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Many neurons, or populations of neurons, in the brain
are capable of producing rhythmic bursting activity.
This ability is putatively responsible for rhythmogenic
functions like breathing and locomotion. In vivo,
rhythms are generated by synaptically interconnected
neuronal networks, whereas rhythmic bursting behavior
is often induced in vitro by elevating the extracellular
potassium concentration (Kout) [1]. It is known that
increasing Kout raises the reversal potentials of potas-
sium and leak currents [2]. However, the complete nat-
ure of how these effects underlie bursting activity has
yet to be uncovered.
A mathematical modeling study was performed to elu-

cidate the interplay between these factors and their roles
in a neuron’s transition from quiescence to rhythmic
bursting. A conductance-based model of a neuron from
the pre-Bötzinger Complex (pre-BötC) was used as a
basis [3]. A potassium ion component was incorporated
into the leak current, and model behaviors were investi-
gated at varying concentrations of Kout, taking into
account its effect on delayed rectifier potassium current
responsible for after-spike hyperpolarization. The pri-
mary aim of this modeling study was to evaluate the
contribution of extracellular potassium ions in the leak
and delayed rectifier potassium current, and the subse-
quent effect of these altered currents on the bursting
properties of neurons. Furthermore, the initial model
was modified to replicate experimental results and test
for conditions of low Kout as seen in vivo.
The analysis of our model shows that: (i) in vitro

bursting behavior with elevated Kout may occur due to
attenuation of the delayed rectifier potassium current
and (ii) no oscillations are generated at physiological

levels of extracellular potassium. These results indicate
that, according to the commonly-accepted models used
in our study, neurons that naturally burst in in vitro
preparations may not be able to burst in vivo under any
circumstances. Accordingly, rhythmic activity in vivo
should rely on other mechanisms. For example, Jasinski
et al. [4] have shown that the recurrent synaptic excita-
tion in combination with the sodium-potassium exchan-
ger (pump) can result in the robust rhythmic network
activity even with all intrinsic bursting mechanisms
blocked.
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