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Lipid Saturation Profile in the Dystrophic Muscle and Serum.
Lee-McMullen, B. (UF, Physiology); Vohra, R. (University of Washington, Radiology); Forbes, S. (UF, Physical Therapy); Edison, A.S. (UGA, Complex Carbohydrate Research Center) and Walter, G. (UF, Physiology)
Introduction: Duchenne Muscular Dystrophy (DMD) is a fatal X-linked genetic disorder. In DMD, the absence of the dystrophin protein causes decreased sacolemmal integrity resulting in progressive replacement of healthy muscle with non-uniform regions of fat and fibrosis1. To ascertain if differences exist in metabolome of dystrophic muscle, we measured NMR visible metabolites in vivo, in serum, and in isolated tissues from a mouse model of muscular dystrophy (the mdx mouse). Differences in the muscle and serum metabolome of mdx mice at 6 weeks and 24 weeks of age were determined using in vivo MRI/MRS and ex vivo tissue NMR and 1H/13C serum NMR analysis.
Experimental:  All NMR data was obtained in AMRIS.  Mdx and control mice were obtained at 4 weeks of age and raised to either 6 weeks old [mdx (n=6), control (n=5)] or 24 weeks old [mdx (n=10), control (n=8)]. At each time point (6 or 24 weeks), the mouse lower leg hindlimbs were investigated using T2-magnetic resonance imaging (MRI) and localized 1H MRS, followed by blood and tissue collection when the animals were sacrificed. At sacrifice, blood was collected and lower leg muscles (gastrocnemius) were extracted, flash frozen and stored at -80 °C until further analysis. In vivo MR experiments were performed on an 11.1-T horizontal bore magnet (Magnex) equipped with an Agilent Spectrometer. One-dimensional 1H and 13C spectra were collected on an Agilent VNMRS-600 spectrometer using a custom 1.5 mm 13C high temperature superconducting (HTS) probe3. Gastrocnemius muscles were analyzed using high-resolution magic-angle spinning (HR-MAS) NMR2 with a 4 mm HR-MAS probe on a Bruker 600 MHz spectrometer (AVIII) running Topspin 3.2 software.
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Results and Discussion: Dystrophic mice were found to have a unique lipid saturation profile compared to control but more importantly there were metabolic changes between the mdx mice at each age. In the 6wk mdx mouse, not only was there an increase in serum lipids, but saturation of the lipids changed in 6 week mdx compared to 24 week mdx mice. Finally, we found several associations between MRI, tissue and serum NMR observable metabolites.
Conclusions: These results indicate the complex interplay between metabolites in the tissue and serum during repetitive bouts of muscle damage and regeneration that occur in dystrophic muscle. We also found correlations between serum lipids to tissue lipids and in vivo MRI T2 suggesting detection of saturation of lipids in serum as a potential means to monitor changes in a disease state that is easy to acquire, minimally invasive. These data also show that more work is needed to understand the complex changes in lipid metabolism and its role in disease progression in DMD.
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Fig.1 PCA of 13C serum NMR spectra is able to differentiate control and mdx at different ages. A. PCA plot of all groups, B. PCA of mdx at 6 weeks and 24 weeks of age show the separation on the second component. In C, the loadings plot of PC 2 showing the 6 week (positive) separate based on lipids and the 24 week (negative) separate based on glucose. D and E are BMRB standard spectra that reveal the similar peaks to the compounds separated out in the loadings plot








