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The pre-Bötzinger complex (pre-BötC) is the essential
core component of the brainstem respiratory central
pattern generator (rCPG) in mammals. Phasic excitatory
and inhibitory synaptic inputs during the respiratory
cycle are thought to dynamically shape membrane
potential trajectories and spiking patterns of pre-BötC
neurons. These synaptic inputs reflect the functionally
interacting neuron populations involved in rhythm and
inspiratory-expiratory pattern generation. The dynamic
patterns of these synaptic inputs have not been systema-
tically studied and characterized experimentally. Accu-
rate temporal reconstruction of the synaptic input
patterns is important for testing current models of the
rCPG that incorporate specific excitatory and inhibitory
circuit mechanisms for rhythm and pattern generation.
A recent computational model of the rCPG generating a
normal “three-phase” respiratory pattern [1] specified
patterns of synaptic excitation and inhibition in the pre-
BötC during the respiratory cycle required to produce
the behaviorally distinct phases of inspiration (I) and
two phases of expiration (E1, or post-inspiration, and
E2). This model has not been rigorously tested by
experimental data on dynamic changes in phasic postsy-
naptic excitatory and inhibitory conductances in differ-
ent populations of pre-BötC inspiratory and expiratory
neurons.
We developed analytical techniques that allow quanti-

tative reconstruction of the patterns of synaptic conduc-
tances at high temporal resolution from intracellular
recordings of membrane potential trajectories. Our
approach extends previously proposed methods for

extracting dynamic patterns of synaptic input conduc-
tances [2,3] and provides nearly continuous readouts of
inhibitory and excitatory synaptic conductances in elec-
trophysiologically different cell types throughout the
respiratory cycle. The membrane potential trajectories
of pre-BötC respiratory neurons were obtained by sharp
microelectrode current-clamp recording within in situ
perfused brainstem-spinal cord preparations of mature
rats, which generate a three-phase respiratory pattern
and provide mechanically stable conditions for intracel-
lular recordings in functionally intact brainstem circuits.
We distinguished different types of inspiratory and

expiratory pre-BötC neurons and analyzed the dynami-
cal changes of excitatory (Ge) and inhibitory (Gi) con-
ductances. Inspiratory neurons exhibited strong
excitatory inputs (large dynamic increases in Ge) during
their spiking phase followed by a wave(s) of inhibitory
inputs during the expiratory period with large increases
in Gi and temporal patterns consistent with two popula-
tions of inhibitory neurons providing inputs that coordi-
nate inspiratory to expiratory and expiratory to
inspiratory phase transitions. Expiratory neurons exhib-
ited strong inhibition during the inspiratory phase, con-
sistent with the rhythmic alternation of inspiration and
expiration, and changes in Ge indicating reciprocal
interactions between two major populations of inhibi-
tory neurons coordinating the generation of two (E1
and E2) phases of expiration. The reconstructed patterns
of Ge and Gi are generally consistent with previously
proposed circuit architecture [1] and also suggest its
extension. The techniques that we have developed for
high temporal resolution of postsynaptic conductance
changes are likely to have broad application for analysis
of synaptic interactions in circuit components whenever
intracellular recordings of membrane potentials can be

* Correspondence: ymolkov@iupui.edu
1Department of Mathematical Sciences, Indiana University – Purdue
University Indianapolis, IN 46202, USA
Full list of author information is available at the end of the article

Molkov et al. BMC Neuroscience 2012, 13(Suppl 1):P39
http://www.biomedcentral.com/1471-2202/13/S1/P39

© 2012 Molkov et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Crossref

https://core.ac.uk/display/206661038?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
mailto:ymolkov@iupui.edu
http://creativecommons.org/licenses/by/2.0


obtained from functionally intact rhythmically active
network.
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