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Abstract

The well-known amplitude reduction of the P300 appears
to be unaffected by the treatment with classical antipsy-
chotics in schizophrenia, whereas the effects of atypical
neuroleptics on this event-related potential are less un-
derstood. The study of these changes could help in
deciding whether the P300 amplitude reduction in
schizophrenia is a trait or state marker of that iliness and
in better describing the effect of atypical antipsychotics
on altered cognitive functions. We present a prospective
longitudinal study of P300 amplitude and latency before
and after 6 months’ treatment with olanzapine in 11
patients with schizophrenia. A healthy control group (n =
30) was also studied. Overall, no significant changes,
either in amplitude or in latency as measured at Pzand Fz
electrodes, were found when comparing the pre- and
postolanzapine conditions, despite the overall improve-
ment in positive and negative symptoms. Nevertheless a
direct specific association was observed between a P300
amplitude increase with olanzapine and the improve-
ment in negative symptoms. These data would suggest
that P300 amplitude reduction in schizophrenia may be
relatively independent from clinical state and treatment,

thus constituting a trait marker of schizophrenia. Our
data also suggest that, in addition to this, some further
changes in P300 amplitude might depend on the clinical
state of the patients.

Copyright © 2004 S. Karger AG, Basel

Introduction

Amplitude reduction of the P300 event-related poten-
tial (ERP) is a consistent finding in schizophrenia. This
finding may be independent from the treatment with clas-
sical antipsychotics [1], and might constitute a trait
marker.

The effects of atypical drugs on P300 are, however, less
understood. On the one hand, available data support no
significant changes in P300 parameters with risperidone,
despite some latency decrease [2]. Similarly no changes in
either P300 amplitude or latency were observed after 4-
week olanzapine therapy in schizophrenia by Gallinat et
al. [3], or in healthy controls after a single dose by Hubl et
al. [4], whereas Gonul et al. [5] have recently reported in
unmedicated patients a P300 normalization at frontal
leads but not at parietal leads after 6 weeks of olanzapine
treatment. On the other hand, olanzapine enhances neu-
ropsychological performance in schizophrenia [6], P300
being related to neuropsychological performance in that
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illness [7, 8]. Furthermore, atypical (clozapine, olanza-
pine and risperidone) but not typical antipsychotics may
normalize ERP indices of information processing other
than the P300, such as the P50 suppression [9].

Accordingly, it appears pertinent to further explore the
effects of atypical drugs on P300. Electrophysiological
changes with these treatments might be more evident
after long (over 6 months) treatment periods, as neuronal
changes induced by antipsychotics may take longer peri-
ods, particularly those underlying cognitive enhancement
[10].

For these purposes we performed a longitudinal study
in a group of patients with schizophrenia, assessing the
P300 event-related potential both before and after a 6-
month trial with olanzapine.

Subjects and Methods

Eleven patients (9 males, age 32.8 * 10.8 years, duration of ill-
ness 8.3 = 7.9 years) diagnosed as having paranoid schizophrenia
(DSM-IV) were studied with P300 ERP before and after a 6-month
trial of olanzapine. Their symptoms were assessed using the PANSS
by only one and the same trained rater. Their socioeconomic status
was evaluated with the Hollingshead index [11].

By the time of inclusion, patients had been receiving haloperidol
at doses between 9 and 20 mg/day for a period longer than the pre-
ceding month. All cases were outpatients and were treated in a men-
tal health community center. No other antipsychotics, benzodiaze-
pines on a regular basis, antidepressants or mood stabilizers were
used during this period. No depot neuroleptics were used during the
6 months preceding the inclusion. After inclusion, the first electro-
physiological recording was performed and then treatment was pro-
gressively switched to olanzapine. A dose of 20 mg/day was reached
and maintained during the follow-up period in all cases but one, that
(due to tolerance problems) was treated with 15 mg/day. No other
psychoactive drugs were given during the follow-up. A magnetic reso-
nance image (MRI) of the brain was available in all cases, acquired in
the month following the inclusion in the study, to avoid the inclusion
of patients with central nervous system lesions.

After full written information, written informed consent was
obtained from patients and their families. The ethical board en-
dorsed the study.

