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Due to its specificity and use of non-destructive 

radiofrequency waves, nuclear magnetic resonance 

(NMR) is a widely-used analytical and structural 

elucidation technique in chemistry, biology and 

materials science. However, in spite of its numerous 

applications, in vitro or in vivo NMR spectroscopy 

(MRS) and imaging (MRI), especially of nuclei with 

low gyromagnetic ratio γ such as 13C, suffer from 

inherently low signal sensitivity due to the relatively 

weak magnetic moments of the nuclear spins. The 

nuclear polarization P, a parameter related to the 

strength of the NMR or MRI signal, is only on the 

order of a few parts per million (ppm) at ambient 

conditions as dictated by Boltzmann statistics.1 

An elegant solution to this sensitivity problem is 

“hyperpolarization” via dissolution dynamic nuclear polarization (DNP). DNP is a physics technique that creates 

a non-Boltzmann nuclear spin 

distribution by transferring the high 

electron thermal polarization to the 

nuclear spins via microwave 

irradiation at high magnetic field 

and low temperature. The frozen 

sample typically consists of stable-

isotope enriched biomolecules 

dissolved in a glassing matrix and 

doped with trace amounts of free 

radicals. A dissolution device is 

used to rapidly dissolve the frozen 

sample inside the DNP machine (see 

Fig. 1) and consequently produces 

an injectable “hyperpolarized” liquid at physiologically-tolerable temperature.1 As depicted in Fig. 2, this means 

that the NMR and MRI signals of reporter molecules (MRS/MRI molecular probes that can detect pH, metabolism, 

and other important biological activities) are enhanced by at least 10,000-fold.3  

In this talk, I will delve into the discussion of the physics, instrumentation and engineering aspects, 

optimization methods, and biomedical applications of the DNP technology. This cutting-edge physics technology 

is currently revolutionizing cancer diagnostics by providing biochemical and metabolic information at the 

molecular level with superb sensitivity and excellent specificity. This research is supported in part by the U.S. 

Department of Defense grant no. W81XWH-14-1-0048 and the Welch Foundation grant no. AT-1877. 
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Figure 1: A schematic and photo of the homebuilt dynamic 

nuclear polarizer built by the PI that can enhance the 13C NMR 

and MRI signals by >10,000-fold.2  

Figure 2: Left: Photo a 10-mm NMR tube containing 100 million SfXL 

glioblastoma cancer cells in 1 mL cell suspension prior to NMR measurement. 

Right: real-time 13C NMR metabolic assessment of SfXL cells after 

administration of hyperpolarized 13C-pyruvate in living cancer cells.  


