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Abstract

There are several reports that performance-based measures as well as symptom ratings improve with clozapine

in patients with schizophrenia who previously responded poorly to typical neuroleptic treatment. It is not clear

whether improved cognitive function following initiation of clozapine is simply related to relief of psychotic

symptoms and extrapyramidal side-effects associated with prior use of typical neuroleptics, or reflects another

dimension of the greater efficacy of clozapine compared with typical neuroleptics. To elucidate this issue and

better specify the cognitive changes associated with use of clozapine, the authors have assessed cognitive

function psychometrically and using event-related potentials (ERPs), pre- and 8–12 wk post-initiation of

clozapine treatment. Patients were rated on the BPRS, the SAPS and the SANS and completed a number of tests

tapping aspects of frontal lobe function. ERP recordings were conducted using an auditory task twice, which

was repeated under passive and active attention conditions. It was found that clozapine differentially affects

tests reflecting executive and planning function, and not stimulus-driven cognitive functions. The results were

not consistent with the hypothesis that these effects were simply due to relief of medication side-effects but

could be related to the D
"
receptor antagonist actions of clozapine.
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Introduction

A number of studies have investigated the effect of

clozapine therapy on cognitive functions in schizophrenia,

assessed using psychometric tests. Goldberg et al. (1993)

found pronounced improvements in the BPRS scores for

anergia, thought disturbance and paranoia, but failed to

show significant changes in cognitive functions, following

initiation of clozapine therapy in a group of 13 previously

treatment-resistant patients. Hagger et al. (1993) assessed

36 treatment-refractory schizophrenic patients before and

after initiation of clozapine therapy. The authors found a

significant improvement in the Controlled oral word

association test 6 wk following clozapine therapy onset

and, in addition, after 6 months in the Category instance

generation test. Improvement also occurred in tests of

executive function, attention and recall memory. The

BPRS total score and the factor score for positive

symptoms showed significant improvement after 6 wk
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and 6 months of clozapine therapy. However, improve

ment on the BPRS negative symptom factor score was not

significant. These results were confirmed in a subsequent

12-month follow-up study (Lee et al., 1994). The authors

concluded that clozapine has a detectable effect on

cognitive impairments in schizophrenic patients who had

previously shown poor response to typical neuroleptics

(see also Meltzer et al., 1996).

Buchanan et al. (1994) compared neuropsychological

test performance with clozapine versus haloperidol treat-

ment in a 10-wk double-blind study, followed by a

one-year follow-up assessment. This study confirmed

improvements in some cognitive domains including

visuospatial and executive functions.

Cognitive dysfunctions observed in schizophrenics

resemble those found in patients with frontal lobe lesions

(Frith, 1992). Executive control functions, including an-

ticipation, goal selection, pre-planning, monitoring and

the use of feedback, are significantly impaired in patients

with frontocortical lesions (Stuss and Benson, 1986).

There is growing consensus that negative symptoms in

schizophrenia are related to frontal cortex hypo-

metabolism (Andreasen et al., 1992), which may reflect

reduced dopaminergic input (Davis et al., 1990 ; Robbins,
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1990 ; Shallice et al., 1991 ; Wolkin et al., 1992). Grace

(1991) proposed that ‘hypofrontality ’ reduces the tonic

dopaminergic midbrain activity via descending gluta-

matergic projections from the prefrontal cortex to the

neostriatum. As a functional compensation, phasic dopa-

minergic transmission is increased. Acute or positive

schizophrenic symptoms may be related to increased

phasic dopaminergic transmission, whereas negative

symptoms are related to decreased tonic dopamine

activity. As a result, typical neuroleptics with predominant

D
#
-affinity and phasic dopamine activity-blocking proper-

ties, such as haloperidol, are more effective in the

treatment of positive rather than negative symptoms.

This model predicts that dopamine antagonists with

partial dopamine agonist properties are potentially

capable of decreasing phasic as well as increasing tonic

dopamine activity. Clozapine with its approximately

equivalent in vivo affinity to both D
"
- and D

#
-receptor

subtypes may fit Grace’s model, and thus demonstrate

greater efficacy in treating negative symptoms and frontal

lobe dysfunction (Wiesel et al., 1990).

