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Here we propose a possible role of chaotic dynamics in
the generation of two distinctive rhythm patterns of
local field potential of the hippocampus; namely the
theta rhythm and large irregular activity (LIA). The
basic idea is that the rapid alternation of the state
between theta rhythm and LIA can be described as
bifurcation of the attractor between limit cycle and
chaos.
It is well known that the hippocampus has two distinc-

tive states described by the characteristic activity of the
local field potential, the theta rhythm and LIA. The theta
rhythm is a highly periodic activity thought to play an

important role in learning and retrieving process, whereas
LIA is a irregular field activity with sharp ripple complex,
which is thought to play an important role in the consoli-
dation process of old memories. However, the underlying
mechanism of realizing these two distinctive field oscilla-
tions embedded in the same network remains unknown.
On the other hand, Katori et al. reported that transitions
between synchronous and asynchronous oscillatory state
can be realized with gap junction-coupled simple conduc-
tance-based model neurons [1]. Further, Tsuda et al.
reported that model network composed of simple class 1
model neurons connected with gap junctions show both
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Figure 1 Time evolution of the variables of the model representing the membrane potentials of the neurons (A) and the amplitude of the
external current representing the septal inputs to the hippocampus (B).
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asynchronous chaotic behavior and synchronous behavior
with fixed model parameters [2]. Here we model the net-
work of hippocampal interneurons with this model, taking
into consideration that the hippocampal interneurons are
thought to have gap junctions [3]. We compare the
dynamics of the model with in vivo electrophysiological
data and show that this model reproduces qualitative char-
acteristics of the experimental data. Moreover, we show
that oscillatory ascending activity mimicking the medial
septal projection, which is known to project to the hippo-
campal interneurons and is widely assumed to be the
theta rhythm pacemaker, can entrain the model network
and change the network state rapidly to synchronized
state (see Figure 1). We conduct bifurcation analysis and
show how all-synchronized saddle periodic orbit is stabi-
lized to stable periodic orbit by external input.

Acknowledgements
This research is supported by the Aihara Innovative Mathematical Modeling
Project, the Japan Society for the Promotion of Science (JSPS) through the
“Funding Program for World-Leading Innovative R&D on Science and
Technology (FIRST Program),” initiated by the Council for Science and
Technology Policy (CSTP).

Author details
1Department of Mathematical Informatics, Graduate School of Information
Science and Technology, The University of Tokyo, 7-3-1 Hongo, Bunkyo-ku,
Tokyo, Japan. 2FIRST, Aihara Innovative Mathematical Modelling Project, JST.
3Institute of Industrial Science, The University of Tokyo, 4-6-1 Komaba,
Meguro-ku, Tokyo 153-8505, Japan.

Published: 16 July 2012

References
1. Katori Y, Lang EJ, Onizuka M, Kawato M, Aihara K: Quantitative Modeling

on Spatio-temporal Dynamics of Inferior Olive Neurons with Simple
Conductance-based Model. International Journal of Bifurcation and Chaos
2010, 20(No. 3):583-603.

2. Tsuda I, Fujii H, Tadokoro S, Yasuoka T, Yamaguti Y: Chaotic itinerancy as a
mechanism of irregular changes between synchronization and
desynchronization in a neural network. J Integr Neurosci 2004, 3:159-182.

3. Fukuda T, Kosaka T: Gap Junctions Linking the Dendritic Network of
GABAergic Interneurons in the Hippocampus. J Neurosci 2000,
20(4):1519-1528.

doi:10.1186/1471-2202-13-S1-P189
Cite this article as: Tokuda et al.: Chaotic dynamics as a possible
mechanism of rapid change of hippocampal local field activity between
theta rhythm and large irregular activity. BMC Neuroscience 2012 13
(Suppl 1):P189.

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

• Convenient online submission

• 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

Submit your manuscript at 
www.biomedcentral.com/submit

Tokuda et al. BMC Neuroscience 2012, 13(Suppl 1):P189
http://www.biomedcentral.com/1471-2202/13/S1/P189

Page 2 of 2

http://www.ncbi.nlm.nih.gov/pubmed/15285053?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15285053?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15285053?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10662841?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10662841?dopt=Abstract

	Acknowledgements
	Author 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


