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Contrasting EEG profiles elicited by antipsychotic agents in the
prefrontal cortex of the conscious rat: antagonism of the effects of
clozapine by modafinil
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1 Power spectra (0—30 Hz) were recorded from transcortical electrodes implanted in prefrontal
and sensorimotor cortex in conscious rats. For each animal, the spectra in the presence of a drug
were divided by the spectra in the presence of vehicle to give a drug-related differential display of the
power spectra, the profile of EEG effects.

2 The profiles of a range of antipsychotic agents of different classes were compared. Haloperidol
(0.5 mg kg=! and 1 mg kg~! s.c., peak 8—12 Hz), chlorpromazine (0.5 mg kg™, i.p., peak 8 Hz),
levomepromazine (1 mg kg~', i.p., peak 8 Hz), quetiapine (2.5 mg kg~', s.c., peak 9-12 Hz),
sertindole (2.5 mg kg~', s.c., peak 6—14 Hz), risperidone (0.5 and 1 mgkg~' ip., peak 9 Hz),
clozapine (0.1, 0.2, 0.3 and 5 mg kg~', s.c., peak 8 Hz) and MDL100907 (0.01 mg kg~' s.c. peak
2 Hz) synchronized the EEG, increasing the power spectra between 2 and 30 Hz, although there
were marked differences between the individual profile of EEG effects for each drug.

3 In contrast, the benzamides, sulpiride (7.5 and 15 mg kg~' i.p.), and amisulpiride (1 and
15 mg kg~ i.p.) caused marked asynchronous changes in the EEG. Raclopride (2.5 mg kg~' i.p.),
caused an initial peak at 9 Hz, but the effects of raclopride desynchronized over a 3 h time period.

1

4 Modafinil and apomorphine, administered alone, decreased the power spectra at frequencies
higher than 4 Hz. Modafinil (62.4 mg kg™, i.p.) selectively antagonized the effects of clozapine, but
did not antagonize the effects of raclopride.

5 Different pharmacological classes of antipsychotic show synchronization or desynchronization of
the EEG in the prefrontal cortex, with the benzamides showing a distinctive spectrum. There
appears to be a specific interaction between modafinil and clozapine. Thus, modulation of prefrontal
cortical function, perhaps by thalamic gating, may be important for antipsychotic activity.
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Introduction

The causes of schizophrenia are not known but there is
increasing evidence for developmental disruption of the cortex,
and of thalamocortical circuitry, in the pathogenesis of the
disease (Jacob & Beckman, 1994; Andreasen, 1994; Weinber-
ger, 1987; 1996). Thus, changes in the innervation of temporal
and entorhinal cortex have been defined, with reductions in
hippocampal, and particularly thalamic volume. Thalamic
innervation of the cortex, via the cortical plate, particularly at
risk during the 3rd — 5th month of foetal development (Molnar
& Blakemore, 1995), may be disrupted leading to changes in
cortical structure. If not severe, these changes may be
compensated for during development so that changes in
cognitive function are not marked, or are subtle, until stresses
in adolescence or young adulthood, predominate over
compensatory changes, leading to the classic signs of
schizophrenia.

Neuro-imaging studies of hallucinations have indicated
inappropriate cortical address and filtering compatible with
problems in thalamocortical activation. Indeed, based on
behavioural studies, it has been suggested that schizophrenia
may be a disorder associated with hyperattention (Mar et
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al., 1996). Schizophrenia is frequently associated with EEG
abnormalities (Hermann et al., 1991; Matsuura et al., 1994),
involving an increase in delta and theta power. The
prefrontal cortex in man is important for working memory
(Posner, 1997; Rugg et al., 1998; Wharton & Grafman,
1998), which can be assessed by the EEG and by evoked
potentials (Gevins et al., 1995). Sarnthein et al. (1998) have
shown that low frequency (7-8 Hz) EEG oscillations
interact between the prefrontal cortex and posterior
association areas during working memory tasks. Schizo-
phrenics have difficulty in activating prefrontal cortex during
such tasks (Andreasen, 1994), although it is not clear if this
impairment is due to the secondary negative symptoms,
which are associated with a hypofrontality and reduced
blood flow in frontal areas (Andreasen et al., 1992). Volz et
al. (1994) considered that difficulties with interpretation of
contextual information was associated with a reduced EEG
amplitude at frontal sites and increased amplitude at
occipital sites. Changes in event-related potentials have been
also correlated with structural brain alterations and clinical
features (Egan et al., 1994).

