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Sodium MRI of Glioma in Animal Models at Ultrahigh Magnetic Fields
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Introduction

Ultrahigh magnetic fields promote progress in MRI research, especially for bio-medical applications, such as expanding the capability of sodium MRI.  Sodium MR signals being the second strongest in vivo signals can contribute dramatically to our efforts to fight cancer. This review [1] covers the results of in vivo sodium MRI experiments performed with glioma animal models using 9.4 T and 21.1 T magnets.  
Experimental 
       The in vivo MR experiments were performed using rodent glioma model on a 21.1 T magnet (Bruker MRI Avance III console, Tallahassee FL) and 9.4 T Varian MRI scanner (University of Michigan School of Medicine). 
Results and Discussion

	Magnetic Field
	3 T
	7 T
	9.4 T
	21.1 T

	1H, S/N relative to 3 T
	1
	3.6
	4.8
	10.8

	23Na, S/N  relative to 3 T 
	1
	4.4
	7.4
	29.2
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The gain in MR sensitivity at the ultra-high magnetic field is illustrated in Table I.  The sodium MR signal is markedly less intense than that of the proton signal.  However, sodium gains in MR sensitivity at ultra-high 
magnetic fields much faster than for protons.   Beyond sensitivity, the sodium MR signal has major specifics as short relaxation times and bi-exponential relaxation which require special imaging methods and processing for proper quantification of the results.  Nevertheless, the in vivo sodium MR images at 21.1 T can be routinely performed with a resolution of 0.5 × 0.5 × 0.5mm3 (Fig.1).  Sodium actively participates in cell activity, and sodium MRI represents a window to look at the functioning of in vivo cells and reveals cellular changes beyond those detectable by proton MRI. 
     
During chemotherapy our results demonstrate that an increase in intracellular sodium can be the first step in apoptotic changes and the earliest marker of tumor response to therapy. 
Chemo-resistance, the ability of cancer cells to repel treatment, is a common source of cancer treatment failure, significantly limiting life expectancy in patients with a wide variety of cancers.  There is a growing body of literature demonstrating that an increased sodium concentration is a common feature observed in many tumor types.  Thus, tumor cells have upregulated cellular energy metabolism and, furthermore, such metabolic modulation can potentiate cancer therapy. Sodium MRI being a measure of the transmembrane ion gradient plays a unique role here allowing the detection of cellular energy balance and predicting tumor cellular response.
Conclusions

Ultrahigh magnetic fields demonstrate and expand the role of sodium MRI in research and biomedical applications. Sodium concentration in tumor is usually high, and it is one of the earliest markers indicating the response to chemotherapy.  Sodium can reflect both cellular energy metabolism and the density of tumor cells.  Our experiments demonstrate the close relationship of sodium concentration in tumors and tumor resistance.  Sodium MRI has the capability to non-invasively detect changes in tumor resistance.  Thus, it can be done prior to therapy and shape the strategy of tumor treatment.
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Fig.1 Sodium MRI of mouse head at 21.1 T.  