Thirty healthy controls (18 males, age 29.5 + 7.8 years) were also
studied without significant differences in socioeconomic status when
compared to the patients (2.0 = 1.1 years in patients and 2.1 £ 0.9
years in controls). Differences in age or sex distribution between
patients and controls were not significant.

Exclusion criteria for patients and controls were: neurological ill-
ness, MRI findings judged clinically relevant by a radiologist blind to
diagnosis, history of cranial trauma with loss of consciousness, sub-
stance abuse criteria during the last 3 years (except for caffeine or
nicotine), antecedents of axis I psychiatric processes or treatment (ex-
cept schizophrenia in the case of patients), or any current treatment
with known central nervous system action. Urinalysis was used to
rule out current use of toxic substances.

Olanzapine Treatment and P300

Electrophysiological Recordings

P300 was recorded using a standard auditory odd-ball paradigm
in which brief tones (50-ms plateau, 10-ms rise/fall, 90 dB) of
1,000 Hz (80%) and 2,000 Hz (20%) were presented in random order
by means of loudspeakers. Subjects were instructed not to move their
eyes and to ignore the low (1,000-Hz) tones and mentally count the
high (2,000-Hz, n = 40) target tones.

Electroencephalograms were recorded from midline parietal (Pz)
and frontal (Fz) sites referenced to linked earlobes. All impedances
were maintained below 5 kQ. The electro-oculogram (EOG) was
obtained from below versus above the right eye (vertical EOG) and
the left versus right lateral orbital rim (horizontal EOG). Sampling
rate was set at 250 Hz, and EEG was band-pass-filtered at 0.3-50 Hz.
Epochs of 1's duration were recorded, starting 200 ms prior to stimu-
lus onset. To eliminate epochs with artifacts, each epoch was visually
checked. Separate averages were calculated for the target and the
nontarget stimuli, after correction of EOG artifacts by means of the
method proposed by Semlitsch et al. [12]. A minimum number of 20
artifact-free epochs was required per subject before averaging. P300
was the most positive peak between 250 and 500 ms after target stim-
ulus onset. Two parameters, the P300 amplitude and latency, were
measured.

Statistics

Given the sample sizes, normality could not be assumed and non-
parametric tests were used.

Amplitude and latency comparisons were respectively conducted
between patients on haloperidol (‘baseline’) and after treatment with
olanzapine, and controls on the other hand, using Mann-Whitney U
tests. Pairwise changes in these parameters were compared in the
patients before and after the olanzapine trial using Wilcoxon tests.
The association in patients between the changes in positive and nega-
tive symptoms and, on the other hand, electrophysiological changes
was assessed using Spearman’s rho tests. For these comparisons, we
considered the rank-transformed percent of change in positive and
negative symptoms between the pre- and postolanzapine conditions.
Lower ranks correspond to the cases with less improvement.

Results

Positive (before treatment with olanzapine, 20.8 +
7.0; after, 14.4 = 7.0; z = 2.66, p = 0.008) and negative
(before, 25.7 £ 10.0; after, 22.3 £ 10.0;z =237, p =
0.01) symptoms improved with olanzapine.

The number of tones correctly identified did not signif-
icantly differ between before- and after-treatment condi-
tions (before, 34.1 £ 17.0; after, 39.5 £ 5.3;z=0.42,p =
NS).

Figure 1 shows the amplitude measures at Fz and Pz
electrodes in controls, patients on haloperidol (baseline)
and patients after olanzapine treatment. These values
were 9.0 £ 3.5,5.10 = 3.5and 5.95 *+ 4.12 uV, respec-
tively, at Fz, whereas at Pz they were 11.4 £ 3.3,6.81 £
2.9and 7.95 £ 3.5 uV, respectively. Latency measures at
Fz were 336.1 £ 29.6, 329.1 = 44.0 and 3549 =
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Fig. 1. Bar diagram representing both am-
plitude (A) and latency (B) in controls and
pre- and postolanzapine conditions.
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67.0 ms, respectively. Latency measures at Pz were 323.1
+ 34.9,345.4 £ 61.1 and 353.8 £ 56.5 ms, respectively.

When compared to controls, patients on haloperidol
(baseline) showed a significantly lower amplitude at Fz
(U=173.0,p<0.01)and at Pz (U = 45.0; p<0.001). How-
ever, the group of patients did not significantly differ in
latency either at Fz (U = 162.0; p = 0.9) or at Pz (U =
119.5; p = 0.18) with respect to controls.

