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Abstract
Whether cocaine locomotor conditioning represents a cocaine positive effect; i.e., a Pavlovian
cocaine conditioned response; or, a cocaine negative effect; i.e., interference with habituation to the
test environment, is a subject of some controversy. Three separate experiments were conducted to
compare the behavior (locomotion and grooming) of separate groups of rats given 1, 9 or 14 cocaine
(10 mg/kg) treatments paired/unpaired with placement into an open-field arena. The behavior of the
cocaine groups on subsequent saline tests were compared with the habituation rates of saline treated
rats. After one cocaine pairing with the test environment, the subsequent behavior of the cocaine-
paired group on saline tests was similar to a non-habituated control group. In the two experiments
with repeated cocaine pairings to the test environment, the subsequent behavior of the cocaine treated
groups did not parallel that of the non-habituated saline control groups. These results were not
explicable in terms of cocaine anti-habituation effects. It is suggested that cocaine contextual cues
paired with cocaine treatment can activate cocaine memory traces which with subsequent cocaine
treatments are reinforced and strengthened. In this way repeated cocaine use can forge conditioned
stimulus connections to the cocaine behavioral response that are highly resistant to extinction.

Drug conditioning is well-recognized to be of considerable importance to the development of
drug addiction [Childress et al 1988;Ehrman et al 1992; Newlin 1992]. In the Pavlovian drug
conditioning formulation, the situational cues in which the drug effects are experienced
constitute the conditioned stimulus (CS). The drug treatment is the unconditioned stimulus
(UCS) and the drug induced effect is the unconditioned response (UCR). Following repeated
drug taking, the associated situational stimuli acquire drug CS properties such that the
situational cues by themselves are able to evoke drug like effects; i.e., the conditioned response
(CR) [Ehrman et al 1992]. In fact, clinical studies of drug addiction have shown that exposure
to stimuli previously associated with drug taking elicits drug-like experiences [Newlin 1992].
This process has substantial importance for drug treatment strategies because, even though one
can achieve abstinence from drug usage, the exposure to conditioned stimuli can briefly activate
the drug effects and, thereby elicit craving [Newlin 1992;O’Brien et al 1993]. Since diverse
stimuli can become conditioned drug stimuli in individuals with a prolonged history of drug
use, the difficulty of coping with a potentially large array of stimuli which can evoke the drug
effects, undoubtedly, contributes to the serious problem of relapse in former drug addicts.
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While the importance of conditioning processes to cocaine behavioral effects and to clinical
phenomena such as cocaine abuse and cocaine addiction is widely accepted, the transformation
of unconditioned cocaine effects into conditioned cocaine effects remains a formidable and
complex issue. Clinical reports, which validate the importance of conditioning processes to
addictive behavior, can only provide information regarding the outcome of repeated drug use
and not the process by which drug associated stimuli acquire conditioned stimulus properties.
Clinical studies using techniques such as f-MRI and PET scans have shown, however, that
repeated cocaine use also leads to changes in brain activity which persist into the abstinence
state [Franklin et al 2002;Goldstein et al 2001;2002;2004;Lee et al 2003]. Thus, long term use,
not only can change the functional significance of stimuli but it can also changes brain activity.
In studies using animal models, it has been known for some time that repeated cocaine
treatments, not only lead to cocaine conditioned behavioral effects, but also changes in
reactivity to cocaine (i.e., to sensitization effects) [Pert et al 1990;Post et al 1992].

While it is not altogether surprising that long term use of potent psychoactive drugs can lead
to lasting changes in the brain, it now appears that even a single exposure to an addictive drug
such as cocaine can have persistent effects. Recent studies have shown that a single cocaine
treatment can induce neurobiological effects which are retained after the acute effects have
worn off [Le Foll et al 2005;Grignaschi et al 2004;Kim et al 2004]. In addition, it has been
reported that even a single cocaine self-administration session can generate conditioned
response effects which can last for several weeks [Ciccocioppo et al 2004]. These findings
appear to dovetail with the neurobiological formulation of drug abuse in which the use of certain
psychoactive drugs is postulated to induce lasting changes in the brain [Leshner 1996;Leshner
& Koob 1999]. Of course observations of a biochemical change in the brain does not necessarily
imply functional significance or even uniqueness to a drug treatment such as cocaine. Such
changes could simply be an activity-driven end-product. Furthermore, while it is impressive
that a single self-administration session can lead to a sustained conditioned response effect,
nonetheless, a single session includes multiple cocaine injections.

