors in the baboon's heart , although some unexpected difficulties 
4 inherent to the in vivo approach were stressed . 

PATIENTS AND METHODS 

1. Patients : Thirteen studies were performed. There were 8 naive 

patients (group A) and 5 patients studied after prior I.M. injection of a 

therapeutic dose (10 mg) of cold Haloperidol (group 6). Haloperidol is a 

widely used neuroleptic with high affinity for the DA receptors, and which 
3 has been shown to prevent specific binding of H-Pimozide in the striatum 

of mice in experiments in vivo . The 8 naive patients were 6 males and 2 

fvmales, ranging from 19 to 56 years of age ; six suffered from various di

sorders (2 chronic alcoholics, 1 conversion neurosis, 1 transverse myelitis, 

1 possible multiple sclerosis, 1 depression) and two were schizophrenics (1 

never treated before, 1 treated with neuroleptics but withdrawn 8 days befo

re study). For ethical reasons, the 5 group B patients were all chronic psy

chotics of the schizophrenic type (including the fresh schizophrenic from 



group A studied twice at one week interval). Oral treatment with neuroleptics 

had usually been withdrawn 2 to 10 days before study. 

2. C-Pimozide was synthesized as published previously and 7.7 to 

25.6 mCi were injected I.V. Specific radioactivity at time of injection ran

ged from 20 to 295 mCi/urool (mean injected mass 142 nmol). While the images 

were collected, venous blood samples were withdrawn. Blood counting was per

formed on a scintillation well-counter properly calibrated to yield C 

concentrations in uCi/ml. 

3. The coincidence photons were collected by an ECAT I I (ORTEC) 

positron tomograph (resolution is *v 16 ran in the lateral plane and 19 mm in 

the axial plane). Routine care for accurate quantitation entailed : 1) auto

matic subtraction of random coincidences ; 2) measured attenuation correction 

mode ; 3) normalization of detector sensitivity ; and 4) accurate cross-cali

bration between the ECAT system and the well-counter. 
11 Image acquisition started immediately at the end of the C-Pimozide 

injection, and consisted of repeated scanning of the same head level for up 

to 73 min (10 to 14 scans). 

The brain level to study was chosen in order to obtain on the same 
Image a clear delineation of both the striatum and the cerebellum ; for this 
purpose, the level was set at * 20° rostral to the OM line. Total image counts 

9 

c 
was typically in the range 1.5 to 5 x 10 . 

4. Data analysis : on the image with highest counts, circular regions 

of interest (ROD were placed visually over each cerebellar hemisphere and 

over each striatal area. The latter was usually clearly visible as an active 

zone just posterior to the frontal white matter-ventricular horn area. 
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Then, the relative radioactive concentration (expressed as percent of injec

ted dose per ro, of brain, % ID) in each of these 4 ROI was automatically 

decay-corrected and printed-out for each of the 10-14 sequential scans. The 

time-course of the mean striatal and cerebellar values was then calculated 
i 

and plotted on regular graph paper. Starting from the second data point (i.e. 4 
at t = 2 min), all the curves displayed a linear shape (see Fig. 1), and were 
thus processed by least squares linea- regression fitting procedure expressing 
the % ID as a fonction of time for both striatum and cerebellum in each sub-
ject. The same procedure was also applied to the antero-medial (cingulate) 
frontal cortex. Algebraic differences between the slopes obtained were calcu
lated individually, taking the cerebellar slope as the reference (e.g. striatal 
slope - cerebellar slope). 

RESULTS 

1. The time course of the whole blood C-Pimozide concentration showed 

a fast equilibration phase, followed by a naar-plateau after the 20th minute. 

2. On the brain images of group A subjects, the time-course of C 

in striatum appeared to differ slightly from that in cerebellum, with the former 

structure becoming more and more intensely radioactive relative to the latter 

with progressing time. Such difference was not visible in group B subjects. 