The ascending reticular activating system is composed in
part of thalamocortical afferents and activation of this
system results in desynchronization of the EEG. When the
thalamic relay neurons are hyperpolarized and in burst
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mode the EEG is desynchronized, whereas their depolariza-
tion leads to tonic discharges and EEG synchronization
(Steriade & Contreras, 1995). Also, ascending fibres of the
serotoninergic, noradrenergic, dopaminergic and cholinergic
systems are an important part of the reticular activating
system (McCormick, 1992; Steriade et al., 1990a,b; 1991;
1993a,b,c). As indicated by pharmacological studies in rats,
changes in the activity of one system is closely linked to
specific synchronization or desynchronization of EEG
(Shvaloff et al., 1988; Sebban et al., 1999). Pro-psychotic
drugs (methamphetamine, phencyclidine) also show distinct
EEG spectra (Yamamoto, 1997). We have proposed that
synchronization may be taken as an increase in the power
spectra in our studies and desynchronization as a reduction
(Sebban et al., 1999).

Neuroleptic agents such as haloperidol, used for the
treatment of schizophrenia, have been associated with
approximately 80% occupation of nigrostriatal D, receptors
and it is probable that modulation of dopaminergic
transmission in mesolimbic, mesocortical and nigrostriatal
pathways leads to the beneficial and deleterious effects of
this class of drug. However, 5-HT, receptor antagonism may
reduce extrapyramidal side effects and the degree of D,
antagonism required for antipsychotic efficacy (Andreasen,

Table 1 pK; values for antipsychotic compounds

hD, D, 5-HT»y 5-HT>c o, o
Haloperidol 9.4 7.4 7.1 5.2 8.1 5.5
Chlorpromazine 8.9 7.7 8.1 7.9 9.0 6.7
Clozapine 7.1 6.7 7.6 8.1 8.2 7.4
Quetiapine 6.7 6.0 6.4 5.6 79 5.6
Risperidone 8.5 6.9 9.2 7.5 8.9 8.3
Sertindole 8.6 7.0 8.8 9.0 9.0 6.4
Amisulpiride 8.8 <6 <6 <6 <6 <6
Sulpiride 8.1 7.7 <5 <5 N.T. 5.5
Raclopride 8.9 <5 <5 <5 <5 <5

These data were all produced from our laboratory (Millan et
al., 1998; Newman-Tancredi, unpublished observations) and
are expressed as pK;s for native, rat receptors or human D,
receptors. N.T. not tested.

1994). Atypical antipsychotics such as clozapine have
improved efficacy with a low profile of extrapyramidal side
effects (Andreasen, 1994). Clozapine has affinity for a range
of other receptors (Table 1), in particular o -adrenoceptors.
The o-adrenoceptors are critical in activating glial
metabolism (Magistretti et al., 1995) and in modulating
local cortical vigilance and thus in coupling neuronal
activation with metabolic demand. The o -adrenoceptors,
linked to dopamine receptors (Tassin et al., 1992), form a
key thalamo-cortical activation pathway, which may be
important in schizophrenia.

By assessing EEG spectral changes in the prefrontal and
sensorimotor cortex in conscious rats (Sebban ez al., 1999), we
have evaluated the effects of a range of antipsychotic
compounds. The aim was to compare the different classes of
compound and to assess if the receptor profiles correlate with
EEG spectra.