Although a single cocaine treatment can result in some sustained neurobiological effects, and,
at a very high dose, can even alter reactivity to cocaine [Pert et al 1990], nonetheless, the
question remains whether a single cocaine exposure is sufficient to induce a cocaine
conditioned stimulus effect. Indeed, we have recently reported [Carey et al 2006] that cocaine
conditioned locomotion stimulant effects occur after one treatment. These cocaine conditioned
locomotion stimulant effects, however, appear explicable as an anti-habituation effects,
possibly related to drug state dependent or cocaine induced inattention effects [Carey et al
2008] Thus, following a single cocaine experience in a novel environment, cocaine treated
animals in a conditioning test appear to behave similar to animals placed in a novel environment
for the first time. Such an equivalence between a cocaine treatment and the absence of
habituation could mean either that cocaine interfered with habituation processes (e.g.,
inattention to cues) or that the cocaine conditioned effects evoke a level of behavioral activation
similar to novel environment cues. In the present study, we examine this important issue in
detail.

If cocaine simply blocks the acquisition of habituation during cocaine drug treatment trials,
then, if non-drug trials are interspersed with drug treatment trials within a cocaine treatment
regimen, the cocaine conditioned effects should decline substantially due to the acquisition of
habituation effects on the non-drug trials. On the other hand, if the behavior which occurs in
the interspersed non-drug trials represents a conditioned cocaine effect, then, this effect should
be sustained by the additional pairings of cocaine to the environmental test cues. In addition,
after a series of cocaine test environment pairings, the cocaine anti-habituation effect
interpretation of a cocaine conditioned effect predicts a decline in behavior with repeated non-
drug trials parallel to that of a non-cocaine control group tested for the first time in the same
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environment. Alternatively, if the cocaine treatment induces persistent neurobiological
changes manifested in a conditioned behavioral response, then, the conditioned response
should persist during the repeated non-drug trials and should not exhibit a typical habituation
function. The present report, details the outcome of these manipulations to differentiate
possible cocaine anti-habituation effects from cocaine induced effects which persist as
transformational effects on the behavioral response to cocaine associated cues.

1. Materials and Methods
1.1. Animals

90 naïve male Sprague-Dawley rats from Taconic Farms (Germantown, NY), 4 months old
and weighing approximately 400 g at the start of the experiments were used. Upon arrival, the
animals were housed in individual 48×27×20 cm clear polycarbonate cages in a climate-
controlled room at 22–24°C with a 12-h dark and 12 hr. light cycle. During the 1st week after
arrival, all animals were handled and weighed daily for 7 days. During the second week the
animals received three injections (i.p.) of 0.9% saline (1.0 ml/kg) in order to acclimate the
animals to the injection procedure. All experiments occurred during the 12-h light cycle
(6AM-6PM). This protocol (IACUC 4-E) was approved by the Veterans Administration
Medical Center’s Subcommittee for Animal Studies.

1.2. Drugs
Cocaine hydrochloride (Sigma Chemical., St. Louis MO) was dissolved in sterile distilled
H2O to a concentration of 10.0 mg/ml. Cocaine injections were administered i.p. in a volume
of 1.0 ml/kg. Saline injections (0.9% sodium chloride) were administered in a volume of 1.0
ml/kg (i.p.).

