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Cocaine addiction has been characterized by a shift from controlled to uncontrolled and compulsive drug use. Using novel self-

administration procedures, we attempted to model this transitional phase and characterize the behavioral changes that underlie it. We

chose to use food-reinforced responding across the light/dark cycle as an indicator of the degree to which cocaine was disrupting ongoing

behavior as a potential measure of dysregulation. Four groups of rats (n¼ 5–6) were given 24-h access to cocaine (1.5 mg/kg/inj) available

in 2, 3, 4, or 5 discrete trials/h. All rats were given continuous access to a second lever that resulted in the delivery of a 45 mg food pellet

under a fixed ratio 1 schedule. The results showed that under low access conditions (eg 2 discrete trials/h), both food- and cocaine-

reinforced responding were diurnally regulated and occurred coincidentally. As access to cocaine was increased, there was a progressive

disruption in the diurnal control over both food- and cocaine-maintained responding. High access conditions also produced transient

decreases in the total levels of food-reinforced responding. These findings suggest that high access to cocaine under the discrete trial

cocaine self-administration procedure produces a transient disruption in the diurnal control over behavior maintained by food and that

the level of control (or loss of) may be a useful marker of dysregulation.
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INTRODUCTION

Cocaine addiction has been characterized by a transition
from controlled, recreational use to uncontrolled and
compulsive patterns of use (Gawin and Kleber, 1985).
There has been a recent emphasis on developing animal
cocaine self-administration procedures that model this
transitional process from use/abuse to addiction. Several
new models have been developed (eg Ahmed and Koob,
1998, 1999; Tornatzky and Miczek, 2000; Roberts et al,
2002), and it appears that the frequency of access to cocaine
is a critical factor in producing a transition from controlled,
regulated intake, to uncontrolled and dysregulated patterns
of intake. For example, under the short access conditions
that are typically used in animal drug self-administration
studies (ie 1–3 h sessions), levels of daily cocaine intake are
stable, and they remain so over months of testing (Yokel,
1987). In contrast, recent research has shown that when
access conditions are increased above those used by
traditional methods, changes in self-administration beha-
viors are observed. For example, Ahmed and Koob (1998)

have shown that increasing the session length from 1 to 6 h
can produce escalating patterns of intake. Similarly,
Tornatzky and Miczek (2000) have examined the effect of
a very long session (72 h) on patterns of intake and they
have reported a progressive deterioration in the mechan-
isms that regulate intake over time. During the first 8–10 h,
responding is characterized by uniformly spaced infusions
but beginning at hour 22–24, responding becomes erratic.
Owing to toxicity, these studies must be truncated to only a
few days of continuous access.

This laboratory has used a discrete trial procedure, which
allows access to cocaine throughout the light/dark cycle, to
study the effects of high cocaine intake (Fitch and Roberts,
1993; Morgan et al, 2002; Roberts et al, 2002). With this
procedure, rats have 24-h access 1 day to cocaine injections
that are available in discrete 10-min trials. The number of
such trials per hour and the unit injection dose can be
manipulated to produce a variety of patterns of intake.
Under low access conditions (ie 2 trials/h, 1.5 mg/kg/inj),
the daily intake is stable and responding occurs predomi-
nantly during the dark phase of the light/dark cycle. Under
high access conditions (4–5 trials/h, 1.5 mg/kg/inj), self-
administration behavior becomes desynchronized from the
light/dark cycle and intake is characterized by a ‘binge-
abstinent’ pattern of use, with animals taking virtually every
infusion available for the first 1–2 days, followed by periods
of self-imposed drug abstinence that are interspersed with
periods of active drug use. An extensive parametric analysis
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has revealed that as access to cocaine increases, the levels of
intake increase and become dysregulated and the diurnal
control over self-administration behavior decreases (Ro-
berts et al, 2002). These findings may reflect features of
cocaine addiction, namely a loss of control over use and
dysregulated patterns of use.

In this study, we were interested in exploring the effects of
such access conditions on changes in the diurnal control
and regulation (eg temporal patterns across light/dark
cycle) of other behaviors. We chose to use food-reinforced
responding as an indicator of the degree to which cocaine
was disrupting ongoing behavior in the hope that it would
provide an ethologically relevant measure of dysregulation.
We have previously shown that when access to cocaine is
limited to 2 trials/h, both cocaine and food-reinforced
responding are diurnal and coexist during the dark phase of
the light/dark cycle (Roberts and Andrews, 1997). However,
the temporal patterns of food-reinforced responding as a
function of cocaine self-administration are not yet known.
Thus, the purpose of the present experiment was to
investigate the effect of cocaine self-administration under
various discrete trial conditions (2, 3, 4, and 5 trials/h) on
food-reinforced behavior.

