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Introduction:  The Spontaneously Hypertensive Rat (SHR) is phenotypically characterized by hypertension by age 4 months, with cerebrovascular 
changes evidenced by age 6 months [1].  At age 6 months, although volume loss and gliosis in WM regions occurs, this has not been associated with 
qualitative modifications in myelinated fibers [2].  The SHR is widely used in research for its similarities with humans suffering from hypertension 
related disease.  MRI-based phenotyping of the SHR brain may offer further insight into stroke and cognitive impairment in this strain and its 
appropriateness for comparative investigations into human disease.  Diffusion Tensor Imaging (DTI) is a novel method to measure water diffusion 
anisotropy in biological tissues [3-5], thus is particularly useful for studying functional microanatomy in normal or diseased brains, and has been 
widely used in animal models in vivo and ex vivo [6-8].  The purpose of this work is to longitudinally assess the hypertension related changes in brain 
microarchitecture of this important disease model, the SHR, using 3D high resolution DTI at 9.4T. 
Materials and Methods:  Two young (~ 3 months) and two adult (~ 10 months) rats (SHR) were used for this pilot study.  Due to the long scanning 
time of acquiring high resolution DTI images, excised fixed brains were used.  Following sacrifice, animals were perfused using 4% 
paraformaldehyde in phosphate-buffered saline (PBS), the brains were removed and immersed intact in fixation solution for two weeks.  Before 
imaging, the specimens were transferred into PBS for 24 hours, then placed into the NMR compatible tubes filled with fomblin to prevent 
dehydration.  Imaging was performed using a Bruker Biospin 9.4T (Bruker, Ettlingen, Germany) spectrometer, equipped with a Micro2.5 gradient 
unit capable of generating gradient strength of 2.5G/cm/A (i.e. 100G/cm at 40A).  A 25mm ID volume coil was used for radiofrequency (RF) 
transmission and reception.  As a multiple-angular diffusion encoding scheme can provide more accurate measurement and computation of diffusion 
anisotropy maps [9, 10], diffusion weighted images (DWIs) along nine independent diffusion-encoding directions (six directions with b=1400s/mm2, 
three with b=750s/mm2), and an additional image with minimal diffusion weighting (b=80 s/mm2), were acquired using the 3D multiple-spin echo 
DW sequence. TR/TE: 900ms/32ms, Number of Averages=2, and Echo Train Length=4(signals averaged to improve SNR). Field of view (FOV) was 
approximately 22mm×16mm×12mm, imaging matrix was 110×80×60, resulting in the spatial resolution of about 200 µm isotropic. Total scanning 
time ≈ 24 hours. Finally, the imaging matrix was zero-filled to 128×128×64 after the spectral data was apodized by a 20% trapezoidal function. 
Results:  DTI calculations were performed using DTIStudio (https://www.mristudio.org/).  Two diffusion indices of FA (fractional anisotropy) and 
Trace/3 ADC (apparent diffusion coefficient) were employed to measure the anisotropic and isotropic diffusivities within five representative volumes 
of interest (VOIs): corpus callosum (CC), internal capsule (IC), external capsule (EC), cerebral cortex (CX), and hippocampus (HI).  Figure 1 shows 
the FA weighted color maps (red: left–right, green: dorsal–ventral, and blue: cranial–caudal) of a young rat (1st row) and an adult rat (2nd row), white 
matter differences between bilateral hemisphere of the adult brain were observed in the coronal section (indicated by yellow and green arrows), fiber 
tracking originating from the two arrowed regions is displayed in Figure 2.  Quantitative comparisons of FA and Trace/3 ADC are listed in Figure 3. 
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Figure 1. FA weighted color maps in coronal, sagittal, and axial sections.  Top 
panel: young rat, bottom panel: adult rat. 

Figure 3. Comparisons of FA and Trace/3 ADC values (mean ± S.D.) within 
selected VOIs, percent value changes (|adult-young | / young × 100%) are 
added on the top of the bars. 

Discussion:  In this preliminary study, we used a 3D-DTI technique with 
relatively high-resolution, at high magnet field, to investigate the 
microarchitectural changes in brain tissues between the young and adult SHR.  
White matter changes were visualized by the diffusion anisotropy maps and 
fiber tracking.  Quantitative analyses showed that the 10 month old SHR had 
higher FA values within selected white matter tracts, but lower ADC values in 
some gray matter regions, relative to the 3 month old rats.  The direction of the 
FA changes with aging at 10 months in the SHR is consistent with higher level 
organization, or at least preservation of WM tract integrity, as well as increased 
or preservation of  dendritic branching within gray-matter regions.  More 
detailed work with a larger sample size and multiple & extended time points 
during the SHR’s life-cycle are planned (before ISMRM’09 meeting).  

Figure 2. Fiber tracking from the yellow and green arrowed regions in Figure 1. 
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