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Objective: Dopamine plays a significant role in working memory by acting as a key neuromodulator between brain
networks. Additionally, treatment of patients with schizophrenia using amisulpride, a pure dopamine class 2/3 receptor
antagonist, improves their clinical symptoms with fewer side effects. We hypothesized that patients with schizophrenia
treated with amisulpride and aripiprazole show increased working memory and glucose metabolism compared with
those treated with cognitive behavioral therapy (CBT) and aripiprazole instead.
Methods: Sixteen patients with schizophrenia (eight in the amisulpride group [aripiprazole+amisulpride] and eight in
the CBT group [aripiprazole+CBT]) and 15 age- and sex-matched healthy control subjects were recruited for a
12-week-long prospective trial. An [18F]-fluorodeoxyglucose-positron emission tomography/computerized tomography
scanner was used to acquire the images.
Results: After 12 weeks of treatment, the amisulpride group showed greater improvement in the Letter-Number Span
scores than the CBT group. Additionally, although brain metabolism in the left middle frontal gyrus, left occipital lingual
gyrus, and right inferior parietal lobe was increased in all patients with schizophrenia, the amisulpride group exhibited
a greater increase in metabolism in both the right superior frontal gyrus and right frontal precentral gyrus than the
CBT group.
Conclusion: This study suggests that a small dose of amisulpride improves the general psychopathology, working memory performance, and brain glucose metabolism of patients with schizophrenia treated with aripiprazole.
KEY WORDS: Schizophrenia; Sulpiride; Cognition; Positron-emission tomography.

1-4)
flection of clinical prognosis. Notably, among the cognitive impairments observed in patients with schizophrenia, deficits in working memory, including verbal
and visual attention, cognitive speed, abstract thinking,
and problem solving, are thought to be associated with
impairments in their daily life and to represent their clin5-7)
Studies have shown that both the
ical symptoms.
8-11)
and the LetterWechsler Memory Scale (WMS)
12,13)
Number Span (LNS) test
can be used to measure the
working memory abilities of patients with schizophrenia.
The memory deficits in patients with schizophrenia assessed using the WMS-III are related to discriminatory
and, exclusively, marked deficits in new learning and
9)
memory. After assessing the cognitive functions using
the WMS-IV, patients with schizophrenia were described

