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Abstract Rationale: Neurotoxin induced lesions of
dopamine-releasing neurons that innervate the nucleus
accumbens (NAcc) alter cocaine self-administration. In
addition, elevated extracellular levels of NAcc dopamine
(DA) are thought to be central to the biological mecha-
nisms that underlie this behavior. Objectives: This study
assessed the long-term effects of 6-hydroxydopamine (6-
OHDA) induced lesions of the NAcc on cocaine self-
administration and the dialysate levels of dopamine
([DA]d) in this structure to determine if recovery of drug
intake was correlated with the DA response. Meth-
ods: Rats implanted with jugular catheters and bilateral
cannulas were trained to self-administer cocaine and
subsequently received bilateral intracranial micro-injec-
tions of 6-OHDA or vehicle into the NAcc. The levels of
DA and cocaine were determined in microdialysates of
the NAcc collected during experimental sessions 6–7, 14–
16, 29–30, and 44–46 days post-treatment. Results: The 6-
OHDA induced lesions significantly reduced cocaine self-
administration for 3 weeks while vehicle treatment had a
moderate effect for the first several days. Cocaine-
induced increases in NAcc [DA]d did not return to
sham/vehicle treated control levels for 6 weeks in the
lesioned group and DA content in the NAcc was 46% of
control at 44 days post-lesion. Conclusions: Although

dopaminergic lesions of the NAcc produced profound
effects on cocaine self-administration, responding recov-
ered to control levels before cocaine-induced increases in
NAcc [DA]d while content of DA in the NAcc did not
recover. These data suggest that the plasticity of neuronal
systems in the NAcc related to cocaine self-administration
and their response following 6-OHDA lesions is more
complex than restoration of DAergic tone.
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Introduction

The search for the neurobiological mechanisms of cocaine
reinforcement has focused on the role of dopamine (DA)
releasing neurons for more than a decade. Pharmacolog-
ical antagonism of dopamine receptors alters the rate of
responding maintained by intravenous cocaine infusions
under fixed-ratio schedules in a manner consistent with
decreased reinforcement (DeWit and Wise 1977; Roberts
and Vickers 1984; Koob et al. 1987; Gerber and Wise
1989; Caine and Koob 1994a; Hemby et al. 1996) and
decreases breakpoint of progressive-ratio (PR) schedules
(Hubner and Morton 1991, Richardson et al. 1993). In
contrast, serotonergic (Porrino et al. 1989; Peltier and
Schenk 1991, Lane et al. 1992; Woolverton 1992; Lacosta
and Roberts 1993) and noradrenergic antagonists (De Wit
and Wise 1997; Woolverton 1987, 1992) do not alter
cocaine self-administration.

The nucleus accumbens (NAcc) has been thought to be
the locus of the DA innervations of the forebrain
responsible for cocaine self-administration. 6-Hydroxy-
dopamine (6-OHDA) induced lesions of these regions
resulted in attenuation of rat intravenous cocaine self-
administration (Roberts et al. 1977, 1980; Pettit et al.
1984; Caine and Koob 1994b). In addition, the injection
of DA receptor antagonists directly into this region
modified drug intake in a manner consistent with those
seen following systemic administration of these antago-
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nists (Maldonado et al. 1993; McGregor and Roberts
1993; Phillips et al. 1994), further supporting a principal
role. Furthermore, elevated levels of dopamine in
dialysates ([DA]d) taken from the NAcc have been found
in rats during cocaine self-administration (Pettit and
Justice 1989) that are significantly higher than those
observed in yoked controls or with response-independent
infusions to the self-administering animals (Hemby et al.
1997). Indeed, it has been suggested that all drug
reinforcers increase NAcc [DA]d and that this action
may constitute a direct measure of abuse liability (Di
Chiara and Imperato 1988). This research project was
initiated to further investigate the proposed central role of
the DA innervations of the NAcc in the processes that
underlie cocaine self-administration by assessing the time
dependent recovery from the effects of bilateral 6-OHDA
induced lesions of this region on self-administration, and
on [DA]d assessed with in-vivo microdialysis.

