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DTI-Based Network Analysis of APP/PS1 Mouse Brains
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Introduction
Alzheimer’s disease (AD) is the most common form of dementia, characterized by memory loss and changes in behavior1. In this study, diffusion tensor imaging (DTI) is applied to the APP/PS1 model (5xFAD) at multiple early time points with network theory analysis employed to examine changes in structural connectivity compared to wild type controls. Furthermore, high field, high resolution susceptibility-weighted 3D imaging was used to identify β-amyloid plaque deposition at early points in pathological progression.

Experimental
Scans were performed using the 11.75-T, 500-MHz 89-mm NMR Magnet at the FAMU-FSU College of Engineering and the 21.1-T, 900-MHz ultra-widebore at the National High Magnetic Field Laboratory, Tallahassee, FL. Image datasets were acquired using preserved mouse brains from female specimens either expressing the 5xFAD phenotype or an age matched wild type. Brains were harvested at 1, 2, 4 and 6 months (N=5 per age, gender and phenotype). DTI data was acquired at 11.75 T with a multi-slice 2D spin echo using 22 diffusion directions. Two to three brains were imaged simultaneously with an in-plane resolution of 100x100 µm and slice thickness of 500 µm using 15 averages to achieve a 47-h total acquisition time. To detect β-amyloid plaques, 3D images were acquired at 21.1 T using a true 3D gradient-recalled echo sequence to achieve an isotropic 25-µm resolution in approximately 14.5 h with two averages. DTI data were analyzed using DSI Studio2 to generate tracts. Network analysis was performed in a binary fashion on these tracts by inputting adjacency matrices into MATLAB and extracting graph properties. Representations of these networks as well as additional graph properties were determined using the open-source visualization package Gephi (gephi.org). Graph properties were statistically compared within age and transgenic groups and against wild-type controls.
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[image: ]  	 [image: ][bookmark: _GoBack]Fig 3: Plaque formations (red arrows) are visible only in 5xFAD at 21.1 T. No contrast agents were utilized. 
Fig 2: Visual of graph parameters showing decreased connections with age and 5xFAD phenotype.
Fig 1: Decrease in fraction anisotropy of the temporal region of AD samples compared to controls (*p<0.05).




Results and Discussion
	Data indicate a significant decrease in fraction anisotropy in the temporal cortex for the 5xFAD phenotype (Fig 1). Thirteen equally spaced prolate spheroidal regions of interest positioned in cortical regions and a single manually segmented node representative of the hippocampus were used to quantify connectivity both locally and globally (Fig 2). Significant increases in the characteristic path length were identified between the 1 mon controls and 5xFAD specimens. Extracellular plaques detected using the 21.1-T magnet without contrast agent enhancement are localized in regions with fraction anisotropy decreases (Fig 3); no plaques were readily evident at the lower field or in wild type controls. 
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