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HORGER, B. A, K. SHELTON AND S. SCHENK. Preexposure sensitizes rats to the rewarding effects of cocaine. PHARMA-
COL BIOCHEM BEHAV 37(4) 707-711, 1990. —During a preexposure period rats were injected once daily with either cocaine
HCI (10 mg/kg, IP) or the saline vehicle for 12 consecutive days. Rats that were chronically exposed to cocaine during the pretreat-
ment phase were more responsive to the motor activating effects of a subsequent injection of cocaine than were rats chronically
treated with saline. In self-administration testing, saline-pretreated groups did not exhibit a significant preference for a lever produc-
ing a cocaine infusion relative to an inactive lever, suggesting that the doses tested (0.225 and 0.45 mg/kg/infusion) were subthresh-
old for cocaine reward. In contrast, subjects preexposed to cocaine had a higher rate of reinforced responses and exhibited a
preference for a lever that resulted in a cocaine infusion. It was unlikely that the higher response rate was due to an elevation in
nonspecific activity since inactive lever responding remained low and relatively invariant over the 9 days of testing. Thus the en-
hanced responding in the cocaine-preexposed rats suggests that the reinforcing effectiveness of the drug had increased. These data
indicate that sensitivity to cocaine’s behavioral effects can be enhanced and that predisposing factors to cocaine abuse can be ma-
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nipulated.

Self-administration Cocaine Sensitization

THERE is substantial variability in the behavioral effects of co-
caine. Some animals appear to be extremely sensitive in that they
respond to very low doses of the drug, whereas others require
higher doses to exhibit the same effect. That is, some rats appear
sensitized or predisposed to the behavioral effects of cocaine.

Variability in response to cocaine’s rewarding effect is appar-
ent in that not all subjects learn to perform an operant to self-ad-
minister the drug. Thus the reinforcing effectiveness of cocaine is
not the same for all rats. Animals that self-administer cocaine can
be separated from their nonself-administering counterparts on the
basis of housing conditions. Rats reared in a socially isolated
condition were more prone to self-administer cocaine than rats
reared in an aggregated condition (15). Thus a sensitization to
cocaine reward has been experimentally produced.

Another means of inducing sensitization is by preexposing rats
to cocaine, The bulk of work examining this phenomenon of re-
verse tolerance has measured the activating effects of this psycho-
stimulant. At low and moderate doses single injections of cocaine
increase activity (17). An augmentation of this effect is observed
with subsequent administration, with chronic low dose exposures
producing an intense form of behavioral sensitization (12). A pro-
longed period of preexposure is not required since sensitization
has been observed after as little as a single, high dose exposure
to cocaine (8). Sensitization to cocaine has also been demon-
strated in the conditioned place preference paradigm (7).

These findings raised the possibility that cocaine preexposure
may also serve to alter the reinforcing impact of the drug. The
present experiment is an investigation of this hypothesis. We ex-
amined the effect of chronic cocaine exposure on its reinforce-
ment effectiveness using the self-administration paradigm. In
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addition, some rats were tested to confirm behavioral sensitiza-
tion to cocaine’s motor-activating properties under identical pre-
exposure parameters.

Preexposure for both behavioral indices of drug action was
associated with specific cues in order to accommodate potential
conditioning factors (5,13).

METHOD

Subjects

Male Sprague-Dawley rats (Harlan, TX) weighing 325-375 g
were acclimated to the laboratory setting for one week prior to the
onset of their respective procedures. The colony room was main-
tained on a 12-h light/dark schedule. The animals were housed
individually with food and water available ad lib. The rats were
randomly assigned to one of two testing procedures: 1) cocaine-
induced locomotor activity and 2) cocaine self-administration.

Surgery

Animals used in the self-administration phase of the procedure
were implanted with chronic indwelling intravenous catheters ac-
cording to a modification of Weeks (18). The rats were pretreated
with atropine HCI (1.4 mg/kg, IP) 10 min before being anesthe-
tized with separate injections of sodium pentobarbitol (20 mg/kg,
IP) and ketamine (60 mg/kg, SC). A silastic catheter was inserted
into the left jugular vein. The distal end was guided subcutane-
ously to an exposed portion of the skull and secured in place with
dental acrylic. Each day following surgery the patency of the
catheter was confirmed following a 0.05 ml infusion of a saline
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solution containing heparin (1.25 units/ml) and penicillin G so-
dium (250,000 units/ml). All surgery was performed under ster-
ile conditions following animal care guidelines.

