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Abstract. Positron emission tomography (PET) and *'C-
raclopride were used to measure the occupancy of central
dopamine D, receptors by a new neuroleptic, CP-88,059-1.
In a double blind dose escalation study, seven healthy
male subjects received a predose of between 2 mg and
60 mg CP-88,059-1, 5 h before PET scanning. One addi-
tional subject was assigned to placebo predose. Receptor
occupancy was defined as the percentage reduction in
binding potential compared with that seen in the subject
predosed with placebo and with that seen in seven un-
medicated normal volunteers previously studied. Binding
of *C-raclopride decreased in a dose dependent manner,
and 85% dopamine D, receptor occupancy was achieved
with the highest dose of CP-88,059-1. The findings con-
firm that brain dopamine D, receptors are blocked by
CP-88,059-1 and suggest that an effective antipsychotic
dose will be between 20 mg and 40 mg. The study high-
lights the potential of positron emission tomography in
the preclinical evaluation of new drugs.
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It is generally considered that the antipsychotic effect of
neuroleptics is mediated by blockade of central dopa-
mine D, receptors. The strongest evidence for this
hypothesis is the linear correlation between the affinity
of drugs for D, receptors in animals and antipsychotic
potency in man, a relationship that does not hold for any
other neuroreceptor (Creese et al. 1976; Seeman et al.
1976; Peroutka and Snyder 1980). It is possible to study
dopamine D, receptor binding of drugs in the living
human brain using positron emission tomography (PET)
and carbon-11 labelled raclopride, a highly specific an-
tagonist of dopamine D, receptors (Farde et al. 1985).
Using this approach, Farde et al. have demonstrated that
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clinically effective (antipsychotic) doses of a variety of
neuroleptics result in at least 65% occupancy of central
dopamine D, receptors (Farde et al. 1988b). This degree
of occupancy can be demonstrated to occur as rapidly as
2 h after acute administration of neuroleptic (Farde et al.
1986).

There are three principal limitations to the clinical use
of traditional neuroleptics. Firstly, between 20 and 40%
of treated patients develop extrapyramidal side effects
(EPSE) (Tarsey 1983). Sccondly, the debilitating and
often irreversible syndrome of tardive dyskinesia arises
in up to 30% of patients on long term treatment (Bal-
dessarini et al. 1980). Thirdly, there is a sub-group of
about 20-30% of all schizophrenics who do not respond
to conventional neuroleptics, in particular those patients
who exhibit negative or deficit symptoms (Davis et al.
1980; Kane et al. 1988). Compounds which have broad
antipsychotic efficacy in the absence of EPSE are
therefore of great interest.

Recent work with the atypical dibenzodiazepine neu-
roleptic clozapine suggests that this compound is effec-
tive in the treatment of schizophrenia, including up to
30% of drug-refractory patients, while producing very
few EPSE (Kane et al. 1988). It is hypothesised that the
combined antagonist properties of clozapine at post-
synaptic serotonergic SHT, and dopaminergic D, recep-
tors are responsible for this clinical profile (Meltzer et al.
1989). It is possible that the likelihood of EPSE may
relate to the relative occupancy of D, and SHT, recep-
tors in the putamen by neuroleptics. The incidence of
EPSE is also related to absolute levels of D, occupancy
by neuroleptics. EPSE are more common when there is
greater than 85% occupancy of D, receptors (Farde et al.
1992). Thus, in terms of striatal dopamine D, receptor
occupancy by neuroleptics there appears to be an opti-
mum level of between 65 and 85% which is antipsychotic
and vyet less likely to cause EPSE.

CP-88,059-1 is the hydrochloride salt of a ben-
zisothiazoyl piperazine, related in structure to the experi-
mental atypical antipsychotic drug tiosperone. It was
developed in the search for a compound that potently



blocks dopamine D, receptors but that binds with
greater affinity to cerebral serotonin SHT, receptors. It
has high affinity for both SHT, (K;=0.42 nM) and D,
(K;=4.8 nM) receptors. The separation between these
affinities (SHT,: D, = 11.4) is greater than that observed
for other antipsychotic drugs (e.g. for clozapine SHT,:
D, =4.5, for chlorpromazine SHT,: D, =0.3) (data sup-
plied by Pfizer Central Research ; Investigator’s Brochure
1991).

