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Abstract

The effects of cocaine, amperozide, clozapine, olanzapine and cocaine/atypical antipsychotic combinations on aggression, affiliation and
defensive behaviors was examined. Acute cocaine (30.0 mg/kg) decreased basal aggression and affiliation yet increased basal defense.
Amperozide (1.0, 3.0 and 5.0 mg/kg) decreased basal aggression, affiliation and defense had no effect on the cocaine-induced decrease in
affiliation, and accentuated the cocaine-induced decrease in aggression. Near basal levels of defense were observed for animals treated with
either amperozide, clozapine (3.0 and 10.0 mg/kg but not 30.0 mg/kg) or olanzapine followed by cocaine. Clozapine (3.0, 10.0 and 30.0 mg/
kg) decreased basal aggression and affiliation. Clozapine (30.0 mg/kg but not 3.0 or 10.0 mg/kg) decreased basal defense. Clozapine
attenuated the cocaine-induced decrease in aggression. Although 3.0 and 10.0 mg/kg clozapine attenuated the cocaine-induced decrease in
affiliation, 30.0 mg/kg clozapine accentuated this cocaine-induced effect. Olanzapine (1.0, 3.0 and 10.0 mg/kg) decreased basal aggression,
affiliation and defense. Olanzapine had no effect on the cocaine-induced decrease in aggression. Olanzapine (3.0 mg/kg but not 1.0 or 10.0
mg/kg) attenuated the cocaine-induced decrease in affiliation. Thus, acute cocaine administration had an antiaggressive effect, suppressed
affiliative behavior and enhanced defensive behavior. Amperozide, clozapine and olanzapine have anticonflict and anxiolytic effects, as well

as potent and specific antiaggressive effects.
© 2002 Elsevier Science Inc. All rights reserved.
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1. Introduction

Scientists have been searching for pharmacological treat-
ments for a variety of behavioral, psychiatric and neuro-
logical problems including schizophrenia, social anxiety
disorders, depression and addiction. Symptoms characteristic
of schizophrenia fall into two broad categories—positive and
negative. The positive symptoms of schizophrenia include
distortions or exaggerations of inferential thinking (i.e.,
delusions), perception (i.e., hallucinations), language and
communication (i.e., disorganized speech) and behavioral
monitoring (i.e., grossly disorganized or catatonic behavior).
The negative symptoms of schizophrenia include restrictions
in the range and intensity of emotional expression (i.e.,
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affective flattening), in the fluency and productivity of
thought and speech (i.e., alogia), and in the initiation of
goal-directed behavior (i.e., avolition). Social anxiety disor-
ders are characterized by a marked and persistent fear of one
or more social or performance situations in which the person
is exposed to unfamiliar people or to possible scrutiny by
others. And addictions are so varied they have to be described
one class of drug at a time (e.g., alcohol, amphetamines and
other sympathomimetics, caffeine, cannabis, cocaine, hallu-
cinogens, inhalants, nicotine, opiates, phencyclidine and
sedatives, hypnotics or anxiolytics). Depression is also bro-
ken down into different subtypes (American Psychiatric
Association, 1994).

One would not ordinarily think of classifying these
different disease states together for the purpose of studying
the effects of a single compound. These diseases all have
different courses, age of onset and biological substrates.
However, what these disease states have in common, along
with many other psychiatric disturbances, is that they are
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psychological problems with neurobiological bases and with
a social withdrawal component. Invariably animal models of
these diseases are all characterized by a profound social
withdrawal (Gambill and Kurnetsky, 1976; Heyne, 1996;
Isovich et al., 2001; Kantor et al., 2000; Sams-Dodd, 1999;
Schiorring, 1981). Therefore, finding a compound that
addresses the social withdrawal component would be a
useful adjunct therapy if not an effective treatment in and
of itself. Furthermore, not only does cocaine reduce social
interactions in both humans (Brower et al., 1988; Resnick
and Resnick, 1984; Weddington, 1993) and animals (Dar-
mani et al., 1990; Segal and Janowsky, 1978) but parallels to
cocaine-induced behavioral aberrations in humans including
social withdrawal, characterized by social isolation with no
or inappropriate responses to social stimuli, have been
consistently found in a variety of nonhuman animal species
(Schiorring, 1981). Thus, animal models of cocaine-induced
social withdrawal may be useful as behavioral assays for
screening new pharmacological agents to treat a number of
disease states including schizophrenia, social anxiety disor-
ders, depression and addiction.