Apparatus

Activity monitors. Ten 38.1 x38.1 x38.1 cm black wooden
boxes with a metal grid floor served as behavioral testing cham-
bers. These boxes were equipped with four sets of light sources
and photocells located 5.1 cm above the floor and 12.7 ¢cm from
each corner. The photocells and receptors were arranged so that
each pair of light beams crossed the other perpendicularly, divid-
ing the activity chambers into nine equal spaces. As a beam was
intersected it was recorded by a mechanical counter, providing a
gross measure of locomotor activity. Testing was conducted un-
der dimly lit conditions. Readings from the counters were taken
every 10 min in an adjacent monitoring room.

Self-administration chambers. Self-administration testing was
conducted in 16 operant boxes (Med Associates) enclosed in
sound-attenuating chambers. Each box was equipped with two
levers. Depression of one lever (the active lever) activated a me-
chanical infusion pump (Razel, model A equipped with | rpm
motors and 20 ml syringes) which produced a 0.1 ml infusion of
cocaine HCI through a swivel (2) suspended above each box.
Coincident with the 12-s infusion, a stimulus light located above
the lever was illuminated. Depression of the other lever (the in-
active lever) was without effect. Drug delivery and data collec-
tion were controlled by the Operant Package for the Neurosciences
software package [modified from (3,16)].

Procedure

Activity measures. The procedure followed that of Post and
Rose (12). Before each session the activity boxes were wiped
with a solution of 1% ammonium hydroxide in water to minimize
the influence of remaining odors from preceding groups. Subjects
were weighed and brought to the testing room in a carrying case.
After being placed in the chambers, locomotor activity was mon-
itored at 10-min intervals during a 20-min habituation period. In-
jections of either 10 mg/kg cocaine HCI (IP) (N = 10) or an equal
volume (1 ml/kg) of the saline vehicle (N = 10) were then admin-
istered and activity recorded for the subsequent 40 minutes. This
protocol was carried out for 12 days. On day 13 all animals re-
ceived a drug challenge of 10 mg/kg cocaine HCI (IP) following
the habituation period. Activity counts were again recorded for
40 min postinjection and compared for the saline and cocaine-
preexposed rats.

Self-administration. Animals used in the self-administration
procedure were divided into 2 groups. For 12 consecutive days
the rats were injected with either cocaine HC1 (10 mg/kg, IP) or
saline and then were placed in the operant chambers for 30 min
before being returned to the animal colony. Before each injection
the operant chambers were wiped with a solution of 1% ammo-
nium hydroxide in water to minimize potential odor cues. The
levers were removed during this period. Following 12 days of
preexposure to either cocaine or saline and an ensuing 2-day rest
period, animals were tested for spontaneous acquisition of co-
caine self-administration.

Doses available were 0.225 or 0.45 mg/kg/infusion. These
doses were chosen since they fall below those that have been re-
ported to reliably maintain self-administration (10,11). Thus if
cocaine preexposure served to sensitize these rats to the reinforc-
ing effects of cocaine, the use of these doses, at the low end of
the dose/response curve should optimize the ability to observe an
increase in reinforced responding.

During the self-administration phase, rats were given a single
priming infusion of cocaine at the start of each 2-h daily session.
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FIG. 1. Activity counts per 10 min during a 20-min preinjection and 40-
min postinjection period. Data points represent the mean response ( = SEM)
to cocaine (10 mg/kg) in rats that had received 12 previous experiences
with either cocaine or saline. The cocaine preexposed rats showed a greater
response to the drug at 10 and 20 min postinjection (p<<0.05).

Testing was continued for 9 days. Several rats from both condi-
tions failed to complete the entire testing procedure due to cathe-
ter malfunction. The number of rats that completed the protocol
were: cocaine-pretreated/0.225 mg/kg: 9; cocaine-pretreated/0.45
mg/kg: 5; saline-pretreated/0.225 mg/kg: 8: and saline-pretreated/
0.45 mg/kg: 5.

RESULTS
Activity Measures

Figure 1 shows the mean activity counts in response to the
cocaine injection on day 13 for the cocaine and saline-pretreated
rats. During the preinjection tests, motor activity was comparable
for the two groups. Following the cocaine injection, activity in-
creased in both groups, with the cocaine-pretreated animals ex-
hibiting a higher cocaine-induced level of activity. A 2-way
ANOVA (time X pretreatment condition) on the activity scores
yielded a significant main effect for pretreatment condition,
F(1,18)=6.7, p<<0.05, and a significant interaction between pre-
treatment condition and time, F(5,90)=7.5, p<<0.01. Scheffé post
hoc comparisons revealed elevated activity counts for the cocaine-
pretreated group at 10 and 20 min postinjection (p<<0.05).

