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Rhythmic neural activity plays a central role in neural
computation. Oscillatory activity has been associated
with myriad functions such as homeostasis, attention,
and cognition [1] as well as neurological and psychiatric
disorders, including Parkinson’s disease, schizophrenia,
and depression [2]. Despite this pervasiveness, little is
known about the dynamic mechanisms by which the fre-
quency and power of ongoing cyclical neural activity can
be modulated either externally (e.g. external stimulation)
or via internally-driven modulatory drive of nearby neu-
rons. While numerous studies have focused on neural
rhythms and synchrony, it remains unresolved what med-
iates frequency transitions whereby the predominant
power spectrum shifts from one frequency to another.
Here, we provide computational perspectives regarding

responses of cortical networks to fast stochastic fluctua-
tions (hereafter “noise”) at frequencies in the range of 10-
500 Hz that are mimicked using Poisson shot-noise. Using
a sparse and randomly connected network of neurons
with time delay, we determine the functional impact of
these fluctuations on network topology using mean-field
approximations. We show how noise can be used to dis-
place the equilibrium activity state of the population: the
noise smoothly shifts the mean activity of the modeled
neurons from a regime dominated by inhibition to a
regime dominated by excitation. Moreover, we show that
noise alone may support frequency transition via a non-
nonlinear mechanism that operates in addition to reso-
nance. Surprisingly, stochastic fluctuations non-monotoni-
cally modulate network’s oscillations, which are in the
beta band. The system’s frequency is first slowed down
and then accelerated as the stimulus intensity and/or rate
increases. This non-linear effect is caused by combined

input-induced linearization of the dynamics and enhanced
network susceptibility.
Our results provide insights regarding a potentially

significant mechanism at play in synchronous neural
systems; ongoing activity rhythms can be externally and
dynamically modulated, and moreover indicate a candi-
date mechanism supporting frequency transitions. By
altering the oscillation frequency of the network, power
can be displaced from one frequency band to another.
As such, the action of noise on oscillating neural sys-
tems must be regarded as strongly non-linear; its action
recruiting more than resonance alone to operate on
ongoing dynamics.

Acknowledgements
Financial support for this work has been provided by: National Science and
Engineering Council of Canada, European Research Council, Swiss National
Science Foundation.

Authors’ details
1Laboratory for Investigative Neurophysiology, Centre Hospitalier
Universitaire Vaudois, Lausanne, 1011, Switzerland. 2INRIA CR Nancy - Grand
Est, Team NEUROSYS, Villers-les-Nancy, 54600, France. 3Department of
Diagnostic Radiology, University of Sherbrooke, Sherbrooke, Québec, Canada.

Published: 21 July 2014

References
1. Wang X-J: Neurophysiological and Computational Principles of Cortical

Rhythms in Cognition. Physiological Reviews 2010, 90:1195-1268.
2. Uhlhaas PJ, Singer W: Neural Synchrony in Brain Disorders: Relevance for

Cognitive Dysfunctions and Pathophysiology. Neuron 2006, 52:155-168.

doi:10.1186/1471-2202-15-S1-P80
Cite this article as: Lefebvre et al.: Stochastic modulation of oscillatory
neural activity. BMC Neuroscience 2014 15(Suppl 1):P80.

* Correspondence: jeremie.lefebvre@hotmail.com
1Laboratory for Investigative Neurophysiology, Centre Hospitalier
Universitaire Vaudois, Lausanne, 1011, Switzerland
Full list of author information is available at the end of the article

Lefebvre et al. BMC Neuroscience 2014, 15(Suppl 1):P80
http://www.biomedcentral.com/1471-2202/15/S1/P80

© 2014 Lefebvre 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/4.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

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

provided by Serveur académique lausannois

https://core.ac.uk/display/389866499?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://www.ncbi.nlm.nih.gov/pubmed/20664082?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20664082?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17015233?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17015233?dopt=Abstract
mailto:jeremie.lefebvre@hotmail.com
http://creativecommons.org/licenses/by/4.0
http://creativecommons.org/publicdomain/zero/1.0/

	Acknowledgements
	Authors’ details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 500
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 500
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


