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Abstract. The effects of repeated systemic or intra-nucleus
accumbens cocaine administration on locomotor activity
were examined for environmental dependence. Repeated
1P administration of cocaine (15 mg/kg} for 5 days in the
context of a given environment increased the locomotor
response to a subsequent IP cocaine challenge in that
environment. However, there were no differences in the
locomotor response to a subsequent IP cocaine challenge
in the test chamber in subjects which had received prior
repeated IP administration of cocaine in the home-cage.
In a second experiment, cocaine {100 pg/side) was infused
into the nucleus accumbens (NACC) daily for 5 days. This
repeated administration produced increases in locomotor
activity to subsequent intra-NACC cocaine infusions that
were environmentally independent. In contrast to the
effects of repeated IP cocaine administration, subjects
which received administration of vehicle, acute cocaine, or
repeated cocaine in the NACC did not differ following an
IP cocaine challenge. The results from these experiments
indicate that increases in the response to IP cocaine
following repeated 1P administration are in part environ-
mentally dependent. Moreover, repeated intra-NACC
cocaine infusions increase the responsiveness of the
NACC to subsequent intra-NACC cocaine. However,
local activation of the NACC alone does not appear to be
adequate to produce sensitization to systemically admin-
istered cocaine.
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Systemic cocaine administration produces pronounced
increases in locomotor activity which are thought to be
mediated via dopaminergic mechanisms of the nucleus
accumbens (NACC; Kelly and Iversen 1976). Cocaine is a
potent dopamine uptake inhibitor (Reith et al. 1986) and
thus increases extracellular concentrations of dopamine in
the NACC (Kalivas and Duffy 1990; Pettit et al. 1990
Hooks et al. 1991a}. Infusions of cocaine directly into the
NACC also increase locomotor activity (Delfs et al. 1990;
Hemby et al. 1992) which can be blocked by neuroleptics
(Delfs et al. 1990), while depletion of dopamine in the
NACC by infusions of the neurotoxin 6-hydroxydopa-
mine blocks the locomotor stimulating properties of co-
caine {Kelly and Iversen 1976).

Repeated administration of cocaine is frequently asso-
ciated with a progressive increase in the locomotor re-
sponse to subsequent cocaine challenges (Post and Rose
1976; Roy et al. 1978). This potentiation of locomotor
activity is environmentally dependent, particularly follow-
ing low to moderate doses of cocaine (20 mg/kg or less;
Post et.al. 1987; Weiss et al. 1989). However, environ-
mentally independent increases in locomotor activity can
be observed following repeated cocaine treatment if much
higher doses of cocaine are used (e.g. 40 mg/kg IP or
greater; Gale et al. 1984; Post et al. 1988). These higher
doses of cocaine are also known to induce pharmacolo-
gical kindling (Post et al. 1988; Post and Weiss 1989;
Weiss et al. 1990). The associations between cocaine-
induced locomotor activity and environmental stimuli are
sufficient that a conditioned locomotor response can be
observed even if habituation to the test environment is
allowed before the drug is administered during condi-
tioning sessions {Post ¢t al. 1988).

The NACC plays a role in the conditioned locomotor
responses to cocaine (Post et al. 1988; Hemby et al. 1992).
Repeated administration of IP cocaine (10 mg/kg for 10
days) in the test environment enhances the subsequent
locomotor response to intra-NACC challenge infusions of
both amphetamine and saline (Post et al. 1987). No
increase in the locomotor response is observed following
infusions into the caudate nucleus in rats pretreated with
cocaine (Post et al. 1987, 1988). The dopaminergic projec-
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tion to the NACC has been implicated in environmental
sensitization by the observation that partial dopaminer-
gic-depleting lesions of the NACC do not block the
locomotor response to IP cocaine but do block the envi-
ronmentally conditioned locomotor activity (Post et al.
1988). In addition, intra-accumbens cocaine infusions
paired with distinct environmental cues can elicit a condi-
tioned locomotor response (Hemby et al. 1992).

In man there appears to be a high degree of environ-
mental conditioning to cocaine’s reinforcing effects (Ga-
win et al. 1986; Dackis and Gold 1990). For example,
cravings and withdrawal symptoms can be observed fol-
lowing the presentation of cocaine paraphernalia in hu-
mans even after months of abstinence (Childress et al.
1987).