In this study PET and *'C-raclopride were used to
establish the minimum dose of CP-88,059-1 required to
produce a level of striatal dopamine D, receptor occu-
pancy between 65 and 85%. In addition, C!°0, inhala-
tion was used to measure cerebral blood flow prior to
measuring dopamine receptor occupancy. PET mea-
surements of regional cerebral blood flow (rCBF)
provide a non-invasive in vivo index of neuronal activity
(Raichle 1987). These techniques can show discrete areas
within the brain which are affected by the administration
of psychotropic drugs, such as neuroleptics.

Materials and methods

Subjects. Eight healthy male volunteers between the ages of 20 and
34 were studied. Health was assessed by medical history, full clinical
examination, haematological and biochemical profile and urinaly-
sis. Magnetic resonance imaging (MRI) of the brain was performed
on six of the subjects. Of the remaining two subjects one was
unavailable for MRI and the other had metal implants following
a limb fracture. All subjects were neuroleptic naive and had not
taken any standard prescription drug therapy for at least 2 weeks
prior to the study. Demographic details of the subjects are shown
in Table 1. All subjects gave informed written consent and local
ethics committee approval was obtained. Permission to administer
radioisotopes was obtained from the Administration of Radioactive
Substances Advisory Committee of the UK.

Synthesis of 11C-raclopride. *1C-raclopride was prepared at the
Cyclotron Unit according to the method of Farde et al. (1988a). The
mean specific activity of the eight preparations was 21315 MBQ/
mmol (range 15772-30837) and the mean concentration of cold
raclopride was 1.15 pg/ml (range 0.55-2.33). Raclopride tartrate
was provided by Astra Research Centre, Sweden.
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Drug administration and positron emission tomography. Using a
double-blind dose escalation design, the eight subjects were allo-
cated to receive one of seven different doses of CP-88,059-1 between
2 and 60 mg, or placebo. The placebo subject was randomly inserted
into the dose escalation schedule. Medication was administered at
9.00 A.M. PET scans were performed on a CTI 931-08/12 (CTI Inc.,
Knoxville, Tennessee, USA) scanner (Spinks et al. 1988). Recon-
structed images had an axial full width half maximum (FWHM)
resolution of 7mm and an in-plane FWHM resolution of
8.5x8.5mm. All scans were performed between 14.30 and
1530 p.M. Individual expanded polystyrene head supports were
made to ensure comfort and relative immobility and a 22 g Teflon
catheter was inserted into the left radial artery after establishing the
presence of satisfactory collateral circulation and subcutaneous
infiltration with 0.5% bupivicaine (Marcain®). Subjects were align-
ed in the scanner using a laser system so that the detectors were
parallel to the orbito-meatal line. A 10-min transmission scan for
correction of tissue attenuation of 511 keV gamma radiation was
collected using a retractable $8Ga/68Ge ring source.

All eight subjects received bolus intravenous injections of 11C-
raclopride in saline (mean = 9.6 mCi, SD = 1.9; mean weight of cold
raclopride injected was 5.96 pg, SD=1.7). Dynamic scans were
collected from the time of injection for a period of 60 min, divided
into 25 time frames. Frame length was increased from 5 s initially
to 10 min at the end of the study. Venous blood samples for estima-
tion of serum concentrations of CP-88,059-1 were taken predose
and at 1, 2, 4, 6, 8, 12, 24 and 36 h post-dose. Additional samples
for prolactin assay were taken at the same time points up to 24 h
post-dose. Measurement of CBF ws performed before 11C-raclo-
pride administration by inhalation of C'50, and dynamic PET
scanning. This method has been described in detail previously
(Lammertsma et al. 1990) but in brief applies both dynamic and
integral analyses to a dynamic sequence of 21 PET scans collected
during and following inhalation of C'30,. The dynamic analysis is
used to correct continuously monitored whole blood activity for
delay and dispersion relative to tissue scans. An integral analysis
including corrections for delay and dispersion is then used to cal-
culate CBF on a pixel-by-pixel basis.