1.3. Apparatus
Behavioral tests were conducted in two identical 60 cm square by 40 cm high open-field arenas.
To reduce noise and control ambient light each arena was placed in one of two smaller rooms
within the main laboratory. Though the use of separate rooms had previously been ruled out
as a variable, this factor was equated across groups and treatments for each experiment to
control for any potential effects on behavior. In the present experiments, test room was not a
statistically significant variable on any behavioral measure (P>0.05).

The interior walls and floor of each arena were white. Two overhead 12 V projection lamps
provided illumination. These were placed 50 cm above the arena floor adjacent to the video
camera. Each lamp was fitted with a red filter since testing under red light conditions is less
stressful, thus favoring locomotor activation as the rats are transferred from the ambient light
of the vivarium to the red light of the testing room [Nasello et al 1998]. A white noise generator
(San Diego Instruments, San Diego, CA), also placed 50 cm above the arena floor, provided
masking sound (75 dB). It was turned on immediately prior to placement of the animal into
the test arena and turned off upon removal from the arena.

Each arena was monitored by a closed-circuit video camera (Sanyo VCB-5123B) mounted 50
cm above the arena floor. Analog video signals were digitized and analyzed by an automated
video tracking system (Ethovision, Noldus Information Technology, Inc, Leesburg, VA). The
accuracy of the system for distance measurements was corroborated by moving objects a
measured distance and confirming that the tracking system generated the same distance. To
provide contrast, the animal’s head was blackened with a non-toxic marker, the camera tracked
only this feature of the rat’s body. data were captured at a rate of six samples per second and
the input filters were set to a minimum distance of 2 cm per sample. In addition to distance
measurements, the locomotion paths in the arena were recorded and these were similar to those
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reported previously [Dai et al 1995]. The paths recorded by the software were used to identify
small repetitive movements. Such movements occurred infrequently and idiosyncratically.
After each rat was marked and placed in the arena and the behavior capture session was initiated
the test proceeded without the experimenters in the room. A small TV screen connected to the
video system was located outside of each room. It enabled experimenters to monitor the rats
throughout each test trial. At the completion of each trial, the arenas were cleaned and dried.

A VHS VCR was connected to each camera to provide a complete record of an animal’s
behavior during a test trial. The videotapes were reviewed following completion of
experimental treatments at the end of each to validate or take into account any abnormalities
shown by the automated records. In addition, the videotapes were evaluated to score behaviors
such as grooming that cannot be distinguished by the Ethovision System. Two uninformed
experimenters observed the videotapes to score these behaviors. Prior to viewing the videotapes
from the current experiments, the experimenters were trained on other similar videotapes until
they achieved inter and intra-individual reliability correlations of r > 0.9

1.4. Design and procedure
1.4.1. Experiment 1. Effect of a Single Cocaine Injection—Two groups (N=20) were
used. One group received cocaine (Coc-P) (10 mg/kg) immediately prior to placement into the
test environment for 20 min; and, the other group (Coc-UP) received saline. Two hr after
testing, the Coc-P group received a saline injection in the homecage and the Coc-UP group
received the cocaine (10 mg/kg) injection in the homecage. Both groups were administered 20
min tests on each of the next two days and both tests were saline tests to determine possible
cocaine conditioned effects.

1.4.2. Experiment 2. Effect of Interspersed Cocaine Conditioning Tests—In this
experiment, two groups (N=10) received either cocaine, Coc-P, (10 mg/kg) or saline, Coc-UP,
immediately prior to 20 min test sessions. The Coc-P group received saline in the homecage
2 hr after testing; and, the Coc-UP group received cocaine (10 mg/kg). Before the start the
cocaine treatment protocol, all animals received a single 20 min saline test and were subdivided
into groups equated on distance scores (P>.05). Subsequently, the animals received 20
additional test sessions. There were 14 cocaine treatment sessions interspersed with a series of
saline conditioning tests in which both groups received saline immediately prior to testing. The
first of these saline conditioning tests occurred after 3 cocaine/saline sessions, the second after
4 cocaine/saline sessions and the third after another 5 cocaine/saline sessions. The final three
tests in this series occurred after the completion of the fourteenth cocaine/saline test session.