The present series of experiments were designed to
further investigate environmentally and pharmacolo-
gically induced changes in locomotor activity resulting
from repeated systemic cocaine administration and from
repeated infusions of cocaine into the NACC.

Materials and methods

Subjects. Subjects were 77 male Wistar rats (Harlan} weighing
320-400 g which were housed 4 per cage on a 12 h light-dark cycle
(lights on from 07:00 to 19:00 hours). Subjects had free access to
food and water in their home-cage. Testing was conducted between
08:00 and 17:00 hours.

Apparatus. Locomotor activity was measured in Plexiglas photocell
cages (39 x25x24 cm high). Each cage was equipped with two
parallel, horizontal, infrared beams, 2 cm above the floor, spaced
equally along the long axis of the cage. Interruption of alternate
beams resulted in a locomotor count that was registered by an IBM
computer. [lumination was provided by a light on the roof of each
photocell cage. White noise was provided in each cage to prevent
disturbances from the outside environment.

Drugs, Cocaine-HCI (15 mg/ml) was dissolved in 0.9% saline and
injected in a volume of 0.1 ml/100 g for IP administration. For intra-
NACC administration, cocaine-HCI (100 ug/0.5 ul) was dissolved in
artificial cerebrospinal fluid (CSF) and infused in a volume of
0.5 ul/side. CSF was composed of 0.13 M sodium chioride, 0.98 mM
magnesium chloride, 2.65 mM potassium chloride, 1.2 mM calcium
chloride, 0.25 mM ascorbic acid, and 10 mM glucose at a pH of
7.2-74.

Experiment {

The day before the initial drug treatment, subjects (n = 32) were
placed in individual photocell cages for a 2 h habituation period.
Subjects were weighed after the habituation period and assigned to
one of four treatment groups, counter-balanced by the locomotor
response during habituation and by body weight, to receive either
15.0 mg/kg cocaine in the test-cage (Coc-Test), 15.0 mg/kg cocaine in
the home-cage (Coc-Home), saline in the test-cage (Veh-Test) or
saline in the home-cage (Veh-Home). The sequence of testing for the
four groups is shown in Table 1. The Coc-Test group was given
repeated [P cocaine administration in the test-cage to allow possible
conditioning effects of cocaine to be observed. The Coc-Home group
was treated with IP cocaine in the home-cage for the first 4 days and
with [P cocaine in the test-cage on day 5. The purpose of this group
was to determine whether pharmacological sensitization to this dose
of cocaine occurred irrespective of any environmental cues associ-
ated with previous exposure to the test chamber. The Veh-Test and

Table 1. The dose sequence for rats receiving IP cocaine. C = co-
caine (15 mg/kg), V = vehicle (0.9% saline), T = test-cage (subject
received drug in the test-cage), H = home-cage {(subject received
drug in the home-cage}

Group Days

1 2 3 4 5 6
Coc-Test CT CT CT CT CT CT
Veh-Test VT vT vT vT VT CT

Coc-Home CH CH CH CH CT CT
Veh-Home YH VH VH VH VT CT

Veh-Home served as controls to ensure that the testing procedure
did not alter a subject’s response to subsequent cocaine adminis-
tration.

On test days subjects either received the appropriate drug in the
home-cage or were placed in the photocell cages for a 1 h habitu-
ation period, administered the appropriate drug, and locomotor
activity monitored for 1 h. On day 6 all subjects received IP cocaine
(15mg/kg) in the test-cage to determine the effects of the four
different treatment procedures on an acute cocaine challenge.

Data analysis. Locomotor activity counts were subjected to analysis
of variance (ANOVA). The totals for days 1-5 were subjected to a
two-way ANOVA with one between-subjects factor, Drug treatment
group, and one within-subjects factor, Days. The time courses for
days 5 and 6 were analyzed with ANOVA with two between-subjects
factors, Drug treatment and Environment, and one within-subjects
factor, Time. In addition, simple main effects analyses were used to
analyze the data from days 5 and 6. Where appropriate, post-hoc
comparisons were made using Newman-Keuls analysis.

Experiment 2

Surgical procedures. Subjects (n = 55) were anesthetized with a
50 mg/kg IP injection of sodium pentobarbital (Nembutal) and
placed in a stereotaxic frame. Bilateral stainless-steel guide cannulae
(22 g) were implanted to access the NACC, AP + 3.4 from Bregma,
Lat 4+ 1.7, Vert — 6.5 from dura with the incisor bar set at + 5 mm
(Pellegrino et al. 1979). The guide cannulae were secured in place
with the use of skull screws and dental cement. Removable stylets
(31 g} were placed in the guide cannulae. Intramuscular penicillin
(60000 units) was administered immediately following surgery and a
recovery period of 7-8 days was allowed before the initial exposure
to the test-cage.