A range of neuropsychological tests that were de-

veloped to assess frontal lobe processing have been used

to evaluate schizophrenic patients, including the FAS test

(Gourovitch et al., 1996), the Wisconsin card sorting test

(WCST; Goldberg and Weinberger, 1988), the Stroop

(Pardo et al., 1990), and the Tower of London test (TOL;

Shallice, 1982). Frith (1992) divided the underlying

cognitive functions to be tested here into two different

information processes : performing the Stroop test, for

instance, requires stimulus-driven cognitive processing,

whereas the WCST and the TOL require a concept-driven

information-processing. Frith claimed that the latter aspect

of cognitive performance is predominately affected in

schizophrenia.

Clozapine is distinguished from typical neuroleptic

drugs by its low parkinsonian side-effects (Lieberman and

Safferman, 1992). Many neuropsychological tests are

dependent on reaction-time measures and performance

which is a function of both motor and cognitive ability.

The TOL provides an elegant solution for this dilemma. A

subject has to rearrange a set of coloured balls on pegs in

a minimum number of moves, so that the final con-

figuration matches a specified goal state. By measuring the

individual planning time (that is, the time before the first

move is performed) as well as the execution time (that is,

the time from the first to the final move for each problem),

the relative contribution of cognitive and motor per-

formance can be evaluated.

Event-related potentials (ERPs) may provide a more

precise index of frontal lobe functions without con-

founding motor processes. Mismatch Negativity (MMN),

for instance, reflects information stored in auditory

sensory memory. If a current stimulus matches the

representation of a previously occurring stimulus stored

within sensory memory, no MMN is generated. When a

stimulus deviates from this memory trace, MMN is

elicited (Na$ a$ ta$ nen, 1992). Although MMN is mainly

generated in the anterior region of the auditory cortex

(Kropotov et al., 1995), it is also attenuated in patients

with unilateral lesions of the frontal cortex, indicating that

the frontal cortex is an integrated part of the underlying

neural circuitry which produces MMN (Alho et al., 1994).

This finding is supported by topographic ERP recordings

which have identified additional generators in the frontal

lobe (Giard et al., 1990). It has been suggested that the

frontal component of MMN reflects involuntary orienting

to the deviant stimulus (Na$ a$ ta$ nen, 1992).
Two other ERP components can fractionate cognitive

processess putatively related to frontal lobe mechanism.

An unexpected novel stimulus elicits a P3a component

predominantly located frontocentrally, even when the

novel stimulus is outside the focus of attention (Grillon et

al., 1990). Lateralised prefrontal lesions resulted in P3a

amplitude reduction, whereas the centroparietal P3b

component generated in tasks requiring active attention is

unaffected by frontal ablation (Knight, 1991).

The present study aims to assess clozapine’s effect on

cognitive functions and psychiatric symptoms in

treatment-refractory schizophrenics, by combining neuro-

physiological and neuropsychological methods. With this

approach, a better understanding of the specific cognitive

effect and, in turn, the specific psychopharmacological

action of clozapine may be achieved. Predictors may be

determined which can help to predict response to

clozapine or specify cognitive deficits as additional criteria

for the treatment with atypical neuroleptics.

Methods

Subjects

The study was performed in the inpatient and outpatient

facilities of the South-Eastern Sydney Area Health Service.

Patients meeting DSM-III-R criteria for schizophrenia

who were being considered for clozapine treatment were

invited to participate in the study. To be considered for

clozapine treatment, patients must have had a history of

non-response to two different typical neuroleptics or

experienced severe side-effects when taking such medi-

cation. Clozapine was administered according to the

Clozaril2 Patient Monitoring System protocol (CPMS;

Sandoz Australia Pty Ltd) to 17 patients. An additional

group of nine patients, meeting the DSM-III-R criteria for

chronic schizophrenia and stabilised on typical neuro-

leptics but showing residual symptoms, was tested using

an identical protocol in order to evaluate repeated
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21Effect of clozapine on frontal lobe dysfunction in schizophrenia

Table 1. Subject summary table

Patients maintained on

typical neuroleptics (TYP) Clozapine group (CLZ)

Females}males (n) 3}6 6}9

Age (years ; means and 34.2 (8.7) 34.6 (9.1)

standard deviation)

Duration of illness (months ; 54 (29) 67 (33)*

means and standard deviation)

Dosage of typical neuroleptics 430 (240) 690 (380)*

(chlorpromazine equivalents mg}day ;

means and standard deviation)

* p! .05 (2-tailed probability).

measurement effects. Additional inclusion criteria were :

age 18–45 years, no head injury or recent history of

alcohol and substance abuse (according to DSM-III-R

criteria - subject details for the two groups of patients as

listed in Table 1).

