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(4) 765–770, 2000.—A number of studies have demonstrated
sensitization to the behavioral effects of cocaine following pretreatment. In most cases, pretreatments have been adminis-
tered in the test environment. The present study determined the effects of home-cage administrations of cocaine on the ac-
quisition of cocaine self-administration. Initial groups established that the latency to acquisition of cocaine self-administra-
tion varied inversely with dose. The effect of cocaine pretreatment on latency to acquisition of cocaine self-administration
(0.25 mg/kg/infusion) was then determined in other groups. On each of 5 pretreatment days, separate groups received home-
cage administrations of cocaine as either a single injection (20.0 mg/kg), or two (20.0 mg/kg) or three (10.0 mg/kg) injections
separated by 1 h. Testing commenced 3 days following the last of the pretreatments. Only the pretreatment consisting of two
daily injections of 20.0 mg/kg cocaine decreased the latency to acquisition of self-administration. These data are consistent
with a sensitized response to cocaine’s reinforcing effects and provide minimum pretreatment conditions for its development.
© 2000 Elsevier Science Inc.

 

Sensitization Cocaine Self-administration

 

PRIOR exposure to a number of stimulants results in an in-
crease in the behavioral response. This sensitized behavioral
reponse has been demonstrated following repeated, intermit-
tent exposure to indirect (12,25,33), as well as direct dopa-
mine agonists (11,18,44). The development of sensitization has
been proposed relevant to issues concerning variability in the
propensity to develop compulsive drug taking (25,26,38,39),
and to the ability of various interoceptive and exteroceptive
cues to trigger relapse in abstaining abusers (34,40). Studies
that have investigated the effects of preexposure on the rein-
forcing properties of cocaine and other drugs have supported
this hypothesis.

Rats that received prior exposure to cocaine demonstrated
sensitization to the conditioned reinforcing effects of the
drug. These subjects developed a conditioned place prefer-
ence in response to low cocaine doses that failed to produce
this effect in nonexposed animals (17,40–42). The primary re-
inforcing effects of stimulants also appear to become sensi-
tized as a result of preexposure. For example, following meth-
amphetamine testing, lower doses of the drug maintained

reliable self-administration, suggesting a shift to the left in the
dose–response curve (48). In tests of the acquisition of stimu-
lant self-administration, preexposure to cocaine decreased
the latency to acquisition of self-administration (12), and am-
phetamine exposure resulted in reliable self-administration of
a dose of amphetamine that failed to support operant re-
sponding in control rats (20,25,27).

The results of studies on the development of sensitization
to cocaine’s motor-activating effects have suggested that the
environment in which cocaine is administered prior to the test
is a critical determinant (1–4,35). Some studies have suggested
that pretreatments administered in the test environment may
be more effective than pretreatments administered in an al-
ternate environment, or that different preexposure parame-
ters may be required to produce sensitization, depending on
the preexposure environment (28–30).

In a previous study, daily test-cage administrations of co-
caine decreased the latency to the subsequent acquisition of
cocaine self-administration (12,13). Because the latency to ac-
quisition of self-administration is inversely related to the dose
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of cocaine available for self-administration, this suggests
(36,37) that the effects of pretreatment are consistent with
sensitization to cocaine’s reinforcing effects. Recently, we
demonstrated that sensitization to cocaine’s locomotor-acti-
vating effects produced by pretreatments administered in the
home cage reflected a leftward shift in the dose–effect curve,
consistent with increased potency (22,23). Minimal effects on
the efficacy of cocaine were produced. However, the effect of
a similar regimen of home-cage administrations of cocaine on
the reinforcing effects have not been examined. Therefore,
the present parametric study examined the effect of a number
of cocaine pretreatment regimens, administered in the home
cage, on the development of cocaine self-administration. Ad-
ditionally, dose–effect relationships for the latency to acquisi-
tion of cocaine self-administration were measured.

