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ABSTRACT

The P300 component of auditory event-related potentials (ERPs) is an electrophysiological

marker of cognitive operation. Previous studies had found dysfunction of the fronto-

temporal network m schizophrenia using P300 current density analysis. However, whether

this abnormality is a primary effect of schizophrenia remains unclear, because chronic

patients had been included in previous studies. In this study, P300 current density analy-

sis was performed in 30 first-episode and drug-free schizophrenic patients and 30 nor-

mal controls. P300 was elicited using an auditory oddball paradigm. ERPs were recorded

from 16 scalp electrodes. A new method of low-resolution electromagnetic tomography

(LORETA) was applied to perform P300 current density analysis in this study. The cor-

tical P300 sources were computed from grand average wave forms. A significant prob-

ability map of P300 cortical current density differences between two groups was constructed,

based on the pomt-by-pomt t-test. The 3-D cortical current density map demonstrated

activation of the bilateral fronto-temporal network as the major neural generator of

the scalp-recorded P300 in control subjects. However, m schizophrenics, this activation

was decreased as compared with control subjects. Furthermore, mter-group differences

in P300 current density were more prominent over the left versus the right hemisphere.

It is suggested that the dysfunction of the fronto-temporal network, especially over the

left hemisphere, might be a primary effect of schizophrenia, possibly being involved in

the mechanism of schizophrenia. Ryukyu Med. J., 21( 3,4) 143-150, 2002
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INTRODUCTION

The P300 component of the event-related po-

tentials (ERPs) emerges at around 300 msec after

presentation of an auditory stimulus and is consid-

ered to be an electrophysiological marker of cogni-

tive operationl''. It has been widely applied in

investigation of the cognitive deficits in schizophre-

ma. In clinical studies, the P300 has often been ob-

tamed using an auditory paradigm. A reduction of

auditory P300 amplitude m schizophrenic patients

has been reported by many investigators and is a

consistent finding t '. This abnormality is regarded

as one of the most robust biological findings in

schizophrenia. However, the abnormality is non-

specific to schizophrenia, as it has also been found in

other psychiatric populations, such as in subjects

with schizotypal personality disorder, depression

and alcoholism .

Efforts to better understand the P300 abnor-

mality in schizophrenia have led to investigating the

neural substrates among these patients. Studies of

surface potential topography have found that the

P300 amplitude reduction in schizophrenia is not

uniformly distributed across the scalp. Left tempo-

ral scalp area reduction of P300 is more prominent

than right in schizophrenic patients and this asym-

metry is associated with a reduction in volume of

the left superior temporal gyrus gray matter,10, ll)

However, the P300 scalp topography is not an exact
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image of the neural activity during the task due to

volume conduction effect.

Methodological improvements have been made

to further clarify the neural substrates of P300 ab

normality in schizophrenia. Recently, low-resolution

electromagnetic tomography (LORETA) has been

used to estimate the electric sources contributing to

the scalp-recorded P30012). LORETA assumes that

neighboring neurons are simultaneously and syn-

chronously activated. Furthermore, LORETA computes

the smoothest of all possible source configurations

throughout the brain volume by minimizing the

total squared Laplacian of source strengths, and es-

timates the electrical sources in the brain '.

Through the use of LORETA, P300 sources were es-

timated to be over bilateral prefrontal cortex, the

temporal lobe, the cmgulum, the parieto-occipital

junction, the inferior parietal cortex and the supe-

rior parietal cortex '. These results are basically

consistent with findings from mtracramal record-

ings. LORETA analysis of P300 had also been per

formed among schizophrenic patients by Winterer et al.,

revealing that between 240-420 msec poststimulus,

schizophrenic patients showed a less activated cor-

tex mainly over the left hemisphere including the

prefrontal cortex, posterior cmgulum and the tem-

poral lobe, as compared to the control subjects.

However, P300 in the LORETA study by

Winterer et al. was elicited during an auditory

choice reaction paradigm, in which the subjects were

instructed to respond to two targets with the same

probability. This paradigm is seldom applied in

clinical studies, and is quite different from the ex-

tensively applied oddball paradigm, m which the

subjects are instructed to count the infrequent tar-

gets embedded in a sequence of frequent non-

targets. Since ERP components are sensitive to

probability, the P300 component obtained from an

oddball paradigm may reflect cognitive operation

more clearly than that from an auditory choice reac-

tion paradigm '. More importantly, although the

patients in the study by Winterer et al. were drug-

free, they were not all first-episode patients. The

mean age of the patients in the study was 36.3 years

and all were inpatients. Thus, the effect of illness

chromcity and comorbidity on P300 abnormality

had not been excluded .

The aim of this study was to investigate the

neural basis of P300 abnormalities m schizophrenic

patients using LORETA analysis. Previous P300

current density analysis of LORETA have been per-

formed using a simplified spheric head and 3-D

Talairach space , but the 3-D cortical images of

P300 generators have not been well demonstrated.

In this study, the current density results were

mapped on the cortical surface of a general head

model to construct the cortical 3-D maps of P300

current density.

MATERIALS AND METHODS

(1) Subjects

All subjects were right-handed, as determined

by the handedness questionnaire of Raczkowski et

αJ Thirty schizophrenic patients (20 men and 10

women) were recruited from the University of the

Ryukyus Hospital and its affiliated hospitals. Mean

ageand SD were 25.8 ± 80

All the patients met the DSM-IV criteria for

schizophrenia, as diagnosed by staff psychiatrists.

The diagnosis was confirmed at a case conference.

All of them were first-episode schizophrenia. Seven-

teen of the patients had never received neuroleptic

treatment, while 13 had been treated with antipsychotic

medication, but had not received neuroleptic medica-

tion for a minimum of 4 weeks prior to the study. A

normal control group consisting of 30 individuals

(15 men and 15 women) was recruited from the com-

munity and hospital staff. Mean age and SD were

25.3 ± 7.9. None of the control subjects had psychi-

atric histories. All subjects, including schizophrenic

patients, were free of neurological diseases, mental

retardation and physical illness that might affect

cognitive function or produce hearing loss. All of

the subjects gave informed consent before the ex-

periment.

(2) ERP Recordings

Auditory ERPs were recorded using an `oddb

all task. Stimuli consisted of a 1 kHz tone burst

(frequent non-target stimulus) and a 2 kHz tone

burst (rare target stimulus). The respective prob-

abilities of the rare and frequent stimuli were 0.2

and 0.8. Stimuli were presented in random order, the

duration of each being 90 msec, with rise and fall

times of 10 msec. Stimuli were presented in random

order at a speaker sound level of　75　dB. The

mterstimulus interval was 1.7 ± 0.1 sec. Forty arti-

fact-free repetitions were averaged. Participants

were instructed to count silently the number of rare