Materials and methods

Subjects

Male, Fischer 344 (n=16) rats (90–150 days of age; 300–350 g)
were individually housed with access to food and water ad libitum.
The lighting in the room was on a reversed 12-h light/dark cycle
(lights on: 5:00 pm) with self-administration sessions conducted
during the dark cycle.

Surgical procedures

Rats were pretreated with atropine methyl nitrate (10.0 mg/kg; IP)
and implanted with indwelling jugular catheters under pentobarbital
anesthesia (50.0 mg/kg IP) using a previously described procedure
(Weeks 1962, 1972) with penicillin G procaine (75,000 IU;
0.25 ml, IM) administered post-surgery. The catheter (Tygon
tubing, S-54-HL) was anchored to tissue surrounding the external
jugular vein and exited through a plastic backplate enclosed in
Teflon mesh, which was implanted subcutaneously between the
scapulae for attachment of a leash. The catheter was enclosed in a
leash (stainless-steel 11-gauge tubing with steel spring on each end)
that was anchored to the plastic backplate. The leash passed
through the ceiling of the chamber and was attached to the single
channel fluid swivel (Brown et al. 1976), which was secured to one
end of a counter-balanced arm permitting uninhibited mobility. The
swivel was connected to a syringe that was operated by a syringe
pump (Med Associates).

Rats were implanted with injection guide cannulae (CMA11,
CMA, North Chelmsford, Mass., USA) to terminate at the dorsal
surface of the nucleus accumbens [9.4 mm from lambda, €1.7 mm
lateral from the midline, and 5.0 mm ventral from the dura (K�nig
and Klippel 1974)] using a stereotaxic (Stoelting, Wood Dale, Ill.,
USA). The guide cannulae were secured to the skull with stainless
steel screws and dental acrylic cement and obturators (28 g)
inserted to prevent blockage. These cannulae served as guides for
both micro-injection and microdialysis probes. When stable
baselines of self-administration were obtained (18–23 sessions),
the rats received two treatments of either the bilateral injection of 6-
OHDA (n=8) or sham/vehicle treatment (n=8) 2 days apart
(Wednesday and Friday). On the first lesion day, rats were
pretreated with desipramine (20 mg/kg) IP and, 15 min later, with
pargyline (20 mg/kg, IP) and anesthetized with methohexitol (2 mg/
ml, IV). Fifteen minutes later, 6-OHDA (4.0 �g in 2.0 �1 per side)
or vehicle (9.0 mg sodium chloride and 0.2 mg ascorbic acid
dissolved in 1.0 ml sterile water) was administered through the

guide cannulae (over 10.0 min at a rate of 0.2 �l/min). On the
second lesion day, the treatment was identical to the first except
that there was no desipramine or pargyline pretreatment.

Self-administration

Self-administration sessions were conducted in operant condition-
ing chambers (Med Associates) enclosed in sound-attenuating,
ventilated enclosures (Med Associates) with each chamber con-
taining a retractable lever, a stimulus light above the lever. Each
enclosure contained a house light, Sonalert and exhaust fan and
experimental sessions were controlled by microcomputers using
Med-PC (Med Associates) software. Lever-pressing was estab-
lished under a within-session dosing procedure in which three doses
of cocaine (0.17, 0.33, and 0.67 mg/infusion) were available each
session and every lever-press resulted in an infusion which was
raised to a fixed ratio 2 over the first several sessions. The dose of
cocaine was determined by the duration of infusion pump operation
(3.1, 6.2, and 12.4 s of 1.647 mg/ml cocaine) and each dose was
available for 1 h and presented in an ascending order. Each
component began with the response-independent administration of
the currently scheduled dose and was separated from the preceding
component by a 30-min timeout during which the chamber was
dark. The lever-light was illuminated during the session except for
the 2 min following the initiation of infusions, during which the
house light was illuminated, a Sonalert was activated, and the lever
was retracted. The lever was re-introduced into the chamber upon
the termination of this 2-min stimulus complex. When drug intake
was stable (five consecutive sessions during which the number of
infusions delivered of each dose of cocaine did not vary by more
than 10% of the mean), saline was substituted for cocaine for two or
more sessions until five or fewer infusions were delivered
(extinction). Stable responding as defined above was subsequently
re-established prior to any further experimental manipulations.