Intracerebral infusions were made bilaterally via 30 g infusion
cannulae which protruded 1 mm below the guide cannulae. The
infusion cannulae were attached via plastic {PE-10) tubing to 10l
syringes mounted on a Razel infusion pump (Model A). The
0.5 4i/NACC infusions were delivered simultaneously over a 45s
period with an additional 1 min diffusion period allowed to elapse
before withdrawing the infusion cannulae. The subjects were held
lightly in a towel during the infusions.

Behavioral procedures. The day before the initial drug treatment,
subjects were placed in the test-cages for a 2 h habituation period as
in experiment 1. After the habituation period all subjects were
removed and given a bilateral infusion of CSF following the de-
scribed procedure. The purpose of this initial infusion was to reduce
the non-specific consequences of infusion damage on the test days.
Subjects were then weighed and assigned to one of five groups to
receive either cocaine in the test-cage (Coc-Test), cocaine in the
home-cage (Coc-Home), CSF in the test-cage (Veh-Test), CSF in the
home-cage (Veh-Home), or CSF in the home-cage followed by
cocaine in the test-cage on day 5 (Acute-Coc). The dose sequence
and environmental location for the five groups are described in



Table 2. The dose sequence for rats receiving intra-NACC cocaine.
C = cocaine (100 pg/side in 0.5 ul), V = vehicle (0.5 4l of CSF per
side), T = test-cage (subject received drug in the test-cage), H
== home-cage (subject received drug in the home-cage), IP = 1P
cocaine (15 mg/kg 1P cocaine in the test-cage)

Group Days

1 2 3 4 5 6
Coc-Test CT CT CT CT CcT IPT
Veh-Test vT VT vT VT vT IPT
Coc-Home CH CH CH CH CT IPT
Veh-Home VH VH VH VH vT IPT

Acute-Home VH VH VH VH CT iPT

Table 2. Groups were counter-balanced for the locomotor score
during habituation and for body weight.

The Coc-Test group was given daily infusions of cocaine
(100 pg/side) in the test-cage to examine the influence of prior
exposure to stimuli associated with cocaine on sensitization. Sub-
jects in the Coc-Home group were given cocaine infusions
(100 ug/side) on test days 14 in the home-cage as a control for any
environmentally cued locomotor activity and to investigate pharma-
cologically induced changes in locomotor activity on test day 5. On
test day 5, rats in this group were infused in the test-cage with
cocaine. The Veh-Home and Veh-Test groups served as controls for
the Coc-Home and Coc-Test groups, respectively, to assess any
change in locomotor activity which may be due to non-specific
damage as a result of the infusion procedure. An additional group
{Acute-Coc) received saline on days 1-4 in the home cage and intra-
NACC cocaine on day 5. This group was used to assess the acute
effects of intra-NACC cocaine and to determine the effects of acute
treatment with intra-NACC cocaine on subsequent response to 1P
cocaine.

On day 5, all groups were placed in the test-cage for 1 h to assess
differences in locomotor activity during habituation. Following this
hour, subjects were removed from the chamber, infused with the
appropriate solution and returned to the test chamber for an
additional hour. On day 6, subjects were habituated in the manner
described previously and all were injected with IP cocaine (15 mg kg)
and returned to the test-cage.

On test days 1 through 4, subjects were placed in the test-cage for
a 1 h habituation period, infused, and locomotor activity monitored
1 h after each infusion. On day 5 all groups were infused in the test-
cage and monitored as on days 1-4. On test day 6 all subjects
received 1P cocaine (15 mg/kg) in the test-cage and were monitored
as before.

Histology. At the completion of testing subjects were anesthetized
with 400 mg choral hydrate and perfused with 50 ml of saline
followed by 50 ml formalin (10%). Following fixation, coronal
sections (75 um) were cut on a freezing microtome and each section
through the NACC and associated structures were mounted on a
glass slide and stained with thionin blue for determination of
cannulae placements by a researcher unaware of experimental
conditions.

