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Abstract. Early effects of risperidone (2.5 = 1 mg/day) on auditory
information processing were investigated in 9 neuroleptic naive patients with
schizophrenia spectrum disorders and 9 healthy controls by using event-
related potentials (ERPs). ERPs were elicited during active auditory
“oddball” paradigm and were recorded before and after two weeks of
treatment. Baseline P3 latencies were significantly delayed in patient group.
Risperidone treatment did not change P3 amplitudes and latencies. However,
P2 amplitudes were reduced in parallel with the clinical improvement
measured by Positive and Negative Syndrome Scale (PANSS). Although
risperidone did not change neural bases of active attention after two weeks of
treatment, the reduction of P2 amplitude suggests that risperidone may affect
auditory information processing in patients with schizophrenia spectrum
disorders who never have been exposed to antipsychotic treatment.
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INTRODUCTION

Event-related potentials (ERPs) are time-locked
changes to external stimuli in electroencephalogram
(EEG) providing an objective index of information
processing in the human brain. One of the most wide-
ly used auditory ERP for studying neural bases of cog-
nitive dysfunction is P3 potential. It is evoked by audi-
tory the "odd-ball" paradigm task while the subject is
reacting (pressing a button or mentally counting) on
the presence of the target stimuli. P3 is usually inter-
preted as an electrophysiological correlate of updating
of working memory (Donchin and Coles 1988). The
latency of P3 reflects the speed of cognitive processing
and its amplitude to the allocation of brain energy
resources (Kok 1997).

Schizophrenia patients have shown abnormal P3
response with prolonged latency and/or reduced ampli-
tude (Blackwood et al. 1987) and larger P2 component
(McCarley et al. 1997, O’Donnel et al. 1994, Sandman
et al. 1987) indicating disturbances in information pro-
cessing. Patients with schizophrenia spectrum disor-
ders share some phenotypic similarities with schizo-
phrenia including personality traits (Lenzenweger
1994), neuropsychologic deficits (Kremen et al. 1994),
psychophysiologic deficits (Matthysse et al. 1986), and
cognitive disturbances (Bredgaard and Glenthoj 2000,
Lichtermann et al. 2000). Abnormal auditory P3
responses in patients with schizophrenia spectrum dis-
orders have confirmed similarities with schizophrenia
(Kimble et al. 2000, Korostenskaja et al. 2005, Michie
et al. 2002). Furthermore, Trestman and coauthors
(1996) showed that the changes in auditory N1, P2,
N2, and P3 components in patients with schizotypal
personality disorder were intermediate between
patients in schizophrenia and healthy subjects.

Usually typical antipsychotic medication does not
change P3 amplitudes and latencies in schizophrenia
patients (Ford et al. 1994, Umbricht et al. 1998).
Atypical antipsychotics have been claimed to improve
cognitive functions in schizophrenia (Meltzer and
McGurk 1999, Purdon 1999). However, effects of
these drugs on neural bases of cognitive dysfunction
have not been consistent. Clozapine and olanzapine
increased P3 amplitudes (Gonul et al. 2003, Umbricht
et al. 1998). To the contrary, Gallinat and others (2001)
could not find changes in P3 latency and amplitude
during the olanzapine and clozapine therapy. Molina
and coauthors (2004) have found no significant effect

of olanzapine on P3 after long-term treatment.
Risperidone treatment produced significant P3 latency
reduction (Iwanami et al. 2001, Umbricht et al. 1999).
To our knowledge, only one study investigating
effects of antipsychotic medication on ERPs in patients
with schizophrenia spectrum disorders has been conduct-
ed up to date (Korostenskaja et al. 2005). In this study,
four-week treatment of olanzapine did not change audi-
tory P3 responses despite of clinical improvement.
However, patients included in this study were chronical-
ly ill and before switching to the treatment of olanzapine,
they have been receiving typical antipsychotics, possibly
affecting treatment response. The aim of the present
study was by using auditory ERPs to investigate effects
of risperidone on auditory information processing in
patients with schizophrenia spectrum disorder who never
have been exposed to antipsychotic drug treatment.

METHODS

The study was performed at the Republican Vilnius
Psychiatric Hospital (Vilnius, Lithuania). It was
approved by Ethic Committee of the Hospital. Subjects
gave their written informed consent to participate in
the study.