One purpose of the present experiments is to examine a
compound that may be able to make a contribution to several
different disease states because of its behavioral and phar-
macological profile. The potent 5-HT,, receptor antagonist
and 5-HT uptake inhibitor, amperozide, was originally
developed as a compound administered to pigs (Sus serofa)
following regrouping to decrease aggression and physical
damage (Bjork et al., 1988; Gonyou et al., 1988). In animals,
amperozide treatment leads to a suppression of food-rein-
forced behavior (Arolfo and McMillen, 1999; Egbe et al.,
1990), inhibition of conditioned avoidance responding
(EDso=4.2 mg/kg) (Egbe et al., 1990), blockade of amphet-
amine-induced hyperlocomotion and no effect on amphet-
amine-induced stereotypy (Egbe, 1989; Gustafsson and
Christensson, 1990a). Amperozide does not produce cata-
lepsy (Gustafsson and Christensson, 1990a) had minimal
effects on vacuous jaw movements with chronic administra-
tion (Steinpreis et al., 1998) and had potent antiaggressive
effects on social interactions (Bjork et al., 1988; Gustafsson
and Christensson, 1990b). Amperozide does not produce
sedation even when administered at very high doses
(EDsp>50.0 mg/kg) (Gustafsson and Christensson, 1990b).
Animal studies have indicated that amperozide reduced
volitional alcohol consumption (McMillen et al., 1994;
Myers et al., 1992), alcohol intake in a variety of alcohol-
preferring rat strains (Lankford et al., 1996; Myers and
Lankford, 1996; Myers et al., 1993a; Overstreet et al.,
1997), operant responding for alcohol (Roberts et al.,
1998), volitional cocaine intake (McMillen et al., 1993) and
blocked the rewarding effects of cocaine as measured by the
conditioned place preference paradigm (Jones and McMillen,
1995) without significantly affecting food intake, water
intake, body weight or producing other adverse side effects.
Amperozide’s reduction of alcohol consumption is appa-
rently irreversible (Myers et al., 1993b). Furthermore, animal

studies have indicated that amperozide has antidepressant
effects since amperozide inhibited mouse-killing (muricidal)
behavior (EDso=0.16—2.6 mg/kg) and decreased the dura-
tion of immobility in a behavioral despair test. Amperozide
seems to have anxiolytic effects since amperozide inhibited
isolation-induced fighting (EDsy=1.1-2.2 mg/kg) and
increased punished responding in a conflict test (Gustafsson
and Christensson, 1990b). Thus, amperozide may be a
compound that can make contributions to multiple disease
states, without risk of habit-forming (Rademacher et al.,
2000), overdose or harmful and aversive side effects.

Previous research in our laboratory using a tether para-
digm, in which the movement of one of two rats is restricted
to one-half of an observation chamber via the use of a
harness and flexible metal cord, has demonstrated that
20.0, 25.0 and 30.0 mg/kg doses of cocaine produce social
withdrawal in rats. Additionally, 1.0, 3.0 and 5.0 mg/kg
amperozide injections returned social interactions to near-
control levels when co-administered with a 30.0 mg/kg
cocaine dose. Amperozide administered alone increased
social interactions to above baseline levels. Anecdotal writ-
ten observations made by the observers indicated that
amperozide seemed to induce affiliative behaviors in these
rats (Rademacher et al., 1999). One disadvantage of using a
tether paradigm is that social interactions cannot be broken
down into subcategories (i.e., pins, mounts and grooming)
because: (a) the tether could conceivably interfere with the
proper execution of some of these behaviors and (b) in the
condition in which the freely moving rat is drug-treated, this
rat can and will escape from pins and mounts that would
occur with the untreated, tethered rat. One advantage of a
freely moving paradigm, which was selected for use in the
present set of experiments, is that social interactions can be
broken down into subcategories. The aim of the present set
of experiments is to use the freely moving paradigm to obtain
a global picture of the effects of cocaine, the putative atypical
antipsychotics, amperozide, clozapine and olanzapine, as
well as the effects of cocaine and atypical antipsychotic
combinations on the number of aggressive, affiliative and
defensive behaviors in rats (Rattus norvegicus).