1.4.2 Experiment 3. Habituation vs. Extinction—In the third experiment, two groups
(N=10) received saline injections and were then given a 20 min pretest on the first test session.
On the basis of the locomotion distance scores on this test, the animals were subdivided into
two groups equated on distance scores (P>.05). Subsequently, the groups received nine 20 min
test sessions in which one group received cocaine (Coc-P) (10 mg/kg) immediately prior to
testing; and, the other group, saline (S). Following this conditioning induction phase, the
animals received 4 saline conditioning tests. Another group (Coc-UP), which had received
cocaine (10 mg/kg) injections in the home cage on the same days as the conditioning induction
tests were conducted, but were not tested, also received four saline test sessions on the same
days as the Coc-P group. The test environment was novel for this group but it had the same
exposure to cocaine as the Coc-P group. This group served as the habituation control group.
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1.5. Statistical Analysis
Two-way between-within-subject analyses of variance (ANOVA) were used to assess the
cocaine drug treatment effects upon the behavioral responses. T-tests were used for specific
between group comparison. P<0.05 was the statistical criterion for null hypothesis rejection.

Results
2.1 Experiment 1

Figure 1 presents the results of the single cocaine treatment conditioning experiment. As can
be seen in Fig. 1A,1B. Cocaine increased locomotion and decreased grooming behavior. On
the conditioning test, a similar pattern of effects occurred but diminished in magnitude. This
is the expected result for a conditioned effect in that the CR is a partial UCR (Pavlov 1927).
A two-way ANOVA of the results with cocaine treatment across test days indicated a
significant effect on distance scores (F1,18 = 14.4; F1,18 =108.0; F1,18 =17.4, P<.01, for group,
test day and group × test day interaction, respectively). The same analysis for grooming
responses also yielded significant differences (F1,18 = 4.8; F1,18 = 5.1, P<.05, for group and
test day). In terms of locomotion, the Coc-P group had higher scores on both test sessions (P<.
05); but, for grooming only the difference on the cocaine test session was significant (P<.05).
In order to assess the issue of whether the effect observed in the conditioning test may have
been a cocaine blocking of habituation to the test environment, Fig. 2 shows a comparison of
the behavior of the Coc-P group on the first and second saline conditioning tests vs. the Coc-
UP group on the first and second saline tests in the test environment. Thus, the two groups
were compared on the first two saline tests for each group. As can be seen in Fig. 2, the scores
were virtually identical in the two groups. It is of importance, however, that the two way
ANOVA conducted on the distance scores revealed a highly significant effect of day of
treatment (F1,18 = 74.5, P<.001). No other differences were significant (P>.05). This result
shows that there was a marked and equivalent habituation effect in both groups from the first
to the second saline tests.

2.2. Experiment 2
Fig. 3 shows the distance (A) and grooming (B) scores on the pre-test and on the subsequent
14 cocaine/saline tests. As can be seen in Fig. 3, the groups were closely matched in the pre-
test but were differentially affected by the cocaine/saline treatments. Cocaine increased
locomotor activity but suppressed grooming; whereas, with repeated saline treatments,
locomotion decreased to a stable asymptote while grooming increased. Treatment effects were
significant (F1,18 = 25.0, 71.4, P<.001, for distance and grooming, respectively); and, the group
× day interactions were also significant (F14,252 = 2.7, 4.0, P<.001, for distance and grooming,
respectively).

The conditioning test results are shown in Fig. 4A, for distance and in Fig 4B, for grooming.
As shown in Fig. 4A and 4B, the cocaine treated groups had higher distance scores and lower
grooming scores across the 6 conditioning tests (F1,18 = 10.7, 11.2, P<.01, for distance and
grooming, respectively). The treatment × day interactions were not significant (P>.05).