INTRODUCTION
Schizophrenia is a chronic psychiatric disorder characterized by both clinical symptoms, including delusions,
hallucinations, anhedonia, and affective flattening, and
cognitive impairments. Cognitive impairment in patients
with schizophrenia is considered the main element affecting both their daily life functioning and sociality, and a reReceived: May 31, 2018 / Revised: October 7, 2018
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to show worse scores than the healthy population on
memory profiles, including those assessing auditory and
visual memory as well as visual, immediate, and delayed
8)
memory. In contrast, the verbal working memory deficit
has been consistently reported in patients with schizo14-16)
phrenia using the LNS test.
Dopamine plays an important role in the functioning of
working memory by acting as a key neuromodulator be17-19)
In particular, both frontopartween brain networks.
ietal networks and the prefrontal interhemispheric connectivity are the main pathways involved in working
20-22)
Indeed, decreased working
memory performance.
memory load-dependent connectivity between the left
and right prefrontal cortices has been observed in patients
22)
with schizophrenia. In addition, increasing evidence
supports a functional role of the basal ganglia during
events with high working memory load, as it plays an input-gating role that affects both corticostriatal function
and connectivity.23-25) Specifically, the connection between the dorsolateral prefrontal cortex and the anterior
striatum selectively modulates the novelty encoding func26)
tions of working memory. Furthermore, abnormal striatal function has been linked to working memory deficits in
27,28)
patients with schizophrenia.
To date, various pharmacological treatments have been
attempted for patients with schizophrenia, and their effects seem quite remarkable. The theoretical mechanisms
underlying the effects of antipsychotics on both the clinical symptoms and side effect management are considered related to the stabilization of dopamine and serotonin levels in the mesolimbic, mesocortical, and nigros29,30)
Therefore, treatment with aripiprazole, a
triatal tracts.
combined serotonin-2A and dopamine class 2 (D2) receptor partial agonist, has been suggested to improve both
the clinical symptoms and medication side effects in pa31)
tients with schizophrenia. Additionally, amisulpride, a
pure D2/D3 receptor antagonist, has been reported to improve the clinical symptoms of these patients with fewer
32)
side effects. The effects of a strong dopamine antagonist
in the striatum might be associated with increased function of the prefrontal cortex in these patients.33)
Recent [18F]-fluorodeoxyglucose-positron emission tomography (FDG-PET) studies on schizophrenia have
shown decreased metabolic rates in the frontal lobe, anterior cingulate cortex, superior temporal gyrus, amygdala,
and medial thalamic nuclei as well as increased metabol-
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ic rates in the hippocampus, basal ganglia, and lateral tha34)
lamic nuclei in patients. In these replicated studies, the
main FDG-PET findings in patients with schizophrenia
patients are hypometabolic rates in the frontal area, including the prefrontal and anterior cingulate cortices, and
31,35)
Furtherhypermetabolic rates in the basal ganglia.
more, schizophrenia symptoms and their association with
brain function and metabolism are constantly being
clarified. Schizophrenia negative symptoms, which include anhedonia and affective symptoms, are linked to
hypoactivity and hypometabolism of dopamine in the
36-38)
frontal, prefrontal, and anterior cingulate cortices.
Conversely, schizophrenia positive symptoms, such as
hallucination and delusion, are correlated with hypermetabolism of dopamine in the basal ganglia and tempo39,40)
This pattern may result from an
ral cortical regions.
imbalance in the dopamine system between the basal
ganglia and the prefrontal cortex, which are in fact considered the key dysfunctional areas in patients with
schizophrenia. Interestingly, such an imbalance in dopamine between cortical and subcortical areas may eventually affect the brain’s regional glucose metabolism in
41,42)
Therefore, we hypothesized that the
these patients.
therapeutic changes observed in both clinical symptoms
and working memory of these patients, resulting from
dopamine alterations, could be indirectly identified by
measuring brain glucose metabolism.
In the current study, we investigated the pharmacological augmentative effects of dopamine on both clinical
symptoms and cognitive functions of patients with schizophrenia. We hypothesized that patients in the amisulpride+aripiprazole treatment group would show increased working memory function and glucose metabolism when compared with patients in the cognitive behavioral therapy (CBT)+aripiprazole treatment group.

METHODS
Participants
Twenty patients with schizophrenia agreed to participate in the current study. All patients were diagnosed by
psychiatrists based on the Diagnostic and Statistical
Manual of Mental Disorders, 5th Edition. The inclusion
criteria were the following: 1) diagnosis of schizophrenia,
2) drug naïve or experiencing first episode, 3) age between 20 and 45 years, and 4) right-handed. The ex-
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clusion criteria were the following: 1) history of trauma, 2)
history of drug addiction or abuse, and/or 3) contraindication for PET-computed tomography (CT) scanning,
including claustrophobia or allergic reaction. To assess
the difference in brain glucose metabolism between the
schizophrenia group and healthy control subjects, 15
healthy control subjects with no history of psychiatric disorders were recruited from the community through
advertisements. Of the 20 patients, one patient in the aripiprazole+amisulpride group and one patient in the aripiprazole+CBT group were excluded as they were treated
with other medications after symptom aggravation.
Additionally, one patient in the aripiprazole+amisulpride
group quit during the follow-up assessment without providing a reason, whereas one patient in the aripiprazole+CBT group did not present himself the day of the follow-up assessment. Finally, eight schizophrenia patients
in the aripiprazole+amisulpride group and eight schizophrenia patients in the aripiprazole+CBT group completed the study protocol.
The study protocol was approved by the Chung Ang
University Hospital Institutional Review Board (No.
C2014158(1354)). All patients provided written informed
consent.

