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(2) 285–
292, 2000.—The paradigm of conditioned place preference has been widely used to demonstrate the rewarding properties of
psychomotor stimulants. Such drugs also stimulate locomotor activity. Repeated administration of low doses of psychomotor
stimulants causes progressive increases in the locomotor stimulating effect, a phenomenon termed behavioral sensitization.
Using a new activity monitor (SCANET MV-10LD) that simultaneously measures the amount of time spent and the distance
traveled in each side of a two-compartment chamber, the present study assessed place preference conditioning and locomotor
sensitization following repeated administration of cocaine or methamphetamine (MAP) in mice. We examined the effect of
environmental factors on these activities using two different types of chamber: one having a single cue, and the other having
dual cues for the discrimination of compartments. In both types of chamber, cocaine (5–20 mg/kg) and MAP (1–2 mg/kg) sim-
ilarly produced conditioned place preference. However, repeated cocaine administration caused the development of locomo-
tor sensitization only in the single-cue chamber. On the other hand, repeated administration of MAP resulted in the develop-
ment of sensitization in both types of chamber. The findings indicate that environmental factors differentially affect the
development of locomotor sensitization, but not place preference conditioning, following repeated administration of cocaine
or methamphetamine. The advantages of this new system will be discussed. © 2000 Elsevier Science Inc.
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A WIDE variety of addictive drugs have rewarding properties
in humans and animals. The paradigm of place preference con-
ditioning has been widely used to examine the rewarding prop-
erties of psychomotor stimulants and opiates in animals (3,7).
Addictive drugs also produce a locomotor stimulating effect. It
has been proposed that both locomotor stimulation and the re-
warding effects of psychomotor stimulants are associated with
the activation of the mesolimbic dopaminergic mechanism,
originating from the ventral tegmental area (VTA) to the nu-
cleus accumbens (NAc) (6,34). Nonetheless, the previous para-
digm for conditioned place preference (CPP) did not measure
locomotor activity during the conditioning and test sessions.
Recently, a few computerized systems have successfully moni-

tored both place preference conditioning and locomotor activ-
ity during the conditioning and test sessions (4,17,19).

Repeated administration of low doses of psychostimulants
results in progressive increases in the locomotor stimulating
effect produced by a subsequent dose of the drug; the phe-
nomenon is referred to as behavioral sensitization. Not only
behavioral sensitization but sensitization to the rewarding
properties of addictive drugs have been proposed to develop
following repeated administration of the drug (25). Animals
repeatedly pretreated with cocaine or amphetamines showed
increased self-administration of the drug, as well as behav-
ioral sensitization (8,21,35). Prior exposure to cocaine, am-
phetamine, or morphine was found to increase the rewarding
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effect of the drug as measured by a CPP method (16,28,29).
Given that the neural basis of sensitization to both locomotor
stimulation and the rewarding properties of psychomotor
stimulants lies in the mesolimbic dopaminergic mechanism
(25), it is expected that CPP may proceed as the behavioral
sensitization develops following repeated administration of
psychomotor stimulants or opiates. Thus far, however, re-
ports have been contradictory as to whether CPP and behav-
ioral sensitization concurrently develop following repeated
drug administration (17) or not (4,19).

The aim of this report is to describe a new method that
concurrently determines the development of CPP and behav-
ioral sensitization following repeated administration of co-
caine or methamphetamine (MAP) in mice. The present
study examined the effect of environmental factors on these
behavioral phenomena using two different types of CPP
chamber, having single or dual cues for the discrimination of
compartments. The results obtained suggest that the mecha-
nisms underlying behavioral sensitization are probably sepa-
rable from those underlying the sensitization to the rewarding
properties following repeated administration of the psycho-
motor stimulants. In addition, we will outline the advantages
of this new methodology.