In order to evaluate the issue of habituation, Fig. 5A,B compares the Coc-P and Coc-UP groups
on the pre-test and on subsequent saline tests for each group. For the Coc-UP group, the days
were 2,3,4,5,6,7; whereas, for the Coc-P group, the saline test days were the 6 conditioning
tests. As can be seen in Fig. 5A,B, the groups were closely matched on the pre-test and on the
first subsequent saline test. After this test, however, the groups diverged. The Coc-UP group
continued to decrease in locomotion and increase in grooming, a pattern consistent with the
development of habituation to the test environment. The Coc-P group, however, remained at
the same level across all saline tests. The Coc-P and Coc-UP differences were significant
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(F1,18 = 5.7, 4.5, P<.05, for distance and grooming, respectively); and, the group × day
interaction was significant for distance (F6,108 = 3.0, P<.01) but not for grooming (P>.05).

2.2. Experiment 3
Fig. 6A,B presents the findings of the third experiment for the cocaine and saline treatment
groups on the pre-test and subsequent 9 cocaine/saline treatment sessions. The pre-test and
treatment session results are comparable to those of experiment 2. Again, there were treatment
effects (F1,18 = 14.8, 29.1, P<.001, for distance and grooming, respectively) as well as for
treatment × day interactions (F9,162 = 4.9, 7.7, P<.001, for distance and grooming,
respectively). At the completion of this treatment regimen, the groups were given 4 successive
saline conditioning tests. The results are shown in Fig. 7A,B. There were significant group
differences (F1,18 = 10.5, 37.8, P<.005, for distance and grooming, respectively). In order to
assess the issue of habituation a third group which had received cocaine (10 mg/kg) in the
homecage but without testing. This group (Coc-UP) was tested on 4 successive saline tests to
provide a Coc-UP control group which received the same number of cocaine treatments as the
Coc-P group but without exposure to the test environment. Thus, for this group, the
environment was novel at the start of the saline tests. Fig. 8A,B compares the Coc-P with Coc-
UP groups on the 4 saline tests. The treatment groups differed on distance (F1,18 = 19.1, P<.
001); also the group × day interaction was significant (F3,54 = 11.6, P<.01). Subsequent specific
comparisons with t-tests indicated that the groups differed on days 1, 3 and 4 (P<.05). For
grooming duration, there was also a group difference (F1,18 = 6.8, P<.01) as well as a group ×
day interaction (F3,54 = 3.1, P<.05).

Discussion
We have reported [Carey et al 1998] that a brief 10 min exposure to a novel test environment
can induce a persistent habituation effect. Consistent with this observation, other studies have
shown [Sadile et al 1991] that the habituation mechanism activated by exposure to a novel
environment induces a change in rat brain DNA synthesis and a potentiation of prefrontal cortex
granule cell synthesis. Furthermore, the habituation response to a novel test environment has
been used as a measurement of memory [Tomaz 1990]. As shown in the present study and in
previous reports as well [Carey et al 2003; Carey & Damianopoulos 2006], we observed that
an acute cocaine treatment appears to block the habituation process. Thus, if the cocaine
conditioning effect is viewed simply as a habituation blocking factor, then, when animals are
tested without cocaine, the animals would be expected to acquire habituation to the test
environment since the tests are conducted without cocaine. In the present study, the anti-
habituation interpretation of cocaine conditioning test effects appears to be supported by the
one-trial conditioning tests. After one exposure to a novel test environment under the influence
of cocaine, the behavior of the animals in the subsequent non-cocaine test closely matched the
behavior of saline treated animals tested in a novel environment. Furthermore, when each group
received a second non-drug test, the groups exhibited a parallel habituation effect. On the other
hand, when the treatment/testing protocol was expanded to include multiple cocaine-test
environment pairings, coupled with interspersed saline test to assess possible conditioned
effects, there was no decline in the cocaine conditioned effect which would have been expected
if this effect was simply a failure to habituate. While it might be argued that the intervals
between the conditioning tests were of sufficient length to reverse the habituation effect
acquired in the saline tests, it is also the case that habituation effects acquired in one saline trial
can be carried over to a subsequent saline test. We have shown previously [Damianopoulos &
Carey 1994] that habituation effects can persist undiminished after one week period of non-
testing. The most definitive finding which argues against an anti-habituation interpretation of
a cocaine conditioned effect is the observation that following a series of cocaine-test
environment pairings, the behavior of the cocaine paired groups, given several repeat exposures

