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CoMPARTMENTAL models of thalamic reticular (RE) neu-
rons were investigated based on current-clamp and volt-
age-clamp data. Spontaneous oscillations in the model
arise from the interaction between inhibitory synaptic
currents and the rebound burst of RE cells. These oscilla-
tions critically depend on the level of the resting mem-
brane potential. A network of RE neurons can be switched
between silent and sustained oscillatory behavior by
modulating a leak potassium current through neuro-
modulatory synapses. These results suggest that neuro-
modulators, such as noradrenaline, serotonin and
glutamate, can exert a decisive control over the oscillatory
activity of systems of RE cells. The model may explain why
the isolated RE nucleus oscillates spontaneously in vivo
but not in vitro.
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Introduction

The relay and reticular nuclei of the thalamus have an
important role in generating some types of sleep oscil-
lations, such as spindle waves. The cellular origins of
this rhythmicity have been investigated by in vivo and
in vitro techniques (reviewed in Ref. 1). Interaction be-
tween thalamic reticular (RE) and thalamocortical
(TC) cells is involved in the genesis of this rhythmic
activity, but the exact mechanisms are still uncertain.
The RE nucleus receives collaterals of TC axons and
has a massive inhibitory projection back to the relay
nuclei. The RE nucleus is critically important for the
genesis of spindle rhythmicity since thalamic oscilla-
tions do not survive removal of the RE nucleus? but are
still observed in the rostral pole of the isolated RE
nucleus 7z vivo.® Single RE cells show rebound burst
activity due to the presence of a low-threshold Ca*
current (/;).** Rodent RE neurons display a series of
rhythmic rebound bursts at 7-12 Hz following injec-
tion of small (0.3-1 nA) hyperpolarizing current
pulses.> It has been suggested that this behavior arises
from the interaction between I, and two Ca?*-activated
currents, a K* current (/¢ ,) and a non-specific cation
current (/.,y), both with slow kinetics.’

Realistic models of the rhythmic properties of single
RE cells have been proposed’'® and used to study the
rhythmic abilities of networks of RE cells intercon-
nected with inhibitory synapses.”*!° These studies have
shown that RE cells having a rebound burst response
oscillate robustly if they are interconnected with
inhibitory synapses, as shown in previous studies on
central pattern generators."! However, in vitro prep-
arations of the isolated RE nucleus do not oscillate
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spontaneously,'>'* in sharp contrast to the oscillations
found in the isolated RE nucleus in vivo® and all models
proposed until now. One possibility for explaining this
discrepancy is the absence of neuromodulators in
vitro."®

We introduce here a model for investigating how
neuromodulators influence RE oscillations, using a
simple kinetic model of the action of noradrenaline and
serotonin. We suggest that the level of the resting mem-
brane potential can explain why RE cells do not oscil-
late spontaneously in slices and predict how
spontaneous oscillatory behavior could be restored in
vitro. Some of the results presented here have appeared
in abstract form."

Methods

Each thalamic reticular neuron was modeled by a
single compartment using kinetic equations similar to
the standard Hodgkin—Huxley scheme.' The intrinsic
currents of RE cells were based on voltage-clamp and
current clamp data and were described in detail in a
previous paper.'° The general form of the equation was:

CmVi =—gna (Vi— Exo) —gx (Vi— E) = I -
IK[C;]_ICAN_]Na_IK_]GABA [l]

where V. is the membrane potential of the #* RE neuron
in the network, C, (= 1 uF/cm?) is the specific capacity
of the membrane, gy, (= 0.2 ns) and g,, are the maximal
leakage conductances for Na* and K* respectively
(E.,=50mVand E, = — 100 mV). [, is the low-thresh-
old Ca* current, based on the voltage-clamp data of
Huguenard and Prince;* 7, is a Ca?*-activated K+
current and 7, is a Ca’*-activated non-specific cation
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