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Abstract The relationship between the daily oral dose
of the benzamide amisulpride and the striatal D,-dopa-
mine receptors occupancy was investigated in 11 schizo-
phrenic patients using positron emission tomography
with 76Br-bromolisuride. The patients were studied be-
fore and during chronic treatment with amisulpride over
a wide range of doses. The test-retest variability of the
method was estimated to be 5.8% in a group of four pa-
tients receiving placebo. A curvilinear relationship was
demonstrated between the amisulpride doses and the D,-
receptor occupancy. A range of 70-80% occupancy of
the striatal D, receptors, suggested as an optimal interval
for therapeutic action on positive psychotic symptoms,
was obtained with doses of amisulpride ranging between
630 and 910 mg per day, while an occupancy of 85%,
suggested to be associated with pronounced extrapyrami-
dal side-effects, was reached with 1100 mg per day.
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Dopamine receptors

Introduction

The dopamine D, receptor is considered to be one of the
target sites of neuroleptic drugs because their in vitro af-
finity for D, receptor in animals correlates with their an-
tipsychotic potency in humans (Creese 1976). Hence
these drugs, given at usual doses, may exert their thera-
peutic action on positive symptoms of schizophrenia by
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decreasing the dopaminergic activity mediated by this re-
ceptor class.

However, the substituted benzamide derivatives such
as amisulpride possess a peculiar dose-dependent behav-
ioral profile, according to animal studies and clinical evi-
dence. In animals, low doses of amisulpride facilitate do-
pamine-mediated behaviors (Puech et al. 1978; Carnoy
et al. 1986; Guyon et al. 1993), and increase the in vivo
release of dopamine in cerebral structures (Scatton et al.
1994), whereas at high doses, amisulpride shares with
conventional neuroleptics their ability to antagonize do-
pamine receptor mediated effects of apomorphine (Scat-
ton et al. 1995). In clinical situation, whereas usual doses
(600-1200 mg/day; Costa e Silva 1989; Boyer et al.
1990; Delcker et al. 1990; Hillert et al. 1994) are effec-
tive in treating positive schizophrenic symptoms, a thera-
peutic effect of low doses (50-100 mg/day) of amisul-
pride on some primary deficit symptoms of schizophre-
nia has been reported recently (Paillere-Martinot et al.
1995). This last activating effect may be due to a dopa-
minergic facilitation via the blockade of presynaptic D,
receptor, or via the blockade of D5 receptors for which
amisulpride has a high affinity (Sokoloff et al. 1990).

In an actual therapeutic situation, the chronic effect of
low doses of neuroleptics on the extent of in vivo D, do-
pamine receptor blockade has not been investigated by
longitodinal studies in schizophrenic patients. With usual
doses of neuroleptics, the stabilization of productive psy-
chotic symptoms was associated with an in vivo occu-
pancy of the striatal D, receptors of at least 65%, in pa-
tients treated with various neuroleptics and studied with
positron emission tomography (PET) (Farde et al. 1988).

Raclopride dosage has been shown to be generally re-
lated to D, receptor occupancy and to the degree of anti-
psychotic effect (Nordstrom et al. 1993). However, with
conventional doses of other neuroleptics, identical levels
of striatal D, receptor occupancy were reported in re-
sponder and nonresponder schizophrenics (Wolkin et al.
1989; Martinot et al. 1990). In other respects, extrapyra-
midal side-effects were more likely to occur when the
striatal D, receptor occupancy reached 82+4% (Farde et



al. 1992). On the whole, these studies suggest that the
optimal D, occupancy interval associated with an_anti-
psychotic effect is approximately between 70 and 80%
(Farde et al. 1995).

These results underscore the need to investigate the
dose ~ D, occupancy relationship of neuroleptic com-
pounds in actual therapeutic situation. Other studies have
shown a relationship between the chlorpromazine-equiv-
alent dose of various oral neuroleptics and the PET-esti-
mated D, receptor occupancies (Cambon et al. 1987;
Baron etal. 1989). However, the validity of such esti-
mates of equivalence for low doses of neuroleptics is un-
known.

A common drawback of the in vivo receptor occupan-
cy studies by brain imaging is the difficulty in assessing
the baseline measure of D, receptor before treatment,
which can vary extensively across individuals (up to
40%; Farde et al. 1988). In previous studies, theoretical
baseline values were often only inferred from averaged
data obtained in normal control subjects. Although use-
ful when investigating usual doses of neuroleptics, these
estimates of the baseline measure of the D, receptor may
be imprecise for assessing low degrees of occupancy,
such as those induced by treatment of negative schizo-
phrenic symptoms with very low doses of some neu-
roleptics.

