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BRUHWYLER, J., E. CHLEIDE, G. HOUBEAU, N. WAEGENEER AND M. MERCIER. D(fferentiation of  halo- 
peridol and ciozapine using a complex operant schedule in the dog. PHARMACOL BIOCHEM BEHAV 44(1) 181-189, 
1993.- This study aimed to differentiate chronically administered typical (haloperidol) and atypical (clozapine) neuroleptics 
in the dog using a complex temporal regulation schedule combining operant, voluntary, and involuntary motor parameters. 
Although ciozapine and haloperidol showed some characteristics of neuroleptics, justifying their adherence to the same class 
of compounds, differences have also been highlighted and compared to the clinical observations. Haloperidol induced 
catalepsy, tremor, dystony, hyperkinesia, and stereotypy. Subjects produced anticipated responses before any stimulus. 
Incomplete and delayed responses were also produced. An interpretation in terms of akathisia and anhedonia has been 
suggested. Clozapine induced tremor, exploration, dystony, and hypersalivation. Subjects produced dl.qlnhibitory responses 
to the negative stimulus and incomplete responses but these latter were submitted to tolerance. The simultaneous presence of 
tranquiliTing and disinhibitory effects has been reported on the clinical potential of clozapine both in cases of positive and 
negative schizophrenic symptomatologies. 
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Extrapyramidal symptoms 

SINCE it was synthesized in 1960 by Sandoz, Wander Ltd. 
(37,52), much has been written about clozapine (CLZ) (35). 
Recently, three theoretical reviews have been devoted to this 
substance (6,13,28). 

While antipsychotic and extrapyramidal actions are often 
considered the main properties of  classic neuroleptic drugs 
like haioperidol (HAL) and chlorpromazine, CLZ has been 
described as efficiently inhibiting psychotic reactions in man 
without producing any clearcut extrapyramidal side effects 
(4,21,38). In animals, a classic neuroleptic has been defined 
according to its cataleptic properties, its ability to antagonize 
apomorphine and amphetamine stereotypies and suppress the 
conditioned avoidance response (47). With CLZ, most of  
these properties are no longer strictly in force (23,26,50). So, 
it calls in question the validity o f  the preclinicai tests carried 
out to detect the antipsychotic potential of  compounds. More- 
over, it arouses considerable interest and poses questions not 
only in connection with the dopaminergic hypothesis of  
schizophrenia but also about the pharmacological approaches 
being utilized in searching for new and improved antipsychotic 
drugs (6,13). 

In previous studies, a complex operant conditioning sched- 
ule has been used as a screening test in the dog to compare the 
behavioral, neurophysiologicai, and motor effects of  a large 

series of  acutely administered barbiturates, benzodiazepines, 
and neuroleptics. Differences have been highlighted not only 
between these main classes of  psychotropics but also within 
classes, between 1,4-benzodiaz~pines and 1,5-benzodiaze- 
pines, between hypnotic and nonhypnotic benzodiazepines, 
and between classic and atypical neuroleptics (10,14,15). The 
aim of  this study is to apply the same test to specifically differ- 
entiate the effects of  HAL and CLZ when chronically admin- 
istered. 

METHOD 

Subjects 

Ten naive, male dogs (2-4 years old) of  Beagle breed 
(Velaz, Czechoslovakia) weighing from 11-15 kg were used in 
these experiments. They were housed in separate cages and 
fed at the end of  the day with Cervo Expan diet (250 g). 

Test Room 

The test room (Fig. 1) was 5.6 x 3.5 m. At  the entrance, 
in the right-hand corner there was a board (60 x 50 x 2 cm) 
fastened to the ground. In the opposite comer, at the end of  
the room, the food dispenser (50 x 76 x 52 cm) was situ- 
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FIG. 1. Test room. (B). Board. (C). Water container. (D). Food dis- 
penser. (E). Entrance. (L) Loud speakers. (M). Mirrors. (OB). Obser- 
vation booth. 

ated. The auditory signals for the test were emitted from two 
loudspeakers incorporated in the ceiling. Water was available 
throughout the session. The experimenter stood in an observa- 
tion booth fitted with two-way mirrors. The booth contained 
all the controls of  the external stimuli and the distribution of 
reinforcements, as well as materials for observing and record- 
ing the sessions. The observation and recording materials con- 
sisted of  two cameras, one giving an overall view of  the room 
and the other filming the dog on the board. These pictures 
were recorded on videotape and analyzed. 

