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STEINPREIS, R. E., J. D. SOKOLOWSKI, A. PAPANIKOLAOU AND J. D. SALAMONE. The effects of haloper-
idol and clozapine on PCP- and amphetamine-induced suppression of social behavior in the rat. PHARMACOL BIO-
CHEM BEHAV 47(3) 579-585, 1994. — Previous work has shown that phencyclidine (PCP) and amphetamine decrease social
behavior in rats. The purpose of the present study was to determine the effects of the dopamine antagonists clozapine and
haloperidol on PCP- and amphetamine-induced changes in rat social behavior. An intruder paradigm was used, in which rats
were injected with drug and placed into a stable home colony of three other rats. Social behaviors were recorded for 30 min.
Both amphetamine (4.0 mg/kg) and PCP (4.0 mg/kg) substantially reduced social behavior. Haloperidol and clozapine did
not produce a general reversal of the effects of amphetamine or PCP on the total number of social behaviors. Nevertheless,
0.025 mg/kg haloperidol did reverse the effects of PCP and amphetamine on some of the specific social behaviors observed
(side threats, mounting, crawling under). Clozapine had no effect on reversing the actions of amphetamine on social behavior,
but 2.0 mg/kg clozapine did reverse the effect of PCP on side threats and mounting. These results indicate that DA
antagonists do not restore normal social behavior in animals treated with PCP or amphetamine, but can reverse some of the

effects of PCP or amphetamine on specific social behaviors.
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Social behavior

PHENCYCLIDINE (PCP) and amphetamine have been
shown to produce psychotic reactions in humans that are strik-
ingly similar to schizophrenia (1,3,24,32). Amphetamine has
been particularly successful in mimicking the paranoid sub-
type of schizophrenia (2,8,18), whereas PCP seems to mimic
a broader range of schizophrenic symptoms, including the
deficit symptoms such as flattened affect (18,19). Research
using animals has demonstrated that PCP and amphetamine
have psychomotor stimulant properties, and both drugs have
been shown to increase locomotor activity (5,6,13,22,36) and
induce stereotyped behavior (22,36). PCP and amphetamine,
like several other behavioral stimulants, have been shown to
have actions on brain dopamine (DA) systems. Evidence indi-
cates that PCP and amphetamine can stimulate DA release or
block DA uptake (10,33,37), which leads to an elevation of
extracellular levels of DA (25,35,38).

As well as studying the motor effects of PCP and amphet-
amine, investigators also have employed tests of social behav-
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ior to assess the behavioral effects of these drugs. Several
studies have shown that PCP and amphetamine can decrease
social interactions in animals (4,14,27-32,34,35). Although
PCP and amphetamine can reduce social behavior, it is uncer-
tain if antipsychotic drugs, which typically act by blocking
DA receptors, are capable of reversing the effects of PCP and
amphetamine on rat social behavior. As noted in a review by
Miczek (28), several studies with rodents (4,27) and monkeys
(29-31) have failed to show that DA antagonists could reverse
the effects of amphetamine on social behavior.

The purpose of the present study was to determine if the
DA antagonists clozapine or haloperidol (HP) could reverse
the effects of PCP or amphetamine on social behavior. Halo-
peridol is a DA antagonist that is widely used as an antipsy-
chotic drug, and clozapine is an antipsychotic DA antagonist
with a unique clinical profile (7,17). Four separate experi-
ments were conducted (PCP and clozapine, PCP and HP,
amphetamine and clozapine, amphetamine and HP). For the
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analysis of social behavior, an intruder paradigm was used, in
which rats were injected with drug and placed into a stable
home colony of three other rats. Previous studies of resident-
intruder interactions have shown that high levels of social
behavior can be induced by presentation of intruder animals
to established resident social groups (28,29).