We previously reported a dependence of striatal D, re-
ceptor occupancy on neuroleptic dosages for various
neuroleptics (Martinot 1990). We now extend those find-
ings for a single compound, amisulpride, over a wide
dose range. The correspondence between the levels of
occupancy and the amisulpride dosage, was considered
with respect to in vivo D,-occupancy thresholds reported
in the literature for antipsychotic (70-80%) and extrapy-
ramidal side-effects (85%). Patients were studied pro-
spectively: the in vivo baseline uptake of 76Br-bromo-
lisuride (Blis) was first measured with PET in untreated
patients, and a second scan was performed in the same
patients, while treated. In addition, the reproducibility of
the PET assay with 7°Br-Blis was studied in some pa-
tients treated with placebo.

Subjects and methods

Patients and administered neuroleptic dosages

Within a week of their admission to the psychiatric departments of
the Salpétriere, Bicétre, or Sainte-Anne hospitals, inpatients were
assessed by psychiatrists (M.LL.PM., JLM., M.EP) from their re-
spective departments, who observed and interviewed the patients,
interviewed the patient’s relatives, and, in most cases, the physi-
cian who referred the patients. Patients were included in the study
if they were 18 years of age or over, fulfilled the DSM III-R crite-
ria for schizophrenic disorder, and were in a drug-naive or neuro-
leptic-free condition for the past 4 months, without prior depot
neuroleptic treatment. Informed consent was obtained in all cases.
The ethics committee of the Commissariat 2 'Energie Atomique
approved the protocol of the study.

A total of 15 patients meeting these criteria participated in this
study. Eleven were studied before and during amisulpride treat-
ment, and four were studied before and during placebo treatment.
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Among the 11 patients studied untreated and on neuroleptics,
seven patients showed an initial symptomatology of prominent
negative symptoms: SANS (Andreasen 1987) total score=86+11;
and a weak score in positive symptoms: SAPS (Andreasen 1987)
total score=14+10. There were five men and two women, with a
mean+SD age of 2243 years; six patients met the DSM-ITIR crite-
ria for the disorganized type, and one for the undifferentiated type.
An initial PET examination was performed before treatment.
These patients were treated with a low (activating) daily dose of
amisulpride (50 or 100 mg in the morning) for 3 weeks, after
which they were re-scanned. These seven patients were taken from
a larger double-blind therapeutic trial of low doses of amisulpride
versus placebo (Paillere-Martinot et al. 1995), and had been re-
ceiving the active compound. In addition, in order to widen the
range of doses studied, four schizophrenics, one female, three
males, aged 27+8 years (two disorganised, one paranoid, one un-
differentiated), were studied untreated and while having received,
respectively, 200, 200, 500, and 800 mg/day of amisulpride, for at
least 2 weeks. They had mixed positive and negative symptorms
(SANS: 5415, SAPS: 51+30).

Reproducibility study in placebo-treated patients

Four other patients, initially included in the double-blind trial ami-
sulpride versus placebo, actually received placebo. They were two
men and two women: two disorganized and two undifferentiated
schizophrenics, aged 18+0.5 years. They had paired PET scanners,
before and after 3 weeks on placebo.

PET methodology

Bromolisuride (Blis) labelled with bromine 76 (76Br) (half-
life=16.2 h) was used to study the central D, dopaminergic recep-
tors. Preparation of the radioligand and description of the method
have been published elsewhere (Mazigre et al. 1986; 1990). Brief-
ly, the PET studies were performed in the afternoon with the LETI
TTV 01 time-of-flight positron camera which provides seven cere-
bral slices (inplane resolution=13 mm). Subjects’ heads were posi-
tioned in the head-holder by means of a crossed laser beam
system, so that the lowest slice (15 mm above and parallel to the
orbito-meatal plane) included the cerebellar hemispheres, and the
third slice (45 mm above the orbitomeatal plane) included the stri-
ata. Before radioligand injection, a Ge-68/Ga-68 transmission scan
was collected for subsequent attenuation correction. After the ra-
diotracer injection, an early image was obtained between 0 and 15
min. A second emission scan, lasting 30 min was collected 2 h af-
ter injection. Accurate repositioning of the patients’ head during
the second PET study was ensured by reference to measurements
of the subjects’ head position and position of the head holder dur-
ing the first PET study, with regard to the crossed laser beams of
the tomograph.

76Br-Blis was injected intravenously as a slow bolus. the
meanxSD amount of injected radioactivity, expressed in millicu-
ries, was 1.08+0.30 in the untreated patients at the time of the first
PET study, and 1.0520.29 in the treated patients at the time of the
second PET study (paired 7=0.22, df=10, P=0.82).

The fraction of 76Br-Blis specifically bound to the D, striatal
receptord (specific binding) was estimated by the value of the stri-
atum to cerebellum ratio obtained 2 h after injection of the radio-
tracer. The striatum-cerebellum radioactivity concentration ratio
was taken as an index of the radioligand specific binding in the
striatum which reflects the D, receptors available for binding in
that structure (Maziére et al. 1985; Baron et al. 1986; Delforge et
al. 1991).