Study Procedure
The current study was designed as a 12-week-long prospective trial. All patients were randomly assigned to either the amisulpride group (aripiprazole+amisulpride) or
the CBT group (aripiprazole+CBT) in a 1:1 ratio.
Aripiprazole and amisulpride were prepared by the pharmaceutical department of Chung-Ang University Hospital.
At baseline (before treatment with aripiprazole), both patients with schizophrenia and healthy control subjects
were assessed using the Positive and Negative Symptom
Scale (PANSS), WMS-III, LNS, and FDG-PET. All patients
started on 5 mg/day aripiprazole, with the dose increasing
up to 30 mg/day within 2 weeks. During week 2 to week 4,
all patients were asked to maintain a consistent dose of
aripiprazole. In contrast, during week 4 to week 12, while
the patients in the amisulpride group received a maintenance dose (23.1±5.3 mg/day) of aripiprazole+400 mg
of amisulpride, the patients in the CBT group received a
maintenance dose of aripiprazole (22.8±4.2 mg/day)+
four sessions of CBT. The CBT design focused on the improvement of patients’ clinical symptoms and training of

cognitive function. Specifically, the first two sessions
aimed at informing the patients about schizophrenia, including clinical symptoms and treatments, and on identifying one’s cognitive functions and providing a coping
strategy in response to psychiatric symptoms. The third
and fourth sessions assessed the patient’s daily life functioning and provided cognitive function training, which
was aimed at increasing the cognitive capacity or providing the patients the behavioral strategies for compensating
for cognitive deficits. During the study period, the use of
benztropine (1-2 mg/day) and lorazepam (0.5-2 mg/day)
was permitted to control the antipsychotic side effects. At
the end of the 12 weeks, all patients in both groups were
further assessed using the PANSS, WMS-III, LNS, and
FDG-PET. Both the baseline and end-of-trial PANSS,
WMS-III, and LNS scoring were conducted by an experimenter blinded to the grouping of the patients.

PET Image Acquisition and Analysis
The FDG-PET images were acquired using a PET/CT
scanner (Gemini TF, Philips North American Corporation,
Andover, MA, USA) at the Chung-Ang University
Hospital. Forty minutes after the administration of a
185-MBq (5 mCi) dose of FDG to the patients, a
10-minute CT scan was conducted. The CT images were
used for attenuation correction of the PET emission data.
The PET images were reconstructed to a 256×256 matrix
using the iterative reconstruction algorithm of an ordered
subset expectation maximum. All images were analyzed
using the Statistical Parametric Mapping version 12
(SPM12; www.fil.ion.ucl.ac.uk/spm/) implemented on
the MATLAB 2016a (MathWorks, Inc., Natick, MA, USA)
platform and reconstructed using a standard optimized
43)
voxel-based morphometry protocol. For the statistical
analyses, spatial normalization preprocessing and smoothing with a 8-mm full width half maximum (FWHM)
Gaussian kernel were performed. All PET images were
spatially normalized in SPM12 to a standard stereotactic
44)
space based on the Talairach and Tournoux atlas, using
a 12-parameter linear affine normalization and a nonlinear iteration algorithm. The PET images were then
smoothed using a 12-mm FWHM isotropic Gaussian
kernel. The statistical ‘t’ maps were overlaid onto the T1weighted magnetic resonance imaging template images
45)
provided by SPM12.
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Statistical Analyses
The between-group differences in age; sex; education;
aripiprazole medication dose; PANSS, WMS-III, and LNS
scores were analyzed using either a Mann-Whitney U test
2
or the  test. In contrast, the differences in the PANSS,
WMS-III, and LNS scores between the two groups after the
12 weeks were examined using a repeated measures analysis of variance. An initial independent t test was used to
compare the brain metabolic differences between all patients with schizophrenia and healthy controls. An uncorrected p value ＜0.001 with a cluster size above 40
voxels was considered statistically significant.
As a second-level analysis of the data obtained from patients with schizophrenia, the metabolic changes from
baseline to 12 weeks were assessed using a paired t test.
Finally, the metabolic changes after the 12 weeks between the amisulpride and CBT groups were assessed using a repeated measures analysis of variance. All data are
presented as mean±standard deviation.

