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Target Audience: Clinicians and investigators using hyperpolarized 13C for monitoring metabolism.  
Purpose:  Abnormal regulation of gluconeogenesis has been associated with disorders such as type 2 diabetes.  Various methods exist to monitor 
gluconeogenesis, but none that offer real-time analysis.1,2 Hyperpolarized carbon-13 NMR spectroscopy offers a method to observe metabolism in 
real-time, a capability that would open new applications in clinical research.  In the gluconeogenic pathway, dihydroxyacetone phosphate (DHAP) is 
a direct precursor, along with glyceraldehyde-3-phosphate, to hexose formation.  Alternatively, DHAP is the initial triose, following cleavage of 
fructose-1,6-bisphosphate, in the glycolytic pathway.  Direct observation of gluconeogenesis from the gluconeogenic substrates, pyruvate and 
lactate, by hyperpolarization methods has been unsuccessful.  We hypothesized that [2-13C]dihydroxyacetone would be readily metabolized to 
hexoses in the gluconeogenic state but not the glycogenolytic state. The degree of hexose formation from hyperpolarized [2-13C]DHA could provide 
insight into the regulation of gluconeogenesis in healthy versus abnormal conditions. 
Methods: Livers from female C57BL/6 mice (20-25g) were studied under a protocol approved by the local Animal Care Committee. Two groups 
were examined:  1) gluconeogenic, overnight fasted livers perfused for > 40 min with Krebs-Henseleit (KH) buffer containing pyruvate (2 mM) and 
octanoate (0.2 mM); 2) non-gluconeogenic, livers perfused for > 40 min with KH buffer containing octanoate (0.2 mM).  [2-13C]Dihydroxyacetone 
was hyperpolarized with an Oxford HyperSense DNP polarizer using the trityl radical.  Hyperpolarized [2-13C]DHA (23 mL, 4 mM) was injected over a 
period of 75 sec. 13C NMR spectra were collected with 30o pulses, gated 1H decoupling, TR=3 sec at 9.4 T. Effluent glucose was purified and 
converted to monoacetone glucose (MAG). The purified glucose was studied by conventional 1H decoupled 13C NMR at 14.1 T and the MAG was 
studied by conventional 2H NMR at 14.1 T. 

 
Results and Discussion: Figure 1A shows 13C spectra collected from isolated livers of mice after injection with HP [2-13C]DHA. Resonances from [2-
13C]pyruvate, [2-13C]phosphoenolpyruvate (PEP), [2/5-13C]glucose, 3-phospho-[2-13C]glycerate, [2-13C]glyceraldehyde-3-phosphate, [2-13C]glycerol, 
[2-13C]glycerol-3-phosphate, and [2-13C]lactate were easily detected. The gluconeogenic livers showed slight, but insignificant, increases in the 
hexose signals over the glycogenolytic livers (Figure 1B). Both conditions demonstrate that [2-13C]DHA is quickly converted to glucose. The most 
significant difference between the two conditions was the observed triose signals: pyruvate, PEP, glyceraldehyde-3-phosphate, glycerol, glycerol-3-
phosphate and Lac. With the exception of pyruvate, all trioses were significantly greater in the glycogenolytic condition versus the gluconeogenic 
condition. A ratio of total triose signal to total hexose signal had a more profound difference (Figure 1C). Carbon-13 spectra from purified effluent 
glucose (data not shown) show high enrichment in carbons 2 and 5, which can only be derived from [2-13C]dihydroxyacetone. 
Conclusions: Direct detection of gluconeogenesis by hyperpolarization methods has not been demonstrated previously. The observation of 
hyperpolarized glucose signals in this study shows gluconeogenesis can be directly observed with hyperpolarized [2-13C]dihydroxyacetone. 
Although, this study has yet to show significant differences in hexose signals between gluconeogenic and glycogenolytic livers, differences were 
observed in the triose signals. Timecourse data also suggest a delay in the formation of pyruvate from PEP, an unexpected result requiring further 
analysis.  This study does demonstrate for the first time the rapid and direct observation of glucose formation using hyperpolarization methods. 
 
References: 1) Jones et al. Am. J. Physiol. 2001; 281: E848. 2) Tayek et al. Am J. Physiol 1996; 270: E709.  
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Figure1. A) Representative 13C Spectra (sum of 35 scans) from gluconeogenic (top) and glycogenolytic (bottom) livers after injection 
with HP [2-13C]DHA. B) Fraction of 13C signal arising from total Hexose and total Trioses in each group. C) Ratio of Triose/Hexose in 
each state.
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