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BEDINGFIELD, J. B., D. A. KING AND F. A. HOLLOWAY. Cocaine and caffeine: Conditioned place preference,
locomotor activity, and additivity. PHARMACOL BIOCHEM BEHAYV 61(3) 291-296, 1998.—Conditioned place preference
(CPP) was employed to clarify the reinforcing and locomotor stimulating effects of several doses of cocaine and caffeine
(0.32, 1.0, 3.2, 5.6, and 10.0 mg/kg) and to explore the possibility of additive effects between the two drugs. Additionally, the
hypothesis that the reinforcing effects of psychostimulants are mediated by the same systems that control psychostimulant-in-
duced locomotor activity was examined by conducting correlational studies between drug-induced locomotor activity and
time spent in the drug-conditioned compartments. Several doses of cocaine (1.0, 3.0, 5.6, 10.0 mg/kg), and caffeine (0.32, 1.0,
3.2, 5.6, 10.0) were found to condition place preference and stimulate locomotor activity. A combination of low doses (0.32
mg/kg) of each drug appeared to be additive. A positive relationship between locomotor activity observed during condition-
ing and time spent in the conditioned compartment during testing was found for cocaine but not caffeine or the low-dose

combination of cocaine and caffeine.
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MANY effects produced by psychostimulants such as cocaine
are known to be mediated through dopamine systems. Though
indirectly, a portion of caffeine’s effects may also be mediated
by dopamine [for review, see (12)]. Caffeine antagonizes the
adenosine receptor which, when activated, produces results
that are generally opposite to those of the dopamine recep-
tors. For example, both striatal dopamine (24) and spontane-
ous locomotor activity (18) are reduced following activation
of the adenosine receptor. Conversely, antagonizing the ade-
nosine receptor with an antagonist like caffeine (8,32) aug-
ments striatal dopamine (26) and locomotor activity (33,39).
That dopamine mediates many of the effects of caffeine is fur-
ther supported by reports that dopaminergic antagonists (high
doses) block caffeine-induced motor activity (13) and cocaine-
discriminating rats will partially generalize to a caffeine lever
(14-17). On the other hand, though dopamine may play a role
in caffeine-induced motor activity, the exact participation is
not clear because there is considerable evidence that caffeine-
induced locomotor activity is not mediated by the identical
mechanisms that mediate cocaine-induced locomotor activity
(29,37,38). If dopamine participates in mediating the effects of

both cocaine and caffeine, additive or synergistic effects on
reinforcement or motor activity may be observed between the
two drugs. Conversely, because there is considerable differ-
ence between the pharmacology of the two drugs, differences
in the way they interact should be expected, and identifying
any differences may enhance our understanding of drug rein-
forcement and locomotor activity.

The reinforcing efficacy of cocaine in laboratory animals is
well established (10,20,27,28). However, similar confidence in
the reinforcing efficacy of caffeine has not been forthcoming.
Caffeine self-administration has proven equivocal (1,8,9), and
data derived from conditioned place preference (CPP) exper-
iments is limited, suggesting that low doses (1-3 mg/kg) of caf-
feine are reinforcing (3,40), while high doses (20-30 mg/kg)
are aversive (3,36,40). Although caffeine is known to enhance
locomotor activity induced by amphetamine (30,41), metham-
phetamine (21), and cocaine (25), little is known about what
effect caffeine might have on the reinforcing efficacy of co-
caine.

Given the small number of CPP (3,36,40) experiments re-
ported, we have reexamined the reinforcing efficacy of low
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doses (0.32, 1.0, 3.2, 5.6, 10 mg/kg) of caffeine within a “bi-
ased” CPP paradigm. Identical doses of cocaine were also ex-
amined. To investigate possible interacting effects of these
drugs on reinforcement and locomotor activity, a combination
of the lowest dose of each drug (0.32 mg/kg) was tested.