Procedure 

The shaping procedure has largely been described in previ- 
ous studies (11,46). The final procedure was a schedule of 
differential reinforcement of  response duration (DRRD) with 
limited hold (LH) and positive and negative external cues 
(10,14). It consisted of the random alternation of  two kinds 
of trials. Each trial started when the dog spontaneously took 
place on the board. In the first type of  trial, a maintenance 
response lasting 9 s on the board was required for obtaining 
reinforcement. At the end of  this time delay, an auditory stim- 
ulus of  1.5 s was given to the animal. Every time it left the 
board between 9 and 10.5 s and then jumped on the food 
dispenser, it received a piece of  meat (5 g). The second type of  
trial differed from the first by the addition of  the same audi- 
tory stimulus, randomly presented between the third and sixth 

seconds of  the time delay. Both auditory stimuli presented 
between 3 and 6 s and at 9 s were physically identical and had 
the same duration (1.5 s); the animal could only discriminate 
between them according to their location in time. Both kinds 
of  trials were presented in an equal number and distributed 
randomly during the session. Thus, the added stimulus was 
double random, first, because it was not given on each trial 
and, second, because it was given at random between the third 
and sixth seconds. In every case, the only reinforced response 
was the response to the stimulus at 9 s; any anticipated (<9  s) 
or delayed (>  10.5 s) response was not reinforced. The inter- 
trial interval and maximum amount of  time a trial lasted were 
not limited. Experimental sessions (one per day) were limited 
by the subject obtaining eight reinforcements and/or by a 
maximum time (net time and time elapsed between trials) of 
900 s. Performance was considered stabilized when 70% of 
responses relating to all trials were correct (after 30 sessions 
or 240 trials). 

Drug Administration 

After stabilization of the learning performance, two groups 
of  five subjects were constituted. They received either HAL 
(Haldol ®, 0.3 mg/kg) or CLZ (Sandoz Ltd., Basel, Switzer- 
land, 7 mg/kg) orally in capsule form each day (between 0900- 
1100 h) during 13 days. The experimental sessions took place 
on days 1, 2, 3, 5, 7, 9, 11, 12, and 13 4 h following drug 
administration. The withdrawal effects of  both drugs were 
also measured during 4 days. An adequate estimate of  the 
baseline performance was determined by the average on the 
last 5 drug-free conditioning days. On these days, subjects 
received a placebo and took part in a session 4 h later. Chronic 
doses were chosen to be approximately in the human therapeu- 
tic maintenance dose range (i.e., 0.08-0.25 mg/kg p.o. HAL 
and 5-8.3 mg/kg p.o. CLZ) (5,20,23,31,38) but also to be 
significantly active in this procedure. Our previous acute stud- 
ies in the dog showed that 7 mg/kg CLZ was the lowest effec- 
tive dose and 0.1 mg/kg HAL was not significantly effective 
(10,14,15). So, we decided to use 7 mg/kg CLZ and 0.3 mg/  
kg HAL in this study. 

Parameters 

The following measures were taken always by the same 
rater working in simple blind cheek: 

1. Operant behavior. Total and correct response rates (re- 
sponses/min), temporal distribution of  response durations, 
and number of  subjects producing incomplete responses, 
the latter defined as a correct response duration followed 
by the dog moved off the board but not followed in the 10 
consecutive s by the jump on the food dispenser. 

