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Analysis of the Cerebral Metabolic Shifts Caused by MDPV 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 
       Chronic use of illicit and psychostimulant 3,4-Methylenedioxypyrovalerone (MDPV) can cause severe and adverse effects including extreme aggression, psychosis and violence. Additionally, use of MDPV blocks of reuptake of dopamine neurotransmitters, cerebral connectivity, and cerebral metabolism. Here we present a multi-parametric approach toward cerebral metabolomics as a detector of metabolic dysfunction due to administration of bath salts. Addition of dissolution dynamic nuclear polarization (dDNP) into Magnetic Resonance Imaging and Spectroscopy (MRSI) studies of an acute MDPV model is important for investigating complex reactions at the molecular level. We hypothesize that dDNP can be used to observe this dysfunction in real-time for MDPV administration. 
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Metabolite Control Acute MDPV p-value



Lactate 0.25 ± 0.13 0.30 ± 0.019 0.0051



Alanine 0.056 ± 0.0028 0.061 ± 0.0029 NS



Bicarbonate 0.045 ± 0.0078 0.039 ± 0.0040 NS



Pyruvate 0.62 ± 0.011 0.57 ± 0.014 0.035
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Adult male Long Evans rats (250-450 grams) obtained from Charles River Laboratories (Wilmington, MA, USA) were housed in pairs in a temperature and humidity-controlled vivarium (12 h light-dark cycle with lights off at 1900 h) with food and water available ad libitum. For all experiments, subjects were administered a single intraperitoneal (i.p.) injection of Methylenedioxypyrovalerone (MDPV) dissolved in sterile isotonic saline solution at a dose of 3 mg ml-1 kg-1 while under anesthesia 60 minutes prior. Controls followed the same time course of anesthesia and received sterile saline solution i.p. at a dose of 1 ml kg-1.  60 minutes after injection of MDPV, ~1.5 mL hyperpolarized [1-13C] pyruvate was delivered iv in a 11.1 T MRI system (Bruker AV3HD). The time for dissolution and injection was ~9 s. We used a volume 1H RF coil (470 MHz) and a homebuilt surface 13C RF coil (118 MHz) placed directly over the region of the rodent brain. A small tip angle (~20o) tip angle pulse train was applied for 200 sec. (Figure 1). 
Results and Discussion


MDPV is a potent stimulant that has significant psychological, physiological, and metabolic effects through its blockade of dopamine, serotonin, and norepinephrine. We show here that these effects should also include increased lactate production, although whether this action is direct or indirect in currently unknown. Through investigation of global and local reward region metabolomics we can conclude that acute MDPV administration causes a shift in lactate utilization during the psychoactive period. 
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Figure 1. Increased cerebral lactate production by dissolution DNP. A) Average representative 13C spectrum with HP metabolites assigned at 11.1 T. B) Fitted areas for prefrontal cortex regions normalized as a percentage of total carbon signal. C) Representative in vivo time evolution curves for observation of 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 of pyruvate to lactate calculated from time evolution curves. n=7 for control, n=7 for MPDV.









