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Background

Loss of myocytes followed by compensatory hypertrophy
of the remaining cells and interstitial fibrosis are com-
mon hallmarks observed in aging hearts [1,2]. The car-
diac conduction system is also subject to alterations
with aging, resulting in reduced thresholds to diseases
[3]. Biopsy is an accurate and informative means to
delineate the age-related changes. However, it is
destructive and requires intensive labor, often with
severe complications for 3D reconstruction. The aim of
this study was to investigate non-invasively morphologi-
cal changes in aging heart using MR microscopy.

Materials and method

Isolated heart preparation

Hearts (n = 5) of New Zealand White male rabbits
(2-5 kg) were isolated and fixed in situ according to the
approved animal protocol. Young hearts (n = 2) were
6 month ~ 1 year old. Old hearts were 3 ~ 4 years old.

MRI

MR experiments were performed on a 17.6 T / 89 mm
vertical wide-bore magnet (Bruker Instruments,
Billerica, MA). Three dimensional MR microscopy data
were collected using a fast gradient pulse sequence,
achieving a voxel resolution of 35 x 35 x 82 um®. High
angular resolution diffusion microscopy (HARDM)
using 21 directions was performed with a standard
PGSE sequence, achieving an in-plane resolution of
60 um? with a slice thickness of 600 pm. The b-value
was 1000 s/mm>.

Data analysis
Volume rendering of the 3D MR data sets was performed
using Image] (ver. 1.31, http://rsbweb.nih.gov/ij/). The
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tensor processing of HARDM data sets was conducted
using fanDTasia™ (©2008, http://www.cise.ufl.edu/
~abarmpou/) and MATLAB (Mathsoft, Cambridge, MA).

Results

Aging in the rabbit heart results in significantly
increased interseptal thickness (Fig.1). Volume ren-
dered transverse images of the apical half suggest that
the free-running Purkinje fiber network in the LV cav-
ity may significantly alter with aging (Fig. 1). Dense
reticular net observed in young ventricles becomes
sparse with aging and the free running Purkinje fibers
become thinner. From HARDM, aging in rabbit heart
appears to be associated with increased radial diffusiv-
ity, which may arise from cellular hypertrophy (data
not shown). A tensor component map of a young
heart (Dy,) shows a well defined stripe pattern extend-
ing transmurally in the interseptum and left ventricular
freewall (Fig. 2, left). In contrast, this highly directional
structure was decreased in aged hearts (Fig.2, right).
A volume rendered image of interseptum shows that

Figure 1 Volume rendered transverse images and manual
separation (magnified) of the free-running Purkinje fiber network in
the LV of a young rabbit heart (left) and an old rabbit heart (right).
Lines and arrows in the green and red boxes indicate where
sectioning occurred and viewer was located. Interseptal thickness is
approximately 3.93 mm (young) and 4.82 mm (old). I: ventricular
interseptum, P: papillary muscle, FW: free wall.
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Figure 2 Tensor component (D,s) map from HARDI and a volume rendered image of the interseptum of a young rabbit heart (left) and an old
rabbit heart (right). Dotted lines (red) indicate where sectioning occurred and dotted circles confine regions where the stripe pattern in
observed.

the stripe pattern has a longitudinal direction and
appears to exist in the basal half of the LV.

Acknowledgement

Magnetic resonance microscopy was performed using 17.6 T magnet at
Advanced Magnetic Resonance Imaging and Spectroscopy center and the
McKnight Brain Institute. Funding for this work was provided by the NIH
(TROTEB012874), the NSF through the National High Magnetic Field
Laboratory, and seed grants (JRF) from the McKnight Brain Institute and the
Department of Radiology, UF.

Author details

'McKnight Brain Institute, University of Florida, Gainesville, FL, USA.
2Cardiovascular Research Center, The Rhode Island Hospital, Alpert Medical
School of Brown University, Providence, RI, USA.

Published: 2 February 2011

References

1. Olivetti G, et al: Circ Res 1991, 68:1560-1568.

2. Brooks A, et al: Heart 2003, 89:1255-1256.

3. Pugh K, Wei J: Drugs and Aging 2001, 18:263-276.

doi:10.1186/1532-429X-13-51-P361

Cite this article as: Hwang et al. Non-invasive monitoring of changes in
rabbit hearts with aging using MR microscocpy. Journal of Cardiovascular
Magnetic Resonance 2011 13(Suppl 1):P361.

Submit your next manuscript to BioMed Central
and take full advantage of:

e Convenient online submission

e 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 BioMed Central




	Background
	Materials and method
	Isolated heart preparation
	MRI
	Data analysis

	Results
	Acknowledgement
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 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 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 0.76
    /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 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 0.76
    /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