The reinforcing effects of psychostimulants have been pro-
posed to be mediated by the same dopaminergic systems that
mediate the motor stimulant qualities of the drugs (42). If cor-
rect, a positive relationship between drug-induced locomotor
activity and reinforcement as measured by the amount of time
spent in the drug-paired compartment would be expected.
Consequently, our CPP apparatus was also designed to enable
recording of locomotor activity during conditioning. Correla-
tional comparisons between these two measures were con-
ducted.

METHOD

The subjects were 117 male, Sprague—Dawley rats (Sasco,
Inc. Omaha, NE), weighing 250-300 g; group housed (two to a
cage) in a colony room, under a 12 L:12 D cycle. All habitua-
tion, training, and testing was conducted between 1300 and
1800 h. Rat chow and tap water was available ad lib. Animal
care was provided by Animal Resources and Facilities, De-
partment of Comparative Medicine, University of Oklahoma,
an AAALAC accredited facility. The subjects were weighed
and handled daily for 3 days prior to the first habituation and
daily thereafter.

Drugs

Cocaine hydrochloride and caffeine were purchased from
Sigma Chemical Company (St. Louis, MO). They were dis-
solved in 0.9% normal saline and injected intraperitoneally
immediately before the subject was placed in the drug condi-
tioning chamber. When an animal received injections of both
caffeine and cocaine, they were administered separately on ei-
ther side of the abdomen.

Place Conditioning Task

The place conditioning apparatus consisted of two main
conditioning compartments (40 X 16 X 24 cm), connected to
each other by a third compartment (10 X 16 X 24 cm) in a
straight alleyway configuration. The apparatus was con-
structed of Plexiglas (Cope Plastics, Oklahoma City, OK) and
included a transparent hinged top. The central chamber had
opaque gray walls and a transparent floor. The two condition-
ing compartments were distinguished by horizontal or vertical
white and black stripes on the walls and textured or smooth
indoor/outdoor carpeting on the floor. The apparatus was
cleaned between rats by removing feces and wiping the walls,
ceiling, and carpeting with warm soapy water. To sequester
animals to a specific compartment for conditioning, remov-
able partitions could be inserted between individual compart-
ments. During testing, the partitions were removed and par-
tial walls (10 cm high) were inserted between the central
compartment and the two conditioning compartments. These
partial walls remained in place during testing sessions to facil-
itate a clear, quantitative change in location of the rat from
one compartment to the other. The number of compartment
entries, time in each compartment, and general activity of the
subjects were assessed and recorded by sets of infrared photo-
beams located near the floor of each compartment and linked
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by a photobeam controller (DIG-723, Med. Associates, Inc.,
East Fairfield, VT) to a Commodore 64C microcomputer sys-
tem. The microcomputer system controlled experimental con-
tingencies and recorded all measures from four sets of condi-
tioning chambers simultaneously (American Neuroscience
Research Foundation, Oklahoma City, OK).

Habituation to the apparatus was accomplished during the
first 3 days when animals were allowed free access to all three
compartments of the apparatus for 20 min each day. Baseline
side preference was established on the fourth day during a 20-
min test (tests 1 and 2 were conducted in an identical man-
ner). Initially, the animal was confined to the central compart-
ment, which was sealed off from the two distal compartments
by placement of both partitions. Once the computer program
was started the partitions were removed, completing a photo
beam-controlled circuit that initiated the recording of cham-
ber data. A “preference score” was calculated by dividing the
total time spent in the least-preferred compartment by total
time spent in both conditioning compartments (CS+/(CS— +
CS-+). This score reflects shifts in compartment preference in-
dependently from the time an animal may spend in the non-
conditioned center compartment and appears to be an effec-
tive measure of compartment preference (11,19). The least-
preferred compartment, established at the baseline test, was
designated as the conditioned stimulus (CS+) side, which was
paired with cocaine, caffeine, or a combination of the two dur-
ing conditioning [biased design, cf. (2,31)]. The preferred
compartment was paired with saline injections in volumes
equivalent to the drug injections. Control animals received sa-
line injections in both compartments. Groups (n = 9) were
formed on the basis of time spent in the least-preferred com-
partment and were comprised of an approximately equal
number of rats preferring one compartment over the other; to
this extent they were matched groups and counterbalanced
for side preference.