This regional difference in C-Pimozide kinetics was confirmed when the indi

vidual time-activity curves were inspected. In group A patients, the striatum 

curves exhibited a slow rise or plateaued in 7/8 studies, but decreased in 

all studies in the cerebellum. Both structures displayed a parallel decrease 

(4/5) or slight increase (1/5) in group B studies. An exemple is shown on 

Kig. 1. . / . 
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3. In group A studies, the mean (î SD) of the calculated slopes 
-4 3 (expressed in % ID x 10 /10 seconds) were - 0.09 i 0.58 (range + 0.43 to 

- 1.45) and - O.90 t 0.67 (range - 0.35 to - 2.31) in striatum and cerebellum, 

respectively (p < 0.05). The mean slope difference was + 0.81 + 0.21 (range 

+ 0.56 to + 1.11), which is significantly different from zero (p < 0.001). 

In group B studies, the results were - 0.34 i 0.30 (range • 0.19 

to - 0.58) and - 0.41 + 0.26 (range - 0.04 to - 0.75) for striatum and 

cerebellum respectively (not significantly different). The mean slope diffe-

rence was + 0.07 t 0.12 (range • 0.23 to - 0.04), which is not different 

from zero but significantly different from qroup A (p < 0.001) (Fig. 2 and 3). 

The slopes obtained from the frontal cortex showed nc significant 

differences from the cerebellar slopes in any of the above tests. 

4. In group A, the calculated concentration of C-Pimozide at 

t = 57 min were 2.65 nM (range 1.2 to 8.8) anti 2.45 nM (range 1.1 to 7.5) in 

caudate and cerebellum, respectively. In group B studies, they were 0.99 nM 

(range 0.64 to 1.5) and 0.99 nM (range 0.6 to 1.7) respectively. These values 

are not different from one another. 

5. Neither the caudate nor the cerebellar slopes (o- their difference) 

were correlated to the amount of Pimozide injected or to its local concentra

tion in brain in group A studies ; both the caudate and the cerebellar concen-
11 tration of C-Pimozide at t • 57 min were linearly correlated to the amount 

of Pimozide injected (r = 0.993 and 0.997, respectively), but the regression 

lines were not different from each other. 

./. 
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COtWEhTS 

The present PET study is the f i rs t to demonstrate in vivo in man 

phenomena that are presumably directly related to the presence of specific 

dopaminergic receptors in the striatum. Compelling evidence comes from the 

following facts. First , there was a small but highly significant difference 

in the regional kinetics of C-Pimozide between striatum and cerebellum, 

two extreme brain structures with regard to their DA receptors concentration 

In al l naive patients studied, there was a retention of C-Pimozide in stria 

tum%nd. a decrease in cerebellum (Fig. 2 and 3 ) , similar to although not as 

prominent as what has been observed in rats or mice injected I.V. with trace 
3 1 7 

amounts of H-Pimozide • . Second, in keeping with the latter animal experi

ments, no such differences in the kinetics of C-Pimozide was seen in the 

frontal cortex when compared to cerebellum, a finding consistent with the 
2 

relatively low density of DA terminals in this area . Third, in patients pre-

treated with the unlabelled competitor haloperidol irr amounts presumably lar

ge enough to cause near-complete occupation of the DA receptor sites, the 
11 regional kinetics of trace molecules of C-Pimozide this time showed no 

significant retention in striatum when compared to cerebellum (Fig. 2 and 3) , 

but the kinetics in the frontal cortex were not affected : these results 

are consistent with the in vivo inhibition studies of Baudry et a l . in mice, 

showing a dose-related effect of haloperidol pretreatment on striatal but no 

effects on frontal or cerebellar kinetics of H-Pimozide,and with the displa

cement studies of Laduron et a l . in rats. The inference from the above in 

vivo animal studies was that the retention or accumulation of the labelled 

ligand in the striatum of naive animals is a direct expression of i ts speci

f i c , high-affinity binding to the DA receptors, although al l the criteria 

necessary to ascertain this hypothesis could not be fu l f i l led ; prior occu

pation of the striatal DA specific sites by large amounts of unlabelled 1 i -
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gand would then allow the labelled ligand to wash-out non-specifically from 

brain at the same rate as that seen in structures devoid of DA receptors. 