2. Motor effects. Effects on involuntary movements included 
the frequency (number/min) of  ataxic movements, defined 
as a lack of  coordination when standing or performing 
during test trials. Unsteady gait and/or fall were consi- 
dered evidence of  ataxia (23); the frequency of cataleptic 
positions, diagnosed when the rigid aspect of  the posture 
lasted more than 60 s (23); the frequency of  akinctic move- 
ments included all the problems occurring during loco- 
motion, such as the cog wheel effect, incoherent zig-zag 
walking, and hopping features of the animal's gait; the 
frequency of trembling positions, evaluated when the ani- 
mal was immobile; the fr~equency of  dystonic symptoms 
diagnosed if muscular con'tractions or grimaces affected 
the peribuccal area. 
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3. Voluntary movements. Voluntary movements included the 
frequency (number/rain) of  exploration defined as the snif- 
fing of  a specific object with a clear orientation of  the 
head, the frequency of  barking, and the frequency of  ster- 
eotypy and hyperkinesia, diagnosed when the subject re- 
peated a given movement such as scratching, licking, rotat- 
ing, or self-grooming for more than 30 s or when it walked 
for more than 60 s without pausing. 

The number of  subjects showing sialorrhea was also noted. 

Statistical Analysis 

Statistical analysis was obtained from analysis of  variance 
(ANOVA) for repeated measures, with the factors treatment 
and day as classification criteria, followed by posthoc Dun- 
nett's t-tests. Two separate analyses were undertaken for the 
chronic administration period compared to the baseline per- 
formance and for the withdrawal period compared to the 13th 
day of  administration. The Kolmognrov-Smirnov test was 
used to compare the temporal distributions of  response dura- 
tions. The Cochran's Q-statistic for dichotomous data was 
used to analyze the effects of  drugs on hypersalivation and 
incomplete responses (58). 

RESULTS 

Chronic Administration 

The effect of the factors treatment and day on total re- 
sponse rate [F(1, 80) = 51.8, F(9, 80) = 5.9, respectively] 
and correct response rate [F(I, 80) = 144, F(9, 80) = 13.5, 
respectively] were significant (p  < 0.01). These two parame- 
ters were significantly (p < 0.05) decreased by H A L  and CLZ 
during the whole period of  administration (Fig. 2). The inter- 
actions between factors were not significant (p  > 0.05). 

Figure 3 shows the evolution of  the temporal distribution 
of response durations during the pharmacological treatment 
compared to the baseline performance. For  the placebo, it 
was typically bimodai with the principal mode (75070) centered 
on 9 s, corresponding to the correct response durations, and 
with the secondary mode (15070) situated between 3 and 6 s, 
being the moment at which the negative stimulus was pre- 
sented. The Kolmogorov-Smirnov test revealed that the distri- 
bution was significantly (p  < 0.01) disturbed by the two 
drugs but with a significantly (p  < 0.01) greater intensity for 
HAL. The two drugs induced an extension of  the temporal 
distribution toward shorter and longer response durations. 
For CLZ, the principal mode was slightly reduced (p < 0.05) 
to the advantage of the secondary mode between 3 and 6 s. 
For HAL, the principal mode was shifted (p  < 0.01) from 9 
to 1-3 s, a period where no stimulus was presented to the 
subject. 

Table 1 shows the evolution of  the number of  subjects 
producing incomplete responses. Both CLZ (Q = 22.6, p < 
0.01) and HAL (Q = 18, p < 0.05) significantly increased 
this parameter. However, with CLZ incomplete responses 
completely disappeared from day 11. 

The effect of  treatment on catalepsy, F( I ,  80) = 13.9, p 
< 0.01, and dystony, F(1, 80) = 6.6, p < 0.05, was signifi- 
cant. HAL induced a significant (p  < 0.05) catalepsy the first 
2 days of  administration. CLZ never induced such an effect. 
HAL induced a significant dystony (p < 0.05) from the sev- 
enth day of  administration while CLZ had the same effect 
during the whole period (Table 2). The effect of  treatment on 
ataxia, akinesia, and tremor was nonsignificant (p  > 0.05). 