Methods

All the studies have been performed in adult (8 months old)
male Wistar rats which were raised in our laboratory. They
had a light period of 12 h and free access to food and drinking
water. Two bipolar transcortical electrodes were implanted
under chloral hydrate anaesthesia (350 mg kg~' i.p.). The
electrode had one exposed site on the surface of the cortex and
a second exposed site at the deepest cortical level. The distance
between the two contacts was 1 mm. Electrodes were placed in
the right and left prefrontal cortex (A +4 mm L+ 2.5 mm with
the bregma as the zero reference point) and in the right and left
sensorimotor cortex (A—4 mm; L +4 mm).

After a recovery period of 10 days, rats were trained to
remain quiet in small cages (22 x 12 x 10 cm) which restricted
gross movement. This restraining cage was used during EEG
recordings.

Recordings were carried out by placing the rat in the
restraining cage into a large electrically insulated chamber
(70 x 70 x 100 cm). A light source was applied 10 cm in front
of the rat nose (Sebban et al., 1987; Shvaloff et al., 1988). In
these condition, the rats remained quiet with open eyes and the

Table 2 Relative amplitude of main EEG changes induced by different neuroleptics. Comparison of the peak power changes induced

by each drug

1-5 Hz 3-6 Hz Peak
7 Hz

Haloperidol

0.5 mg kg~! 0 0 0

1 mg kg™! 0.25 0 0
Raclopride 2.5 mg kg~!

Mean 3 h 0 0.3 0

Ist hour 0 0.35 0
Quetiapine 2.5 mg kg~ 0.2 0 0
Chlorpromazine 0.5 mg kg ™! 0 0.2 0
Clozapine

0.1 mg kg~ 0.8 0 1

0.2 mg kg ™! 1 0 0

0.3 mg kg~ 0.4 0 0

5 mg kg~ 0.5 0 0
Levomepromazine 1 mg kg™ 0.5 0 0
Seftindole 2.5 mg kg ~! 0.3 0 1
Risperidone

0.5mg kg~! 0 0 1

1 mg kg~ 0 0 0
MDL 100907 0.01 mg kg~* 1 0.25 0

Peak Peak Peak 10-15 Hz 15-20 Hz 20-30 Hz
8 Hz 9 Hz 10 Hz
0 0 0 1 0.5 0.2
0 0 1 1 0.5 0.2
0 0 0 1 0.7 0.2
0 0 1 0.7 0.6 0.05
0 0 1 1 0.7 0.3
0 0 1 0.8 0.7 0.1
0 0 0 1 0.5 0
0 0 0 1 0.5 0.2
1 0 0 0.75 0.4 0.2
1 0 0 0.8 0.3 0.1
1 0 0 1 0.3 0.15
0 0 0 1 0.6 0.15
0 0 0 1 0.6 0
0 1 0 0.5 0.3 0
0 0 0 0.25 0.2 0

The value 1 was arbitrarily attributed to the most important change for each drug.
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head held up. They showed quick reactions to slight sound
stimulation by turning their head to the source of sound. This
behaviour was observed throughout the 3 h recording period.

For each treatment studied (one dose of one drug), two
EEG recordings were performed in each rat. The first
recording lasted 165 min after i.p. or s.c. injection of the
vehicle. The second one was done 24 h later at the same hour
for the same duration following i.p. or s.c. administration of
the drug.