Microdialysis

Microdialysis sessions were conducted at four separate time
periods: days 6–7, 14–16, 29–30, and 44–46 following the first
lesion or sham/vehicle treatment. Probes were inserted through the
previously implanted guide cannula approximately 18 h prior to the
self-administration session during which microdialysis was sched-
uled to occur. The inlet tubing to the microdialysis probe was
connected to a syringe containing artificial cerebrospinal fluid and
one channel of a dual channel fluid swivel (Instech Laboratories,
Plymouth Meeting, Pa., USA), while the other channel was used for
intravenous cocaine infusions. Artificial cerebrospinal fluid (aCSF;
145 mM NaCl, 1.2 mM CaCl2, 2.8 mM KCl, 1.2 mM MgCl2,
5.4 mM d-glucose, and 1.25 mM NaH2PO4 at a pH of 7.2) was
perfused at a rate of 0.5 �l/min. Microdialysis samples were
collected into microcentrifuge tubes from the free end of the outlet
tubing at 10-min intervals 30 min pre-session, during the sessions
and 90 min post-session and immediately frozen on dry ice and
stored at �70�C until analysis. Microdialysis was performed at both
sites alternately at each consecutive time period for a total of two
sessions per side. Thus, the same side was used for microdialysis
sessions on days 6–7 and 29–30 and the other side for days 14–16
and 44–46.

Analysis of DA and cocaine in microdialysates by HPLC

DA was measured in a 1-�l aliquot of each dialysate using high
pressure liquid chromatography with electrochemical detection
(HPLC-EC). DA was separated by HPLC consisting of a syringe
pump (model LC-260D; ISCO, Lincoln, Neb., USA) with an air-
actuated injection valve (model ACI4UW; Valco) and a 1.0 �l
sample loop, a microbore column (Spherisorb, ODS2, 5.0 �m,
0.5 mm i.d.�100 mm), a dual glassy carbon working electrode
(model PM; EG&G Princeton Applied Research, Princeton, N.J.,
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USA), a reference electrode (RE-1; Bioanalytical Systems Inc., W.
Lafayette, Ind., USA) and an EC detector (model 400; EG&G
Princeton Applied Research) with the applied potential set at
+700 mV as referenced to Ag/AgC1. The mobile phase consisted of
20 mM citric acid, 46 mM NaH2PO4, 0.25 mM EDTA, 0.7 mM 1-
decanesulfonic acid, 10 mM triethylamine and 21% methanol (v/v),
pH 5.4 (Parsons et al. 1995) and the flow rate of 15 �l/min resulted
in a retention time of 5 min for DA. DA was quantified by
comparing samples with standards of known concentration and the
limit of detection was 0.5 fmol, which corresponded to a
concentration of 0.5 nM.

Cocaine was measured in a 0.5 �l aliquot of each dialysate
sample using HPLC and UV detection. The HPLC consisted of an
SSI pump (model 222D; Scientific Systems, Inc., State College,
Pa., USA), a Rheodyne injection valve (model 7520) with a 0.5 �l
sample loop, a Spherisorb microbore column (0.5 mm�100 mm,
5 �m C18) and an LDC analytical variable wavelength detector
(model 3200). The concentration of cocaine in the microdialysates
was measured using UV absorbance at a wavelength of 235 nm.
The mobile phase consisted of 50 mM NaH2PO4, 10 mM trieth-
ylamine, 0.1 mM EDTA, 22% acetonitrile and 15% methanol with
pH adjusted to 5.6 and flow rate of 25 �l/min that resulted in a
retention time of 8 min. The detection limit for cocaine was 100
fmol, which corresponded to 0.2 mM. Absolute concentrations of
cocaine in the dialysate were determined by comparing with known
concentrations of standards.