METHODS

Subjects

Male Sprague–Dawley rats (Harlan, IN, USA) weighing
between 300 and 350 g at the start of the experiment were
pair-housed in hanging stainless-steel home cages with free
access to food and water. Rats were allowed a minimum of 3
days to acclimate to the facility before any procedures or
testing began. Subsequently, rats were individually housed
in 25� 25� 25 cm3 testing chambers where they remained
for the duration of the experiment. Food (45 mg Noyes
nutritionally balanced pellets) was continuously available
under a fixed ratio 1 schedule, except during cocaine self-
administration training when Purina Laboratory Chow was
available ad libitum. Animals were maintained on a reverse
light/dark cycle (lights on at 1500) and had free access to
water throughout all phases of the experiments. All research
was approved by the Animal Care and Use Committee
at Wake Forest University and was conducted in accor-
dance with the guidelines set by the National Institutes of
Health.

Experimental Procedures

Food self-administration training. Rats had continuous
access to 45 mg Noyes pellets under a fixed ratio 1 schedule.
All animals began to operate the food-associated lever (left
lever) within 24 h without explicit training. The food cup
and feeding apparatus were inspected daily to ensure that
the pellets were being delivered properly. The basal level of
food-maintained responding was measured for an initial
period of 7 days. Subsequently, each rat was prepared with a
chronically indwelling catheter using methods that have
been described previously (Lynch et al, 2001). Following
surgery, each animal was placed back in its operant
chamber, the food-associated lever was retracted, and
standard food pellets were available ad libitum.

Cocaine self-administration training. Cocaine self-admin-
istration training began the day after surgery at 1000. At the
beginning of each daily training session, the cocaine-
associated lever (right lever) was extended into the operant
chamber and responding was reinforced under a fixed ratio
1 schedule. Each rat received one ‘priming’ infusion at the
beginning of each training session. At the start of each
infusion, the lever was retracted and a stimulus light located
above the cocaine-associated lever was illuminated for the
duration of the infusion (approximately 5 s) and for an
additional 20 s to signal a time-out period. After the 20 s
time-out period, the lever was extended into the chamber.
Cocaine infusions (1.5 mg/kg) were available until a total of
40 infusions were self-administered. Responding for cocaine
under the fixed ratio schedule was assessed daily until rats
met the criteria for acquisition. The acquisition of cocaine
self-administration was defined as three consecutive ses-
sions in which rats earned all 40 infusions that were
available.

Concurrent food and cocaine self-administration. Once
rats acquired cocaine self-administration under the fixed
ratio schedule, the food-associated lever was reintroduced
and concurrent responding for cocaine (fixed ratio 1, 40
injections max, 1.5 mg/kg/infusion) and food (fixed ratio 1,
unlimited access) was assessed for two consecutive sessions.
Subsequently, rats were randomly assigned to one of four
cocaine access conditions in which they received 2, 3, 4, or 5
discrete trials/h with concurrent access to food (fixed ratio
1, unlimited access). Several animals were also tested under
a 6 discrete trials/h condition; however, since toxicity (eg
rapid weight loss, cessation of feeding, and grooming
behaviors) became evident quickly under this condition, it
was not included in the final experimental design. Each 10-
min discrete trial was initiated by the introduction of the
cocaine-associated (right) lever into the chamber. Each
response on the right lever during a 10-minute trial
produced an infusion of cocaine (1.5 mg/kg/infusion), and
the stimulus light above the lever was illuminated for the
20 s). A discrete trial was terminated and the lever was
retracted following a response or after 10 min had elapsed.
Trials were initiated at regular intervals beginning every 30,
20, 15, or 12 min for the discrete trial 2, 3, 4, and 5 trial/h
access conditions, respectively. Discrete trial sessions
continued for a total of 14 consecutive days. In a 24-h
period, the total number of trials and corresponding total
number of cocaine infusions available were 48, 72, 96, and
120 for the discrete trials 2, 3, 4, and 5 access conditions,
respectively. ‘Priming’ infusions were never given on any
discrete trial session. The food-associated lever was
extended into the chamber for the duration of the
discrete-trial sessions, and each response on it resulted in
the delivery of a single food pellet. Animals that lost cannula
patency were replaced to achieve a final N of five to six per
group.