 

METHOD

 

Animals

 

Male Slc:ddY mice (Japan SLC, Inc., Hamamatsu, Shi-
zuoka) at the age of 5 weeks were acclimated to the animal fa-
cilities for at least 10 days before starting the experiment.
Mice were maintained on a constant light–dark cycle (illumi-
nation 0700–2100 h), with food and water freely available ex-
cept during behavioral sessions. Subjects were randomly as-
signed to each treatment group. Behavioral sessions were
conducted 5 days per week between 1000 and 1700 h. Prior to
behavioral sessions, animals were placed in a quiet, air-condi-
tioned room for at least 60 min. The experimental protocol
was approved by the Animal Reseach Committee of the Ka-
wasaki Medical School; the procedures were compliance with
the Guidelines on the Care and Use of Laboratory Animals
issued by the Kawasaki Medical School.

 

Apparatus

 

An activity monitor (SCANET MV-10LD, Toyo Sangyo
Co. Ltd., Nakaniikawa-Gun, Toyama), equipped with 72 

 

3

 

 72
infrared photosensor systems, concurrently measured the dis-
tance traveled and the amount of time spent in each side of an
acrylic two-compartment chamber. The chamber (40 

 

3

 

 30 

 

3

 

30 cm), consisting of transparent walls, was divided into two
equal-sized compartments by a black partition that was pene-
trable by infrared light. This study used two types of partition;
one had a passageway (10 

 

3

 

 5 cm) to allow a mouse to move
into either compartment, and the other did not, to restrain an-
imal’s movement to one of the two compartments. Behavioral
sessions were conducted in two different types of chamber;
single- and dual-cue chambers. In the single-cue chamber, an-
imals distinguished the two compartments by floor color: one
was black and the other was white. Both compartments had
black ceilings. In the dual-cue chamber, animals discrimi-
nated the two compartments by the difference in floor and
ceiling color. The ceiling of the black-floored room was
painted white and the ceiling of the white-floored room was
black. The light intensity on the floor of the single- and dual-
cue chambers was 76–86 and 73–90 lx, respectively.

 

Place Preference Conditioning

 

Subjects were randomly assigned to each group with re-
spect to stimulant dose, type of CPP chamber, and compart-
ment pairing. In a preconditioning session, animals were
given free access to both compartments of a chambers for 15
min. With the activity monitors, locomotor activity (distance
traveled) and the amount of time spent in each compartment
were determined during the preconditioning session. Table 1
summarizes the amounts of time spent (in seconds) in the
white-floored compartment during the preconditioning ses-
sion for each group.

During conditioning sessions, mice were intraperitoneally
(IP) injected once a day with either, 5, 10, or 20 mg/kg cocaine
HCl or 1 or 2 mg/kg methamphetamine (MAP) HCl. Immedi-
ately after cocaine and MAP injection, animals were confined
in one of the two compartments for 30 and 60 min, respec-
tively. On alternate days, the groups of mice were injected
with saline and confined in the other compartment of the
chamber. Animals received drug or saline injections four
times each during the conditioning sessions. Locomotor activ-
ity was measured in each session. Mice that received only sa-
line were used as controls.

The CPP test was conducted the day after the last condition-
ing session. Mice, initially placed in the saline-paired compart-
ment, were allowed free access to both compartments for 15
min, during which the amount of time spent in each compart-
ment was measured. The CPP score was determined by the dif-
ference between the amounts of time spent in the drug-paired
compartment before and after the conditioning sessions.

 

Behavioral Sensitization

 

During each conditioning session, locomotor activity was
measured for 30 and 60 min after administration of cocaine
and MAP, respectively. The development of behavioral sensi-
tization was assessed by progressive increases in locomotor
activity across the conditioning sessions. Seven days after the
place preference test, cocaine- and MAP-treated groups and
their controls were challenged with IP injection of 10 mg/kg

TABLE 1

 

THE AMOUNTS OF TIME (SECONDS;

 

6

 

SEM) SPENT IN THE
WHITE-FLOORED COMPARTMENT DURING THE

PRECONDITIONING SESSION FOR EACH TREATMENT GROUP

Dose
(mg/kg)