METHOD

Subjects

A total of 88 male Sprague-Dawley rats weighing between
350-450 g at the start of the experiment were obtained from
Harlan Sprague-Dawley. The 34 intruder rats were housed
individually in a colony room with a constant temperature of
72°F and a 12 L : 12 D cycle (lights on at 0700 h). The home
colony rats were housed in groups of three in identical 26 x
26 x 14 in. cages with Plexiglas walls and wire mesh ceilings
and floors. The home colony rats were placed in these cham-
bers at least 3 weeks before the start of the experiments.

Drugs

Haloperidol was obtained from Sigma Chemical Company
and clozapine was donated by Sandoz Pharmaceuticals. Both
neuroleptics were dissolved in a warm tartaric acid vehicle
(0.3%). Amphetamine was obtained from Sigma and PCP
was obtained from the National Institute for Drug Abuse
(Washington, DC). PCP and amphetamine were dissolved in
0.9 % saline vehicle.

Observations

To assess the ability of clozapine and HP to reverse the
effects of PCP and amphetamine on social behavior, an in-
truder paradigm was employed. Individually housed rats were
injected with drug and placed in a stable home colony of
three other rats for a 30-min observation period. Two trained
observers (blind to the experimental conditions) recorded be-
haviors shown by the intruder rats (pinning, boxing, chasing,
face offs, side threats, crawling under other rats, and mount-
ing), as well as behaviors shown by the resident social group
rats towards the intruders (being pinned, being chased, being
mounted). To assess interrater reliability, the observers record-
ed the same behaviors for one PCP-treated rat and one am-
phetamine-treated rat for 30 min. Pearson product-moment
correlations between observers revealed that there were signifi-
cant correlations for all behaviors (r > 0.85).

Experiments

Four separate experiments were conducted to study the
ability of clozapine and HP to reverse the effects of PCP
and amphetamine. Each experiment included five treatments
(vehicle control, PCP or amphetamine alone, PCP or amphet-
amine plus low dose of DA antagonist, PCP or amphetamine
plus high dose of DA antagonist, DA antagonist alone; see
Table 1 for doses and conditions of each experiment). In each
experiment rats received two IP injections prior to the tests of
social behavior. Saline vehicle, PCP, or amphetamine were
injected 5 min before testing, tartaric acid vehicle or clozapine
were injected 90 min before testing in Experiments 1 and 3,
and tartaric acid vehicle or HP were injected 30 min before
testing in Experiments 2 and 4. Separate groups of rats were
used for each experiment (n = 8-9 per experiment), and in
each experiment all rats were exposed to all five treatments
in a randomly varied order, with 1 week between each drug
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TABLE 1

THE DRUG COMBINATIONS AND DOSES
IN EACH OF THE EXPERIMENTS

Experiment 1
Veh
4.0 mg/kg PCP
4.0 mg/kg PCP and 1.0 mg/kg clozapine
4.0 mg/kg PCP and 2.0 mg/kg clozapine
2.0 mg/kg clozapine

Experiment 2
Veh
4.0 mg/kg PCP
4.0 mg/kg PCP and 0.025 mg/kg haloperidol
4.0 mg/kg PCP and 0.05 mg/kg haloperidol
0.05 mg/kg haloperidol

Experiment 3
Veh
4.0 mg/kg amphetamine
4.0 mg/kg amphetamine and 1.0 mg/kg clozapine
4.0 mg/kg amphetamine and 2.0 mg/kg clozapine
2.0 mg/kg clozapine

Experiment 4
Veh
4.0 mg/kg amphetamine
4.0 mg/kg amphetamine and 0.025 mg/kg haloperidol
4.0 mg/kg amphetamine and 0.05 mg/kg haloperidol
0.05 mg/kg haloperidol

treatment. This experimental design was used so that each rat
could serve as its own control, which would be more a more
sensitive method for detecting small changes in behavior pro-
duced by the drug treatments. Each week, the drug-treated
intruder rats were placed into a different resident social group.

