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Analysis of the Cerebral Metabolic Shift Caused by Cocaine Administration
Downes, D., Lama, B., Collins, J. (UF, Biochemistry and Molecular Biology); Febo, M. (UF, Psychiatry) and Long, J.R. (UF, Biochemistry and Molecular Biology).
Introduction 

Integration of dissolution dynamic nuclear polarization (dDNP) into Magnetic Resonance Imaging and Spectroscopy (MRSI) studies of an acute addiction model is important for investigating complex reactions at the molecular level. dDNP is a technique that offers unparalleled carbon spectral sensitivity (>10,000 fold improvement in signal) to in vivo studies of metabolic processes. Acute cocaine administration and cocaine withdrawal has been shown to abate normal cerebral glucose metabolism. Our hypothesis is that dDNP can be used to observe this dysfunction in real-time for acute cocaine administration. Divergence from normal pyruvate metabolism in chronic addiction can be quantified by decreased lactate production in the brain and provides insight into mitochondrial function as an indicator of addiction associated cerebral damage. Combined with steady state metabolic pool analyses using a variety of well-established NMR techniques, including High-Resolution Magic Angle Spinning (HR-MAS), solution state NMR on extracted tissue samples, in vivo 1H single voxel spectroscopy, and in vivo 31P single voxel spectroscopy, a complete picture of drug-induced changes in metabolism emerges.
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Metabolite Control Acute Cocaine p- value
Lactate 0.306 ± 0.046 0.225 ± 0.022 0.0047
Alanine 0.050 ± 0.017 0.051 ± 0.010 NS



Bicarbonate 0.042 ± 0.016 0.298 ± 0.005 NS
Pyruvate 0.577 ± 0.021 0.646 ± 0.009 0.0087
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0.306 ±0.046 0.225 ±0.022 0.0047

Alanine

0.050 ±0.017 0.051 ±0.010 NS

Bicarbonate

0.042 ±0.016 0.298 ±0.005 NS

Pyruvate

0.577 ±0.021 0.646 ±0.009 0.0087
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Experimental 

Male Long Evans rats were given either a single dose of cocaine (10mg/kg/cc) i.p (n=7) or no drug (control, n=7) 13 minutes prior to injection of ~1.5 mL hyperpolarized [1-13C] pyruvate. We used a Varian volume 1H RF coil (200 MHz) and a homebuilt surface 13C RF coil (50 MHz) placed directly over the region of the rodent brain. A small tip angle angle pulse train was applied for 200 sec. Metabolite to pyruvate integral values were calculated with Mnova and MATLAB software (Figure 1). 
Results and Discussion


This study demonstrates, for the first time, in vivo observation of a hyperpolarized glycolytic intermediate as an indirect marker of cocaine’s effect on brain metabolism. This technique has been shown to be a robust means of calculating metabolic product pool distribution and enzyme specific kinetic values by overcoming previous signal to noise constraints. Although these data outline a preliminary method by which cerebral metabolism can be observed, additional hyperpolarized isotopomer analysis are needed to fully understand the cerebral metabolic shifts associated with drug challenge.  In conclusion, cocaine administration causes a decrease in the metabolic flux of the conversion of pyruvate to lactate observable in real time.
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Figure 1. (A) Average brain spectra from all rodent groups administered with acute cocaine or control. (B) Metabolite/total carbon ratios for each metabolically active product of pyruvate. Significant changes in metabolic production were observed only in lactate metabolic product. (C) In vivo time evolution curves for hyperpolarized [1-13C] pyruvate and [1-13C] lactate. An EMG algorithm was used to fit the influx pulse and subsequent relaxation of each peak. (D) k values for conversion from pyruvate to lactate calculated from time evolution curves. 