CP-88,059-1 pharmacokinetic analysis. For the estimation of serum
concentrations of CP-88,059-1, the venous blood samples were kept
at room temperature until clotted. Within 1h of collection the
serum was separated from coagulated blood using a refrigerated
centrifuge. Serum samples were stored at —20° C before analysis
with an high performance liquid chromatographic assay involving
liquid-liquid extraction with detection by API-MS. The assay had
a dynamic range of 0.5-50 ng/m! with a lower limit of quantitation

Table 1. Details of the 8 subjects studied: dose of CP-88,059-1 taken, serum levels of CP-88,059-1, striatal binding potential (BP), cerebral

blood flow for three regions of interest, and prolactin response

Subject Age Weight Dose of  CP-88,059 Binding Receptor occupancy Cerebral blood flow  Prolactin response
(vears) (kg)  CP-88,059 AUC {0-c0}* potential (% reduction in BP) (ml/100 ml per min)
(mg) (ng-h/ml)  (SEY) AUC = Peak-
£ & vs Placebo vs 8 WB CBL STR¢ {0-12} baseline
Normals® mlIU - h/l mIU
1 23 73 2 22.7 2.21 (£0.06) 2% —0.4% 51.0 545 639 —-20.4  126.5
2 29 65 5 59.4 1.74 (£0.04) 23% 21% 474 526 60.9 16.8  230.5
3 23 73 10 110.3 1.71 (£0.07) 24% 22% 431 459  60.7 58 513
4 23 54 Placebo 0 2.25(+0.03) 0% —-2% 46.5 60.6 623 -132 —85
5 20 59 15 261.7 1.27 (£0.03) 44% 42% 499 60.6 73.3 203.3 558
6 29 79 20 239.5 0.94 (+0.03) 58% 57% 658 621 773 224.4 808
7 34 66 40 518.2 0.51 (£0.03) 77% 77% 49.7 501 58.6 267.3 767
8 24 87 60 638.8 0.39 (£0.02) 83% 82% 503  66.1 66.1 213 514

2 AUC {0~o0}: area under the serum concentration-time curve from
time 0 to infinity

® Standard errors of the estimate were calculated from the differences
between predicted and measured data, as described by Carson (1986)

¢ Mean value of striatal binding potential (BP) from 8 normal male
controls (2.20+0.29)
4 WB, whole brain; CBL, cerebelium; STR, striatum
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of 0.5 ng/ml (Pfizer Central Research, Groton, CT, USA). The area
under the serum CP-88,059-1 concentration-time curve from time
0 to the last time (t) with a measurable concentration (AUC{0-t})
was estimated using the trapezoid method. AUC from time t to
infinity (AUC{t-c0}) was estimated as Cp./K,;, where Cp,,, repre-
sents the estimated concentration at time t and K, is the terminal
phase rate constant, based on least squares regression analysis of
the data obtained during the terminal log-linear phase. AUC from
time 0 to infinity (AUC{0—c0}) was estimated as the sum of the
AUC{0-t} and AUC{t—oc0} values.

Prolactin assay. Plasma prolactin levels were determined by ra-
dioimmunoassay with intra and interassay coefficients of variation
of 2.5% and 6.7%, respectively, and a lower limit of detection of
34 mIU/I (Maurer et al. 1986). The prolactin (PRL) response was
analysed by two methods: (a) as the area under the response curve
for 12 h post-dose, with subtraction of the pre-dosing baseline level
using the trapezoid method; (b) as the peak-baseline value. The
baseline PRL level was determined from a sample taken at 8 a.m.,
1 h before pre-dosing.

Image analysis and modelling of data. The dynamic PET scans were
analysed using image analysis software (Analyze version 3.0, Biody-
namics Research Unit, Mayo Foundation, USA) on Sun 3/60
Workstations. Templates for striatal and cerebellar regions were
defined on individual raclopride scans, summated to include activity
between 30 and 60 min post-injection. These templates were then
transferred automatically by computer onto the CBF scans. The
positions of the regions were determined by inspection and, in six
subjects, with reference to the appropriate transverse slices of their
MRI scans. Regions of interest were defined for caudate (1 circular
region each side, 4 pixels in diameter, 1 pixel = 2.05 x 2.05 mm),
putamen (3 contiguous circular regions each side, 4 pixels diameter
each) and cerebellum (1 circular region each side, 16 pixels dia-
meter). All regions of interest were defined on two adjacent planes
using regions of identical sizes. Average values for each anatomical
structure were calculated (Sawle et al. 1990). The definition of
striatal regions of interest in the subjects pretreated with 20, 40 or
60 mg CP-88,059-1 was more difficult in view of the extensive
blockade of raclopride binding. For these scans the regions were
positioned firstly by adjusting the threshold of the raclopride images
to show the best possible definition between areas of differential
ligand binding, and secondly with reference to the CBF images.

