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ABSTRACT 

We present a newly designed and fabricated miniaturized hybrid push-pull perfusion sampling (μPPPS) probe 
with integrated droplet generator to capture concentration variations of target analytes in ‘chemical memory’. The 
development of this tool will ultimately enable the monitoring of neurotransmitters with unprecedented temporal 
(~1 s) and spatial (<100 μm) precision, while requiring an absolute minimum of sample volume. The μPPPS 
probe is essential to gain deeper understanding of the fast dynamics in the release of neuromodulatory substances, 
such as acetylcholine or glutamate. 
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INTRODUCTION 

Traditional microdialysis probes suffer from 3 major problems; 
(1) they are only able to record changes in neurotransmitters in the 
range of several minutes, (2) have a rather large sampling area in the 
order of 1 mm2 or bigger, and (3) are rather large and cause severe 
damage during insertion [1]. We have previously developed a 
microfabricated probe with integrated electrodes for 
electroencephalography or ion-selective electrochemical recordings 
[2]. Here, we present a newly designed and fabricated miniaturized 
hybrid push-pull perfusion sampling (μPPPS) probe with integrated 
droplet generator to capture concentration variations of target analytes 
in ‘chemical memory’. The development of this tool will  

ultimately enable the monitoring of neurotransmitters with 
unprecedented temporal (~1 s) and spatial (<100 μm) precision, while 
requiring an absolute minimum of sample volume. The μPPPS probe 
is essential to gain deeper understanding of the fast dynamics in the 
release of neuromodulatory substances, such as acetylcholine or 
glutamate.  

 
EXPERIMENTAL 

This μPPPS probe, as 
schematically shown in fig.1, is 
fabricated from silicon using a series 
of deep reactive ion etching steps, 
while a top cover from glass is 
thinned using chemical mechanical 
polishing. The resulting needle (fig. 
2) has a 140x140 μm2 cross sectional 
area, thereby minimizing damage 
compared to existing probes when 
inserted into, e.g., 5 mm sized brains 
of mice. Inside the tip of the needle 
(fig. 2A), small frit channels (3x20  

 
Figure 1. Artist impression of the micro-

fabricated hybrid push-pull perfusion sam-
pling probe (μPPPS). Insets: details of the 
probe tip and droplet generator. 

 
Figure 2. SEM photos of a μPPPS. A: tip of the needle, with the dialysate 

entry and return channel. Inset: frit channels through which the sampling takes 
place. B: droplet generator inside the needle. The microfluidic channels in this 
device are 20 μm deep. 
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μm2) connect the extracellular fluid to a U-shaped inner 
dialysate flow channel. Halfway the shaft of the needle, a 
droplet generator is included (fig. 2B) to create a water-in-oil 
emulsion to prevent dispersion. The use of droplets, as 
previously demonstrated by Kennedy et al.[3], improves the 
temporal resolution to monitor the molecules preceding a 
migraine attack or a single cognitive process in real-time.  

Detection of neurotransmitters is based on a fluorescent 
detection method using Amplex red/Amplite assay kits. A 
dedicated setup (fig. 3) has been developed, capable of 
measuring the fluorescent marker reliably down to 20 nM 
inside a 50 μm inner diameter fused silica capillary. 

 
RESULTS & DISCUSSION 

FEM simulations of the recovery rate using this geometry 
indicate that 70-85% is possible at a dialysate flow rate of 0.1 
μL/min (fig. 4). Using the μPPPS probe installed in the setup 
(as shown in fig. 3) we have conducted initial in vitro tests by 
sampling a step-wise concentration increase of fluorescein 
from 0 to 1 mM (fig. 5). By capturing the fluorescein solution 
in droplets using n-decane with 2% Span 80 as the continuous 
phase, we show a response time of 2 s. It should be noted that, 
although the solution is stirred, this response time is due to 
both sampling and equilibration of the vessel.  

CONCLUSION 
In summary we show that we can significantly increase 

temporal and spatial resolution in neurotransmitter sampling 
using this novel miniaturized hybrid neuroprobe. To 
demonstrate the use of these devices in neurological research, 
we are currently working on the first in vivo tests to monitor 
glutamate levels in mice while triggering a cortical spreading 
depression. 
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Figure 3. Experimental setup consisting of flow 

control hardware (pressure and syringe pump) and 
an optical detection system (PMT, camera and LED 
source). 

Figure 4. Simulated concentration profile in the 
tip of the needle. A dialysate flow rate of 150 
nL/min was used. Under these conditions, the re-
covery rate is 62%. 

 
Figure 5. Sampling of fluorescein sodium salt at 

0.2, 0.4, 0.6, 0.8 and 1.0 mM concentrations. Dialy-
sate and oil flow rates were set to 0 and 150 
nL/min. 

216


	MAIN MENU
	Help
	Search
	Print
	Author Index
	Keyword Index
	Table of Contents


 
 
    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Trim: fix size 8.500 x 11.000 inches / 215.9 x 279.4 mm
     Shift: none
     Normalise (advanced option): 'original'
      

        
     32
            
       D:20120516081844
       792.0000
       US Letter
       Blank
       612.0000
          

     Tall
     1
     0
     No
     675
     320
     None
     Up
     0.0000
     0.0000
            
                
         Both
         AllDoc
              

      
       PDDoc
          

     Uniform
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9
     Quite Imposing Plus 2
     1
      

        
     2
     1
     2
      

   1
  

 HistoryList_V1
 qi2base




<<
  /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 /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType true
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 false
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 false
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'IEEE_Xplorer'] 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 6.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


