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The determination of the optimal prescription dosage of 
neuroleptic medications is of great importance to optimize the 
therapeutic response and to minimize the occurence of tardive 
dyskinesia and other side-effects. 
PET, a non-invasive methodology which provides in-vivo the 
actual binding (occupation) of brain dopamine receptors, can be 
used as an in-vivo radioreceptor assay to indirectly estimate 
the neuroleptic tissue levels. 
In this study, 76Br-BSP was used in conjunction with PET to 
provide a semi-quantitative estimate of the neuroleptic <D2) 
binding sites occupancy n»te during and following oral treat
ment by neuroleptics. 
On neuroleptic treatment, the fraction of unoccupied sites 
showed a striking dose-dependence ranging from .94 to .27 for 
lowest and highest doses. The CPZ equivalent daily oral doses 
occupying 50 and 100% of the neuroleptic sites were found to be 
respectively about 6 and 60 ymol/kg. 
The results establish that washout of neuroleptics from 
striatal binding sites is a rapid process that strongly suggest 
that the long-lasting remissions of psychotic patients follo
wing neuroleptic withdrawal are not due to persistent dopamine 
receptor occupation. 
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Au cours d'un traitement par les neuroleptiques, il est très 
important de pouvoir optimiser la prescription afin d'éviter un 
surdosage qui pourrait entrainer la survenue d'effets secondai
res nuisibles comme la dyskinésie tardive. 
La TEP qui est une méthodologie non traumatisante permettant 
d'étudier chez l'homme vivant l'occupation réelle des récep
teurs dopaminergiques centraux , peut être utilisée comme une 
méthode in-vivo de radioanalyse des récepteurs pour estimer de 
façon indirecte la concentration tissulaire cérébrale en 
neuroleptique. 
Dans cette étude, on a utilisé 76Br-BSP et la TEP pour obtenir 
une estimation semi-quantitative du taux d'occupation des 
récepteurs D2 par les neuroleptiques au cours du traitement et 
après son arrêt. 
Pendant le traitement on observe l'existence d'une relation 
dose-occupation tout a fait caractéristique, la fraction des 
sites non-occupés variant entre 94 et 27%. La dose orale 
journalière exprimée en équivalent chlorpromazine occupant 100% 
des sites de liaison des neuroleptiques est d'environ 60 
umole/kg. 
Après l'arrêt du traitement, les résultats obtenus montrent que 
la libération des sites de liaison des neuroleptiques est un 
phénomène rapide ce qui suggère que les rémissions de longues 
durées observées chez des patients psychotiques dont le traite
ment à été suspendu ne sont certainement pas dues à une 
occupation persistente des reécepteurs D2. 
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INTRODUCTION 

The determination of the optimal prescription dosage of 
neuroleptic medications is of great importance to optimize the 
therapeutic response and to minimize the occurence of tardive 
dyskinesia and other side-effects. Interest in clinical neuro
leptic drug monitoring appeared with the first reports descri
bing a therapeutic range of plasma concentrations below which 
no effect would be induced and above which adverse effects 
would be a problem with no further benefit. However whatever 
the sensitivity of the analytical methods used, the reliability 
of neuroleptic plasma levels has always been questîonned 
because of an abscence of consistent correlation with antipsy
chotic effects (Bigelow et al., 1985). Although radioreceptor 
assays which take in account the active metabolites have 
occasionally provided better correlations, the usefulness of 
monitoring plasma concentrations of neuroleptics is still 
debated (Silverstone et al., 1984, Altamura et al., 1987) and 
the indications of maintenance therapy remains a subject of 
controversy (Gaebel et al., 1985). Early pharmacological 
studies suggested that neuroleptics drugs which are effective 
in controlling acute episodes of schizophrenia exert their 
therapeutic actions by blocking, dopamine receptors in the 
nervous system. With the advent of techniques allowing the m-
vitro radiolabelling of neurotransmitter receptors in the brain 
by binding procedures, it became possible to directly measure 
(and visualise) the recognition sites of dopamine receptors 
through the binding of tritiated neuroleptics such as 3H-
spiperone (Leysen et al., 1978). In facts, if these binding 
techniques have allowed to demonstrated that, in rat brain 
tissues, drug levels correlate with behavioral effects (Camp
bell et al., 1980), they have been seldom applicable in human. 
Positron emission tomography (PET) has recently emerged as a 
unique tool to investigate m-vivo brain receptors in humans 
and noteworthy striatal dopamine receptors using high affinity 
neuroleptics labelled with positron-emitting radionuclides 
(Wagner et al., 1983, Mazière et al., 1985, Farde et al., 1985) 
This non-invasive methodology which provides in-vivo the actual 
binding (occupation) of brain dopamine receptors, can be used 
as an in-vivo radioreceptor assay to indirectly estimate the 
neuroleptic tissue levels. 
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Among the positron-emitting radiolabeled ligands able to be 
used in humans for quantitative mapping of neuroleptic binding 
sites, spiperone labeled with 76Br (76Br-bromospiperone or 
76Br-BSP) appears to be particularly suitable as shown by 
extensive validation studies in animals and humans (Mazière et 
al., 1984). 