Clinical ratings

Patients were interviewed according to the Structured

Clinical Interviews for DSM-III-R (SCID; Spitzer et al.,

1990) and were rated on the Brief Psychiatric Rating Scale

(BPRS; Lukoff et al., 1986) and the Schedules for Positive

and Negative Symptoms (SANS and SAPS, Andreasen,

1982 and 1984). Results for the two patient groups are

presented in Table 2.

Neuropsychological tests

A PC-implemented Stroop task (STIM package ; Neuro-

scan Inc.) was administered. Eighty words in red, blue,

green, and yellow were presented for 200 ms with an

interword interval of 2 s in a random order subsequently

in two conditions : (1) congruent : word and colour name

are identical (40 words) ; (2) incongruent : word and

colour name are different (40 words). The subjects had to

press a response button. Reaction times and accuracy

were measured for each condition.

The Wisconsin card sorting test (WCST) was utilised

as a measure of cognitive flexibility. This computerised

task required that subjects sort 124 cards according to

various stimulus dimensions (colour, shape, number).

Initially the subjects were not informed of the sorting

principle but had to infer this from feedback after each

response. The sorting principle was changed after ten

correct responses without warning and a new principle

had to be inferred.

The computerised TOL version used here was designed

to minimize training effects and to force the subject to pre-

plan their moves as precisely as possible. Successful

Figure 1. Example of a Tower of London problem to be solved

within 4 moves. The upper part of the screen shows the goal

array : three balls (in the original versions coloured in red,

green, and blue) are on peg number one. The lower part is

the subject’s working panel. The vertical bar can be moved by

using the cursor keys on the computer keyboard. It allows the

subject to move the balls. Each move of a ball in a new

position leads to a count-down of the ‘ remaining moves ’

display.

completion of the problem requires the use of the

minimum number of moves in which the solution can be

performed. An example is given in Figure 1. Fifteen 2–7

move problems involving 3–6 coloured balls on 3–4 pegs

were given in a series of increasing difficulty. The

minimum number of moves allowed was permanently

visible in the upper part of the screen. Each move

performed resulted in a decrease in the counter of the

number of moves remaining displayed on the computer

screen. The number of successfully completed problems,

as well as the planning time and the execution time, were

the measures of task performance.

Moves were performed using the cursor keys of the

computer keyboard. Before each test session, the task was
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practised using a four-move problem. Successful com-

pletion of this training item was required before testing

began. The subject was instructed to pre-plan their moves

as precisely as possible regardless of any time constraints.

If the subjects became aware that they would run out of

moves to complete a problem successfully, they were

asked to attempt to come as close as possible to the

proper solution within the remaining moves. This rule

was implemented in order to ensure that time measures

were comparable between subjects and test sessions

despite differences in number of items solved.

In the Controlled oral word association test (Benton

and Hamsher, 1978), subjects were asked to enumerate

words starting with the letters F, A, and S, respectively

(FAS test). For each letter, the number of correct words

provided in one minute was the measure of the per-

formance.

ERP task and recording

ERPs were recorded to deviant and novel auditory stimuli

in two conditions. In the first condition subjects had to

ignore the auditory stimuli, whilst in the second they

carried out an auditory discrimination task. Under both

conditions visual stimuli were presented simultaneously

with the auditory stimuli. The visual stimuli consisted of

a fixation cross exposed throughout the run, a red circle

(3 cm diameter) presented for 1 s, and a green circle

presented either for 2 s or until the subject made a

response (Ignore Auditory Task). Twenty-five pairs of

red-green circles (randomly every 3–6 s) were presented

in each run. The auditory stimuli (tones presented with

700 ms ISI) consisted of binaural tone pips (85 dB) of

either 1000 Hz or 1064 Hz (200 ms duration, 10%

rise}fall time) and novel environmental sounds (160 ms

duration). Each run (3.5 min) included 300 auditory stimuli

of which 85% were standard (1000 Hz), 10% were deviant

(1064 Hz), and 5% were novel (different environmental

sounds). Four 3.5 min runs per task were performed. (1)

Ignore Auditory Task : ‘Press button to green circle in

order to remove the circle from the screen ’. (2) Attend

Auditory Task : ‘Press button to every deviant tone ’. A

measure of response bias ( β ) was calculated for this task

(see Schall et al., 1996 for details).