Data analysis. Locomotor activity counts were subjected to AN-
OVA. The totals for days 1--5 were subjected to a two-way ANOVA
with one between-subjects factor, Drug treatment, and one within-
subjects factor, Days. The time courses for days 5 and 6 were
analyzed with ANOVA with two between-subjects factors, Drug
treatment and Environment, and one within-subjects factor, Time.
In addition, simple main effects analyses were used to analyze the
data from Days 5 and 6. Where appropriate, post-hoc comparisons
were made using Newman-Keuls analysis. Least-squares linear
regression was conducted to examine the relationship between
locomotor activity in a novel environment and cocaine induced
locomotor activity.
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Fig. 1. Locomotor counts (mean + SEM) following IP cocaine ad-
ministration (15 mg/kg; n = 8 per group) for days 1-35. Locomotor
activity increased following repeated cocaine administration in the
test environment, P < 0.025. Rats treated with cocaine in the test-
cage demonstrated greater locomotor activity than those treated
with cocaine in the home-cage, P < 0.05. (@) Coc-Test; (O) Veh-
Test; (M) Coc-Home; () Veh-Home

Results
Experiment 1. repeated IP cocaine administration

Locomotor response to IP cocaine on days I-5 Figure 1
shows the total locomotor activity counts following treat-
ment (either cocaine or saline) for test days 1-5. As
expected, in those subjects repeatedly treated in the test-
cage, cocaine administration significantly elevated loco-
motor activity compared with saline administration [F(1,
14) = 14390, P < 0.0001] (Coc-Test versus Veh-Test
groups). Furthermore, repeated cocaine treatment in the
test-cage produced a gradual potentiation of this locomo-
tor response as indicated by a Drug x Days interaction
[F(4, 56) = 3.29, P < 0.025]. Also evident from Fig. 1 is
that the potentiation of the locomotor response to cocaine
following repeated administration is dependent upon the
treatment environment, The Coc-Home group, which re-
ceived the same exposure to cocaine as the Coc-Test
group, but in the home-cage, showed significantly less
activity on day 5 [F(1, 28) = 31.95, P < 0.0001].

A more detailed analysis of these results was conduc-
ted and the locomotor activity results from day 5 alone
are depicted in Fig. 2A. As can be seen, both cocaine
treated groups show elevated locomotor activity for the
entire 60 min period compared with saline-treated
subjects as indicated by a main effect of Drug, [F(1, 28)
= 176.89, P < 0.0001], and a Drugx Time interaction
[F(11,308) = 10.48, P < 0.0001]. There was also a signif-
icant Drug x Environment interaction [F(I, 28)=7.66,
P <0.01]. Simple main effects analysis indicates that
subjects previously treated in the test-cage with cocaine
showed significantly greater locomotor activity than those
treated in the home-cage [F(1, 28) = 31.95, P < 0.0001].
However, there were no differences between the two sa-
line-treated groups [F(1, 28) = 0.46, n.s.] (Veh-Home ver-
sus Veh-Test groups). Analysis of body weights showed no
significant effect of cocaine treatment (no main effect of
Drug [F(1, 28) = 1.87, ns.], or a Drug x Environment
interaction [F(1, 28) = 2.03, n.s.]).

Behavioral response to IP cocaine on day 6. Figure 2B
depicts the results of cocaine administration on day 6.
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Fig. 2. Panel A represents the locomotor counts + SEM forday 5
of IP drug treatment (n = 8 per group). Rats pre-treated in the test-
cage with cocaine (15 mg/kg) exhibited a greater locomotor response
than those pre-treated in the home-cage with cocaine. No differences
were observed between the two saline groups. Panel B represents the
locomotor counts + SEM for day 6 of IP drug treatment on which
all subjects received cocaine. There was a difference between cocaine
and saline pretreatment groups in the test-cage, but not between
pretreatment groups in the home-cage. *P < 0.05, **P < 0.01. (@)
Coc-Test; (O) Veh-Test; (B) Coc-Home; ([1) Veh-Home

There was a significant difference in locomotor activity
between subjects previously treated with cocaine
and those previously treated with saline [F(1, 28) = 5.78,
P < 0.025], and a Drug x Environment interaction [F(1,
28) = 442, P < 0.05]. There were no significant Environ-
ment x Time [ F(11, 352) = 0.83], Drug x Time [F{11, 352)
== 1,63] or Environmentx DrugxTime [F(11, 352)
= (,76] interactions.