The conditioning trials began on the day following the
baseline test. During conditioning, each rat was injected with
the drug or saline and immediately placed into the requisite
compartment and confined for 20 min. Conditioning was ac-
complished in a 3-day cycle, beginning on day 1 with saline in
the preferred compartment followed on day 2 with drug in the
nonpreferred compartment. On day 3 the animals were left in
their home cages to ensure that any residual drug effects did
not carry over into the saline conditioning sessions. Control
animals receiving saline injections only were also left in their
home cage on the third day of the cycle. Two training cycles
preceded test 1, which was followed by two more training cy-
cles and test 2.

DATA ANALYSIS

Preference scores (CS+/(CS— + CS+) were calculated
and used as the indicator of side preference. The scores were
analyzed separately for cocaine and caffeine groups by a
mixed factors ANOVA [between Ss: doses (6); within Ss: tests
(3)]. The effects of the 0.32 mg/kg cocaine and caffeine combi-
nation was compared in a separate analysis to the 0.32 mg/kg
cocaine and caffeine groups; mixed factors ANOVA [be-
tween Ss: drug treatments (4); within Ss tests (3)]. Duncan’s
New Multiple Range Test was used to compare changes in
side preference for specific treatments. Statistical significance
was set at p < 0.05.

Locomotor activity recorded during conditioning trials was
averaged over the four drug-CS* pairings and analyzed by
one-way ANOVA [between Ss: doses (6)]. In the case of the
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cocaine/caffeine combination, one-way ANOVA [between Ss:
drug treatments (4)] was utilized. Duncan’s New Multiple
Range Test was used to compare the effects of individual
treatments on locomotor activity. Statistical significance was
set at p < 0.05. Possible relationships between locomotor ac-
tivity and time spent in the conditioned compartments were
examined by Pearson correlation coefficients. Statistical sig-
nificance was set at p < 0.01.

RESULTS
Cocaine Effects

In comparison to baseline, cocaine-conditioned rats signifi-
cantly increased the relative time spent in the drug-paired
compartments, F(2, 96) = 23.5, p < 0.0005 (Fig. 1A); an effect
observed during both tests (p < 0.05). Experience with co-
caine appeared to further enhance its reinforcing effects be-
cause overall, animals spent a greater amount of time in the
drug-conditioned compartments during test 2 than during test
1 (p < 0.05). The significant increase in preference scores was
dependent on dose, as evidenced by a significant main effect
of dose, F(5, 48) = 2.75, p < 0.03 and a dose by tests interac-
tion, F(10, 96) = 2.42, p < 0.01. Individual group comparisons
indicated that rats receiving doses of 3.2, 5.6, and 10.0 mg/kg
cocaine during test 1 and 1.0, 3.2, 5.6 and 10.0 mg/kg during
test 2, significantly increased the time spent in the drug-paired
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FIG. 1. (A) Test 1 and test 2 preference scores (=SEM) conditioned
by different doses of cocaine (mg/kg). Legend is the same for all fig-
ures. *p < 0.05 compared to baseline. (B) Cocaine-induced locomo-
tor activity recorded during conditioning sessions. Each bar
represents the mean of four conditioning trials (=SEM). *p <0.05
compared to the saline control group.

compartments compared to baseline. Locomotor activity was
stimulated by cocaine, F(5, 48) = 11.6, p < 0.0005. As de-
picted in Fig. 1B, rats receiving 3.2, 5.6, and 10.0 mg/kg co-
caine were significantly more active than animals adminis-
tered saline, 0.32 or 1.0 mg/kg (Fig. 1B).