Many of the behavioral effects of the atypical antipsy-
chotic drug, clozapine, which has proven efficacy against
both the positive and negative symptoms of schizophrenia,
are similar to the behavioral effects of amperozide. Cloza-
pine has dramatic antiaggressive effects in schizophrenic
patients, which cannot be explained by sedation (Buckley,
1999; Buckley et al., 1995; Keck et al., 2000; Vesce et al.,
2001; Volavka, 1999). Clozapine inhibited isolation-induced
aggression in male mice (Sanchez et al., 1993) and admin-
istration of a novel antipsychotic compound that appears to
have a clozapine-like profile, S18327, blocked aggression in
isolated mice (Millan et al., 1998). Clozapine administration
resulted in an inhibition of conditioned avoidance respond-
ing (Egbe et al., 1990) and an increase in punished respond-
ing in pigeons (Benvenga and Leander, 1995). Clozapine
(1.25-5.0 mg/kg) administration decreased responding for
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food maintained under a variable-interval 30 (VI 30)
schedule of reinforcement and decreased responding for
food and shock maintained under a fixed-ratio 10 (FR 10)
schedule of reinforcement (Moore et al.,, 1994). These
findings suggests that clozapine has anticonflict effects.
Clozapine accentuated situation-appropriate approach
behavior in mice (Dixon et al., 1994), reversed phencylcli-
dine (PCP)-induced social withdrawal in rats (Corbett et al.,
1995), and reversed the effects of PCP on specific social
behaviors (e.g., side threats and mounting) (Steinpreis et
al., 1994). Clozapine increased social interaction behaviors
between pairs of unfamiliar rats. In the unfamiliar rat
paradigm the novel rat is viewed as serving as an anxio-
genic stimulus. This finding indicates that clozapine has
anxiolytic effects (Corbett et al., 1993). Clozapine attenu-
ated the rewarding effects of cocaine as measured by the
conditioned place preference paradigm (Kosten and Nestler,
1994). In addition, clozapine and amperozide have similar
binding profiles and physiological effects.

Many of the behavioral effects of the second generation
antipsychotic drug, olanzapine, which has proven efficacy
against the positive and negative symptoms of schizophre-
nia, are also similar to the behavioral effects of amperozide.
Olanzapine (0.3125-1.25 mg/kg) administration decreased
responding for food maintained under a VI 30 schedule of
reinforcement and decreased responding for food and shock
maintained under a FR 10 schedule of reinforcement
(Moore et al., 1994). Intramuscular injections of olanzapine
(0.01—-1.0 mg/kg) increased punished responding at doses
below those which had an effect on unpunished responding
(Benvenga and Leander, 1995). These findings suggest that
olanzapine has anticonflict effects. Olanzapine reduces the
symptoms of agitation, hostility and aggression in schizo-
phrenic patients (Bhana et al., 2001; Buckley, 1999; Keck et
al., 2000; Vesce et al., 2001). Olanzapine reversed PCP-
induced social withdrawal and PCP-induced stereotyped
behaviors in rats (Corbett et al., 1993). Olanzapine attenu-
ated the rewarding effects of cocaine as measured by the
conditioned place preference paradigm (Meil and Schechter,
1997). In addition, olanzapine and amperozide have similar
binding profiles and physiological effects.

When two freely moving untreated male rats are placed
in a chamber together they tend to actively seek each other
out and the animals remain in close proximity for long time
periods. Usually, these social interactions between unres-
trained and untreated male conspecifics are affiliative,
characterized by nuzzling, sniffing and huddling (Ewer,
1968). Rat huddling behavior has been viewed as important
for maintaining the cohesion of litters throughout early life,
and it apparently remains a consistent feature of social
behavior of the rat during adulthood (Schank and Alberts,
1997). However, at times, the social behavior of rats is
characterized by aggressive behaviors (Cairns and Scholtz,
1973). The purpose of these experiments was to determine
the effects of cocaine, amperozide, clozapine, olanzapine
and cocaine/atypical antipsychotic combinations on specific

social behaviors that can be characterized as aggressive,
defensive or affiliative in same-sex conspecifics. The fol-
lowing hypotheses were tested in the present study: (a) acute
cocaine (30.0 mg/kg) administration will decrease basal
aggression and affiliation, yet will increase basal defense;
(b) amperozide (1.0, 3.0 and 5.0 mg/kg), clozapine (3.0,
10.0 and 30.0 mg/kg) and olanzapine (1.0, 3.0 and 10.0 mg/
kg) will dose-dependently decrease basal aggression and
defense, yet will dose-dependently increase basal affiliation;
and (c) amperozide, clozapine and olanzapine will accen-
tuate the cocaine-induced decrease in aggression, attenuate
the cocaine-induced decrease in affiliation and attenuate the
cocaine-induced increase in defensive behavior.

2. Method
2.1. Animals

A total of 60 male albino Sprague—Dawley rats weighing
between 300 and 350 g served as subjects for the first,
second and third experiments (Harlan Sprague—Dawley,
Indianapolis, IN). For each experiment, a total of 10 rats
were drug-treated and a total of 10 rats were untreated
conspecifics. All of the rats were housed individually in a
colony room with an ambient temperature of 20 °C and a
12-h light/dark cycle (lights on at 0700 h). All observations
were conducted during the lights on part of the cycle.
Standard rat chow and water were available ad libitum.