A standardized protocol was used to measure cerebellar and
striatal radioactive concentration from regions of interest (ROI)
according to a method previously detailed (Martinot et al. 1990,
1991). The ROIs defined on the images of the first PET study
were copied digitally onto the corresponding images of the second
PET study.
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Table 1 Individual PET 76Br-bromolisuride results before and
during chronic treatment by amisulpride. LarCrbI: radioactive con-
centration in the cerebellum (fraction of the injected dosex10-%)
on the late images (t=2 h after injection) before treatment. S/: ra-
dioactive concentration in the striata (fraction of the injected
dosex10-5) before treatment. S/CI: striatum to cerebellum ratio
values before treatment. Dose: amisulpride dosage (mg/day). Lai-

Crb2: radioactive concentration in the cerebellum (fraction of the
injected dosex10-5) on the late images (t=2 h after injection) dur-
ing treatment. S2: radioactive concentration in the striata (fraction
of the injected dosex10-) during treatment. S/C2: striatum to cer-
ebellum ratio values during treatment. % free: percentage of avail-
able binding sites. % Occup: percentage of occupancy

N¢ Age LatCrbl Si S/IC1 Dose LatCrb2 S2 S/C2 % Free % Occup
1 20 1.037 3.783 3.65 50 0.857 2.905 3.39 90.18 9.82
2 23 0.784 2.932 374 50 0.895 3.228 3.607 95.15 4.85
3 19 1.035 3.78 3.652 50 0.781 2777 3.556 96.38 3.62
4 23 1.074 4.903 4.565 100 1.028 3.881 3.776 77.87 22.13
5 28 1.371 5.242 3.823 100 1.583 4.909 3.101 74.42 25.58
6 24 1.868 9.468 5.069 100 1.336 5.622 4.208 78.84 21.16
7 19 0.931 3.59 3.85 100 1.012 3.537 3.495 87.54 12.46
8 25 0.784 2.96 3.77 200 0.788 2.14 271 61.73 38.27
9 20 1.073 3.872 3.61 200 1.057 2.36 2.23 47.13 52.87

10 24 0.782 3.15 4.02 500 0.767 1.7 2.22 40.4 59.6

11 39 0.953 3.96 4.16 800 1.033 1.81 1.75 23.73 76.27

Results % Occupancy
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df=10, P=0.43). These results indicate that the accessi-
bility of the tracer to the cerebellum which is taken as an
estimate of the non-specific binding, was comparable in
all PET examinations.

Measurements of the relationship between the striatal D,
receptor occupancy and the amisulpride dose

Specific binding, as measured by the striatum to cerebel-
lum radioactivity concentration ratio (S/C ratio) de-
creased in patients undergoing amisulpride treatment
(mean+SD=3.09x+0.76) with respect to the untreated
state (3.99+0.45; paired 1=4.07, df=10, P=0.002), sug-
gesting significant striatal D, occupancy by amisulpride.

The D, receptor occupancy by amisulpride was com-
puted from the equation:

% occupancy=100-100 (X2-1/X1-1),

where X1 is the measured value of the S/C radioactivity
concentration ratio from the first PET scanning, and X2
the S/C ratio from the second scanning (Baron 1989).

In the whole group, the D,-amisulpride occupancy
ranged from 4 to 76% (Table 1). The dose-occupancy re-
lationship was fitted with an algorithm using a hyperbol-
ic equation (Graphpad Prism software, 1994) which de-
scribes the binding of a ligand following the law of mass

Fig. 1 Fitted curve between the striatal D, receptor occupancy
and the daily dose of amisulpride. The arrows indicate the
threshold values for optimal antipsychotic effect, and the value for
pronounced extrapyramidal side effects

Table 2 Striatum to cerebellum ratios values in four placebo-
treated patients

Pcb S/C1 S/C2 Difference
l 4.267 4.638 —-0.371
2 3.590 3.667 -0.077
3 3.856 4476 —-0.620
4 3.439 3.222 0.217

action. It is a non-linear fitting programme using an iter-
ative approach for the minimisation of the sum of the
squares. The adjustment of the variables is performed us-
ing the Levenberg-Marquardt algorithm. This yielded the
dose-occupancy curve shown in Fig. 1.

Reproducibility in the patients treated with placebo

The four patients in the placebo group were injected with
1.15+0.33 millicaries on the first scan, and 1.30x0.15 on



the second scanning (paired #=0.67, df=3, P=0.55). The
S/C ratio was 3.78+0.36 at the initial scan, and
4.00+0.67, 3 weeks later (paired r=1.17, df=3, P=0.32;
Table 2). The values of the striatum to cerebellum con-
centration ratios in the first study showed a significant
correlation with those of the second study (r=0.92). This
yields a group test-retest variabiality of 5.8%.

