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1. Introduction

Measuring cognitive function is important in the evaluation of several illnesses such
as mental disorders (schizophrenia, dementia) and also organic brain diseases (brain
injury). Event-related potentials (ERPs) have been used as a practical psycho-
physiological (biologic) marker to investigate information processing in the human
central nervous system [1]. Amplitude of ERPs varies widely depending on the
complexity of the task, the level of arousal, and the emotional state [2,3].

Parkinson’s disease (PD) is a chronic, progressive, neurodegenerative disease with
a reduction of dopamine levels causing the typical symptoms of tremor, hypokinesia,
rigidity, and postural disturbance. In studies of information processing in PD, the
latency of the P300 component of ERPs has been found to be prolonged, even in
patients without dementia [4]. PD is characterised by mask-like face, thus it is
important to determine whether facial affective recognition is impaired or not.
However, no report has investigated the effects of facial affection and/or emotion on
ERPs in PD. Therefore, we investigated the cognitive function reflected by P300
component, and the effects of visually presenting facial affection (crying or smiling)
in PD.

2. Subjects and methods
2.1. Subjects

PD patients (N=18, ages 67.31+4.6, £S.D.) and age-matched healthy controls (N=18,
ages 66.6+7.1) participated in this study. Duration of illness was 9.9+5.7 years (2-9
years). All patients showed no evidence of dementia.

2.2. Methods

ERPs were obtained with a visual oddball task at Fz, Cz, Pz, Oz, T3, and T4
electrodes. A crying baby or a smiling baby photograph was used as the target stimuli
(probability: 20%) while a neutral baby photograph was the non-target stimuli
(probability: 80%). All subjects were asked to push a button as soon as they appeared,
and mental count to target stimuli (double tasks). P300 amplitude and latency were
measured for analysis.

2.3. Clinical classification (Hoehn and Yahr, 1967) [5]

PD patients were divided into Stage 3 group (N=9: 6 male, 3 female) (duration of
illness:8.7+6.2 years) and Stage 4 group (N=9: 5 male, 4 female) (duration of
illness:11.0+4.9 years).

2.4. Statistical analysis

Three-way ANOVA (condition: patient or control xXfacial affection: crying or smiling
baby xrecording sites) as well as two-way ANOVA in each group (facial affec-
tionxrecording sites) were performed. Fisher PLSD was used as a post hoc test to
estimate significance (<5%,).
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Fig. 1. Averaged waveforms (left). The P300 latencies are plotted against the recording sites (right). Error bars
represented S.E.M.

The Ethics Committee of Kurume University approved the study. Written informed
consent was obtained from all subjects prior to the study.

3. Results

The P300 amplitude in PD was not significantly different from that in healthy controls
both when viewing a smiling baby and viewing a crying baby. The P300 amplitude when
viewing a smiling baby was smaller than that when viewing a crying baby for the both PD
(£=11.9, p<0.001) and the healthy controls (F=26.5, p<0.0001). The P300 amplitude was
significantly larger in the stage 3 group than in the stage 4 group (p<0.001) as classified
by Hoehn and Yahr [5].

The P300 latency in PD was significantly longer than that in healthy controls (Fig. 1)
both when viewing a smiling baby (F=63.9, p<0.0001) and viewing a crying baby
(F=74.9, p<0.0001). The P300 latency when viewing a smiling baby was longer than that
when viewing a crying baby for the both PD (F=4.9, p<0.05) and the healthy controls
(£=4.6, p<0.05). The P300 latency in patients was significantly longer both in group 3
(p<0.0001) and group 4 (p<0.0001) patients than that in the healthy controls in response
to both the facial stimuli.

