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Introduction
In advanced Parkinson’s disease (PD), deep brain stimu-
lation (DBS) can be used to disrupt pathological activity
in the basal ganglia, thereby reducing PD motor symp-
toms. The standard protocol for DBS, continuous high
frequency stimulation of target cells, is applied notably
in subthalamic nucleus (STN) or globus pallidus pars
interna. It is proposed that short-duration desynchroniz-
ing stimulation protocols may also disrupt pathological
synchronous activity [1]. Synaptic plasticity is supposed
to be the underlying mechanism. The goal of this study
is to explore, with a biophysically plausible model, the
role of synaptic plasticity in stabilizing firing patterns in
the basal ganglia. Moreover, we investigate how STN
stimulation should be applied, such that it exploits
synaptic plasticity most effectively to bring the network
in a less synchronous state.

Methods
We use an existing STN-GPe network model consisting
of 16 STN and globus pallidus pars externa (GPe) cells
mutually connected via a sparse structured architecture
[2]. The dynamics of each cell is described by a single-
compartment conductance-based model. We augment
the model with a rule for spike-timing-dependent plasti-
city (STDP) for the inhibitory connections within GPe.
The synaptic weight is updated with an additive nearest-
spike pair-based STDP rule. We apply DBS as a train of
positive current pulses (P(t)) injected directly into each
STN cell. P(t) is administered according to two different
protocols: 1) Standard DBS, i.e. continuous stimulation,
in which all STN cells receive exactly the same stimula-
tion signal; 2) Coordinated Reset (CR) stimulation, in

which the STN population is subdivided in 4 groups.
Each STN group receives its own P(t) which is periodi-
cally on and off.

Results and discussion
An STDP rule that down-/up-regulates the synaptic
weights between GPe cells when they fire in synchro-
nized/uncorrelated manner, stabilizes network states.
Both a healthy state with desynchronized dynamics and
a PD state with synchronized dynamics stably coexist.
Depending on the original firing pattern, the network
with STDP is ‘learning’ either pathological or healthy
dynamics by adapting its pattern of the synaptic cou-
plings between the GPe cells. Since DBS can change the
firing pattern of the stimulated cells, it can be used to
‘teach’ the network with STDP to display more healthy
activity. Our results suggest that when a travelling wave
short-duration desynchronizing stimulation is applied
sufficiently long and with sufficiently high amplitude, it
may profit from STDP to train the network to fire in a
less pathological manner. In contrast, STDP has a nega-
tive effect when continuous stimulation is employed, in
the sense that the network becomes more synchronized
when stimulation is switched off. Since with this kind of
stimulation most of the time DBS is turned off, it saves
battery power and it leads to fewer negative side effects
of DBS in comparison to the traditional continuous high
frequency stimulation.

Acknowledgements
Financial support from the Dutch Organization for Scientific Research (NWO),
on grant 635.100.019, From spiking neurons to brain waves.

Author details
1Academic Medical Center, University of Amsterdam, Amsterdam, 1105 AZ,
The Netherlands. 2Department of Applied Mathematics, University of Twente,
Enschede, 7500 AE, The Netherlands. 3Biophysics Graduate Group, University
of California, Berkeley, Berkeley, CA 94720, USA.

Published: 8 July 2013

* Correspondence: M.A.J.Lourens@utwente.nl
1Academic Medical Center, University of Amsterdam, Amsterdam, 1105 AZ,
The Netherlands
Full list of author information is available at the end of the article

Lourens et al. BMC Neuroscience 2013, 14(Suppl 1):P401
http://www.biomedcentral.com/1471-2202/14/S1/P401

© 2013 Lourens 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:M.A.J.Lourens@utwente.nl
http://creativecommons.org/licenses/by/2.0


References
1. Hauptmann C, Tass PA: Cumulative and after-effects of short and weak

coordinated reset stimulation: a modeling study. J Neural Eng 2009,
6:016004.

2. Terman D, Rubin JE, Yew AC, Wilson CJ: Activity patterns in a model for
the subthalamopallidal network of the basal ganglia. J Neurosci 2002,
22(7):2963-2976.

doi:10.1186/1471-2202-14-S1-P401
Cite this article as: Lourens et al.: Spike-timing-dependent plasticity
steers new Parkinson-stimulation protocols. BMC Neuroscience 2013 14
(Suppl 1):P401.

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

Lourens et al. BMC Neuroscience 2013, 14(Suppl 1):P401
http://www.biomedcentral.com/1471-2202/14/S1/P401

Page 2 of 2

http://www.ncbi.nlm.nih.gov/pubmed/19141875?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19141875?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11923461?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11923461?dopt=Abstract

	Introduction
	Methods
	Results and discussion
	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