Subjects

Nine right-handed patients with schizophrenia spec-
trum disorders (2 females), mean age 26 years (SD 8,
range 18-39 years), and 9 right-handed healthy con-
trols (3 females), mean age 28 years (SD 10, range
18-41 years) were investigated in this study.
Diagnoses in all 9 cases were made according to the
ICD-10, International Classification of Diseases
(World Health Association, 1992) by clinicians using
all available information. A diagnosis of paranoid
schizophrenia (F20.0) was considered in 4 cases and 5
patients had schizotypal disorder (F21). All patients
were hospitalized for the first time. Exclusion criteria
for psychiatric patients were organic pathology of cen-
tral nervous system (tumors, etc.) and history of alco-
hol dependence. Healthy controls had no known neu-
rological or psychiatric disorders.

Study design

Auditory ERPs were recorded at baseline and after
two weeks follow-up of risperidone treatment. All
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Table I
PANSS before and after risperidone treatment

Baseline After risperidone treatment
PANSS, scores 974+ 149 67.4+£9.5%
positive symptom scale, scores 22.1+5 14.1 £2.3*%
negative symptom scale, scores 20.2+3.9 16.3 £ 4*
total psychopathology scale, scores 571+£15.2 37+£5.7%

(*) P<0.05, patients at baseline compared to follow-up

patients were neuroleptic naive. At the time of follow-
up recording all patients received 2.5 = 1 mg/day of
risperidone. Patients did not receive any additional
drug therapy. Clinical symptoms were evaluated with
PANSS (Kay et al. 1987). For healthy controls ERPs
were recorded once.

ERP recording

All data was acquired in an electrically shielded
room. The recording sessions were always carried out
between 9.00 A.M. and 2.00 P.M. The ERPs were
recorded with the 32-channel EEG device (Galileo NT,
by EBNeuro, Italy) (bandpass 0.01-30 Hz) from Cz
site (according to the 10/20 International system) using
Ag/AgCl electrodes. Ear electrodes served as a refer-
ence for all electrodes and the ground electrode was
attached to the forehead. ERPs were acquired during
active oddball paradigm. Pure tones were binaurally
presented via headphones at the intensity 60dB.
Standard tones had frequency of 2000 Hz and duration
of 50-ms. Deviant tones had the same duration and fre-
quency of 1000 Hz. The probability of tones was 80%
for standards and 20% for deviants. During the record-
ing at least 30 deviant stimuli were presented. Subjects
were asked to count in mind all deviant stimuli and
then to report the sum. The inter-stimulus interval (ISI)
was 1500 ms. The analysis period was 1000 ms. The
paradigm consisted of two blocks with 1-min interval.
Signal rejection threshold was set for amplitude of
more than 50 pV.

Data analysis

Digital filters were applied off-line (low pass filter
of 30 Hz, high pass filter of 0.15 Hz). N1, P2, and P3

components were measured to deviant stimulus (N1
within 70-150-ms, P2 within 150-300-ms, and P3
within ~ 200-500-ms  post-stimulus interval).
Amplitudes of all components were calculated as peak-
to-peak voltage differences. Signal rejection threshold
was set for amplitude of more than 50 V. The required
minimum of sweeps surviving artifact rejection (n=25)
was reached for all subjects studied.

Statistical analysis

Data of two patients at the follow-up were rejected
because of technical reasons. Comparisons of peak
latencies and amplitudes of three ERPs components
(N1, P2, P3) were performed between healthy controls
and patients at baseline, between healthy controls and
patients after the 2-weeks follow-up and between the
patients at the baseline and after 2-weeks follow-up.
Mann-Whitney U-test was used for comparison. ERPs
were correlated with PANNS using Spearman correla-
tion.

RESULTS

Psychopathology

Risperidone decreased all PANSS, total psy-
chopathology, positive symptom and negative symp-
tom scales (Table I).

Effects of risperidone treatment

Mean amplitudes and latencies of N1, P2 and P3
components at baseline and after 2 weeks of risperi-
done treatment are presented in Table II. Grand-aver-
aged ERP waveforms are presented in Fig. 1. At the
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Table 11

Amplitudes and latencies of ERPs components (mean = SD) of healthy controls and patients at baseline and follow-up

Healthy controls

Patients at baseline Patients after risperidone

(n=9) (n=9) treatment (n=7)
N1 latency, ms 114.7 £ 14.6 124+ 9.6 119.4 + 17
amplitude, pV 124453 123+79 14.3+10.3
P latency, ms 191.8 £ 13.7 185.8 + 30 186.6 £17.5
amplitude, pV 16.5+ 8.4 17+£9 9.4 + 6.4%
P3 latency, ms 319.8 +£28.6 347.8 £ 24 .4% 358.3 £25.9%
amplitude, pV 21.7+13.1 11.8+8.6 16.4+7.4

(*) P<0.05, patients at the baseline and after follow-up compared to healthy controls; (1) P<0.05, patients at follow-up

compared with patients at baseline

baseline patients showed significantly longer P3 laten-
cies than controls (U=17, Z=-2.03, P=0.04) (Table II).
No significant differences in baseline N1 and P2
amplitudes or latencies between patients and controls
were observed (P>0.05).