The effect of  the factor day on ataxia, F(9, 80) = 3.7, p < 
0.01, and tremor, F(9, 80) = 2.0, p < 0.05, was significant. 
However, for akinesia it was nonsignificant (p  > 0.05). The 
two drugs induced a significant ataxia and tremor (p  < 0.05) 
the first day of  administration. The interactions between fac- 
tors were not significant (p  > 0.05) except for catalepsy (p 
< 0.01). 

The effect of  treatment on exploration, F(1, 80) = 8.1, p 
< 0.01, and stereotypy/hyperkinesia, F(1, 80) = 8.6, p < 
0.01, was significant. CLZ induced a higher frequency of  ex- 
ploration than HAL. However, the inverse relation was true 
for stereotypy/hyperkinesia (Table 3). The effect of  treatment 
on vocalization was nonsignificant (p  > 0.05) but the effect 
of  day was significant, F(9, 80) = 12, p < 0.01. The two 
drugs significantly (p < 0.05) decreased barking during the 
whole period of  administration. The interactions between fac- 
tors were not significant (p  > 0.05). CLZ induced a signifi- 
cant hypersalivation in three to four dogs (Q = 22.8, p < 
0.01) during the 13 days of  treatment. This effect was never 
observed for HAL. 

Withdrawal 

When comparing the last day of  administration with the 4 
days of withdrawal, the effect of  treatment on total response 
rate, F(1, 40) = 22.8, p < 0.01, and correct response rate, 
F(1, 40) = 86.5, p < 0.01, was significant (Fig. 2). The dif- 
ferences between the two drugs were maintained. No recovery 
was measured for CLZ and the apparent recovery for HAL 
was nonsignificant (p  > 0.05). The interactions between fac- 
tors were not significant (p  > 0.05). 

The Kolmogorov-Smirnov test revealed a significant (p  
< 0.01) difference between HAL and CLZ in the temporal 
distributions of  response durations during withdrawal. For 
HAL, response durations of  1-3 s and > 13 s still subsisted 
(p < 0.01). For CLZ, no difference could be measured in 
comparison to the baseline performance (Fig. 3). 

No more incomplete responses were measured for CLZ. 
However, for HAL one to three dogs still produced incom- 
plete responses and no significant recovery was recorded (Q 
= 5.6, p > 0.05) (Table 1). The effect of  treatment on akine- 
sia, F(1, 40) = 9.4, p < 0.01, and dystony, F(1, 40) = 4.4, 
p < 0.05, was significant. While HAL still induced akinesia 
and dystony, a recovery was observed with CLZ (Table 2). 
No more catalepsy and tremor were noted. Ataxia remained 
present with the two drugs but at a nonsignificant level (p  > 
0.05). 

The effect of  treatment on exploration, F( I ,  40) = 4.4, p 
< 0.05, was significant. This parameter remained higher for 
CLZ compared to HAL (Table 3). The effects of  the factors 
treatment and day on vocalization and stereotypy/hyper- 
kinesia were nonsignificant (p > 0.05). No significant recov- 
ery was measured for the two drugs. The interactions between 
factors were not significant (p  > 0.05). Hypersalivation sig- 
nificantly decreased (Q = 10, p < 0.05) and completely dis- 
appeared the second day of  withdrawal of  CLZ. 

DISCUSSION 

These results largely corroborated our previous acute study 
(10) showing that HAL and CLZ tended to decrease the total 
and correct response rates, disturb the temporal distributions 
of  response durations with a shift toward both delayed and 
anticipated responses, and induce an increase in incomplete 
responses. They also reinforced the observations made by oth- 
ers that a rapid tolerance (within 2 days) developed in experi- 
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FIG. 2. Evolution of the total response rate (TRR) and the correct response rate (CRR) during 
chronic administration (D) of clozapine (solid bars) and haloperidol (open bars) and during with- 
drawal (W) compared to the baseline performance (Ctrl). NR/min, number of responses per minute; 
*p < 0.05 (Dunnett's t-tests). 
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haloperidol (HAL) and during withdrawal compared to the basefine performance. + ,  response durations superior to 13 s; % R, 
percentage of responses; **p < 0.01 (Kolmogorov-Smirnov test). 
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TABLE 1 
INCOMPLETE RESPONSES DURING CHRONIC 