Data Analysis

The effects of cocaine on food-reinforced behavior were
examined across various discrete trial cocaine access
conditions. The dependent measures were total hourly
and daily levels of responding for food and cocaine and the
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percent of total daily levels of responding that occurred in
the dark phase for both food and cocaine. Repeated
measures ANOVA was used to compare hourly levels of
food- and cocaine-reinforced responding across the differ-
ent discrete trials conditions averaged across the initial 7
days and the last 7 days under the discrete trial procedure.
The percent of total daily levels of responding for food and
cocaine that occurred within the dark phase was determined
for each subject and each day, and group means were
compared using repeated measures ANOVA. Separate
paired t-tests were used to compare the average total levels
of food-reinforced responding and percent of total respond-
ing that occurred within the dark phase between the
baseline and concurrent food and discrete trial cocaine
sessions within each group. A record of cocaine-reinforced
and nonreinforced trials was obtained for each trial and for
each animal, and these records were compared to the
corresponding records of temporal responding for food in
order to determine whether food- and cocaine-reinforced
responding occurred within the same time frame. All
statistical analyses were conducted using SPSS 10, and
findings were considered statistically significant if p-values
were less than 0.05.

RESULTS

Under baseline conditions, food-reinforced responding
was diurnally regulated and it was characterized by
high levels of responding during the dark phase that
decreased to low levels at the onset of the light phase
and then slowly increased to peak levels at the onset of
the dark phase (data not shown). Under the five baseline
food-reinforced sessions, an average of 7272% of the
total amount of responding occurred within the dark
phase, and the average daily number of pellets obtained
was 584715.

Figure 1 illustrates the effect of cocaine self-administra-
tion under the discrete trial procedure on the diurnal
control of food- and cocaine-reinforced responding during
the first and the second week of access. Although the groups
did not differ on patterns or levels of responding for food
under baseline (food only) conditions prior to cocaine self-
administration (p40.05), the differences were initially

observed under the discrete trial procedure. Specifically,
during the first week of access to cocaine, there was a dose-
dependent disruption in diurnal control over food-main-
tained responding (eg hourly distribution of responding
across light/dark cycle) and a dose-dependent decrease in
the daily number of pellets (see Table 1). However, these
effects were diminished or not apparent during the second
week of testing. Specifically, a repeated measures ANOVA
comparing the average hourly number of pellets at baseline
with those obtained during days 1–7 and days 8–14 under
the discrete trial cocaine self-administration procedure
revealed a significant main effect of Condition (eg Baseline,
Days 1–7, and Days 8–14; (F(2,34)¼ 9.9, po0.001)) and
Hour (F(23,391)¼ 20.3, po0.001), and a significant inter-
action of Condition by Group (F(6,34)¼ 2.6, po0.05), Hour
by Group (F(69,391)¼ 2.5, po0.001), Condition by Hour
(F(46,782)¼ 4.7, po0.001), and a trend for a main effect of
Group (p¼ 0.06) and the interaction of Condition by Hour
by Group (p¼ 0.07). Subsequent analyses comparing the
baseline hourly number of food pellets to those obtained on
days 1–7 within each discrete trial access group revealed a
significant effect of Condition for the 3 discrete trial/h
group (F(1,4)¼ 10.8, po0.05), 4 discrete trial/h group
(F(1,4)¼ 14.3, po0.05), and 5 discrete trial/h group
(F(1,5)¼ 72.8, po0.001), but not for the 2 discrete trial/h
group (p40.05). However, similar analyses comparing
patterns of food pellets at baseline to those obtained on
days 8–14 revealed a nonsignificant effect of Condition for
all discrete trial cocaine self-administration groups
(p40.05).

The patterns and levels of cocaine-reinforced responding
also changed over time. Increased access produced a
proportionally greater daily intake of cocaine (see Table 1)
and a dose-dependent disruption in the diurnal control over
cocaine-reinforced responding. These effects were most
pronounced during the first week of exposure. Repeated
measures ANOVA comparing hourly cocaine intake aver-
aged across days 1–7 with hourly cocaine intake averaged
across days 8–14 within each group revealed a significant
effect of Week within the 4 discrete trial/h group
(F(1,4)¼ 14.4, po0.05), and 5 discrete trial/h group
(F(1,5)¼ 12.4, po0.05), but not the 2 or 3 discrete trial/h
groups (p40.05). A comparison of the records of cocaine-
reinforced responding with records of food-reinforced

