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FUDALA, P. J. AND E. T. INAMOTO. Conditioned aversion after delay place conditioning with amphetamine. PHARMACOL
BIOCHEM BEHAV 35(1) 89-92, 1990. —Male, Sprague-Dawley rats received subcutaneous injections of either dextroamphetamine
sulfate (AMP; 3.0 mg/kg) or vehicle [VEH (phosphate buffer); 1 ml/kg] immediately before (standard conditioning) or after (delay
conditioning) conditioning sessions in a place-conditioning paradigm. AMP was paired for 4 conditioning sessions with one
compartment of a three-compartment place-conditioning apparatus; VEH was paired for 4 conditioning sessions with another
compartment. Animals were then tested for place preference or aversion by determining the proportion of time spent in each
compartment during a 15-minute test session. Standard conditioning with AMP produced a place preference while delay conditioning
produced a place aversion. Similar findings had earlier been reported from studies involving conditioned place preferences and
aversions with nicotine. These studies demonstrated that the time of drug administration can be as strong a determinant of

place-conditioning effects as the drug itself.

Amphetamine Rat Conditioned place preference

Reinforcement

Conditioned place aversion

WE have previously reported the induction of both a conditioned -

place preference (7,9) and place aversion (8) by nicotine in the
place-conditioning paradigm. Both conditioned responses were
dose related and dependent upon the time of nicotine administra-
tion relative to the conditioning sessions. Nicotine administered
immediately prior to the sessions (standard conditioning) resulted
in a conditioned place preference, while nicotine given immedi-
ately or shortly following sessions (delay conditioning) resulted in
a conditioned place aversion. Additionally, both conditioned
responses appeared to be centrally mediated. Different findings
have been obtained with morphine and diazepam, which were
effective in producing conditioned place preferences in the stan-
dard-conditioned paradigm, but were ineffective in producing
conditioned responses using the delay-conditioning procedure (1,
25, 29, 36). Amphetamine has been shown to reliably condition
place preferences using the standard-conditioning procedure (5,
10, 21, 30, 35). The present study was conducted to determine if
delay-conditioned place aversion is a phenomenon peculiar only to
nicotine. In this study, we tested amphetamine using both standard
and delay place-conditioning paradigms.

METHOD
Animals

Experimentally naive, adult male Sprague-Dawley rats (Harlan
Sprague-Dawley Inc., Indianapolis, IN) were used in all experi-
ments. The animals were initially quarantined for 10 days before
being housed in groups of two. The rats were then individually
housed 24-48 hours prior to the beginning of each experiment.
Food and water were freely available in the home cages and the
animals were kept on a 12-hour light/dark cycle.

Apparatus

The place-conditioning apparatus was constructed of Plexiglas
and has previously been described in detail (9). It consisted of
three distinctive interconnected chambers. One chamber was
cubical (25.4 cm sides) with black walls and a grid floor. The
middle chamber was 10.2 X 10.2 X 25.5 cm high with gray walls
and a wood floor. The third chamber had a equilateral triangular
mesh floor 25.4 cm on a side with white walls 25.4 cm in height.
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Sliding removable doors separated the middle chamber from the
other two. The doorways measured 10.2 by 12.7 cm. A 0.32 cm
thick clear Plexiglas hinged door covered the top of the apparatus.

Circular transparent areas (1.9 cm in diameter and centered 1.6
cm above the floor) were used to accommodate the paths of
photobeam detectors and transducers (Coulbourn Instruments,
Lehigh Valley, PA) used to monitor the position of the animals in
the apparatus. The photobeams lay in a horizontal place: one beam
bisected the gray chamber and one beam each traversed the white
and black chambers 6.35 cm from the doorways. A cumulative
timer (Coulbourn Instruments) was activated when the infrared
beam passing through the white chamber was initially interrupted.
Subsequent interruptions did not modify the timing. Concurrent
interruptions of the white and gray chamber beams, or of the gray
chamber beam alone, stopped the white chamber timer. Timing
was reinstated when the white chamber beam was again broken. A
cumulative timer for the black chamber operated in an analogous
manner.

Drug

Dextroamphetamine sulfate was obtained from Sigma Chemi-
cal Co. (St. Louis, MO) and the dosage is expressed as the salt.
All solutions were prepared fresh daily in phosphate buffer vehicle
(0.46% monobasic sodium phosphate + 1.8% dibasic sodium
phosphate, approximate pH=7.1). All injections were made
subcutaneously and injection volumes were 1 ml/kg.