Self-Administration

Figure 2 depicts the mean number of reinforced and nonrein-
forced lever responses for each of the 4 groups (cocaine-pretreated/
0.225 mg/kg, cocaine-pretreated/0.45 mg/kg, saline-pretreated/
0.225 mg/kg, and saline-pretreated/0.45 mg/kg) over the 9 days
of self-administration testing. Following an initial decrease in re-
sponding, reinforced lever responses increased over days for both
of the groups that received cocaine pretreatment (left panels). As-
ymptotic responses rates on the active lever were reached by day
6 of testing. In contrast, inactive lever responses were low and
relatively invariant over days. Individual 2-way ANOVAs (lever
X days) on the response rates of each of the 2 groups showed
that reinforced responses were significantly higher than nonrein-
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FIG. 2. Mean reinforced (active) and nonreinforced (inactive) lever responses (= SEM) for 1 of 2 intravenous
doses of cocaine [0.225 (top) or 0.45 (bottom) mg/kg/infusion] as a function of days. Rats that had been pre-
treated with 12 daily injections of cocaine (10 mg/kg; IP) are depicted on the left side of the panel and the
saline-pretreated groups are presented on the right. Rats in the cocaine-pretreated groups showed a preference
for the active lever (p<<0.05), whereas the saline-pretreated rats did not.

forced responses [0.225 mg/kg/infusion, F(1,16)=5.5, p<<0.05;
0.45 mg/kg/infusion, F(1,8)=5.6, p<<0.05]. In addition, a sig-
nificant interaction between the 2 variables was found in cocaine-
pretreated rats in the 0.225 mg/kg/infusion group, F(8,128)=2.7,
p<<0.01. Scheffé post hoc comparisons indicated elevated active
lever responses relative to inactive lever responding on days 5
through 9 (»<<0.05).

In contrast to the data from the cocaine-pretreated rats, neither
of the 2 saline-pretreated groups (right panels) showed a signifi-
cant preference for the active lever [0.225 mg/kg/infusion, F(1,14) =
1.5, N.S.; 0.45 mg/kg/infusion dose, F(1,8)=2.7, N.S.].

A 3-way ANOVA (pretreatment condition X days X dose
with repeated measures on the days factor) revealed a significant
interaction between pretreatment condition and days, F(8,184)=
2.1, p<0.05. Scheffé post hoc tests revealed that the number of
reinforced responses in the cocaine-pretreated group was higher
than in the saline-pretreated group on day 6 (p<<0.05).

In order to determine the number of animals in each group
which acquired the operant to self-administer cocaine, a criterion
was defined based on the inactive lever responses. On the last day
of self-administration testing, a 90% one-tailed confidence inter-
val was placed about the mean number of inactive lever responses
for each of the four groups. Subjects that responded on the rein-
forced lever at a rate above the upper limit of this confidence in-
terval were operationally defined as having acquired cocaine self-
administration.

A higher percentage of cocaine pretreated subjects acquired
the operant to self-administer cocaine relative to the saline-pre-
treated animals at both doses tested. Seventy-eight and 60% of
the cocaine-pretreated rats lever pressed above the criterion for a
0.225 and 0.45 mg/kg/infusion of cocaine, respectively. In con-

trast, only 25% (0.225 mg/kg/infusion) and 40% (0.45 mg/kg/in-
fusion) of the saline-pretreated controls acquired cocaine self-
administration at the same doses. Chi-square analysis indicated
that these differences between cocaine and saline-pretreated rats
were reliable, x*(3) =16.58, p<0.01.

DISCUSSION

Consistent with previous reports (5,12) the locomotor response
to a cocaine challenge injection was enhanced by cocaine pre-
treatment. Thus the parameters and dose of the cocaine preexpo-
sure subsequently used in the self-administration tests were sufficient
to produce behavioral sensitization.

In examining whether prior exposure could similarly sensitize
rats to cocaine’s reinforcing effects, low doses were employed
during self-administration testing. These doses were subthreshold
as indicated by their inability to sustain a preference for the rein-
forced lever in saline-pretreated rats.

In contrast, rats that had been preexposed to cocaine demon-
strated higher rates of reinforced responding and a significant
preference for the response that resulted in the delivery of a co-
caine infusion at both doses tested. The acquisition of cocaine
self-administration in these rats was gradual, with maximal rein-
forced response rates obtained by the sixth day of testing.