EEG signals were amplified, filtered and digitalized (64
points s™!) for calculation of the Fourier transformation to
obtain the power variable (uV?). Anti-aliasing filters
(90 db oct™") were used. Then four absolute power spectra
(right and left) were calculated on 30 s periods for prefrontal
and sensorimotor cortex for 165 min after injection of the
vehicle or drug. Power spectra were calculated from 1-30 Hz
in 1 Hz steps. The drug-induced changes in EEG spectral
power were calculated as the ratio of mean spectral power
obtained following the injection of drug versus the mean
spectral power obtained following administration of vehicle:
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Figure 1 Effects of haloperidol 0.5 mg kg~ ! s.c. (A) and 1 mg kg~
s.c. (B); chlorpromazine 0.5mgkg™' ip. (C) and quetiapine
2.5mg kg~ s.c. (D) on EEG spectral power in rats. The abscissa
represents the EEG spectral component at each frequency from 1—
30 Hz. The ordinate indicates the change in the EEG power spectrum
produced by drug administration, as a percentage of the EEG
spectrum obtained with vehicle administration 24 h earlier. The
horizontal line indicates 0% change. The increases in EEG power
may be taken as a synchronization of EEG at the particular
frequency and a decrease in power as a desynchronization. Because
of local factors (electrode placement) synchronization of the EEG
change yields larger percentage changes than desynchronization.
Vertical bars for each Hz show 95% confidence intervals. Panels on
the left show data from prefrontal cortex, panels on the right show
data from sensorimotor cortex.

variation of mean spectral power (%) =
EEG power following drug
EEG power following vehicle

100

This procedure therefore allows for the change in EEG
power, expressed as a percentage of the original power,
induced by a drug, compared with the control, in the same
animal. The EEG spectral power of left and right prefrontal
cortex together were averaged for 5 min periods for each
recording session. The same was done for left and right
sensorimotor cortex.

Statistical analysis

For each dose of a drug, ratios describing the drug effects
over each 5 min period have been submitted to an analysis
of variance (ANOVA) with three main factors: cortical
region, time (1st, 2nd and 3rd hour with 12 repetitions) and
animals. The mean power change for each cortical region
was calculated from the number of rats and the time. The
confidence intervals were calculated for an o risk less or
equal to 0.05. This confidence interval corresponds to the
vertical bars in every figure. P<0.05 for each drug effect,
regarding an increase or decrease in power, was taken as
being significant.

(A) +250 1o +2501 94
+150 +150 [
+50 WW +50 MM!“ ‘ l’*“
-50 -50
-150 1 1 1 1 4 4 -150 t 1 | 4 + i
10 20 30Hz 10 20 30 Hz
(B) +250 104 +250 1oq
+150 +150
o MM& esofyvtie
-50 -50
-150 R e S R Gy [ T R
10 20 30Hz 0 10 20 30 Hz
(C) +250 [:% \+H
+150 1
+50
-50
-150 4--=-4 s et I |
10 20 30Hz 0 10 20 30 Hz
(D)+250 % +250
+150 +150
+50 Yo+s0
-50 .50
-150 i L e BTN It et LS SRR
0 10 20 30Hz 0 10 20 30 Hz

Figure 2 Effects of s.c. clozapine, 0.1 mg kg~' (A), 0.2 mg kg ™!
(B), 0.3 mg kg ' (C) and 5 mg kg~' (D), on EEG spectral power in
rats. The ordinate represents the percentage change in EEG power.
Vertical bars for each Hz show 95% confidence intervals. Panels on
the left show data from prefrontal cortex, panels on the right show
data from sensorimotor cortex.
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Drugs

The following drugs were used: Amisulpride (Synthélabo),
chlorpromazine (Sigma), clozapine (RBI), haloperidol (Sig-
ma), levomepromazine (RPR), MDL 100907 (synthesis of Dr
G. Lavielle, IdRS), metoclopramide (Sigma), quetiapine
synthesis of Dr J. L. Peglion, IdRS), raclopride (RBI),
risperidone (Janssen), sertindole (synthesis of Dr J. L. Peglion,
IdRS) and sulpiride (Interchim). For the study of raclopride
interactions, raclopride was used with apomorphine (Sigma)
and modafinil (gift of Laboratoires Lafon). For the study of
clozapine interactions, clozapine was used with apomorphine
and modafinil.
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Figure 3 Effects of levomepromazine 1 mg kg~ ' i.p. (A), sertindole
2.5 mg kg~ ! s.c. (B), risperidone 0.5 mg kg ' i.p. (C) and 1 mg kg ™!
ip. (D) and MDL100907 0.0l mgkg~' s.c. (E). The ordinate
represents the percentage change in EEG power. Vertical bars for
each Hz show 95% confidence intervals. Panels on the left show data
from prefrontal cortex, panels on the right show data from
sensorimotor cortex.