Selection of Drug Doses

Previous work from our laboratory has shown that 4.0
mg/kg PCP was effective in reducing social behavior, and
that doses of 1.0-2.0 mg/kg were ineffective (34,35). Pilot
work also showed that 4.0 mg/kg amphetamine produced a
suppression of social behavior that was comparable to the
effects of PCP, and that lower doses of amphetamine (1.0-
2.0 mg/kg) were relatively ineffective. Higher doses of am-
phetamine and PCP were not used because these doses pro-
duced a pronounced stereotypy that made the reductions in
social behavior difficult to interpret. Doses of clozapine and
HP were selected on the basis of pilot studies, which showed
that higher doses of clozapine or HP either had no effect on
or only served to exacerbate the suppression of social behavior
induced by PCP and amphetamine.

Data Analysis

All behavioral data were log transformed and a separate
repeated measures ANOVA was done for each behavior in
each of the four conditions. After performing the overall
ANOVA for each behavioral measure, planned comparisons
were conducted in which the overall error term from the
ANOVA was used to make four separate comparisons [see
(23), pp. 106-118]. The four comparisons in each experiment
were as follows:
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FIG. 1. Mean *+ SEM total social behavior score under all five drug
treatment conditions in Experiment 1 (CLZ = clozapine).

. PCP or amphetamine vs. vehicle, to assess the effect of
PCP or amphetamine on social behavior,

. PCP or amphetamine vs. PCP or amphetamine plus low
dose of DA antagonist,

. PCP or amphetamine vs. PCP or amphetamine plus high
dose of DA antagonist (comparisons 2 and 3 were used to
assess reversal effects), and

. DA antagonist vs. vehicle, to assess the effect of the DA
antagonist alone.

In addition to performing these analyses on each individual
behavior, data also were analyzed by calculating a total social
behavior score, which was determined for each rat and each
condition by adding together all social behaviors initiated by
intruder rats (pinning, boxing, chasing, face offs, side threats,
crawling under other rats, and mounting). ANOVA and
planned comparisons also were used for assessing the effects
of the drug treatments on the total social behavior score.
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RESULTS

Experiment 1: PCP and Clozapine

The mean + SEM total social behavior score for each con-
dition is shown in Fig. 1. ANOVA revealed that there was a
significant overall treatment effect, F(4, 32) = 11.6, p <
0.01. Planned comparisons indicated that there was a signif-
cant reduction in social behavior produced by PCP relative to
vehicle treatment, F(1, 32) = 11.9, p < 0.01, but no signifi-
cant differences between PCP alone and PCP plus either dose
of clozapine. Clozapine alone did not produce effects that
differ from the effects of vehicle. The analyses of individual
social behaviors are shown in Table 2. ANOVA revealed a
significant overall treatment effect for pinning others, F(4,
32) = 8.3., p < 0.05; boxing, F(4, 32) = 4.6, p < 0.05;
chasing others, F(4, 32) = 12.1, p < 0.05; face offs, F(4, 32)
= 7.2, p < 0.05; side threats, F(4, 32) = 10.46, p < 0.05;
crawl unders, F(4, 32) = 5.3, p < 0.05; and mounting, F(4,
32) = 18.8, p < 0.05. Planned comparisons indicated that
PCP reduced the frequency of pinning, boxing, chasing, face
offs, side threats, crawling under, and mounting relative to
the vehicle condition. There was a significant increase in side
threats and mounting in the PCP plus 2.0 mg/kg clozapine
condition compared to the PCP-alone condition. There were
no significant effects of drug treatment on being pinned, being
mounted, or being chased.

Experiment 2: PCP and HP

The mean + SEM total social behavior score for each con-
dition is shown in Fig. 2. ANOVA revealed that there was a
significant overall treatment effect (F(4,28) = 13.04, p <
0.01). Planned comparisons indicated that there was a signif-
cant reduction in social behavior produced by PCP relative to
vehicle treatment, F(1, 28) = 33.4, p < 0.01. There were no
significant differences between PCP alone and PCP plus ei-
ther dose of HP, although the comparison between PCP alone
and PCP plus 0.025 mg/kg HP did approach statistical signifi-
cance, F(1, 28) = 4.0, p < 0.1. The effects of HP alone did
not differ from the effects of vehicle. The analyses of individ-
ual social behaviors are shown in Table 3. ANOVA revealed a

