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Gruber AJ, Powell EM, O’Donnell P. Cortically activated inter-
neurons shape spatial aspects of cortico-accumbens processing. J
Neurophysiol 101: 1876 –1882, 2009. First published January 28,
2009; doi:10.1152/jn.91002.2008. Basal ganglia circuits are orga-
nized as parallel loops that have been proposed to compete in a
winner-take-all fashion to determine the appropriate behavioral out-
come. However, limited experimental support for strong lateral inhi-
bition mechanisms within striatal regions questions this model. Here,
stimulation of the prefrontal cortex (PFC) using naturally occurring
bursty patterns inhibited firing in most nucleus accumbens (NA)
projection neurons. When an excitatory response was observed for
one stimulation site, neighboring PFC sites evoked inhibition in the
same neuron. Furthermore, PFC stimulation activated interneurons,
and PFC-evoked inhibition was blocked by GABAA antagonists in
corticoaccumbens slice preparations. Thus bursting PFC activity re-
cruits local inhibition in the NA, shaping responses of projection
neurons with a topographical arrangement that allows inhibition
among parallel corticoaccumbens channels. The data indicate a high
order of information processing within striatal circuits that should be
considered in models of basal ganglia function and disease.

I N T R O D U C T I O N

Classical models of basal ganglia loops emphasize the
highly parallel nature of corticostriatal projections and suggest
the presence of competition among channels of information.
Anatomical data on glutamatergic projections from frontal
cortical regions to the medial and ventral striatum in primates
(Haber et al. 1995; Selemon 1985; Yeterian and Van Hoesen
1978) and rodents (Levesque and Parent 1998; Voorn et al.
2004) are in general consistent with segregated parallel circuits
linking cortex and basal ganglia (Alexander et al. 1990). As
cortical inputs do contact and activate local interneurons (Ben-
nett and Bolam 1994; Mallet et al. 2005), and striatal medium
spiny neurons (MSNs) exhibit extensive collaterals synapsing
on other MSNs (O’Donnell and Grace 1993; Somogyi et al.
1981), lateral inhibition could also play a role in defining MSN
activity (Blackwell et al. 2003; Carrillo-Reid et al. 2008; Koos
and Tepper 1999; Mallet et al. 2005) and output selection in the
basal ganglia (Groves 1983). Direct electrophysiological evi-
dence of lateral inhibition, however, is missing (Tepper et al.
2004). We hypothesized that lateral inhibition in the NA is
effective only on activation of its cortical afferents with natu-
rally occurring bursty patterns.

In vivo electrophysiological responses of MSNs to single-pulse
electrical stimulation of cortical inputs have been extensively
studied in the dorsal (Wickens and Wilson 1998; Wilson et al.
1983) and ventral (Brady and O’Donnell 2004; O’Donnell and

Grace 1995) striatum. In anesthetized rats, single-pulse PFC
stimulation rarely evokes action potentials in NA MSNs unless
it follows activation of hippocampal afferents or is delivered
during hippocampal-dependent NA up states, suggesting that
hippocampal afferents provide a requisite contextual input for
gating PFC information through the NA (O’Donnell and Grace
1995). However, PFC neurons typically fire brief bursts of
action potentials (�30–50 Hz) during tasks requiring PFC
activation in awake animals (Chafee and Goldman-Rakic 1998;
Chang et al. 2002; Peters et al. 2005). The manner in which
MSNs integrate cortical bursting activity in vivo is not known.
As bursting stimulation of corticostriatal and -accumbens af-
ferents drives prolonged depolarizations and evokes inhibitory
processes in slice preparations (Lape and Dani 2004; Vergara
et al. 2003), it is possible that PFC activation with trains of
electrical stimulation evokes different NA responses than sin-
gle pulse stimulation in vivo, including recruitment of local
inhibitory responses. Here we explored NA neuron membrane
potential and immediate early gene responses to stimulation of
multiple PFC sites with a pattern that mimics natural bursting,
focusing on the effects on MSN action potential firing and on
activation of fast-spiking interneurons (FSIs).

M E T H O D S

In vivo recordings

In vivo intracellular recordings were conducted in 13 male adult
male Sprague-Dawley rats (270–430 g). All experiments were con-
ducted in accordance with the United States Public Health Service
Guide for the Use and Care of Animals, and all procedures were
approved by the University of Maryland School of Medicine Institu-
tional Animal Care and Use Committee. Rats were anesthetized with
chloral hydrate (400 mg/kg) and placed on a stereotaxic apparatus.
Intracellular electrodes were made from glass micropipettes (37–98
M�) filled with 3 M potassium acetate and 2% Neurobiotin and
lowered into the medial core region of the NA (1.3–1.7 mm rostral
from bregma; 1.2–1.4 mm lateral from midline; and 5.5–8.0 mm
ventral from brain surface). Intracellular signals were amplified,
low-pass filtered at 2 kHz, sampled at 10 kHz, and recorded to hard
drive. Only neurons showing a resting membrane potential more
negative than �60 mV, action potential amplitude measured from
threshold of �40 mV, and input resistance �35 M� were included in
the study. An array of electrodes was implanted in the right prelimbic
cortex (centroid of array tips with respect to bregma: 3.2 mm rostral
and 0.6 mm lateral; depth: 4.3 mm ventral from skull; 30° angle
toward midline). Electrode arrays consisted of three to six pairs of
monopolar electrodes made from 115 �m diam Teflon-coated tung-
sten wire glued together with an approximate tip separation of 200
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