sl 0 I
ELSEVIER

A Test of the Predictive Validity of Animal
Models of Schizophrenia Based on
Phencyclidine and D-Amphetamine

Frank Sams-Dodd, Ph.D.

Antipsychotic drugs can inhibit the effects of phencyclidine
(PCP) and d-amphetamine (AMPH) in many rodent tests,
but the effects are usually seen at doses that also affect
vehicle-treated control rats, suggesting that the inhibition
may be nonspecific. This study will attempt to test the
predictive validity of these models based on the clinical
observations that antipsychotics are not fully effective until
after 2-3 weeks of administration in patients and that
patients do not relapse immediately following abrupt
withdrawal of medication. Haloperidol and clozapine were
tested in rats after daily administration for 3 and 21 days in
combination with vehicle or PCP (2.0 mg/kg) in the social
interaction test, and with vehicle or AMPH (0.5 mg/kg) in
standard activity cages. To separate acute from more long-
lasting effects on the central nervous system (CNS)

haloperidol and clozapine were tested with a short (45 or
30 min depending upon test) and a long (22-24 h)
pretreatment time. The results demonstrated that
haloperidol and clozapine following both 3 and 21 days of
administration at the short pretreatment time inhibited the
activity of vehicle-, PCP-, and AMPH-treated rats, whereas
neither drug had consistent effects in any group at the long
pre-treatment time. The data suggest that antipsychotics
only inhibit PCP- and AMPH-induced behaviors in rodents
by an acute drug-drug interaction, whereas any long-term
effects of antipsychotic drug administration on the CNS
cannot be revealed by PCP and AMPH in rodents.
[Neuropsychopharmacology 18:293-304, 1998]
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A number of animal models of schizophrenia are based
on the empirical observation that phencyclidine (PCP)
and d-amphetamine (AMPH) can induce a model psy-
chosis in human volunteers that resemble an acute
schizophrenic episode (Connell 1958; Siegel 1978). In rats,
both compounds induce behavioral changes that include
locomotor hyperactivity, stereotyped behavior, and social
withdrawal (Murray and Horita 1979; Robinson and
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Becker 1986; Sams-Dodd 1995a) that can be inhibited by
acute and chronic administration of antipsychotic drugs
(Jackson et al. 1994; Arnt 1995; Sams-Dodd 1996, 1997).
Thus, it has been suggested that these models have pre-
dictive validity. However, the antipsychotics often in-
hibit the behavior of vehicle-treated control rats at the
same doses at which they affect the PCP- and AMPH-
induced behaviors. This suggests that part of the effect
of the antipsychotic drugs on the PCP- and AMPH-
induced behaviors may be nonspecific.

Classical and atypical antipsychotic drugs do not
reach their full antipsychotic potential in schizophrenic
patients until after 2-3 weeks or more of administration
(Freed 1988). Following abrupt withdrawal of oral halo-
peridol or a comparable neuroleptic drug Viguera et al.
(1997) have found that the average relapse-rate is 1.7%
per week for the first 30 weeks. Haloperidol has a mean
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plasma half-life of approximately 20 h in humans (Khot
et al. 1993) and there is therefore not a direct correlation
between plasma level and time to relapse. For clozapine
the relapse in some patients tends to occur within 1 week
following withdrawal of medication, whereas others do
not show any changes in psychopathology for up to 2
weeks (Borison et al. 1988). The plasma half-life of cloz-
apine ranges from 9 to 17 h in humans (Jann et al. 1993;
Lin et al. 1994), and the effect of clozapine on psychopa-
thology therefore appears to be closely correlated to its
plasma level in some patients, whereas it in others is
comparable to classical neuroleptics.

In rats the half-life is only 1.5 h for haloperidol and
clozapine (Cheng and Paalzow 1992; Baldessarini et al.
1993), but in spite of these species differences in pharma-
cokinetics several studies have found using physiological
parameters that rats probably show a temporal response
to antipsychotic drug treatment that is comparable to hu-
mans (e.g. Bunny and Grace 1978; Vahid-Ansari et al.
1996). It should therefore be possible to measure a spe-
cific dose-dependent reduction in the PCP- and AMPH-
induced behaviors after long-term administration of an
antipsychotic drug at 24 h after the last drug administra-
tion, since most of the acute effects and side effects (i.e.,
motor disturbances) will have disappeared at this time
point while the antipsychotic effect should be retained.
Based on these findings, it should be possible to deter-
mine the predictive validity of models of schizophrenia
based on PCP and AMPH without the interference of
side effects.