4. Discussion

The results suggest that patients with PD can recognize faces as do healthy controls and
indicate that the P300 amplitude of visual ERPs may be a state marker while the P300

latency may be a trait marker. Thus, visual ERPs are useful psycho-physiological markers
for PD.
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Abstract. Atypical antipsychotic medications are a novel medicine recently discovered and
developed for clinical use. In the present study, we investigated the effects of atypical antipsychotic
medications on the event-related potentials, especially (ERPs), P300 component, in 30 drug-naive
schizophrenic patients. We used positive and negative syndrome scores to assess the symptoms.
ERPs were recorded with a visual oddball paradigm. Subjects were asked to count and push a button
in response to the targets (crying or smiling baby photographs). ERPs were recorded before the
treatment (S1), after 3 months (S2), and 12 months (S3). Before taking medicine, there were no
significant differences in the P300 amplitude in response to neither the crying nor the smiling
photographs. Both the P300 amplitude and area were significantly larger in S2 and S3 than those in
S1. The P300 latency became significantly longer at S3 than S1. A significant negative correlation
was obtained between the P300 amplitude and the negative syndrome scores. Atypical antipsychotic
medications may be a useful medicine for recovery of cognitive function reflected by the P300 in
schizophrenic patients. © 2004 Elsevier B.V. All rights reserved.

Keywords: Event-related potentials; P300; Atypical antipsychotic drugs; Facial affection; Drug-naive
schizophrenia

1. Introduction

Recently developed atypical antipsychotic medications are reported to be effective
against not only positive schizophrenic symptoms but also negative symptoms, and to
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have fewer extra-pyramidal symptoms and other side effects than conventional agents in
patients with schizophrenia.

Event-related potentials (ERPs) have been used as a biologic marker of information
processing by the human brain. A later ERP component designated P300 is thought to
reflect cognitive processes and attentional resource allocation when working memory is
engaged [7]. P300 amplitude reduction is one of the most consistent biologic
observations in schizophrenic patients, as both a trait marker and a state marker
[1,2,6,8]. However, a few reports have described the effects of atypical antipsychotic
medications on cognitive function as reflected by ERPs [3,4]. Long-term detailed studies
of the effects of atypical antipsychotic medications on the cognitive function are needed
to better understand the underlying core impairment of schizophrenia. We longitudinally
investigated the effects of three atypical antipsychotic medications (perospirone,
risperidone, olanzapine) on the P300 component in schizophrenic patients for 1 year
from the drug-naive phase to the recovery phase. We also considered the effects of the
three drugs on facial affective recognition, and how this recognition affected the ERP
parameters.

2. Subjects and methods
2.1. Subjects

Patients N=30 were divided into two groups: Paranoid type (N=20) and Un-paranoid
(N=10) according to DSMIV, by two psychiatrists participated in this study. All patients
did not take any medicine at the session first.

2.2. Method

ERPs were obtained with a visual oddball task at ¥z, Cz, Pz, Oz, T3, T4 electrodes.
A crying baby or a smiling baby photograph were the target stimuli (probability: 20%)
while a neutral baby photograph was the non-target stimuli (probability: 80%). All
subjects were asked to push a button as soon as the photographs appeared, and mental
count to target stimuli (double tasks). P300 amplitude and latency were measured for
further analysis.

2.3. Clinical evaluation

The clinical state of all patients was assessed by two psychiatrists using the positive and
negative syndrome scale (PANSS) within a week after ERPs recording.

2.4. Drugs

Three kinds of atypical antipsychotic medications, perospirone (12-32 mg/day),
risperidone (320 mg/day), and olanzapine (5-20 mg/day) were used. Each patient took
one kind of atypical antipsychotic medications in the present study.

2.5. Measurement

ERPs were recorded at session 1 (S1: drug naive state, pre-treatment), session 2 (S2:
after about 3 months medication: 3.3+1.3 months), and session 3 (S3: after 12 months
medication: 11.9+2.0 months).
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3. Statistical analyses

Three-way ANOVA (condition: patient or control xfacial affection: crying or smiling
baby Xrecording sites), and two-way ANOVA in each group were calculated. Fisher PL.SD
was used as a post hoc test to estimate the significance (<5%). Pearson’s product-moment
correlation coefficient was also used. The Ethics Committee of Kurume University
approved the present study. Written informed consent was obtained from all subjects prior
to study.

4. Results

The P300 amplitude at S1 was significantly smaller than that at S2 (p<0.0001) and S3
(p<0.0001) (Fig. 1) both when viewing a smiling baby and viewing a crying baby. The
P300 amplitude when viewing a smiling baby was not significantly different from that
when viewing a crying baby at S1, but the P300 amplitude when viewing crying baby was
significantly larger than that when viewing smiling baby at S2 (F=12.5, p<0.001) and S3
(F=16.3, p<0.0001).