DA content and histology

Animals were killed at the end of the last microdialysis session and
the brains were removed and frozen at �80�C. Frozen brains were
warmed to �20�C and 1.0 mm coronal sections were made for
NAcc dissection. Sections (20 �m) were taken at the cannula tracks
and placement verified by microscope following fixation and
staining (Kl�ver and Barrera 1953).

Dopamine was extracted from the remaining tissue using a
previously reported procedure (Co et al. 1982). Briefly, the NAcc
was homogenized in 1 N formic acid: acetone (15:85) and 3,4
dihydroxybenzylamine was added to each sample to correct for
recovery. Lipids were removed by a heptane:chloroform (8:1) wash
and the aqueous layer dried under a stream of dry N2. The dried
samples were reconstituted in the mobile phase (0.05 M citrate-
phosphate, 0.1 mM EDTA at pH 3.7, 0.4 mM sodium octyl sulfate
and 10% methanol) and the levels of DA determined by HPLC-EC
[(Gilson 302 pump, BAS (West Lafayette, Ind., USA) LC-4B
detector, a Rheodyne sample injector, a BAS biophase ODS
analytical column, 4.6�250 mm, 5 �m and Hewlett Packard 3390A
integrator) with the oxidation potential set at +0.7 V against the
reference electrode and the flow rate of 1.0 ml/min.

Data analysis

All data were analyzed using a three-way ANOVA with intracranial
treatment (6-OHDA or sham lesion), cocaine dose and day
following treatment serving as the independent variables and either
number of cocaine infusions or percent baseline of [DA]d serving as
the dependent measures. Data were further analyzed by two-way
ANOVA with cocaine dose and day following intracranial treat-
ment serving as the independent variables and either number of
cocaine infusions or percent baseline of [DA]d serving as the
dependent measures, comparing prelesion baseline data to post-
lesion data separately for animals treated with 6-OHDA or sham
lesion. Post-hoc analyses were performed using the Bonferroni/
Dunn method for multiple comparisons to a control, with prelesion
data serving as the control for each treatment group. The effects of
treatments on NAcc, DA, norepinephrine and serotonin tissue
content were analyzed using t-tests of significance between means.

Results

Cocaine self-administration

6-OHDA induced lesions of the NAcc decreased re-
sponding maintained by cocaine infusions for up to 20
days following treatment while sham treatment produced
a lesser effect that persisted for up to 8 days after
treatment. Analysis of the data by three-way ANOVA
demonstrated a significant main effect of 6-OHDA
treatment [F(1,897)=42.77, P�0.0001], cocaine dose
[F(2,897)=460.8, P�0.0001] and day following intracra-
nial treatment [F(27,897)=6.4, P�0.0001]. The effect of
6-OHDA was dependent upon both the dose of cocaine
available for self-administration and the number of days
elapsed since 6-OHDA or sham lesion, as there were
significant interactions between intracranial treatment
and cocaine dose [F(2,897)=26.3, P�0.0001] and be-
tween intracranial treatment and day after treatment
[F(27,897)=2.8, P�0.0001]. The effects of 6-OHDA
treatment resolved with a similar time course with respect
to cocaine dose, in that there were no significant
interactions between cocaine dose and day after treatment
and no significant three-way interaction between intra-
cranial treatment, cocaine dose and day after 6-OHDA or
sham lesion (P>0.05 for both analyses). Post-hoc analysis
of the number of cocaine infusions with respect to time
after treatment revealed a significant effect of sham
treatment on days 6, 7 and 8 for all three doses of cocaine
(P�0.005) compared to pretreatment baseline values. In
contrast, the effect of 6-OHDA treatment on number of
infusions of cocaine delivered was significantly lower
than prelesion values at all time points up to 20 days post-
treatment (P�0.05), but was not significantly different
thereafter. The number of infusions of cocaine delivered
was dose-responsive at all time points for both groups,
and the number of infusions delivered was significantly
different for all pairwise comparisons with respect to
cocaine dose (P�0.05).

