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Abstract
Chronic cocaine administration typically results in increased locomotor activity, known as behavioral
sensitization. Investigating the time course of locomotor activity across trials may provide a more
detailed analysis of the temporal changes that might occur within sensitization. Prior research with
rodents shows that the peak of locomotor activity shifts from acute to chronic drug administration.
The purpose of the current experiment was to investigate acute versus chronic cocaine effects on
locomotor activity in an avian species, Japanese quail, and to investigate whether this phenomenon
is dose dependent. Subjects received daily ip injections of saline or 5, 10, or 20 mg/kg cocaine for
20 days. Following each injection, birds were placed in standard locomotor activity chambers, and
activity was recorded for 150 min. A cocaine challenge was given after a ten-day withdrawal period.
Two retraining trials were given to reestablish cocaine responding prior to a saline challenge in the
drug-paired environment. Results showed that repeated administration of the 10 mg/kg dose of
cocaine enhanced activity across 120 min compared with acute administration. In contrast, repeated
administration of the 20 mg/kg dose resulted in greater cocaine-induced activity for 60 min compared
with acute administration. In addition, behavioral sensitization was shown to be dose-dependent and
appeared to be due, at least in part, to conditioning.
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1. Introduction
Repeated intermittent administration of psychostimulants often results in behavioral
sensitization [1,2]. Behavioral sensitization is typically identified as an increase in locomotor
activity or stereotypic behaviors as a result of chronic administration of a psychostimulant
[3,4,5]. Even though chronic psychostimulant administration may result in an overall increase
in behavioral activity, the pattern of activity across time may implicate other drug mechanisms,
such as tolerance, that may occur concurrently with behavioral sensitization. Few researchers
have investigated the temporal pattern of drug effects on locomotor activity and among those
that have, the focus has been on investigating changes in the peak of locomotor activity from
acute to chronic drug administration. For example, Post and Rose [6] gave rats an injection of
either saline or cocaine (10 mg/kg intraperitoneally or ip) and monitored locomotor activity
and stereotypic behaviors for 90 min, once a day for 12 days. Acute cocaine administration
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resulted in a peak of locomotor activity early in the session (around 15 min), whereas chronic
administration resulted in a later onset of peak activity (around 90 min). Thus, a rightward shift
in peak locomotor activity was found from acute to chronic administration of cocaine.

Ansah et al. [7] replicated this experiment except that rats were given a higher dose of cocaine
(20 mg/kg ip) and locomotor activity was monitored for 3 hr, once a day for 30 days. Similar
to the temporal pattern that Post & Rose [6] found, the peak in locomotor activity was shifted
rightward. On Day 1, locomotor activity peaked at 15 min after drug administration. By Day
12, the peak of the cocaine-induced response had shifted to 95 min.

The purpose of the current experiment was to characterize the temporal pattern of locomotor
activity from acute to chronic cocaine administration in an avian species, male Japanese quail.
Although rodents have been the primary species used in drug addiction research (for a review,
see Bardo, [8]), they typically do not have good visual acuity and tend to rely on multimodal
cues in their environment. Since humans depend on visual sensory information, a model of
human drug dependence that consists of a more visually-oriented animal may be of additional
relevance to human drug addiction. Japanese quail have a well-developed visual system [9]
and demonstrate innate and learned preferences for color [10,11,12]. In addition, cocaine-
induced behavioral sensitization has previously been demonstrated in aves [13], as well as
cocaine reward [14,15,16]. In the present experiment, visual cues were presented with a drug
such that visually salient cues could become associated with a drug state.

In addition to investigating temporal characteristics of cocaine-induced locomotor activity, we
were interested in the dose-dependent characterization of cocaine on locomotor activity in this
species. Dose-dependent effects on cocaine-induced locomotor activity have been well
documented in rodents [17] but have not been reported in avian species that better utilize visual
cues. In the present experiment, male Japanese quail were given either saline or 1 of 3 doses
of cocaine, 5, 10, or 20 mg/kg, once a day for 20 days and locomotor activity was examined
for 150 min after each injection. To determine the role of the conditioning in cocaine locomotor-
activating effects, two additional tests were given after conditioning. First, a saline challenge
was administered in the context previously paired with cocaine. Second, cocaine was
administered in a novel context.