Procedure

One group of 7 and three groups of 8 rats were used. One group
was administered VEH prior to conditioning in both the white and
black chambers (standard conditioning) and another was given
VEH after conditioning in both chambers (delay conditioning).
Similarly, one group was administered amphetamine sulfate, 3
mg/kg (AMP), or VEH, prior to conditioning in the black and
white chambers, respectively. The final group was conditioned
with AMP or VEH in a similar manner, except that the solutions
were administered following the conditioning sessions.

Standard Conditioning

The body weights of two rats were recorded. One was injected
with VEH and placed into the closed (doors in place) white
chamber. The other was injected with AMP and placed into the
closed black chamber. Conditioning time was 20 min per day. The
conditioning chambers and treatments were reversed on the
following day. Over the eight conditioning days (Tuesday through
Friday, then Monday through Thursday), a given rat in the
experimental, drug-treatment group received a total of four AMP-
black chamber pairings and four VEH-white chamber pairings. In
contrast, a rat in the VEH-control group received four VEH-black
chamber pairings and four VEH-white chamber pairings. One-half
of the subjects within a given experimental group began their
conditioning in the white chamber and the other half started in the
black chamber. The daily order of conditioning the 31 rats was
randomized over the eight-day period.

On preference testing day (DAY 9, Friday), one rat was placed
into the closed, central gray chamber of the apparatus. The sliding
doors were removed and the amount of time (in sec) spent in the
white and black chambers was automatically recorded over the
900-sec testing period.

Delay Conditioning

The procedure used was similar to the one for standard
conditioning. On conditioning days, one rat was placed in the
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TABLE 1

STANDARD AND DELAY PLACE CONDITIONING WITH
AMPHETAMINE SULFATE

Conditioning Treatment Residence Ratio

VEH/PRE -0.09 + 0.06
AMP/PRE 0.37 = 0.07*
VEH/POST 0.02 = 0.09
AMP/POST —0.28 * 0.06%

Mean residence ratios (*SE) for groups of rats (N=7 or 8) that
received 3.0 mg/kg amphetamine sulfate (AMP) or vehicle (VEH) imme-
diately prior to (PRE) or following (POST) place-conditioning sessions.

*AMP/PRE was significantly greater than VEH/PRE, indicative of a
place preference.

TAMP/POST was significantly less than VEH/POST, indicative of a
place aversion.

closed white chamber for 20 min. Following removal from the
chamber, the rat was injected with VEH and immediately returned
to the home cage. Similarly, another rat was placed in the closed
black chamber for 20 min and subsequently injected with AMP.
All injections were given immediately after removing the rats from
the apparatus. The subjects were subsequently tested for place
preference as previously described.

Statistical Treatment of the Data

A quantity called the residence ratio (RR; 7-9) was calculated
for each rat in the AMP-treatment groups as follows: RR =
(B—W)/(B+ W), where B=the time in sec spent in the black
(drug-paired) chamber and W =the time in sec spent in the white
(VEH-paired) chamber. RRs were similarly calculated for VEH-
controls. In all cases, positive RR values (relative to controls)
indicate a place preference for the previously drug-paired chamber
and negative values indicate a place aversion. For example, RR
values of + 1 and —1 indicate that animals spent all time during
the preference testing sessions in either the previously drug-paired
or vehicle-paired chambers, respectively. A RR value of zero
indicates that animals spent equal time in each of the chambers.

Variability of RRs due to treatment effects was analyzed using
a two-factor (treatment and time of treatment administration)
ANOVA (39). Pairwise comparisons (following a significant
ANOVA) were performed using the least squares means analysis
(27,28). Variability in the time animals spent in the gray chamber
due to treatment effects was analyzed in an analogous manner.