Caffeine Effects

Opverall, caffeine was also found to be reinforcing as the
amount of time the subjects spent in the drug-conditioned
compartments increased significantly compared to baseline,
F(2,96) = 18.6, p < 0.0005. During both tests, subjects spent
significantly greater amounts of time in the drug-conditioned
compartments than they did at baseline (p < 0.05). However,
in contrast to cocaine, two additional conditioning sessions
between test 1 and test 2 did not significantly enhance side
preference of animals at test 2 compared to test 1. The effect
of dose on caffeine-conditioned place conditioning was not
significant, F(5, 48) = 1.3, p = 0.28, nor was there a significant
dose by test interaction, F(10, 96) = 1.5, p = 0.17. Figure 2A
presents the change in preference scores exhibited by animals
administered different doses of caffeine. Subjects receiving
1.0,3.2, 5.6, and 10.0 mg/kg caffeine during test 1 and 0.32, 1.0,
3.2, 5.6, and 10.0 mg/kg during test 2 spent significantly
greater amounts of time in the drug-paired compartments fol-
lowing conditioning (ps < 0.05). Caffeine significantly in-
creased locomotor activity, F(5, 48) = 3.95, p < 0.005. How-
ever, only animals receiving 3.2, 5.6, or 10.0 mg/kg exhibited
locomotor activity significantly greater than saline (Fig. 2B).
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FIG. 2. (A) Caffeine-conditioned place preference. Details are same
as Fig.1A. *p < 0.05 compared to baseline. (B) Caffeine-induced
locomotor activity. *p <0.05 compared to saline control group.
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Combined Drug Effects

The data in Fig. 3A, indicate that when combined, low-
doses of cocaine and caffeine may enhance approach behavior
to cues paired with their administration, suggesting that rein-
forcement induced by these drugs is additive. Overall, sub-
jects increased the amount of time spent in the conditioned
compartments, F(2, 64) = 3.8, p < 0.03. However, only ani-
mals receiving 0.32 mg/kg caffeine during test 2 and the com-
bination of 0.32 mg/kg cocaine and caffeine at tests 1 and 2 in-
creased side preference significantly (p < 0.05). Although
subjects receiving the combination of 0.32 mg/kg cocaine and
caffeine did appear more active than subjects administered
the low doses of either cocaine or caffeine, the effect was not
significant (Fig. 3B).

The results of the correlational analysis are presented in
Table 1.

DISCUSSION

The data indicate that both cocaine (1.0, 3.2, 5.6, and 10
mg/kg) and caffeine (0.32, 1.0, 3.2, 5.6, and 10.0 mg/kg) condi-
tion positive place preferences when examined within a bi-
ased CPP paradigm, a design thought to facilitate expression
of the reinforcing effects of a drug (2,31). The cocaine data is
in general agreement with previous reports employing a simi-
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FIG. 3. (A) Test 1 and test 2 preference scores produced by a combi-
nation of 0.32 mg/kg of each drug (C/C) compared to animals receiv-
ing 0.32 mg/kg cocaine (COC), 0.32 mg/kg caffeine (CAF), or saline
(SAL). *p < 0.05 compared to baseline. (B) Locomotor activity
recorded during conditioning sessions following drug treatment
explained in A.
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lar design (11,28). The caffeine results are also similar to ear-
lier reports in that low doses (1.0-3.0 mg/kg) are reinforcing
(3,40). However, the present data extends the dose range of
the reinforcing effects of caffeine from 0.32 mg/kg to 10.00
mg/kg.

By test 2 (following four conditioning sessions and test 1)
animals treated with 0.32 mg/kg caffeine did exhibit signifi-
cant approach behavior for the caffeine-conditioned compart-
ment. However, subjects receiving the combined drug treat-
ment of 0.32 mg/kg cocaine and caffeine displayed comparatively
robust side preferences for the drug-conditioned compart-
ments during both tests 1 and 2; suggesting that at these low
doses the reinforcing effects of caffeine and cocaine are additive.