Simple main effects analyses showed there was a sig-
nificant difference between subjects pretreated with either
cocaine or saline in the test-cage to a subsequent cocaine
challenge [F(1, 28) = 22.40, P < 0.0001]. There was only a
trend for a difference between those subjects pretreated
with either cocaine or saline in the home-cage to cocaine
challenge [F(1, 28) = 3.36, P < 0.08] (see inset, Fig. 2B).
Subjects previously treated in the test-cage with cocaine
showed significantly greater locomotor activity than those
treated in the home-cage with cocaine [F(1, 28) = 5.36,
P < 0.05]. However, there were no differences between the
two saline-treated groups [F(1, 28) =0.34, ns.] (Veh-
Home versus Veh-Test groups). Cocaine treatment did
not alter body weight [F(1, 28) = 1.94, n.s.].

Behavioral response during the habituation period. Re-
peated pairing of cocaine administration with the stimuli
of the test-cages resulted in a significantly increased lo-
comotor response which was evident during the habitu-
ation periods prior to drug testing. For example, there
were no differences between the Coc-Test and Veh-Test

Fig. 3. Placements of the most ventral position of the injection
cannulae of subjects included in the statistical analysis are repre-
sented by filled circles. Brain sections are modified from Paxinos and
Watson (1986) and are from + 1.7 to + 1.0 A-P anterior to bregma

groups during the 1 h habituation period on day 1 [F({,
14) = 1.11, n.s.]. However, the Coc-Test group exhibited
greater locomotor activity than the Veh-Test group dur-
ing the habituation periods between days 2-6, [F(1, 14)
=781, P < 0.02].

Experiment 2. repeated intra-NACC cocaine

Locomotor response following intra-NACC infusions days
1-5. The cannula placements for the subjects included in
the statistical analysis are depicted in Fig. 3. Ten subjects
were excluded from the statistical analysis due to improp-
er cannula placements. The total locomotor activity
counts following drug administration for days 1-5 are
depicted in Fig. 4. As can be seen, for those subjects
treated in the test-cage (Coc-Test and Veh-Test groups)
intra-NACC cocaine infusions significantly increased lo-
comotor activity compared to CSF infusions [F(1, 17)
= 7.98, P < 0.02]. The repeated administration of cocaine
resulted in a gradual potentiation of the drug’s effects on
locomotor activity, as indicated by a Drug x Days inter-
action [F{4, 68) = 6.65, P < 0.0001].

The time course for locomotor activity on day 5 is
shown in Fig. 5A. Intra-NACC cocaine infusions signifi-
cantly elevated locomotor activity throughout the 60 min
time period [F(1, 33)==32.85, P < 0.0001]. However,
there were no differences between those subjects pre-
treated in the test-cage and those pretreated in the home-
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Fig. 4. Locomotor counts (mean + SEM) following bilateral intra-
NACC cocaine infusions (Coc-Test, n = 9; Coc-Home, n = 10; CSF-
Test, n = 10; CSF-Home, n = 8) for days 1-3. An increase in loco-
motor activity following repeated administration of intra-NACC
cocaine was observed irrespective of the pretreatment environment,
P < 0.0001. (@) Coc-Test; (O) Veh-Test; () Coc-Home; (J) Veh-
Home
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Fig. 5. Panel A represents the locomotor counts + SEM for day 5
of intra-NACC drug treatment. Rats pre-treated with cocaine (n = 9
test, n = 10 home) exhibited a greater locomotor response than
those pre-treated with CSF (n = 10 test, n = § home), P < 0.0001.
Panel B represents the locomotor counts + SEM for day 6 on which
all subjects received I[P cocaine (15 mg/kg). There were no differences
between the cocaine and CSF pretreatment groups following the IP
challenge injection. **P < 0.01. (@) Coc-Test; (O) Veh-Test; (M)
Coc-Home; ({J) Veh-Home

cage [F(1, 33) = 0.50, n.s.], indicating a lack of environ-
mental sensitization. Cocaine treatment did not alter body
weight [F(1, 33) =0.72, ns.].

Behavioral response to IP cocaine on day 6. As shown in
Fig. 5B all four groups showed similar levels of locomotor
activity. No differences between the groups pretreated in
the test-cage and those pretreated in the home-cage [F(1,
33) = 0.97, n.s.] were observed. There were also no differ-
ences between those groups pretreated with cocaine or
saline [F(1, 33} = 0.03, n.s.]. The fact that there is no Drug
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x Environment interaction [ F(1, 33) = 0.56, n.s.], further
indicates that there is no difference between the four
groups to 1P challenge. Cocaine treatment did not alter
body weight [F(1, 33) = 0.72, n.s.].

