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Abstract

Rationale Perospirone is a novel second-generation antipsy-
chotic drug with high affinity to dopamine D, receptor and
short half-life of plasma concentration. There has been no
investigation of dopamine D, receptor occupancy in patients
with schizophrenia and the time course of occupancy by
antipsychotics with perospirone-like properties.

Objective We investigated dopamine D, receptor occupan-
cy by perospirone in patients with schizophrenia and the
time course of occupancy in healthy subjects.

Materials and methods Six patients with schizophrenia
taking 16-48 mg/day of perospirone participated. Positron
emission tomography (PET) scans using [''C]JFLB457 were
performed on each subject, and dopamine D, receptor
occupancies were calculated. Moreover, baseline and three
serial PET using [''CJraclopride were performed at 1.5, 8,
and 25.5 h after administration of a single dose of 16 mg of
perospirone on four healthy male subjects, and occupancy
was calculated for each scan.

Results Dopamine D, receptor occupancy in the temporal
cortex of patients ranged from 39.6% to 83.8%. Especially,
occupancy in two patients who took 16 mg of perospirone
2.5 h before PET was over 70%. Mean occupancy in the
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striatum of healthy subjects was 74.8% at 1.5 h, 60.1% at
8 h, and 31.9% at 25.5 h after administration.

Conclusion Sixteen milligrams of perospirone caused over
70% dopamine D, receptor occupancy near its peak level,
and then occupancy dropped to about half after 22 h. The
time courses of receptor occupancy and plasma concentra-
tion were quite different. This single dosage may be
sufficient for the treatment of schizophrenia and might be
useful as a new dosing schedule choice.

Keywords Dopamine D, receptor occupancy -
Perospirone - Positron emission tomography -
Schizophrenia - Time course

Introduction

Perospirone is a novel second-generation antipsychotic
drug used in Japan (Onrust and McClellan 2001). This
drug shows high affinity to dopamine D, receptor (K=
1.77 nM) and serotonin 5-HT, receptor (K;=0.06 nM;
Takahashi et al. 1998), and its plasma concentration has a
short half-life (T;,=1.9 h; Yasui-Furukori et al. 2004). A
previous positron emission tomography (PET) study using
["'C]raclopride and [''CINMSP in healthy subjects with
single 8 mg of perospirone showed blockage of both
dopamine D, receptor and serotonin 5-HT, receptor
(Sekine et al. 2006), but the optimal dose of perospirone
in patients with schizophrenia has not been investigated.
Kapur et al. (2000b) reported that transient high
dopamine D, receptor occupancy by quetiapine showed
clinical effects for patients with schizophrenia. They
suggested that this transient occupancy was related to
“atypical” features of second-generation antipsychotics
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with low affinity for dopamine D, receptor (Kapur and
Seeman 2001). Plasma pharmacokinetics and affinity for
receptor were considered to affect the time course of
receptor occupancy (Kapur and Seeman 2001; Takano et
al. 2004). However, the time course of receptor occupancy
by antipsychotics with high affinity for dopamine D,
receptor and a short half-life of plasma concentration has
not been investigated.

In this study, we investigated dopamine D, receptor
occupancy by several doses of perospirone in patients with
schizophrenia. Moreover, we investigated the time course
of dopamine D, receptor occupancy by perospirone with
serial PET scanning in healthy subjects.

Materials and methods

This study was approved by the Ethics and Radiation Safety
Committee of the National Institute of Radiological Sciences,
Chiba, Japan. After complete explanation of this study, written
informed consent was obtained from all subjects.

Patient study
Subjects and study protocol

Six patients aged 2644 years (34.9+7.1, mean = SD),
diagnosed with schizophrenia according to Diagnostic and
Statistical Manual of Mental Disorders-IV criteria, partici-
pated in this study (Table 1). Exclusion criteria were current
or past substance abuse, brain tumor or vascular disease,
and history of severe head injury or epilepsy. Subjects with
severe liver or renal dysfunction, or having undergone
electroconvulsive therapy within 90 days prior to this study
were also excluded. The patients had been taking fixed
dosages of perospirone for more than 2 weeks before this
study. Doses of perospirone were 16 mg/day in one patient,
24 mg/day in two patients, and 48 mg/day in three patients.
The interval between the last administration of perospirone

and PET scan was from 2.5 to 17.5 h. Clinical symptoms
were assessed by positive and negative symptom scale
(PANSS). Venous blood samples were taken before and
after PET scanning to measure the plasma concentration of
perospirone and ID-15036, an active metabolite of per-
ospirone (hydroxyperospirone). The average values of pre-
and post-PET scanning were used.

PET procedure

A PET scanner system, ECAT EXACT HR+ (CTI-Siemens,
Knoxville, TN, USA), was used for all subjects. A head
fixation device was used to minimize head movement.
Before the dynamic scan, a transmission scan for attenua-
tion correction was performed using a **Ge-*®Ga source.
The dynamic PET scan was performed for 90 min after
intravenous bolus injection of 204.0-225.0 MBq (218.5+
7.7 MBgq, mean + SD) of [''C]FLB 457. The specific
radioactivity of [''C]JFLB 457 was 129.6-219.4 MBg/nmol
(175.4+£34.3 MBg/nmol, mean + SD). Magnetic resonance
images of the brain were acquired with 1.5 Tesla magnetic
resonance imaging (MRI), Gyroscan NT (Philips Medical
Systems, Best, Netherlands). T1-weighted images at 1-mm
slices were obtained.