Paired w/Black-Floored
Compartment

Paired w/White-Floored
Compartment

Drug Single-Cue Dual-Cue Single-Cue Dual-Cue

 

Cocaine 0 359 

 

6

 

 28 435 

 

6

 

 26 399 

 

6

 

 26 452 

 

6

 

 38
5 444 

 

6

 

 8 449 

 

6

 

 37 397 

 

6

 

 25 435 

 

6

 

 26
10 413 

 

6

 

 36* 493 

 

6

 

 18 400 

 

6

 

 35 463 

 

6

 

 26
20 395 

 

6

 

 27† 532 

 

6

 

 33 414 

 

6

 

 39 467 

 

6

 

 36
MAP 0 399 

 

6

 

 18 398 

 

6

 

 29 404 

 

6

 

 15† 469 

 

6

 

 11
1 414 

 

6

 

 16 453 

 

6

 

 36 375 

 

6

 

 36 394 

 

6

 

 21
2 375 

 

6

 

 27* 464 

 

6

 

 23 393 

 

6

 

 25 416 

 

6

 

 27

Three-way ANOVA demonstrated a significant effect of chamber
type for cocaine- and methamphetamine (MAP)-treatment groups,

 

F

 

(1, 130) 

 

5

 

 16.16, 

 

p

 

 

 

,

 

 0.001, and 

 

F

 

(1, 84) 

 

5

 

 7.35, 

 

p

 

 

 

,

 

 0.01, respec-
tively. On the other hand, there was no significant effect of dose,
paired compartment, or interaction among the three factors for either
treatment group. * : 

 

p

 

 

 

,

 

 0.05 and †0.01, respectively, vs. dual-cue
(post hoc comparison with Scheffe’s 

 

S

 

-test).
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cocaine or 1 mg/kg MAP and placed in the drug-paired com-
partment for 30 and 60 min, respectively. During these inter-
vals, the levels of drug-induced locomotion were determined
as an index for the expression of behavioral sensitization.

To examine whether behavioral sensitization was depen-
dent upon associative learning or nonassociative processes,
other groups of mice were conditioned with either 20 mg/kg
cocaine, 2 mg/kg MAP, or saline in the single- and dual-cue
chambers as described above. Six days after CPP test, animals
in each group were challenged with saline and placed in the
drug-paired compartment for 30 or 60 min, dependent upon
cocaine- or MAP-treatment, respectively. Locomotor activity
elicited by the saline challenge was used as an index of condi-
tioned locomotor activity. On the following day, drug- and sa-
line-treated mice received a challenge injection of 10 mg/kg
cocaine or 1 mg/kg MAP dependent upon the treatment regi-
men. Subsequently, half the animals in each group were
placed in the drug-paired compartment, and the other half of
them in the saline-paired compartment for 30 or 60 min, dur-
ing which locomotor activity was measured.

 

Statistical Analysis

 

Statistical analyses of the data for the amounts of time
spent in the white-floored compartment during the precondi-
tioning session and the data for the CPP scores were con-
ducted using three- and two-way analysis of variance
(ANOVA), respectively, followed by post hoc comparison
with Scheffe’s 

 

S

 

-test. Locomotor activity across the condition-
ing sessions was statistically analyzed using repeated-mea-
sures ANOVA with dose as a between factor and session day
as a within factor. When session effect and session 

 

3

 

 dose in-
teraction were significant, further analysis was conducted on
each dose group with session day as a within factor. Locomo-
tor activity elicited by the saline and drug challenge was ana-
lyzed with two- or three-way ANOVA. Post hoc comparison
among the means was conducted with Scheffe’s S-test. Linear
correlation between the CPP score and locomotor activity
elicited by the stimulant challenge was analyzed with simple
regression test using the data from the drug-treated groups.