Dopamine concentrations in microdialysates of the NAcc

Analysis of the microdialysis data yielded similar findings
as the number of infusions of cocaine, however the time
course of recovery from 6-OHDA treatment was different
than that found with the behavioral data. 6-OHDA
treatment decreased the percent of baseline values for
[DA]d for up to 30 days, while sham treatment had no
significant effect (Figs 1, 2, 3, 4). There was a significant
main effect of 6-OHDA compared to sham treatment
[F(1,116)=55.8, P�0.0001] and the level of DA in the
microdialysates was dose-dependent [F(2,116)=14.4,
P�0.0001]. There was a significant interaction between
treatment and cocaine dose [F(2,116)=5.3, P�0.006] and
between treatment and time after treatment
[F(3,116)=5.6, P�0.001]. The effect of sham or 6-OHDA
treatment on percent baseline of [DA]d over time was
consistent across all three doses of cocaine, since there
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was no significant three-way interaction between treat-
ment, cocaine dose and time after treatment
[F(6,116)=0.44, P�0.85]. In contrast, the sham lesion
procedure did not influence the percent baseline values of
[DA]d with respect to day after treatment [F(2,58)=2.5,
P�0.07]. Similar to the data obtained for number of
infusions of cocaine, 6-OHDA treatment produced a
significant effect on percent baseline values for [DA]d
that was dependent upon the time following treatment
[F(3,58)=5.0, P�0.004]. Post-hoc analysis of these data
demonstrated a significant decrease in percent baseline
[DA]d on days 6, 16 and 30 but not on day 44 after the

lesion (P�0.05) in contrast to the effect on cocaine
infusions which persisted for only 20 days after the lesion
(see above). Therefore, there is a significant effect of 6-
OHDA treatment on the neurochemical response to
cocaine self-administration that persists longer than the
effect on responding for infusions of cocaine.

Baseline levels of NAcc [DA]d were not different
between the sham/vehicle treated and 6-OHDA treated
groups at the 6-day (6-OHDA: 1.68€0.32 nM; sham/
vehicle: 1.33€0.49 nM) (mean€SEM), 16-day (6-OHDA:
1.06€0.29 nM; sham/vehicle: 1.68€0.37 nM), 30-day (6-
OHDA: 1.73€0.44 nM; sham/vehicle: 1.36€0.31 nM) and
44-day (6-OHDA: 1.71€0.59 nM and sham/vehicle:
1.49€0.68 nM) time points.

Neurochemical content of the NAcc

The content of DA, 5-HT and NE was assessed in the
NAcc following the last microdialysis session (day 44

Fig. 2 The effects of sham-vehicle or 6-OHDA lesions of the
nucleus accumbens on cocaine self-administration and the levels of
DA and cocaine in microdialysates on day 16 or 17 post-treatment.
6-OHDA treatment had a significant effect on the percent baseline
values for [DA]d, demonstrating a significant decrease on day 16

Fig. 1 The effects of sham-vehicle or 6-OHDA lesions of the
nucleus accumbens on cocaine self-administration and the levels of
DA and cocaine in microdialysates on day 6 or 7 post-treatment.
Top panel shows dopamine levels and the middle panel cocaine
levels in microdialysates of the nucleus accumbens. The bottom
panel shows the drug intake during the microdialysis session. DA
levels are expressed as a percentage of baseline in samples
collected at 10-min intervals (error bars represent SEMs) and open
symbols represent data for pre- and post-session and time-out
periods between doses. 6-OHDA treatment had a significant effect
on the percent baseline values for [DA]d, demonstrating a
significant decrease on day 6. The baseline intake for the two
groups were not different (sham treated 16.5€0.4, 12.2€0.3 and
6.8€0.3; 6-OHDA treated 15.9€0.7, 12.5€0.5 and 4.5€0.5 for the
0.17, 0.33 and 0.67 mg/kg doses, respectively) (mean€SEM)
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post-lesion). There was a significant main effect of 6-
OHDA treatment [F(1,24)=21.7, P�0.0001] and a sig-
nificant interaction between treatment and the neuro-
transmitter being analyzed [F(2,24)=18.9, P�0.0001].
Only DA levels were significantly affected at this time
point, being decreased from 502.3€51.7 pmol/mg protein
in sham-treated animals to 227.4€28.8 pmol/mg protein in
6-OHDA-treated subjects (54.7% decrease, P�0.002).
The content of both 5-HT and NE was not significantly
different between sham- and 6-OHDA-treated subjects.