In this study, 76Br-BSP was used in conjunction with PET to 
provide a semi-quantitative estimate of the neuroleptic (D2) 
binding sites occupancy rate during and following oral treat
ment by neuroleptics. 

METHODS 

PET STUDIES 

The method used has been described elsewhere (Mazière et al, 
1984). PET scans were performed by means of time-of-flight 
tomograph which allows simultaneous acquisition of 7 slice 
images, 12 mm thick on average. Spatial resolution in the plane 
of section is about 10 mm. By means of bony landmarks and laser 
beams the subject was carefully positionnée so that the lower 
cut included the cerebellar hemispheres and the third cut, the 
basal ganglia. After a transmission scan performed for accurate 
subsequent attenuation correction, the radioligand was IV 
administred and two 30 roin scans were acquired starting 5 min 
and 4.5 h post-injection. 

CONTROLS 
17 subjects (6 women and 11 men), their age ranging from 24 to 
76 years, either healthy volunteers or patients hospitalized 
for various symptoms unrelated to the central nervous system 
and without any medication known to interfere with D2 recep
tors, were selected. 

PATIENTS 
15 patients (5 women and 10 men), their age ranging from 21 to 
82 years, were studied after informed consents were obtained. 
All had been on chronic medication with oral neuroleptics 
(phenothiazine , butyrophenone) for more than two months. Six 
patients were off neuroleptics for periods from 1 to 12 days, 
and six others were studied twice, first on treatment , then 
after withdrawal. 

In order to allow comparison between the different studies, 
each neuroleptic dose was expressed as weight-adjusted equiva
lent daily dose of chlorpromazine (CPZ). As previous results 
(Seeman et al., 1976) have indicated that there is a good 
correlation between the antipsychotic potencies and the IC50 
values for blocking the neuroleptic receptors, these equiva
lence were calculated either on medication dose equivalence 
(Peroutka et al. 1980) or from the in-vitro inhibition 
constants for tritiated haloperidol (Leysen, 1984). 
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DATA ANALYSIS 
In the images obtained 5 min and 4.5 h post-injection the 
radio* .tive concentrations were obtained by means of a standar
dized method using regions of interest (ROD placed on the 
cerebellum and the striata. Mhen these last structures were 
not visible ( as in the 6 patients on larges doses of neurolep
tics), the ROIs placed on the images obtained after drug 
withdrawal were copied on the former by means of a dedicated 
software. From the radioactive concentrations so measured on 
the late image, the striatum to cerebellum radioactive concen
tration ratio (S/C) was calculated for each subject. Since the 
cerebellum is virtually devoid of specific binding sites for 
neuroleptics, this S/C ratio gives a reliable index of the 
specific binding in the striatum, assuming that non-specific 
binding and access to the receptors are stable. 

RESULTS 

The S/C ratios found in the 17 control subjects showed a highly 
significant (p<0.001) linear negative correlation with age: 

S/Cth = - 0.0085 years • 2.39 (Baron et al., 1986). 
The cerebellar tracer concentrations at 5 min and 4.5 h were 
found to be indépendant of age, indicating that ligand supply 
and non-specific binding were age invariant. 

By comparing the S/C ratios measured in the neuroleptic treated 
patients to the control values S/C*», (theoritical values for 
controls adjusted for age), the fraction of binding sites left 
unoccupied by the neuroleptic medication was calculated 
according the equation : 

f = (S'C - 1)/(S/Cth - 1) 

DISCUSSION 

As the cerebellum radioactive concentrations measured in the 
early image (ligand disponibi1lty) and the late image (non
specific binding) were not affected by the neuroleptic treat
ments, the above-tnentionned equation can be validly used to 
investigate in-vivo, the interaction between drugs and their 
central binding sites. 
On neuroleptic treatment, the fraction of unoccupied sites 
showed a striking dose-dependence ranging from .94 to .27 for 
lowest and highest doses. The CPZ equivalent daily oral doses 
occupying 50 and 100% of the neuroleptic sites were found to be 
respectively about 6 and 60 ymol/kg. 
Within days of withdrawal, there was a rapid trend for a return 
of the S/C ratio toward control values : In patients on high 
neuroleptic doses, the image at the basal ganglia level changed 
from a featureless pattern while on neuroleptics to the normal 
pattern of high striatal uptake 3 days only after withdrawal. 
The extent of the recovery seemed to depend on both the 
fraction of the occupied sites during treatment and on the 



withdrawal i n t e r v a l . In 6 p a t i e n t s , ava i lab le binding s i t e 
values reached the control v a l u e s in 7-12 days. 
These re su l t s e s tab l i sh ing t h a t washout of neuro lep t i c s from 
s t r i a t a l binding s i t e s i s a rapid process strongly suggest that 
the long- las t ing remissions of psychotic p a t i e n t s fo l lowing 
neurolept ic withdrawal are not due to p e r s i s t e n t dopamine 
receptor occupation. In 3 p a t i e n t s the recovery l e v e l s were 
beyond 100% presumably i n d i c a t i n g an up-régulât ion of D2 
receptors by chronic neuro l ep t i c treatment which could be 
re la ted to a dopamine receptor post - therapeut ic s u p e r s e n s i t i v i 
t y . 
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