 

RESULTS

 

Conditioned Place Preference

 

The conditioning treatments with cocaine induced CPP for
the drug-paired compartment (Fig. 1a), while there was no ef-
fect of chamber type. A significance of difference in the CPP
score was confirmed by ANOVA with a significant main ef-
fect of cocaine dose, 

 

F

 

(3, 138) 

 

5

 

 13.59, 

 

p

 

 

 

,

 

 0.0001, but not
chamber type, 

 

F

 

(1, 138) 

 

5

 

 0.06, 

 

p

 

 

 

.

 

 0.05, NS. No interaction
between cocaine dose and chamber type was observed, 

 

F

 

(3,
138) 

 

5

 

 1.17, NS. The conditioning treatments also signifi-
cantly increased the CPP score in the MAP-treated group
(Fig. 1b), 

 

F

 

(2, 90) 

 

5

 

 41.17, 

 

p

 

 

 

,

 

 0.0001; two-way ANOVA,
while the type of chamber had no effect on it. There was no
interaction between MAP dose and chamber type.

 

Cocaine-Induced Behavioral Sensitization

 

In the single-cue chamber, cocaine dose-dependently in-
creased locomotor activity (Fig. 2a), as indicated by a signifi-
cant main effect of cocaine dose, 

 

F

 

(3, 60) 

 

5

 

 51.15, 

 

p

 

 

 

,

 

 0.0001,
repeated measures ANOVA. Repeated administration of co-
caine resulted in progressive increases in locomotor activity
across the conditioning sessions. This was confirmed by the
ANOVA with a significant session effect, 

 

F

 

(3, 180) 

 

5

 

 7.46, 

 

p

 

 

 

,

 

0.0001, and an interaction between session and dose, 

 

F

 

(9, 180) 

 

5

 

3.32, 

 

p

 

 

 

,

 

 0.001. When compared with locomotor activity at
the first session, 10 mg/kg cocaine produced a significantly
higher locomotor activity at the fourth session, as indicated by a
significant session effect 

 

F

 

(3, 45) 

 

5

 

 4.88, 

 

p

 

 

 

,

 

 0.01, repeated
measures ANOVA, followed by post hoc comparison (

 

p

 

 

 

,

 

0.05). Also, 20 mg/kg cocaine produced significantly higher loco-
motor activity at the third and fourth sessions than that at the
first session, as shown by a significant session effect, 

 

F

 

(3, 45) 

 

5

 

5.36, 

 

p

 

 

 

,

 

 0.01, followed by post hoc comparison (

 

p

 

 

 

,

 

 0.05).
In the dual-cue chamber, cocaine produced dose-depen-

dent increases in locomotor activity (Fig. 2b), as indicated by a
significant main effect of cocaine dose, 

 

F

 

(3, 78) 

 

5

 

 13.57, 

 

p

 

 

 

,

 

0.0001, repeated-measures ANOVA. However, repeated in-
jections of cocaine failed to cause a progressive increase in lo-
comotor activity across the conditioning sessions. This was

FIG. 1. Conditioned place preference following repeated adminis-
tration of cocaine (a) or methamphetamine (MAP; b) in mice. Ani-
mals were conditioned with either cocaine (0, 5, 10, or 20 mg/kg) or
MAP (0, 1 or 2 mg/kg) within one of two compartments of the single-
cue and dual-cue chambers four times each. Control injections were
given with saline in the other compartment on alternate days.
Two-way ANOVA revealed significant main effects of cocaine,
F(3, 138) 5 13.59, p , 0.0001, and MAP, F(2, 90) 5 41.1, p , 0.0001,
but neither effect of chamber type nor interaction between treatment
and chamber type. The numbers of animals were 16 or 22 in each
cocaine-treated group, and 16 in each MAP-treated group. Asterisks
*, **, and *** denote significant differences in the CPP score com-
pared to that in the respective control groups (p , 0.05, 0.01, and
0.001, respectively; Scheffe’s S-test).
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confirmed by ANOVA with neither session effect, 