RESULTS
Demographic and Clinical Characteristics
Age (patients: 34.4±5.0 years, controls: 34.3±4.8 years;
z=0.08, p=0.94), years of education (patients: 12.7±2.0
years, controls: 13.7±1.9 years; z=−1.43, p=0.15), and
sex (patients: 9 males, 7 females; controls: 8 males, 7 females; 2=0.25, p=0.87) did not differ significantly between patients with schizophrenia and healthy control
subjects. In contrast, patients with schizophrenia had significantly lower WMS-III (patients: 14.6±4.0, controls:
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19.6±2.4; z=−3.43, p＜0.01) and LNS (patients:
9.3±3.0, controls: 12.4±2.6; z=−2.67, p＜0.01) scores
than the healthy control subjects.
In addition, age; years of education; sex; PANSS,
WMS-III, and LNS scores did not differ significantly between the amisulpride and CBT groups (Table 1).
Although the amisulpride group showed more improvement in the PANSS general psychopathology score after
the 12 weeks than the CBT group, such changes were not
statistically significant (Fig. 1). In contrast, the amisulpride
group exhibited a greater improvement in the LNS score
at the end of the study than the CBT group. Furthermore,
the amisulpride group showed a greater improvement in
the WMS-III score than the CBT group, although this difference was not statistically significant (Fig. 2). Besides,
few side effects arised during study period were mild and
tolerable with benztropine or lorazepam administration
in both two groups. No serious adverse events/adverse
drug reaction related with aripiprazole and amisulpride
have been reported in both two groups.

Comparison of Brain Glucose Metabolism between
Patients with Schizophrenia Patients and Healthy
Control Subjects
At baseline, patients with schizophrenia showed decreased glucose metabolism in the left occipital lingual
gyrus, left superior frontal gyrus, left orbital gyrus, right inferior parietal lobe, and right middle occipital gyrus when
compared with healthy control subjects (Table 2, Fig. 3).
After the 12 weeks, glucose metabolism in the left middle
frontal gyrus, left occipital lingual gyrus, and right inferior

Table 1. Demographic and clinical characteristics of the amisulpride group and cognitive behavioral therapy (CBT) group

Age (yr)
Sex, male/female
Education (yr)
Medication (mg/day)
PANSS
Positive
Negative
General
WMS-III
LNS test

Amisulpride group

CBT group

35.9±4.8
4/4
12.3±1.9
23.1±5.3

33.0±5.1
5/3
13.3±2.2
22.8±4.2

12.4±5.0
15.3±4.4
25.3±9.5
15.8±4.9
9.6±3.4

13.9±7.4
20.3±8.8
32.8±13.9
13.4±2.7
8.9±2.9

Healthy control Amisulpride group vs. CBT
34.3±4.8
8/7
13.7±1.9

19.6±2.4
12.4±2.6

Schizophrenia patients
group vs. healthy control

z=1.21, p=0.22
2
 =0.25, p=0.61
z=−1.08, p=0.27
z=0.16, p=0.87

z=0.08, p=0.94
2
 =0.25, p=0.87
z=−1.43, p=0.15
-

z=−0.05, p=0.96
z=−1.36, p=0.17
z=−1.31, p=0.19
z=1.21, p=0.22
z=0.42, p=0.67

z=−3.43, p＜0.01
z=−2.67, p＜0.01

Values are presented as mean±standard deviation or number only.
PANSS, Positive and Negative Symptom Scale; WMS-III, Wechsler Memory Scale-III; LNS, Letter-Number Span.
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Fig. 1. Positive and Negative Symptom Scale (PANSS) scores for the amisulpride and cognitive behavioral therapy (CBT) groups. (A) PANSS Positive
scores; F=0.09, p=0.77. (B) PANSS Negative scores; F=0.51, p=0.49. (C) PANSS General Psychopathology scores; F=4.95, p=0.04.

