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Cortical Up- and Down states are a salient feature of
mammalian slow wave sleep and contribute predominan-
tely to the low frequency (1Hz and below) delta power of
the scalp electroencephalogram (EEG).The role of slow
wave oscillations recently raised considerable attention
from the observation that slow waves can be electrically
stimulated [1,2], and that after such a stimulation, a signif-
icant increase in memory consolidation can be observed
[1]. Cortical slow-waves are comprised of collective depo-
larzation (Up) and polarization (Down) phases whereby
Up phases show an increased firing rate reminescent of
wakefulness [3] and Down states are characterized by
comparatively silent levels of neural activity.
A recent experimental demonstration of Up- and

Down state switching under electrical stimulation was
presented by Shu, Hasenstaub and McCormick [4].
Their experiment showed that in ferret brain slices an
Up state could be triggered electrically, as well as that
by stimulation during the Up state by an impulse of
same polarity, the Up state could be terminated, and the
dependence of the Up state duration depending on the
impulse amplitude and the
time difference between the two impulses was studied

quantitatively.
In a previous study, we have proposed a minimal model

mimicking the interplay between recurrent excitation and
inhibition controlled by slow adaptive currents [5]. By
this quite generic model the experimental time-
dependence already can be explained. While the model
needs only few parameters, it does not explicitely model

neural spiking and it is desired to computationally con-
firm the approach also from a conductance-based model.
To study stimulation at this level of description, we

follow the established conductance-based cortex model
by Compte et al. [6] which incorporates a two-compart-
ment (soma and dendrite) membrane potential within a
Hodgkin-Huxley type formalism. We use a one-dimen-
sional distance-dependent randomly connected betwork
of 256 regular spiking (RS) and 64 fast-spiking (FS) inter-
neurons, an increase of the size did not significantly
affect the qualitative behavior.
We observe self-generated Up-Down states in the

absence of stimulation in accordance with the detailed
study of [6]. If we apply low stimulus intensities, the Up
state duration is trivially affected marginally, as in the
experiment, and or high stimulus intensities a termina-
tion of Up states is enforced, giving two delimiting lines
as in [4]. For intermediate stimulus intensites the termi-
nation of the Up state depends on the stimulus intensity
such that the experiment is confirmed within the
measurement precision in [4].

Acknowledgements
Financial support by the Deutsche Forschungsgemeinschaft (DFG) through
SFB-654-A8 and GS-CMLS.

Author details
1Institute for Neuro- and Bioinformatics, University of Luebeck, Ratzeburger
Allee 160, 23562 Luebeck, Germany. 2Graduate School for Computing in
Medicine and Life Science, University of Luebeck, Germany.
3Sonderforschungsbereich DFG-SFB-654 “Plasticity and Sleep”, Campus
Luebeck, Germany.

Published: 18 July 2011

References
1. Marshall L, Helgadottir H, Mölle M, Born J: Boosting slow oscillations

during sleep potentiates memory. Nature 2006, 444:610-613.

* Correspondence: claussen@inb.uni-luebeck.de
1Institute for Neuro- and Bioinformatics, University of Luebeck, Ratzeburger
Allee 160, 23562 Luebeck, Germany
Full list of author information is available at the end of the article

Weigenand et al. BMC Neuroscience 2011, 12(Suppl 1):P39
http://www.biomedcentral.com/1471-2202/12/S1/P39

© 2011 Weigenand 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.

http://www.ncbi.nlm.nih.gov/pubmed/17086200?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17086200?dopt=Abstract
mailto:claussen@inb.uni-luebeck.de
http://creativecommons.org/licenses/by/2.0


2. Massimini M, Ferrarelli F, Esser SK, Riedner BA, Huber R, Murphy M,
Peterson MJ, Tononi G: Triggering sleep slow waves by transcranial
magnetic stimulation. PNAS 2007, 104:8496-8501.

3. Destexhe A, Hughes SW, Rudolph M, Crunelli V: Are corticothalamic ´up´
states fragments of wakefulness? Trends Neurosci 2007, 30:334-342.

4. Shu Y, Hasenstaub A, McCormick DA: Turning on and off recurrent
balanced cortical activity. Nature 2003, 423:288-293.

5. Ngo HV, Köhler J, Mayer J, Claussen JC, Schuster HG: Triggering Up states
un all-to-all coupled neurons. EPL (Europhysics Letters) 2010, 89:68002.

6. Compte A, Sanchez-Vives MV, McCormick DA, Wang X: Celluar and
network mechanisms of slow oscillatory activity (<1Hz) and wave
propagation in a cortical network model. J. Neurophysiol 2003,
89:2707-2725.

doi:10.1186/1471-2202-12-S1-P39
Cite this article as: Weigenand et al.: Switching of cortical Up and Down
states: reproduction of the Shu-Hasenstaub-McCormick experiment
from a conductance-based model. BMC Neuroscience 2011 12(Suppl 1):
P39.

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

Weigenand et al. BMC Neuroscience 2011, 12(Suppl 1):P39
http://www.biomedcentral.com/1471-2202/12/S1/P39

Page 2 of 2

http://www.ncbi.nlm.nih.gov/pubmed/17483481?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17483481?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17481741?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17481741?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12748642?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12748642?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12612051?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12612051?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12612051?dopt=Abstract

	Acknowledgements
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /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 true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /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 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /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 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