 

METHOD

 

Subjects

 

Male Sprague–Dawley rats (Harlan, TX), weighing 325–
350 g, were used. They were housed individually in hanging
polycarbonate cages. The humidity and temperature con-
trolled colony at Texas A&M University was kept on a 12:12-h
light condition, with lights on at 0800 h. Food and water were
freely available except during testing.

 

Surgery

 

A chronic indwelling Silastic catheter was implanted in the
right jugular vein. The rats were deeply anesthetized with ket-
amine (60.0 mg/kg) and pentobarbital (20.0 mg/kg). The exter-
nal jugular vein was isolated, the catheter inserted and the dis-
tal end (22 ga stainless steel tubing) was passed subcutaneously
to an exposed portion of the skull where it was fixed to embed-
ded jeweler’s screws with dental acrylic. Each day, the cathe-
ters were infused with 0.1 ml of a sterile saline solution contain-
ing heparin (1.25 U/ml), penicillin G Potassium (250,000 U/ml),
and streptokinase (8000 IU/ml) to prevent infection and the
formation of clots and fibroids. The rats were allowed 5 days
afte surgery for recovery. Sample sizes for each group are indi-
cated in the Procedures section, and represent the number of
subjects (generally 75–80%) that completed testing with patent
catheter lines. At the completion of testing, patency was con-
firmed by the immediate loss of the righting reflex following an
infusion of sodium pentobarbital (15.0–20.0 mg/kg, IV).

 

Apparatus

 

Self-administration testing was carried out in operant
chambers (Med Associates, ENV-001) equipped with two le-
vers. Depression of one lever (the active lever) resulted in an
intravenous infusion of cocaine HCl, dissolved in sterile phys-
iological saline and heparin (3 U/ml). Depression of the other
lever (the inactive lever) was without programmed conse-
quence. Drug delivery and data acquisition were controlled
by the OPN software package (43,45). Cocaine deliveries were
made via mechanical pumps (Razel Model A with 1 rpm mo-
tor equipped with 20.0-ml syringes) in a volume of 0.1 ml over
12.0 s. Coincident with drug delivery was the illumination of a
stimulus light located above the active lever.

 

Procedures

Experiment 1: Acquisition of cocaine self-administration as
a function of dose.  

 

Three groups of rats were used to deter-
mine the effect of cocaine dose on latency to acquisition of

self-administration. Each of these groups received a different
dose of cocaine [0.125 (

 

n

 

 

 

5

 

 15), 0.25 (

 

n

 

 

 

5

 

 12), or 0.5 (

 

n

 

 

 

5

 

 15)
mg/kg/infusion) during 8 (0.5 mg/kg/infusion) or 10 (0.125 and
0.25 mg/kg/infusion) daily 2-h tests. Each daily test began
with an experimenter-delivered infusion of the available dose
of cocaine (0.125, 0.25, or 0.50 mg/kg/infusion). Thereafter,
infusions were delivered according to an FR-1 schedule of re-
inforcement by depression of the active lever. Responses on
both the active and inactive levers were recorded for each
daily session.

 

Experiment 2: Effects of cocaine pretreatment on acquisition
of self-administration. 

 

 retreatment phase—separate groups of
rats received preexposure to cocaine or the saline vehicle in
the home cage during 5 pretreatment days. Groups received
either a single daily intraperitoneal injection of 20.0 mg/kg (

 

n

 

 

 

5

 

18), three daily intraperitoneal injections of 10.0 mg/kg (

 

n

 

 

 

5

 

15), or two daily intraperitoneal injections of 20.0 mg/kg (

 

n

 

 

 

5

 

 11)
cocaine. Multiple daily injections, delivered in a volume of 1.0
ml/kg, were separated by 1 h. An additional group received a
single daily injection of 40.0 mg/kg cocaine during the pre-
treatment phase. However, 50% of the rats developed sei-
zures or died prior to completion of the 5-day pretreatment
period and, therefore, data from this group are not included.