ADMINISTRATION OF CLOZAPINE AND 
HALOPERIDOL AND DURING WITHDRAWAL 

Clozapine Haloperidol 
(n = 5) (n = 5) 

Administration 
Day 1 3 3 
2 3 2 
3 2 2 
5 3 * 3 1" 7 0 J  2j 9 1 3 

11 0 3 
12 0 3 
13 0 3 

Withdrawal 
Day 1 0 1 
2 0 2 
3 0 3 
4 0 2 

Data are given as number of subjects producing incom- 
plete responses. 

*p < 0.01; tp < 0.05; Cochran's Q-statistic compari- 
son between days and baseline. 

mental animals to the extrapyramidal side effects of chroni- 
cally administered neuroleptics (3,8,16,29). It was the case for 
catalepsy and tremor in this study. However, akinesia (nonsig- 
nificant) and dystony (significant) remained present until the 
end of  the administration period. Further, no significant with- 
drawai effect was measured, indicating that neuroleptics did 
not induce physical dependence (2,5). 

Although some of  the involuntary motor effects were rap- 
idly submitted to tolerance, the operant performance re- 
mained significantly affected and incomplete responses in- 
creased during the whole period with HAL and during 8 days 
with CLZ. An intrasession increase in the rate of incomplete 
responses accompanied by an intrasession decrease in the total 
response rate were always noted (data not shown). Moreover, 
the difficulty to jump on the food dispenser might not be 
invoked to explain such incomplete responses because the abil- 
ity to jump persisted when anticipatory and late errors or rare 
correct responses were made. These results were arguments 
supporting the hypothesis of  neuroleptic-induced anhedonia 
(7,34,36,42) against the hypothesis of  neuroleptic-induced mo- 
tor deficit (30,51) and corroborated the interpretation of  Wise 
(59), who argued that "subjects treated with a neuroleptic re- 
tain the motor ability to produce the operant response but do 
not do so." 

Quantitative differences between the two drugs might also 
be highlighted. All operant parameters taken into account 
were much more affected by HAL than by CLZ. The doses of 
HAL (0.3 mg/kg) and CLZ (7 mg/kg) used in this study were 
approximately in the range of clinical doses (23,31,33). How- 
ever, the dog could be more sensitive to HAL compared to 
CLZ because the EDs0 measured by Cohen (23) for suppres- 
sion of  conditioned avoidance was 0.08 mg/kg p.o. for HAL 
and 32 mg/kg p.o. for CLZ. Available pharmacokinetic data 

were sufficient to suggest that HAL had a longer duration of  
action (24,48) than did CLZ (19,20,57) and its action could 
result in a cumulative process. However, the fact that CLZ 
remained active even during withdrawal seriously limited this 
single interpretation. Nevertheless, a more complete study of  
the chronic effects of  the two drugs on operant responding, 
using several doses, is needed before dose-effect relationships 
in the dog could be compared to the clinical results. 

Qualitatively, whatever the dose the effects of  HAL and 
CLZ were distinguishable. As already mentioned in a large 
number of  studies, CLZ did not induce catalepsy while HAL 
significantly produced this side effect (4,21,23,38). In our 
study, catalepsy was rapidly submitted to tolerance and fully 
disappeared after 3 days. 

Dystony remained at a significant level during the whole 
period of administration of  CLZ. With HAL, dystony was 
significant from the seventh day of  treatment. These dystonic 
symptoms were mainly observed when the subject had to eat 
the reinforcement and in particular during swallowing. The 
absence of  dystony, at the beginning of  the treatment with 
HAL, could simply be explained by the fact that subjects did 
not obtain reinforcements during the first days. The relation- 
ship between dystony and reinforcement consumption agrees 
with Sovner and DiMascio (54) according to which the 
involvement of  the pharyngeal musculature in dystony could 
produce dysphagia or respiratory distress. 

