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Objective: A previous study reported a
higher than normal density of dopamine
D2 receptors in psychotic mania but not
in nonpsychotic mania. The purpose of
this study was to further examine D2

receptor density in a larger sample of
nonpsychotic manic patients by using
positron emission tomography (PET) and
[11C]raclopride.

Method: Thirteen neuroleptic- and mood-
stabilizer-naive patients with DSM-IV ma-
nia without psychotic features and 14
healthy comparison subjects underwent
[11C]raclopride PET scans. Of the 13 pa-
tients, 10 were treated with divalproex so-
dium monotherapy. PET scans were re-
peated 2–6 weeks after commencement of
divalproex sodium. D2 receptor binding
potential was calculated by using a ratio

method with the cerebellum as the refer-

ence region.

Results: The [11C]raclopride D2 binding

potential was not significantly different in

manic patients than in the comparison

subjects in the striatum. Treatment with

divalproex sodium had no significant ef-

fect on the [11C]raclopride D2 binding po-

tential in manic patients. There was no

correlation between the D2 binding po-

tential and manic symptoms before or af-

ter treatment.

Conclusions: These results suggest that

D2 receptor density is not altered in non-

psychotic mania and that divalproex so-

dium treatment does not affect D2 recep-

tor availability.

(Am J Psychiatry 2002; 159:1718–1723)

Conventional neuroleptics such as haloperidol and
chlorpromazine and novel antipsychotics such as olanza-
pine, risperidone, and ziprasidone are effective in treating
acute mania (1–4); they all share the property of blocking
dopamine D2 receptors. That the efficacy of neuroleptics
in treating manic symptoms is related to their D2 receptors
blockade is suggested by the observation that the cis iso-
mer of flupentixol, which blocks D2 receptors, is effective
in treating mania while the trans isomer of flupentixol,
which does not block D2 receptors, is ineffective (5). Fur-
ther support for this hypothesis also comes from reports
suggesting a time course relationship between elevation
in serum prolactin levels affected by D2 blockade and im-
provement in manic symptoms (6). Although other anti-
manic agents such as lithium and valproate do not block
D2 receptors, there is evidence that lithium prevents D2 re-
ceptor supersensitivity induced by neuroleptics (7). It is
currently unknown if valproate modulates D2 receptor
density in humans and, in particular, in manic patients.

Functional brain imaging techniques such as positron
emission tomography (PET) and single photon emission
computed tomography (SPECT) can be used to measure
D2 receptors in vivo in humans. Both PET and SPECT have
been widely used to measure D2 receptors in acute schizo-
phrenia (8–11). In contrast, to our knowledge, Pearlson
and colleagues (12) are the only group to have measured

D2 receptors in acute mania by using PET and [11C]N-me-
thylspiperone. In that study, patients with psychotic ma-
nia and those with schizophrenia were noted to have a
higher D2 receptor density compared with healthy volun-
teers, but D2 receptor density was no different in patients
with nonpsychotic mania. The authors concluded that the
higher density of D2 receptors was related to psychosis
and not to manic symptoms. However, this study included
only five nonpsychotic manic patients, and, of these, two
had minimal symptoms at the time of scanning. There-
fore, the question of whether nonpsychotic manic pa-
tients have a higher density of D2 receptors is unresolved.
In this regard, it is important to note that D2 receptor
blockers are effective in treating manic symptoms in both
nonpsychotic and psychotic manic patients.

The purpose of this study was to measure D2 receptors
in patients with acute nonpsychotic mania by using PET
and [11C]raclopride.

To minimize the effects of confounding variables that
affect D2 receptor density, we chose to measure D2 recep-
tors in first-episode neuroleptic- and mood-stabilizer-na-
ive manic patients and in healthy comparison subjects.

In addition, we examined the effects of valproate mono-
therapy on D2 receptors in manic patients, for two rea-
sons: 1) valproate is an effective antimanic agent (13), but
the mechanism by which it relieves manic symptoms is
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unknown; and 2) other effective antimanic mood stabiliz-
ers such as lithium have been shown to attenuate D2 re-
ceptor supersensitivity (14).