2.2. Animal care

The experimental protocol was approved by the Univer-
sity of Wisconsin-Milwaukee Animal Care and Use Com-
mittee. All experiments were carried out in accordance with
the Declaration of Helsinki and with the Guide for the Care
and Use of Laboratory Animals as adopted and promulgated
by the National Institutes of Health.

2.3. Drugs

Amperozide (N-ethyl-4-[4’,4"-bis(p-flouro-phenyl)butyl]-
1-piperazinecarboxamide) was donated by Kabi Pharmacia
Therapeutics (Helsingborg, Sweden) and was dissolved in a
0.9% saline vehicle. The selection of the doses of amper-
ozide (1.0, 3.0 and 5.0 mg/kg) used was based on previous
research in our laboratory indicating that acute amperozide
administration reverses cocaine-induced social withdrawal
(Rademacher et al., 1999) and promotes social cohesion
between pairs of unfamiliar male rats (Rademacher et al.,
2002). Clozapine was purchased from Sandoz Pharmaceut-
ical (St. Louis, MO) and was dissolved in a 0.3% tartaric
acid vehicle. Olanzapine (2-methyl-10-(4-methyl-1-pipera-
zinyl)-4H-thieno[2,3-b][1,5]-benzodiazapine) was pur-
chased from Eli Lilly Laboratories (Indianapolis, IN) and
was dissolved in a 0.9% saline vehicle. The selection of the
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doses of olanzapine (1.0, 3.0 and 10.0 mg/kg) and clozapine
(3.0, 10.0 and 30.0 mg/kg) to be used was based on a
previous study conducted in our laboratory which inves-
tigated the effects of these compounds on locomotion and
balance as assessed by rotorod performance (Steinpreis et
al., 1999). Cocaine hydrochloride was donated by the
National Institute on Drug Abuse (Bethesda, MD) and
was dissolved in a 0.9% saline vehicle. A 30.0-mg/kg dose
of cocaine was used since it produces social withdrawal in
the rat (Rademacher et al., 1999, 2002).

2.4. Apparatus

The observation chamber consisted of a rectangular box
(110 x 32 x 44 cm) with three wooden walls, one Plexiglas
wall and a wire mesh floor.

2.5. Behaviors indicative of aggression

The following aggressive behaviors, adapted from the
literature (Grant, 1963; Grant and MacKintosh, 1963), were
recorded: (a) lateral threatening, which has been operation-
ally defined as an arched-back posture oriented towards and
often includes shoving the other rat, and (b) crawling under
which has been defined as a pushing of the head and
forepart of the body beneath the other rat. The incidences
of lateral threatening and crawling under were recorded and
summed to produce a total aggression score (Taylor, 1976).

2.6. Defensive behavior

The following defensive behaviors were also taken from
the literature (Albonetti and Farabollini, 1993; Albonetti et
al., 1996; Grant, 1963; Grant and MacKintosh, 1963): (a)
lateral defense, in which the animal exposes its flank to the
conspecific. The foreleg facing the conspecific and the head
are withdrawn; (b) upright defense, in which the rat exposes
its belly to the conspecific in a half-erect posture; and (c)
retreating has been defined simply as when the rat moves
away from the conspecific. Incidences of lateral defense,
upright defense and retreating were recorded and summed to
produce a total defensive score.

2.7. Behaviors indicative of affiliation

The following affiliative behaviors were adapted from the
literature (Albonetti and Farabollini, 1993; Albonetti et al.,
1996; Grant, 1963; Grant and MacKintosh, 1963): (a) attend-
ing, in which the animal orients its head, ears and possibly the
whole body toward the conspecific; (b) approaching, during
which the animal moves toward the conspecific; (c) investi-
gating has been defined as sniffing the conspecific’s body,
excluding the ano-genital area; and (d) ano-genital sniffing
has been defined as sniffing the conspecific’s ano-genital
region. Incidences of attending, approaching, investigating
and ano-genital sniffing were recorded and summed to

produce a total affiliation score (Albonetti and Farabollini,
1993; Albonetti et al., 1996).