Carey et al. Page 6

Pharmacol Biochem Behav. Author manuscript; available in PMC 2009 October 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



to the test environment without cocaine, did not decline in parallel to an unpaired group tested
without cocaine but with the test environment being novel. This cocaine unpaired novel
environment group exhibited a rapid habituation function whereas the cocaine paired group
did not exhibit a comparable habitation function when tested with saline. Thus, the cocaine
paired group did not behave as if the environment was novel. Rather, the cocaine treatment
seemed to have transformed the significance of the test environment cues (e.g., increased
salience) (Robinson & Beninger 1983) or had changed the behavioral baseline. Seemingly, the
use of cocaine unpaired treatment would also argue against a behavioral baseline effect. While
cocaine homecage treatments rule out effects of exposure to cocaine per se, the adequacy of
homecage administration of psychostimulant drugs need to be qualified in light of studies
which demonstrate the profound differences in the neurobiological impact of psychostimulant
drugs administered in the homecage vs. a novel environment (Klebar et al 2002; Li et al
2004;Uslaner et al 2001). Relevant to this consideration, is a previous study [Damianopoulos
& Carey, 1994], in which we exposed animals to cocaine with a similar cocaine treatment and
dose response regimen as the present study. We observed a conditioned drug effect but without
a change in the behavioral baseline. In this latter study, we were able to exclude an upward
behavioral baseline change as a possible contributing factor to the expression of a cocaine
conditioned effect, by the use of another non-drug test environment to independently monitor
behavioral baseline changes immediately prior to testing for conditioned drug effects. No
differences were observed in locomotion in the non-cocaine associated environment but
enhanced locomotion was observed selectively in the cocaine associated environment. This
result demonstrated that cocaine can induce an enhanced locomotion response in paired cocaine
environment that cannot be attributed to a behavioral baseline change.

In that a dual environment test protocol was not used in the present study, the question of
change in the behavioral baseline cannot be answered unequivocally. Importantly, however,
the present findings appear to rule out an anti-habituation interpretation of a cocaine effect
upon subsequent non-cocaine behavior in the same test environment. These findings suggest
that a persistent behavioral impact of cocaine upon non-cocaine behavior requires multiple
cocaine exposures remain an open question. The rapid loss of an effect of cocaine upon non-
drug behavior following a single cocaine treatment may indicate that, to be sustained, the initial
cocaine effects need additional reinforcement by cocaine treatments. That is, the second time
an animal is exposed to the test environment previously paired with cocaine, the cocaine
memory is activated and this internal memory stimulus is reinforced by the second cocaine
treatment. As the procedure is repeated, then, the cocaine memory would be progressively
strengthened and, in this way, the bonding of the association of the contextual stimuli with
cocaine effect on behavior would be increasingly stabilized and resistant to extinction. The
exposure of animals to stimuli previously associated with drugs such as cocaine have become
widely used as a method to evoke the memory of the drug experience and to introduce
experimental manipulations to modify the drug-associated memory [Lee et al 2006]. From this
perspective, then, the drug conditioning protocol involving repeated cocaine pairing can be
seen as a procedure which elicits the cocaine memory and then enhances this memory by
additional cocaine pairings.