One could argue that since the rate of wash-out from brain must be 

in some way governed by the local blood flow, a differential effect of 

haloperidol on striatal flow could explain our findings. This seems unlikely I 

since it has been shown that neuroleptics in therapeutic doses do not affect 

much cerebral blood flow . Another criticism would be that the difference in 

kinetics observed in group B patient is not related to pretreatment with 

' haloperidol but rather to the disease state of the subjects, namely schizo

phrenic - like psychosis, or alternatively to their chronic neuroleptic medi-
15 cation which, when stopped, can lead to DA receptor supersensitivity . 

However, the two schizophrenics who were included in group A did not differ from 

the six remaining controls, and the one unmedicated schizophrenic studied 

twice did show typical C-Pimozide kinetics on both occasions (Fig. 1). 

Although the present study was successful in documenting convincingly 

that the nature of the observed kinetics was directly related to specific 

binding of C-Pimozide to striatal DA receptors, it remains that the pheno

mena observed, although highly significant, were of relatively small magnitude. 

Particularly, unlike the findings reported in animals ' , we could 

not observe any reliable difference in C-Pimozide concentration between 

striatum and cerebellum at 60 min after I.V. injection in naive patients. In 
3 rats and mice, striatal H-Pimozide concentration was about 1.5, 2 and 3 % times 

that present in cerebellum at one two, and four hours, respectively ' , a 

difference in uptake taken as representing the specific binding to DA receptors 

in striatum. Many factors may explain this discrepancy. First, as a trade-off 

between the constraints of C-radiochemistry, acceptable counting statistics 

and radiation exposure to the patient, the mass of Pimozide injected resulted 

in striatal concentrations ranging from 1.2 to 8.8 nM, i.e. concentration at 
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which near-saturation of the DA receptor sites is expected to occur with 
consequent partial masking of specific binding by non-specific binding. 
Second, the human striatum is of a size and shape such that faithful imaging 

13 
with our current PET device is not expected , and its radioactive concentra
tion is diluted by that of the neighbouring structures of low and exclusively 
non-specific binding, e.g. white matter and ventricles. Third, because of 
the short physical decay of C (T 1/2 - 20 min), brain imaging could not be 
oursued for more thatn an hour or so, thus minimizing the difference in up-
take between striatum and cerebellum. Finally, dopaminergic ligands with 
higher affinity and lower non-specific binding than Pimozide, e.g. spiperone , 
would likely have provided more clear-cut results, but radiochemical labeling 
of spiperone with C is difficult. 

The kinetic approach used here, although limited,did however provide 
highly significant and reproducible results. By showing regional differences 
in pharmacokinetics consistent with known in vitro distribution of DA recep
tors, and abolished by a competition procedure, three of the five criteria 

p 
necessary for in vivo demonstration of specific binding have veen fulfilled . 
Pathophysiologic studies investigating the striatal DA receptors po-
pulation in various disorders in now in the planning stage. 

In this endeavor substantial steps foward will likely come from si
multaneous improvements in all three fields of radiochemistry (better ligands, 

18 higher radioactive specificity, F labeling), detection (improved spatial 
resolution and sensitivity) and neuroscience (modelling for in vivo quantita
tive estimation of receptor concentration and affinity). 

However, it will remain that, to penetrate the blood-brain-barrier, 
the labeled ligand must be lipophilic, its uptake by the brain being therefore 
mainly governed by non-specific binding. Only displacement or competition 
experiments will then allow to differentiate specific from non-specific 
components. •/• 



FIGURE CAPTIONS 

Fig. 1 - Caudate and cerebellar time-course of C-Pimozide concentration 
(expressed in % of injected dose per ml brain, and normalized to 100 X at 
t = 2 min) in the same patient studied first in the control state (top) and 
one welk l?ter after prior I.M. injection of 10 mg of Haloperidol. Despite 
the statistical fluctuations, retention is seen in the caudate but not in 
the cerebellum in the control state, whereas competition with cold Haloperidol 
abolishes this difference. 

Fig. 2 - Fitted regression lines of the caudate and cerebellar radioactive 
time course (normalized to 100 % at t = 2 min) in each of the 8 group A 
studies (left hand side) and the 5 group B studies (right hand side). The 
curves are seen to diverge in all group A studies, but are essentially paral
lel in group B studies. 

Fig. 3 - Caudate - Cerebellar slope difference in group A and group B studies 
(see text) ; mean and SD are also shown. There is no everlap between groups, 
and their difference is highly significant. 
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