2.8. Procedure

In all three experiments, both rats were freely moving at all
times. The dose of cocaine was held constant throughout.
There were eight drug conditions in the first and third
experiments and nine drug conditions in the second experi-
ment. In all three experiments, all injections were intraper-
itoneal and the drug-treated animals were given either one of
the eight or one of the nine drug combinations once each
week in accordance with a Latin square design. Only one rat
in each pair ever received any drug. In other words, untreated
conspecifics did not subsequently serve as drug-treated
animals. The drug-treated rats were placed with a different
untreated conspecific for either each of the eight or each of the
nine observations. In all three experiments, on test days, drug-
treated rats received two intraperitoneal injections. In the first
experiment, the first injection was either saline or ampero-
zide. One hour later, these same rats received a second
injection (either saline or 30.0 mg/kg cocaine). In the second
experiment, the first injection was either tartaric acid, saline
or clozapine. One hour later, these same rats received a
second injection (either tartaric acid, saline or 30.0 mg/kg
cocaine). In the third experiment, the first injection was either
saline or olanzapine. One hour later, these same rats received
a second injection (either saline or 30.0 mg/kg cocaine). For
all experiments, immediately after the second injection, the
drug-treated rat was marked with nontoxic magic marker to
promote observer identification and was placed at the oppos-
ite end of the observation chamber relative to an untreated
conspecific stimulus rat. The rats’ social behavior was video-
taped via a camcorder (Model SK-F100, Toshiba, Tokyo,
Japan) for 20 min. Later, two trained observers, blind to the
drug and dose received, reviewed the videotaped sessions and
recorded incidences of specific social behaviors.

2.9. Statistical analysis

Repeated-measures analysis of variance (ANOVA) was
used to determine if there was a significant change in the
number of behaviors classified as aggressive, defensive or
affiliative. Post-hoc Tukey’s HSD comparisons were used to
determine if there was a significant change in the incidence of
each class of behavior relative to either the control condition
or the cocaine only condition. An « level of .05 was used for
all statistical tests.

3. Results
3.1. Experiment 1

Repeated-measures ANOVA revealed a main effect for
incidence of behavior, F(2,144)=317.660, P<.001, a main
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Fig. 1. Acute administration of cocaine (30.0 mg/kg) decreased the basal
level of aggression and affiliation, and increased the basal level of defensive
behavior: * P<.01, Tukey’s HSD comparisons.

effect for treatment condition, F(7,72)=6.315, P<.001, and
a significant interaction, F(14,144)=7.901, P<.001. Post-
hoc Tukey’s HSD comparisons revealed that acute cocaine
(30.0 mg/kg) administration decreased the basal level of
aggression and affiliation yet increased the basal level of
defensive behavior (P’s<.01). Amperozide (1.0, 3.0 and
5.0 mg/kg) pretreatment decreased the basal level of aggres-
sion (P’s<.01) and defensive behavior (P’s<.01). Pretreat-
ment with 3.0 and 5.0 mg/kg amperozide (P’s<.01) but not
1.0 mg/kg amperozide (P>.05) decreased the basal level of
affiliation. Amperozide (1.0, 3.0 and 5.0 mg/kg) accentuated
the cocaine-induced decrease in aggression (P’s<.01).
Amperozide (1.0, 3.0 and 5.0 mg/kg) had no effect on the
cocaine-induced decrease in affiliation (P’s>.05). Near
basal levels of defensive behavior were observed for ani-
mals that were treated with amperozide (1.0, 3.0 and 5.0 mg/
kg) followed by cocaine (P’s>.05). These data are illus-
trated in Figs. 1-7.
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Fig. 2. Amperozide (1.0, 3.0 and 5.0 mg/kg), clozapine (3.0, 10.0 and 30.0
mg/kg) and olanzapine (1.0, 3.0 and 10.0 mg/kg) decreased the basal level
of aggression.
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Fig. 3. A significant decrease in the level of aggression induced by a high
dose of cocaine (30.0 mg/kg) was attenuated by 3.0 and 10.0 mg/kg but not
30.0 mg/kg clozapine. Amperozide (1.0, 3.0 and 5.0 mg/kg) accentuated the
cocaine-induced decrease in the number of aggressive behaviors. Olan-
zapine (1.0, 3.0 and 10.0 mg/kg) had no effect on the cocaine-induced
decrease in the level of aggression.

3.2. Experiment 2

Repeated-measures ANOVA revealed a main effect for
incidence of behavior, F(2,162)=728.835, P<.001, a main
effect for treatment condition, F(8,81)=20.531, P<.001,
and a significant interaction, F(16,162)=17.790, P<.001.
Post-hoc Tukey’s HSD comparisons revealed that acute
cocaine (30.0 mg/kg) administration decreased the basal
level of aggression and affiliation yet increased the basal
level of defensive behavior (P’s<.01). Clozapine (3.0, 10.0
and 30.0 mg/kg) pretreatment decreased the basal level of
aggression (P’s<.01). Pretreatment with 10.0 and 30.0 mg/
kg clozapine (P’s <.01) but not 3.0 mg/kg clozapine ( P>.05)
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Fig. 4. Amperozide (3.0 and 5.0 mg/kg but not 1.0 mg/kg), clozapine (10.0
and 30.0 mg/kg but not 3.0 mg/kg) and olanzapine (1.0, 3.0 and 10.0 mg/
kg) decreased the basal level of affiliation.
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Fig. 5. The effects of amperozide, clozapine and olanzapine on a cocaine-
induced decrease in the level of affiliation. Amperozide (1.0, 3.0 and 5.0
mg/kg) and olanzapine (1.0 and 10.0 mg/kg) had no effect on a decrease in
affiliation induced by a high dose of cocaine (30.0 mg/kg). A cocaine-
induced decrease in the level of affiliation was attenuated by 3.0 and 10.0
mg/kg clozapine and 3.0 mg/kg olanzapine. A cocaine-induced decrease in
the level of affiliation was accentuated by 30.0 mg/kg clozapine.

