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1   Introduction 

Recently, a phase-contrast X-ray imaging technique for 
detecting contrast from differences in refractive index, 
was developed. This technique has approximately 1000 
times greater sensitivity than that of the conventional 
absorption technique [1-4]. However, spatial resolution of 
phase-contrast X-ray imaging technique is limited by the 
thickness of half mirror (analyzer). Absorption-contrast 
X-ray imaging allows to obtain higher spatial resolution 
less than 1 micrometer, however the image-contrast 
reduces significantly.  

To enhance the image-contrast that enables to obtain 
the higher spatial resolution, we changed the fixation 
technique of the biological sample from commonly used 
formalin to ethanol. Ethanol fixation is popularly used to 
prepare specimens for biopsy processing and rapid intra-
operative pathological diagnosis. It exhibits comparable 
histology results and superior immune-staining results to 
formalin.  We surmise that the physical property increases 
density differences against back ground and the 
dehydration by ethanol increases the soft tissue density. 
Here, preliminary phase-contrast X-ray imaging with 
ethanol fixation were performed, and the image-contrast 
was significantly improved in brain [5, 6], heart [7] and 
kidney [8, 9] of rat.  
 
2   Experiment 

 This study used six male rats (age, 10 weeks). All rats 
were anesthetized, and cannulation to the apex of left 
ventricle was carried out surgically for perfusion. First, 
physiological saline solution was injected from the apex, 
and the whole blood in the vessel was replaced to 
eliminate blood coagulation artifacts. Then, 10% formalin 
or 100% ethanol was perfused for fixation, and the 
samples were steeped in each fixing solution. The 
experimental protocol was approved by the President of 
Kitasato University through the judgment of the Animal 
Care and Use Committee of Kitasato University. 

Phase-contrast X-ray CT system with crystal 
interferometer was set at the vertical wiggler beam-line 
14C of the Photon Factory, Tsukuba, Japan. X-ray CCD 
camera with a pixel size of 13 x 13 μm2 was used. The X-
ray energy was set at 35 keV, and projection number was 
250 per 180 degree. CT image was reconstructed FBP. 

After phase-contrast X-ray CT imaging, all specimens 
fixed by each solution (ethanol and formalin) were sliced 
into 3-µm-thick sections and stained with hematoxylin 
and eosin (HE). 

The density was measurement in phase-contrast X-ray 
CT images. And histological image analysis was also 
performed by using image-manipulating software (NIH 
image 1.63) 

 
3   Results and Discussion 

Here, we report the experiment of kidney in detail. 
Phase-contrast X-ray imaging using a two-crystal X-ray 
interferometer was able to clearly visualize the fine renal 
structures such as cortex, medulla and the vessels in both 
formalin-fixed and ethanol-fixed kidneys. Especially, the 
image-contrast of ethanol-fixed kidneys was much better 
than that of formalin-fixed kidneys due to physically 
enhance the density difference between the soft tissue and 
surrounded ethanol solution with lower density  
(0.79g/cm3) than that of formalin solution (1.01g/cm3). 
Actually in histological image, the shrinkage of soft tissue 
was observed in ethanol-fixed kidney. 

 In quantitative analysis, the ethanol fixation 
technique enhances approximately 3.1 times higher image 
contrast; the effect of shrinkage is estimated 
approximately 2-times and the physical effect of ethanol 
is approximately 28%. Thus, the ethanol-fixation 
technique enables to enhance the image contrast in phase-
contrast X-ray imaging. Histological conditions of 
various organs were examined as preliminary studies by 
using phase-contrast X-ray CT system. 

The ethanol is easily volatilized, and fixed soft tissue 
having exact histological structure remains. Here, we are 
planning to obtain high spatial resolution image with X-
ray CT system at room condition. 

 
Acknowledgement  

This study was supported by a grant from Kitasato 
University School of Allied Health Sciences (Grant-in-
Aid for Research Project, No. 2012-1012), and was 
approved by the KEK (proposal number 2012G044 and 
2013G584). 
 
References 
[1] A Momose and J Fukuda. Med Phys. 22, 375 (1995) 
[2] T Takeda et al.,Acad. Radiol. 2, 799 (1995) 
[3] T Takeda et al., Radiology. 214: 298 (2000) 
[4] K Noda-Saita et al., Neuroscience 138:1205 (2006) 
[5]T. Takeda et al., J. phys. 425, 1 (2013). 
[6] S. Kokubo et al., Med Imag Tech.. 32, 2 (2014). 
[7] T Kunii et al., Med Imag Tech.. 31, 132 (2013).  
[8] R Sirai et al., Med Imag Tech.. 30, 298 (2012).  
[9] R Sirai et al., J. Synchrotron Rad. 21, 795 (2014). 
 
*t.takeda@kitasato-u.ac.jp 

BL-14C /2013G584



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /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 true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /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 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /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 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




