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Introduction

The pedunculopontine nucleus (PPN) has recently been
suggested as a new therapeutic target for deep brain stim-
ulation (DBS) in patients suffering from Parkinson's dis-
ease, particularly those with severe gait and postural
impairment [1]. Stimulation at this site is typically deliv-
ered at low frequencies in contrast to the high frequency
stimulation required for therapeutic benefit in the subtha-
lamic nucleus (STN) [1].

Despite real therapeutic successes, the fundamental phys-
iological mechanisms underlying the effect of DBS are still
not understood. A hypothesis is that DBS masks the path-
ological synchronized firing patterns of the basal ganglia
that characterize the Parkinsonian state with a regularized
firing pattern. It remains unclear why stimulation of PPN
should be applied with low frequency in contrast to the
high frequency stimulation of STN. To get a better under-
standing of PPN stimulation we construct a computa-
tional model for the PPN Type I neurons in a network.

Methods

Persistent sodium current is responsible for subthreshold
membrane oscillations in PPN Type I neurons, which
underlies spontaneous repetitive firing [2]. The low
threshold spikes, which are responsible for bursts, are
mediated by T-type calcium current [2]. In addition, the
PPN model contains a leak, a sodium, a potassium and a
hyperpolarization-activated current. The PPN Type I cell is
modeled as a single compartment model using the Hodg-

kin-Huxley formalism, except for the calcium current,
which is described by the Goldman-Hodgkin-Katz ion
current equation.

Results

The model of PPN type I shows firing patterns as found in
literature [2]: Burst after a period of hyperpolarization and
spontaneous firing of 10 Hz. Bifurcation analysis reveals
that there is a bistability between high and low frequency
tonic spiking.

Discussion

PPN plays a role in the control of the muscle tone by
means of its excitatory projections to the muscle tone
inhibitory system in the brainstem. In Parkinson's disease
the inhibitory basal ganglia output is overactive. An
increase in basal ganglia inhibition, together with a
decrease in cortical excitation of the PPN, may increase
the level of muscle tone (rigidity) [3].

Our next step will be to incorporate the PPN model in a
Basal ganglia network and to investigate the effects of DBS
on the behavior of the network. In particular: we shall
analyze the output to the brainstem and describe the
effects on the muscle tone. We shall also investigate com-
bined stimulation of STN and PPN.
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