decreased the basal level of affiliation. Pretreatment with
30.0 mg/kg clozapine (P<.01) but not 3.0 or 10.0 mg/kg
clozapine (P’s>.05) decreased the basal level of defensive
behavior. The cocaine-induced decrease in aggression was
attenuated by 3.0 and 10.0 mg/kg clozapine (P’s>.05) but not
30.0 mg/kg clozapine (P<.01). The cocaine-induced
decrease in affiliation was attenuated by 3.0 and 10.0
clozapine ( P’s>.05) yet accentuated by 30.0 mg/kg clozapine
(P<.01). Near basal levels of defensive behavior were
observed for animals that were treated with 3.0 and 10.0
mg/kg clozapine (P’s>.05) but not 30.0 mg/kg clozapine
(P>.01) followed by cocaine. These data are illustrated in
Figs. 1-7.
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Fig. 6. Amperozide (1.0, 3.0 and 5.0 mg/kg), clozapine (30.0 mg/kg but not
3.0 and 10.0 mg/kg) and olanzapine (1.0, 3.0 and 10.0 mg/kg) decreased the
basal level of defensive behaviors.
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Fig. 7. Effects of amperozide, clozapine and olanzapine on a cocaine-
induced increase in the number of defensive behaviors. Near baseline levels
of defensive behaviors were observed for animals treated with either
amperozide (1.0, 3.0 and 5.0 mg/kg), clozapine (3.0 and 10.0 mg/kg but not
30.0 mg/kg) or olanzapine (1.0, 3.0 and 10.0 mg/kg) followed by 30.0 mg/
kg cocaine.

3.3. Experiment 3

Repeated-measures ANOVA revealed a main effect for
incidence of behavior, F(2,144)=174.424, P<.001, a main
effect for treatment condition, F(7,72)=2.540, P<.05, and
a significant interaction, F(14,144)=4.242, P<.001. Post-
hoc Tukey’s HSD comparisons revealed that acute cocaine
(30.0 mg/kg) administration decreased the basal level of
aggression and affiliation yet increased the basal level of
defensive behavior (P’s<.01). Olanzapine (1.0, 3.0 and
10.0 mg/kg) pretreatment decreased the basal level of
aggression, affiliation and defensive behavior (P’s<.0l).
Olanzapine (1.0, 3.0 and 10.0 mg/kg) had no effect on the
cocaine-induced decrease in aggression (P’s>0.05). Treat-
ment with 3.0 mg/kg olanzapine attenuated the cocaine-
induced decrease in affiliative behaviors ( P>.05). Treatment
with 1.0 and 10.0 mg/kg olanzapine had no effect on the
cocaine induced-decrease in affiliation (P’s>.05). Near
baseline levels of defensive behavior were observed for
animals that were treated with olanzapine (1.0, 3.0 and 10.0
mg/kg) followed by cocaine (P’s>.05). These data are
illustrated in Figs. 1-7.