Results

Comparison of antipsychotic agents

Two main characteristics can be described in the EEG effects
of all antipsychotic agents tested (Figures 1-5). First, they
induced an increase in power over all the frequency bands,
with a peak frequency inherent to each drug. Second, the
effects in the prefrontal cortex were more marked than those in
the sensorimotor cortex.

A more analytical description of the drugs and their effects
on the EEG is given in Table 2 which indicates the relative
importance of these different EEG changes. Power changes on
all five frequency bands were sometimes observed. For most of
the drugs studied, EEG synchronization was maximum for the
10— 15 Hz frequencies. This was particularly true for haloper-
idol (0.5 and 1 mg kg~! Figure 1) and raclopride (2.5 mg kg~!
Figure 4A). However, some drugs caused a sharp synchroniza-
tion on one frequency band. For example, the 5-HT,,-selective
antagonist, MDL100907, caused a synchronization at 2 Hz
(Figure 3).

A peak effect was observed at one frequency for most of the
drugs: it was at 10 Hz for quetiapine (2.5 mg kg~' Figure 1)
and chlorpromazine (0.5 mg kg~' Figure 1). For clozapine it
shifted from 7—-8 Hz from 0.1-0.3 mg kg~"' (Figure 2). The
amplitude of synchronization at 15—20 Hz was dependent on
the drug. It was particularly low for clozapine (5 mg kg™
Figure 2), levomepromazine (1 mg kg™' Figure 3) and
risperidone (1 mg kg~' Figure 3).
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Figure 4 Effects of raclopride 2.5 mg kg ™! s.c., expressed as a mean
of the first 3 h after administration (A) and as recorded at 1, 2 and
3h (B). The ordinate represents the percentage change in EEG
power. Vertical bars for each Hz show 95% confidence intervals.
Panels on the left show data from prefrontal cortex, panels on the
right show data from sensorimotor cortex.
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The benzamide, raclopride (2.5 mg kg™' Figure 4A),
showed an EEG synchronization from 5-20 Hz, maximum
for the frequencies 10—15 Hz, but after 1 h, gaps in this
synchronization over the frequency range 7—8 Hz appeared.
This suggests that this treatment modifies one EEG wave
which is nearly periodic i.e. corresponding to a raw power
spectrum (7—-8, 14-16 and 21-24 Hz). This aspect of
raclopride on the EEG developed 2 and 3 h after administra-
tion (Figure 4B). Similarly, the other benzamides tested,
sulpiride (7.5 and 15 mg kg™' i.p.) and amisulpiride (1 and
15 mg kg~ ' i.p.) caused EEG changes (Figure 5) showing this
characteristic with either a peak synchronization on 7, 14 and
21 Hz or a lack of this effect on these frequencies.
Metoclopramide (2.5 mg~', i.p.), a benzamide which does not
pass the blood-brain barrier, showed little activity.

Interactions of clozapine with apomorphine and modafinil

Simultaneous administration of apomorphine (0.1 or
0.25 mg kg=") with raclopride (2.5 mg kg=') showed an
attenuation of the effects of raclopride in the sensorimotor
cortex only (Figure 6). Co-administration of modafinil (62.5,
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Figure 5 Effects of benzamides: amisulpride 1 mg kg~ ' i.p. (A) and
15 mg kg~ ! i.p. (B); metoclopramide 2.5 mg kg~ ! i.p. (C); sulpiride
75mgkg™" ip. (D) and 15mgkg~' ip. (E). The ordinate
represents the percentage change in EEG power. Vertical bars for
each Hz show 95% confidence intervals. Panels on the left show data
from prefrontal cortex, panels on the right show data from
sensorimotor cortex.