Table 1 Summary of the Daily Mean (7SEM) Number of Food Pellets and the Mean (7SEM) Percent of Total Responding that Occurred
for Food Averaged Across the Five Baseline Sessions (Food Only) and Across the First and the Last Seven Sessions Under the Discrete Trial
Cocaine Self-Administration Procedure as a Function of Cocaine Access Group

Number of food pellets Food in dark (%) Number of infusions

Group Baseline Days 1–7 Days 8–14 Baseline Days 1–7 Days 8–14 Days 1–7 Days 8–14

2 discrete trials/h 535728 563726 542737 7476 7072 8173 1973 2272

3 discrete trials/h 595736 462728* 503781 7373 6173* 6677 3274 3472

4 discrete trials/h 609715 502744* 574747 7374 5774** 6872 6571 5773***

5 discrete trials/h 590725 338715* 502727 6973 5175* 5174* 7176 4675***

The mean (7SEM) number of cocaine infusions averaged across the first and the last seven sessions under the discrete trial cocaine self-administration for each group
is also presented.
*Compared to baseline levels (po0.05). **Compared to baseline levels (p¼ 0.06). ***Compared to days 1–7 (po0.05).

Effects of discrete trial cocaine self-administration
WJ Lynch and DCS Roberts

671

Neuropsychopharmacology



Figure 1 Effect of cocaine access on changes in the diurnal control over food and cocaine self-administration behavior over the first 7 and last 7 days of
discrete trial exposure. Mean (7SEM) hourly number of food pellets (filled symbols) and cocaine infusions (open symbols) obtained across the light/dark
cycle (lights on at 1500) averaged across days 1–7 (left panels) and days 8–14 (right panels) of the discrete trial self-administration procedure for each of the
four cocaine access conditions. The horizontal lines mark the hours within the dark phase. Each data point represents the mean of 5 (2, 3, and 4 discrete
trials/h groups) and six (5 discrete trials/h group) rats.

Effects of discrete trial cocaine self-administration
WJ Lynch and DCS Roberts

672

Neuropsychopharmacology



responding revealed that even under high access conditions
(5 discrete trials/h), approximately 85% of all food-
reinforced responding occurred within the same time frame
as cocaine-reinforced responding (ie during the 10- min
trial plus the 2-min time-out), suggesting that responding
for food was not occurring during cocaine abstinence
periods. Thus, as access to cocaine increased, initially the
diurnal control over both cocaine- and food-maintained
responding was disrupted, the number of pellets obtained
was decreased, and the total number of cocaine infusions
was increased. Additionally, food-reinforced responding
occurred coincidentally with cocaine-reinforced responding.

Figure 2 further illustrates the diurnal nature of
responding for food and cocaine as a function of group.
Under baseline conditions, approximately 72% of food-
reinforced responding occurred during the dark phase of
the light–dark cycle. Under the discrete trial cocaine self-
administration procedure, there was a dose-dependent
reduction in the diurnal control over food self-administra-
tion behavior (see Figure 2a). However, the level of
disruption in the diurnal control over responding decreased
over days across all cocaine access conditions. That is, the
percent of total responding that occurred within the dark
phase progressively increased over time. A repeated
measures ANOVA comparing the percent of total respond-

ing that occurred in the dark phase over the 14 days as a
function of group revealed a significant main effect of
Group (F(3,17)¼ 10.35, po0.05), and Day (F(13,221)¼ 1.95,
po0.05), but a nonsignificant interaction of Group by Day
(p40.05). Compared to baseline, the percent of total
responding for food that occurred in the dark phase during
the first 7 days under the discrete trial procedure was
significantly decreased under the 3 (t¼ 4.0, df¼ 4, po0.05)
and 5 (t¼ 2.8, df¼ 5, po0.05) discrete trial/hour condition,
with a trend for a decrease under the 4 discrete trial/h
condition (t¼ 2.7, df¼ 4, p¼ 0.06), but was not significant
under the 2 discrete trial/hour condition (p40.05). How-
ever, during the last 7 days under the discrete trial
procedure, compared to baseline, the percent of total
responding for food that occurred in the dark phase was
significantly decreased only under the highest access
conditions (t¼ 4.6, df¼ 5, po0.01) (see Table 1). Thus,
during the last 7 days of access under the discrete trial
procedure, most animals had regained diurnal control over
food-reinforced responding (ie responding was becoming
more selective to the dark phase and was similar to the
diurnal patterns observed under baseline conditions).
However, under the highest access conditions (eg 5 discrete
trials/h), food-reinforced responding remained disrupted
and it occurred equally within the light and dark phases.