Method

Subjects

The study was approved by the Ethics Committee of the Uni-
versity of British Columbia, and both patients and healthy volun-
teers signed informed consent forms before participating in the
study. Consecutive consenting patients (N=13) who met the
DSM-IV criteria for bipolar I disorder, manic episode without psy-
chotic features (defined as the absence of delusions and halluci-
nations) were recruited. The diagnosis was based on all available
clinical information, including the results of interviews with the
Structured Clinical Interview for DSM-IV. All patients were neuro-
leptic- and mood-stabilizer-naive, and 11 of the 13 patients were
experiencing their first manic episode. Those with other axis I di-
agnoses and comorbid drug or alcohol abuse within the past 6
months were excluded. All patients were assessed with the Young
Mania Rating Scale (15) to measure the severity of symptoms.

Healthy volunteers matched for age and sex were recruited by
advertisements. They had no history of drug or alcohol abuse, no
personal history of psychiatric illness, and no family history of
mood disorders or schizophrenia in first-degree relatives, as de-
termined by using the Structured Clinical Interview for DSM-IV
Axis I Disorders, Non-Patient Edition. Both the patients and the
comparison subjects were physically healthy, as determined by a
medical history and a physical examination. All subjects had a
magnetic resonance imaging scan to exclude any subject with
gross brain pathology and for coregistration with PET images to
facilitate localization of brain regions on PET images.

PET Scan Protocol

All subjects were free of psychotropic medication, except for
lorazepam as needed for manic patients, for at least 2 weeks be-
fore the PET scans. A thermoplastic mask was molded to fit each

subject’s head to minimize head movement, and the same mask
was used for the repeat scan after treatment with divalproex so-
dium. Each subject had a 10-minute transmission scan to correct
the PET data for attenuation. After this scan, each subject was
given 140 MBq of [11C]raclopride as a bolus over a 1-minute pe-
riod. Radioactivity in the brain was measured with the PET tomo-
graph ECAT 953B/31 (CTI/Siemens, Knoxville, Tenn.). Scanning
began 20 minutes after the injection of [11C]raclopride and con-
tinued for the next 40 minutes (a total of eight frames, each 5 min-
utes in duration). PET data were acquired in a three-dimensional
mode and were represented in 31 image planes with 3.375-mm
plane separation. The transaxial image resolution was 9 mm, and
the axial was 6 mm.

In addition, the study subjects’ presynaptic dopamine function
was assessed with [18F]6-fluoro-L-dopa PET scans. The results of
the scans have been reported elsewhere (16).

Divalproex Sodium Treatment

After the PET scan, each patient began treatment with 500 mg
of divalproex sodium b.i.d. Dose adjustments for divalproex so-
dium were made by the patients’ treating clinicians on the basis
of clinical need, and, for all patients, serum valproic acid levels
were in the therapeutic range at the time of the second scan. Pa-
tients were not allowed to receive any antipsychotics or any other
psychotropic medication with the exception of benzodiazepines
(lorazepam, temazepam, or oxazepam) for agitation and night-
time sedation. PET scans with [11C]raclopride were repeated 2–6
weeks after the start of divalproex sodium treatment.

Image Analysis

To reduce the effect of movement artifacts, the eight frames of
the dynamic [11C]raclopride scans were realigned to frame 3 of
the dynamic series by using the Automated Image Registration
program (17). Frames 3–8 were summed together to create a
mean image. A set of standard regions of interest was placed on
the mean image on five separate planes centered on the striatum.
The set of standard regions of interest consisted of four identical
circular regions of 61.2 mm2 (diameter=8.8 mm) each, with one
placed on the caudate and the other three on the putamen on
each side of the striatum. The placement was determined by us-
ing a combination of visual markers and the location of maxi-
mum activity in the region. To correct for background activity, an

TABLE 1. Demographic and Clinical Characteristics of
Patients With Nonpsychotic Mania in a PET Study of Dopa-
mine D2 Receptor Density Before and After Treatment
With Divalproex Sodium