That the cocaine preexposed rats had higher reinforced re-
sponse rates can be interpreted in at least two ways. First, it is
possible that the enhanced responses simply reflect a more non-
specific effect of increased activity in response to cocaine, as the
tests of cocaine-induced motor activation suggested [present re-
sults; (12)]. This possibility is unlikely since inactive lever re-
sponding remained low in both cocaine- and saline-pretreated
groups.



710

A more likely possibility is that the pretreatment altered the
reward impact of cocaine. An increase in responding for drug in-
fusions has been interpreted to reflect both an increase and a de-
crease in reinforcement effectiveness of the drug, with the latter
being the more common interpretation. Usually doses at the high
end of the dose response curve are used in self-administration
tests. As the dose is reduced or manipulations are performed which
reduce the effectiveness of the drug dose, a shift to the right of
the dose/response curve occurs, resulting in an increase in re-
sponding. However, responding is not an inverse function of dose
across the entire dose/response curve. This relationship holds
within the effective dose range. At the low end, subthreshold
doses fail to support responding. Thus the curve is in the shape
of an inverted U, with both high and low doses supporting low
rates of responding. Depending on whether the dose being used
is on the rising or falling portion of the dose/response curve, ma-
nipulations that increase responding can be interpreted to indicate
either an increase or decrease, respectively, in the effectiveness
of the self-administered drug.

Since the control rats in the present study failed to respond for
cocaine at the doses tested (doses at the extreme left of the dose/
response curve), within the time course of the present experiment
(9 days), the results lend themselves to only one interpretation.
An increase in responding indicates that the reward effectiveness
of cocaine had increased as a result of prior cocaine exposure (the
dose/response curve had shifted to the left).

Given the above argument, it was somewhat surprising that
reinforced responding in the cocaine preexposed groups was not
dose dependent. Response rates averaged about 30 in the 2-h test
period. With a change in doses, compensatory responding has
usually been reported. One possible explanation for the failure to
observe similar compensatory responding in the present study is
that the cocaine-preexposed subjects were responding for an alter-
native consistent reinforcer such as the illumination of the house
light. However, this is unlikely since data from our lab has indi-
cated a lack of responding for saline paired with house light illu-
mination in rats previously trained to self-administer amphetamine
(19). From present data it is not possible to determine why dose/
response relationships were not present. We have, however, con-
sistently observed this when acquisition of the behavior is tested.
In contrast, when the dose is manipulated in experienced rats,
dose-dependent responding is consistently found in our laboratory
(15,19).

It is tempting to conclude that drug preexposure had sensitized
rats to the reward impact of cocaine by altering relevant reward-
related neural systems. Self-administration of cocaine has been
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linked specifically to the drug’s effect on the mesolimbic dopa-
mine system (20). Chronic preexposure under conditions which
produce behavioral sensitization increased the response of this
dopamine system to cocaine as measured by in vivo microdialy-
sis (6). Consistent with this finding, a decrease in the ability of
autoreceptor selective doses of apomorphine to attenuate firing
rates of ventral tegmental area neurons has been observed follow-
ing repeated cocaine administration (4). Auto receptor down-reg-
ulation and a reduction in inhibitory feedback influences from
the nucleus accumbens are possible mechanisms mediating this
effect.

A similar mechanism may account for the recent finding of
sensitization to the rewarding properties of amphetamine induced
by preexposure (9). Chronic amphetamine pretreatment also en-
hanced the response of the mesolimbic dopamine system to sub-
sequent amphetamine injections (14). Thus sensitization to the
rewarding properties of a number of drugs of abuse may be an
important factor maintaining drug-taking behavior. Cross-sensiti-
zation between these drugs may also be expected.

This study provides a second demonstration of predisposing
factors in cocaine self-administration. A previous report (15)
showed that housing conditions in weanling rats could also ex-
plain variability in response to cocaine in the self-administration
paradigm. However, the effect of this manipulation may be re-
stricted to immature animals since rats that were differentially
housed in maturity were equally sensitive to cocaine’s reinforcing
effectiveness (1). Thus it seems that the response to the reinforc-
ing properties of cocaine can be experimentally manipulated un-
der specific circumstances.

It will be of great interest to more fully investigate the condi-
tions under which sensitization to the reinforcing effects of co-
caine can be obtained. For example, conditioning factors have
been demonstrated to play an important role in sensitization to
cocaine’s motor activating effects (5,13). An in depth examina-
tion of these factors was beyond the scope of the present study
but should be investigated in subsequent experiments. Also of
great interest will be to determine other, more benign forms of
the manipulations which may be operating in the ‘‘normal’’ ani-
mal to predispose it to drug abuse.
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