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Fig. 1. This figure shows the result of the TM-B test
performed by a normal control subject. The subjects are
required to connect letters of alphabet and numbers
alternately as soon as possible. The performance was
quantitatively assessed as the time taken for subjects to
complete the test.
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Fig.2. The figure shows the cards for the WCST. The subject
has to sort cards into four heaps which match four key words,
matching them according to the number, shape or color of
items printed on the card. The subject is not told which
attribute should be matched, but has to deduce the correct
rule for sorting on the basis of being informed after each card
is placed whether or not it was correctly sorted. After ten
consecutive collect placements, the rule for sorting is changed.
The subject is warned when the rule is about to change.
Testing is completed either when the subjects successfully
complete six categories or sort 128 cards, whichever comes
first.
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Fig.3. The grand mean waveforms of eventrelated potentials
(ERPs) at frontal (Fz), vertex (Cz), and parietal (Pz) are
overlaid for the schizophrenics (n=24) and controls (n=39).
The event-related potentials were induced by target stimuli
(2000Hz). Note the smaller amplitudes of P300 in the
schizophrenics compared to the controls. The control ERP is
indicated by a solid line and the schizophrenic ERP by a
dashed line.

Table 1. Amplitudes of the ERP components

Amplitude (V) Coi:rol
Schizophrenia Normal Schizophrenia
t-test
(X =SD) (t-value)
NI100 Fz 4.78%1.73 -6.69+2.23 3.58%*
Cz -3.89%1.68 -6.40+2.73 4.52%*
Pz -241%1.89 -4.20%2.15 3.36%*
P200 Fz  221%£354 1.49£3.87 0.74
Cz 3.84%3.15 1.46:4.08 2.44%
Pz  4.95%2.69 3.01+3.84 2.16*
N200 Fz -5.09%437 -3.21+4.27 1.68
Cz -2.93%£3.69 -2.38+4.80 0.48
Pz  0.8413.65 0.71=4.22 0.12
P300 Fz 5.57%6.13 11.58+8.14 3.11%*
Cz  7.80%5.69 14.11%£6.16 4.06%*
Pz 10.01£5.20 15.80£5.34 4.22%%

Values represent X & standard deviations for each of the ERP
amplitudes. The difference between schizophrenic and normal
subjects was determined by means of unpaired two-tailed t-test.
*p<0.05; **p<0.01.
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Table 2. Latencies of the ERP components

Latency (ms) Cos:rol
Schizophrenia Normal Schizophrenia
t-test
(X +5D) (t-value)
N100 Fz  93.0%19.0 95.3%+19.1 0.47
Cz 949%£17.8 95.5+20.0 0.12
Pz  962%183 87.91243 1.44
P200 Fz 17234233 165.0£23.3 1.21
Cz 173.0%23.6 163.9430.1 1.26
Pz 179.6%29.8 164.1+31.1 1.95
N200 Fz 243.9134.0 210.2£34.1 3.81%+
Cz 239.6+315 209.4£27.1 4.04**
Pz 233.5%257 198.4:29.8 4.78%%
P300 Fz 357.2£364 330.3x554 2.11*
Cz 3483%34.0 329.0£55.1 1.54
Pz  348.4%285 319.1£25.5 4.22%*