Acquisition of cocaine self-administration—3 days following
the last of the pretreatment injections, the acquisition of cocaine
self-administration (0.25 mg/kg/infusion) was measured during
eight daily 2-h sessions. On these days, the session began with
an experimenter administered priming infusion of cocaine (0.25
mg/kg/infusion). Thereafter, infusions were delivered according
to an FR-1 schedule of reinforcement by depression of the ac-
tive lever. Inactive lever responses were recorded but had no
programmed consequences.

 

Data Analysis

 

Repeated-measures ANOVAs were conducted on the
number of active and inactive lever responses as a function of
days. When appropriate, pairwise comparisons were con-
ducted using Tukey post hoc tests.

Acquisition data were obtained by applying a criterion
consisting of a minimum of 7.5 mg/kg/day intake and a mini-
mum of 2:1 ratio active:inactive lever responses to the self-
administration data. Acquisition was defined as the first day
that this criterion was met for 3 consecutive days. The cumu-
lative percentage of subjects that acquired cocaine self-
administration over days was compared for various groups us-
ing chi-square analysis. Additionally, the number of days to
acquisition of cocaine self-administration was compared for
the saline-pretreated rats and rats from each of the cocaine
pretreatment conditions.

 

Drugs

 

Cocaine HCl (National Institute of Drug Abuse) was dis-
solved in sterile physiological saline. Intravenous infusions
were delivered in a volume of 100 

 

m

 

l, and intraperitoneal in-
jections were delivered in a volume of 1.0 ml/kg.

 

RESULTS

 

Figure 1 shows the mean number of active (top panel) and
inactive (bottom panel) lever responses as a function of days
and cocaine dose during the acquisition of self-administra-
tion. For all dosage groups, active lever responding gradually
increased over days, whereas inactive lever responses re-
mained fairly low. A repeated-measures ANOVA (dose 

 

3
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days) on the active lever responses from the first 8 days of
testing revealed a significant effect of day, 

 

F

 

(7, 273) 

 

5

 

 9.047,

 

p

 

 

 

,

 

 0.001, as well as a significant interaction between day and
dose, 

 

F

 

(7, 273) 

 

5

 

 2.553, 

 

p

 

 

 

5

 

 0.011. Responding for the 0.25
and 0.50 mg/kg/infusion groups was higher than responding of
the 0.125 mg/kg/infusion group on days 2 and 3 (

 

p

 

 

 

,

 

 0.05). On
days 7 and 8, responding of the 0.5 mg/kg/infusion group was
lower than responding of either the 0.125 or 0.25 mg/kg/infu-
sion groups (

 

p

 

 

 

,

 

 0.05).
Figure 2 shows the cumulative percentage of subjects that

acquired cocaine self-administration as a function of days and
cocaine dose. The curve for the 0.50 mg/kg group is displaced
to the left of the curve for the 0.25 mg/kg/infusion group,
which is displaced to the left and up of the curve for the 0.125
mg/kg/infusion group. A higher percentage of subjects ac-
quired cocaine self-administration during the early test days
when the higher dose of cocaine was available. Whereas 50%
of the subjects in the higher dose group acquired cocaine self-
administration by the third test day, 5 and 9 days were re-

quired for 50% of the subjects to acquire self-administration
in the 0.25 and 0.125 mg/kg/infusion groups, respectively. Chi-
square analysis confirmed that the latency to acquisition for
the 0.5 and 0.25 mg/kg/infusion groups was shorter than for
the 0.125 mg/kg/infusion group, 

 

x

 

2

 

(2) 

 

5

 

 18.294, 

 

p

 

 

 

,

 

 0.001.
Figure 3 shows the number of active (top panel) and inac-

tive (bottom panel) lever responses as a function of pretreat-
ment regimen and day of testing. Inactive lever responding
was low for all groups. There was a tendency for active lever
responding to be higher in the groups that received cocaine
pretreatment when compared to the group that received sa-
line pretreatment. An ANOVA (pretreatment condition 