Behavioral response during the habituation period for
NACC infused rats. The lack of environmental condi-
tioning is further evident when the 1 h habituation period
is considered. There were no differences in the locomotor
activity between the Coc-Test and Veh-Test groups dur-
ing the 1 h habituation period on day 1 [F(1, 17) = 1.01,
n.s.], or for days 2-6 [F(1, 17) =0.15, ns.] (data not
shown).

Pharmacological sensitization to intra-accumbens cocaine
infusions. For further analysis, the two cocaine pretreated
groups (Coc-Test and Coc-Home) were combined into
one group, and referred to as Chronic-Coc, as they did not
significantly differ. The two vehicle pretreated groups
{Veh-Test and Veh-Home) were also combined into one
group, Chronic-CSF. Figure 6A depicts the results for day
5. ANOVA indicated a significant difference between
the Chronic-Coc, Acute-Coc, and Chronic-CSF groups
[F(2, 42) = 1885, P < 0.0001]. There was also a sig-
nificant Group x Time interaction [F(22, 242) = 2.66,
P < 0.0001]. Post-hoc comparisons revealed a greater
locomotor response in the Chronic-Coc group than in
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Fig. 6. Panel A represents the locomotor counts + SEM for day 5
of intra-NACC drug treatment. Rats pre-treated with chronic co-
caine {# = 19) exhibited a greater locomotor response than those
pre-treated with acute cocaine (n = 8), or CSF {n = 18). Panel B
represents the locomotor counts + SEM for day 6 on which all
subjects received 1P cocaine (15 mg/kg). There were no differences
between the chronic cocaine, acute cocaine and CSF pretreatment
groups following the IP challenge injection. (@) Chronic-coc; (¥)
acute-coc; (O) chronic-CSF
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either the Acute-Coc group (P < 0.05) or the Chronic-
CSF group (P < 0.01). The Acute-Coc group also had a
higher locomotor response than the Chronic-CSF group
(P < 0.05). Differences between the groups are unlikely to
be due to the effects of non-specific damage following
NACC infusions. For example, there were no significant
differences between subjects that had either one or five
previous infusions of CSF before cocaine infusion [F(1,
17) = 1.01, n.s.] (data not shown).

As shown in Fig, 6B, all three groups showed almost
identical patterns of locomotor activity following IP co-
caine administration on day 6 [F(2, 42) = 0.19, n.s.]. This
figure shows the lack of effect of intra-NACC cocaine
infusions on the subsequent locomotor response to IP
cocaine.

Locomotor response to novelty and the response to intra-
NACC injections. The locomotor response to novelty
predicted a subject’s locomotor responses to intra-NACC
cocaine. When subjects were divided into two groups
based on their locomotor score for the first hour of their
initial exposure to the test-cage (Hooks et al. 1991b), high
responding rats (HR) showed a greater locomotor re-
sponse to cocaine on day 5 than low responding rats (LR)
[F(1, 33) = 12.66, P < 0.005].. Moreover, locomotor re-
sponse to novelty correlated with the locomotor response
to intra-NACC cocaine on day 5 (r = 0.60, P < 0.01).

Discussion

The results of the present experiments suggest that there
are significant differences between the effects of repeated
1P and repeated intra-NACC cocaine. In agreement with
previous literature (Post et al. 1988), repeated IP cocaine
in the context of a given environment produces increases
in the locomotor response to subsequent 1P cocaine chal-
lenges. In contrast, repeated cocaine administration in the
NACC elicited increases in locomotor activity to sub-
sequent intra-NACC challenges irrespective of pre-treat-
ment environment. However, prior exposure to repeated
intra-NACC cocaine did not augment the locomotor
response to an IP cocaine challenge.

In agreement with previous studies (e.g. Post et al
1987), repeated IP administration of cocaine in the test-
cage gradually enhanced the response to subsequent IP
injections of cocaine in the same environment. This is
indicated by the greater locomotor activity shown by the
Coc-Test group compared to the Coc-Home group on day
5 (Fig. 1). Repeated administration of the same dose of
cocaine outside the test-cage did not significantly enhance
the locomotor response to a subsequent cocaine challenge
when compared to subjects repeatedly treated with ve-
hicle. This difference between the effects of repeated co-
caine in the test-cage and in the home-cage could be due
to differences in the amount of exposure to the test-cages,
as the Coc-Home group received less exposure to the test
cage than the Coc-Test group. However, this seems un-
likely to have influenced the results as novelty usually
increases locomotor activity in these situations and both
groups were well habituated to the test-cages prior to
testing on day 5. Also, there were no differences between

the vehicle groups on days 5 or 6. The association between
environmental stimuli and the effects of cocaine is further
emphasized by an increase in the locomotor activity
scores during the initial habituation period in the subjects
treated with cocaine in the test-cages.