After 6 months on olanzapine, the amplitude at both
Fz and Pz electrodes in the patients is still significantly
lower than in controls (U = 78.0; p = 0.01 and U = 82.0;
p = 0.01, respectively). Again, the group of patients did
not significantly differ in latency either at Fz (U = 144.0;
p = NS) or at Pz (U = 118.0; p = NS) when compared to
controls. Also, there were no significant differences in the

184 Neuropsychobiology 2004;50:182-188

group of patients between before and after treatment with
olanzapine for either the amplitude (at Fz, z = 0.44; p =
NS; at Pz, z = 0.53; p = NS) or the latency (at Fz, z = 0.44;
p = NS; at Pz, z = -0.80; p = NS). Individual changes are
shown in table 1.

There was no association between pre- and postolanza-
pine amplitude values, neither at Fz (p = 0.15; p = NS) nor
at Pz (p = 0.22; p= NS). This is shown in figure 2.

There was, however, a significant association between
the change in negative symptoms and the amplitude
change at Pz between pre- and postolanzapine conditions
(at Fz, p = 0.07; p = NS and at Pz, p = 0.80; p = 0.003)
(fig. 3). In other words, the more decreased the negative
symptoms, the more increased the P300 amplitude with
olanzapine. There was no significant correlation between
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Fig. 2. Scatterplot representing the lack of association between pre- and postolanzapine P300 amplitude values (case
by case) measured at Fz and Pz.

Table 1. Individual and mean clinical, demographic, behavioral and electrophysiological values

Halopendol! Negative Ampliude Latency
time - dose i atbe athz
pre:ipost preiiipost pre:post
1 42 M 2 10 45 45 7.33  7.08 8.96 8.03 324 280 328 284
2 32 M 3 10 38 30 480 4.36 382  6.83 260 468 256 468
3 25 M 9 9 32 20 0.09 10.07 3.97 1327 348 328 336 340
4 24 M 2 15 14 12 7.84 16.14 6.81 12.61 300 308 340 320
5 41 F 2 10 23 18 2.87 3.21 412 542 252 392 376 392
6 23 F 4 20 25 24 501  6.18 9.74  4.69 372 344 336 352
7 41 M 3 10 28 26 9.67 5.44 9.84 9.74 352 344 376 420
8 56 M 1 9 28 28 484  5.05 586  2.53 396 476 496 304
9 25 M 5 12 21 21 1.44  0.89 473  4.60 324 356 284 292 42 38
10 30 M 3 20 18 11 1.39  3.51 505 816 348 272 348 376 0 40
11 22 M 4 10 11 11 1090  3.62 12.08 11.65 344 336 324 344 45 49
Mean 257 223 5.10  5.95 6.81 7.95 329.1 354.9 3454 353.8 34.1 39.5
SD 10.0 10.0 3.54 412 2.87 3.54 44.03 66.95 61.06 56.55 17.0 4.7
1 Time on haloperidol in months; dose of haloperidol in milligrams per day.
the changes in negative symptoms and latency (Fz, p = Discussion

0.08; p = NS and at Pz, p = 0.40; p = NS). A decrease in
positive symptoms, on the other hand, did not correlate
with amplitude (at Fz, p = 0.26; p = NS, and at Pz, p =
0.35; p=NS)or latency (at Fz, p=0.22; p= NS, and at Pz,

p=0.11; p = NS) changes.

Olanzapine Treatment and P300

Our data suggest that long-term administration of

olanzapine produces no significant overall changes in the
P300 parameters (amplitude and latency) of schizophren-
ic patients as compared to the treatment with haloperidol

Neuropsychobiology 2004;50:182-188

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

185



o

Improvement in negative symp:

=10 0
Change in:amplitude {

Improvement in positive sym

2
in:amplitude: (V)

Improvementin positive sy

=10 0

Change in:amplitude {

inamplitude (uV})

Fig. 3. Scatterplot reflecting the case-by-case association between changes in P300 amplitude and the improvement in
negative (A) and positive (B) symptoms. Significant results were only obtained at Pz and for negative symptoms. On
the x axis, the more positive change reflects the more increased amplitude, and on the y axis higher ranks correspond
to patients with more improvement after treatment.