CLZ and HAL also produced a significant increase in 
tremor on the first day of  treatment. For HAL, tremor was 
always associated with catalepsy and concerned the whole 
body. For CLZ, tremor was never associated with catalepsy 
and concerned only the paws. Sovner and DiMascio (54) noted 
that akinesia, tremor, and rigidity individually or in combina- 
tion were the most frequent manifestations of drug-induced 
parkinsonism. 

Siaiorrhea had already been mentioned as a potent side 
effect of  CLZ both in animals (23,40) and in man (21,38), 
important to detect at the preclinicai level because its clinical 
incidence could be 2 3 0  (6,32,38,49). It was interesting to note 
that while most of the side effects of  CLZ were submitted to 
tolerance hypersalivation remained present in three of  the five 
dogs during the whole chronic period. As it was difficult to 
account for such a symptom with a potent anticholinergic 
drug, sialorrhea could represent a particular extrapyramidal 
side effect of  CLZ. Like dystony, this effect could be linked 
to pseudo-parkinsonism or a deglutition difficulty (27,54), al- 
though it was contested by Copp et al. (25), showing that 
araitriptyline could reduce drooling substantially. "Whether 
or not the benefit from amitriptyline was related to its anti- 
muscarinic effect remains to be seen" (25). 

HAL induced a higher frequency of stereotypy/hyper- 
kinesia than CLZ. Such a significant difference could explain 
a part of  the discrimination between HAL and CLZ at the 
operant performance level. HAL increased the percentage of 
response duration before any stimulus (1-3 s) but these re- 
sponses were rarely followed by a jump on the food dispenser. 
Moreover, the frequency of hyperkinesia and stereotypy was 
also increased (not significantly). According to Adler et ai. 
(1), the syndrome of  akathisia was composed of  both subjec- 
tive feelings like sense of  inner restlessness, sensation of  need- 
ing to move, and anxiety, but also of  objective motor signs. In 
the moderate and severe forms of this side effect (tasikinesia), 
affected patients were only comfortable when in motion (54). 
Although there remained a nonmeasurable subjective dimen- 
sion in akathisia, the hypothesis could be suggested that to 
avoid catalepsy the dog tended to move excessively. When 
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TABLE 2 
INVOLUNTARY MOTOR EFFECTS OF CLOZAPINE AND HALOPERIDOL DURING CHRONIC 

ADMINISTRATION AND DURING WITHDRAWAL 
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Clozapine Halopcridol 

Ataxia Catalepsy Akinesia Tremor Dystony Ataxia Catalepsy Akinesia Tremor Dystony 

Baseline 0.04(0.09) 0.00(0.00) 0.00(0.00) 0.00(0.00) 0.00(0.00) 0.06(0.13) 0.00(0.00) 0.00(0.00) 0.00(0.00) 0.00(0.00) 

Administration 
Day l 0.58(0.34)* 0.00(0.00) 1.38(1.04) 0.81(0.88)* 0.70(0.23)* 0.33(0.27)* 0.20(0.12)* 0.31(0.24) 0.29(0.51)* 0.20(0.40) 
2 0.08(0.05) 0.00(0.00) 0.50(0.50) 0.07(0.07) 0.59(0.19)* 0.21(0.17) 0.12(0.17)* 0.31(0.33) 0.09(0.21) 0.00(0.00) 
3 0.00(0.00) 0.00(0.00) 0.35(0.49) 0.03(0.07) 0.60(0.32)* 0.11(0.11) 0.01(0.03) 0.51(0.92) 0.65(1.46) 0.20(0.40) 
5 0.10(0.13) 0.00(0.00) 0.35(0.33) 0.00(0.00) 0.35(0.27)* 0.11(0.07) 0.00(0.00) 0.30(0.52) 0.00(0.00) 0.24(0.34) 
7 0.20(0.35) 0.00(0.00) 0.32(0.25) 0.00(0.00) 0.50(0.40)* 0.14(0.05) 0.00(0.00) 0.38(0.72) 0.01(0.03) 0.50(0.44)* 
9 0.29(0.41) 0.00(0.00) 0.22(0.25) 0.00(0.00) 0,55(0.26)* 0.04(0.09) 0.00(0.00) 0.48(0.56) 0.24(0.54) 0.53(0.50)* 

