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WHITE, 1. M., M. T. CIANCONE, J. L. HARACZ AND G. V. REBEC. A lever-release version of the conditioned avoidance
response paradigm: Effects of haloperidol, clozapine, sulpiride, and BMY-14802. PHARMACOL BIOCHEM BEHAYV 41(1) 29—
35, 1992.—Rats trained on a lever-release version of the conditioned avoidance response (CAR) task were used to test the behav-
ioral effects of established and putative antipsychotic drugs. Baseline CAR latencies decreased as the conditioned-unconditioned
stimulus interval was shortened from 500 to 250 ms. Haloperidol, clozapine, and BMY-14802 decreased successful avoidance
responses and increased avoidance latencies in a dose-dependent manner without affecting the latency of escape responses. In
contrast, sulpiride failed to affect either successful avoidance response rates or avoidance latency. Sulpiride, however, signifi-
cantly attenuated d-amphetamine-induced locomotion and rearing compared to vehicle-treated controls. Similar effects of these
antipsychotics have been reported on shuttlebox avoidance, and these results now are confirmed in a CAR paradigm that achieves
greater control over behavior. Because this paradigm elicits a discrete forelimb response without activating numerous muscle
groups, it is potentially useful as a tool for examining neuronal mechanisms underlying the behavioral effects of antipsychotic

drugs.
Amphetamine BMY-14802 Clozapine Conditioned avoidance response Haloperidol Lever release
Stereotypy Sulpiride

THE conditioned avodance response (CAR) task, in which an
animal must respond to a conditioned stimulus (CS) in order to
avoid an aversive event, has become a useful behavioral screen
in the development of antipsychotic drugs (4,5). These drugs
disrupt CAR performance at doses that correlate closely with
their antipsychotic potency (1,16). This disruption presumably
reflects a blockade of dopamine transmission since CAR perfor-
mance requires an intact dopaminergic projection to the forebrain
(14) and virtually all antipsychotics are known to block D2 do-
pamine receptors in various forebrain regions (3,18).

In most versions of the CAR task, rats learn to avoid foot-
shock by moving from one shuttlebox compartment to another
during presentation of a CS that is often compound in nature
(e.g., light and tone). The prolonged CS typically elicits long-
latency (=5 s) locomotor avoidance responses, which involve
numerous neural systems and muscle groups. Although effective
for screening new antipsychotic drugs, this avoidance paradigm
is not well suited for studying underlying neural substrates. Such
an analysis is best carried out with procedures that evoke a lim-
ited set of movements mediated by a relatively small group of
neural circuits (12,36). This requirement has been met in a
modified version of the CAR task, in which a brief, auditory
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CS elicits a discrete, short-latency motor response. In this para-
digm, rats are trained to perform a CAR consisting of a lever
release shortly after CS onset in order to avoid footshock (20,
27, 35). This task elicits a rapid forelimb response without re-
quiring activation of numerous muscle groups, thus simplifying
the underlying neural circuitry.

The lever-release CAR task also is extremely responsive to
changes in dopamine transmission. A unilateral dopamine loss
in the neostriatum of only 15%, for example, is sufficient to im-
pair performance on this task (28). Performance also is affected
by slight, natural variations in neostriatal dopamine-receptor
density (35). Thus, to the extent that antipsychotics interfere
with dopamine transmission, the lever-release CAR task should
provide a sensitive index of antipsychotic drug-induced behav-
ioral effects.

In this study, we tested several drugs on the lever-release
CAR task as a basis for subsequent research on the peural
mechanisms underlying antipsychotic drug-induced behavioral
effects. We assessed the effects of both classical and atypical
antipsychotic drugs, including haloperidol, a nonselective dopa-
mine antagonist, and clozapine, an atypical antipsychotic with a
broad range of action on several neurotransmitter systems. We
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also tested sulpiride, a selective D2 antagonist, and BMY-
14802, a recently developed sigma ligand that may represent a
new generation of antipsychotic agents (26,30). Sulpiride also
was tested for its ability to reverse amphetamine-induced behav-
ioral responses in an open-field situation.

METHOD
Subjects

A total of 65 male, Sprague-Dawley rats, weighing between
300400 g at the start of the experiment, served as subjects. All
animals were housed individually under standard laboratory con-
ditions and were maintained on a 12-h light/dark cycle with light
on at 0700.