RESULTS

AMP produced a place preference when administered prior to
the conditioning sessions and a place aversion when given after the
conditioning sessions (Table 1). An ANOVA indicated a signifi-
cant pre- versus postconditioning effect, F(1,27)=14.3, p<<0.009.
There was not a significant effect for treatment (AMP or VEH),
p>0.05. However, the factor interaction between treatment and
time of treatment administration (pre- or postconditioning) was
significant, F(1,27)=27.8, p<<0.0001. Pairwise comparisons in-
dicated that subjects administered AMP prior to conditioning
showed a place preference when compared to their corresponding
VEH controls, #27)=4.5, p<0.002. Similarly, subjects given
AMP following conditioning showed a place aversion when
compared to their VEH controls, #(27)=3.0, p<<0.007. Animals
administered VEH following conditioning sessions were not found
to be different from those given VEH prior to the sessions, p>0.3.
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There were no differences between groups with respect to time
spent in the gray chamber.

DISCUSSION

Amphetamine produced a place preference when administered
prior to conditioning sessions (standard conditioning) but a place
aversion when given following the sessions (delay conditioning).
Based on classical conditioning principles alone (3,22), the
delay-conditioning procedure was expected to condition a place
preference. In delay conditioning, the interval between the onset
of the conditioned and unconditioned stimuli may be discrimi-
nated, thereby predicting the occurrence of the unconditioned
stimulus. The conditioned responses observed from both the
standard- and delay-conditioning procedures would thus be ex-
pected to be analogous.

The results of the present investigation are like those previously
reported for nicotine (7-9), but unlike those for morphine (1, 25,
29) or diazepam (36), substances which produced no place-
conditioning effects when administered following conditioning
sessions. Nicotine- and amphetamine-induced delay-conditioned
place aversions may represent a response contingent on the
administration of the unconditioned stimulus (the drug) after
conditioning sessions. This concept is consistent with data that
indicate that various drug and nondrug stimuli may have different,
and possibly opposite effects, depending on how their administra-
tion is scheduled with respect to behavior. For example, nicotine
and cocaine, as well as electric shock and intracranial brain
stimulation, have been shown to maintain responding which
produces their presentation under certain reinforcement schedules,
while maintaining responding that postpones their presentation
under different schedules of reinforcement (11, 12, 20, 32, 33,
37). Thus, the time of drug administration with respect to
conditioning may be an important factor in determining whether
place preferences or aversion will occur.

That amphetamine is self-administered by laboratory animals
(26,34), but also produces conditioned aversions to flavored
solutions (4, 6, 18, 24) may seem paradoxical since amphetamine
thus produces both apparent reward and aversion. Wise and
colleagues (38), using rats initially trained to lever-press for
amphetamine, demonstrated that apomorphine can be both posi-
tively reinforcing (as assessed by its self-administration) and
aversive (as evidenced by the production of a conditioned taste
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aversion) in the same animals during the same test session. These
investigators provided evidence that procedural differences be-
tween the self-administration and taste-aversion paradigms did not
totally account for the seemingly opposite effects observed in the
different paradigms. Hunt and Amit (17) later argued that the
capacity of reinforcing drugs to induce conditioned taste aversions
may reflect a functionally protective ‘‘taste shyness’’ rather than a
form of conditioned sickness, emphasizing the potential impor-
tance of how the complex motivational properties of amphetamine
and other psychoactive drugs may affect behavior. Our data extend
the above findings by showing that the same doses of amphet-
amine can have opposite effects (place preference- and place
aversion-producing) in the same paradigm depending on the time
of drug administration.

The present investigation and previously reported data suggest
a possible aversive component of amphetamine and nicotine place
conditioning, but the significance of this aversion is unclear.
Although amphetamine has sometimes been noted to produce
dizziness and nervousness in human clinical trials, most subjective
reports of the drug’s effects have been positive, with persons
reporting increased energy, wakefulness, and elevated mood (2,
13, 19, 23, 31). Previous workers using human subjects found that
intravenous nicotine produced dose-related effects which included
nausea, respiratory distress, lightheadedness, and fear (14-16).

It cannot be readily determined whether nicotine- and amphet-
amine-induced conditioned place preferences and aversions are
secondary to drug-induced positive and negative feeling-states in
rats. The conditioning cues of the place-conditioning apparatus in
the present experiment were the same in both the standard- and
delay-conditioning procedures. We hypothesize that the cues may
have been perceived differently depending on the time of drug
administration, or that the cues may have been paired with one or
more components of the multitude of behavioral effects that may
be induced by nicotine or amphetamine. A further characterization
of the mechanisms mediating the production of conditioned
responses in the place-conditioning paradigm will aid in assessing
the usefullness of this model in the study of drug reinforcement
and reward.
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