The P300 latency at S3 was significantly longer than that at S1 (p<0.01) and S2
(p<0.05). There was no significant difference of the P300 latency between when viewing
crying baby and viewing smiling baby at S1 and S2, however, the P300 latency when
viewing crying baby was significantly shorter than that when viewing smiling baby at S3
(F=22.4, p<0.0001).

A significant negative correlation was found between the P300 amplitude and the
negative syndrome scores (r=—0.53, p<0.001) at Pz recordings site. The P300 amplitude
was not significantly correlated with the positive syndrome scores at Pz recordings site.
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Fig. 1. Left: grand-averaged waveforms in patients with schizophrenia before (solid lines) and after (dotted lines)
the treatment. Right: mean amplitude of P300 in patients before (O) and after treatment (@). Bars indicate
standard errors (S.E.).
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5. Discussion

The results strongly suggested that the atypical antipsychotic medications were an
effective medicine against both negative symptoms and positive symptoms in schizo-
phrenic patients, and improved their cognitive dysfunction. Indeed, it was previously
reported that atypical antipsychotic medications increased acetylcholine release at the
prefrontal cortex and the hippocampus of rats. Acetylcholine has been thought to increase
cognitive functions such as memory. Thus, this is possibly how cognitive function is
improved in schizophrenic patients. Furthermore, the emotional brain function reflected by
the facial affective stimuli [5] may recover after atypical antipsychotic medication
treatment as to the same measure of healthy subjects. Atypical antipsychotic drugs
treatment could improve not only the symptoms of patients but also improvement in
social, occupational, and inter-personal functions based on the recovery of cognitive
functions, especially those associated with emotional processes. Finally, the present study
indicated that ERPs can be a useful neurophysiologic diagnostic tool.
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THE EFFECT OF POSITIVE AND NEGATIVE EMOTION ON
THE EXPLORATORY EYE MOVEMENTS

Yohei Ishii”, Kiichiro Morita”, Sachiko Nishiura”,
Hisayoshi Okamura”, Kiyoshi Makita”
Kouji Kurakake” and Akira Tsuda®

YGraduate School of Psychology, Kurume University
DCognitive and molecular of Brain disease, Kurume University
Department of Psychiatry, Kurume University School of Medicine
YDepartment of Psychology, Kurume University

The object of the present study was to examine the effect of positive and negative
emotion on the exploratory eye movements in healthy subjects.

Methods. Subjects included 79 healthy volunteers (42 men and 37 women) ranging
in age from 18 to 60 years. Exploratory eye movements were recorded using an eye-
mark recorder. Before recording, all subjects were asked, “Watch baby’s photograph
carefully. After examination, I asked what kind of photograph did you see?” to exam-
ine exploratory eye movements.

Condition 1 (C1) : All subjects were asked, “Recall and image pleasurable event”.
After all subjects responded, “Yes, imaging” and asked, “Imaging continuously” and
presented a smiling baby’s photograph with smiling sound.

Condition 2 (C2) : All subjects were asked, “Recall and image sad events”. After
all subjects responded, “Yes, imaging” and asked, “Imaging continuously” and pre-
sented a crying baby’s photograph with crying sound.

Condition 3 (C3) : All subjects were asked, “Recall and image the most sad event”.
After all subjects responded, “Yes, imaging” and asked, “Imaging continuously” and
presented a crying baby’s photograph with crying sound.

Condition 4 (C4) : After 1 minute rest, exploratory eye movements were recorded
with the procedure as the same as Cl.

Condition 5 (C5) : After 1 minute rest, Exploratory eye movements were recorded
again with the procedure as the same as Cl.

Results. The mean eye scanning length (MESL) and the total eye scanning length
(TESL) were clearly reduced during recalling and imaging sad events and recovered
significantly after recalling and imaging pleasurable events.

The mean eye fixation time (MEFT) was extended during recalling and imaging
sad events and recovered significantly after recalling and imaging pleasurable events.

