
p75 and ChAT gene expression in the
MS-DB and VP with little effect on the
caudate putamen (CP) or NAcc of the
saporin-treated rats (Figure 2). These
data indicate that the net impact of
cholinergic neurons in these three brain
regions is inhibitory to the processes
underlying cocaine self-administration.
p75 has been assumed to be a selective
marker for cholinergic neurons in the
basal forebrain (1) and not associated
with other cholinergic interneurons in
the CP, NAcc and VP. These findings
were based on data obtained with
immunohistochemical techniques for
p75 that had limited sensitivity for
regions where cholinergic neurons are
less dense. The real-time RT-PCR
procedure used here was more sensitive,
permitting identification of p75 in the
CP, NAcc and VP. However, whether
this low affinity nerve growth factor
receptor is associated exclusively on
cholinergic neurons in these brain
regions is yet to be demonstrated. 

The significant decreases in p75 and
ChAT in the MS-DB and VP in the
saporin-lesioned animals suggest that
cholinergic neurons in these regions may
produce a negative feedback on the
actions of cocaine through dopaminergic
neurons. The MS-DB neurons receive
excitatory glutamatergic input from the
entorhinal cortex, inhibitory GABAergic
input from the hippocampus and both
monoaminergic and peptidergic input
from the brainstem. There are also
cholinergic interneurons within the MS-
DB that synapse onto cholinergic
projection neurons in this structure. The
output of the MS-DB consists almost
exclusively of cholinergic and
GABAergic projection neurons, with the
cholinergic afferents comprising
approximately two-thirds of the neuronal
population. These projection neurons
innervate the hippocampus, olfactory
bulb and the entire cortical mantle. A
septo-hippocampal-septal loop appears
to serve as a feedback inhibition from
the hippocampus to the MS-DB that
contains GABAergic projections from
the hippocampus that synapse onto

cholinergic projection neurons within the
MS-DB. Increased turnover rates of ACh
were seen in the hippocampus of cocaine
self-administering rats suggesting that
the balance in this loop shifts toward the
activation of cholinergic neurons that
innervate this structure. The interaction
of MS-DB neurons with the
monoaminergic efferents from the
brainstem are complex, with
noradrenergic neurons producing
excitation of cholinergic MS-DB
neurons and dopaminergic inputs
producing inhibition of these cells. The
substantia nigra and VTA send
dopaminergic projections that synapse
onto cholinergic neurons in the MS-DB
and the MS-DB contains relatively dense
populations of D3 receptors. Electrolytic
lesions of the septum and MS-DB
regions increase the sensitivity of rats to
cocaine in conditioned place preference,
also suggesting an inhibitory modulation
of cocaine reinforcement by this region
that is consistent with the present data.

These data indicate that cholinergic
innervations of the VP and DB are
inhibitory to the brain processes that
underlie cocaine self-administration. In
addition, the nucleus basalis
magnocellularis which contains cell
bodies for a major cholinergic system
innervating the forebrain may also be
involved since AMPA-induced lesions
shifted the cocaine dose-intake
relationship to the left suggesting an
enhancement of reinforcing efficacy

which is consistent with the role of these
neurons in the MS-DB and VP. Discrete
intracranial injections of 192 IgG-
saporin can be used to investigate the
involvement of cholinergic innervations
of other forebrain sites where the low
affinity nerve growth factor receptor is
localized exclusively on cholinergic
neurons as is the case for the MS-DB.
Identification of the specific cholinergic
receptors that are responsible for this
shift to the left in the dose-intake
function could provide potential targets
for the treatment of cocaine abuse. In
addition, since drugs of abuse are
thought to have addictive properties
because they modulate brain systems
dedicated to reinforcement and since
cholinergic receptors have been shown
to participate in the processes underlying
brain stimulation reinforcement (2,3), it
is likely that some of the cholinergic
neurons represent neuronal systems
mediating reinforcement in general and
thus may have broader applications to
understanding the biological basis of
behavior.
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192 IgG-Saporin-Induced Lesions Identify an Inhibitory Role in Cocaine Reward
(continued from page 1)

Figure 2. p75 and choline
acetyltransferase gene
expression. p75 and choline
acetyltransferase gene
expression in four brain
regions of four pairs of rats
intravenously self-
administrating cocaine that
received either 192-IgG-
saporin or sham vehicle
treatment into the posterior
nucleus accumbens-ventral
pallidum. The diagonal band
of Broca and the ventral
pallidum showed significant
decreases in both.
Significance of difference
between means are:
† = p<0.01; ‡ = p<0.001.
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