Time activity curves were plotted for each region in each subject
and the kinetics of brain 11C-raclopride was modelled using the
cerebellum as a reference tissue (Hume et al. 1992). The model
consists of two tissue compartments for the striatum that corre-
spond to (a) free tracer and (b) receptor bound tracer. In contrast,
the cerebellum, which is a region of the brain virtually devoid of
dopamine D, receptors (Camps et al. 1989), consists of a free and
non-specific compartment and total radioactivity in this region may
be used as an estimate of free radioligand concentration in the
brain. Four rate constants are used to describe tracer uptake in
striatum. K ; and k, are the constants for transport between plasma
and tissue and k3 and k, are the constants for binding to and
dissociation from dopamine D, receptors, respectively. This model
allows for the estimation of binding potential (BP)=k;/k,, assum-
ing that the K,/k, ratios for striatum and cerebellum are equal.
Both K; and k, are blood flow dependent and are related to the
blood-brain barrier permeability surface area product. Even if these
entities differ between striatum and cerebellum it might be expected
that K, and k, would be equally affected, maintaining the K,/k,
ratio. Another assumption in this model is that the levels of non-
specific binding in the striatum and cerebellum are the same (Cun-
ningham et al. 1991).

If a neuroleptic drug binds to the receptor population of interest,
in this case dopamine receptors, and thereby occupies a certain
proportion of the receptors, this will be reflected in a reduced
number of receptors available for radioligand binding. The reduc-
tion in the number of available receptors will cause a proportional
decrease in the k5 : k, ratio (BP), assuming that k,, i.e. the dissocia-

tion constant or kp, remains constant. Dopamine D, receptor
occupancy was calculated as the percentage reduction in BP for the
predosed subject compared with the placebo predosed subject.

(BP,,— BP,)
(BPpl)

where BP,,; = Binding potential for placebo predosed subject
BP, = Binding potential for subject predosed with test drug
The main limitation of the present study is the use of a single
baseline study to derive the reference value for BP (see Discussion).
In view of this, the data were also analysed using the mean value
for striatum binding potential obtained from seven additional
healthy normal subjects as the reference value.

Receptor occupancy = x 100%

Results
Cerebral blood flow

There was no significant effect of CP-88,059-1 on striatal,
cerebellar or global cerebral blood flow (CBF) (Table 1).
CBF in these regions did not correlate significantly with
the measure of !:C-raclopride occupancy (P <0.37).
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Fig. 1a, b. Time activity curves showing the level of radioactivity in
the striatum (o) and cerebellum (x) for subject 4 (a) who received
placebo predose and for subject 8 (b) who received predose of 60 mg
CP-88,059-1



Binding potential

Following injection of C-raclopride, radioactivity rap-
idly entered the brain in all subjects (Figs la, b). How-
ever, in the subjects who received CP-88,059-1 there was
a progressive decrease in retention of ''C-raclopride in
the striatum with larger predoses, reflecting incremental
central dopamine D, receptor blockade. Time activity
curves are shown for striatum and cerebellum in subjects
predosed with placebo (Fig. 1a) and 60 mg CP-88,059-1
(Fig. 1b). Values of k3/k, (binding potential or BP) de-
creased with increasing predose of CP-88,059-1 (Fig. 2).
A 20 mg predose of CP-88,059-1 decreased BP by 58%
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compared with the single placebo predose study whilst
60 mg predose decreased BP by 83%. The mean striatal
BP including seven additional non-predosed normal
male subjects (age 31-72) was 2.20 (SD 0.29). Using this
mean value as the reference for BP, the 20 mg predose of
CP-88,059-1 decreased BP by 57% whilst 60 mg predose
decreased BP by 82%. Figure 3 shows PET images of the
striata of each subject with brain activity normalised for
integrated plasma activity at 45 min.