Similarly, there was a dose-dependent disruption in the
diurnal control of cocaine self-administration behavior (see
Figure 2b). As with food-reinforced responding, there was a
progressive increase in the percent of the total cocaine-
reinforced responding that occurred within the dark phase.
A repeated measures ANOVA comparing the percent of
total responding that occurred in the dark phase over the 14
days as a function of group revealed a significant main effect
of Group (F(3,17)¼ 8.27, po0.01) and Day (F(13,221)¼
1.83, po0.05), but a nonsignificant interaction of Group by
Day (p40.05). Thus, the diurnal control over both food-
and cocaine-maintained behavior became progressively
greater over time, but food-maintained responding con-
tinued to show some signs of dysregulation across the entire
testing period under the highest access conditions.

In order to assess the effect of cocaine intake on the
health of the animals, several rats from each of the 2, 3, 4,
and 5 discrete trial/h groups (n¼ 2, 5, 3, and 4, respectively)
were weighed at various time points throughout the study
(eg before and during the initial seven and last seven
discrete trial sessions). Although animals did not differ in
weight prior to cocaine self-administration under the
discrete trial procedure, animals in the high access
conditions showed a transient decrease in body weight
during the initial discrete trial sessions that returned to
baseline levels during the later sessions. A repeated
measures ANOVA revealed a nonsignificant main effect of
Group (p40.05) and Time (p40.05), but a significant
Group by Time interaction (F(6,34)¼ 2.68, po0.05). An
ANOVA comparing body weights during the later sessions
revealed no significant differences between groups (po0.05).

DISCUSSION

The purpose of the present experiment was to investigate
whether food-reinforced responding is an indictor of

Figure 2 Effect of discrete trial cocaine self-administration on diurnal
control over days. (a) Mean (7SEM) percent of total food-reinforced
responding that occurred in the dark phase during the five baseline testing
sessions (food alone) and during the 14 discrete trial testing sessions for
each cocaine access group. (b) Mean (7SEM) percent of total cocaine
infusions obtained in the dark phase during the 14 discrete trial testing
sessions for each cocaine access group. Each data point represents the
mean of 5 (2, 3, and 4 discrete trials/h groups) and six (5 discrete trials/h
group) rats.
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dysregulation in animals with concurrent access to cocaine.
The results revealed that under conditions that promote
stable levels of cocaine intake, behavior maintained by food
was also stable and diurnally regulated. However, under
conditions that promote uncontrolled and dysregulated
patterns of cocaine intake, the behavior maintained by food
was dysregulated from the normal diurnal pattern. High
access conditions also produced decreases in the total levels
of food-reinforced responding. These effects became
progressively greater with increases in cocaine access and
were more robust during the initial days of exposure to
cocaine. These findings suggest that under high access
conditions, the diurnal control over behavior maintained by
food decreases and that the level of control (or loss of) may
be a useful marker of dysregulation. However, the decrease
in diurnal control over food-maintained behavior was only
persistent under the highest access conditions and even
there it showed some signs of recovery.

The finding of a dose-dependent decrease in the diurnal
control over food-reinforced responding is consistent with
our recent characterization of patterns of cocaine self-
administration under the discrete trial procedure (Roberts
et al, 2002). We found evidence of dysregulation when
access to cocaine exceeded 2 discrete trials/h. Under these
conditions, the initial patterns of responding for food and
cocaine were desynchronized from the ‘normal’ diurnal
pattern and responding was equally likely to occur within
the light and dark phases. As access to cocaine increased,
the initial period of dysregulation became longer, and under
the highest access condition (5 discrete trials/h), evidence of
dysregulation was apparent for behavior maintained by
food throughout the entire 14 days of testing, with respon-
ding occurring equally within the light and dark phases.