Fig. 2. Wechsler Memory Scale (WMS) and Letter-Number Span (LNS) test scores for the amisulpride and cognitive behavioral therapy groups. (A)
WMS; F=3.16, p=0.09. (B) LNS; F=7.44, p=0.02.

Table 2. Decreased brain metabolism in the patients with schizophrenia relative to healthy control subjects at baseline
Talairach code
x

y

z

Ke

Patients with schizophrenia ＜ healthy control subjects
−14
−100
−16
1,994
−30
4
68
86
−20
40
−28
40
62
−50
40
123
36
−88
16
815

p value

puncorrected ＜0.001
puncorrected ＜0.001
puncorrected ＜0.001
puncorrected ＜0.001
puncorrected ＜0.001

Region

Left occipital lingual gyrus, BA 17
Left superior frontal gyrus, BA 6
Left orbital gyrus, BA 11
Right inferior parietal lobule, BA 40
Right middle occipital gyrus, BA 19

Brain glucose metabolism was assessed using [18F]-fluorodeoxyglucose-positron emission tomography.
Ke, voxel size; BA, Brodmann area.

parietal lobe increased in all patients with schizophrenia
(Table 3, Fig. 4).

Changes in Brain Glucose Metabolism after the
12-Week Treatment Period
Although the brain glucose metabolism did not differ
significantly between the amisulpride and CBT groups at
baseline, the amisulpride group showed increased glu-

cose metabolism in the right superior frontal gyrus and
right frontal precentral gyrus after treatment when compared with the CBT group (Table 3, Fig. 4).
An absence of statistically significant correlations between the changes in the LNS and/or WMS-III scores and
the changes in glucose metabolism in the right superior
frontal gyrus and right frontal precentral gyrus was observed in both the groups of patients with schizophrenia.
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Fig. 3. Brain metabolism results for
the patients with schizophrenia and
healthy control subjects.
Lt, left; Rt, right; OLG, occipital lingual gyrus; SFG, superior frontal gyrus; OrbG, orbital gyrus; IPL, inferior
parietal lobule; MOG, middle occipital gyrus.

DISCUSSION
To the best of our knowledge, only a few studies have
assessed both cognitive function and brain metabolic
changes in patients with schizophrenia in response to adjunctive amisulpride and cognitive ability treatments. The
current study suggests that amisulpride adjunctive therapy
further improves both working memory and brain glucose
metabolism in the frontal cortex of patients with schizophrenia when compared with CBT therapy.

Improved Clinical Symptoms and Increased Glucose
Metabolism after Treatment
In concordance with previous findings,31,34,35) in the
present study, patients with schizophrenia showed both
deficits in working memory and decreased glucose metabolism in the frontal, parietal, and occipital cortices at
baseline when compared with the healthy control subjects. However, an absence of significant increase in glucose metabolism in any subcortical area, including the
basal ganglia and thalamus, was observed in our study.
Patients with schizophrenia from both groups exhibited
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Fig. 4. Brain metabolism results for
the amisulpride and cognitive behavioral therapy (CBT) groups. (A) All
patients with schizophrenia during
12 weeks. (B) Amisulpride group vs.
CBT group.
Lt, left; Rt, right; MFG, middle frontal gyrus, OLG, occipital lingual gyrus; IPL, inferior parietal lobule;
SFG, superior frontal gyrus; PcG,
frontal precentral gyrus.

improved clinical symptoms, working memory, and glucose metabolism after the 12 weeks of treatment. Several
previous studies have suggested that both aripiprazole
and amisulpride improve schizophrenia patients’ clinical
46-48)
Furthermore, amisymptoms and cognitive function.
sulpride is considered superior to first-generation antipsychotics for improving cognitive symptoms49) and similar to other second-generation antipsychotics for affect50,51)
In concordance, aripipraing all cognitive domains.

zole has been reported to improve patients’ clinical symptoms and working memory performance by acting as a
52,53)
partial dopamine agonist.