Subject 
Number Sex

Age 
(years)a

Duration 
of Current
Episode 
(weeks)b

Young Mania Rating Scale 
Scorec

Pretreatment Posttreatmentd

1 F 52 3 34 0
2 M 52 4 30 —
3 M 32 6 32 —
4 F 26 1 35 0
5 F 18 2 28 8
6 M 19 2 24 1
7 F 45 3 31 2
8 F 39 1 21 5
9 M 37 16 35 21

10 M 27 4 16 6
11 M 19 1 20 —
12 F 24 7 14 5
13 F 38 3 25 —
a Mean age=32.9 years (SD=12.0).
b Mean duration of current episode=4.04 weeks (SD=4.00).
c Mean score=26.5 (SD=7.2) pretreatment and 5.3 (SD=6.5) post-

treatment.
d Three patients were excluded from the posttreatment analysis

because they required treatment with antipsychotics in addition
to divalproex sodium, and one patient was excluded owing to
incomplete PET data.

FIGURE 1. Relationship Between Dopamine D2 Binding
Potential in the Striatum and Age in 13 Patients With Non-
psychotic Mania Before Treatment With Divalproex So-
dium and in 14 Healthy Comparison Subjectsa

a r=–0.62, df=26, p=0.001.
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oval-shaped reference region of interest of 2107 mm2 was placed
on each side on three sequential planes of the cerebellum.

 [11C]Raclopride D2 Receptor Binding Potential

An estimate of the D2 receptor binding potential (Bmax/Kd) was
obtained by using a simple ratio method with the cerebellum as
the reference region. Although this method tends to slightly over-
estimate the binding potential, it has been found to yield results
that correlate well with estimates of binding potential made by
using other methods (18).

Statistical Analysis

Data are reported as means and standard deviations. To test
the hypothesis that D2 receptor density was higher in the striatum
of manic patients than in the healthy comparison subjects,
[11C]raclopride D2 binding potential (hereafter referred to as D2

binding potential) in the two groups was compared by using an
independent t test. The effect of divalproex sodium treatment on
D2 binding potential in the striatum of the manic patients was ex-
amined by using a paired t test. Further exploratory post hoc
analyses included the determination of the differences in D2

binding potential between manic patients and comparison sub-
jects and within manic patients before and after treatment in the
caudate, putamen, right striatum, and left striatum. These analy-
ses used independent and paired t tests, as appropriate, with cor-
rections for multiple comparisons. Pearson product-moment
correlation was used to compute the correlation between D2

binding potential and manic symptoms as measured by the
Young Mania Rating Scale.

Results

Clinical and demographic characteristics of the patients
are presented in Table 1. The study subjects were 13 pa-
tients (seven women and six men) and 14 healthy compar-
ison subjects (seven women and seven men). The mean
ages of the study groups were 32.9 years (SD=12.0, range=
18–52) for the patients and 30.9 years (SD=11.4, range=20–
51) for the comparison group. There were no significant
differences in age between the groups (t=0.44, df=25, p=
0.66). The mean Young Mania Rating Scale score of the pa-
tients was 26.5 (SD=7.2) before treatment.

Of the 13 patients, three required treatment with anti-
psychotics in addition to valproate and hence were not
scanned after treatment. The remaining 10 patients had
posttreatment scans, and, of these, one patient was ex-
cluded from the pre-post comparison analysis because
the field of view in the second PET scan did not include
enough cerebellum area to calculate the binding poten-
tial. The Young Mania Rating Scale scores for the remain-
ing nine patients decreased from a mean of 26.4 (SD=8.1)
to 5.3 (SD=6.5) after 2–6 weeks of divalproex sodium treat-
ment (t=–6.4, df=8, p=0.0001).

There was a significant negative correlation between D2

binding potential and age in study subjects (r=–0.62, df=
26, p=0.001) (Figure 1) indicating that the D2 receptor den-
sity decreases with age in humans.

The D2 binding potential values in the striatum for the
manic patients and the comparison subjects are pre-
sented in Figure 2. There was no significant difference in
D2 binding potential in the striatum between manic pa-
tients (mean=2.79, SD=0.66) and healthy comparison sub-
jects (mean=3.06, SD=0.44) (t=1.24, df=25, p=0.24). Simi-
larly, no significant difference between the two groups in
D2 binding potential was noted in the left or right stria-
tum, the putamen, or the caudate (Table 2). There was also
no correlation between D2 binding potential and Young
Mania Rating Scale scores at baseline.