125 or 250 mg kg™"') and raclopride (2.5 mg kg™") resulted in
an accentuation of EEG synchronization induced in both
cortices (Figure 7). This synchronization was of a longer
duration (3 h) than with raclopride alone.

Simultaneous administration of apomorphine (0.01, 0.05,
0.1, 0.2 and 0.5 mg kg~") with the same dose of clozapine
(0.2 mg kg~ ") resulted in complex interactions (Figure 8). The
lowest dose of apomorphine (Figure 8B) provoked a decrease
of the effects on the EEG by clozapine. In both cortices, the
EEG synchronization associated with 0.2 mg kg=' of cloza-
pine was significantly reduced by 0.01 mg kg~' apomorphine,
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Figure 6 Effects of the co-administration of raclopride 2.5 mg kg ™'

s.c. and apomorphine (APO) 0.1 mg kg~ ' s.c. (A) or 0.25 mg kg™!
s.c. (B) in rats. The ordinate represents the percentage change in
EEG power. Vertical bars for each Hz show 95% confidence
intervals, for the 3 h period of observation. The control experiment
is shown in Figure 4A. Panels on the left show data from prefrontal
cortex, panels on the right show data from sensorimotor cortex.
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Figure 7 Effects of the co-administration of raclopride (2.5 mg kg ™'

s.c.) and modafinil ﬁMOD) 62.5mg kg~ ip. (A), 125 mg kg~ ' i.p.
(B) or 250 mg kg™ i.p. (C) in rats. The ordinate represents the
percentage change in EEG power. Vertical bars for each Hz show
95% confidence intervals, for the 3 h period of observation. The
control experiment is shown in Figure 4A. Panels on the left show
data from prefrontal cortex, panels on the right show data from
sensorimotor cortex.
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particularly over frequencies 10—30 Hz (Figure 8B). When
doses of apomorphine 0.05 mg kg~—' and higher were co-
administered with clozapine 0.2 mg kg~!, no significant
changes of the synchronization produced by clozapine alone
in the prefrontal cortex was observed. In the sensorimotor
cortex, increasing the dose of co-administered apomorphine
resulted in a decrease of EEG synchronization caused by
clozapine alone (Figures 8C—E).

When increasing doses of modafinil (62.5, 125 and
250 mg kg~ ") were co-administered with clozapine at a fixed
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Figure 8 Effects of clozapine (CLZ) 0.2 mg kg~ ' s.c. alone (A),
effects of the co-administration of clozapine (0.2 mgkg~') and
apomorphine (APO) on 0.01 mg kg~ ' s.c. (B), 0.05 mg kg~ ' s.c. (C),
0.1 mg kg~ ' s.c. (D), 0.2 mg kg~ ' s.c. (E) or 0.5mg kg™ ' s.c. (F) in
rats. The ordinate represents the percentage change in EEG power.
Vertical bars for each Hz show 95% confidence intervals. Panels on
the left show data from prefrontal cortex, panels on the right show
data from sensorimotor cortex.

dose (0.2 mg kg™"), there was a very significant attenuation of
EEG synchronization induced by clozapine in both cortices
(Figure 9). Moreover, modafinil 250 mg kg~=' almost com-
pletely antagonized the effects of clozapine in both cortices.

Discussion

The prefrontal cortex has been shown to be critical for
cognition and memory with distinct areas being responsible for
affective and attentional shifts (see Introduction). In an
extensive series of studies, we have shown different effects of
antipsychotic agents on dopamine, noradrenaline and 5-
hydroxytryptamine release in the prefrontal cortex (Gobert et
al., 1998; Millan et al., in preparation).

Thalamic activation of the cortex may be inappropriate in
schizophrenia (see Introduction) and the capacity of anti-
psychotics to synchronize or desynchronize the EEG may be a
critical factor for their antipsychotic efficacy, and the
mechanism of action will presumably depend on the receptor
binding profile for each drug. In this respect, the profiles of
EEG spectra are clearly different between the different
antipsychotics.