TABLE 2

EFFECTS OF DRUG TREATMENTS ON SOCIAL BEHAVIOR OBSERVED IN EXPERIMENT 1
(PCP AND CLOZAPINE)

PCP + 1.0 PCP + 2.0
Vehicle PCP Cloz Cloz Cloz

Pin 7.2 + 3.1 0.0 = 0.0* 20+ 1.9 0.1 £ 0.1 7.1 £ 2.1
Boxing 7.9 £ 29 0.1 = 0.1* 64 + 5.8 1.1 + 0.7 38+ 1.5
Chase 62+ 1.9 0.1 = 0.1* 1.0 + 09 04 = 0.2 55+ 1.1
Face off 6.2 + 1.3 0.4 + 0.2* 1.3+ 07 1.3 + 0.7 29 + 06
Side threat 61.0 + 9.9 6.1 + 1.6* 13.6 + 6.7 26.0 + 58t 504 £ 3.3
Crawl under 233 + 44 11.0 + 3.9* 51+ 24 11.1 + 40 16.7 + 3.6
Mount 36.8 + 5.3 3.1 £ 1.9* 11.7 + 10.2 12.8 + 521t 37.8 + 4.2
Being pinned 4.0 + 1.7 8.8 + 3.2 3.6 + 2.6 4.7 + 1.9 4.1 19
Being chased 127 + 1.9 12.8 1 3.4 62+ 1.0 127 +24 11.5 £ 2.4
Being mounted 38.5 + 4.1 41.1 + 6.4 244 + 29 261 + 3.6 304 £ 5.6

Values are mean + SEM.
*p < 0.05, different from vehicle.
1p < 0.0, different from PCP alone.
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FIG. 2. Mean + SEM total social behavior score under all five drug
treatment conditions in Experiment 2.

significant overall treatment effect for pinning others, F(4,
28) = 3.5, p < 0.05; boxing, F(4, 28) = 4.3, p < 0.05;
chasing others, F(4, 28) = 8.8, p < 0.05; face offs, F(4, 28)
= 3.6, p < 0.05; side threats, F(4, 28) = 7.9, p < 0.05;
crawl unders, F(4, 28) = 7.4, p < 0.05; and mounting, F(4,
28) = 19.0, p < 0.05. Planned comparisons indicated that
PCP reduced the frequency of pinning, boxing, chasing, face
offs, side threats, crawling under, and mounting. There was a
significant increase in side threats and mounting in the PCP
plus 0.025 mg/kg HP condition compared to the PCP-alone
condition. There were no significant effects of drug treatment
on being pinned, being mounted, or being chased.

Experiment 3: Amphetamine and Clozapine

The mean = SEM total social behavior score for each con-
dition is shown in Fig. 3. ANOVA revealed that there was a
significant overall treatment effect, F(4, 32) = 144, p <
0.01. Planned comparisons indicated that there was a signifi-
cant reduction in social behavior produced by amphetamine
relative to vehicle treatment, F(1, 32) = 18.8, p < 0.01, but
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FIG. 3. Mean + SEM total social behavior score under all five drug
treatment conditions in Experiment 3 (AMP = amphetamine, CLZ
= clozapine).

no significant differences between amphetamine alone and
amphetamine plus either dose of clozapine. Clozapine alone
did not differ from the effects of vehicle. The analyses of
individual social behaviors are shown in Table 4. ANOVA
revealed a significant overall treatment effect for pinning oth-
ers, F(4, 32) = 10.7, p < 0.01; boxing, F(4, 32) = 5.3,
P < 0.01; chasing others, F(4, 32) = 7.3, p < 0.05; face
offs, F(4, 32) = 12.5, p < 0.05; side threats, F(4, 32) = 5.5,
p < 0.05; crawl unders, F(4, 32) = 4.6, p < 0.05; and
mounting, F(4, 32) = 20.3, p < 0.01. Planned comparisons
indicated that amphetamine reduced the frequency of pinning,
boxing, chasing, face offs, side threats, crawling under, and
mounting. There were no significant increases in any social
behavior in either of the amphetamine plus clozapine condi-
tions compared to the amphetamine-alone condition. There
were no significant effects of drug treatment on being pinned,
being mounted, or being chased.