Haloperidol and clozapine are tested in rats after short-
(3 days) and long-term (21 days) administration and after
a short (3045 min) and a long (22-24 h) pretreatment
time in behavioral tests sensitive to PCP and AMPH. For
PCP the experiments are conducted in the social interac-
tion test where PCP induces stereotyped behavior and
social isolation (Sams-Dodd 1996), and for AMPH in stan-
dard activity cages, where AMPH induces locomotor hy-
peractivity (Jackson et al. 1994). The effects of a short pre-
treatment time of 45 min for haloperidol and clozapine on
PCP-induced behaviors have previously been described
and will not be repeated (Sams-Dodd 1996).

MATERIALS AND METHODS
Animals

Male Wistar rats (Charles River, Germany) weighing
320420 g at the time of testing were used for these
experiments. They were housed in groups of three in
Macrolon type III cages in an animal room at 21 * 2°C
with a relative humidity of 55 *= 5%, air exchange
(16 times/h) and kept in a reversed 12-h light-dark cycle
(light on 18.00 h-06.00 h). They had free access to water
and commercial food pellets throughout the study.
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Drugs

Phencyclidine (N-(I-phenylcyclohexyl)piperidine, hydro-
chloride; mol. wt. 280.5; synthesized at H. Lundbeck
A/S) and d-amphetamine sulphate (d-amphetamine-1/2
sulphate; mol. wt. 184.3; Nomeco, Copenhagen) were
dissolved in 0.9% NaCl solution. Haloperidol (mol. wt.
375.9; Janssen) and clozapine (mol. wt. 327; Sandoz,
s.a.) were dissolved in minimal amounts of acid, di-
luted with saline and pH adjusted. Vehicle solution was
0.9% NaCl. For all experiments the solutions were fil-
tered with a Millix-HA filter (0.45 wm; Millipore Corp).

Experimental Procedures

After arrival the rats were randomly assigned to groups
of three and were placed in a reversed light cycle for
3.5 weeks. The rats were housed with the same cage
mates at all times and all rats within a given cage re-
ceived identical treatment. The rats received daily injec-
tions in their home cage for 3 days and 21 days, respec-
tively of vehicle, haloperidol, or clozapine and were
tested on the day of the last injection after the appropriate
pretreatment period had expired. The first day of drug
administration was chosen such that all the rats were
tested approximately 3.5 weeks after their arrival. All ex-
periments for a given drug were repeated to ensure repli-
cability and the rats were never tested more than once.

For the social interaction test half of the rats within a
treatment paradigm were dyed with hair color 2 weeks
after arrival and during the following week all the rats
were tested in the social interaction test. Testing was con-
ducted over a 2-day period. In addition to the anti-
psychotic drugs, the rats also received for the last 3 days of
the antipsychotic drug administration regimen either ve-
hicle or 7.1 umol/kg of PCP (2.0 mg/kg). Each treatment
group included six pairs of rats per experiment. The pre-
treatment times were either 45 min or 22-24 h for the an-
tipsychotic drug administration regimen, i.e., vehicle, ha-
loperidol, and clozapine, and 45 min for vehicle and PCP.

For the motility test the rats received in combination
with the antipsychotic drug administration regime either
vehicle or 2.7 umol/kg of AMPH (0.5 mg/kg) on the last
day of the antipsychotic drug administration regime.
Each treatment group included six rats per experiment.
The pretreatment times were either 30 min or 22-24 h for
the antipsychotic drug administration regime, i.e., vehi-
cle, haloperidol, and clozapine, and 0 min for vehicle
and AMPH.

Social Interaction Test

The general design of the model was adapted from File
(1980) and has previously been described in detail
(Sams-Dodd 1995b, 1996). The test was performed in an
open arena (L, w,h: 150 cm X 100 cm X 40 cm) with bed-
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ding of gray gravel. The gravel had been exposed to
other rats before testing to provide a constant odor level
in the arena. The behavior of the rats was recorded by a
video camera (Cohou model 4722-2000 with Ernitec 6
mm/1.2 lens) that was placed above the arena and was
connected to a S-VHS video cassette recorder. Lighting
in the room consisted only of dark-red light (25 Watt
bulbs) and was diffused to minimize shadows in the
arena. Three arenas were run in parallel and were
started at the same time.

The white and black rats were placed in the experi-
mental room the day before testing. On the day of test-
ing all rats were weighed. One white and one black rat,
that had received identical treatment and that were un-
familiar to each other, were placed simultaneously into
the unfamiliar arena 80-90 cm apart. Their behavior
was video filmed for 10 min whereafter the rats were
returned to their home cages. Testing in the social inter-
action test was conducted between 8:00 h and 14.00 h.