Discussion

PET with *Br-Blis was used to assess the striatal dopa-
mine D, occupancy in 11 schizophrenics chronically
treated by a wide range of amisulpride doses. Patients
had been either neuroleptic-naive or neuroleptic-free for
at least 4 months prior to initial treatment with amisul-
pride, making it highly unlikely that the baseline mea-
surements of striatal D, receptor specific binding were
biased by previous treatments (Kornhuber et al. 1989).
Changes in D, receptor occupancy after amisulpride
treatment were measured from this baseline by paired
PET studies in the same patients, and not by comparison
to theoretic estimates of D, receptor number from nor-
mal subjects, minimizing interindividual variability. The
test-retest variability of the method was estimated to be
5% for a group of four patients scanned twice without
active neuroleptic treatment, allowing estimation of oc-
cupancy during low dose treatments.

Pharmacokinetic steady-state for 50 mg/day amisul-
pride is reached between 3 and 4 days after starting ad-
ministration. The PET examinations were performed 4 h
after the morning dose, well before the plasma half-life
of amisulpride which is 17 h (Dufour and Desanti 1989).
Thus, at the second scan, treated patients had been re-
ceiving amisulpride daily for at least 2 weeks, and were
in a pharmacokinetic steady-state condition.

Other authors have reported a theoretical curvilinear
relationship between the amount of neuroleptic in the
plasma and the D, receptor occupancy, with a curve pla-
teauing above 85% occupancy; above this level, a
marked increase of the dose regimen should not greatly
modify the D, receptor blockade. However, when the D,
occupancy is lower (e.g. less than 30%), small changes
in neuroleptic dosage should be sufficient to provoke
considerable variations of the D, receptor occupancy
(Farde et al. 1988). The data obtained here in patients
treated with various doses of amisulpride uphold this
type of dose-occupancy relationship.

Low doses of amisulpride (50-100 mg a day) pre-
scribed for treatment of negative symptoms, induced an
average occupancy of striatal D, receptors of 14+9%
(range: 4-26%). This low degree of D, occupancy, ob-
served in a sample of the patients included in a therapeu-
tic trial of amisulpride on negative schizophrenic symp-
toms, does not mean that the activating effect is mediated
exclusively by the striatal D, receptors. Indeed, since
amisulpride has a high affinity only for both D, and D,
receptors (Scatton et al. 1994), the activating effect could
be mediated by the D, receptor, or by interaction with
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these two types of receptors in extrastriatal structures.
Interestingly, the 4C-amisulpride concentration was re-
ported higher in extrastriatal structures than in striatum,
in animals studied ex vivo (Dufour and Desanti 1989); in
addition, amisulpride displays a certain degree of limbic
selectivity since it is 3-fold more potent in inhibiting the
binding of 3H-raclopride to D, receptors in the limbic
system than in the striatum of the rat (Scatton et al.
1995).

Our data indicate that amisulpride doses of 630-910
mg/day will result in D, receptor occupancy of 70-80%
(Fig. 1), a level of occupancy suggested as an optimal in-
terval for treatment of psychotic symptoms (Farde et al.
1995). Our data further indicate that amisulpride doses
of 1107 mg/day will lead to D, receptor occupancy of
85%, a level of occupancy which has been associated
with elevated extrapyramidal side-effects (Farde et al.
1992). It should be noted, however, that chronic neurol-
eptization by classical neuroleptics in animal models
causes an up-regulation of D, dopamine receptors (Burt
et al. 1977) which could theoretically lead to an underes-
timation of the striatal D, receptor occupancy. Such up-
regulation is probably dose-dependent, and is more like-
ly to occur in patients treated with high doses. At high
occupancy levels (e.g. 80%) this underestimation would
be a few percent, and has been reported 1o be 7% with
sulpiride (Farde et al. 1992). Hence, if underestimation
of 7% in occupancy is present for the highest occupancy
level, a new fit of the dose-occupancy curve predicts that
the optimum D, receptor occupancy would be reached
with oral amisulpride doses ranging between 559 and
752 mg amisulpride a day. Also, the occupancy associat-
ed with greater risk of extrapyramidal side-effects would
be 878 mg/day. However, such an upregulation has not
been observed in limbic regions in animais treated with
high doses of amisulpride (Scatton et al. 1994).

In conclusion, our data suggest that effective doses
for treating positive symptoms with amisulpride can be
not only significantly lower than the upper limit of the
standard dosage range (standard range: 600-1200
mg/day), but also lower than levels at which extrapyra-
midal side-effects may begin. This study illustrates the
capacity of in vivo receptor imaging to provide patient-
specific data on neuroleptic dose range finding,
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