Treatment with divalproex sodium did not lead to any
significant changes in D2 binding potential in manic pa-
tients in the striatum in the nine patients studied (pre-
treatment binding potential mean=2.95, SD=0.56; post-
treatment binding potential mean=2.87, SD=0.59) (mean
difference=0.08, SD=0.34) (95% confidence interval=–0.19
to 0.34; t=0.65, df=8, p=0.53) (Figure 3). Similarly, no treat-
ment effect on D2 binding potential was noted in the cau-
date, putamen, right striatum, or left striatum (data not
shown). There was a significant positive correlation be-
tween pre- and posttreatment D2 binding potential values
in patients (r=0.83, df=8, p=0.006). There was, however, no
correlation between D2 binding potential changes and
changes in Young Mania Rating Scale scores.

Discussion

To our knowledge, this is the first study to estimate D2

receptor density in neuroleptic- and mood-stabilizer-na-

FIGURE 2. Dopamine D2 Binding Potential in the Striatum
of 13 Patients With Nonpsychotic Mania Before Treatment
With Divalproex Sodium and in 14 Healthy Comparison
Subjects
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TABLE 2. Dopamine D2 Binding Potential in Brain Regions
of Healthy Comparison Subjects and of Patients With Non-
psychotic Mania Before Treatment With Divalproex Sodium

Binding Potential (Bmax/Kd)

Comparison Subjects 
(N=14) 

Patients With Nonpsychotic 
Mania (N=13)

Brain Region Mean SD Mean SD
Striatum

Left 3.11 0.44 2.82 0.67
Right 3.02 0.47 2.77 0.66

Caudate 3.01 0.48 2.80 0.64
Putamen 3.08 0.47 2.79 0.68
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ive, first-episode, nonpsychotic manic patients by using
PET and [11C]raclopride. The results showed that the D2

binding potential was not higher in patients with nonpsy-
chotic mania than in normal comparison subjects and,
furthermore, that successful treatment with valproate did
not alter D2 binding potential. There was also no correla-
tion between D2 binding potential and manic symptoms
as measured by Young Mania Rating Scale either at base-
line or after treatment with divalproex sodium. There was
a negative correlation between D2 binding potential and
age in all study subjects.

One potential limitation of this study is that it used the
ratio (basal ganglia/cerebellum) method to estimate D2

binding potential. Although the ratio method tends to
overestimate D2 binding potential, results from this
method have been previously found to correlate very well
with the D2 binding potential estimated by using other
methods, including the simplified reference tissue model
(18–20). Furthermore, the ratio method has the same sen-
sitivity as the other methods in detecting changes in D2

binding potential (18).

This study had several strengths. First, the study pa-
tients consisted of neuroleptic- and mood-stabilizer-na-
ive patients, thus excluding the possibility of any con-
founding effects of previous treatment on D2 receptor
density. Second, 11 of 13 patients were in their first manic
episode, and we believe this minimized the possibility of
effects of illness duration on D2 receptor density. Third,
study patients were very closely matched with healthy
comparison subjects for age and sex. This matching is im-
portant because previous studies have shown a correla-
tion of sex and age with D2 receptor density (21–24). These
previous findings were further confirmed in our study
subjects. Fourth, we used [11C]raclopride to measure D2

receptors. This ligand has been widely accepted as suit-
able for measuring D2 receptors in psychiatric patients.

The results of this study suggest that dopamine D2 re-
ceptor density, as measured by D2 binding potential with
[11C]raclopride, is not altered in manic patients without
psychotic features. Several possible explanations for the
negative findings must be considered. First, the possibility
of type II error cannot be excluded, because of the small
size of the study group. However, the D2 binding potential
in the patients was numerically smaller than that in the
comparison subjects. Furthermore, if the expected differ-
ence in D2 binding potential between the manic patients
and the healthy comparison subjects was equal to the dif-
ference observed in this study, more than 60 subjects in
each group would be required to prove an 80% chance of a
significant difference between the groups if such a differ-
ence existed. Second, manic patients but not healthy com-
parison subjects in this study were allowed to receive
lorazepam as needed, and one could argue that the effects
of lorazepam on the dopaminergic system may have con-
tributed to negative results. However, the findings from
brain imaging studies of the effects of lorazepam on D2