First, each 10-min observation period on the video-
tapes was analyzed off-line by the EthoVision® pro-
gram (version 1.80, Noldus Information Technologies,
b.v.). The arena was scanned 3.1 times per s by the pro-
gram and for each scanning the positions of the rats
were determined. These coordinates were subsequently
related to actual distances in the arena by a calibration
of the program to the dimensions of the arena. This
analysis resulted in a track record for each rat that con-
tained a complete record of the rat’'s movement pattern
in the arena during the observation period and this
track record was analyzed for the following parameters:

Distance traveled (cm): Total distance traveled during
an observation period.

Percent time in central zone: Percentage of the 10-min
observation period spend in the central zone by each
rat. The arena was divided into a central and a pe-
ripheral zone that covered 33% and 66% of the arena,
respectively.

Active and passive social interaction (s): Social interac-
tion was defined as a maximal distance of 20 cm be-
tween the rats, and it was subsequently divided into
an active and a passive component for each rat based
upon whether the rat actively moved or was inactive
(for a detailed description of this parameter, see Sams-
Dodd 1996).

Secondly, each observation was rated for stereo-
typed behavior by a trained observer, who was blind to
the treatment paradigm. Each recording on the video-
tapes was viewed for 60 s halfway through the 10-min
observation period, and each rat was given a score for
PCP stereotyped behaviour. The score assigned was de-
termined as the highest level of stereotypy consistently
observed during the rating period. The rating scale is
given below and is after Castellani and Adams (1981).
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PCP stereotyped behavior: (0) Stationary, little or no
movement; (1) Active, occasional to frequent move-
ment; (2) Active with episodes of repetitive forward
head searching (the rat walked forward in a stereo-
typed manner along the periphery of the arena without
engaging in other behaviors); (3) Continuous forward
searching; (4) Frequent repetitive rearing, side-to-side
weaving or turning; (5) Episodes of rapid jerky side-to-
side, circular or dorso-ventral head movements (the rat
was usually stationary).

Motility Test

Locomotor activity was measured for 120 min in Mac-
rolon type III (Iw,h: 37 cm X 22 cm X 19 cm) animal
cages with a bedding of wood shavings in a brightly lit
room. Four sets of equally spaced photo diodes regis-
tered movements in the longitudinal direction of indi-
vidual cages as the number of times the infrared light
beams were interrupted. The activity counts would not
increment if the same light beam was interrupted twice
or more in a row without activation of other beams,
thus preventing repetitive stationary movements from
affecting the activity counts. Registration and timing of
locomotor activity was fully automated (custom-designed
hardware and software).

Data and Statistical Analysis

Two-way ANOVA with Fishers LSD post hoc test was
used (two-tailed) for statistical analysis of all the behav-
ioral parameters. The stereotypy scores, which are of an
ordinal type, were ranked (Huitema 1980) and the ac-
tivity counts from the motility test were log-trans-
formed prior to statistical analysis. All data are pre-
sented as means with standard error of mean (SEM)
and the statistical analysis was performed with Systat v.
5.2 (Macintosh version).

RESULTS
Social Interaction Test

After placement in the arena, the vehicle-treated control
rats made an initial inspection of the arena and each
other, whereafter they moved around together to ex-
plore the novel area and interacted frequently. In con-
trast the PCP-treated control rats that had received a
standard dose of 7.1 pmol/kg (2.0 mg/kg) walked, of-
ten continuously, along the periphery of the arena in a
stereotyped manner and avoided or ignored the unfa-
miliar rat, and they consistently displayed increased
levels of distance traveled and PCP stereotyped behav-
ior and decreased levels of active social interaction and
percent time in central zone (Figures 14 to the left of
the broken dose-axis). Statistical comparison between
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the vehicle/vehicle- and the vehicle/PCP-treated con-
trol rats demonstrated significant differences between
them in all experiments as seen in Table 1 where the sta-
tistical results for the social interaction tests have been
summarized.