 

F

 

(3, 234) 

 

5

 

2.03, NS, nor session 

 

3

 

 dose interaction, 

 

F

 

(9, 234) 

 

5

 

 1.00, NS.
Seven days after the CPP test, the expression of behavioral

sensitization was examined by the challenge injection of 10
mg/kg cocaine. Locomotor activity after the cocaine challenge
in the single-cue chamber was significantly higher in the co-
caine-treated group than in the controls, while there was no
difference among the groups in the dual-cue chamber (Fig. 3).
This was confirmed by two-way ANOVA with significant
main effects of chamber type, 

 

F

 

(1, 138) 

 

5

 

 5.25, 

 

p

 

 

 

,

 

 0.05, and
treatment, 

 

F

 

(3, 138) 

 

5

 

 12.81, 

 

p

 

 

 

,

 

 0.0001, and significant inter-
action between them, 

 

F

 

(3, 138) 

 

5

 

 4.36, 

 

p

 

 

 

,

 

 0.01. Post hoc
analysis conducted on the groups in the single-cue chamber
demonstrated higher locomotor activity in all of the cocaine-
treated groups compared to the control, 

 

F

 

(3, 60) 

 

5

 

 15.34, 

 

p

 

 

 

,

 

0.0001, one-way ANOVA; p , 0.01, 0.001, and 0.0001 for 5,
10, and 20 mg/kg cocaine-treated groups, respectively. Simple
regression tests revealed no significant linear correlation be-
tween the CPP score and locomotor activity elicited by the
cocaine challenge in the single-cue chamber (r 5 0.18, NS).
Further, the simple regression test, conducted on each dose,
observed no correlation between the two parameters.

Methamphetamine-Induced Behavioral Sensitization

MAP dose dependently increased locomotor activity in
the single- and dual-cue chambers (Fig. 4), as shown by re-
peated-measures ANOVA with significant main effect of
MAP dose, F(2, 45) 5 115.39 and 91.60 for single- and dual-
cue chamber, respectively, p , 0.0001. With repeated admin-
istration, animals showed progressive increases in locomotor
activity across the conditioning sessions. This was confirmed
by the ANOVA with significant session effect, F(3, 135) 5

18.99 and 29.70 for single- and dual-cue chambers, respec-
tively, p , 0.0001, and interaction between session and dose,
F(6, 135) 5 7.46 and 9.43 for single- and dual-cue chambers,
respectively, p , 0.0001. Post hoc comparison noted signifi-
cant increases in locomotor activity at the third and fourth
sessions compared to that at the first session in both the sin-
gle- and dual-cue chambers; the levels of significance are rep-
resented by asterisks in Fig. 4.

FIG. 2. The development of behavioral sensitization to 10 and 20 mg/kg, but not 5 mg/kg of cocaine
across the conditioning sessions in the single-cue chamber (a). The same treatment at any dose failed to
induce the sensitization in dual-cue chambers (b). Repeated measures ANOVA for the single-cue
groups revealed significant main effects of cocaine dose, F(3, 60) 5 51.15, p , 0.0001, and session, F(3,
180) 5 7.46, p , 0.0001, as well as an interaction between them, F(9, 180) 5 3.32, p , 0.001. Each aster-
isk denotes a significant difference in locomotor activity compared to that at the first session in the same
treatment group (p , 0.05; Scheffe’s S-test).