in spite of significant clinical improvement. This is simi-
lar to an earlier report for a shorter treatment period with
olanzapine [3] and adds evidence supporting the relative
independence of P300 amplitude from the pharmacologi-
cal state [1, 2, 13]. Accordingly, the well-known P300
amplitude reduction in schizophrenia would be a trait
marker [14] rather than a state marker or a consequence
of other variables such as treatment in agreement with the

186 Neuropsychobiology 2004;50:182-188

reported reduction of P300 amplitude in neuroleptic-
naive schizophrenic patients [15]. Thus, reduction of
P300 amplitude may rather depend on other stable fac-
tors, such as structural defects, as supported by the asso-
ciation found between P300 amplitude reduction and
increase in cortical frontal CSF volumes [16].

However, in spite of the lack of any significant change
between the haloperidol and olanzapine conditions, some
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patients showed an increase of P300 amplitude, and that
increase was significantly related to the improvement in
negative symptoms. This is in agreement with a previous
proposal by Mathalon et al. [14] that the auditory P300
reduction in schizophrenia is a trait marker over which
clinical state may induce further fluctuations. These au-
thors reported an inverse association between negative
symptoms and P300 amplitude, which is in line with our
results (but at variance with those of Turetsky et al. [15]).
It seems to us conceivable that a state effect imposed over
a trait better characterizes P300 reduction in schizophre-
nia, which could on the other hand account for the lack of
a significant association between pre- and postolanzapine
P300 amplitudes.

It could be argued that the reduction in negative symp-
tom scores observed in our patients could reflect a lower
incidence of extrapyramidal side effects with olanzapine.
Indeed, we did not distinguish between primary and sec-
ondary negative symptoms, and our patients had been
treated with haloperidol prior to the olanzapine trial.
Although we cannot rule out side effects to explain the
increase of P300 amplitude in some patients, this seems
unlikely considering that classical drugs seem to lack any
effect on this potential [1].

The lack of significant changes in P300 parameters
with olanzapine together with a significant correlation
with symptom improvement resembles the results of Gal-
linat et al. [3]. However, these authors found a correlation
with positive symptom changes, although differences in
methods may account for such discrepancy (these authors
used dipole analyses to disentangle factors contributing to
P300). In any case, the results of Gallinat et al. [3] seem to
be consistent with a P300 reduction as a trait marker of
schizophrenia over which clinical state induces fluctua-
tions.

We cannot rule out that a type II error could explain
the lack of change in amplitude of our cases. This would
be consistent with both the slight amplitude increase
observed in the patient group and the correlation with
improvement in negative symptoms. Previous studies
have reported relatively small P300 changes with treat-
ment in broader sample sizes [14]. Thus, our sample may
have lacked statistical power to detect such small changes.
Nevertheless, P300 amplitude was still reduced in pa-
tients after olanzapine, even if P300 amplitude increased
with treatment.

Another possible limitation is that our patients were
not drug-naive at baseline. It may be presumed that olan-
zapine might be more effective in this respect in that kind
of patients, as suggested by the results of Gonul et al. [5] in

Olanzapine Treatment and P300

unmedicated patients. However, against that possibility is
the fact that both at baseline and after treatment our
patients showed a significantly decreased amplitude in
comparison to normals. It is also possible that olanzapine
could be more effective in normalizing neurophysiologi-
cal parameters in earlier stages of illness. This is suggested
by the significant association between excess of cerebro-
spinal fluid (a possible neurodegenerative marker) and
P300 amplitude previously reported [16].

It remains to be studied whether other atypical drugs,
in particular clozapine [9, 17], give similar results with
respect to P300, although available data suggest no differ-
ences between clozapine and olanzapine [3].

In conclusion, in our study only small, nonsignificant,
overall amplitude changes were detected after long-term
olanzapine administration in schizophrenic subjects after
switching from haloperidol, in spite of clinical improve-
ment. Both before and after olanzapine, P300 amplitude
was decreased in our sample in comparison to healthy
controls. This argues for a role of P300 amplitude de-
crease as a trait marker of schizophrenia. However, a sub-
group of patients may show a P300 increase with olanza-
pine in association with a decrease of negative symptoms,
whereas pre- and postolanzapine amplitudes were unre-
lated. These facts would argue for some state dependency
of the P300 component on a trait-related decrease of
amplitude.
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