Drugs

Haloperidol HCl (McNeil), clozapine (Sandoz), (—)-sulpir-
ide HC1 (RBI), (+)-sulpiride HCI (RBI), and BMY-14802 (Bris-
tol Myers) were mixed in a solution of 5% tartaric acid.
d-Amphetamine sulfate (Sigma) was mixed in 0.9% saline and
expressed as the free base. Doses of all other drugs were ex-
pressed as the salt. All drugs tested on CAR were administered
intraperitoneally (IP). d-Amphetamine was administered subcu-
taneously (SC).

CAR Apparatus

Animals were tested on the level-release CAR task in an op-
erant chamber (25X 30 cm with a height of 35 ¢cm). A sound
generator (Cutler-Hammer), which delivered the auditory stimu-
lus (96 dB click), was mounted 10 cm above the chamber.
Eighteen grid bars on the floor of the chamber were connected
to a neon grid scrambler (Lafayette, model 58020) and a shock
generator (Lafayette, model 82400). The operant chamber and
auditory-stimulus generator were placed in a sound-attenuating
box equipped with a houselight (7.5 W). A lever, 4.5 cm by
2.5 cm, was mounted 6.5 cm above the chamber floor.

Delivery of both the auditory stimulus and the footshock (2
mA, square wave, 1-s maximum duration) was controlled by an
IBM-XT compatible computer (PC limited) via an interface
board. Behavioral output information (the presence or absence
of the response as well as its latency) was sent to the computer
and recorded automatically [see (17)].

CAR Procedure

Initially, subjects were trained by successive approximations
to depress the lever with a forepaw to escape footshock. Ani-
mals learned this response within 10-20 min. Once this response
was learned, animals received the auditory CS followed by foot-
shock, which served as the unconditioned stimulus (US). To
avoid the shock, animals were required to make a rapid forepaw
withdrawal response during the CS-US interval (interstimulus
interval, ISI). The number of trials was increased gradually over
5 sessions from 25 to 50 trials per session. Only one training
session was administered per day. The time between trials (in-
tertrial interval, ITI) was 12-15 s. If an animal did not depress
the lever during the ITI, a brief shock was administered 3-5
seconds after the ITI. This always induced animals to press the
lever. These inducing shocks were rarely given, however, be-
cause most trained animals depressed the lever within a few sec-
onds of release.

All subjects were trained with an ISI of 500 ms. When they
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FIG. 1. Effect of interstimulus interval (ISI) on percent avoidance and
average avoidance latency during baseline testing. In this and other fig-
ures, brackets represent the SEM [p<<0.02: 500 ms ISI (n=10) vs. 250
ms ISI (n=10)]. An asterisk denotes a significant difference between
the 250 and 500 ms ISI conditions.

were able to avoid shock at least 80% of the time for 5 or more
consecutive sessions, the animals were ready to begin the drug
phase. Ten to 15 sessions were required to reach this criterion.
Some animals were trained further to achieve the same rate of
avoidance at an ISI of 250 ms before the drug phase began.

During the drug phase, which spanned several weeks, sub-
jects received (IP) either haloperidol (0.00, 0.01, 0.05, 0.10,
0.25, and 0.50 mg/kg), clozapine (0.00, 0.5, 1.0, 2.5, and 5.0
mg/kg). (—)-Sulpiride (0.00, 0.5, 1.0, 2.5, 5.0, and 20.0 mg/
kg), (*)-sulpiride (0.00, 50.0, and 100.0 mg/kg), or BMY-
14802 (0.00, 1.0, 2.5, 5.0, and 10.0 mg/kg). A dose of 0.00
mg/kg indicates the vehicle injection. Doses were administered
in counterbalanced order. At least 4 days elapsed between drug
injections to prevent cumulative drug effects. On a drug-test day,
subjects received 50 predrug trials. If performance was 80% or
better, subjects received a single drug injection. Thirty min after
injection, a total of 50 postdrug trials was given. Before the next
drug-test day, animals were required to perform at least three
80%-successful nondrug sessions. In some cases, an animal was
tested with more than one drug, but when this occurred, a 4-6-
week recovery period (no drugs, no training) intervened before
subsequent retraining and drug testing. During each drug trial,
we monitored successful avoidance rate and the latency of the
avoidance response (i.e., time to release the lever following CS
onset). On unsuccessful trials, we calculated escape latency (i.e.,
time to release the lever after US onset).