Placement

The guide cannula for the 6-OHDA of sham treatments
and microdialysis probes terminated at the dorsal surface
of the NAcc and the microinjections were administered at
the border of the shell and core. Half of the active portion
of each microdialysis probe was within the core and the

other half in the shell region of the NAcc for both 6-
OHDA- and sham-treated rats.

Discussion

It is currently widely accepted that NAcc DA has a
primary role in the reinforcing effects of cocaine. 6-
OHDA induced lesions of the NAcc, specific to DA,
produced significant decreases in cocaine self-adminis-
tration consistent with previous reports (Roberts et al.
1977, 1980; Pettit et al. 1984; Caine and Koob 1994b).
Although dopaminergic (DAergic) lesions of the NAcc
decrease responding maintained by cocaine infusions, this
effect is not permanent (Roberts et al. 1980). The
response of forebrain systems to dopamine depletion by
6-OHDA has been studied for some time, and several
changes in these systems are known to occur over time.
DAergic terminals that remain following incomplete
lesions with 6-OHDA sprout functional collateral endings

Fig. 4 The effects of sham-vehicle or 6-OHDA lesions of the
nucleus accumbens on cocaine self-administration and the levels of
DA and cocaine in microdialysates on day 44 or 45 post-treatment.
6-OHDA treatment had no significant effect on the percent baseline
values for [DA]d

Fig. 3 The effects of sham-vehicle or 6-OHDA lesions of the
nucleus accumbens on cocaine self-administration and the levels of
DA and cocaine in microdialysates on day 30 or 31 post-treatment.
6-OHDA treatment had a significant effect on the percent baseline
values for [DA]d, demonstrating a significant decrease on day 30
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that increase DAergic tone (Zigmond and Hastings 1998).
The DAergic terminals that are spared following 6-
OHDA lesions also become hyperactive, releasing DA at
greater rates and a greater percentage of the stored DA in
these terminals appears to be in newly-synthesized readily
releasable pools compared to non-lesioned tissue (Nisen-
baum et al. 1986, 1988; Snyder et al. 1990). These
mechanisms are thought to at least partially restore the
DAergic tone in the forebrain following DA depletion, as
measured by in vivo microdialysis (Robinson et al. 1990).
Such mechanisms probably contribute to the restoration
of cocaine self-administration in animals treated with 6-
OHDA in the NAcc. However, the major finding of this
study is that the reinforcing effects of cocaine return prior
to full recovery of the neurochemical effects of cocaine
self-administration after 6-OHDA induced lesion of this
structure. The changes that occur following depletion of
DAergic nerve endings in this area appear to be more
complex than just restoration of DAergic tone. The
neurochemical response to self-administered cocaine
returned to prelesion levels at a time when DA content
was significantly decreased in the NAcc following 6-
OHDA lesions, suggesting that the restoration of DAergic
tone indeed does occur at later time points and is probably
relevant to the biological mechanisms underlying cocaine
self-administration.