CP-88,059-1 pharmacokinetics

With increasing dose of CP-88,059-1 there was an in-
crease in AUC{0-o00}, with the exception of the 20 mg
dose where AUC{0—o0} was similar to that observed at
the 15mg dose level (Table 1). Similarly, serum CP-
88,059-1 levels at the time of the PET scan tended to in-
crease with increasing dose. There were strong correla-
tions between AUC{0-c0} and binding potential for
HUC-raclopride (r=-—0.95; df 6; P<0.0004) and
AUC{0-c0} and prolactin response (r=0.81; df 6;
P<0.01).

Prolactin response

Placebo predose and the lowest (2mg) dose of CP-
88,059-1 failed to produce an increase in plasma PRL
above baseline. The six subjects predosed with between
5mg and 60 mg of CP-88,059-1 demonstrated elevated
prolactin levels following medication (Fig. 4, Table 1).

Fig. 3. PET images of the 8 subjects at the
level of the striata. The images show sum-
mated activity for the last 30 min of the scans
and are normalised for plasma activity at

45 min. The images are colour coded so that
the regions of most intense !C-raclopride
binding are darkest
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Fig. 5. Binding potential vs prolactin response for the 8 subjects.
The correlation coefficient is —0.92

There was a significant negative correlation between the
binding potential for !!C-raclopride and prolactin re-
sponse (Fig. 5).

Discussion

PET and !!C-raclopride were used to examine brain
dopamine D, receptor occupancy in normal subjects 5h
after taking a single oral dose of the new neuroleptic
CP-88,059-1. With increasing dose of CP-88,059-1 there
was a decrease in the binding potential (BP) of *!C-raclo-
pride, indicating increasing central dopamine D, recep-
tor blockade. The results show that a single dose of be-
tween 20 and 40 mg CP-88,059-1 is likely to cause > 65%
receptor occupancy — the degree associated with clinical
doses of a variety of antipsychotic drugs (Cambon et al.

1987; Farde et al. 1988b). The correlation of the amount
of CP-88,059-1 given or AUC{0—c0} of CP-88,059-1 with
the PET derived measure of binding potential was
greater than for the correlation with the prolactin re-
sponse. This suggests that neuroleptic-induced prolactin
increases, which are an index of dopamine D, antago-
nism at the pituitary level, may be a less precise measure
of antagonism in the brain itself than the radioligand
uptake method described here.

Chronic administration of neuroleptics to schizo-
phrenics is reported to increase metabolic rate of glucose
in the basal ganglia (DeLisi et al. 1985; Buchsbaum et al.
1987; Szechtman et al. 1988). However, our finding of no
significant effect of neuroleptic dosage on cerebral blood
flow is consistent with previous PET studies of acute
neuroleptic administration (Volkow et al. 1986). More
specifically, both striatal and whole brain blood flow
showed no relationship with the level of D, antagonism.

In this study each subject had a single PET scan.
Values for receptor occupancy for the predosed subjects
were expressed as the percentage reduction in BP com-
pared with the common baseline of the placebo predosed
subject. This therefore assumes that the intersubject
variation in baseline BP is much less than the changes in
BP due to occupancy by neuroleptics and the use of such
a single value, instead of a ratio measured in a separate
PET experiment in each subject, introduces a systematic
error in the calculation of BP for each individual.
Previously, Farde et al. have described considerable vari-
ability in binding potential in normal volunteers, with
ranges from 2.7 to 5.0 (Farde et al. 1988b). However,
using averaged data for the reference value Farde et al.
(1992) have also shown that the difference in the values
obtained for D, occupancy varied by no more than 3%
from values obtained in the same patients from paired
studies. We therefore also calculated receptor occupancy
in the predosed subjects using the average striatal BP
from seven additional normal subjects as the reference
value. The results obtained differed from the results cal-
culated from the single baseline study by a maximum of
2.4%. Thus the dose-response profile remains unchanged.
We suggest that this general approach, with a single
“baseline” subject taking placebo, appears to be useful
in preliminary dose finding studies. The extrapolation of
the present results in normal subjects to guide clinical
(phase II) studies in schizophrenics can be justified by
recent studies (Farde et al. 1990; Martinot et al. 1990,
Martinot et al. 1991) which have failed to confirm the
earlier finding (Wong et al. 1986) of elevated D, recep-
tors in drug naive schizophrenics.