The findings from the current experiments are in
agreement with previous results (Post et al. 1987; Hooks
et al. 1991b) that indicate the augmentation of locomotor
activity following repeated systemic cocaine treatment is
at least partially environmentally dependent. A relatively
robust association between the cocaine-induced locomo-
tor activity and environmental stimuli is indicated by the
inability of a 1 h habituation period to the test-cage prior
to drug administration to prevent the environmentally
associated effects. Repeated daily treatment over a 10 day
period with lower doses of the drug (10 mg/kg/day) also
produces increases in locomotor activity which have been
demonstrated to be environmentally dependent (Post
et al. 1988; Weiss et al. 1989, 1990). The present results
have confirmed and extended these previous studies using
a higher dose of cocaine and fewer pairings.

In the current experiments statistically significant
pharmacological sensitization to IP administered cocaine
was not observed. However, analysis of day 6 data indi-
cates there is a trend toward sensitization to IP cocaine in
the Coc-Home group after cocaine administration
(P < 0.08). This trend toward sensitization on day 6 could
be either pharmacological, from the five prior injections,
or environmental from the single prior exposure to co-
caine in the test-cage, or both. Whether pharmacological
sensitization occurs is clearly dependent upon the dose of
cocaine used and the length of treatment. For example,
pharmacological changes can be demonstrated following
very high doses of the drug, e.g. 40 mg/kg or higher (Post
et al. 1987; Weiss et al. 1989). In addition, longer term
treatment {10 or 30 days) with higher doses (30 mg/kg) has
also been shown to alter the pharmacokinetics of cocaine
(Pettit et al. 1990, Pan et al. 1991). These factors may have
contributed to the trend towards pharmacological sensi-
tization.

Previous studies have suggested that the NACC may
play an important role in the increases in locomotor
activity following repeated IP cocaine (Post et al. 1988).
Post et al. demonstrated that rats which had been re-
peatedly treated with cocaine in the test-cage (10 mg/kg
IP for 10 days) showed a greater response to intra-NACC
amphetamine than those subjects that received cocaine in
the home-cage. There was, however, no difference between
the two groups following a challenge infusion of ampheta-
mine into the caudate nucleus. Other studies have indi-
cated that there are not only enhanced levels of locomotor
activity, but also increased extracellular dopamine levels
in the NACC following repeated IP cocaine (Kalivas and
Duffy 1990; Pettit et al. 1990). In the latter study this
greater increase in NACC dopamine concentration could
be accounted for in part by the accompanying increases in
brain cocaine levels (Pettit et al. 1990; Pan et al. 1991). The
NACC is also implicated in sensitization by 6-hydro-
xydopamine lesions of this structure. Lesions which par-
tially deplete (less than 60%) dopamine in the NACC do
not block the locomotor activity induced by a high dose of
cocaine (40 mg/kg) but do prevent sensitization produced



by administration of this dose of the drug (Post et al.
1988). More extensive lesions of the NACC (90% or
greater) have been shown to block both the unconditioned
(Kelly et al. 1976) and the conditioned (Gold et al. 1988)
locomotor responses to psychomotor stimulants.

In the present experiments infusions of cocaine directly
into the NACC produced a pronounced increase in lo-
comotor activity, confirming the results of two previous
studies (Delfs et al. 1990; Hemby et al. 1992). However, in
contrast to the effects of systemic cocaine administration
in expt 1, repeated infusions of cocaine directly into the
NACC produced an increase in locomotor activity across
days which was environmentally independent. This was
demonstrated by the increase in locomotor activity across
days in the Coc-Test group and by the lack of difference in
Coc-Home and Coc-Test group following intra-NACC
cocaine on day 5 (Fig. 4), while only the Coc-Test group
increased following TP cocaine (Fig. 1). This marked
difference in effect between the two routes of drug admin-
istration is not due to the absolute levels of locomotor
activity achieved as both IP and intra-NACC cocaine
elicited approximately equivalent levels of activity. One
possible reason that environmentally-independent loco-
motor sensitization is observed following NACC infusions
is that the NACC was exposed to much higher cocaine
concentrations than with IP injections. As intra-NACC
infusions of cocaine produced sensitization in the Coc-
Home group while IP administration did not produce
sensitization in the Coc-Home group, it is possible that
pharmacological sensitization is favored by a high local
concentration in the NACC compared to more wide-
spread distribution of a lower concentration.

