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Using the Continuous Time Random Walk Model to Quantify Anomalous Diffusion in Post Mortem Huntington’s Disease Tissues from Mice
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Introduction

Previous studies of Huntington’s Disease (HD) [1] observed quantitative changes in diffusion MRI parameters (e.g., apparent diffusion coefficient and fractional anisotropy) using the standard Gaussian random walk assumptions for the diffusion of water in brain tissues. Here we extend the Gaussian model by using the continuous time random walk (CTRW) description [2,3] of diffusion (principally,  the fractional tissue homogeneity index). 
Experimental

In this study we examined R6/2 transgenic mice and littermate controls sacrificed and perfused with a 4% PFA solution at post-natal days 21 and 75 using an approved animal protocol. Diffusion images were acquired (750 MHz Bruker Avance III HD magnet) using a stimulated echo diffusion sequence with standard pulsed diffusion gradients of duration δ=3.5 ms and with G=400 mT/m amplitude. A b0 image was acquired along with trace images at 8 b-values from 0 to 22,700 s/mm2. Data was fit pixel by pixel to the CTRW model using a nonlinear least squares fitting algorithm in MATLAB™.
Results and Discussion 
The alpha map is able to differentiate between gray and white matter, with the lower α values for tissue having more diffusion-restricting boundaries and heterogeneity (in homogeneous materials,  = 1). A statistically significant (p <0.01) difference was observed between the wild-type and the R6/2 CC at P75, Fig. 1 and Fig. 2.
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Conclusions

We find that this parameter exhibits a greater sensitivity to micro-architectural changes in post mortem brains of HD-affected mice.
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Fig.1 Calculated α maps of the coronal sections of wildtype and R6/2 transgenic mice.





Fig.2 Comparisons of α values from ROIs drawn in both P21 and P75 striatum and corpus callosum. Error bars indicated variance within the images.









