
POSTER PRESENTATION Open Access

Simulation of AMPA and NMDA contribution to
postsynaptic response
Crhistian Miguel Gutiérrez Galindo1*, Virginia González Vélez1, Amparo Gil2

From 24th Annual Computational Neuroscience Meeting: CNS*2015
Prague, Czech Republic. 18-23 July 2015

The synaptic response depends on the dynamics of the
released neurotransmitter, as well as on the ability of
ionic receptors (AMPA and NMDA) to activate and
deactivate in time. Simulation of these receptors allow
to study interesting patterns as neuronal plasticity,
which modulates the efficiency of transmission in two
different manners: facilitation (incremented response to
weak stimuli), and depression (decreased response to
strong stimuli). In this work, we have simulated the
postsynaptic response due to AMPA and NMDA activa-
tion. Our model considers the postsynaptic membrane
as a disk of 0.1 microns of radius where receptors lie
with a ratio of 4:1 (80 AMPA and 20 NMDA) [1]. They
are uniformly distributed in the whole area of the disk,
assuming they have the same probability of being acti-
vated as they come in contact with neurotransmitter

molecules which are dispersed homogeneously over the
postsynaptic membrane. We use the kinetic models pro-
posed by [2] and [3] for AMPA and NMDA receptors,
respectively. The model was solved with a stochastic
simulation algorithm, and plots show the mean values
calculated from 500 runs. Figures 1A and 1B show the
results obtained when the neurotransmitter comes in
the form of two pulses of different concentrations in a
short period of time. Figure 1A corresponds to the case
of low concentration pulses (40 and 160 molecules for
the first and second pulses, respectively). In this simula-
tion, it can be seen how AMPA receptors increase their
response to the second stimulus, exhibiting facilitation.
Figure 1B shows the case of high concentration pulses
(1207 and 4787 molecules, respectively). In this simula-
tion, a desensitized response is observed, that is, a
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Figure 1 Simulations A Low-concentration pulses. B High-concentration pulses. Above input trains (red) and below AMPA (green), NMDA
(magenta) and Total receptors (black) responses.
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depression effect which reduces the number of open
receptors for the second stimulus. In both cases it is
observed that the contribution made by the NMDA
receptors is identical, whereas AMPA receptors have a
contribution that follows the rapid dynamics of the neu-
rotransmitter released by the presynaptic neuron.
Other simulations for different trains of neurotransmit-

ter were performed, and similar results were obtained.
We also performed simulations for different stimulation
frequencies in larger timescales and again, AMPA recep-
tors followed rapid neurotransmitter dynamics while
NMDA receptors exhibited changes only in time activa-
tion. Then, we conclude that the contribution of AMPA
receptors is the most important one in short timescales,
whereas NMDA receptors participate mainly in larger
timescale responses. These results are the basis of our
current work on proposing a postsynaptic model
intended to work with our presynaptic model [4].

Acknowledgements
C.M.G. thanks CONACYT for the financial support through his graduate
scholarship to carry out this investigation.

Authors’ details
1Dept. Ciencias Básicas, Universidad Autónoma Metropolitana Azcapotzalco,
02200, México DF, México. 2Dept. MACC, Universidad de Cantabria, 39005,
Santander, Spain.

Published: 18 December 2015

References
1. Franks MKevin, Bartol MThomas Jr, Sejnowski JTerrence: A Monte Carlo

model reveals independent signaling at central glutamatergic synapses.
Biophysical Journal 2002, 83:2333-2348.

2. Jonas P, Major G, Sakmann B: Quantal components of unitary EPSCs at
the mossy fibre synapse on CA3 pyramidal cells of rat hippocampus. The
Journal of Physiology 1993, 472:615-663.

3. Heckmann M, Bufler J, Franke C, Dudel J: Kinetics of homomeric GluR6
glutamate receptor channels. Biophysical Journal 1996, 71:1743-1750.

4. Gil A, González V: Exocytotic dynamics and calcium cooperativity effects
in the calyx of Held synapse: A modeling study. Computational
Neuroscience Journal 2010, 2b8:65-76.

doi:10.1186/1471-2202-16-S1-P91
Cite this article as: Galindo et al.: Simulation of AMPA and NMDA
contribution to postsynaptic response. BMC Neuroscience 2015 16(Suppl
1):P91.

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

Galindo et al. BMC Neuroscience 2015, 16(Suppl 1):P91
http://www.biomedcentral.com/1471-2202/16/S1/P91

Page 2 of 2


	Acknowledgements
	Authors’ 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


