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In Vivo Metabolic Profiling of Brain Rodent Models by Relaxation-Enhanced MRS of the Downfield 1H Region at 21.1T
Roussel, T. (Weizmann Institute of Science); Rosenberg, J.T. (NHMFL); Grant, S.C. (Florida State U., Chemical and Biomedical Engineering, NHMFL) and Frydman, L. (Weizmann Institute of Science, NHMFL)

Introduction
[image: image2.png]x8 x1

normal brain tissue
stroke

glioma

spectrally selective
excitation

10 95 9 85 8 75 7 65 6 55 5 45 4 35 3
chemical shift (ppm)



Improvements in the MR acquisition hardware coupled with ultrahigh-field magnets, are enabling acquisitions of in vivo MR spectra without water suppression.1,2 Several of the peaks resonating downfield from the water resonance originate from exchangeable protons of -NH and -OH groups present in metabolites,4 and become visible only when avoiding water suppression. This work explores the use of Relaxation Enhanced (RE) MRS techniques2 using selective pulses to avoid water suppression and to record in vivo localized spectra from the downfield 1H region at 21.1 T. The study was carried on rats subjected to brain ischemia and glioblastoma.
Experimental
[image: image3.png]Experiments were performed at the NHMFL using the 21.1-T magnet. 1H RE MRS experiments were applied with spectrally selective pulses to excite and refocus the 5.5-9.5 ppm range. Spatial localization was carried out with a 3D LASER10 leading to an echo time of 55 ms. The upfield spectral region (0-4 ppm) was also explored by adjusting the frequency offsets. For ischemia, middle cerebral artery occlusion (MCAO) was performed on six Sprague-Dawley rats for 1.5 h, followed by re-perfusion. The animals were imaged 24 h following the occlusion. For the glioblastoma model, 100k 9L glioma rat cells were injected at 2 mm anterior, 2.5 mm lateral and 3.5 mm deep with respect to Bregma. The spectroscopic data were processed and quantified with customized MATLAB software.11,12  
Results and Discussion

In vivo downfield 1H spectra show rich metabolic information. Fig. 1 compares upfield and downfield spectral regions acquired on normal and diseased tissues. Concentrations appear to be globally lower in diseased tissue compared to normal for all metabolites (Fig. 2). Exceptions in this trend are given by (i) Glutathione (GSH) whose 23% increase in ischemic tissue could reflect a neuroprotective measure against oxidative stress; and (ii) Choline (Cho), whose 30% increase in glioma tissue is likely a consequence of tumor cell proliferation. Moreover, a 5.9-ppm peak shows a marked, statistically significant increase (45%) in the tumor tissue. Previous NMR studies13,14 assigned this resonance to uridine diphosphate (UDP-NAc), which is known to be an abundant metabolite upon cancer proliferation. 

Conclusions

By avoiding water excitation, the RE-MRS sequence led to high quality, spectra with well-resolved resonances and low spectral baseline distortions. The method’s main limitation is its relatively long echo time. This potential bias notwithstanding, the methodology provided quantifiable 1H downfield MR spectra that highlighted systematic differences between healthy and non-healthy tissues providing better understand of disease development.
Acknowledgements

This work was performed at the NHMFL, which is supported by NSF DMR-1157490 and the State of Florida. Funding was also provided by the NHMFL User Collaboration Group Program and the AHA (10GRNT3860040), the Israel Science Foundation (795/13), the Helen and Martin Kimmel Institute of Magnetic Resonance and the generosity of the Perlman Family Foundation. 
References 
[1] van Der Veen, J.W., et al., Radiology, 217 (2000).  


[3] Shemesh, N., et al., Nat Commun, 5, 4958 (2014). 
[4] Govindaraju, V., et al., NMR Biomed, 13 (2000). 
[10] Garwood, M., et al., J Magn Res, 153 (2001). 
[11] Smith, S.A., et al., J Magn Reson, 106 (1994). 
[12] Roussel, T., et al., ISMRM-ESMRMB (2010). 
[13] Pan, X., et al., J Proteome Res, 10 (2011). 
[14] Grande, S., et al., NMR Biomed, 24 (2011).
Fig.1 RE MRS acquired from (a) the normal brain (green) and stroked tissue purple and (b) and tumor tissue (red).





Fig.2 Concentration estimates in (a) normal brain and stroke tissues and (b) normal brain and tumor tissues.