Comparison of the Changes in Working Memory and
Glucose Metabolism between Amisulpride and CBT
Groups
After the 12-week treatment period, the amisulpride
group showed a greater improvement in both general psy-
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Table 3. The changes in brain metabolism in amisulpride and cognitive behavioral therapy (CBT) groups
Talairach code
x

y

z

Ke

p value

Region

The regions in which increased brain metabolism after 12 weeks in all patients with schizophrenia
−58
36
26
217
FDRq=0.04
Left middle frontal gyrus, BA 46
−6
−96
−14
867
FDRq=0.03
Left occipital lingual gyrus, BA 18
puncorrected ＜0.001
Right inferior parietal lobule, BA 40
58
−54
40
328
The regions in which increased brain metabolism after 12 weeks in amisulpride group, compared to CBT group
puncorrected ＜0.001
Right superior frontal gyrus
32
20
64
66
28
−8
72
112
puncorrected ＜0.001
Right frontal precentral gyrus, BA 6
Brain glucose metabolism was assessed using [18F]-fluorodeoxyglucose-positron emission tomography.
Ke, voxel size; FDR, false discovery rate; BA, Brodmann area.

chopathology and working memory performance, and an
increase in glucose metabolism in the right prefrontal cortex when compared with the CBT group. These results
may be related to amisulpride pharmacodynamics, i.e.,
high D2 receptor-specific antagonism and fast dis54)
sociation from the D2 receptors, considering that several studies have suggested that D2 receptor antagonism
is associated with improvements in working memory in
55,56)
Additionally,
patients with schizophrenia patients.
previous studies have reported improvements in cognitive
function as a result of amisulpride treatment, confirmed
by changes in verbal fluency performance; attention;
frontal dysfunction; Korean-Wechsler Adult Intelligence
Scale vocabulary subtest score; and working memory,
measured using the Trail Making Test and auditory verbal
learning test.57,58) Therefore, the general psychopathology
of patients with schizophrenia has been suggested to be
associated with working memory performance.59)
Furthermore, various studies have reported that improvements in cognitive function might be associated
with increased glucose metabolism in the frontal
cortex.60,61) Interestingly, the small dose of amisulpride
(400 mg) used in the current study improved both working
memory and brain glucose metabolism in patients with
schizophrenia. Overall, we cautiously suggest that a small
dose of amisulpride enhances the partial agonist effects of
dopamine on working memory performance in patients
with schizophrenia.
The limitations of our study will now be highlighted.
Missing PET scans and clinical and cognitive function assessments during week 2 to week 4 may have provided
useful information on the effects of amisulpride on brain
glucose metabolism in the current study. In addition, ari-

piprazole may be responsible for the brain metabolic
change; therefore, further studies on the matter should be
conducted. Furthermore, the absence of significant correlations between the changes in cognitive symptoms and
the changes in glucose metabolism in the amisulpride
group are likely an effect of the small population size used
in this study. Future studies with a bigger sample size
should be conducted. Therefore, readers should be cautious when interpreting the current results. Also, we only
assessed working memory functions; however, patients
with schizophrenia exhibit several cognitive deficits,
which should be examined in future studies.
Taking all this into consideration, a small dose of amisulpride improves the general psychopathology, working
memory performance, and brain glucose metabolism of
patients with schizophrenia treated with aripiprazole.
■
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