Experiment 4: Amphetamine and HP

The mean + SEM total social behavior score for each con-
dition is shown in Fig. 4. ANOVA revealed that there was a

TABLE 3

EFFECTS OF DRUG TREATMENTS ON SOCIAL BEHAVIOR OBSERVED IN EXPERIMENT 2
(PCP AND HALOPERIDOL)

PCP + 0.025 PCP + 0.05
Vehicle PCP HP HP HP

Pin 3.9 + 1.7 0.0 + 0.0* 0.8 = 0.7 0.1 + 0.1 3.1 + 0.6
Boxing 35+ 1.3 0.1 + 0.1* 04 + 03 0.0 + 0.0 50+ 1.7
Chase 79 + 2.1 0.2 + 0.2* 20+ 1.3 0.2 + 0.2 5.8 £+ 2.1
Face off 5.0 x 3.9 0.5 + 0.3* 1.0 + 0.4 0.3 £ 0.1 0.6 + 0.1
Side threat 30.1 + 11.5 1.4 + 0.9* 23.5 = 11.7t 3.8 + 1.8 29.6 + 10.4
Crawl under 36.2 + 4.7 5.1 + 1.7* 16.8 + 7.3 8.2 + 3.1 28.6 + 6.0
Mount 37.1 + 5.4 1.1 + 0.3* 15.4 £ 9.2¢ 5.7+ 3.3 35.6 + 6.7
Being pinned 6.1 + 3.0 0.9 + 0.7 1.0 £+ 09 36 +1.9 54+ 1.9
Being chased 13.4 + 3.0 5.4 + 1.9* 6.2+ 19 4.9 + 1.7 13.6 + 3.2
Being mounted 36.0 £ 7.8 23.8 £ 2.6 13,0 £ 24 144 + 3.4 319 + 44

Values are mean + SEM.
*p < 0.05, different from vehicle.
fp < 0.05, different from PCP alone.
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TABLE 4

EFFECTS OF DRUG TREATMENTS ON SOCIAL BEHAVIOR OBSERVED IN EXPERIMENT 3
(AMPHETAMINE AND CLOZAPINE)

Amph + 1.0 Amph + 2.0
Vehicle Amph Cloz Cloz Cloz

Pin 8.0 + 2.0 0.1 + 0.1* 2.1 £ 2.0 04 + 0.2 47 = 0.8
Boxing 6.8 + 2.9 0.6 + 0.5* 0.4 + 0.3 24 + 09 5.0+ 13
Chase 5.1 £ 13 1.7 + 0.8* 0.0 = 0.0 1.1 + 0.7 48 + 1.1
Face off 5.3 + 2.1 0.5 + 0.3* 0.6 + 0.2 1.4 £ 0.5 6.1 £ 0.9
Side threat 496 + 7.1 17.1 + 3.5* 13.1 + 3.7 270 £ 7.5 48.7 + 5.4
Crawl under 26.6 + 4.1 17.6 + 4.0* 9.3+ 19 146 + 3.6 21.2 + 33
Mount 47.0 + 5.3 11.6 + 5.1* 2.8 £ 0.5 16.2 +£ 5.3 341 + 2.4
Being pinned 5.1+ 22 0.7 + 04 2.1 £ 09 45 + 2.7 6.7 + 3.3
Being chased 16.8 + 2.4 10.2 + 1.5 153 + 2.4 132 + 24 124 + 2.4
Being mounted 40.6 + 5.9 342 + 49 32.2 + 5.3 28.4 + 4.6 39.7 £ 6.3

Values are mean + SEM.