While the neurochemical impact of drugs such as cocaine have long been associated with
increased dopaminergic activation [Koob 1992; Koob 1998], in a number of recent reports, we
have shown that cocaine also has substantial effects upon serotonin in brain structures
important for sensory processes and memory including the hippocampus and neocortex [Müller
et al 2002;2004;2007;Pum 2007]. Indeed, serotonergic increases induced by cocaine occur in
the primary sensory cortex areas activated by contextual stimuli. This effect on cortical
serotonin provides a direct mechanism for cocaine to interact with and enhance contextual
stimuli [Müller et al 2007]. Possibly, with repeated cocaine treatments, the widespread
serotonergic activation in the hippocampus and cortex in the presence of contextual stimuli is
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strengthened and reinforced by the concurrent increased activation of dopaminergic reward
areas in the brain [Barke et al 2000;Koob 1992]. This combined serotonin/dopamine increase
evoked by cocaine paired to contextual stimuli may facilitate the mnestic system to enable
cocaine treatments to forge potent and lasting conditioned stimulus effects. In regard to the
importance of the concurrent combined serotonin/dopamine overflow induced by cocaine,
Yano and Steiner [2007], in a comprehensive review of methylphenidate effects, have pointed
to the possible critical importance of combined dopaminergic and serotonergic activation in
the development of addiction to dopaminergic drugs. In conclusion, the present findings
suggest that cocaine can induce persistent behavioral changes that are not explicable as anti-
habituation effects. Furthermore, placing Pavlovian drug conditioning into a framework of a
memory trace model in which the contextual stimuli elicit memory traces of prior drug
experiences which are reinforced by subsequent drug treatments, provides a new
conceptualization of drug conditioning. Such a conceptualization makes simple Pavlovian drug
conditioning models once again important for understanding the dynamics underlying the
development and persistence of drug use leading to drug addiction.
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Fig. 1.
Means and SEMs of distance (m) and grooming duration scores (sec) on two 20 min test
sessions. On Session 1, the Coc-P (cocaine paired) group received cocaine (10 mg/kg)
immediately prior to testing. The Coc-UP (cocaine unpaired) group received saline but cocaine
in the home cage. On test 2, both groups received saline. *P<.05, Coc-P vs. Coc-UP.
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Fig. 2.
Means and SEMs of distance (m) and grooming duration scores (sec) on the first two saline
tests for the Coc-P and Coc-UP groups. For the Coc-P group, the saline tests were the two tests
after the cocaine test session. For the Coc-UP group, the tests were the first and second time
the group was tested. *P<.05, Coc-P vs. Coc-UP.
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Fig. 3.
Means and SEMs of distance (m) and grooming duration scores (sec) for the Coc-P and Coc-
UP groups in Experiment 2. The first test was saline pre-test for both groups. On the next 14
sessions, the Coc-P group received cocaine (10 mg/kg) immediately upon testing. The Coc-
UP group received saline. *P<.05, Coc-P vs. Coc-UP.
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Fig. 4.
Means and SEMs of distance (m) and grooming duration scores (sec) for the Coc-P and Coc-
UP groups on 6 conditioning tests in which both groups received saline immediately before
testing. *P<.05, Coc-P vs. Coc-UP.

Carey et al. Page 14

Pharmacol Biochem Behav. Author manuscript; available in PMC 2009 October 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig. 5.
Means and SEMs of distance (m) and grooming duration scores (sec) for the Coc-P group on
6 saline conditioning tests and for the Coc-UP group on its first 6 test sessions. *P<.05, Coc-
P vs. Coc-UP.
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Fig. 6.
Means and SEMs of distance (m) and grooming duration scores (sec) for the Coc-P group and
the saline (S) group on the pre-test and subsequent 9 cocaine/saline test sessions.*P<.05, Coc-
P vs. S.
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Fig. 7.
Means and SEMs of distance (m) and grooming duration scores (sec) for the Coc-P group and
the saline (S) group on 4 saline tests conducted after completion of the 9 cocaine/saline test
sessions.*P<.05, Coc-P vs. S.
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Fig. 8.
Means and SEMs of distance (m) and grooming duration scores (sec) for the Coc-P group and
the Coc-UP group on 4 saline test sessions after completion of the 9 cocaine/saline sessions.
The Coc-UP group received 9 cocaine (10 mg/kg) cocaine homecage treatments but no test
environment exposures prior to these 4 saline test sessions.*P<.05, Coc-P vs. Coc-UP.
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