Interestingly, the effects of cocaine on patterns of food-
maintained responding were transient and the time frame of
dysregulation corresponded to the period of time that
cocaine-reinforced behavior was dysregulated. We have
previously shown that the ‘normalization’ of cocaine self-
administration behavior that occurs under the discrete trial
procedure over time may be due to the development of
tolerance to the reinforcing effects of cocaine. Specifically,
following cocaine self-administration under high access
conditions, levels of responding under the progressive ratio
schedule are decreased and rates of responding under the
fixed ratio schedule are increased (Roberts et al, 2002;
Morgan et al, 2002). These findings are consistent with an
interpretation of a reduced drug effect. In the current study,
the ‘normalization’ of food intake may be due to the
decreases in cocaine intake over time. Specifically, the
greatest levels of cocaine intake were observed during the
initial 1–3 days under the discrete trial procedure. It is
during this initial period that the greatest levels of
dysregulation were observed for food-maintained respond-
ing. After this initial period of high drug intake, the average
daily cocaine intake decreased and stabilized at a lower level
and food-maintained responding increased and became
more diurnally regulated. Notably, under the highest access
condition, although daily levels of cocaine intake decreased,
both food- and cocaine-maintained responding continued
to be dysregulated.

It is also possible that tolerance developed to the
disruptive effects of cocaine on food-maintained respond-

ing. Evidence from humans and animals show that tolerance
develops rapidly to the anorectic effects of stimulant drugs
(Foltin and Fischman, 1991; Kuo and Cheng, 2002). Here,
we found that levels of food-maintained responding were
markedly decreased during the initial exposure under the
discrete trial procedure, but that beyond the first 1–2 days,
cocaine self-administration failed to suppress food intake.
The present results showed that neither food intake nor
body weights differed between groups during the later
discrete trial sessions, even though each group varied
considerably in terms of total cocaine intake. It seems that
tolerance developed to the food-suppressant effects of
cocaine by the second or third day under the 5 discrete
trial/h condition. This finding is consistent with our
previous demonstration that tolerance develops to the
reinforcing effects of cocaine after only a few days under
a 5 discrete trial/h schedule (Roberts et al, 2002). Thus,
while tolerance develops quickly to the food suppressant
effect of cocaine, the disruptive effects on the diurnal cycle
continue. Taken together, these results suggest that
behavior may become disorganized (dysregulated) long
before something so critical for survival as feeding becomes
suppressed. By the time feeding is suppressed, cocaine self-
administration is probably at a toxic stage.

Human cocaine users have been reported to exhibit
‘binges/abstinent cycles’, wherein cocaine is taken in bouts
that last for many hours or days (Gawin and Kleber, 1985;
Gawin, 1989, 1991). Abstinence periods between successive
binges vary in length and have been characterized as a
dysphoric mood state accompanied by changes such as
hypersomnia, insomnia, and increased appetite (Diagnostic
and Statistical Manual of Mental Disorders (DSM-IV);
Gawin and Kleber, 1985; American Psychiatric Association,
1994; Gawin, 1989, 1991; Weddington et al, 1990; Johanson
et al, 1999). Based on this literature, we expected that food-
maintained behavior would occur predominantly during
periods of low drug intake and would predict a recup-
erative, drug-abstinent period. Contrary to this prediction,
after the initial ‘binge’ in which animals took virtually every
infusion available for the first 1–3 days, food-reinforced
responding co-occurred with cocaine self-administration
rather than during a recuperative phaseFwith approxi-
mately 85% of food-reinforced responding occurring within
the same time frame as cocaine-reinforced responding. We
knew that food intake could co-occur with cocaine self-
administration under a 2 discrete trial/h condition (Roberts
and Andrews, 1997). However, given the extreme levels of
daily cocaine intake (88 mg/kg/day) under a 5 discrete trial/h
condition, we expected that food intake would be sup-
pressed. It should be noted, however, that food-reinforced
responding is not a direct measure of eating. Although food
cups were inspected at least once daily and were found to
contain no more than a few pellets, and were generally
empty, it is still possible that animals were collecting pellets
and eating them at a later time (perhaps during an
abstinence period). Future research is necessary to explore
this issue fully.

In summary, we have previously shown that increasing
the number of trials/h produces a dose-dependent disrup-
tion of diurnal patterns of cocaine intake. The present
results extend these findings to include a dose-dependent
disruption in the diurnal pattern of food-maintained
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behavior. High access under the discrete trial procedure
results in high levels of drug intake and a loss of diurnal
control over both food- and cocaine-maintained behavior.
These findings suggest that the level of diurnal control (or
loss of) may be a useful maker of dysregulation. Notably, we
have previously shown that access to cocaine under the 4
discrete trial/h condition produces marked increases in
motivation to obtain cocaine, but only after an extended
forced abstinence period (Morgan et al, 2002). Taken
together, the findings suggest that high intake as was
observed here, coupled with a forced abstinence period,
may capture the compulsive features that are characteristic
of human cocaine addiction.
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