To facilitate group comparisons, data were expressed as the
drug-induced percent change in performance from the baseline
session immediately before drug injection. Change in percent
avoidance [100% X (number of successful avoidances/total num-
ber of trials)] was expressed as either a decrease or an increase
following drug administration compared to the baseline. Avoid-
ance latency was calculated by averaging the latencies of all
successful avoidance responses in a given session. Percent change
in avoidance latency [100% X ([postdrug avoidance latency —
baseline avoidance latencyl/baseline avoidance latency)] also was
calculated. These results were analyzed with a one-way repeated
measures analysis of variance (ANOVA), followed by post hoc
comparisons performed with the Bonferroni method. To mini-
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FIG. 2. Effect of haloperidol (0.01-0.50 mg/kg, IP) on percent avoidance and percent
avoidance latency at 250 ms (top; n=10) and 500 ms (bottom; n=10) ISI. Values are
expressed as percent change from baseline. Overall group differences were tested by
using repeated measures ANOVAs (p<<0.001). The mean percent avoidance and avoid-
ance latencies (ms) during pre- and postdrug trials are depicted in the graphs on the
right. Asterisks denote significant differences compared to the vehicle-treated control
group after a Bonferroni post hoc comparison (top: p<<0.005; bottom: p<<0.003).

mize session variability, the first 10 trials during the pre- and
postdrug sessions were not included for analysis.

Amphetamine-Induced Behavioral Response

Animals were placed individually in wire-bottomed, Plexiglas
observation chambers (32X 32 cm with a height of 35 cm) and
housed overnight under standard laboratory conditions. On the
following day, the animals received (IP) either 20.0 mg/kg (—)-
sulpiride, 50.0 or 100.0 mg/kg (=)-sulpiride, or vehicle fol-
lowed 10 min later by 1.0 mg/kg d-amphetamine (SC). All
animals were used only once. Behavior was observed continu-
ously for 2-min intervals between 10 to 70 min after amphet-
amine administration. Individual items of behavior, including
locomotion, rearing, sniffing, and repetitive head movements,
were rated according to their intensity (0 =not present, 1 =mild,
2=moderate, 3 =extreme) and duration (1=discontinuous,
2 = continuous) during each 2-min interval. These ratings, which
were multiplied to yield a single value (e.g., the maximum score
at each interval was 6), are sensitive to changes in the amphet-

amine-induced behavioral response produced by antipsychotic
drugs (23,29). Average scores per 2-min interval were analyzed
with a one-way ANOVA and Tukey HSD post hoc comparison.

RESULTS
Effect of ISI and Haloperidol on CAR

Rats were trained with an ISI of either 500 or 250 ms and
then challenged with haloperidol (0.01-0.50 mg/kg). Baseline
percent avoidance was approximately 94% at both ISIs. The la-
tency of avoidance responses, however, differed significantly
with IS], F(1,9)=8.66, p<<0.02: the shortest ISI produced the
shortest latency responses (Fig. 1). Haloperidol produced a sig-
nificant dose-dependent decline in successful avoidances at an
ISI of either 500, F(5,45)=115.44, p<0.001, or 250 ms,
F(4,36)=9.56, p<<0.001 (Fig. 2). Pairwise comparisons with
vehicle injections revealed a significant effect of the two highest
doses tested at either ISI. A significant increase in avoidance la-
tency, however, occurred only at the longest ISI, F(5,45)=9.39,
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FIG. 3. Effect of clozapine, (0.5-5.0 mg/kg; n=6) and BMY-14802 (1.0-10.0 mg/kg;
n=7) on percent avoidance and percent avoidance latency at 500 ms ISI. Values are
expressed as percent change from baseline. Overall group differences were tested by
using repeated-measures ANOVAs (see the Results section for details). The mean per-
cent avoidance and avoidance latencies (ms) during pre- and postdrug trials are de-
picted in the graphs on the right. Asterisks denote significant differences compared to
the vehicle-treated control group after a Bonferroni post hoc comparison (p<<0.005).

p<0.001, and pairwise comparisons indicated a significant ef-
fect of 0.25 and 0.50 mg/kg compared to vehicle.

Doses of haloperidol that produced a significant increase in
avoidance latency (0.25 and 0.50 mg/kg) failed to alter the la-
tency of escape responses. Escape latencies at these doses typi-
cally ranged between 50 and 65 ms, which were similar to
baseline values (49 to 69 ms). In both baseline and haloperidol-
treatment conditions, rats reliably escaped shock on trials with
avoidance failures, #(18)= —0.28, p>0.05 for 0.25 mg/kg; #(18) =
0.97, p>0.05 for 0.50 mg/kg.