The total number of eye fixations points (TNEFP) was clearly decreased during
recalling’ and imaging sad events and recovered significantly after recalling and imag-
ing pleasurable events.

In addition, to examine the reproduction of this study, the same inspection was
done one month later. As a result, the difference was not observed between the initial
results and the following results in four measures (MESL, TESL, TNEFP, MEFT).
Also, the positive correlation was observed between the initial results and the following
results.

Conclusions. Exploratory eye movements may be a useful biological index to
evaluate positive and negative emotions.
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Recent neuroimaging studies have demonstrated abnormal central
emotional processing in psychiatric disorders. The dopamine (DA)
systems and serotonin (5-HT) systems are the main target of psycho-
pharmacotherapy. DA D, receptor antagonists and selective serotonin
reuptake inhibitors (SSRIs) are widely used in psychiatric practice.
Investigating the effects of these drugs on emotional processing should
lead to a better understanding of the pathophysiology and pharmaco-
therapy of neuropsychiatric disorders. We aimed to examine effects of
dopaminergic and serotonergic manipulation on neural responses to
unpleasant pictures in healthy volunteers using pharmacological fMRI.

Thirteen healthy male subjects participated in a single-blind,
randomized, placebo-controlled design study. Each subject partici-
pated in three f{MRI sessions. In each session, participants were orally
administered either 25 mg of sultopride or 50 mg of fluvoxamine or
placebo prior to scanning, and neural responses to unpleasant and
neutral pictures were recorded.

Despite no significant differences being found in the subjective
ratings of affective pictures across three sessions, compared to placebo,
acute treatments of DA D, receptor antagonists and SSRIs commonly
attenuated the amygdala activity, although both treatments had slightly
different modulatory effects on other components of the neural circuit
of emotional processing. This study has shown that even acute
treatment of drugs that manipulate neurotransmitter systems could
affect brain activation associated with emetional processing in human
brain. At the same time, our findings suggest that pharmacological
fMRI could be a powerful tool for investigating the neurophysiological
properties of drugs targeting neuropsychiatric disorders.
© 2005 Elsevier Inc. All rights reserved.

Keywords: Pharmacological fMRI; Dopamine D, receptor antagonists;
SSRIs; Emotion
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Introduction

Recent neuroimaging studies have revealed abnormal central
emotional processing in patients with psychiatric disorders such as
mood disorders (Drevets, 2000), schizophrenia (Paradiso et al.,
2003; Takahashi et al., 2004), and anxiety disorders (Kent and
Rauch, 2003). However, the majority of patients examined in
neuroimaging studies, especially those with schizophrenia, were
taking drugs, and their possible effects on neural responses have
not been clarified.

The dopamine (DA) systems and serotonin (5-HT) systems are
the main target of pharmacological treatment of these psychiatric
disorders. DA D, receptor antagonists and selective serotonin
reuptake inhibitors (SSRIs) are widely used and tolerated in
clinical practice as antipsychotics and antidepressants/anxiolytics,
respectively. To investigate the effects of these drugs on emotional
processing will give a better understanding of the pathophysiology
of psychiatric disorders and the neurophysiological properties of
drugs targeting neuropsychiatric disorders.

DA systems arise from two primary midbrain areas. The
mesostriatal system originates from the substantia nigra pars
compacta (A9) and innervates the striatum, whereas the meso-
corticolimbic system originates mainly from the ventral tegmental
area (A10) and innervates the amygdala, hippocampus, and frontal
cortical areas (Pralong et al, 2002). The DA systems are
extensively distributed throughout the network of the limbic—
cortical —striatal —pallidal —thalamic (LCSPT) circuit implicated in
emotional processing (Drevets, 2000; Pralong et al., 2002). The
components of the DA systems and LCSPT circuit overlap
(Cardinal et al., 2002; Groenewegen and Uylings, 2000). Our
PET study demonstrated that mesocorticolimbic regions (amyg-
dala, hippocampus, thalamus, and anterior cingulate) are relatively
rich in DA D, receptors, besides striatal regions (Okubo et al.,
1999). Thus, DA D, receptor antagonists could be considered to
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substantially modulate emotional processing, particularly in the
mesocorticolimbic systems. A recent study reported that acute
administration of the DA D, receptor antagonist sulpiride impaired
emotional memory, and the need for sensitive tests to study
dopaminergic modulation of emotional processing was highlighted
(Mehta et al., 2005).

