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Study of the Effect of Oxygenation Levels in Samples on 13C Hyperpolarization for Dissolution Dynamic Nuclear Polarization
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Introduction 

 Dissolution dynamic nuclear polarization (DNP) is a technique used to hyperpolarize low abundance nuclear spins, such as 13C, by transferring electron spin polarization to local nuclear spins at low-temperatures by the application of microwave radiation, after which rapid dissolution by a hot solvent makes the hyperpolarized sample usable for injection into samples or organisms for NMR or MRI measurements. The signal enhancements obtained for these low abundance nuclei make it possible to study biochemical phenomena in vivo in real time. 

A significant challenge, however, has been in extending the range of biologically compatible solutions in which an efficient polarizing radical and metabolic precursor can be frozen as a homogeneous mixture, required for efficient hyperpolarization, whilst avoiding common glassing agents which are dominantly toxic. One solution proposed is to forgo glassing agents, instead drastically increasing the cooling rate.1 Freezing of radical and metabolite solutions without glassing agents in isopentane produces samples which can be polarized by DNP to give signal enhancements equal to what is observed when using glassing agents, whilst additionally reducing the build-up time for the enhanced 13C steady state polarization. A hypothesized mechanism for the shortened build-up is an increase in spin concentration for faster spin diffusion and an increase in sample oxygenation from freezing in isopentane compared with liquid N2, which causes a decrease in the electron T1e relaxation. This is consistent with the thermal mixing model of DNP at low temperatures where the build-up should scale with T1e.2
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To better understand these mechanisms a series of relaxation measurements under different conditions of sample oxygenation and freezing are proposed at 3.35 T using the HiPER high-power pulsed electron paramagnetic resonance (EPR) spectrometer.
Experimental 

The EPR pulsed relaxation spectra were recorded using the high-power, 1 kW, 94 GHz pulse spectrometer HiPER at the EMR facility of the NHMFL in Tallahassee. The large sample volume, ~90 μL, and cold loading capability at this field allows for the study of samples in large dimensions consistent with the DNP experiments. Samples were prepared by dissolving 3 M 1-13C sodium acetate and 50 mM 4-oxo-TEMPO in D2O with or without ethanol-D6 and frozen in liquid N2 or isopentane, loaded frozen at 80 K, and measured at 5 K.
Results and Discussion

Initial experiments have shown that there is a dependence of T1e on the freezing agent used (Fig.1), along with the presence or absence of a glassing agent. These changes of T1e correlate with the build-up time of the 13C polarization as measured by dissolution DNP experiments. Further experiments will investigate the role of oxygen present in the freezing agent and aim to disentangle the contributions to the observed DNP enhancements.
Conclusions

 Efficiently preparing metabolic precursors for dissolution DNP experiments without glassing agents provides significant improvements for in vivo studies of metabolism. An improved understanding of the mechanisms which lead to the shortened build-up and be utilized in improving the preparations and possibly further improvements of the signal enhancement and build-up time.
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Fig.1 T1e-1 rates for 3 M sodium acetate + 50 mM TEMPO with/without glassing agent and different freezing agent.