Effect of Clozapine and BMY-14802 on CAR

Like haloperidol, clozapine and BMY-14802 lowered the
percentage and increased the latency of successful avoidance re-
sponses at an ISI of 500 ms (Fig. 3). Clozapine (0.5-5.0 mg/
kg) produced a significant dose-dependent decrease in percent
successful avoidance, F(4,20)=8.59, p<0.001, and a significant
increase in latency, F(4,20)=3.27, p<<0.05. Post hoc compari-
sons showed that compared to vehicle injections, both 2.5 and
5.0 mg/kg clozapine significantly impaired avoidance rate, whereas
only the highest dose significantly affected latency. BMY-14802
(1.0-10.0 mg/kg) produced comparable changes in avoidance

rate, F(4,24)=11.47, p<0.001, and latency, F(4,24)=16.71,
p<0.001. Pairwise comparisons with vehicle injections revealed
a significant effect of the highest dose of BMY-14802 on both
measures. Like haloperidol, however, neither clozapine, #(10)=
0.48, p>0.05 for 2.5 mg/kg; #(10)= —0.33, p>0.05 for 5.0
mg/kg, nor BMY-14802, #(12)=0.67, p>0.05, altered escape
latency.

Effect of Sulpride on CAR

(—)-Sulpiride (0.5-20.0 mg/kg) failed to alter either percent
avoidance, F(5,25)=1.62, p>0.05, or response latency, F(5,25)=
0.93, p>0.05, nor was there a trend toward a change even at
the highest dose tested (Fig. 4). These measures were similarly
unaffected by (= )-sulpiride, though at a dose of 100 mg/kg
avoidance responding became highly variable (Fig. 4). At this
dose, the majority of animals draped themselves across the lever
with eyes closed and showed a marked lack of spontaneous
movement between trials. Neither (—)- nor (= )-sulpiride altered
escape rates and latencies [e.g., mean escape latencies for base-
line and 100 mg/kg ( +)-sulpiride conditions were 54 and 64 ms,
respectively]. Because it has been reported that sulpiride impairs
CAR performance gradually, peaking at 4 to 6 h after injection
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FIG. 4. Effect of (—)-sulpiride (0.5-20.0 mg/kg; n=6) and (= )-sulpiride (50.0 and 100.0
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expressed as percent change from baseline. The mean percent avoidance (top) and avoidance
latencies (bottom) during pre- and postdrug trials are depicted in the graphs on the right. Re-
peated-measures ANOVAs revealed no significant differences.

(1), we tested 4 animals at 4 h after administration of 50.0
mg/kg (*)-sulpiride. Under these conditions, neither avoidance
rate, #(6)= —0.56, p>0.05, nor latency, #6)= —0.35, p>0.05,
was affected.

Sulpiride-Induced Changes in the Behavioral Response to
Amphetamine

Because of the lack of a consistent effect of either (—)- or
(*+)-sulpiride on CAR performance, we assessed the ability of
these drugs to block the open-field behavioral response to 1.0
mg/kg d-amphetamine. Ratings of individual behaviors revealed
that all doses tested [20.0 mg/kg (—)-sulpiride; 50.0 and 100.0
mg/kg ( £ )-sulpiride] significantly reduced amphetamine-induced
locomotion, F(3,31)=14.66, p<0.001, and rearing, F(3,31)=
10.78, p<<0.001, compared to vehicle-treated controls (Fig. 5).
In addition, ANOVAs showed overall group differences in sniff-
ing, F(3,31)=6.40, p<<0.002, and repetitive head movements,
F(3,31)=3.65, p<<0.025. Post hoc Tukey HSD revealed that
100.0 mg/kg (= )-sulpiride significantly attenuated sniffing, but
did not affect repetitive head bobbing behavior. After we omit-
ted the 100.0 mg/kg (= )-sulpiride group because of its variabil-

ity, the overall group differences in head movements remained
significant, F(2,24)=7.49, p<0.003, and post hoc comparisons
revealed that 50.0 mg/kg (*)-sulpiride and 20.0 mg/kg (—)-
sulpiride significantly blocked amphetamine-induced repetitive
head bobbing.

DISCUSSION

Our results confirm and extend evidence that both classical
and atypical neuroloptics impair CAR performance. Consistent
with data obtained from other avoidance paradigms (1, 2, 13,
16, 24, 25, 30, 32), haloperidol, clozapine, and BMY-14802
produced significant dose-dependent reductions in the percentage
of successful avoidance responses on the lever-release task.
Moreover, doses that impaired CAR performance failed to alter
escape latency, arguing against a simple sedative effect of these
drugs on behavior. This result is consistent with previous find-
ings that doses of haloperidol and clozapine selectively impaired
avoidances without disrupting escape responses (1, 6, 9). Al-
though a low dose of haloperidol (0.03 pg/rat) has been shown
to attenuate step-through passive avoidance without affecting lo-
comotion (15), the potency of haloperidol in our lever-release
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amine administration (see the Method section for details). Overall group
differences were tested by one-way ANOVA (see the Results section for
details). Asterisks denote significant differences compared to vehicle-
treated control group after Tukey HSD post hoc comparisons (p<<0.05).