11 0.09(0.08) 0.00(0.00) 0.21(0.22) 0.00(0.00) 0.72(0.31)* 0.11(0.17) 0.00(0.00) 0.63(0.45) 0.00(0.00) 0.42(0.48)* 
12 0.03(0.06) 0.00(0.00) 0.05(0.07) 0.00(0.00) 0.38(0.34)* 0.31(0.23) 0.01(0.03) 0.58(0.76) 0.01(0.03) 0.52(0.48)* 
13 0.08(0.13) 0.00(0.00) 0.29(0.22) 0.00(0.00) 0.53(0.45)* 0.25(0.17) 0.00(0.00) 0.83(1.01) 0.00(0.00) 0.48(0.50)* 

Withdrawal 
Day 1 0.08(0.11) 0.00(0.00) 0.13(0.30) 0.00(0.00) 0.23(0.10)t 0.06(0.09) 0.00(0.00) 0.50(0.52) 0.00(0.00) 0.43(0.52) 
2 0.03(0.07) 0.00(0.00) 0.03(0.07)t 0.00(0.00) 0.10(0.10)t 0.30(0.30) 0.00(0.00) 0.51(0.59) 0.00(0.00) 0.66(0.36) 
3 0.08(0.12) 0.00(0.00) 0.06(0.13)t 0.00(0.00) 0.25(0.15)t 0.03(0.04) 0.00(0.00) 0.31(0.37) 0.00(0.00) 0.31(0.31) 
4 0.17(0.16) 0.00(0.00) O,O0(O.O0)t 0.00(0.00) 0.08(0.07)t 0.21(0.20) 0.00(0.00) 0.40(0.50) 0.00(0.00) 0.26(0.16) 

Results are given as frequency (number/min) means (SD). 
*p < 0.05, Dunnett's t-tests comparison between days and baseline. 
tP < 0.05, Dunnett's t-tests comparison between withdrawal and day 13. 

TABLE 3 
VOLUNTARY MOTOR EFFECTS AND SALIVATION DURING CHRONIC ADMINISTRATION 

OF CLOZAPINE AND DURING WITHDRAWAL 

Clozapine Haloperidol 

Hyperkinesia/ Hyperkinesia/ 
Exploration Vocalization Stereotypy Hypersalivation Exploration Vocalization Stereotypy Hypersalivation 

Baseline 0.90(0.35) 0.26(0.22) 0.030.04) 0 0.82(0.29) 0.28(0.27) 0.02(0.02) 0 

Administration 
Day I 1 .31(0.36)  0.00(0.00)* 0.10(0.11) 4? 0.61(0.11) 0.00(0.00)* 0.36(0.31) 0 
2 1.40(0.24)* 0.00(0.00)* 0.11(0.24) 4t 1.11(0.43) 0.00(0.00)* 0.38(0.21) 0 
3 1.16(0.22) 0.00(0.00)* 0.09(0.14) 3t 1.01(0.41) 0.00(0.00)* 0.31(0.17) 0 
5 1.30(0.23) 0.00(0.00)* 0.04(0.09) 3t 0.99(0.32) 0.00(0.00)* 0.22(0.21) 0 
7 1.04(0.42) 0.00(0.00)* 0.07(0.16) 3t 1.29(0.27) 0.00(0.00)* 0.29(0.27) 0 
9 1.04(0.17) 0.00(0.00)* 0.17(0.26) 3t 0.92(0.26) 0.00(0.00)* 0.18(0.22) 0 