Values represent X & standard deviation for each of the ERP
latencies. The difference between schizophrenic and normal
subjects was determined by means of unpaired two-tailed t-test.
*p<0.03; **p<0.01.
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Table 3. Neuropsychological assessments in schizophrenia
Schizophrenia Normal Control vs Schizophrenia
X +SD X +£SD t-test (t-value)
Wisconsin card sorting test ~ Category 3.1 2.3 5.8 0.8 5.46%*
Perservation error 24.5 22.5 9.7 7.8 3.11%*
Trail making test Part B 1093 365 542 121 7.18%*
Wechsler memory scale Logical memory 5.8 4.5 11.5 3.0 5.50%:*
Verbal paired association ~ 14.2 32 18.0 2.3 5.07**
Visual reproduction 10.4 2.7 12.4 1.3 3.30%*
Word fluency test 9.1 3.6 10.5 34 1.55
Values represent X & standard deviations for each of the neuropsychological tests. The difference between
schizophrenic and normal subjects was determined by means of unpaired two-tailed t-test. *p<0.05; **p<0.01.
Table 4. Relationship between ERP compontents and neuropsychological assessments
Wisconsin card sorting test Wechsler memory scale
Cat Perservation Trail making Logical Paired Visual Word fluency
ategory L .
error testB memory association reproduction test
Amp Lat Amp Lat Amp Lat Amp Lat Amp  Lat Amp Lat Amp  Lat
NI0OO Fz 0.156 0.209 0.367 0.112  -0317 -0.170 0.176  0.160 0.109 0.337 0.379 0.392 0.343  0.148
Cz 0337 -0.023 0.267 0.045  -0.143 -0.239 0.243 0.094 0.183  0.297 0.390 0.198 0272 0.119
Pz 0.422* -0.088 0.064 0.074 -0.014 -0.249 0.265 0.135 0.270  0.345 0.241  0.198 0.147 0.146
P200 Fz -0.058 -0.022 -0.228 -0.174 0324 0073  -0.119 0.036 0.147  0.245 -0.297 -0.059  -0.344 -0.173
Cz -0.040 -0.069  -0.180 -0.122 0.453* 0.037  -0.085 0.029 0.263 0280 -0.258 0.037 -0.394 -0.150
Pz -0.095 0.050 -0.058 -0.079 0.432* 0.167  -0.071 0.057 0.385 0.282  -0.279 0.112 -0.255 -0.114
N200 Fz 0.252 0.197 0.025 -0.090 0.122 0316  -0.026 -0.141 0.182 0.182 0.258 0.220 0.024 -0.315
Cz 0.141 0.126 0.142 -0.092  -0.380 0313 -0.077 -0.184  -0.215 0.112 0.035 0.220 0.180 -0.353
Pz 0.111 0.126 0.103 -0.103  -0.158 0343  -0.028 -0.199  -0.392 0.102  -0.038 0.332 0.193 -0.264
P300 Fz -0.324 -0266 -0.022 0.385 -0.306 -0.173 0.166 0.272 0.164 0.248  -0.026 0.355 0.156 0.382
Cz -0.195 -0.402* -0.140 0395 -0.074 -0.010 0.183 -0.044 0.441% 0.049  -0.034 0305 -0.015 0.208
Pz -0.133 -0.285 -0.014 0.032 -0.031 -0.045 0.199 -0.105  -0.476** 0.138  -0.042 0.295 0.049 0.238
Values show Pearson correlation coefficients. *p<0.05; **p<0.0L.
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between the number of categories achieved on the WCST and
N1 amplitudes at Pz. The poor performance on the WCST is
associated with the reduced N100 amplitude in schizophrenic
patients (Pearson correlation coefficients: r=0.422, p=0.04).
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Fig.5. (A) Linear regression line and scatterplot of
correlations between the time taken to complete the TM-B and
P2 amplitudes at Cz. A significant positive relationship was
established between P200 amplitudes at Cz and the time taken
for performance of the TM-B (Pearson correlation coefficients:
r=0.453, p=0.025). (B) Linear regression line and scatterplot of
correlations between the time taken to complete the TM-B and
P2 amplitudes at Pz. A significant positive relationship was
established between P200 amplitudes at Pz and the time taken
for performance of the TM-B (Pearson correlation coefficients:
r=0.432, p=0.034).

&

ESEEEMICOVCORENEEIIENL L OHRELD
BERED %3961 (BE206, PE1960) THh o7z, Eihid
25.9+4.8 (20-37) B THEELMERE L BT L o7 (p=0.18,
WD R ¢ 5E) B, FHEEFEHIL15.9+1.8 (1222) £ T
BEWNBECHEERIZE 272 (0<0.001, HEDOEV FHRE).

BEOMZLOEFNREOSR & 8 E T LB REIN
EENTVAREBIZOVWTRINLDF—F LATSNTW A
WTMBIZOWTIEERE v F S84 7— 7 2 IUE LI L

A
22

4

20
18 1

8
0

16 -
14
12157 o

10 - 0
0 0]

8

250 255 7.5 10 12.515 17.520
CzP300 (msec)

B

WMS—asso (point)

22 -
2
18-
16 -
14
12:/0

10 -

4

8

20 2 4 6 8 1012 14 16 18 20
PzP300 (msec)

Fig.6. A Linear regression line and scatterplot of correlations
between the score of paired association of WMS and P3
amplitudes at Cz. P300 amplitudes at Cz and Pz correlated
with the score for the verbal paired-association subtest of the
WMS (Pearson correlation coefficients: r=0.441, p=0.03). B.
Linear regression lines and scatterplot of correlations between
the score of paired association of WMS and P3 amplitudes Pz.
P300 amplitudes at Pz correlated with the score for the verbal
paired-association subtest of the WMS (Pearson correlation
coefficients: r=0.476, p=0.01).
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Fig. 7. Linear regression line and scatterplot of correlations

between the number of categories achieved on the WCST and
P3 latencies at Cz. Values show Pearson correlation
coefficients. The poor performance on the WCST is associated
with the prolonged N100 latency in schizophrenic patients
(Pearson correlation coefficients: r=0.402, p=0.05).
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Table 5. Partical correlation coefficients between ERP compontents and neuropsychological assessments

