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SYNOPSIS: The objective of this study was to measure the absolute values of the GABA/GIn and Glu/GIn cycle fluxes. We have used *C NMR
spectroscopy together with infusion of labeled glucose and acetate to determine the metabolic flux under mild halothane and isoelectric pentobarbital
anesthesia. The GABA/GIn cycle was highly active accounting for 22% of total neurotransmitter cycling. |soelectricity eliminated neurotransmitter
cycling and resulted in a 6 and 9 fold reduction of glucose oxidation in both glutamatergic and GABAergic neurons, respectively indicating that in
both cell types the primary energetic costs are associated with activity.

INTRODUCTION: Glutamate (Glu) and y-aminobutaric acid (GABA) are the major excitatory and inhibitory neurotransmitters in the cortex.
Neuron-astrocyte substrate cycles exist between neuronal Glu and GABA, and glial glutamine (GlIn). Recently, we have shown that the Glu/GIn cycle
(Vyaeoiwain) flux and neuronal glucose oxidation (CMRggoxqn) Changed proportionately over the entire range of neuronal activity above
isoelectricity (1, 2). However, there is no such measurement for the GABA/GIn cycle. In the present study we quantified Glu/Gln and GABA/GIn
cycle fluxes under pentobarbital-induced isoelectricity and under halothane anesthesia. The objective of this study was to determine the relationship
between the GABA/GIn and Glu/GIn cycle fluxes and for this purpose we have used [2-°C]acetate infusion to allow the separate determination of
these fluxes. The steady state ratios of the neurotransmitter cycle fluxesto their respective TCA cycle fluxes was then used in fitting the time courses
of Glu C4, GIn C4 and GABA C2 labeling measured using [1,6-*C,] glucose.

MATERIALS AND METHODS: SD Rats were anesthetized with halothane, tracheotomized and ventilated (30% O,/67.5%N,0,1.5% halothane),
and afemoral artery and both veins were cannulated for blood gas assessment and labeled isotope infusions. Two groups of SD rats (160-190g, fasted
overnight) were studied: (A) Pentobarbital, 120 mg/kg, i.p. injected over 60min to induced an isoelectric EEG with supplementary doses of 20
mg/kg every 20min. These animals were infused with [1,6-**Cglucose and acetate for 30 mins. (B) Halothane (0.5-1%) anesthesia. In vivo
experiments were performed at 7Tesla (Bruker AVANCE spectrometer) using a surface coil over the rat’s head. First and second order shims were
adjusted using FASTMAP. After acquiring the baseline spectrum, infusion of [1,6-*C;]glucose and acetate began and *H-decoupled, *C NMR
spectra were acquired serially using a polarization transfer sequence from a localized volume of 10x3x12 mm?. In addition rats were also infused
with [1-**C]glucose and acetate on the bench for 7 mins and 20 mins (or [2-*C]acetate and glucose for 2 hours) and the GABA enrichment was
measured in extracts of the cortex prepared from the in situ-frozen brain. Amino acids were extracted from the frozen cortex and *3C enrichments of
of the different carbon positions were determined using POCE NMR spectroscopy at 11.7 Tesla (AM-500 Bruker Avance). The ratio
V yaleiwein/Vreaeiuyn Was calculated as follows: V gygeciucin/Vrcaeiy = GluyC4/(GInaC4 - GluyC4), where GluyC4 and GInaC4 are the fractional
enrichments at steady state in [2—13C]acetate and glucose infused animals. The value of V yugcasarcin/Vrcacasa)y Was calculated similarly. The in
vivo time courses of Glu C4 and GIn C4 and the ex vivo time courses of Glu C4, GIn C4 and GABA C2 were then fitted to a three compartment
model (glutamatergic neurons, GABAergic neurons, astroglia) to calculate

the metabolic fluxes. A B
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DISCUSSION: Under halothane anesthesia GABA/GIn cycling flux iy 1 (a) GABA/GIN and GIu/GIn cycle fiux with incressing activity, (B) Glucose

associated with GABAergic neurons accounted for 22% of total (GABA +  oxidation by GABAergic and Glutamateric neurons with increasing activity

glutamate) neurotransmitter cycling, indicating that this is a major pathway

of GABA neurotransmitter repletion. Suppression of neuronal activity during pentobarbital-induced isoelectricity eliminated both neurotransmitter
cycling fluxes, providing further evidence for the validity of the MR measurements. Glucose oxidation was suppressed ~6x and 9x in glutamatergic
and GABAergic neurons, respectively indicating that for both cell types even under halothane anesthesia the major energy cost is associated with
neuronal activity.
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