11 1.15(0.41) 0.00(0.00)* 0.18(0.33) 3t 0.86(0.21) 0.00(0.00)* 0.19(0.14) 0 
12 1.09(0.15) 0.00(0.00)* 0.10(0.23) 3t 0.95(0.22) 0.00(0.00)* 0.20(0.14) 0 
13 1.01(0.43) 0.00(0.00)* 0.12(0.27) 3t 0.98(0.36) 0.01(0.03)* 0.18(0.30) 0 

Withdrawal 
Day 1 1.00(0.13)  0.00(0.00) 0.02(0.05) 2 0.81(0.21) 0.01(0.03) 0.10(0.12) 0 
2 1.17(0.44) 0.34(0.75) 0.10(0.15) 0~ 0.88(0.32) 0.04(0.09) 0.10(0.14) 0 
3 0.99(0.38) 0.10(0.23) 0.21(0.34) 0~ 0.69(0.12) 0.00(0.00) 0.15(0.17) 0 
4 1.30(0.65) 0.24(0.53) 0.22(0.33) 0~ 1.04(0.27) 0.03(0.06) 0.11(0.21) 0 

Results are given as frequency (number/rain) means (SD) except for salivation, for which the number of subjects is calculated. 
*p < 0.05, Dunnett's t-tests. 
tP < 0.01, Cochran's Q-test comparison between days and baseline. 
~p < 0.05, Cochran's Q-test comparison between withdrawal and day 13. 
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catalepsy was submitted to tolerance (after the third day), a 
slight decrease was also measured in stereotypy/hyperkinesia. 

The situation was different for CLZ. It increased the per- 
centage of response duration between 3 and 6 s, the moment 
at which the negative stimulus was produced. Our previous 
works (11,14,46) demonstrated that this moment was in par- 
ticular important and required a strong inhibition of behavior. 
It could thus be said that CLZ led to a disinhibition of behav- 
ior in the sense that it produced the reappearance of a sup- 
pressed conditioned response due to the presentation of an 
external stimulus (9). From this point of view, CLZ presented 
similarity with anxiolytics, which also produced disinhibition 
in this schedule (10). Different comparisons of CLZ and ben- 
zodiazepines had shown that these drugs could have qualita- 
tively similar effects under several test conditions (FI + food, 
FI + shock termination, DRL, openfield) (12,17,18,55). 

Moreover, on one hand CLZ induced an increase in incom- 
plete responses but only during the 6 first days and on the 
other hand response rate and barking remained at an abnor- 
marly low level. It could be suggested that the simultaneous 
presence of tranquilizing and disinhibitory effects could be at 
the basis of the therapeutic potential of CLZ both in cases of 
negative or positive schizophrenic symptomatology (22,38, 
39,43,53). According to Weinberger (56), the cortical dopa- 
minergic defect led to negative symptoms, while the enhanced 
subcortical dopaminergic tone would contribute to positive 

symptoms. The ability of CLZ to reduce both positive and 
negative symptoms might be associated with its ability to en- 
hance prefrontal cortex dopaminergic function while decreas- 
ing dopaminergic transmission in subcortical sites (44). It had 
also been suggested that CLZ might act via its ability to block 
serotonin [5-hydroxytryptarnine2 (5-HT2)] receptors in the 
frontal cortex relative to its dopamine (D~) receptor binding 
(45). The frontal cortex is rich in 5-HT2 receptors and CLZ 
had been reported to bind extensively to the human frontal 
cortex (41). 

In conclusion, this study using a complex operant schedule 
in a superior species allowed to differentiate the classic neuro- 
leptic HAL from the atypical neuroleptic CLZ. The replica- 
tion of the same experiments with a larger range of doses 
should allow to precise some correlations with the clinical 
effects observed with HAL and CLZ. Nevertheless, these re- 
suits also allowed to clearly dissociate motor from motiva- 
tional and operant effects. This could be relevant at the clini- 
cal level to better understand drug response of schizophrenic 
patients to CLZ or HAL as a function of their symptom- 
atology. 
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