Wisconsin card sorting test

‘Wechsler memory scale

Categor Perservation Trail making Logical Paired Visual Word fluency
ategory L .
error testB memory association reproduction test
Amp  Lat Amp  Lat Amp Lat Amp Lat Amp  Lat Amp  Lat Amp  Lat
NI100 Fz 0.032 0.187 0373 0.177 -0.238 -0.369 0.170  0.239 0.105  0.120 0.242  0.362 0330 0.360
Cz 0237 -0.048 0270 0.065 -0.091 -0.387 0.205 0.189 0.100  0.230 0.286 0.166 0365 0.232
Pz 0.392*%-0.105 0.084 0.108 -0.032 -0.338 0.239 0.263 0.165 0.299 0.279  0.204 0.257 0.282
P200 Fz -0.034 0.019 -0278 -0.112 0288 -0.070 -0.200 -0.027 0.145 0.143  -0.243 -0.092  -0.367 -0.241
Cz -0.052 -0.067 -0.187  -0.061 0.424** -0.001 -0.133 -0.011 0.173  0.139 0.308 -0.017 -0.360 -0.186
Pz -0.148 0.160 0.006 0.021 0.385  0.070 -0.133 0.076 0.196 0.133  -0.317 -0.173  -0.219 -0.141
N200 Fz 0.159 0.235 0.009 -0.054 0.120 0382 -0.037 -0.104 -0.171 -0.034 -0.036 0.202 0.253 -0.250
Cz 0.106 0.125 0.135 -0.070 -0.057 0372 -0.107 -0.176 -0.325 -0.084 -0.118 0.211 0.241 -0.295
Pz 0.137 0.095 0.061 -0.093 -0.115 0315 -0.017 -0.197 -0375 -0.103  -0.081 0.293 0.191 -0.209
P300 Fz -0.260 -0.278 0.047 0334 -0345 -0219 0.107  0.367 0.300 0.307 0.159 0.328 0.035 0.355
Cz -0.158 -0.474* -0.076 0337 -0.117 -0.140 0.120 0.047 0.413*%%-0.059  -0.011 0.323  -0.056 0.350
Pz -0.163 -0.370 0.109 0073 -0.124 -0.156 0.120 -0.143 0.350 -0.071  -0.090 0.300 0.089 0.307

Values show partical correlation coefficients. *p<0.05; **p<0.01.
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Abstract

Numerous studies have reported that patients with schizophrenia appear to have information processing abnormalities in
brain. In particular, there is general agreement among neurophysiologists that schizophrenic patients have deviant event-
related potentials evoked by performing cognitive tasks. While many neuropsychological tasks have been developed to
measure high-level brain functions, schizophrenic patients have been reported to perform these tasks poorly. To determine
what kinds of brain dysfunction reflect deviant event-related potentials, therefore we investigated the relationships between
abnormalities of event-related potentials evoked by the auditory oddball paradigm and various kinds of neuropsychological
tests. The amplitudes of N100 and P300 were smaller and that of P200 was bigger in the 24 schizophrenic patients than in the
39 control subjects, and the latencies of N200 and P300 were prolonged for the patients than those for control subjects. In
neuropsychological tests, the schizophrenic patients were significantly impaired compared to normal controls, when
performing the Trail Making B Test (TM-B) and Wisconsin Card Sorting Test (WCST) as the frontal lobe function tests, and
the logical memory, verbal paired association and visual reproduction of Wechsler Memory Scale (WMS) as the temporal lobe
function tests. However, they performed within normal limits on the Word Fluency Test (WFT) which is sensitive to
dysfunction of the frontal lobe. Pearson product-moment correlation indicated that a reduced N100 amplitude and a prolonged
P300 latency negatively correlated with the number of categories achieved on the WCST, and an increased P200 amplitude
correlated with poor performance on the TM-B, and a reduced P300 amplitude correlated with poor performance on the verbal
paired-association subtest of the WMS. These findings suggest that abnormalities of N100 and P200 may represent the frontal
lobe dysfunction. Furthermore, a reduced P300 amplitude represents temporal lobe dysfunction and a prolonged P300 latency
represents frontal lobe dysfunction, respectively. These results may indicate the fronto-temporal disconnection in
schizophrenic brain.