 

3

 

day) on the number of active lever responses revealed a main
effect of day, 

 

F

 

(7, 441) 

 

5

 

 2.208, 

 

p

 

 

 

5

 

 0.033, and an interaction
between day and pretreatment, 

 

F

 

(7, 441) 

 

5

 

 2.870, 

 

p

 

 

 

5

 

 0.006.
Active lever responses for the group that received the pre-
treatment consisting of 2 

 

3

 

 20 mg/kg cocaine was higher than
the group that received saline on days 5, 6, 7, and 8 (

 

p

 

 

 

,

 

 0.05).
A higher rate of responding was also obtained for the group
that received the pretreatment consisting of 1 

 

3

 

 20.0 mg/kg
cocaine on days 7 and 8 when compared to the saline-pre-
treated group.

Figure 4 shows the cumulative percentage of subjects that
acquired cocaine self-administration as a function of days and
pretreatment condition. There was a tendency for a higher per-
centage of cocaine-pretreated rats to acquire cocaine self-
administration during the early days of testing. However, the
acquisition curves for the saline pretreated rats and for the
groups that received 1 

 

3

 

 20.0 mg/kg cocaine (

 

x

 

2

 

 

 

5

 

 1.53, NS), or
3 

 

3

 

 10.0 mg/kg cocaine (

 

x

 

2

 

 

 

5

 

 2.24, NS) were not significantly
different. In contrast, rats that received the pretreatment regi-
men consisting of two daily injections of 20.0 mg/kg cocaine ac-
quired cocaine self-administration with a shorter latency than
rats that received saline pretreatment (

 

x

 

2

 

 

 

5

 

 8.14, 

 

p

 

 

 

,

 

 0.01).
Table 1 shows the average number of days required for the

acquisition of cocaine self-administration for the various groups.
Latency to acquisition was significantly shorter for the 2 

 

3

 

 20.0
mg/kg, 

 

t

 

(11, 21) 

 

5

 

 129.5, 

 

p

 

 

 

5

 

 0.041, pretreatment group.

FIG. 1. Effect of cocaine dose on cocaine self-administration. Top
panel shows the number of active lever responses as a function of test
day and cocaine dose. Bottom panel shows the number of inactive
lever responses as a function of test day and cocaine dose. The effect
of increasing cocaine dose was to increase the number of active lever
responses during the early test sessions and to decrease the number
of active lever responses during the latter test sessions.

FIG. 2. Cumulative percentage of subjects that acquired cocaine self-
administration on each day as a function of cocaine dose. A higher
percentage of rats acquired self-administration during the early days
of testing when a higher dose of cocaine was available.
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DISCUSSION

 

During acquisition of cocaine self-administration, active
lever responses increased gradually over days. During the
early test days, the number of responses was greater when the
higher dose (0.50 mg/kg/infusion) was available than when
the lower cocaine dose (0.125 mg/kg/infusion) was available.
Acquisition curves for cocaine self-administration indicated
an inverse relationship between cocaine dose and latency to
acquisition. These data are consistent with those reported
previously (10,36,37). With extended testing, a higher per-
centage of subjects generally acquire cocaine self-administra-
tion (10,21). The protracted development of cocaine self-
administration suggests that for some subjects, cocaine, while
not initially very effective in reinforcing operant behavior, be-
comes an effective reinforcer with repeated exposure.

A major effect of increasing the dose of cocaine available
for self-administration was a shift to the left in the acquisition
curve; more rats acquired self-administration during the early
test days. That is, higher doses of cocaine resulted in faster ac-
quisition rates. This same effect was obtained for rats that re-
ceived the pretreatment consisting of 2 daily injections of 20.0
mg/kg cocaine for 5 days. The decreased latency to acquisi-
tion of self-administration is consistent with the effect of in-
creasing the dose of cocaine available for self-administration.