Short-term administration of haloperidol (0.1-3.4
pmol/kg; 0.04-1.28 mg/kg) in combination with vehi-
cle or PCP for 3 days with a pretreatment time of 22-24
h for haloperidol and 45 min for PCP had very limited
effects on the behavior of the rats (Figure 1). In the vehi-
cle-treated rats haloperidol caused a significant de-
crease in active social interaction at the highest dose,
but did not affect the locomotor activity, stereotypy

_A. Travelled Distance (cm)
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score or per cent time in central zone, which indicate
that the explorative behaviors were unaffected by halo-
peridol at the long pretreatment time. In the PCP-
treated rats haloperidol induced a dose-dependent inhi-
bition of the locomotor hyperactivity for doses of 1.7
pmol/kg and upward, but without affecting percent
time in central zone or the stereotyped behavior. In ad-
dition, haloperidol did not alleviate the PCP-induced
deficits in active social interaction. There was a small,
but significant increase in passive social interaction in
the PCP-treated rats at the highest dose of haloperidol,
but the overall level of social interaction did not return
to the level of vehicle-treated control rats.
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Figure 1. Dose-response of haloperidol in combination with either vehicle or 7.1 pmol/kg of PCP following daily SC
administration for 3 days. The rats were tested in the social interaction test and pretreatment time was 22-24 h for haloperi-
dol and 45 min for PCP. Each treatment group includes 12 pairs of rats. Symbols: (O) Haloperidol in combination with vehi-
cle; (V) Haloperidol in combination with 7.1 pmol/kg of PCP. Asterisks indicate level of significance based on a Fisher’s LSD
post hoc test and are relative to the control group of that particular administration regime. *p < .05; **p < .01; ***p < .001.
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Figure 2. Dose-response of haloperidol following daily SC treatment for 21 days in combination with either vehicle or 7.1
pumol/kg of PCP during the final 3 days of the haloperidol treatment regime. The rats were tested in the social interaction
test and pretreatment time was 22-24 h for haloperidol and 45 min for PCP. Each treatment group includes 12 pairs of rats.
Symbols: (O) Haloperidol in combination with vehicle; (V) Haloperidol in combination with 7.1 pmol/kg of PCP. See Figure

1 for explanation of asterisks.

The effects of long-term administration of haloperi-
dol (0.1-3.4 pmol/kg; 0.04-1.28 mg/kg) for 21 days in
combination with vehicle or PCP during the last 3 days
of the haloperidol administration regimen using a pre-
treatment time of 22-24 h for haloperidol and 45 min for
PCP is shown in Figure 2. In the vehicle-treated rats halo-
peridol caused a slight, but significant dose-dependent
decrease in active social interaction from 0.4 wmol/kg
and upward, but did not affect the locomotor activity,
stereotypy score or percent time in central zone, which
indicate that the explorative behaviors of the vehicle-
treated rats were unaffected by haloperidol. In the PCP-
treated rats, haloperidol induced an inhibition of the lo-
comotor hyperactivity from 0.4 pmol/kg and upward,
but without affecting percent time in central zone or the

stereotyped behavior. Haloperidol had a slight alleviat-
ing effect on the PCP-induced deficits in active social in-
teraction at 0.1 and 0.4 pmol/kg, but this effect disap-
peared at higher doses. Finally, haloperidol caused a
slight increase in passive social interaction, but this effect
was too small to be considered of relevance.

Short-term administration of clozapine (0.5-7.6 pmol/
kg; 0.16-2.5 mg/kg) in combination with vehicle or PCP
for 3 days with a pretreatment time of 2224 h for cloza-
pine and 45 min for PCP had, like haloperidol, very lim-
ited effects on the behavior of the rats (Figure 3). In the
vehicle-treated rats, clozapine did not have any effects on
their behavior. In the PCP-treated rats, clozapine induced
a dose-dependent reduction of the locomotor hyperactiv-
ity at 1.9 and 7.6 pmol/kg, but also augmented the stereo-
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Figure 3. Dose-response of clozapine in combination with either vehicle or 7.1 pmol/kg of PCP following daily SC admin-
istration for 3 days. The rats were tested in the social interaction test and pretreatment time was 22-24 h for clozapine and 45
min for PCP. Each treatment group includes 12 pairs of rats. Symbols: (O) Clozapine in combination with vehicle; (V) Cloz-
apine in combination with 7.1 wmol/kg of PCP. See Figure 1 for explanation of asterisks.

typed behavior slightly at 0.5 and 1.9 umol/kg. Cloza-
pine did not alleviate the stereotyped behavior at any of
the doses tested. In addition clozapine did not affect the
PCP-induced changes in percent time in central zone and
did not affect the deficits in social interaction.