Fifteen channels of EEG were recorded from midline

(Fpz, Fz, Cz and Pz) and lateral (F7-F8, T3-T4, T5-T6 ;

international 10–20 system; Electrocap International)

scalp electrodes and from the left and right mastoid with

a nose reference (all impedances ! 5 kΩ). Here we

report results obtained from analysis of the Fz midline

electrode. The signal was amplified (Grass Model 12

Neurodata) ¬20000 and bandpass filtered between 0.01

and 30 Hz. ERPs were averaged (Neuroscan Software)

over epochs of 900 ms including a baseline 200 ms prior

to the onset of the stimulus. Trials in which the vertical or

the horizontal EOG exceeded 50 µV as well as epochs

associated with incorrect responses (in the Attend Audi-

tory Task) were excluded from averaging. Peak ampli-

tudes within a post-stimulus window of 250–600 ms

served as the P3a}P3b peak amplitude measures. MMN

was measured as the mean amplitude 150–250 ms post-

stimulus estimated in the difference wave of the ERPs

evoked by the deviant minus the ERP elicited by the

deviant stimuli in the Ignore Auditory Task.

Study protocol and statistical analysis

Patients were interviewed (SCID, SANS, SAPS, BPRS) by

two experienced clinical raters and independently tested

(FAS, Stroop, WCST, and ERP recording) in a pre}post

repeated measurement design at the end of the last

treatment cycle with typical neuroleptics prior to the

clozapine administration. Eight to ten weeks after the

onset of the clozapine therapy, the patients were inter-

viewed and re-tested with the same instruments. The

group receiving typical neuroleptics was tested in a

similar time schedule with identical instruments.

Because of multiple comparisons, the main effects on

neuropsychological test performance were tested using

multivariate analysis of variance on pre}post linear

contrasts. Univariate statistical group comparisons were

performed using the Mann–Whitney U test and within-

group comparison on the Wilcoxon matched-pairs

signed-ranks test. Associations between symptom ratings,

neuropsychological performance and ERP measures were

analysed with Spearman rank-correlation coefficients.

Significance was tested with α ! .05 (one-tailed prob-

ability). This reflected the directional nature of the

hypothesis tested in this study ; that is, that patients

would improve following clozapine. For measures that

failed to demonstrate improvement, two-tailed signifi-

cance testing was employed.

Results

Subjects

Thirty-two patients were invited to participate in this

study. Six patients were excluded on the basis of screening

criteria. Seventeen patients were selected on the basis of

clinical criteria to be treated with clozapine. Nine patients

were maintained on typical neuroleptics. Two patients of

the clozapine group did not commence on clozapine after

baseline testing and their data were not considered here.

Before baseline testing, the clozapine group received a

higher daily dosage of typical neuroleptics than the

patients maintained on typical neuroleptics. The clozapine
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23Effect of clozapine on frontal lobe dysfunction in schizophrenia

Table 2. Symptom rating scores at baseline and re-test

(means and standard deviation)

Baseline Re-test

BPRS TYP 35.4 (9.7) 34.9 (8.4)

CLZ 45.1 (9.9) 37.1 (8.0)a

Positive symptoms (SAPS)

Hallucinations TYP 0.9 (1.8) 0.9 (1.9)

CLZ 2.2 (2.1) 1.2 (1.6)b

Delusions TYP 1.3 (1.5) 0.6 (1.0)

CLZ 3.1 (2.1) 1.7 (1.6)c

Bizarre behaviour TYP 0.4 (0.9) 0.7 (1.0)

CLZ 0.9 (1.3) 0.4 (0.9)

Thought disorder TYP 1.7 (0.7) 1.7 (1.0)

CLZ 1.6 (1.3) 1.3 (1.1)

Negative symptoms (SANS)

Affective flattening TYP 1.1 (1.3) 1.3 (1.0)

CLZ 2.1 (0.9) 2.3 (0.9)

Alogia TYP 1.3 (1.1) 2.0 (1.0)

CLZ 2.1 (1.1) 1.9 (1.1)

Apathy TYP 2.9 (1.3) 2.7 (1.4)

CLZ 3.6 (0.9) 3.2 (0.7)

Anhedonia TYP 3.1 (1.5) 3.1 (1.5)

CLZ 3.2 (1.1) 3.4 (0.9)

Inattention TYP 0.8 (0.8) 0.9 (1.2)

CLZ 1.5 (1.0) 1.2 (1.1)

a p! .01 ; b p! .04 ; c p! .03.

patients also had a longer history of schizophrenia prior to

testing (see Table 1).

