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Comparison of Sodium and Potassium Binding Using Triple Quantum Methods at 21.1 T 
Schepkin, V.D. (NHMFL); Neubauer, A. (Heidelberg U., Physics); Nagel, A.M. (German Cancer Research Center, Medical Physics in Radiology) and Budinger, T.F. (Lawrence Livermore National Laboratory, BioEngineering)
Introduction

Potassium and sodium are major ions in vivo and their MR signals have great potential to convey valuable information about cell functioning. For example, the difference in concentration of potassium and sodium between intracellular and extracellular spaces is an important indicator of cellular energy metabolism.  The triple quantum MR signals of both these ions appear during the ion binding mainly to proteins.  The TQ signals were investigated at 21.1 T to compare the specifics of ion binding in vivo in a rat head and in the test samples which replicated the in vivo environment.      
Experimental


A dramatic improvement in the efficiency and accuracy of the TQ signal detection can be achieved by avoiding a routinely used filtration (TQF), and instead using the time proportional phase increment (TPPI) method.  The pulse sequences for both TQF and TQTPPI were developed and implemented on Bruker MRI Avance III console (PV 5.1) using 21.1 T magnet [1]. 
Results and Discussion
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The creation of the TQTPPI signal from bound potassium in the rat head is demonstrated in Fig. 1. The bound potassium (as sodium) creates the additional signal (which is shown at the middle).  This signal oscillates with a frequency which is three times more than the frequency for the single quantum signal.

The competition between potassium and sodium was detected by TQTPPI method when both KCl and NaCl were simultaneously present with the same concentration of 154 mM.  For both agarose concentrations of 5% and 7.5% the sodium TQ signal or amount of bound sodium decreased in the presence of potassium.   
Conclusions

The TQTPPI method accurately separates MR signals of bound potassium and sodium in vivo and the test samples. Important confirmation has now been found for our previous experiments [2]; namely, that both intracellular and extracellular ions in vivo can be bound in both the rat head and the working rat heart muscle. Our experiments at 21.1 T demonstrate a strong competition of potassium relative to sodium for the same binding place.   
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Fig.1 Time course of potassium TQTPPI MR signal in a normal rat head.  It takes approximately 3 ms to reach the maximum of the TQ signal, which  then slowly decays. 