The effects of long-term administration of clozapine
(0.12-7.6 pmol/kg; 0.04-2.5 mg/kg) for 21 days in combi-
nation with vehicle or PCP for the last 3 days of the cloza-
pine administration regimen and using a pretreatment
time of 2224 h for clozapine and 45 min for PCP is
shown in Figure 4. In the vehicle-treated rats, clozapine
caused a slight, but significant increase in active social in-
teraction and a reduction in percent time in central zone at
the lowest dose of 0.12 umol/kg, but these effects disap-
peared at the higher doses, and from 0.5 umol/kg and up-

ward clozapine did not affect the behavior of the vehicle-
treated rats. In the PCP-treated rats clozapine did not af-
fect the locomotor hyperactivity, but at a single dose of
0.5 wmol/kg clozapine partially reversed the effects of
PCP on percent time in central zone and partially normal-
ized the stereotyped behavior. Clozapine also induced a
slight increase in the active social interaction toward vehi-
cle-control levels, but only at 0.12 and 1.9 umol/kg. Cloz-
apine did not affect passive social interaction.

Motility Test

AMPH at a standard dose of 0.5 mg/kg reliably induces
locomotor hyperactivity in rats and a significant differ-
ence in locomotor activity between vehicle- and AMPH-
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Figure 4. Dose-response of clozapine following daily SC treatment for 21 days in combination with either vehicle or 7.1
pwmol/kg of PCP during the final 3 days of the clozapine treatment regime. The rats were tested in the social interaction test
and pretreatment time was 22-24 h for clozapine and 45 min for PCP. Each treatment group includes 12 pairs of rats. Sym-
bols: (O) Clozapine in combination with vehicle; (V) Clozapine in combination with 7.1 umol/kg of PCP. See Figure 1 for

explanation of asterisks.

treated rats was observed in all experiments. The effects
of short- and long-term administration of haloperidol
and clozapine daily for 3 and 21 days, respectively, in
combination with vehicle or 2.7 umol/kg of AMPH on
the last day of antipsychotic drug administration is
shown in Figures 5 and 6. In addition to 3 and 21 days of
administration of the antipsychotic drugs, haloperidol
and clozapine were also tested after a pretreatment time
of 30 min and of 22-24 h, whereas the pretreatment
time always was 0 min for AMPH.

Short-term administration of haloperidol (0.4 and 1.7
pmol/kg; 0.16 and 0.64 mg/kg) (Figure 5A) with a pre-
treatment time of 30 min for haloperidol produced a
significant reduction in the locomotor activity of both

vehicle- and AMPH-treated rats (dose: F(2,78) = 203.0;
p < .001; treatment F(1,78) = 51.5; p < .001; dose X
treatment F(2,78) = 5.8; p < .01), whereas haloperidol at
the long pretreatment time did not have any effects in
the vehicle- or AMPH-treated rats, although there was a
tendency towards a slight increase in the AMPH-induced
hyperactivity at the highest dose (dose: F(2,69) = 0.8;
p = NS; treatment F(1,69) = 184.0; p < .001; dose X
treatment F(2,69) = 2.1, p = NS). After long-term ad-
ministration (Figure 5B) haloperidol at the short pre-
treatment time produced a significant reduction in the
locomotor activity of both vehicle- and AMPH-treated
rats (dose: F(2,66) = 98.9; p < .001; treatment F(1,66) =
68.7; p < .001; dose X treatment F(2,66) = 3.6; p < .05).
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Table 1. Summary of the Statistical Results of the Effects of Haloperidol and Clozapine on PCP-Induced Behaviors in the

Social Interaction Test

Percent Time in Active Social Passive Social PCP Stereotyped
Social Interaction Test Distance Traveled Central Zone Interaction Interaction Behavior
Haloperidol
Short-term
(df = 4,206):dose  F=23;p=NS F=03,p=NS F=49p<0.01 F=88p<0001 F=19p=NS
Treatment F=408;p<0.001 F=146.3;p<0.001 F=2340.0,p<0.001 F=194;p<0.01 F=23113;p<0.001
Dose X treatment F=128;p<0.05 F=18,p=NS F=5.1;p<0.001 F=99p<0001 F=19p=NS
Long-term
(df = 4,206): dose F =2.6;p<0.05 F=20;p=NS F=46;p<0.01 F=02p=NS F=09;p=NS
Treatment F=625p<0001 F=1708p<0001 F=5507p<0001 F=23p=NS F=2624;p<0.001
Dose X treatment F=46,p<001 F=05p=NS F=74;p<0.001 F=26,p<005 F=13,p=NS
Clozapine
Short-term
(df = 3,180):dose ~ F=4.9;p<0.01 F=12p=NS F=19p=NS F=13;p=NS F=27p<0.05
Treatment F=573;p<0.001 F=814,p<0001 F=4258p<0001 F=09p=NS F = 266.9; p < 0.001
Dose X treatment F=42;p<0.01 F=17p=NS F=03;p=NS F=3.0,p<005 F=27p<0.05
Long-term
(df=5,250):dose  F=03;p=NS F=6.1;p <0.001 F=39;p<0.01 F=19,p=NS F=75;p<0.001
Treatment F=657p<0001 F=1459p<0.001 F=4588;p<0.001 F=28p=NS F =361.1; p <0.001
Dose X treatment F=10;p=NS F=5.1;p<0.001 F=14,p=NS F=01,p=NS F=75;p<0.001