receptors are conflicting. For instance, Dewey and col-
leagues (25) have shown that lorazepam increases D2

binding in baboons. They attributed this finding to the
lorazepam-induced decrease in dopamine levels, which
leaves more D2 receptors unoccupied for binding by raclo-
pride. If such an effect had occurred in our study, it would
have increased our chances of finding a higher level of D2

binding and, thus, could not explain the negative findings.
Furthermore, in humans, treatment with lorazepam for 7
consecutive days had no effect on D2 binding as measured
with raclopride and PET (26). A third possible explanation
for the negative findings is suggested by previous work
showing that changes in endogenous dopamine levels in
synaptic space affect estimates of D2 receptor binding
with raclopride (27, 28). For example, a higher level of D2

receptor density could be obscured by a similarly high
level of endogenous dopamine in mania, thus resulting in
estimates of normal levels of D2 receptor density in studies
with raclopride. Such findings have been reported in
raclopride-binding studies of schizophrenic patients,
which showed no alteration in D2 receptors (8), although
higher D2 receptor density and dopamine levels in the
synaptic space have been detected by combining PET/
SPECT with an alpha-methyl-paratyrosine depletion par-
adigm (29). Further studies combining PET and raclopride
with alpha-methyl-paratyrosine challenge are needed to
exclude this possibility.

The results of this study are consistent with the findings
of Pearlson et al. (12), who reported no changes in D2

receptors in nonpsychotic manic patients. They used
[11C]N-methylspiperone as a ligand, and previous studies
have suggested that estimates of D2 receptor binding with
[11C]N-methylspiperone are unaffected by endogenous
dopamine levels. Taken together, the findings of our study
and that of Pearlson et al. (12) indicate that D2 receptors
are unaltered in acute nonpsychotic mania. However, we
caution that this conclusion must remain tentative, given
that raclopride-binding estimates are confounded by en-

FIGURE 3. Dopamine D2 Binding Potential in the Striatum
of Nine Patients With Nonpsychotic Mania Before and
After Treatment With Divalproex Sodium
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dogenous dopamine levels and that the study by Pearlson
et al. included only two nonpsychotic manic patients with
significant symptoms at the time of scanning.

Manic patients in this study had no change in D2 recep-
tor density after improvement in symptoms after treat-
ment with divalproex sodium. These results are consistent
with a previous SPECT study that reported no differences
in D2 receptors between euthymic bipolar disorder pa-
tients and healthy comparison subjects (30). If D2 receptor
density in nonpsychotic manic patients is no higher than
that in healthy comparison subjects and if treatment with
valproate does not decrease D2 receptor density, how does
one explain the efficacy of D2 receptor blockers such as
neuroleptics in treating acute manic symptoms? One pos-
sibility is that acute manic symptoms are associated with
an increase in dopamine transmission due to an increase
in dopamine release from the presynaptic terminal. Neu-
roleptics may decrease dopamine transmission resulting
from an increase in dopamine levels by blocking D2 recep-
tors, whereas medications such as divalproex sodium and
lithium may work by either dampening second messenger
signaling pathways or decreasing dopamine synthesis.
Some support for this hypothesis comes from the observa-
tion that treatment with divalproex sodium led to a signif-
icant decrease in the rate constant (Ki) for fluorodopa up-
take in first-episode manic patients (16). Alternatively,
nonpsychotic mania is not associated with any abnor-
mality in dopaminergic transmission, but blockade of D2

receptors counters an abnormality in another neuro-
transmitter or second messenger signaling pathway, thus
resulting in relief of symptoms.

In summary, the results of this study suggest that D2 re-
ceptor density is not altered in nonpsychotic mania and
that treatment with valproate does not affect D2 receptor
density. However, further studies combining PET with a
neuropharmacological depletion paradigm (e.g., alpha-
methyl-paratyrosine depletion) are needed to confirm
these findings.
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