2. Material and methods
Subjects

Thirty-two male Japanese quail (Coturnix japonica) approximately four months-old served as
subjects. Quail were hatched (from eggs acquired from GQF Manufacturing; Savannah, GA)
and raised together in a brooder until sexual maturity that occurred at approximately 28 days
of age. At 28 days of age, males were individually housed in metal cages (50.8 × 25.4 × 21.4
cm) and were maintained on a 16:8 light/dark schedule with food and water available ad
libitum. All of the experimental procedures were conducted under the guidelines of the Division
of Laboratory Animal Research at the University of Kentucky. The Principles of Laboratory
Animal Care (NIH publication No. 85-23, revised 1985) were followed.

Drugs
Cocaine hydrochloride (National Institute for Drug Abuse; Bethesda, MA), was mixed in
mammalian physiological saline (0.9%) and injected intraperitoneally (ip) at a volume of 3 ml/
kg body weight. Mammalian physiological saline has been used in previous experiments that
have demonstrated cocaine effects in birds [e.g., 14]. All doses are expressed as the salt weight.
The experiment utilized three doses of cocaine 5, 10, and 20 mg/kg. Mean body weight for
subjects that received cocaine was approximately 150 g throughout the experiment.
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Apparatus
Sixteen standard locomotor activity chambers (28.6 long × 21.2 wide × 21.2 cm deep; Med
Associates; Georgia, VT) were used to quantify locomotor activity. All chambers had wire
mesh floors covered with brown lightly-textured paper, clear ceilings, and green and yellow
alternating stripes in either a vertical or horizontal orientation on the walls. Each chamber had
six photobeams that were approximately 6.4 cm apart and 3.2 cm above the floor. A Med
Associates program (Georgia, VT) was used to collect photobeam breaks in five-min
increments.

Procedure
Prior to receiving any injections, birds were given a one day habituation period (150 min; the
same length as training trials) in their assigned locomotor chamber. Following habituation,
birds received 20 training trials, one per day. Training trials consisted of an ip injection of
saline or 5, 10, or 20 mg/kg cocaine and placement into the locomotor chamber for 150 min.
Groups were designated as S, C5, C10, and C20, respectively (n's = 8). After the last training
trial, birds were housed in their home cages for a ten-day withdrawal period. The next day,
birds that previously received cocaine were given a cocaine challenge that consisted of half of
the original training dose. Half of the dose was given because giving half of the original dose
is a more conservative test for investigating drug effects. Birds that received saline during
training were given an injection of saline. Although it is more common to inject the saline
control group with cocaine and compare the response with that of groups that were previously
exposed to cocaine, others have investigated drug effects by giving the saline control group
saline rather than cocaine [18,19]. After the challenge, the following sequence of training and
test days were conducted: two re-training trials; a saline challenge in the cocaine-paired
chamber; two re-training trials; and a cocaine challenge in a novel chamber. Re-training trials
followed the same procedure as the first 20 training trials and the same dose of cocaine was
administered as during training trials. Retraining trials were intended to reestablish cocaine-
induced locomotor effects. The cocaine challenge administered in the novel context consisted
of an injection of half of the original training dose of cocaine. Just as in the first cocaine
challenge, the saline group was given saline.

During training, half of the birds that received cocaine were trained in a context with yellow
and green horizontal stripes, while the other half were trained in a context with yellow and
green vertical stripes. During the final cocaine challenge, birds received cocaine and placement
into the chamber that contained a novel orientation of the yellow and green stripes. White noise
was present during all trials.

Statistical Analyses
Two-way repeated-measures Analyses of Variance (ANOVAs) were performed on the
frequency of photobeam breaks in 15 min time bins for each group (dose) separately. This was
followed by planned comparisons at each time bin to determine differences between acute and
chronic cocaine effects on locomotor activity. To investigate dose-dependent effects, mean
photobeam breaks for each group for the total 150 min was compared in a one-way ANOVA.
A Fischer's Protected LSD post-hoc analysis was used to determine further differences between
groups. Because the typical trial length that is used in rodent experiments to determine
locomotor effects of psychostimulant drugs is 60 min or less [e.g., 20,21,22], we also analyzed
the first 60 min of locomotor activity. To analyze the saline and final cocaine challenge for
conditioning effects, we performed repeated-measures ANOVAs comparing the average of the
retraining trials with training trial 20. Once it was established that retraining resulted in
responding similar to the last training trial, one-way ANOVAs followed by Fischer's Protected
LSD post-hoc analyses were conducted, where appropriate, to determine group (dose)
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differences during a saline challenge, and to determine group differences when cocaine was
administered in a novel chamber.

All descriptive statistics are presented as mean ± SEM (standard error of the mean) and the
significance level was set at p ≤ 0.05. Data from one bird that had been assigned to the 10 mg/
kg group were not included in the analyses due to missing data during training.