The data were analyzed by a two-way ANOVA, where dose is the dose-response of the antipsychotic drug, treatment is the effects of vehicle or
PCP administration on the behavior and dose X treatment is the interaction between the antipsychotic drug and the vehicle-PCP treatment. The table
indicates degrees of freedom (df), F-values, and level of significance for each behavioral parameter.

However, after a pretreatment time of 22-24 h haloperi-
dol did not affect the behavior of the vehicle-treated rats,
but induced a dose-dependent increase in the locomotor
activity of the AMPH-treated rats (dose: F(2,66) = 5.3;
p < .01; treatment F(1,66) = 192.2; p < .001; dose X treat-

ment F(2,66) = 0.2; p

= NS).

A. 3 days of administration

Short-term administration of clozapine (1.9 and
7.6 pmol/kg; 0.63 and 2.5 mg/kg) (Figure 6A) with a
pretreatment time of 30 min for clozapine produced a
significant reduction in the locomotor activity of the ve-
hicle-treated rats at 1.9 umol/kg of clozapine and at both
doses in the AMPH-treated rats (dose: F(2,72) = 30.2; p <

B. 21 days of administration
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Figure 5. Dose-response of haloperidol following daily SC treatment for 3 or 21 days in combination with either vehicle or
2.7 pmol/kg of d-amphetamine during the final 3 days of the haloperidol treatment regime. The rats were tested in motility
cages for 2 h and the pretreatment time was 30 min or 22-24 h for haloperidol and 0 min for d-amphetamine. Each treatment
group includes 12 rats, except for the highest dose of haloperidol (2 = 6). Symbols: (O) Haloperidol in combination with
vehicle; (V) Haloperidol in combination with 2.7 pmol/kg of d-amphetamine; Open symbols: Pretreatment time 30 min for
haloperidol; Filled symbols: Pretreatment time 22-24 h for haloperidol. See Figure 1 for explanation of asterisks.
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B. 21 days of administration
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Figure 6. Dose-response of clozapine following daily SC treatment for 3 or 21 days in combination with either vehicle or
2.7 umol/kg of d-amphetamine during the final 3 days of the clozapine treatment regime. The rats were tested in motility
cages for 2 h and the pretreatment time was 30 min or 22-24 h for clozapine and 0 min for d-amphetamine. Each treatment
group includes 12 rats. Symbols: (O) Clozapine in combination with vehicle; (V) Clozapine in combination with 2.7 pumol/kg
of d-amphetamine; Open symbols: Pretreatment time 30 min for clozapine; Filled symbols: Pretreatment time 22-24 h for

clozapine. See Figure 1 for explanation of asterisks.

.001; treatment F(1,72) = 140.9; p < .001; dose X treat-
ment F(2,72) = 10.1; p < .001). At the long pretreatment
time both doses of clozapine reduced the activity of the
vehicle- and AMPH-treated rats slightly (dose: F(2,69) =
11.5; p < .001; treatment F(1,69) = 213.4; p < .001; dose X
treatment F(2,69) = 0.5, p = NS). After long-term ad-
ministration (Figure 6B) clozapine at the short pretreat-
ment time produced a slight, but significant reduction
at 7.6 wmol/kg in the locomotor activity of the vehicle-
treated rats and a strong reduction in the AMPH-
treated rats at both doses tested (dose: F(2,66) = 14.2;
p < .001; treatment F(1,66) = 215.4; p < .001; dose X
treatment F(2,66) = 0.5; p = NS). At a pretreatment time
of 22-24 h clozapine produced a slight reduction in the
activity of the vehicle-treated rats at 7.6 pmole/kg, but
did not affect the behavior of the AMPH-treated rats
(dose: F(2,66) = 2.6; p = NS; treatment F(1,66) = 301.8;
p < .001; dose X treatment F(2,66) = 1.4; p = NS).