FIG. 3. The expression of behavioral sensitization elicited by the
challenge injection with 10 mg/kg cocaine in the single-cue chamber
(a), but not in the dual-cue chamber (b). Two-way ANOVA revealed
significant main effects of chamber type, F(1, 138) 5 5.25, p , 0.05,
and treatment, F(3, 138) 5 12.81, p , 0.0001, as well as an interaction
between them, F(3, 138) 5 4.36, p , 0.01. Asterisks ** and *** denote
significant differences in locomotor activity compared to that in the
control group (p , 0.01, and 0.001, respectively; Schefe’s S-test).
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Seven days after the CPP test the expression of behavioral
sensitization was examined by a challenge injection of 1 mg/
kg MAP. The challenge injection produced significantly
higher locomotor activity in the MAP-treated groups than in
the control group, while chamber type had no effect of (Fig. 5).
This was confirmed by two-way ANOVA with a significant
main effect of treatment, F(2, 90) 5 42.99, p , 0.0001, but
neither effect of chamber type nor interaction between them.
Simple regression tests revealed no significant linear correla-
tion between the CPP score and locomotor activity elicited by
the MAP challenge in the single- and dual-cue chambers (r 5
0.26, and 20.29, respectively, NS). Further, the simple regres-
sion test, conducted on each dose, showed no correlation be-
tween the two parameters.

Associative Learning and Nonassociative Processes
of Sensitization

Other mice, conditioned with 20 mg/kg cocaine, 2 mg/kg
MAP or saline, were challenged with saline 6 days after a
CPP test, and placed in the drug-paired compartment. On the
following day, the subjects received the respective challenge
dose of the drug; then half of each group were placed in the
drug-paired compartment, and the other half in the saline-
paired compartment.

The saline challenge showed no difference in locomotor ac-
tivity between the cocaine- and saline-treated groups (Fig. 6a).
After the cocaine challenge, locomotor activity in the single-
cue chamber was significantly higher in the cocaine-treated
groups than in the control, while no difference was observed
in the dual-cue chamber (Fig. 6b). However, there was no dif-
ference in activity between the subgroups placed into the
drug- and saline-paired compartments. This was confirmed by
three-way ANOVA with significant main effect of drug, F(1,
44) 5 13.13, p , 0.001, and interaction between drug and

chamber type, F(1, 44) 5 3.95, p 5 0.05, followed by post hoc
comparison (p , 0.05 and 0.001 for the drug- and saline-
paired compartment, respectively).

The saline challenge produced significantly higher loco-
motor activity in the MAP-treated group compared to the
control in the dual-cue chamber, while no difference was ob-
served in the single-cue chamber (Fig. 7a). The finding was
confirmed by two-way ANOVA with a significant main effect
of drug, F(1, 55) 5 11.89, p , 0.01, and interaction between

FIG. 4. The development of behavioral sensitization to 1 and 2 mg/kg of methamphetamine (MAP)
across the conditioning sessions in the single-cue (a) and dual-cue chambers (b). Repeated-measures
ANOVA revealed significant main effects of MAP dose, F(2, 45) 5 115.39 and 91.60, p , 0.0001, and
session, F(3, 135) 5 18.99 and 29.70, p , 0.0001, as well as an interaction between them, F(6, 135) 5 7.46
and 9.43, p , 0.001, for the single-cue and dual-cue groups, respectively. Asterisks * and *** denote sig-
nificant differences in locomotor activity compared to that at the first session in the same treatment
group (p , 0.05 and 0.001, respectively; Scheffe’s S-test).

FIG. 5. The expression of behavioral sensitization elicited by the
challenge injection with 1 mg/kg MAP in the single-cue (a) and dual-
cue chambers (b). Two-way ANOVA revealed a significant main
effect of treatment, F(2, 90) 5 42.99, p , 0.0001, but neither effect of
chamber type nor interaction between treatment and chamber type.
Asterisks * and *** denote significant differences in locomotor activ-
ity compared to that in the respective control groups (p , 0.05 and
0.001, respectively Scheffe’s S-test).
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drug and chamber type, F(1, 55) 5 6.30, p , 0.05, followed by
post hoc comparison (p , 0.001). After the MAP challenge,
all the MAP-treated groups showed significantly higher loco-
motor activity than the control group, as indicated by three-
way ANOVA, with only a significant main effect of drug, F(1,
51) 5 34.92, p , 0.0001 (Fig. 7b). There was no difference in
the activity between the subgroups placed into the drug- and
saline-paired compartments.