3. Results
The temporal pattern of acute and chronic cocaine effects on locomotor activity was
investigated by collapsing the data into 15 min time bins and performing a repeated-measures
ANOVA on trials 1, 10, and 20 separately for each group. Figure 1a (top panel) represents
mean photobeam breaks across 15-min time bins for trials 1, 10, and 20 for the saline group.
The saline group showed increased locomotor activity toward the end of the first trial. By trials
10 and 20, this pattern of activity was no longer evident. This resulted in a significant time ×
trial interaction, F(18, 126)=2.46. There were no significant main effects of trial or time,
F's<1.36. Post-hoc analyses for each trial revealed a significant main effect of time for trial 1,
F(9,63)=4.62 but there was no significant effect of time for trials 10 or 20, F's(9,63)<1.49.
Thus, activity appeared to change for the saline group across time on trial 1. This may have
been the result of the initial novelty of the testing situation or habituation. Planned comparisons
at each 15 min time bin did not indicate differences between acute and chronic trials at any of
the time bins.

The frequency of photobeam breaks across 15 min time bins for trials 1, 10, and 20 for group
C10 is shown in Figure 1b (middle panel). Group C10 had greater locomotor activity during
trial 10 compared to trial 1, as indicated by a significant main effect of trial, F(2, 14)=9.08 and
appropriate post-hoc analyses. There was also a significant main effect of time, F(9, 126)=6.45,
suggesting that activity started high at the beginning of each trial and later decreased across
time during all of the trials. There was no significant time × trial interaction, F(18, 126)=0.44.
However, planned comparisons at each 15 min time bin indicated that chronic cocaine (10 and
20 days) resulted in increased activity compared to acute cocaine (1 day) from 0 to 120 min
except between 60 and 75 min.

Figure 1c (bottom panel) depicts the frequency of photobeam breaks across 15 min time bins
for group C20 on trials 1, 10, and 20. A repeated-measures ANOVA indicated a significant
trial × time interaction, F(18,126)=1.92. Planned comparisons at each 15 min time bin revealed
significantly greater locomotor activity for trials 10 and 20 at times 0-15, 30-45, and 45-60
min, F's (2,14)>4.02. Further analyses indicated that this was due to greater activity during
trials 10 and 20 during these time bins, F's (1,7)>7.3.

Figure 2 illustrates the dose response curve of mean photobeam breaks averaged across trials.
The group that received 20 mg/kg of cocaine had greater locomotor activity than the other
groups. A one-way ANOVA revealed a significant main effect of group, F(3,27) = 7.22.
Fisher's Protected LSD confirmed that group C20 had significantly greater activity than the
other groups but that no other groups differed from each other.

Previous investigations of cocaine effects on locomotor activity with rodents have typically
utilized a trial length of 60 min or less [20,21,22]. Figure 3 represents the mean photobeam
breaks for the first 60 min of the 150 min trial for groups that received saline, or 5, 10, or 20
mg/kg cocaine. An ANOVA revealed a significant main effect of group (dose) and Fischer's
Protected LSD post-hoc analysis showed that group C20 had greater locomotor activity than
all of the groups and that group C10 had greater activity than the saline group. There were no
other differences between groups.
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To investigate the occurrence and relatively long-lasting effects of cocaine on locomotor
activity, a cocaine challenge of half of the training dose was given ten days after training. Figure
4 shows the mean photobeam breaks for the groups that were trained with saline or 5, 10, or
20 mg/kg of cocaine. During the test for sensitization, all of the groups received an ip injection
of cocaine except for the saline group which received saline. Results showed that the group
that received the 20 mg/kg dose of cocaine had significantly greater locomotor activity than
the other groups. A one-way ANOVA revealed a significant main effect of group, F(3, 27)
=6.68. A Fischer's Protected LSD post-hoc analysis indicated that group C20 had greater
locomotor activity than group C10, group C5, and the saline group. None of the other groups
differed from each other.

To test for a conditioned locomotor response, the average of the two re-training trials was
compared to the saline challenge. First the average of the two re-training trials was compared
to training trial 20 at each dose to ascertain whether the training level of locomotor activity
had been re-established. There was no main effect of trial, F(1,27)=3.63, allowing for further
comparison between the re-training trials and the saline challenge. Means(±SEM) photobeam
breaks were 17718±1451 for the average of the first two training trials and 15992±1385
photobeam breaks for trial 20 of training.