4. General discussion

Administration of 30.0 mg/kg cocaine decreased the basal
level of aggression. This result is consistent with the finding
that cocaine administration resulted in a dose-dependent
decrease in intruder-evoked aggression in isolated and non-
isolated mice (Miczek and O’Donnell, 1978). The atypical
antipsychotics, amperozide, clozapine and olanzapine,
decreased the basal level of aggression. The finding that
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amperozide decreased the basal level of aggression and
accentuated a cocaine-induced decrease in aggression is
consistent with the finding that amperozide had a potent
inhibitory effect on muricidal behavior, exerted an inhibitory
effect on fighting between pairs of isolated mice (Gustafsson
and Christensson, 1990b) and resulted in a potent antiag-
gressive effect on pig social behavior (Bjork et al., 1988;
Gonyou et al., 1988). The finding that clozapine and olan-
zapine decreased the basal level of aggression and olanza-
pine had no effect on the cocaine-induced decrease in
aggression is consistent with specific antiaggressive effects
with minimal motor impairment reported in animals (Gar-
mendia et al., 1992; Rewerski et al., 1979) and humans
(Bhana et al., 2001; Buckley, 1999; Buckley et al., 1995;
Fava, 1997; Keck et al., 2000; Ratey et al., 1993; Vesce et al.,
2001). The finding that 3.0 and 10.0 mg/kg but not 30.0 mg/
kg clozapine attenuated the cocaine-induced decrease in
aggression is consistent with the findings of others. Cloza-
pine inhibited isolation-induced aggression in male mice
(Sanchez et al., 1993) and Dixon et al. (1994) reported that
clozapine administered to presumably nonaggresive mice
later exposed to aggressive conspecifics resulted in increased
levels of aggression in the clozapine-treated mice. Based on
the results of Dixon et al. (1994), we predict that clozapine
administered to aggressive mice later exposed to a non-
aggressive conspecific would result in decreased levels of
aggression in the clozapine-treated mice. However, we
hypothesize that clozapine administered to aggressive mice
later exposed to a nonaggressive conspecific would result in
decreased levels of aggression in the clozapine-treated mice.
Thus, we hypothesize that the effects of clozapine on
aggression are dose-dependent, which is supported by our
results, as well as context-dependent.

Acute cocaine (30.0 mg/kg) administration significantly
decreased the number of affliative behaviors. This finding is
consistent with a report of a cocaine-mediated suppression
of social affiliative behaviors in monkeys (Macuca fascata)
(Crowley et al., 1992). Administration of amperozide (3.0
and 5.0 mg/kg but not 1.0 mg/kg), clozapine (10.0 and 30.0
mg/kg but not 3.0 mg/kg) and olanzapine decreased the
basal level of affiliation. Amperozide and 1.0 and olanza-
pine (1.0 and 10.0 mg/kg) had no effect on the cocaine-
induced decrease in affiliation. Although 3.0 and 10.0 mg/
kg clozapine and 3.0 mg/kg olanzapine attenuated the
cocaine-induced decrease in affiliation, 30.0 mg/kg cloza-
pine accentuated this cocaine-induced effect. In this free
moving paradigm, the novel (i.e., unfamiliar) rat is viewed
as serving as an anxiogenic stimulus (Corbett et al., 1993).
Thus, the findings that administration of 3.0 and 10.0 mg/kg
clozapine and 3.0 mg/kg olanzapine attenuated the cocaine-
induced decrease in affiliation is consistent with the findings
that clozapine and olanzapine have anticonflict and anxio-
lytic effects (Benvenga and Leander, 1995; Corbett et al.,
1993; Moore et al., 1994). However, near baseline levels of
affiliation were not observed regardless of the dose of
atypical antipsychotic administered. Given that the presence

of an unfamiliar (novel) conspecific rat serves as an anxio-
genic stimulus (Corbett et al., 1993) and cocaine is also an
anxiogenic stimulus (Crowley et al., 1992; Geracioti and
Post, 1991), it is hypothesized that these two conditions
acted synergistically rather than additively to produce a
level of social withdrawal with a marked decrease in the
number of affiliative behaviors that the antipsychotic com-
pounds, amperozide, clozapine and olanzapine, were unable
to overcome.

Acute cocaine (30.0 mg/kg) administration significantly
increased the number of defensive behaviors. A cocaine-
induced increase in basal defensive behaviors is consistent
with reports that acute cocaine administration enhanced a
number of defensive behaviors, including flight and escape
(Blanchard and Blanchard, 1999; Herbert et al., 1999). For
instance, intravenous administration of cocaine resulted in
an initial flight response that peaked at approximately 5 min
postinfusion and declined significantly by 15 min post-
infusion. However, heightened defensiveness, as measured
by avoidance, escape, immobility and upright defense,
persisted for at least 30 min, suggesting prolonged, residual
effects of cocaine on a variety of defensive behaviors
(Herbert et al., 1999). Although the underlying mechanism
for the effect of cocaine on defensive behavior is not known,
there is some evidence suggesting that activation of the
hypothalamus—pituitary—adrenal (HPA) axis is necessary
for the development of cocaine-induced stereotypy in rats
(Marinelli et al., 1997; Prather and Lal, 1992). Thus, it is
possible that circulating corticosteroids may have played a
permissive role in the cocaine-induced increase in the
number of defensive behaviors observed.