It is interesting that cocaine-conditioned animals spent a
greater amount of time in the conditioned compartments dur-
ing test 2 than test 1, while caffeine animals failed to exhibit a
difference between test 1 and test 2. Although speculative, it
is possible that in comparison to caffeine, greater familiarity
with cocaine enhances its reinforcing effects. Similar hypothe-
ses have been suggested previously (22).

It is difficult to understand why animals treated with the
larger doses of either cocaine or caffeine did not spend signifi-
cantly more time in the conditioned compartment than ani-
mals receiving lesser doses or why animals receiving the com-
bined treatment did not spend significantly more time in the
conditioned chamber than animals treated with 0.32 mg/kg of
either drug. The CPP paradigm is quite informative in deter-
mining the reinforcing efficacy of a particular drug, but a
dose-response curve or potentiation of one drug by another is

TABLE 1

CORRELATIONS BETWEEN PREFERENCE SCORES AND
LOCOMOTOR ACTIVITY RECORDED DURING CONDITIONING

Preference Scores

Motor Activity Baseline Test 1 Test 2 Mean
Overall N 117
Cond 1 0.06 0.10 0.10 0.10
Cond 2 —0.07 0.06 0.19 0.14
Cond 3 0.05 0.17 0.28* 0.26*
Cond 4 0.05 0.15 0.29%* 0.25%
Mean 0.02 0.14 0.28%* 0.23*
Cocaine N 54
Cond 1 0.09 0.17 0.28 0.25
Cond 2 —0.05 0.14 0.34* 0.27
Cond 3 0.04 0.26 0.38* 0.36*
Cond 4 0.03 0.31 0.427 0.417
Mean 0.02 0.26 0.417 0.38%
Caffeine N 54
Cond 1 0.09 0.09 0.02 0.06
Cond 2 —0.09 0.05 0.1 0.08
Cond 3 0.02 0.16 0.19 0.19
Cond 4 0.1 0.06 0.16 0.12
Mean 0.03 0.1 0.14 0.13
Caf/Co N 36
Cond 1 0.27 —0.04 0.02 —0.01
Cond 2 0.2 —0.26 —0.02 -0.21
Cond 3 0.2 0.02 0.03 0.03
Cond 4 0.32 —0.15 0.14 —0.01
Mean 0.26 —0.14 0.05 —0.05

*p < 0.01; tp < 0.001.
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sometimes difficult to demonstrate (23,28,34,35) but by no
means, impossible (5). It is quite common, as supported by
the present data, for a low dose of a particular drug to be inef-
fective, while the next higher dose conditions near maximal
increases in side preference (5). This “stepup” phenomena
has not received much attention and is not well understood.
However, it should be pointed out that when reinforcing stim-
uli (e.g., food) are conditioned to the neutral cues of a box or
cage, animals will find subsequent confinement without food
in the same box or cage, aversive, an outcome thought to re-
sult from frustrative nonreward (7). Though subjects in a CPP
experiment are not confined to the conditioned compartment
during the drug-free test, the absence of drug reinforcement
in the conditioned compartment may actually prove some-
what aversive to the animals (frustrative nonreward) and con-
tribute to the modest increase in side preferences reported by
many authors as well as the similar preference scores ob-
served among subjects conditioned to a wide spectrum of drug
doses. Furthermore, in the CPP paradigm animals are tested
during extinction, therefore, intervening behaviors may occur
that interfere with observing a direct relationship between
drug dose and time spent in the conditioned chamber. This is
an area that requires further attention.