*p < 0.05, different from vehicle.

significant overall treatment effect, F(4, 28) = 14.5, p < amine-alone condition. There were no significant effects of

0.01. Planned comparisons indicated that there was a signifi-
cant reduction in social behavior produced by amphetamine
relative to vehicle treatment, F(1, 28) = 37.5, p < 0.01. Al-
though there were no significant differences between amphet-
amine alone and amphetamine plus either dose of HP, the
comparison between amphetamine alone and amphetamine
plus 0.025 mg/kg HP did approach statistical significance,
F(1, 28) = 4.1, p < 0.1. The effects of HP alone did not
differ from the effects of vehicle. The analyses of individual
social behaviors are shown in Table 5. ANOVA revealed a
significant overall treatment effect for pinning others, F(4,
28) = 3.3, p < 0.05; boxing, F(4, 28) = 3.05, p < 0.05;
chasing others, F(4, 28) = 10.3, p < 0.05; face offs, F(4,
28) = 5.8, p < 0.05; side threats, F(4, 28) = 114, p <
0.01; crawl unders, F(4, 28) = 7.2, p < 0.05; and mounting,
F@4, 28) = 10.9, p < 0.05. Planned comparisons indicated
that amphetamine reduced the frequency of pinning, chasing,
side threats, crawling under, and mounting. There was a sig-
nificant increase in side threats and crawl unders in the am-
phetamine plus 0.025 HP condition compared to the amphet-
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FIG. 4. Mean + SEM total social behavior score under all five drug
treatment conditions in Experiment 4 (AMP = amphetamine).

drug treatment on being pinned, being mounted, or being
chased.

DISCUSSION

Amphetamine and PCP produced substantial reductions in
a variety of social behaviors shown by intruder rats, including
pinning, boxing, chasing, face offs, side threats, crawling un-
der other rats, and mounting. These findings are consistent
with previous results showing that amphetamine (4,14) and
PCP (34,35) can reduce social behavior in rats. In general,
PCP and amphetamine did not affect the behaviors directed
towards the intruders by rats in the resident social group,
which is consistent with previous studies on the effects of PCP
in a similar behavioral paradigm (35). Coadministration of
amphetamine and PCP with either clozapine or HP did not
restore normal social behavior. As measured by the total so-
cial behavior score, there were no cases in which clozapine or
HP significantly reversed the effects of amphetamine or PCP.

Despite the fact that clozapine and HP did not restore the
overall pattern of normal social behavior in rats treated with
PCP or amphetamine, there were some instances in which
clozapine and HP did reverse the effects of PCP or amphet-
amine on specific social behaviors. The 2.0 mg/kg dose of
clozapine significantly reversed the effect of PCP on side
threats and mounting behavior. HP injected at a dose of 0.025
mg/kg significantly reversed the effects of PCP on side threats
and mounting, and also reversed the effects of amphetamine
on side threats and crawl unders. It is important to emphasize
that there were some consistent patterns shown by these re-
sults. The same dose of DA antagonist was successful in each
of the cases in which a successful reversal was reported (2.0
mg/kg for clozapine, 0.025 mg/kg for HP; see Tables 2-5).

The effects of PCP on mounting were reversed by both
clozapine and HP. The suppressive effects of PCP and am-
phetamine on side threats were particularly susceptible to re-
versal with DA antagonists, with the only exception being the
inability of clozapine to reverse the effect of amphetamine.
The three behaviors for which some reversal effects were
shown (i.e., side threats, mounting, and crawling under) were
also the three behaviors that were most frequently initiated by
intruder rats.