The finding that cocaine administration resulted in an
increase in the number of defensive behaviors is consistent
with clinical reports of panic and anxiety associated with
cocaine use in humans (Crowley et al., 1992; Geracioti and
Post, 1991). Results of preclinical pharmacological studies
suggest that flight and escape responses may be useful
indicators of panic. For instance, panicogenic compounds
such as yohimbine selectively potentiate flight and escape
behaviors in mice (Blanchard et al., 1993), whereas pan-
icolytic drugs reduce flight and escape behavior in mice
(Griebel et al., 1995a,b). Additionally, cocaine administra-
tion resulted in an initial flight response that had a sudden
onset but was short-lasting. Thus, the temporal character-
istics of the flight response parallel those of panic/anxiety
attacks in humans. The longer lasting increases in other less
intense defensive behaviors suggests a period of residual
hyperdefensiveness following the peak “panic” episodes,
which is typical of residual anxiety following panic attacks
in humans (Herbert et al., 1999). Therefore, the present
findings are consistent with the view that acute cocaine
administration has potent effects on defensive behaviors in
rats and that these effects may be related to cocaine-
associated panic and/or anxiety-related disorders in humans.

It is proposed that the cocaine-induced increase in the
number of defensive behaviors is, in fact, due to cocaine, at
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this dose, acting as an anxiogenic/panicogenic stimulus. The
finding that near baseline levels of defensive behaviors were
observed for animals treated with either amperozide, cloza-
pine (3.0 and 10.0 mg/kg but not 30.0 mg/kg) or olanzapine
followed by cocaine is consistent with reports that amper-
ozide, clozapine and olanzapine have anticonflict and anx-
iolytic effects. Hence, these findings are consistent with the
report that amperozide exerted an inhibitory effect on fight-
ing between pairs of isolated mice, increased punished
responding in Vogel’s conflict test and increased the time
spent in the open arms in Vogel’s elevated plus maze (Engel
et al., 1986, 1989). Moreover, these findings are consistent
with the report that both clozapine and olanzapine decreased
responding for food maintained under a VI 30 schedule of
reinforcement and decreased responding for food and shock
maintained under a FR 10 schedule of reinforcement
(Moore et al., 1994) as well as the report that clozapine
and olanzapine administration resulted in an increase in
punished responding (Benvenga and Leander, 1995).

In summary, acute cocaine administration resulted in
decreases in the number of aggressive and affiliative
behaviors and increases in the number of defensive behav-
iors. The latter finding is consistent with clinical reports of
panic and anxiety associated with cocaine use in humans. It
is possible that circulating corticosteroids may have played
a permissive role in the cocaine-induced increase in the
number of defensive behaviors observed. Amperozide,
clozapine and olanzapine decreased the basal level of
aggression. This finding is consistent with reports of
specific antiaggressive effects of these compounds in ani-
mal models, as well as in humans. Whereas olanzapine had
no effect on a cocaine-induced decrease in aggression,
amperozide accentuated this cocaine-induced effect and
clozapine (3.0 and 10.0 mg/kg but not 30.0 mg/kg)
attenuated the cocaine-induced decrease in aggression. We
hypothesize that clozapine has dose-and context-dependent
effects on aggression. Despite the fact that 10.0 and 30.0
mg/kg clozapine and 3.0 mg/kg olanzapine attenuated the
cocaine-induced decrease in affiliative behaviors, near
baseline levels of affiliation were not observed regardless
of the dose of atypical antipsychotic administered. Given
that the presence of an unfamiliar (novel) conspecific rat
serves as an anxiogenic stimulus and cocaine is also an
anxiogenic stimulus, it is hypothesized that these two
conditions acted synergistically rather than additively to
produce a level of social withdrawal with a marked
decrease in the number of affiliative behaviors that the
antipsychotic compounds, amperozide, clozapine and olan-
zapine, were unable to overcome. The finding that near
baseline levels of defensive behaviors were observed for
animals treated with either amperozide, clozapine (3.0 and
10.0 mg/kg but not 30.0 mg/kg) or olanzapine followed by
cocaine is consistent with reports that amperozide, cloza-
pine and olanzapine have anticonflict and anxiolytic effects.
Thus, acute administration of a high dose of cocaine (30.0
mg/kg) had an antiaggressive effect, supressed affiliative

behavior and enhanced defensive behavior perhaps due to
its panicogenic and anxiogenic effects. The results of the
present study contribute to the body of evidence suggesting
that amperozide, clozapine and olanzapine have anxiolytic
and anticonflict effects, as well as potent and specific
antiaggressive effects. The results of the present study,
when taken in combination with the existing literature,
suggest that amperozide, clozapine and olanzapine are
perhaps best viewed as multipurpose compounds that
may be able to make contributions to multiple disease
states that included marked social withdrawal including
schizophrenia, social anxiety disorder, depression and
addiction, without risk of habit-forming, overdose or harm-
ful and aversive side effects.
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