According to the relative affinities at D,, SHT, and o,
receptors of these different agents (Table 1), it appeared that:
(1) antagonistic effects at D, receptors (haloperidol and
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Figure 9 Effects of the co-administration of clozapine (CLZ, A)
02 mgkg~! s.c. and modafinii (MOD) 62.5mgkg™' ip. (B),
125 mg kg~ ' i.p. (C) or 250 mg kg~ ' i.p. (D) in rats. The ordinate
represents the percentage change in EEG power. Vertical bars for
each Hz show 95% confidence intervals. Panels on the left show data
from prefrontal cortex, panels on the right show data from
sensorimotor cortex.
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raclopride) were mainly associated with an increase in the 10—
15 Hz power band with lesser effects in the 15—20 Hz power
band; (2) relatively high affinity at SHT, receptors compared
with D, receptors (sertindole and risperidone) is essentially
associated with a peak synchronization at 7—10 Hz. However,
MDL100907, the most selective 5-HT, antagonist available,
selectively increased low frequency power (2 Hz), which means
that mixed 5-HT,/D, receptor blockade can modify the EEG
profile resulting from selective antagonism of either receptor;
and (3) the main increase in power after prazosin administra-
tion was from 8—10 Hz. This is consistent with the fact that
high relative affinity for o;-adrenoceptors as shown by
clozapine, levomepromazine and chlorpromazine, is associated
with a peak synchronization at frequencies of 8 Hz and higher
and a significant increase in power of frequencies 1-5 Hz.
Finally, our data are also compatible with a study of receptor
occupancy by clozapine, risperidone and haloperidol in the rat
(Schotte et al., 1993).

The selective increase in low frequency power (2 Hz), caused
by MDL100907, the most selective 5-HT, antagonist available,
was of interest because serotonin has been shown to increase
spontaneous excitatory postsynaptic currents induced by
glutamate in layer V pyramidal cells of prefrontal cortex
(Aghajanian & Marek, 1997; 1999). Excess glutamate stimula-
tion of these cells has been claimed to be one of the causes of the
hallucinations induced by 1-2,5,dimethoxy-4-iodophenyl-2-
aminopropane (DOI) and to be a contributory factor to the
delusions in schizophrenia (Aghajanian & Marek, 1999). Local
effects on layer V pyramidal cell firing would be expected to be
powerful modulators of the EEG in prefrontal cortex, and thus
could explain some changes observed in this report.

As regards the antipsychotic drugs, the benzamide agents
produced a distinct EEG profile in the rat, confirming the
differences in profile of these drugs compared with classical
neuroleptics: differences in evoked EEG profiles have also been
observed in man (Saletu et al., 1994). When apomorphine was
co-administered with clozapine, there was no significant
antagonism of the EEG synchronization compared with those
induced by clozapine alone, except at the very lowest dose.
When clozapine was associated with a high dose of
apomorphine (0.5 mg kg~') there was a peak synchronization
at 4 Hz. This was also observed with the prazosin-
apomorphine combination (Sebban er al., 1999), indicating
that some of the effects of clozapine on the EEG resembled
those of prazosin.

In this respect, in the accompanying study (Sebban et al.,
1999), we have shown that a dose-dependent cancellation of
EEG changes occurred when an o;-adrenoceptor antagonist
(prazosin 0.64 mg kg~') was co-administered with an agonist
of a;-adrenoceptors (cirazoline 0.64, 1.25 or 2.5 mg kg~ ). In
the present study it was not possible to observe a complete
antagonism in the prefrontal cortex when the D, antagonist,
raclopride, was co-administered with apomorphine, which may
result from an activation of D, receptors by apomorphine.

However, a crucial point is the antagonism of the action of
clozapine on the EEG by modafinil, but not by apomorphine.
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