task is comparable to this drug’s potency in shuttlebox avoid-
ance tasks (1,37). Interestingly, however, haloperidol, cloza-
pine, and BMY-14802 significantly increased avoidance latency,
which may indicate subtle motor impairments, including drug-
induced postural adjustments in initiating a lever-release re-
sponse (11). Such impairments, if they occurred, did not alter
escape latencies, suggesting that motor capacity was adequate to
the task demands of our experiment. Our findings of an increase
in avoidance latency, therefore, suggests a drug-induced impair-
ment specifically related to the performance of the learned re-
sponse. This result may reflect the antipsychotic action of
haloperidol and clozapine and may serve as the predictor of such
an action of BMY-14802.

Our baseline ISI data indicate that the lever-release response
did not reflect a nonspecific startle reaction to the CS alone. In
fact, 3 animals whose ISI was changed from 500 to 1000 ms
increased their response latency by as much as 300 ms (unpub-
lished observations). An increase in response latency with an in-
crease in ISI indicates that animals are learning to release the
lever in sufficient time to avoid shock rather than reacting to the
CS alone. Moreover, a startle response should not decline dur-
ing extinction, yet preliminary data show a significant decline to
CS-alone trials, which is apparent as early as the first day of
such testing (unpublished observations). It also is noteworthy
that the lever-release version of the CAR task is especially sen-
sitive to impairments in dopamine transmission. Thus a 15% re-
duction in neostriatal dopamine is sufficient to impair lever-
release CAR (28), whereas dopamine depletions up to 90% fail
to disrupt startle (7).

Sulpiride failed to impair lever-release avoidance, even at
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doses that significantly decreased the behavioral response to am-
phetamine. Thus the inactivity of sulpiride in the CAR task did
not result from an insufficient amount of drug to influence be-
havior. In fact, our findings, including the nonsignificant trend
toward CAR impairment after the highest (=)-sulpiride dose,
parallel previous data on this drug (10, 16, 19, 32). If effective
at all in these studies, high-dose sulpiride usually produced only
modest impairments in shuttlebox or lever-press CAR perfor-
mance. When injected centrally, however, sulpiride reliably im-
pairs CAR performance, particularly when the injections are
aimed at the nucleus accumbens (22,33). This finding, coupled
with evidence that sulpiride-induced CAR impairments do not
peak until several hours after systemic injection (1,22), suggests
that sulpiride has difficulty crossing the blood-brain barrier. Al-
though this explanation could account for the inability of sulpir-
ide to alter performance on our lever-release task, it is important
to note that we also found sulpiride to be ineffective in a pre-
liminary study of animals tested as late as 4 h after injection.
Similarly, Nakajima and McKenzie (21) found no effect of sys-
temic sulpiride on rewarding brain stimulation following a simi-
lar postinjection interval. It also is noteworthy that systemic
sulpiride impaired amphetamine-induced behaviors within min-
utes after administration, suggesting that prolonged delays are
not always necessary in order to observe a behavioral response
to this D2 antagonist. Moreover, not all amphetamine-induced
behaviors were suppressed equieffectively by sulpiride, arguing
against a simple sedative effect of this drug on behavior. Pre-
sumably, systemic sulpiride produces effects that prevent antag-
onism of lever-release CAR behavior. Such antagonism may be
found after sulpiride injections in nucleus accumbens or possibly
other areas.

The ability of BMY-14802 to impair lever-release CAR be-
havior supports evidence for a potential antipsychotic role for
this and possibly other sigma antagonists (26,31). Although
haloperidol shares a high affinity for the sigma site, this mecha-
nism alone cannot explain the ability of antipsychotic drugs to
impair CAR performance because clozapine, a relatively weak
sigma ligand, also blocks CAR behavior (8). It seems likely,
therefore, that this behavior is influenced by several neurochem-
ical mechanisms, all of which regulate neostriatal function.

Further analysis of CAR behavior requires an examination of
its neuronal substrates of CAR performance to the lever-release
task, implicate this task as a potentially useful tool for such an
analysis. This conclusion is supported by our preliminary record-
ings of neostriatal single-unit responses related to the CS or the
lever release in rats performing our version of the CAR task
(34). Testing the responses of these neurons to clinically effec-
tive antipsychotic drugs during lever-release CAR performance
promises to shed a new light on the neuronal mechanisms un-
derlying the behavioral effects of these drugs.
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