The decreased latency to acquisition of cocaine self-
administration suggests that cocaine preexposure sensitized
rats to the reinforcing effects of cocaine. However, an alter-
nate possibility is that anxiogenic effects of cocaine initially
prevented the acquisition of the lever press operant and that
tolerance to these effects, as a function of exposure to co-
caine, resulted in a decrease in the latency to acquisition. The
aversive effects of cocaine are well-documented, but there are
data to suggest that these effects become sensitized rather
than tolerant following cocaine exposure.

An elegant demonstration of sensitization to the aversive
as well as positive effects of cocaine was demonstrated in rats
trained to run a runway to receive cocaine infusions. Trials
were conducted once daily, and intravenous cocaine was ad-
ministered in a goal box at the end of a straight alley. Start la-
tencies were short, but with repeated testing the rats would
retreat from the goal box rather than entering it, thereby
leading to long run times (8). These data suggest that with re-
peated exposures, the anxiogenic effects of cocaine increased.

FIG. 3. Effect of cocaine preexposure on acquisition of self-adminis-
tration. Rats received saline or cocaine during 5 pretreatment days.
Either single (20.0 mg/kg), double (20.0 mg/kg each), or triple (10.0
mg/kg each) daily injections were administered during preexposure.
Acquisition of cocaine self-administration began 3 days following the
last of the pretreatments. Top panel shows active lever responses and
bottom panel shows inactive lever responses during each day of an
8-day test period. The pretreatment consisting of two daily injections
of cocaine (20.0 mg/kg) increased actgivve lever responding for
cocaine during the later test days.

FIG. 4. Cumulative percentage of subjects from each pretreatment
group that acquired cocaine self-administration on each test day. Pre-
treatment with two daily injections of cocaine shifted the acquisition
curve for cocaine self-administration to the left of saline pretreated rats.

 

TABLE 1

 

AVERAGE NUMBER OF DAYS TO ACQUISITION OF COCAINE
SELF-ADMINISTRATION (SEM) FOR THE VARIOUS

PRETREATMENT GROUPS

Saline 6.85 (0.74)

 

1 

 

3

 

 20.0 6.05 (0.78)
3 

 

3

 

 10.0 5.60 (0.86)
2 

 

3

 

 20.0 4.54 (0.47)*

*

 

P

 

 

 

,

 

 0.05 compared to saline pretreatment group.
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Therefore, the decreased latency to acquisition of cocaine
self-administration cannot be attributed to tolerance to the
aversive effects of cocaine. Rather, these data are consistent
with sensitization to cocaine’s positive effects.

The decreased latency to acquisition of cocaine self-
administration was only produced following pretreatment
with the regimen consisting of two daily injections of 20.0 mg/
kg cocaine; three daily injections of 10.0 mg/kg or a single
daily injection of 20.0 mg/kg were insufficient to produce sen-
sitization. Because the pretreatments were administered in
the home cage, these data provide a minimum preexposure
requirement for the development of sensitization when pre-
exposure was administered in an environment distinct from
the test environment.

Both the reinforcing (6,7,31,32) and motor activating
(16,47) effects of cocaine have been attributed to the ability of
cocaine to block the reuptake of mesolimbic dopamine. The

development of sensitization to cocaine’s motor behavioral
effects has been attributed to increased effects within this
neurochemical system (10,14,15). A similar mechanism may
underlie the development of sensitization to cocaine’s rein-
forcing effects observed in the present study and in a previous
study (12). Additionally, sensitization may also reflect co-
caine-produced alterations of neurotransmission in areas that
underlie associative learning processes such as the amygdala
(19,24), which has been implicated in cocaine seeking (5,9,46).
If so, the ability to learn the lever-press operant to obtain co-
caine infusions may have been facilitated through a cocaine-
produced strengthening of these associative processes.
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