Interestingly, the locomotor stimulus effects of both drugs
appear to manifest in the area of 0.32-3.2 mg/kg, a range simi-
lar to the reinforcing effects of both drugs, suggesting the ef-
fects of cocaine and caffeine on locomotor activity and side-
preference scores are remarkably similar. Although 0.32 mg/
kg of each drug did not significantly stimulate locomotor ac-
tivity compared to saline, the observation that caffeine-treated
animals were slightly more active than cocaine-treated ani-
mals and that subjects treated with the combination of both
drugs tended to be more active than the caffeine-treated sub-
jects suggests that the effects of the low-dose combination on
locomotor activity is additive and may be synergistic. Others
have reported that caffeine enhanced cocaine-induced loco-
motor activity, but higher doses were examined (25).

Perhaps more supportive of the hypothesis that the loco-
motor activity and reinforcing effects of psychostimulants are
mediated by the same dopaminergic systems is the correla-
tional data presented in Table 1. The significant correlations
between cocaine-stimulated locomotor activity and prefer-
ence test scores are suggestive of the possibility that for co-
caine, systems underpinning these activities may be identical
(42). A similar phenomenon was previously reported when
the intensity of amphetamine-induced stereotypy, a behavior
thought to be mediated by dopaminergic systems in the cau-
date putamen, was observed to correlate with memory consol-
idation of a tone-shock association, a phenomenon the au-
thors hypothesized to be mediated by identical systems in the
caudate (5).

That cocaine-induced locomotor activity does not corre-
late with preference scores during test 1 is difficult to explain,
although the failure to observe a correlation between drug-
induced locomotor activity and test 1 with other drug treat-

ments we have investigated (unpublished date) has been an
emerging pattern. It is possible that after being sequestered to
specific compartments during two drug pairings and two sa-
line pairings, the relative novelty of the entire apparatus and
testing procedure interferes with the animal’s expression of
side preference during the first preference test but not the
second.

The failure of caffeine-stimulated locomotor activity to
correlate with side-preference scores may be related to re-
ports that caffeine-induced locomotor activity is not mediated
by the identical neural mechanisms that mediate cocaine-in-
duced locomotor activity (29,37,38). If correct, this hypothesis
would suggest that neural mechanisms underlying the loco-
motor stimulating efficacy of a specific drug might be distin-
guished on the basis of behavior in the CPP paradigm.

It must be pointed out that caution is required when inter-
preting the present correlational data. First, although statisti-
cally significant, the largest correlations only account for ap-
proximately 16% of the variance, i.e., only 16% of the
variance in one variable is predictable from the other. It may
be that with more tests, greater correlations may emerge, but
that is only conjecture at this point. Second, the significant
correlations between cocaine-induced locomotor activity and
time spent in the drug-conditioned compartment could be an
artifact of examining multiple doses of cocaine that increase
locomotor activity simultaneously but independently from
conditioning a side preference. Third, the shape and limited
size of the present conditioning compartments may, depend-
ing on the drug, differentially constrain drug-induced motor
behavior. Clearly, to be completely confident in accepting
correlations between drug-induced locomotor activity and
time spent in the drug-paired compartment, much more ex-
perimentation and replication will be required. Perhaps, a
better test of the hypothesis might be to examine relationships
between drug-induced motor activity and place preference us-
ing only a single drug dose and a larger n.

In conclusion, the motor-stimulating and reinforcing ef-
fects of both drugs occur at approximately the same doses.
Additionally, the effects of a low dose combination of the
drugs appear to be additive. However, in view of these simi-
larities, it is quite surprising that the motor-stimulating effects
of caffeine do not correlate with time spent in the conditioned
compartments. The latter observation suggests that in con-
trast to cocaine, the reinforcing effects of caffeine are not me-
diated by the same systems that mediate its motor effects.
Though strictly speculative, it has to be questioned whether
the addicting efficacy of drugs like cocaine, in comparison to
caffeine, is related to the possibility that the reinforcing ef-
fects of these drugs are, in fact, mediated by the same systems
that mediate approach behaviors.
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