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Metabolic Assessment of a Migraine Model Using Relaxation-Enhanced 1H Spectroscopy at Ultra-High Field
Abad, N.; Grant, S.C. (FSU, Chemical and Biomedical Engineering, NHMFL); Rosenberg, J.T. (NHMFL); Roussel, T. (Weizmann Inst. of Science, Chemical Physics); Grice, D.C. (FSU, Chemical and Biomedical Engineering) and Harrington, M.G. (Huntington Medical Research Institutes, Neurosciences) 

Introduction
High-field MR spectroscopy provides the opportunity to evaluate metabolites dynamically and in vivo during the progression of neurological disorders, such as migraine, that have rapid onset but potentially longer impacts. Identification of specific metabolic changes may improve understanding of the onset and progression of migraine1. The high sensitivity and spectral dispersion available to 1H MRS at 21.1 T was utilized to evaluate biochemical imbalances and dysfunctional pathways in a rodent model of migraine.
Experimental 
Animal Model: 17 anesthetized Sprague-Dawley male rats were administered an in situ intraperitoneal injection of either nitroglycerine (NTG, N=11) to induce central sensitization (CS), or saline (N=6) as a control. 
MRS protocol: All scans were performed using the 21.1-T, 900-MHz ultra-wide bore with a linear 1H birdcage coil. Using a (4-mm)3 voxel, a highly selective RE-MRS2 sequence targeted upfield metabolites by exciting a band between 0-4 ppm without touching the water resonance. A total of 14 scans (10 min/scan) were acquired from pre-injection to 2.5-h post injection. 
Data Analysis: Time course spectral data was normalized to the NAA peak (found experimentally to be static for NTG and saline over all data points) and was referenced to the pre-injection value. A mixed model ANOVA with repeated measures was used to conduct within subject and between subject comparisons.
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[bookmark: _GoBack]Fig. 1 A) MRI demonstrating the (4-mm)3 voxel placement. B) 1H spectra arising from in vivo time courses for a NTG-injected rat; each spectrum was acquired in 10 min.
Fig. 2 Percent difference in 1H Spectroscopy (mean ± SD) with respect to the pre-injection baseline for (A) Lactate (Lac) and (B) Taurine (Tau). Significances are *p<0.05 (mixed model ANOVA with Bonferroni's test) to control.





Results and Discussion
	Significant increases were evident for lactate as early as 10 min post NTG injection, peaking at 35 min at over 50% compared to baseline and control. Taurine decreased in controls progressively over 2-h post-injection but remained elevated with NTG, peaking at 105 min post NTG injection. The rapid elevation of lactate may reflect increased neural activity and/or vasodilation at the early stage of CS. The elevated levels of taurine may be evidence of reactive neuroprotective and osmoregulatory mechanisms. These metabolic substrates reflect the physiological cascade involved in CS. Lactate and taurine may be biomarkers and/or targets in future studies for interventions to abort or reduce the predisposition to migraine.
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