Overall, the present studies offer a mixed pattern of results.
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TABLE 5

EFFECTS OF DRUG TREATMENTS ON SOCIAL BEHAVIOR OBSERVED IN EXPERIMENT 4
(AMPHETAMINE AND HP)

Amph + Amph +
Vehicle Amph 0.025 HP 0.05 HP HP
Pin 46 + 3.5 0.1 + 0.1* 0.4 + 0.3 0.0 + 0.0 3.1 £ 1.0
Boxing 1.4 + 0.9 0.9 + 0.5 0.6 + 0.5 0.2 + 0.1 3.6 £ 1.1
Chase 48 + 1.2 0.2 + 0.2* 0.9 + 0.6 0.1 £ 0.1 43 + 1.8
Face off 2.1 + 0.8 0.8 £ 0.7 0.0 + 0.0 0.0 £ 0.0 34 £ 0.7
Side threat 32.9 + 10.6 45 £ 1.9* 182 + 7.9t 6.8 £ 2.2 239 + 79
Crawl under 35,0+ 5.5 122+ 19 237 + 521 16.0 + 4.8 26.0 + 4.7
Mount 523+ 87 141 + 9.8* 175 54 8.2 + 3.0 30.8 £ 6.9
Being pinned 3.1+ 1.7 2.9 £ 09 0.0 + 0.0 0.5 + 4.6 4.7 + 2.8
Being chased 98 + 2.6 11.5 + 3.8 8.1 + 1.1 119 + 2.8 8.0 £ 1.2
Being mounted 27.1 + 5.7 285+ 5.8 25.0 + 3.1 29.0 + 4.7 33.1 + 8.6

Values are mean + SEM.
*» < (.05, different from vehicle.

tp < 0.05, different from amphetamine alone.

On the one hand, there was not a general restoration of nor-
mal social behavior produced by the DA antagonists. This
finding is consistent with previous research showing that HP
did not restore normal social interactions that were altered by
administration of amphetamine in monkeys (29-31). Previous
work with rats also has shown that HP did not reverse the
amphetamine-induced suppression of social play behavior in
juveniles (4). Nevertheless, some of the effects of PCP and
amphetamine on individual social behaviors in the present
study were reversed by coaministration of DA antagonists.
The doses of HP used in the present study (0.025-0.05 mg/
kg) were lower than those used in most studies. For the four
cases in which HP did produce reversal effects on individual
behavioral measures, these effects were only seen at the lower
dose of HP, and in each case the higher dose of HP was
ineffective. In addition, it may be that some specific behaviors
(e.g., side threats, mounting, or crawling under) are relatively
more useful than other behaviors for detecting the ability of
DA antagonists to reverse the effects of PCP or amphetamine.
It is possible that reliance on composite scores that include all
social behaviors, or the use of one particular social behavior
such as a pin (4), makes it difficult to detect specific changes
observed only in a few of the social behaviors. Thus, there
may be some advantages to analyzing social behavior data in
terms of each individual behavior type.

It is important to consider why it is difficult to produce a
general reversal of the effects of amphetamine and PCP on
social behavior with coadministration of DA antagonists. Pos-
sibly, neurotransmitters other than DA mediate the effects of
amphetamine and PCP on social behavior. Amphetamine has

actions on other catecholamines as well as DA, and PCP has
a wide variety of pharmacological actions, including effects
as a noncompetitive NMDA antagonist (20,21). Another rea-
son for the general lack of reversal of the effects of amphet-
amine and PCP on social behavior may be that these effects
are due to actions on subtypes of DA receptors that are not
adequately antagonized by low doses of clozapine and HP.
Acute administration of DA antagonists was employed in the
present study, and it is possible that chronic administration,
which is typically used for antipsychotic treatments in hu-
mans, would have been more effective. It also is possible that
normal social behavior depends upon a delicately balanced
level of DA transmission. Evidence indicates that social be-
havior can be disrupted either by overstimulating or blocking
dopaminergic transmission (28). Thus, it appears that there is
a moderate level of dopaminergic transmission that is neces-
sary for the performance of normal social behavior. Clozapine
and HP may have only reversed a small subset of social behav-
iors in amphetamine- or PCP-treated rats because combina-
tions of agonists and antagonists do not precisely restore the
exact balance of dopaminergic transmission upon which the
execution of social behavior depends. In this respect, social
behavior effects may be quite different from some of the mo-
tor effects of stimulant drugs, which are relatively easy to
reverse with DA antagonists (27,28).
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