Symptom ratings

Baseline testing revealed significantly higher total BPRS

scores (p! .01) in the group who were to receive

clozapine treatment (Table 2). After 8–10 wk of clozapine

treatment, these patients were significantly improved on

BPRS (p! .01) and SAPS rating scores for hallucinations

(p! .04) and delusions (p! .03). No significant change

in SANS rating scores was found. Clinical ratings in the

group receiving typical neuroleptics remained stable.

Neuropsychological test results

To evaluate the internal validity of the TOL test version

used here, four correlations were calculated at baseline

testing for all patients. (1) The minimum number of moves

required to solve a problem correlated significantly with

the total performance time for each problem (r
s
¯ .91,

p! .001, two-tailed probability). (2) Planning time and

(3) execution time significantly predicted the probability

of success (r
s
¯®.89, p! .001 and r

s
¯®.82, p! .001,

Table 3. Neuropsychological test performance at baseline and

re-test (means and standard deviation)

Baseline Re-test

Stroop test

Congruent condition

Hit rate (%) TYP 92.3 (8.1) 93.9 (4.6)

CLZ 87.4 (23.4) 90.5 (11.8)

False alarm rate (%) TYP 9.3 (9.8) 13.5 (13.0)

CLZ 11.6 (7.3) 16.0 (7.9)

Reaction time (s) TYP 494 (127) 510 (124)

CLZ 536 (130) 533 (142)

Incongruent condition

Hit rate (%) TYP 87.6 (8.7) 86.5 (12.3)

CLZ 78.6 (25.4) 81.6 (20.4)

False alarm rate (%) TYP 15.6 (17.9) 16.1 (26.3)

CLZ 13.9 (10.8) 13.9 (13.3)

Reaction time (s) TYP 656 (151) 654 (141)

CLZ 679 (141) 692 (190)

Wisconsin card sorting test

Categories TYP 3.8 (3.3) 3.6 (3.0)

CLZ 3.1 (1.8) 1.7 (1.5)a

Perseverative errors TYP 25.8 (8.4) 20.8 (13.0)

CLZ 24.2 (13.8) 32.4 (13.1)b

Tower of London test

Planning time (s) TYP 35.2 (35.9) 32.8 (32.7)

CLZ 27.7 (11.2) 21.2 (10.8)b

Execution time (s) TYP 37.9 (23.2) 42.4 (31.1)

CLZ 40.1 (16.4) 35.7 (18.4)c

Problems solved TYP 9.6 (3.6) 9.6 (4.0)

CLZ 6.7 (4.6) 8.1 (4.5)c

Controlled oral word association (FAS test)

Words per minute TYP 39.1 (13.1) 41.6 (15.4)

CLZ 35.6 (9.5) 39.5 (9.9)c

a p! .02 ; b p! .03 ; c p! .05.

two-tailed probability, respectively). In contrast, the

correlation of planning time with execution time (4),

adjusted by the number of moves required, was not

statistically significant (r
s
¯ .34).

In the group of patients maintained on typical neuro-

leptics, no re-test effect on any neuropsychological

measure was found (Table 3). By contrast, treatment with

clozapine led to a significant improvement in TOL

performance (F(3 ;21)¯ 3.0, p! .05 ; reduced planning

time : p! .03 ; reduced execution time : p! .05 ; increased

number of problems solved : p! .05). Patients treated

with clozapine had significantly improved verbal fluency

scores (FAS test ; F(1 ;23)¯ 3.9, p! .05). However,

changes in FAS test performance were significantly

correlated with changes in TOL execution in the clozapine

group (r
s
¯®.57 ; p! .03).
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Table 4. Event-related potential measures (Fz-electrode) at baseline and re-test (means and standard deviation)

MMN P3a P3b

Amplitude (µV) Latency (ms) Amplitude (µV) Latency (ms) Amplitude (µV) Latency (ms)

TYP

Baseline ®0.2 (1.1) 195 (33) 20.7 (9.9) 309 (48) 10.3 (6.1) 469 (51)

Re-test ®0.7 (1.7) 199 (51) 18.2 (7.2) 332 (50) 14.6 (7.3) 463 (69)

CLZ

Baseline 0.1 (1.5) 204 (46) 16.0 (7.8) 341 (48) 11.2 (7.3) 477 (70)

Re-test ®0.6 (1.6) 197 (39) 16.6 (11.5) 345 (25) 17.1 (7.1)* 501 (90)

* p! .05 (two-tailed probability).

