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Specific striatal neuronal subtypes are classified as either
phasically or tonically active. Of the four major neuronal
subtypes of the striatum, the firing patterns of three
have been studied in detail. Spiny projection neurons
and fast-spiking interneurons fire phasically in response
to synaptic input and are silent when input is absent.
Cholinergic (ACh) interneurons are tonically active even
in the absence of synaptic input. These ACh interneur-
ons were the only known tonically active neurons in the
striatum until recently. We have found that the low-
threshold spike (LTS) interneurons also belong to this
classification of striatal tonically active neurons, present-
ing a new aspect to the striatal oscillatory network.
Striatal LTS interneurons are GABAergic interneurons

that also contain neuronal nitric oxide synthase (nNOS),
neuropeptide Y (NPY), and somatostatin. We used trans-
genic mice expressing green fluorescent protein (GFP)
under control of the nNOS or NPY promoters to help
identify LTS interneurons. GFP positive neurons were
examined using whole-cell and cell-attached recording
techniques to investigate firing patterns and possible
mechanisms of such activity. GFP positive neurons dis-
played the morphological properties characteristic of LTS
interneurons, and fired strong rebound bursts at the off-
set of hyperpolarizing current pulses. LTS interneurons
were spontaneously active and this activity persisted in
the presence of synaptic blockers. When compared with
ACh interneurons, LTS interneurons fired at higher rates
and with less regularity. Similar to ACh interneurons,
LTS interneurons were capable of firing in a variety of
firing patterns, including regular single spiking, irregular
single spiking, and bursting combined with periods of
regular and irregular single spiking. LTS interneurons
were observed spontaneously shifting between these

firing patterns. Whole-cell voltage clamp recordings
revealed a tetrodotoxin-sensitive region of negative slope
conductance in the subthreshold range consistent with a
persistent sodium current. An absence of a zero current
crossing in the I-V curve combined with a linear F-I
curve suggest these interneurons possess a Hodgkin’s
class 1 oscillation mechanism.
Tonically active neurons in the striatum have been

shown to become strongly synchronized with the beta
oscillation seen in Parkinson’s disease. These strongly
synchronized neurons may include LTS interneurons. In
addition, both ACh and LTS interneurons are capable of
endogenous oscillations in the beta frequency range.
Our findings place LTS interneurons in the subtype of
tonically active neurons in the striatum and in turn
change our understanding of how synchronization may
occur in the striatum.
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