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Electrical signaling in neurons is typically modeled using
the cable equation, where dendrites or axons are repre-
sented as one-dimensional electrical cables [1]. The cable
model is based on the assumptions that the electrical cur-
rents along the cable are negligibly affected by (i) diffusion
(due to ion concentration gradients), and (ii) variation in
resistivities (due to varying ion concentrations). An elec-
trodiffusive model, based on the Nernst-Planck equations,
has been developed for situations when these assumptions
do not hold [2]. Like the standard cable model, the elec-
trodiffusive model assumes that transport phenomena are
essentially one-dimensional. Unlike the standard cable
model, the electrodiffusive model explicitly includes ion-
concentration dynamics and its effect on diffusive currents
and resistivities.

A limitation with the model [2] is that it only considered
intracellular dynamics, whereas extracellular conditions
were assumed to be constant. The extracellular space
(ECS) comprises only about 20% of the total tissue
volume, whereas the remaining 80% is the intracellular
space (ICS) of various cells. When groups of cells perform
similar functions simultaneously, the impact on ionic con-
centrations may therefore be of the same order in the ICS
and ECS. For instance, during periods of intense neural
signaling, the extracellular K*-concentration may locally
increase by several millimolars. Clearance of excess K*
likely depends partly on diffusion in the ECS, partly on
local uptake via astrocytic K+-uptake mechanisms, and
partly by intracellular transport within astrocytes [3]. To
model such processes, we need an electrodiffusive formal-
ism that includes both the ICS and ECS explicitly.

Here, we derive a simple, general mathematical frame-
work for modeling the dynamics of the membrane
potential
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(va) and the ion concentrations (c;) for a set (k) of ionic
species in an intra- and extracellular domain. The formal-
ism is based on the constraint of electroneutrality, except in
the thin Debye-layers surrounding the capacitive mem-
brane. Like the one-domain model [2], the formalism
ensures (i) a consistent relationship between v,; and ¢;, and
(ii) accounts for diffusion and concentration dependent var-
iations in resistivities. Unlike the one-domain model, the
formalism ensures (iii) global particle/charge conservation,
and (iv) that the charges on either side of a piece of mem-
brane must be equal in magnitude and opposite in sign.
The latter constraint is implicit when the membrane is
assumed to be a parallel plate capacitor, an assumption
made in most models of excitable cells (see e.g., (1-3, 16)).

The formalism was implemented in a model of ionic
exchange between astrocytes and the extracellular space.
By simulations, we estimated the contribution of astro-
cytes in K+ removal from high concentration regions, and
revealed a (to our knowledge) novel mechanism that astro-
cytes may utilize to remove K* from extracellular high
concentration regions.

Acknowledgements
The project was supported from the eScience program (eNEURO) of the
Research Council of Norway.

Published: 8 July 2013

References

1. Rall W: Core conductor theory and cable properties of neurons.
Handbook of Physiology: The nervous system , E. R. Kandel 1977, 39-97,
American Physiological Society, Bethesda, Md.

2. Qian N, Sejnowski TJ: An electro-diffusion model for computing
membrane potentials and ionic concentrations in branching dendrites,
spines and axons. Biological Cybernetics 1989, 62:1-15.

3. Chen KC, Nicholson C: Spatial buffering of potassium ions in brain
extracellular space. Biophysical journal 2000, 78(6):2776-97.

doi:10.1186/1471-2202-14-S1-P122

Cite this article as: Halnes et al.: Electrodiffusive model for neuronal and
astrocytic ion concentration dynamics. BMC Neuroscience 2013

14(Suppl 1):P122.

© 2013 Halnes 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/10827962?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10827962?dopt=Abstract
mailto:geir.halnes@umb.no
http://creativecommons.org/licenses/by/2.0

	Acknowledgements
	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