It is uncertain whether the dose-response profile de-
scribed would be different after chronic (weeks) ad-
ministration of CP-88,059-1. Measurement of occupancy
in the acute phase of medication could lead to overes-
timation of occupancy compared with that seen in the
chronically medicated state (the usual clinical situation).
Antagonism of D, autoreceptors in the acute phase of
medication causes an increase in extracellular dopamine
concentrations (Zetterstom et al. 1984). This increase is
dose dependent and at most twofold after a single or
repeated administration of neuroleptic. In theory this



could lead to decreased measurement of brain radioactiv-
ity due to competition between increased levels of en-
dogenous dopamine and !C-raclopride at the D, recep-
tor (Bunney and Grace 1978 ; Chiodo and Bunney 1985).
Against this, Hume et al. (1992) have shown in the rat
that dopamine levels need to be extensively raised by
amphetamine to produce appreciable changes in raclo-
pride binding and Farde et al. (1992) have suggested that
amphetamine causes a maximum decrease in !C-raclo-
pride binding of 16% in man.

In animal models, chronic neuroleptic administration
leads to the upregulation of dopamine D, receptors (Burt
et al. 1977; Clow et al. 1980). Earlier PET studies of the
effects of haloperidol and sulpiride suggested that levels
of occupancy do not change substantially from acute to
chronic dosage (Farde et al. 1988b; 1989). However,
Farde et al. (1990) have reported increased dopamine D,
receptor density measured with PET in a patient 2 weeks
after the withdrawal of sulpiride. This would suggest that
in the chronically medicated state receptor occupancy is
underestimated by PET due to upregulation of D, recep-
tors. If this is a dose dependent effect then receptor
occupancy will be more underestimated in patients with
high occupancy. This makes it likely that the dose re-
quired for antipsychotic occupancy in the steady state
will be less than that determined in a single dose study.

Dose finding studies using PET are now possible in
the early preclinical development of drugs. We have
previously described such a procedure for the evaluation
of a novel, reversible MAO-B inhibitor, using PET and
11C-deprenyl (Bench et al. 1991). Provided that there is
an appropriate radioligand for the receptor or enzyme of
interest and a quantitative model for the description of
lipand binding then these studies can be performed
quickly, in relatively few subjects. The present study
confirms that the putative neuroleptic CP-88,059-1 occu-
pies dopamine D, receptors in the brain. A single acute
dose of between 20 and 40 mg CP-88,059-1 gives a level
of occupancy commensurate with antipsychotic efficacy,
though this is likely to overestimate the dose required in
clinical, steady state conditions.

Acknowledgement. The expert assistance of the staff of the MRC
Cyclotron Unit and in particular Claire Taylor, Andreanna Wil-
liams, Ian Watson and Dr. Steve Waters is gratefully acknowledged.
Additional normative data for binding potential were provided by
Dr. David Brooks and Dr. Nora Turjanski.

References

Baldessarini RJ, Cole JO, Davis JM (1980) Tardive dyskinesia:
summary of a task force report of the American Psychiatric
Association. Am J Psychiatry 137:1163-1172

Bench CJ, Price GW, Lammertsma AA, Cremer JE, Luthra SK,
Turton D, Dolan RJ, Kettler R, Dingemanse J, DaPrada M,
Biziere K, McClelland GR, Jamieson VL, Wood ND, Fracko-
wiak RSJ (1991) Measurement of human cerebral monoamine
oxidase type B (MAO-B) activity with positron emission tomog-
raphy (PET): a dose ranging study with the reversible inhibitor
Ro 19-6327. Eur J Clin Pharmacol 40:169-173

Buchsbaum MS, Wu JC, DeLisi LE, Holcomb HH, Hazlett E,
Cooper-Langston K, Kessler R (1987) Positron emission to-

313

mography studies of basal ganglia and somatosensory cortex:
neuroleptic drug effects. Biol Psychiatry 22:479-494

Bunney BS, Grace AA (1978) Acute and chronic haloperidol treat-
ment: comparison of effects on nigral dopaminergic cell activity.
Life Sci 23:1715-1727