DISCUSSION

The present study found the simultaneous development of
CPP and locomotor sensitization across conditioning sessions
with cocaine and MAP. This is consistent with the previous
finding that CPP and behavioral sensitization concurrently
developed during repeated cocaine administration (17).
Based on these findings, it appears as if the mechanisms un-
derlying sensitization to the rewarding properties of addictive
drugs might share common neural systems with those under-

lying behavioral sensitization (25). However, the cocaine
treatment within the dual-cue chamber caused CPP but not
the development of behavioral sensitization. The simple re-
gression tests showed no correlation between the CPP score
and the degree of behavioral sensitization to cocaine or MAP.
Further, other investigations have also demonstrated that re-
peated treatment with cocaine or amphetamine produced
CPP without the development of behavioral sensitization
(4,19). Therefore, the present results, together with the previ-
ous findings, indicate that the mechanisms underlying behav-
ioral sensitization are probably separable from those underly-
ing the development of place preference conditioning
following repeated administration of cocaine and MAP. Sup-
porting this issue, it has recently been shown that the core re-
gion of the NAc is implicated in the mechanisms underlying
conditioned stimulus-reinforcement association or learning,

FIG. 6. The expression of behavioral sensitization elicited by the
challenge injection with 10 mg/kg cocaine, without evidence for con-
ditioned locomotor activity in the group treated with 20 mg/kg
cocaine in the single-cue chamber. However, neither conditioned
locomotor activity nor the expression of the challenge-induced sensi-
tization was observed in the group treated in the dual-cue chamber.
Three-way ANOVA revealed a significant main effect of drug on
locomotor activity elicited by the cocaine challenge, F(1, 44) 5 13.13,
p , 0.001, and an interaction between drug and chamber type,
F(1, 44) 5 3.95, p 5 0.05. Asterisks * and ** denote significant differ-
ences in locomotor activity compared to that in the saline control
group (p , 0.05 and 0.01, respectively; Scheffe’s S-test). The number
of animals in each treatment group was 13.

FIG. 7. The expression of behavioral sensitization elicited by the
challenge injection with 1 mg/kg MAP, without evidence for condi-
tioned locomotor activity in the group treated with 2 mg/kg MAP in
the single-cue chamber. On the other hand, both conditioned loco-
motor activity and the challenge-induced sensitization were observed
in the group treated in the dual-cue chamber. Two-way ANOVA
revealed a significant main effect of drug on locomotor activity elic-
ited by the saline challenge, F(1, 55) 5 11.89, p , 0.01 and an interac-
tion between drug and chamber type, F(1, 55) 5 6.30, p , 0.05. In
addition, three-way ANOVA revealed only significant main effect of
drug on locomotor activity elicited by the MAP challenge, F(1, 51) 5
34.92, p , 0.0001. Asterisks *, **, and *** denote significant differ-
ences in locomotor activity compared to that in the saline control
group (p , 0.05, 0.01 and 0.001, respectively; Scheffe’s S-test). The
numbers of animals in each treatment group were 14–16.
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whereas the shell region contributes to the potentiative ef-
fects of amphetamine on locomotor activity and lever re-
sponding with conditioned reinforcement (11,20).

In the single-cue chamber, repeated injections of MAP
caused robust, progressive increases in locomotor activity dur-
ing the conditioning sessions. The same treatments with higher
doses of cocaine also produced slight but significantly progres-
sive increases in locomotion during the conditioning sessions.
It has been proposed that behavioral sensitization results from
associative learning processes such as drug-environment con-
ditioning (22,33), nonassociative processes (24,27), or their
combination (2,32). After the cocaine or MAP challenge, the
expression of behavioral sensitization was similarly observed
in both the drug- and saline-paired compartments in each
group. However, the saline challenge in the drug-paired com-
partment revealed no evidence for conditioned locomotor ac-
tivity in either group treated with cocaine or MAP. Therefore,
these results suggests that behavioral sensitization observed in
the single-cue chamber predominantly involves the mecha-
nism of nonassociative processes (24,27).