DISCUSSION

The effects of short- and long-term administration of
haloperidol and clozapine in combination with PCP us-
ing a pretreatment time of 45 min for both compounds
have previously been published for the social interac-
tion test (Sams-Dodd 1996). Briefly described it was
found that haloperidol dose-dependently suppressed
the locomotor activity, per cent time in central zone and
the stereotyped behavior of the vehicle- and the PCP-

treated rats after both 3 and 21 days of administration,
and that it did not alleviate the PCP-induced social iso-
lation. Clozapine following 3 days of administration
likewise produced a dose-dependent suppression of
locomotor activity, percent time in central zone and ste-
reotyped behavior in both the vehicle- and the PCP-
treated rats, and induced deficits in the social interac-
tion of the vehicle-treated rats without normalizing the
deficits in the PCP-treated rats. Following long-term
administration of clozapine the vehicle-treated rats de-
veloped tolerance to the inhibitory effects of clozapine
on locomotor activity and this was now only slightly re-
duced at the highest dose; however, dose-dependent re-
ductions in percent time in central zone and social inter-
action still occurred. In the PCP-treated rats, clozapine
normalized the locomotor activity and produced a par-
tial alleviation of the stereotyped behavior and social
isolation thus demonstrating a specific effect on these
parameters although clozapine did not normalize per-
cent time in central zone.

In the present study, the effects of haloperidol and
clozapine were tested in the social interaction test using a
pretreatment time of 2224 h. Both drugs had only a
slight effect on the behavior of the vehicle-treated rats af-
ter 3 and 21 days of administration, indicating that drug
levels in plasma must be reasonably low at this time
point. It should therefore at this time point be possible to
determine any specific long-term effects of haloperidol
and clozapine treatment on the PCP-induced behaviors.
In the PCP-treated rats haloperidol after 3 and 21 days of
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administration reduced the locomotor hyperactivity, but
did not alleviate the PCP-induced stereotyped behavior
or social isolation, which are the key effect parameters
for this model. Clozapine also reduced the locomotor hy-
peractivity after 3 days of administration, but this effect
disappeared after 21 days, suggesting that the rats devel-
oped tolerance to the sedative effects of clozapine. Like
haloperidol, clozapine did not alleviate the PCP-induced
stereotyped behavior or social isolation after 3 or 21 days
of administration, except for a dose of 0.5 wmol/kg
where clozapine significantly reduces the PCP-induced
stereotyped behavior after long-term administration. The
effects of clozapine on PCP-induced behaviors that pre-
viously have been described could therefore not be repli-
cated with this long pretreatment time.

In the motility test, haloperidol and clozapine at the
short pretreatment time inhibited the locomotor activity
of both vehicle- and AMPH-treated rats after both 3 and
21 days of administration, which is comparable to pre-
viously published findings (e.g., Robinson and Becker
1986; Jackson et al. 1994; Arnt 1995). At the long pre-
treatment time, haloperidol did not affect the vehicle-
treated rats, but rather potentiated the AMPH-induced
hyperactivity after 3 and 21 days of administration.
This supersensitivity following withdrawal of haloperi-
dol medication has previously been reported in animals
by Burt et al. (1977), and Nyberg et al. (1995) have seen
similar effects in man, where PET studies of the D,-
receptor have shown an increase in dopamine D,-recep-
tor density 2 weeks after withdrawal from sulpiride
medication. Clozapine after 3 days of administration at
the long pretreatment time inhibited the behavior of both
vehicle- and AMPH-treated rats, whereas after 21 days of
administration the rats developed tolerance to the effects
of clozapine and it now only produced a slight reduction
in the vehicle-treated rats at the highest dose and did not
affect the AMPH-induced locomotor activity.