Figure 2. ERPs in the Attend Auditory Task. Baseline}re-test recordings for both groups indicate increasing amplitudes of the

frontal P3b component under clozapine treatment (see Table 4 for statistics). Electrodes : vertical eye (V-EOG), horizontal eye

(H-EOG), midline (Fpz, Fz, Cz and Pz) and lateral (F3}F4, C3}C4, F4}P4 ; international 10–20 system). Scale : 900 ms (including

200 ms baseline), ®15 to 15 µV (negative up).
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25Effect of clozapine on frontal lobe dysfunction in schizophrenia

Table 5. Auditory discrimination performance at baseline and

re-test (means and standard deviation)

Baseline Re-test

Hit rate (%) TYP 74.0 (20.0) 69.8 (24.5)

CLZ 61.7 (29.3) 72.6 (17.5)

False alarm rate (%) TYP 2.1 (2.6) 3.5 (4.9)

CLZ 1.7 (1.3) 2.8 (1.8)*

* p! .04.

No change was found in Stroop performance either for

accuracy or reaction-time measures. WCST performance

deteriorated in the clozapine group (F(2 ;22)¯ 3.2, p!
.05). The number of categories achieved was significantly

lower than in baseline testing (p! .02) while a higher rate

of perseverative errors was found at re-testing (p! .03).

The reduction in categories achieved was significantly

correlated with the increase in number of perseverative

errors (r
s
¯®.68 ; p! .01). Changes in the FAS test

were also significantly correlated with changes in number

of categories achieved in the WCST (r
s
¯®.52 ; p! .04).

Event-related potentials

Baseline}re-test comparison was performed for MMN on

21 (CLZ}TYP: n¯ 13}9), for P3a on 17 (CLZ}TYP: n¯
9}8), and for P3b on 15 patients (CLZ}TYP: n¯ 8}7),

respectively, reflecting the number of subjects for whom

adequate ERP data were available. The statistical analysis

revealed no significant differences in amplitude and

latency measures in both groups, with the exception of

the P3b amplitude measure at Fz in the clozapine group

(p! .05 ; two-tailed probability : Table 4 and Figure 2).

A preliminary analysis of associations of P3b amplitude

measures with changes in psychopathology and neuro-

psychological test performance (baseline minus re-test)

was significant for total BPRS score (r
s
¯®.65 ; p! .05),

global hallucinations score on the SAPS (r
s
¯®.79,

p! .02), TOL performance (solved problems ; r
s
¯ .63 ;

p! .05), perseverative errors in the WCST (r
s
¯

.63 ; p! .05) and response bias ( β ) in the auditory dis-

crimination task (r
s
¯ .67 ; p! .04 ; see Table 5 for

auditory discrimination performance).

Discussion

For this sample of patients, who had not been effectively

treated by typical neuroleptics, the symptom assessments

confirm that clozapine is an effective drug leading to

significant clinical improvement. Such improvement was

noted particularly for positive symptoms (e.g. hallucina-

tions and delusions). However, negative symptoms did

not change with approximately 2 months of clozapine

treatment, thus confirming previous results (Hagger et al.,

1993), but see also Lindenmayer et al. (1994).

This study was not designed to compare clozapine

therapy with typical neuroleptic treatment. The com-

parison group served only as a means to evaluate repeated

measurement effects in a sample of schizophrenic patients

receiving typical neuroleptics. Hence no statistical group

comparisons for treatment effects were performed.

It is evident from baseline testing that those patients

who had been considered for clozapine treatment were

significantly more symptomatic than those stabilised on

typical neuroleptics, reflecting the clinical inclusion criteria

for clozapine therapy.