The ability of cocaine to maintain self-administration
at prelesion levels prior to a return in the effects on
dialysate levels of DA in the NAcc suggests that
additional mechanisms may be involved in addition to
those listed above. One mechanism could be an upreg-
ulation in DA receptor subtypes within the NAcc that are
involved in the reinforcing effects of cocaine, thereby
rendering lower concentrations of DA capable of produc-
ing a greater reinforcing stimulus than in sham treated
animals. However, studies on the effects of 6-OHDA
lesions of the basal forebrain on DA receptors has yielded
equivocal findings. 6-OHDA lesions that reduce the
DAergic neurons by 50% do not result in increases in DA
receptors (Suzuki et al. 1995; Chritin et al. 1996). Modest
alterations in D1 and D2 receptor density have been
reported following more extensive lesions (Angulo et al.
1991; Jongen-Relo et al. 1994). Supersensitivity to both
D1 and D2 agonists occurs following 6-OHDA lesions of
the forebrain even in the absence of changes in receptor
density (Breese et al. 1987) or to an extent that cannot be
accounted for by modest increases in receptor density
(Mandel et al. 1993). Increases in D2 receptor-G-protein
coupling have also been seen following 6-OHDA lesions,
suggesting a possible mechanism for DA agonist super-
sensitivity in the absence of large changes in receptor
number (Newman-Tancredi 2001).

Although DAergic levels in the NAcc are correlated
with cocaine self-administration, recent studies have
focused on the involvement of other brain regions and
neurotransmitters in the reinforcing effects of cocaine.
The ventral tegmental area (VTA) has been implicated in
the self-administration of drugs and reinforcement pro-
cesses in general (Wise and Bozarth 1985), and interest in

the involvement of the ventral pallidum (VP) in these
processes as well has increased in the last decade
(Robledo and Koob 1993; Gong et al. 1996; Sizemore
et al. 2000). DA turnover rates are increased during
intravenous cocaine self-administration in the VP and
decreased in the NAcc (Smith et al. 2003) and [DA]d
levels in the VP increase during cocaine self-administra-
tion (Sizemore et al. 2000), similar to what has been
reported in the NAcc (Hemby et al. 1997). The VP
contains D1 and D2 receptors and receives major GABA
innervations from the NAcc (Napier and Maslowski-
Cobuzzi 1994). The VTA sends DA innervations to both
the NAcc and VP, and several sites within the VP support
electrical self-stimulation (Panagis et al. 1995; Murray
and Shizgal 1996). Non-specific lesions of the VP
dramatically alter intravenous cocaine self-administration
in rats (Robledo and Koob 1993), and micro-injection of
cocaine into the VP produces increases in locomotion and
supports a conditioned place preference (CPP; Gong et al.
1996). 6-OHDA injections into the VP block the CPP
produced by systemic administration of cocaine, and it is
possible that this structure may assume a greater role after
damage to dopaminergic innervation of the NAcc (Gong
et al. 1997). The ability of dopaminergic agonists to elicit
motor behavior and reduce GABA levels in the VP is
enhanced following 6-OHDA lesions of the NAcc
(Bourdelais and Kalivas 1992). The effects of cocaine
in the VP could therefore possibly be enhanced following
DAergic depletion in the NAcc. Since the medium spiny
projection neurons from the NAcc to VP contain
postsynaptic D2 receptors, supersensitivity of these D2
receptors as outlined above could increase the modulation
of these neurons by accumbens DA. The interaction
between the NAcc, VTA and VP following 6-OHDA
lesions of the NAcc may be altered and, thus support
cocaine self-administration in the absence of measurable
increases in DA in the NAcc.

In conclusion, these data support the concept that
extensive interconnections between the VTA, NAcc, VP
and perhaps other forebrain structures are important for
the self-administration of psychomotor stimulants. Ex-
ploring the neurochemical and pharmacological changes
that occur in these structures following DAergic depletion
in the NAcc related to cocaine self-administration may
provide new models for the functional neuroanatomy of
these systems. These studies could yield insights regard-
ing the ability of cocaine to alter neuronal responses
following DAergic depletion, as well as help to define the
neuroplasticity that occurs within the limbic forebrain.
Some potential therapies for cocaine abuse focus on
diminishing the dopaminergic effects of cocaine. The
present data suggest that the plasticity of the forebrain is
sufficient to provide mechanisms that support high rates
of self-administration despite dramatic reductions in the
dopaminergic effects of cocaine.
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