Figure 5 represents the frequency of mean photobeam breaks during the total 150 min for all
groups for the average of re-training trials 1 and 2 and the saline challenge that was given in
the chamber previously paired with cocaine. None of the groups showed systematic increases
or decreases from the re-training trials to the saline challenge. A repeated-measures ANOVA
indicated that there was a significant main effect of group F(3,27)=3.19 but not trial, F(1,27)
=2.78. The group × trial interaction was also not significant, F(3,27)=0.71.

In addition to a saline challenge, a final cocaine challenge was administered in a novel chamber
to test for a conditioned locomotor response. The average of two re-training trials given just
before the final cocaine challenge (retraining trials 3 and 4) was not found to be significantly
different from training trial 20, F(1,27)=2.51. The average of the re-training trials was then
compared to the cocaine challenge that was given in the novel chamber (see Figure 6). A
repeated-measures ANOVA indicated that there was a main effect of group, F(3,27)=3.83, but
not of trial, F(1,27)=0.11 nor was the group × trial interaction significant, F(3, 27)=2.22.
Therefore, the same dose-response pattern was evident as during the previous retraining trials
but there was no change in locomotor activity from the two re-training trials to the cocaine
challenge when cocaine was administered in a novel chamber.

4. Discussion
The results of the analyses of the temporal pattern of locomotor activity indicated differences
between acute and chronically-treated birds and that these differences depended on dose.
Locomotor activity was enhanced for the majority of the first 60 min in birds given 10 and 20
injections of a 20 mg/kg dose of cocaine compared to 1 injection of the 20 mg/kg dose. Yeh
and Haertzen [23] found similar results with rodents. They gave a 20 mg/kg dose of cocaine
and found that horizontal activity in the chronically-treated cocaine rats (15 injections) was
significantly increased during the first 60 min compared with acute administration (1 injection).
In addition, in the current experiment, birds that were given 10 and 20 injections of a 10 mg/
kg dose of cocaine had significantly greater locomotor activity for the majority of the first 120
min compared to that of birds injected once with this dose.

This dose-dependent difference between acute and chronic cocaine-induced locomotor activity
across time may have important implications for the use of this species in future investigations
of drug abuse. Of particular interest is that repeated administration of a 10 mg/kg dose of
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cocaine enhanced locomotor activity for 120 min. The literature with rodents has demonstrated
that repeated cocaine alters locomotor activity between 60 and 95 min with doses of cocaine
as high as 20 mg/kg (e.g., [6,7,23]). It has been well-established that avian metabolism is higher
than that of mammals [24]. Therefore, the results of the current temporal data are a bit puzzling
if metabolism in birds is similarly correlated with the behavioral effects of drugs, as it appears
to be in rodents. Unfortunately, there are no psychopharmacological or molecular data
indicating that the action of cocaine might differ in birds compared with that of mammals.

There was some evidence for cocaine sensitization in the 20 mg/kg group. The 20 mg/kg group
showed greater cocaine-induced responding than the saline group when the dose response curve
was examined, and had greater cocaine-induced responding than the other groups during a
cocaine challenge. Our methodology of not administering cocaine to the saline control group
makes the interpretation of the cocaine challenge data less clear. However, groups 5 and 10
(groups that received 5 and 10 mg/kg of cocaine) also did not differ from saline, making it
unlikely that one injection of a low dose of cocaine would have resulted in greater responding
in the saline group. Therefore, our results would have not likely been different if we had given
the saline group cocaine.

The temporal data provide additional information about birds that received repeated
administration of a 20 mg/kg dose of cocaine. They were not only sensitized compared to the
other groups but according to the temporal data, repeated administration of a 20 mg/kg dose
of cocaine only enhanced locomotor activity above acute administration for the first 60 min.
This is in comparison to a 10 mg/kg dose that enhanced locomotor activity for the first 120
min. Tolerance is typically observed when high continuous doses of cocaine are used (e.g., 40
mg/kg /day; [25]) and is customarily represented as a rightward shift in the dose-dependent
relationship or a downward shift compared to saline controls. In the current experiment, the
dampening of the drug effect on locomotor activity across time for the 20 mg/kg dose compared
to the 10 mg/kg dose may represent the emergence of a behavior that competes with locomotor
activity such as stereotypy. Stereotypy-like behavior has been observed in pigeons as
apomorphine-induced pecking but the pecking has to be elicited by patterned stimuli on the
walls [26]. Such pecking behavior has not been observed anecdotally in any of our cocaine
studies. Alternatively, the dampening represents desensitization to cocaine's locomotor-
activating effects or tolerance. Tolerance to cocaine has been demonstrated in pigeons using a
variable-dosing procedure in which key pecking was maintained under a fixed-ratio schedule
of reinforcement [27,28]. Although our interpretation of this finding is tentative, it provides
possible evidence of tolerance to cocaine's locomotor activating effects in an avian species.

