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sing positron emission tomography and the carbon 
1HlIboied Igand raclopride, central D2-dopamlne receptor 
Oc(;upancy in the putamen was determined In psychiatric 
p,Uiel1lp tf\ ated with clinical doses ot psychoactive drugs. 
F1eCe?!Qf oOCtJ ancy In drug-treated patients was defined as 
ltto.psrrcent reduction of specific carbon 11-racloprlde binding 
In rel!ltlcll Ie the expected binding In the absence of drug 
tre lmenl. Clinical treatment of schizophrenic patients with 11 
chemlcallylstlnct antipsychotic drugs (Including both clas
sic Bnd ,atyplC1lI neuroleptlcs such as clozaplne) resulted In a 
&5% e 85% occupancy of D2-dopamlne receptors. In a de
pre~s.ad p UOl1t treated with the tricyclic antidepressant nor
Irlpt)'llne, no occupancy was found. The time course for 

.ceptor occupancy and drug levels was followed after wlth
llr8W, of ulplrlde or haloperidol. D2-dopamlne receptor 
oeo pancy remained above 65% for many hours despite a 
~ubstantlar reduction of serum drug concentrations. In a 
lIulplrlde-treated patient, the dosage was reduced In four steps 
Olilif nine-Week period and a curvilinear relatlonshlp was 
demonstrated between central D2-dopamlne receptor occu
panc)' an lIt1fUm drug concentrations, The results demon

tr:ltll t at IInlcel doses of all the currently used classes of 
a.nUpsvcl'lotic drugs cause a substantial blockade of central 
C2·dopamlne receptors In humans. This effect appears to be 
cs-e!ectlv~ for theantlpsychotlcs, since It was not Induced by 
Ihe nlleep SSB t nortriptyline. 

(Arch Gen Psychiatry 1988;45:71-76) 

The antipsychotic effect of neuroleptic drugs has been 
well established .'.2 The individual response to treat

ment is highly variable, however, and in some patients 
severe side effects have been recorded. Reduction of the 
risk of side effects by the titration of the minimal anti
psychotic dosage in each patient is a demanding clinical 
procedure. For these reasons, there is a need for useful 
measures to guide the dose-finding procedure. 

During the past 20 years, techniques have been available 
for the measurement of drug concentrations in serum and 
other body fluids. The assumption motivating such mea
surements in neuroleptic-treated patients is that the drug 
concentration in body fluids reflects the concentration in 
the synaptic cleft close to the target neuroreceptors. 3 
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Despite a large number of studies on the relationships 
between serum drug concentrations and antipsychotic ef
fects, no consistent relationships have been generally con
firmed.' 

It is widely accepted that the therapeutic effect of 
neuroleptic drugs is related to their ability to antagonize 
the action of the neurotransmitter dopamine by blockade of 
central dopamine receptors. ,;'B This hypothesis is supported 
by the demonstration of a linear correlation between drug 
affinity for central.D2-dopamine receptors in animals and 
antipsychotic potency in humans, while no such correlation 
has been demonstrated for any other central receptor.' 
Previously, it had not been possible to test this hypothesis 
in humans. The development of positron emission tomogra
phy (PET) has now made it feasible to study drug interac
tion with receptors in the living human brain. HI-J4 The 
determination of central D2-dopamine receptor blockade in 
neurOleptic-treated patients should offer a measure that is 
closer to the assumed target for antipsychotic drug action 
than the serum drug concentration. 

Using the highly selective D2-dopamine receptor antag
onist raclopride, labeled with carbon 11 e'C), we have 
developed a PET method for the quantitative measurement 
of D2-dopamine receptor characteristics in the putamen of 
living human subjects. 13.,s In an earlier study, this method 
was applied to determine the degree of D2-dopamine recep
tor occupancy in patients treated with four chemically 
distinct neuroleptics. Clinical treatment with all four drugs 
resulted in a D2-dopamine receptor occupancy of approx
imately 80%.12 

The present study was performed to examine how an 
extensive series of classic and atypical neuroleptic drugs in 
clinical doses affect central D2-dopamine receptor occu
pancy in psychiatric patients. Treatments with clinical 
doses of all of the major chemical classes of antipsychotics 
were examined and compared with a clinical dose of the 
antidepressant drug nortriptyline. For the two antipsy
chotic drugs haloperidol and sulpiride, we also examined 
the relationship between D2-dopamine receptor occupancy 
in the brain and drug concentration in the serum during 
drug withdrawal. 

SUBJECTS AND METHODS 

To study various antipsychotic drugs, 14 patients who satisfied 
DSM·III criteria for a schizophrenic disorder (ages 19 to 51 years) 
were recruited aftel' giving their informal consent. Patients with 
an organic brain disorder (DSM·III) or somatic disease or who Iabused alcohol or other drugs were excluded. The patients had all 
been receiving treatment with conventional dosages of one of 11 
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