Pharmacological fMRI is a non-invasive in vivo method that
has the potential to investigate the effects of pharmacological
manipulation on cognitive and emotional processing in the human
brain, and this tool is expected to have a major impact on clinical
practice and drug discovery (Honey and Bullmore, 2004). Among
major neurotransmitter systems, DA systems have been widely
investigated by the use of pharmacological fMRI. However, most
pharmacological fMRI studies of DA systems have focused on
cognitive or motor function, and pharmacological fMRI studies
using emotional tasks are limited (Honey and Bullmore, 2004). An
fMRI study has reported that dopaminergic drug therapy such as
levodopa or DA agonists partially restored amygdala activation due
to emotional task in Parkinson’s disease (PD) patients who showed
no significant amygdala activation during drug-off states (Tessitore
et al., 2002). In addition, another fMRI study has demonstrated that
amphetamine potentiated the response of the amygdala during an
emotional task (Hariri et al., 2002a). Hence, using pharmacological
fMRI, we aimed to investigate the effects of DA D, blockade on
neural activity in the response to unpleasant pictures in healthy
volunteers, hypothesizing that blockade of DA D, receptors would
suppress the amygdala activity in response to emotional stimuli.

Another major neurotransmitter system, 5-HT systems, origi-
nates from S5-HT neurons in the raphe nuclei, and 5-HT fibers
project to the amygdala, hippocampus, and frontal cortical area that
are the key nodes of emotional processing (Buhot, 1997; Pineyro
and Blier, 1999). Abnormally elevated amygdala activities in
depressive patients have consistently been reported, and treatments
by antidepressants such as SSRIs were reported to normalize the
elevated amygdala activity (Drevets, 2000). Exaggerated amygdala
responses were also reported in anxiety disorders (Rauch et al,,
2003), and SSRIs are coming into use in the treatment of anxiety
disorders (Kent et al., 1998).

Although it has long been thought that there is a delay of
several weeks before a true antidepressant effect occurs, recent
studies have led to the notion that antidepressants work within the
first week (Posternak and Zimmerman, 2005), and several studies
reported that even acute antidepressant treatment could facilitate
positive emotional processing and work to redress negative biases
in emotional processing (Harmer et al., 2003a,b). These results
suggest that a single dose of an antidepressant can facilitate
positive emotional processing and inhibit negative emotional
processing. In fact, a recent evoked potential study has investigated
the effects of acute treatment of SSRIs on emotional processing. In
that study, acute administration of SSRIs attenuated cortical
responses to unpleasant pictures and enhanced cortical responses
to pleasant pictures (Kemp et al., 2004). However, evoked potential
studies have a major limitation in that they cannot detect activity of
subcortical structures. Since the amygdala receives dense seroto-
nergic input from the raphe nuclei and has a high density of 5-HT
transporters, it is considered to be a prime site for the anxiolytic
action of SSRIs (Kent et al., 1998). Therefore, the need to
investigate the effects of the acute administration of SSRIs on the
amygdala is emphasized. We hypothesized that the acute admin-
istration of SSRIs, as well as DA D, antagonists, would suppress
the response of the amygdala, a key node of negative emotional

processing, and would modulate the response in the related brain
area involved in negative emotional processing in healthy
volunteers.

Methods
Participants

Thirteen healthy right-handed Japanese male subjects (mean
age 29.2 + 5.1 years, mean height 170.0 + 4.1 cm, mean weight
65.5 £ 9.0 kg) were recruited from the surrounding community.
They did not meet the criteria for any psychiatric disorder. None of
the controls were taking alcohol at the time nor did they have a
history of psychiatric disorder, significant physical illness, head

_injury, neurological disorder, or alcohol or drug dependence. All

subjects underwent an MRI to rule out cerebral anatomic
abnormalities. After complete explanation of the study, written
informed consent was obtained from all subjects, and the study was
approved by the Ethics Committee.