Burt DR, Creese I, Snyder SH (1977) Antischizophrenic drugs:
chronic treatment elevated dopamine receptor binding in brain.
Science 196:326-328

Cambon H, Baron JC, Boulenger J-P, Loc’h C, Zarifian E, Maziere
B (1987) In vivo assay for neuroleptic receptor binding in the
striatum. Positron tomography in humans. Br J Psychiatry
151:824-830

Camps M, Cortes R, Gueye B, Probst A, Palacios JM (1989)
Dopamine receptors in human brain: autoradiographic distri-
bution of D, sites. Neuroscience 28:275-290

Chiodo LA, Bunney BS (1985) Possible mechanisms by which
repeated clozapine administration differentially affects the activ-
ity of two subpopulations of midbrain dopamine neurons.
J Neurosci 5:2539-2544

Clow A, Theodorou A, Jenner P, Marsden CD (1980) Changes in
rat striatal dopamine turnover and receptor activity during one
year’s neuroleptic administration. Eur T Pharmacol 63:135-144

Creese I, Burt DR, Snyder SH (1976) Dopamine receptor binding
predicts clinical and pharmacological potencies of antischizo-
phrenic dugs. Science 192:481-483

Cunningham VJ, Hume SP, Price GW, Ahier RG, Cremer JE, Jones
AKP (1991) Compartmental analysis of diprenorphine binding
to opiate receptors in the rat in vivo and its comparison with
equilibrium data in vitro. J Cereb Blood Flow Metab 11:1-9

Davis JM, Schaffer CB, Killian GA, Kinard C, Chan C (1980)
Important issues in the drug treatment of schizophrenia.
Schizophr Bull 6;70-87

DeLisi LE, Holcomb HH, Cohen RM, Pickar D, Carpenter W,
Morihisa JM, King AC, Kessler R, Buchsbaum MS (1985)
Positron emission tomography in schizophrenic patients with
and without neuroleptic medication. J Cereb Blood Flow Metab
5:201-206

Farde L, Ehrin E, Eriksson L, Greitz T, Hall H, Hedstrom C-G,
Litton J-E, Sedvall G (1985) Substituted benzamides as ligands
for visualisation of dopamine receptor binding in the human
brain by positron emission tomography. Proc Natl Acad Sci
USA 82:3863-3867

Farde L, Hall H, Ehrin E, Sedvall G (1986) Quantitative analysis
of D, dopamine receptor binding in the living human brain by
PET. Science 231:258-261

Farde L, Pauli S, Hall H, Eriksson L, Halldin C, Hogeberg T,
Nilsson L, Sjogren I, Stone-Elander S (1988a) Stereoselective
binding of [!!C]raclopride in living human brain — a search for
extrastriatal central D,-dopamine receptors by PET. Psycho-
pharmacology 94:471-478

Farde L, Wiesel FA, Halldin C, Sedvall G (1988b) Central D,-
dopamine receptor occupancy in schizophrenic patients treated
with antipsychotic drugs. Arch Gen Psychiatry 45:71-76

Farde L, Wiesel FA, Nordstrom A-L, Sedvall G (1989) D,- and
D,-dopamine receptor occupancy during treatment with con-
ventional and atypical neuroleptics. Psychopharmacology
99:528-S31

Farde L, Wiesel FA, Stone-Elander S, Halldin C, Nordstrom A-L,
Hall H, Sedvall G (1990) D, dopamine receptors in neuroleptic-
naive schizophrenic patients. Arch Gen Psychiatry 47:213-219

Farde L, Nordstrom A-L, Wiesel FA, Pauli S, Halldin C, Sedvall
G (1992) Positron emission tomographic analysis of central D,
and D, dopamine receptor occupancy in patients treated with
classical neuroleptics and clozapine. Relation to extrapyramidal
side effects. Arch Gen Psychiatry 49:538-544

Hume SP, Myers R, Bloomfield PM, Opacka-Juffry J, Cremer JE,
Ahier RG, Luthra SK, Brooks DJ, Lammertsma AA (1992)
Quantitation of carbon-11 labelled raclopride in rat striatum
using positron emission tomography. Synapse 12:47-54



314

Investigator’s Brochure, CP-88,059-1, June 1991. Department of
Clinical Research, Central Research Division, Pfizer, Groton,
CT 06340