Data analysis

All emission scan data were reconstructed with a Hanning
filter. Regions-of-interest (ROIs) were defined for the
temporal cortex and cerebellar cortex. ROIs were drawn
manually on PET images with reference to the individual
MR images. The values of ROIs for right and left sides were
averaged. Binding potential (BPyp), defined as the specific
binding compared to nondisplaceable uptake, of dopamine D,
receptor in the temporal cortex was calculated using a three-
parameter simplified reference tissue model (SRTM; Innis et
al. 2007; Lammertsma and Hume 1996). The cerebellum was
used as reference tissue because of its negligible density of
dopamine D, receptors (Suhara et al. 1999).

Table 1 Patient characteristics, plasma concentration, and dopamine D, receptor occupancy

Number  Age (year) Sex PANSS  Dose (mg/day) Interval: last Last dose (mg)  Plasma concentration Receptor
dose-PET (h) occupancy (%)

Perospirone  ID-15036
(ng/ml) (ng/ml)

1 38 M 59 16 2.5 16 4.5 233 83.8

2 30 F 69 24 7.5 8 0.6 3.05 61.8

3 44 F 62 24 9.0 8 0 0.75 39.6

4 26 M 81 48 25 8 1.25 8.45 60.8

) 30 F 46 48 2.5 16 0.25 8.35 70.1

6 42 F 80 48 17.5 32 0.85 2.1 65.0
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Receptor occupancy of perospirone is expressed as
follows: Occupancy(%) = (BPpasctine — BPang ) /BPpaseline X
100, where BPpysciine 1S BPnp in the drug-free state, and
BPgy,, is BPyp after administration of the drug. Mean BPyp
of age-matched ten normal male subjects (age range 25—
43 years; 34.8+6.7 years, mean + SD) measured by the same
procedure as for the patients was used as BPy,. because of
the lack of individual baseline BPnyp.

The relationship between receptor occupancy and plasma
concentration of antipsychotic drug can be expressed as
follows: Occupancy(%) = C/(C + ECsp) x 100, where C
is the plasma concentration of perospirone or ID-15036, and
ECs, is the concentration required to induce 50% occupancy.

Measurement of plasma concentration of perospirone

Plasma concentrations of perospirone and ID-15036 were
determined using a validated high performance liquid
chromatography method (Yasui-Furukori et al. 2003; MP-
Technopharma Corporation, Fukuoka, Japan). The lower
limit of quantification was 0.1 ng/ml for both perospirone
and 1D-15036.

Healthy subject study
Subjects and study protocol

Four healthy male subjects aged 22-32 years (26.8+4.1,
mean + SD) participated in the other part of this study.
None had a history of psychiatric, neurological, or somatic
disorders. None had taken any medication for at least
2 weeks prior to this study. The baseline PET scan was
performed within 2 weeks before taking perospirone. All
subjects took a single dose of 16 mg of perospirone, and then
three serial PET scans were performed at 1.5, 8, and 25.5 h
after its administration. Venous blood samples were taken 11
times, at 0.5, 1.0, 1.5, 2.5, 3.5, 5.0, 6.5, 8.0, 9.0, 25.5, and
26.5 h after perospirone administration, to measure the
plasma concentrations of perospirone and ID-15036.

PET procedure

A PET scanner system, ECAT EXACT HR+, was used for
all subjects. A head fixation device was used to minimize
head movement. Before the dynamic scan, a transmission
scan for attenuation correction was performed using a
%8Ge-*®Ga source. The dynamic PET scan was performed
for 60 min after intravenous bolus injection of 179.6—
246.8 MBq (217.0+16.5 MBgq, mean + SD) of [''C]
raclopride. The specific radioactivity of ["'Clraclopride
was 138.0-320.9 MBg/nmol (235.4+65.8 MBg/nmol,
mean + SD). Tl-weighted images at I-mm slices of the
brain were acquired with 1.5 Tesla MRI, Gyroscan NT.

Data analysis

All emission scan data were reconstructed with a Hanning
filter. ROIs were defined for the striatum and cerebellar
cortex and were drawn manually on the PET images with
reference to individual MR images. The values of ROIs for
right and left sides were averaged. BPyp of dopamine D;
receptor in the striatum was calculated using SRTM. The
cerebellum was used as reference tissue. Receptor occu-
pancy was calculated using the individual BPyp values of
baseline and drug administration.

Results
Patient study

Dopamine D5 receptor occupancy of patients with schizo-
phrenia in the temporal cortex ranged from 39.6% to 83.8%
(Table 1). Plasma concentrations of perospirone and ID-
15036 ranged from 0 to 4.5 and 0.75 to 23.3 ng/ml,
respectively. The plasma concentrations of perospirone and
ID-15036 were fitted curvilinearly to the dopamine D,
receptor occupancy (Fig. la, b). Estimated ECs, values of
perospirone and ID-15036 were 0.31 and 1.90 ng/ml,
respectively. The total PANSS score ranged from 46 to
81, and the average score of all patients was 66.2+13.4.
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Fig. 1 Relationship between dopamine D, receptor occupancy and
perospirone (a) and [D-15036 (b) in the patients study
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