Materials

Stimulus materials were taken from the International Affective
Picture System (IAPS) (Lang et al., 1997). Neutral and unpleasant
pictures were selected according to the subjective ratings provided
by IAPS. We employed 48 pictures from each class. Slides of the
two emotional classes were matched for content (faces, human
figures, animals, objects, scenery). The pictures were projected via
a computer, and a telephoto lens onto a screen mounted on a head-
coil. The experimental design consisted of 6 blocks for each of the
2 conditions (neutral, unpleasant) interleaved with 24-s rest
periods. The order of presentation for the 2 conditions was fixed
in the neutral—unpleasant sequence.

During the rest condition, subjects viewed a crosshair pattern
projected to the center of the screen. In each 24-s block, 8 different
pictures of the same emotional class were presented for 3 s each.
During the scans, the subjects were instructed to press a selection
button with the right index finger, indicating how each picture
made them feel using a 3-point analog scale (1 = neutral, 2 =
slightly unpleasant, 3 = extremely unpleasant).

Physical data

Participants were checked for blood pressure (BP), heart rate
(HR), and respiration rate (RR) before administrations of drugs and
just before scanning.

Drug administration

We used sultopride (SUL), a substituted benzamide derivative,
as a selective DA D, receptor antagonist. SUL has higher
lipophilicity than other substituted benzamide derivatives such as
amisulpride or sulpiride and penetrates the blood—brain barrier
more easily (Kapur et al., 2002; Mizuchi et al., 1983; Moller,
2003). For this reason, we used SUL with the purpose of
minimizing the effect of DA D, receptor antagonist on peripheral
DA receptors in blood vessels or the pituitary, which are outside
the blood—brain barrier. The dosage of SUL was determined by
our recent positron emission tomography (PET) study, in which the
EDsq (concentration required to induce 50% occupancy) value of
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SUL was 8.7 mg for dose and 32 ng/ml for plasma concentration,
and 25 mg of SUL resulted in sufficient plasma concentration to
occupy approximately 60—70% of dopamine D, receptors (unpub-
lished data). It has been shown that occupancy in the approximate
range of 60-70% of central dopamine D, receptors is needed to
produce an antipsychotic effect. Higher receptor occupancy (more
than 80%) is associated with extrapyramidal effects (Farde et al.,
1992; Kapur et al., 2000). Since DA D, receptor antagonists are
mainly used with the purpose of obtaining antipsychotic effects, we
aimed to elucidate the effects of occupancy of about 60—70% of
central DA D, receptors in this study. We used 50 mg of
fluvoxiamine (FLU) as SSRI. A previous study reported that
minimally effective dosage was 50 mg/day (Walczak et al., 1996),
and our previous data demonstrated that the EDs, value of FLU
was 7.4 mg for dose and 4.2 ng/ml for plasma concentration and
that 50 mg of FLU resulted in enough plasma concentration to
occupy approximately 80% of 5-HT transporters (Suhara et al.,
2003).

The study was a single-blind, randomized, placebo-controlled
cross-over design. Each subject participated in three fMRI sessions
separated by a minimum washout period of 14 days. Because it
was reported that the elimination half-life of SUL in plasma was
3.6 h (Kobari et al., 1985) and that of FLU was 15 h in human
(DeVane and Gill, 1997), it was considered that a 14-day washout
period was sufficient and that the order of the drugs did not affect
the plasma concentration of each drug. In each session, partic-
ipants were given orally either 25 mg of SUL or 50 mg of FLU or
placebo (PBO) (lactose) prior to scanning in a single-blind manner
so that appropriate medical treatment could be administered in the
event of adverse responses. The order of drug administration was
counterbalanced across the subjects. The drug administration order
consisted of 6 combinations (SUL-FLU-PBO, SUL-PBO-—
FLU, FLU-SUL-PBO, FLU-PBO-SUL, PBO-SUL-FLU,
and PBO—FLU-SUL), and we randomly assigned each of the
combinations to each subject. To ensure maximum and stable
plasma concentrations of SUL and FLU, SUL and PBO were
given 2 h before scanning, and FUL was given 5 h prior to
scanning.