Kane JM, Honigfeld G, Singer J, Meltzer HY (1988) Clozapine for
the treatment-resistant schizophrenic. Arch Gen Psychiatry
45:789-796

Lammertsma AA, Cunningham VJ, Deiber MP, Heather JD,
Bloomfield PM, Nutt JG, Frackowiak RSJ, Jones T (1990)
Combination of dynamic and integral methods for generating
reproducible functional CBF images. J Cereb Blood Flow
Metab 10:675-686

Martinot JL, Peron-Magnan P, Huret JD, Mazoyer B, Baron JC,
Boulenger J-P, Loc’h C, Maziere B, Caillard V, Loo H, Syrota A
(1990) Striatal D, dopaminergic receptors assessed with posit-
ron emission tomography and 76-Br bromospiperone in un-
treated schizophrenic patients. Am J Psychiatry 147:44-50

Martinot JL, Paillere-Martinot ML, Loc’h C, Hardy P, Poirier MF,
Mazoyer B, Beaufils B, Maziere B, Allilaire JD, Syrota A (1991)
The estimated density of D, striatal receptors in schizophrenia.
A study with positron emission tomography and 76Br-bro-
molisuride. Br J Psychiatry 158:346-350

Maurer E, Deutsch G, Burg J, Deeg R, Waklefield A (1986) Rapid
direct measurement of prolactin in serum by one-step enzyme
immunoassay. A Presentation of the Boehringer Mannheim
Research Group. Joint Meeting of the AACC and CSCC,
Chicago, July 1986

Meltzer HY, Shigero M, Lee J-C (1989) The ratios of serotonin,
and dopamine, affinities differentiate atypical and typical anti-
psychotic drugs. Psychopharmacol Bull 25:390-392

Peroutka SJ, Snyder SH (1980) Relationship of neuroleptic drug
effects at brain dopamine, serotonin, alpha-adrenergic and
histamine receptors to clinical potency. Am J Psychiatry
137:1518-1522

Raichle ME (1987) Circulatory and metabolic correlates of brain
function in normal humans. In: Plum F (ed) Handbook of
physiology. The nervous system. Higher functions of the brain.
Am Physiol Soc, Bethesda, MD, pp 643674

Sawle GV, Colebatch JG, Shah A, Brooks DJ, Marsden CD,
Frackowiak RSJT (1990) Striatal function in normal aging: im-
plications for Parkinson’s disease. Ann Neurol 28:799-804

Seeman P, Lee T, Chau-Wong M, Wong K (1976) Antipsychotic
drug doses and neuroleptic/dopamine receptors. Nature
261:717-719

Spinks TJ, Jones T, Gilardi MC, Heather JD (1988) Physical perfor-
mance of the latest generation of commercial positron scanners.
IEEE Trans Nucl Sci 35:721-725

Szechtman H, Nahmias C, Garnett S, Firnau G, Brown GM,
Kaplan RD, Cleghorn JM (1988) Effects of neuroleptics on
altered cerebral glucose metabolism in schizophrenia. Arch Gen
Psychiatry 45:523-532

Tarsey D (1983) Neuroleptic-induced extrapyramidal reactions:
classification, description, and diagnosis. Clin Neuropharmacol
6 [Suppl. 1]:S9-S26

Volkow ND, Brodie JD, Wolf AP, Angrist B, Russell J, Cancro R
(1986) Brain metabolism in patients with schizophrenia before
and after acute neuroleptic medication. J Neurol Neurosurg
Psychiatry 49:1199-1202

Wong DF, Wagner HN, Jr., Tune LE, Dannals RF, Pearlson GD,
Links JM, Tamminga CA, Broussolle EP, Ravert HT, Wilson
AA, Toung JKT, Malat J, Williams JA, O’'Tuama LA, Snyder
SH, Kuhar MJ, Gjedde A (1986) Positron emission tomography
reveals elevated D, dopamine receptors in drug-naive schizo-
phrenics. Science 234:1558-1563

Zetterstom T, Sharp T, Ungerstedt U (1984) Effect of neuroleptic
drugs on striatal dopamine release and metabolism in the awake
rat studied by intracerebral dialysis. Eur J Pharmacol 106:27-37