On the other hand, repeated treatments with cocaine in
the dual-cue chamber failed to induce progressive increases in
locomotor activity during the conditioning sessions. Further,
the cocaine challenge revealed no differences in locomotor
activity among the cocaine- and saline-treated groups, al-
though augmented locomotor activity in the saline control
group might, at least in part, account for this result. These
findings were inconsistent with the results obtained in the sin-
gle-cue chamber and the fact that when animals were repeat-
edly injected with amphetamine in their respective distinct
environments, the development of behavioral sensitization
was observed in each environment (2,26). One possible expla-
nation for this discrepancy involves the emergence of stereo-
typy. However, this is unlikely because cocaine dose-depen-
dently increases locomotor activity up to a 40 mg/kg dose, and
because even 40 mg/kg cocaine produces no stereotyped be-
haviors that prevent locomotor activity in ddY mice (prelimi-
nary experiments). Another possible explanation is to argue
differences in treatment regimen. In the previous studies, ani-
mals received the drug in the test environment or a “third
world” and saline in their home cages (2,22,26,32). On the
other hand, the present animals received cocaine in one com-
partment of the dual-cue chamber and saline in the other
compartment; these were “upside-down” environments rela-
tive to each other. Accordingly, it is conceivable that repeated
treatments with saline in the “upside-down” environment
may retard the development of behavioral sensitization to co-
caine, although the mechanism remains unclear.

In contrast to cocaine, repeated treatments with MAP in
the dual-cue chamber produced robust, progressive increases

in locomotor activity during the conditioning sessions. After
the MAP challenge, the expression of behavioral sensitization
was similar in both the drug- and saline-paired compartments.
Furthermore, the saline challenge produced a significantly
higher locomotor activity in the MAP-treated group than in
the saline control group. Therefore, it is conceivable that both
associative and nonassociative processes may contribute to
the sensitization to MAP in the dual-cue chamber. The rea-
son for these differences in the profile of behavioral sensitiza-
tion between MAP and cocaine is unclear. These stimulants
have been shown to produce locomotor stimulation via acti-
vation of the mesolimbic dopamine system; nevertheless, dif-
ferences in the actions have been demonstrated between the
drugs. Amphetamines increase dopamine levels in the syn-
apse by releasing the amine through dopamine transporters
(9,14), whereas cocaine inhibits the reuptake of dopamine re-
leased (12,23). Acute and sensitized locomotor responses to
cocaine and amphetamines are differentially suppressed by
dopamine receptor antagonists (15) or the D2 receptor ago-
nist quinpirole (31). Further, repeated injection of amphet-
amine into the VTA induces sensitized response to a subse-
quent challenge dose (5,10), whereas repeated intra-VTA
injections of cocaine did not (30). These differences, com-
bined with effects of repeated drug and saline treatments in
the “upside-down” environments, may account for the differ-
ences in the profile of behavioral sensitization between co-
caine and MAP in the dual-cue chamber.

Medications for the treatment of drug abuse are expected
to have few undesirable side effects such as emesis, depres-
sion, and dysphoria, and to have little effect on motor activity
(18). Accordingly, it is important that preclinical research ex-
amines the effect of candidate compounds not only on the re-
warding properties of addictive drugs but also on locomotor
activity in animals. Recently, a few studies investigated the ef-
fects of potential agents for the treatment of cocaine abuse on
reinforcing and locomotor stimulant properties of cocaine
(1,13). These studies, however, measured the rewarding and
stimulant properties in separate experiments. In contrast, the
procedure described here can simultaneously monitor re-
warding properties and locomotor stimulation effects of psy-
chostimulants. Thus, the present new procedure provides a
useful strategy for preclinical screening of potential medica-
tions for the treatment of drug addiction.
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