The current findings indicate that conditioning might play a role in sensitization. In the current
experiment, quail were challenged with a saline injection in the environment that was
previously paired with cocaine or saline for the saline control. It was predicted that, if
conditioning to the environment had occurred, birds that were previously trained with cocaine
in the environment would show a similar or greater response to a saline injection in that
environment. In other words, the cocaine-paired environment should be predictive of receiving
cocaine if it had become excitatory from being paired with the drug state. Results showed that
none of the birds demonstrated a significant change in locomotor responding from the re-
training trials in which they were given cocaine in the context to the saline injection in the same
context. This suggests that, at least part of the response to cocaine may have been specific to
the context or environment in which cocaine was given.

To further assess whether cocaine-induced responding was specific to the context, birds were
retrained to training levels and a cocaine challenge was administered in a novel context.
Cocaine-induced locomotor activity did not change for any of the groups from retraining levels
when cocaine was administered in a novel context. If cocaine-induced responding had been
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context-specific, a decrease in responding would be evident when cocaine was given in a novel
context. It is unclear why our saline challenge suggested that conditioning might have been
involved in the cocaine-induced response but that our cocaine challenge in a novel environment
did not. One possibility is that the contexts were not distinct enough for the birds to
discriminate. However, previous findings from our laboratory indicate that male quail readily
discriminate between these two wall patterns by demonstrating a place preference for the
context in which they received cocaine over the context in which they received saline [14]. An
alternative explanation is that the novelty of the context where birds were tested with cocaine
during the last cocaine challenge resulted in increased activity due to stress and this was additive
to the physiological effect of cocaine. Previous research suggests that quail demonstrate
neophobia to novel situations [29]. In contrast to rodents, quail tend to demonstrate increased
locomotor activity to neophobic situations. Another possibility is that quail most likely were
using the context and the discriminative stimulus properties of cocaine. Further
experimentation with an alternative procedure may be necessary to parse out conditioning
effects.

In sum, the findings provide novel evidence for cocaine's effect on locomotor activity in an
avian species. Cocaine alters locomotor activity in birds across time and it does so dose-
dependently. A relatively smaller dose of cocaine had longer lasting effects (120 min) during
chronic administration than acute administration. The effects of a higher dose of cocaine on
locomotor activity were only evident during the first 60 min. This same dose resulted in
behavioral sensitization and therefore it is possible that sensitization and tolerance were
occurring simultaneous. The findings also provide tentative evidence for the possible role of
context-specificity. In general, the findings of the current experiment indicate that the use of
an avian species in investigating drug effects may provide information of additional relevance
to human drug abuse.
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Figure 1.
Figure 1a Mean photobeam breaks (±SEM) across 15 min time bins during trials 1,10, and 20
for the saline group (n=8). * indicates significant difference between trials for that dose at that
time bin
Figure 1b Mean photobeam breaks (±SEM) across 15 min time bins during trials 1,10, and 20
for Group C10 (n=8). * indicates significant difference between trials for that dose at that time
bin
Figure 1c Mean photobeam breaks (±SEM) across 15 min time bins during trials 1,10, and 20
for Group C20 (n=8). * indicates significant difference between trials for that dose at that time
bin
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Figure 2.
Mean photobeam breaks (+SEM) for groups S, C5, C10, and C20 (n's = 8,7,8,8, respectively)
as a function of dose during the total 150 min collapsed across trial. * indicates significant
difference from saline
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Figure 3.
Mean photobeam breaks (+SEM) for groups S, C5, C10, and C20 (n's = 8,7,8,8, respectively)
as a function of dose during the first 60 min of the 150 min trial collapsed across trial. * indicates
significant difference from saline
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Figure 4.
Mean photobeam breaks for groups S, C5, C10, and C20 (n's = 8,7,8,8, respectively) during
the cocaine challenge (half of the training dose). * indicates significant difference from saline
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Figure 5.
Mean frequency of photobeam breaks (+SEM) for groups S, C5, C10, and C20 (n's = 8,7,8,8,
respectively) for the average of the previous re-training trials compared to the saline challenge.
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Figure 6.
Mean photobeam breaks (+SEM) for groups S, C5, C10, and C20 (n's = 8,7,8,8, respectively)
for the average of the retraining trials compared to the cocaine challenge (half of the training
dose) in the novel context.
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