Images acquisition

The images were acquired with a 1.5 T Signa system (General
Electric, Milwaukee, WI). Functional images of 264 volumes were
acquired with T2*-weighted gradient echo planar imaging sequen-
ces sensitive to the blood oxygenation level dependent (BOLD)
contrast. Each volume consisted of 30 transaxial contiguous slices
with a slice thickness of 4 mm to cover almost the whole brain (flip
angle, 90°; TE, 50 ms; TR, 3 s; matrix, 64 x 64; field of view,
24 x 24 cm). High-resolution, T1-weighted anatomic images were
acquired for anatomic comparison (124 contiguous axial slices, 3D
Spoiled-Grass sequence (SPGR), slice thickness 1.5 mm, TE, 9 ms;
TR, 22 ms; flip angle, 30°; matrix, 256 x 192; field of view, 25 x
25 cm).

Analysis of functional imaging data

Data analysis was performed with statistical parametric
mapping software package (SPMO02) (Wellcome Department of
Cognitive Neurology, London, UK) rumning with MATLAB
(Mathworks, Natick, MA). All volumes were realigned to the
first volume of each session to correct for subject motion and

were spatially normalized to the standard space defined by the
Montreal Neurological Institute (MNI) template. After normal-
ization, all scans had a resolution of 2 x 2 X 2 mm’. Functional
images were spatially smoothed with a 3D isotropic Gaussian
kernel (full width at half maximum of 8 mm). Low frequency
noise was removed by applying a high-pass filter (cutoff period =
192 s) to the fMRI time series at each voxel. A temporal
smoothing function was applied to the fMRI time series to
enhance the temporal signal-to-noise ratio. Significant hemody-
namic changes for each condition were examined using the
general linear model with boxcar functions convoluted with a
hemodynamic response function. Statistical parametric maps for
each contrast of ¢ statistic were calculated on a voxel-by-voxel
basis. The ¢ values were then transformed to unit normal
distribution, resulting in Z scores.

To assess the specific condition effect, we used the contrasts by
subtracting the BOLD signals in response to the neutral condition
from those in response to the unpleasant condition (U-N contrast)
in single-subject analysis. For each drug treatment condition, the
U-N contrast images obtained from single-subject analysis were
entered into group analysis. A random effects model, which
estimates the error variance for cach condition across the subjects,
was implemented for group analysis. This procedure provides a
better generalization for the population from which data are
obtained. A one-sample ¢ test was used to determine group
activation for each drug. To compare the effect of drugs on the U~
N contrast, we performed paired 7 tests (SUL vs. PBO, FLU vs.
PBO, PBO vs. SUL, and PBO vs. FLU) to test relative differences
in the pattern of neural activation by subtracting the unpleasant
minus neutral U-N contrasts of PBO treatment from the U-N
contrasts of drug (SUL/FLU) treatments and vice versa. Significant
clusters of activation were determined using the conjoint expected
probability distribution of the height and extent of Z scores with
the height and extent threshold. Coordinates of activation were
converted from MNI coordinates to the Talairach and Tournoux
coordinates using the mni2tal algorithm (M. Brett, Cambridge,
MA) (Talairach and Tournoux, 1988).

To examine individual differences in the effect of the two
drugs on amygdala activation, we plotted the signal changes
elicited by unpleasant condition compared to neutral condition in
the amygdala. We used signal changes of the left amygdala (x, y,
z = —14, =3, —22) and the right amygdala (x, y, z = 22, —3,
—15), showing the largest signal reduction by SUL treatment as
revealed by group analysis (paired ¢ test). Similarly, we examined
the signal changes of the left amygdala (x, y, z = —24, —12,
—11) and the right amygdala (x, y, z = 26, 1, —22) for FUL
treatment. We compared the mean signal changes in the left
amygdala (x, y, z = =24, —12, —11) and the right amygdala (x,
», z =126, 1, —22) elicited by unpleasant condition compared to
neutral condition during PBO treatment and drug (SUL and FLU)
treatments.

Results
Physical data

Two-way repeated-measures analysis of variance of BP (max),
BP (min), HR, and RR showed no significant main effect of drug

(P =0485, P=0.744, P = 0.580, P = 0.556) nor a significant
main effect of time (P =0.514, P = 0.466, P = 0.248, P = 0.673) or
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