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Background

Oscillatory activity in high-beta and gamma bands
(20-80Hz) is known to play an important role in cortical
processing being linked to cognitive processes and beha-
vior. Beta/gamma oscillations are thought to emerge in
local cortical circuits via two mechanisms: the interac-
tion between excitatory principal cells and inhibitory
interneurons — the pyramidal-interneuron gamma
(PING) [1], and in networks of coupled inhibitory inter-
neurons under tonic excitation — the interneuronal
gamma (ING) [2]. Experimental evidence underlines the
important role of inhibitory interneurons and especially
of the fast spiking (FS) interneurons [3,4]. We show in
simulation that an important property of FS neurons,
namely the membrane resonance (frequency preference),
represents an additional mechanism — the resonance
induced gamma (RING), i.e. modulation of oscillatory
discharge by resonance. RING promotes frequency sta-
bility and enables oscillations in purely excitatory
networks.

Methods

Local circuits were modeled with small world networks
of 80% excitatory and 20% inhibitory neuron populations
interconnected in small-world topology by realistic con-
ductance-based synapses. Neuron populations were leaky
integrate and fire (LIF) or Izhikevich resonator (RES)
neurons. We also tested networks of purely inhibitory
and purely excitatory RES neurons. Networks were sti-
mulated with miniature postsynaptic potentials (MINIs)
[5] and with low frequency sinusoidal (0.5 Hz) input that
mimics the effect of gratings passing trough the visual
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field. The activity was calibrated to match recordings
from cat visual cortex (firing rate, oscillatory activity).

Results

Sinusoidal input modulates network oscillation
frequency. This effect is most prominent in IF excitatory
and IF inhibitory (IF-IF) networks and less prominent
(about 4 times) in IF-RES or RES-IF networks where
frequency remains relatively stable. The most stable fre-
quency was observed in networks of pure resonators
(RES-RES, None-RES, RES-None). Interestingly, purely
excitatory RES networks (RES-None) were also able to
exhibit oscillations through RING. By contrast purely
excitatory or inhibitory IF networks (IF-None, None-IF)
were not able to express oscillations under these condi-
tions, matching experimental parameters.

Conclusions

In both PING and ING, adding membrane resonance to
principal cells or inhibitory interneurons stabilizes net-
work oscillation frequency via the RING mechanism.
Notably, in networks of purely excitatory networks, where
ING and PING are not defined, oscillations can emerge
via the RING mechanism if membrane resonance is
expressed. Thus, RING appears as a potentially important
mechanism for promoting stable network oscillations.

Acknowledgments

This work was supported by: CNCSIS-UEFISCDI (project number PNII-TE-11/
2010, contract nr. 23/28.07.2010) and a “Max Planck-Coneural Partner
Group”.

Author details

'Experimental and Theoretical Neuroscience, Center for Cognitive and Neural
Studies, Romanian Institute of Science and Technology, Cluj-Napoca, 400487,
Romania. “Department of Neurophysiology, Max-Planck Institute for Brain
Research, Frankfurt am Main, 60528 Germany.

Published: 18 July 2011

© 2011 Moca and Muressan; 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.


mailto:moca@coneural.org
http://creativecommons.org/licenses/by/2.0

Moca and Muresan BMC Neuroscience 2011, 12(Suppl 1):P230
http://www.biomedcentral.com/1471-2202/12/51/P230

References

1. Borgers C, Kopell N: Synchronization in networks of excitatory and
inhibitory neurons with sparse, random connectivity. Neural Comput
2003, 15(3):509-538.

2. Whittington MA, Traub RD, Kopell N, Ermentrout B, Buhl EH: Inhibition-
based rhythms: experimental and mathematical observations on
network dynamics. Int J Psychophysiol 2000, 38(3):315-336.

3. Sohal VS, Zhang F, Yizhar O, Deisseroth K: Parvalbumin neurons and
gamma rhythms enhance cortical circuit performance. Nature 2009,
459(7247):698-702.

4. Hasenstaub A, Shu Y, Haider B, Kraushaar U, Duque A, McCormick DA:
Inhibitory postsynaptic potentials carry synchronized frequency
information in active cortical networks. Neuron 2005, 47(3):423-435.

5. Paré D, Shink E, Gaudreau H, Destexhe A, Lang EJ: Impact of spontaneous
synaptic activity on the resting properties of cat neocortical pyramidal
neurons In vivo. J Neurophysiol 1998, 79(3):1450-1460.

doi:10.1186/1471-2202-12-51-P230

Cite this article as: Moca and Muresan: Emergence of beta/gamma
oscillations: ING, PING, and what about RING? BMC Neuroscience 2011 12
(Suppl 1):P230.

Page 2 of 2

Submit your next manuscript to BioMed Central
and take full advantage of:

e Convenient online submission

e Thorough peer review

¢ No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

¢ Research which is freely available for redistribution

www.biomedcentral.com/submit

Submit your manuscript at ( BioMed Central



http://www.ncbi.nlm.nih.gov/pubmed/12620157?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12620157?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11102670?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11102670?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11102670?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19396159?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19396159?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16055065?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16055065?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9497424?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9497424?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9497424?dopt=Abstract

	Background
	Methods
	Results
	Conclusions
	Acknowledgments
	Author details
	References