The present data have therefore shown: (1) that ac-
tive levels of antipsychotic drug were present in the rats
after a pretreatment time of 22-24 h, although these lev-
els were low and only had limited effects on the vehi-
cle-treated rats, which correspond well with the short
half-lives of haloperidol and clozapine in the rat; (2)
that short- and long-term administration of haloperidol
and clozapine reduced the PCP- and AMPH-induced
behaviors at the short pretreatment time, but that both
drugs also affected the behavior of vehicle-treated rats;
and (3) that short- and long-term administration of ha-
loperidol and clozapine did not at a pretreatment time
of 22-24 h consistently alleviate the PCP- or AMPH-
induced behaviors. The doses used in the present study
for haloperidol and clozapine are well within the range
where long-term effects have been observed in rats
(e.g., Skarsfeldt 1992; Sams-Dodd 1996) and are compa-
rable to clinical doses (e.g., Breier et al. 1994). These re-
sults thus indicate that haloperidol and clozapine in
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these behavioral models in rats are only effective in re-
ducing PCP- and AMPH-induced behaviors when they
are given with a short pretreatment time and when rea-
sonably high drug levels are present in plasma.
Predictive validity refers to the selectivity whereby
an animal model responds to specific classes of com-
pounds, e.g., antipsychotics or antidepressants (Willner
1984; Ellenbroek and Cools 1990). For animal models of
schizophrenia based on PCP or AMPH several studies
have shown that these models respond specifically to
haloperidol and clozapine compared to other classes of
drugs, e.g., antidepressants or anxiolytics, following
acute or subchronic administration (Jackson et al. 1994;
Sams-Dodd 1996). This demonstrates that these models
are predictive in terms of identifying compounds that
in some aspects are similar to haloperidol or clozapine.
This can be referred to as limited predictive validity, be-
cause the validity is limited to particular classes of com-
pounds. The purpose of the present set of experiments
was to determine whether animal models of schizo-
phrenia based on PCP or AMPH also can measure the
underlying neurochemical changes that are directly re-
sponsible for the antipsychotic effect, a level of validity
that may be referred to as full predictive validity. This
type of model allows the identification of novel classes
of antipsychotic compounds that may have a com-
pletely different mode of action than known antipsy-
chotics. To test this an approach was used that is based
on the clinical observations that the antipsychotic effect
in schizophrenic patients has a slow onset and that the
time to relapse following abrupt withdrawal of medica-
tion for most patients can be quite prolonged. In terms
of an animal model this would mean the effects of an-
tipsychotic drug treatment should demonstrate a com-
parable temporal pattern and therefore that rats after 21
days of treatment with haloperidol or clozapine should
show a diminished response to PCP or AMPH at 24 h
after the last administration of haloperidol or clozapine.
The experiments showed that PCP in the social interac-
tion test and AMPH in locomotor activity cages could
not measure any long-term effect of antipsychotic drug
treatment on the central nervous system, and these ani-
mal models therefore appear only to have limited pre-
dictive validity. It is possible that PCP and AMPH mod-
els the subgroup of patients, which shows a close
correlation between plasma level of clozapine and psy-
chopathology. This would correspond well with the
observed effects of clozapine on PCP- and AMPH-
induced behaviors when a short pretreatment time is
used and the loss of the antipsychotic effects within 24 h
due to the short half-life of clozapine in the rat. How-
ever, this correlation is based on a negative result and a
simpler explanation would be that the interactions ob-
served between the antipsychotic drugs and PCP and
AMPH represent simple drug interactions. This is sup-
ported by several animal studies which have reported
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that antipsychotics can acutely reduce PCP- and AMPH-
induced behaviors in various species, and in humans it
has been reported that haloperidol within 1 h can al-
most completely alleviate an AMPH psychosis (Angist
et al. 1974) and that haloperidol, chlorpromazin, diaz-
epam, and phygostigmine can acutely reduce some
symptoms of a PCP psychosis (Castellani et al. 1982; Gi-
annini et al. 1985; Leikin et al. 1989).

To conclude, the present study has used a new drug
administration regime to distinguish between the anti-
psychotic effects of haloperidol and clozapine and the
drug-induced side effects to test the predictive validity
of animal models of schizophrenia based on PCP and
AMPH. The study found that PCP- and AMPH-induced
behavioral disturbances in rats tested in the social inter-
action test or in activity cages could not measure the an-
tipsychotic effect of haloperidol and clozapine. These
findings suggest that the interactions seen between
PCP, AMPH, and antipsychotic drugs represent simple
acute drug-drug interactions, but this needs to be con-
firmed in other behavioral models, e.g., the prepulse in-
hibition startle response (Geyer et al. 1990), and per-
haps even in another species. Previous studies have
shown that PCP- and AMPH-induced symptoms in hu-
mans and animals respond fairly selectively to antipsy-
chotic drugs compared with other classes of com-
pounds, and these models clearly can be used for dis-
tinguishing between classes of antipsychotic drugs and
perhaps their effect on different types of clinical symp-
toms. However, the present study suggests that animal
models of schizophrenia based on PCP and AMPH can-
not measure the long-term neurochemical effects of an-
tipsychotic drug treatment that are believed to be re-
lated to their antipsychotic properties, and therefore
that these models lack full predictive validity.
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