The present study demonstrated improvement in TOL

execution time and verbal fluency (FAS test) with

clozapine. This improvement may be a reflection of

improved motor performance due to a reduction of

extrapyramidal side-effects with the use of clozapine

(Lieberman and Safferman, 1992 ; Kerwin, 1994). The

clozapine group at re-test achieved a performance on

these measures similar to that of patients adequately

treated with typical neuroleptics. An improvement of

verbal fluency under clozapine treatment has also been

reported (e.g. Hoff et al., 1996 ; Meltzer et al., 1996 ;

Simms et al., 1996). However, a significant reduction in

TOL planning time, combined with significantly

improved task performance (greater number of problems

solved), suggests an additional effect on concept-driven

information-processing.

Positron emission tomography (PET) studies have

shown that verbal fluency performance in healthy subjects

is associated with higher activation in the left temporal

cortex and lower frontal metabolism (Boivin et al., 1992).

On the other hand, activation studies using single-photon

emission computerised tomography (SPECT) reported

that TOL performance is associated with increased

activation of the frontal cortex in healthy subjects (Morris

et al., 1993). Longer planning times and fewer moves to

complete a problem were associated with significantly

higher regional cerebral blood flow (rCBF) in the left

prefrontal cortex, whereas execution time was negatively

correlated with both left and right prefrontal rCBF. These

results are in accordance with studies on patients with

frontal lesions (Shallice, 1982). On the other hand,

prolonged planning time in itself seems not to be

associated with frontal ablation (Owen et al., 1990) nor

with schizophrenia (Morris et al., 1995).

However, it is difficult to make cross-study com-

parisons because different versions of the TOL have been

used. The number of moves allowed to solve a problem is

often not limited or execution time is adjusted using a

motor control task (e.g. Morris et al., 1993).Most recently,
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Baker et al. (1996) have implemented a computerized

version of the TOL, in which subjects are required to

indicate the minimum number of moves required to

achieve a particular configuration, rather than execute the

solution via manipulation of the objects displayed on the

computer screen. In our version a single wrong move led

to failure. This modification forced subjects to plan their

strategy very precisely, as indicated by the strong

correlation between planning time and probability of

success. However, planning time in itself is not the sole

determinant of performance outcome. Planning time is

also dependent on the number of moves required to be

performed. Not allowing additional moves in order to

correct for probably-occurring errors while performing

the task forced the subjects to pre-plan their strategy as

precisely as possible, in so far as a single wrong move led

to a failure. Thus a trial-and-error strategy did not lead to

success.

Performing the task requires considerable memory

capacity. In particular, the more moves are to be planned

and executed, the more memory workload is induced. In

this respect, the TOL task is a test of visual working

memory, which has been reported to be impaired in

schizophrenia (Park and Holzman, 1992). The D
"
receptor

plays an important role in working memory processes in

the dorsolateral prefrontal cortex (Sawaguchi and

Goldman-Rakic, 1991 ; Williams and Goldman-Rakic,

1995). Clozapine’s D
"
receptor antagonism (Wiesel et al.,

1990 ; Farde et al., 1992) is more likely to lead to an

impairment of short-term visual memory (for example in

visual reproduction tests ; see Goldberg et al., 1993 ;

Buchanan et al., 1994 ; Hoff et al., 1996). Improved TOL

performance following clozapine treatment is thus not

likely to result from changes in visual working memory

capacity and could be mediated by clozapine’s effects on

other neuroreceptors.

Following approximately 2 months’ treatment with

clozapine, patients demonstrated greater WCST impair-

ment, indicated by fewer categories achieved and an

increasing number of perseverative errors. Perseveration

behaviour is a feature of schizophrenic patients and

patients with frontal lobe lesions (Sullivan et al., 1993). It

is associated with negative symptoms and schizophrenia

syndromes associated with frontal lobe dysfunction

(Liddle and Morris, 1991 ; Cuesta et al., 1995 ; Himelhoch

et al., 1996). Whilst Buchanan and colleagues (1994) did

not find an improvement in WCST performance following

one year of clozapine therapy, there are indications that

maintaining clozapine treatment for 6–12 months seems

to improve WCST performance, associated with a

decreasing rate of perseverative errors (Lee et al., 1994).