Risperidone treatment did not change P3 amplitudes
or latencies (P>0.05). After treatment patients still had
longer P3 latencies than controls (U=2.5, Z=-3.07,
P=0.002). A significant decrease in P2 amplitude after
risperidone treatment was observed (U=12, Z=2.06,
P=0.04). Risperidone did not affect N1 amplitudes and
latencies or P2 latencies (P>0.05).

Relationship between psychopathology and ERPs

There were no significant correlation between laten-
cies and amplitudes of N1, P2, P3 and clinical scores
measured by PANSS at baseline and follow-up.

DISCUSSION

In the current study effects of two-week risperidone
treatment on neurocognitive dysfunction were explored
by investigating auditory ERPs in a small sample of
neuroleptic naive patients with schizophrenia spectrum
disorders. Risperidone treatment did not have effects on
P3 amplitudes and latencies but decreased P2 ampli-
tudes in parallel with clinical improvement. The results
of this study indicate that risperidone did not have early
effects on active attention. However, the reduction of
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Fig. 1. Grand average of ERPs in healthy controls, patients
at baseline, and patients after 2 weeks of risperidone treat-
ment

P2 amplitudes suggests that risperidone may modulate
auditory information processing in patients with schiz-
ophrenia spectrum disorders who never have been
exposed to antipsychotics.

Up to date only two studies investigating the effect
of risperidone on P3 response in schizophrenia patients



have been conducted (Iwanami et al. 2001, Umbricht
et al. 1999). In these studies risperidone significantly
reduced P3 latency after 4 weeks (Iwanami et al. 2001)
and 6-9 weeks (Umbricht et al. 1999) of treatment.
Contrary to this, our study does not show changes in
P3 amplitudes and latencies. Our data seem to support
a view that P3 is independent from effects of antipsy-
chotic medication thus serving as a trait marker in
schizophrenia (Gonul et al. 2003, St. Clair et al. 1989)
and schizophrenia spectrum disorders (Korostenskaja
et al. 2005). However, in our study patients received
low dose of risperidone (2.5 £ 1 mg/day) for two
weeks whereas in studies of Umbricht and coauthors
(1999) and Iwanami and others (2001) higher doses
were used (4—-6 mg/day). It is possible that different
doses of risperidone lead to different treatment
responses. Finally, patients included in our study had
different psychopathologies. These factors may in part-
ly explain the absence of early effect of risperidone on
attention in the present study.

Our study showed reduction in P2 amplitudes fol-
lowing risperidone treatment. However, the functional
role of P2 component is poorly understood, there is
some evidence that P2 can reflect the stimulus classifi-
cation process (Garcia-Larrea et al. 1992) and attention-
modulated process required for the performance of an
auditory discrimination task (for review see Crawley
and Colrain 2004). Although baseline P2 amplitudes
and latencies did not differ from those observed in
healthy controls in our study, the reduction of P2 ampli-
tude following risperidone treatment may reflect
change in cognitive dysfunction in patients with schiz-
ophrenia spectrum disorders. Dopamine modulation of
P2 amplitude by risperidone may in partly explain this
effect. This is in line with findings of Korostenskaja and
colleagues (2004), who found that administration of
methylphenidate (enhancing dopamine function) to
healthy subjects reduced P2 amplitude.

CONCLUSIONS

Our study showed that despite of the clinical
improvement risperidone treatment did not affect neu-
ral bases of active attention measured by auditory P3 in
neuroleptic-naive patients with schizophrenia spec-
trum disorders. Our data seem to support the view that
delay of P3 could serve as a trait marker in schizo-
phrenia spectrum disorder. However, the decrease of
P2 amplitude suggests that risperidone may modulate
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processing of auditory information. In future, large
number of patients with longer follow-up periods and
different risperidone doses including more severe
forms of schizophrenia spectrum disorders are needed
to confirm our results about the efficacy of risperidone
treatment on cognitive dysfunction.
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