.Another possible reason for the difference between the
intracranial and TP cocaine results is that even though
much higher concentrations of cocaine in the NACC
resulted from the intracranial infusions, only 4% as much
cocaine was administered intracranially compared to the
IP dose. Therefore it is unlikely that intra-NACC cocaine
administration produces the same profile of peripheral
effects that are observed following systemic cocaine ad-
ministration, such as increases in heart rate, body temper-
ature, and activation of the sympathetic nervous system
(Ritchie and Greene 1980). These and other peripheral
effects may be important as stimuli in developing an
environmental association, as seen in the IP Coc-Test
group. The differences in the stimulus properties of intra-
cranial and IP cocaine that may influence locomotor
sensitization should be the focus of future studies.

As shown in Fig. 5B, repeated infusions of cocaine into
the NACC irrespective of pre-treatment environment did
not augment the locomotor response to a subsequent IP
cocaine challenge. This indicates that, although the intra-
NACC cocaine infusions produce changes which increase
the response to locally applied cocaine, these changes are
not sufficient to alter the response to IP cocaine. There
are several possible explanations for this. One is that
the infusion process causes nonspecific damage which
prevents sensitization from being observed. Evidence for
this possible confound is that the temporal profiles of the
IP data are altered in the NACC cannulated rats (com-
pare Fig. 2B versus Fig. 5B). This is apparent in the
flattened and prolonged temporal profile following IP
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cocaine challenge in the NACC-cannulated rats compared
to the non-cannulated subjects. In previous experiments
{Post et al. 1988} lesions of the NACC blocked sensitiza-
tion to IP cocaine. However, in the current experiment
non-specific damage does not seem to block the respon-
siveness of the NACC since the locomotor response to
intra-accumbens cocaine is augmented with repeated
NACC administration and subjects display normal over-
all levels of locomotor activity in response to cocaine
administered TP. Also, previous studies show that re-
peated infusions into the NACC of amphetamine, which
can be neurotoxic at high doses, do not block the effects of
psychomotor stimulants (Kalivas and Weber 1988; Hooks
et al. 1992). Nevertheless, one cannot rule out that the
cause of the altered profile may also have masked develop-
ment of sensitization to IP cocaine.

The present findings are consistent with previous stud-
ies on psychomotor stimulant drugs which showed re-
peated infusions of amphetamine into the NACC did not
potentiate the locomotor response to systemic administra-
tion of either amphetamine (Kalivas and Weber 1988;
Hooks et al. 1992), cocaine (Kalivas and Weber 1988;
Hooks et al. 1992), or morphine (Vezina and Stewart
1990). However, repeated infusions of amphetamine into
the A9 or A10 regions of the ventral mesencephalon do
increase the locomotor response to systemic challenge
injections of either amphetamine (Kalivas and Weber
1988; Hooks et al. 1992), cocaine {Kalivas and Weber
1988; Hooks et al. 1992), or morphine (Vezina and Stewart
1990). It therefore appears that changes within the NACC
alone are not responsible for the sensitization to IP
cocaine.

In summary, the present experiments demonstrate
differences between repeated IP and repeated intra-
NACC cocaine administration in environmentally and
pharmacologically dependent sensitization. The results
indicate that repeated IP administration of cocaine pro-
duces increases in locomotor activity to an IP cocaine
challenge which are environmentally dependent and
which may also be pharmacologically dependent. In con-
trast, while repeated intra-NACC infusions increased the
locomotor response to subsequent intra-NACC cocaine
administration, they had no effect on the locomotor re-
sponse to IP cocaine. Thus, although the NACC is appar-
ently an essential structure for the expression of the
locomotor response to systemically administered psycho-
motor stimulants, activation of the NACC alone does not
appear to be sufficient to produce sensitization to IP
cocaine. However, this structure is apparently sufficient
for development of pharmacological sensitization to intra-
NACC cocaine.
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