
POSTER PRESENTATION Open Access

Theoretical model for neurovascular coupling via
interactions of NO, EET, and 20-HETE
Hyuk Kang1*, Jung-Min Lee1, Misun Kim2, Dong-Uk Hwang1

From Twenty Second Annual Computational Neuroscience Meeting: CNS*2013
Paris, France. 13-18 July 2013

All neurons in the brain need the energy sources such
as glucose and oxygen for their functions such as recog-
nition, decision, and behavior regulation. Those energy
sources are supplied directly from the capillary around
the neuron, or are transported indirectly via the astro-
cyte. Especially, since more activated neuron consumes
more energy sources, the neuron elevates intakes of glu-
cose and oxygen via increasing the blood flow of vessels
around itself. Therefore, the blood flow in the brain is
important medically, and is one of major parameters in
measurement of the brain activity such as functional
magnetic resonance image (fMRI) and Near-infrared
Spectroscopy (NIRS).
In many experiments, it has been discovered that neu-

ron and astrocyte regulates the brain blood flow via the
generated vasoactive agents from them [1]. Usually,
vasoactive agents are directly generated from the activat-
ing neuron, or are produced indirectly from the stimu-
lated astrocyte by the released neurotransmitter from the
neuron. Those vasoactive agents dilate or contract the
blood vessel via action on its smooth muscle cells, and
there are several kinds of them: NO, EET, prostaglandin,
20-HETE, and so on. But vasoactive agents have no addi-
tive effect [2]. For example, although NO inhibitor is
added to the blood with EET inhibitor, the inhibition
effect shows no increase [3]. In addition, NO sometimes
inhibits the effects of EET or 20-HETE [1,4]. Therefore,
the temporal or spatial roles for functional hyperemia by
vasoactive agents, neuron and astrocyte become an object
of attention, and, if interactions and equivalence between
dilation and contraction materials are known in their sys-
tem, it provides the information about the detailed neu-
rovascular modulation.

As previously described, although the mathematical
model should importantly consider the coupled effect of
vasoactive agents, present modeling studies have been
represented via independent interaction between vasoactive
agent and vessel. Therefore, we propose the multi-com-
partment mathematical model, which consists of postsy-
naptic neuron, astrocyte, and smooth muscle cell of vessel.
It is described by the following sequence: 1) the activated
presynaptic neuron triggers glutamate release, 2) the gluta-
mate binds to the metabotropic receptor of astrocyte or
NMDA receptor of postsynaptic neuron, 3) the bounded
glutamate increases the calcium concentration in both
astrocyte and neuron, 4) the calcium concentration
increase creates arachidonic acid in astrocyte and NO in
neuron, 5) the arachidonic acid is metabolized to transform
EET or 20-HETE, which are inhibited partly by NO, 6)
EET increase the K+ channel conductance of smooth mus-
cle cell (SMC), 7) 20-HETE decreases the K+ channel con-
ductance of SMC, 8) SMC is hyperpolarized via the
outward K+ influx, 9) voltage-dependent Ca2+ channel of
SMC is deactivated, and Ca2+ concentration decreases, 10)
the contraction force of SMC decreases, so that vessel
dilates. From the mathematical model, we obtain the simu-
lation results for the direct effect of neuronal derived NO,
the inhibition of 20-HETE (vasoconstriction agent) by NO,
the interaction of EET (astrocyte derived vasodilation
agent), and their corresponding vessel response, as
an expansion of the EET generation model in Bennet’s
study [5].

Author details
1National Institutes for mathematical Sciences, Daejeon, 305-811, Republic of
Korea. 2Department of Electrical Engineering, Korea Advanced Institute of
Science and Technology, Daejeon, 305-701, Republic of Korea.

Published: 8 July 2013* Correspondence: kh9395@nims.re.kr
1National Institutes for mathematical Sciences, Daejeon, 305-811, Republic of
Korea
Full list of author information is available at the end of the article

Kang et al. BMC Neuroscience 2013, 14(Suppl 1):P180
http://www.biomedcentral.com/1471-2202/14/S1/P180

© 2013 Kang 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.

mailto:kh9395@nims.re.kr
http://creativecommons.org/licenses/by/2.0


References
1. Attwell D, Buchan AM, Charpak S, Lauritzen M, MacVicar BA, Newman EA:

Glial and neuronal control of brain blood flow. Nature 2010, 468:232-243.
2. Cauli B: In Revisiting the role of neurons in neurovascular coupling. Volume 2.

Front. Neuroenerg; 2010.
3. Peng X, Zhang C, Alkayed NJ, Harder DR, Koehler RC: Dependency of

cortical functional hyperemia to forepaw stimulation on epoxygenase
and nitric oxide synthase activities in rats. J Cereb Blood Flow Metab 2004,
24:509-517.

4. Liu X, Li C, Falck JR, Roman RJ, Harder DR, Koehler RC: Interaction of nitric
oxide, 20-HETE, and EETs during functional hyperemia in whisker barrel
cortex. AJP: Heart and Circulatory Physiology 2008, 295:H619-H631.

5. Bennett MR, Farnell L, Gibson WG: Origins of blood volume change due
to glutamatergic synaptic activity at astrocytes abutting on arteriolar
smooth muscle cells. J Theor Biol 2008, 250:172-185.

doi:10.1186/1471-2202-14-S1-P180
Cite this article as: Kang et al.: Theoretical model for neurovascular
coupling via interactions of NO, EET, and 20-HETE. BMC Neuroscience
2013 14(Suppl 1):P180.

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

Kang et al. BMC Neuroscience 2013, 14(Suppl 1):P180
http://www.biomedcentral.com/1471-2202/14/S1/P180

Page 2 of 2

http://www.ncbi.nlm.nih.gov/pubmed/21068832?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15129182?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15129182?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15129182?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17920632?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17920632?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17920632?dopt=Abstract

	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