Activation studies have shown an increase of rCBF,

particularly in the dorsolateral prefrontal cortex, indi-

cating that visual working memory processing is es-

sentially involved in WCST performance (Nagahama et

al., 1996). As mentioned before, clozapine’s relatively

high D
"
blocking affinity has been shown to lead to visual

working memory impairment. Thus, a decline in WCST

performance could be attributed to this pharmacologic

action of clozapine (see also Hoff and colleagues (1996)

for similar findings).

No effect of clozapine on the Stroop test was observed

in the present study. Pardo and colleagues (1990)

identified the anterior cingulate cortex among a variety of

different regions as the most active area for the Stroop

interference effect. Additionally, selective enhancement of

Stroop facilitation in chronic schizophrenia has been

reported (Carter et al., 1992) and Stroop interference (i.e.

incongruent minus congruent) has been shown to be

increased in subjects with lesions in the frontal lobes

(Perret, 1974 ; Golden, 1976). Buchanan and colleagues

(1994) found only a trend for improvement in colour-

word interference following 1 year of clozapine treat-

ment. On the other hand, Nopoulus et al. (1994) reported

a significant improvement of Stroop performance in a

group of new or recent-onset schizophrenic patients in

a 1–2 year follow-up, while being treated with typical

and atypical neuroleptics. Other measures of cognitive

performance, includingmotor speed, nonverbal and verbal

memory, and verbal learning, remained stable although

the patients’ clinical symptoms improved significantly.

Other authors have also reported an improvement of

Stroop performance in the course of neuroleptic treatment

(e.g. Verdoux et al., 1995). However, in many studies,

colour}word naming rather than button-press responses

were used as an index of performance. Comparison

between these response modes is difficult, as different

cognitive processes may be involved under different test

conditions.

Although the ERP results have to be regarded as

preliminary, they give support to the concept of a

differential effect of atypical neuroleptic treatment on

frontal lobe dysfunction in schizophrenia. ERP indices of

non-attentional processes, like MMN and P3a, remained

unchanged under clozapine, suggesting that stimulus-

driven processes are not involved in the clinical im-

provement of cognitive dysfunction. The P3b amplitude,

an index of active and concept-driven information-

processing (the concept of ‘ target ’ is required), markedly

increased in the clozapine group. Although the false-alarm

rate increased in both groups, clozapine treatment led to

a non-significant improvement of the auditory discrimi-

nation accuracy associated with an increasing conserva-

tive response bias ( β ). Changes in P3b amplitude

measures and β were found to be correlated.

In oddball paradigms, the P3b amplitude is usually
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found to be maximal at the parietal Pz midline electrode

(e.g. Friedman and Simpson, 1994), where it does not

seem to be affected by frontal ablation (Knight, 1991).

However, a recent study of prepulse inhibition effects on

auditory discrimination performance and P3b amplitude

measures in healthy subjects identified the frontal P3b

component as being sensible to cognitive gating

mechanisms (Schall and Ward, 1996). The underlying

information process has been described to be impaired in

schizophrenic patients (Schall et al., 1996). Although both

paradigms differ considerably, the former study revealed

that increasing frontal positivity of the P3b component

was associated with a change of response bias.

Increasing P3b amplitudes were also associated with

improving symptom ratings, particularly hallucinations, a

better TOL performance, but also with an increasing rate

of perseverative errors in the WCST. As mentioned

earlier, performing the WCST, the Stroop and the TOL

task increases rCBF in the (left) prefrontal cortex (Kawasaki

et al., 1993 ; Pardo et al., 1990 ; Morris et al., 1993), but

auditory hallucinations are also associated with higher

metabolism in the anterior cingulate (Cleghorn et al.,

1990). Thus, increasing positivity of the frontal P3b

amplitude may be an index of clozapine-induced changes

in this distributed attentional networks (Mesulam, 1990).

In summary, 8–10 wk of clozapine treatment improved

positive symptoms in schizophrenic patients who had not

been adequately treated with conventional neuroleptic

drugs. In addition, clozapine altered frontal brain

functions, as inferred from improvements in planning

behaviour and verbal fluency and increased perseverative

errors on the WCST. These changes were associated with

increasing P3b peak amplitude measures, particularly at

the frontal midline electrode, suggesting that improved

attentional and concept-driven cognitive processes

underlie the clinical improvement. However, clozapine’s

profile of interaction with a variety of neuroreceptors

(e.g. dopaminergic, serotinergic, and muscarinic) implies

a complex effect on a broad spectrum of brain functions

which requires further research.
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