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Introduction— Cerebral tissue heterogeneity plays a fundamental role in physiological and pathological conditions. Previously, '*C Nuclear Magnetic Resonance
(NMR) approaches in rodents allowed the in vivo investigation of sufficiently large tissue regions (approaching the size of the whole brain) or the in vitro analysis of
extracts derived from abundant tissue biopsies (> 1g) (1, 2). These limitations precluded a detailed '*C NMR analysis of regional cerebral metabolism in smaller
regions. To overcome these limitations, and opening the way to investigate cerebral tissue heterogeneity within the microliter range, High Resolution Magic Angle
Spinning (HR-MAS) NMR approaches were suggested. Recently, by using HR-MAS NMR high quality "*C spectra from small tissue biopsies (ca. 10 mg) were
obtained. Here, we report for the first time to our knowledge, a *C HR MAS study of normal and diseased brain regions of rats bearing C6 gliomas implanted. The
expression of the genes involved in the glycolytic metabolism was investigated in brain biopsies from the same cerebral regions. The analysis of the expression of
glycolytic metabolism genes could provide complementary information to interpret the observed '*C HR-MAS alterations.

Materialsand Methods- C6 gliomas were induced Wistar rats (180-250 g) by stereotaxic injection of C6 cells in the left caudate
nucleus. Tumor growth was evaluated in vivo using T, and T, weighted MRI (Bruker Pharmascan 7 Tesla). Three weeks after
implantation, rats were anesthetized with isoflurane and infused with [1-3C) glucose (8 pumol/100g, 45 minutes). After the
infusion cerebral metabolism was arrested using a high-power focused microwaves (5 kW), the fixed brain removed from the skull
and five biopsies taken from different brain regions (Figure 1); 1: contralateral brain, 2: normal brain region limiting to the edema
limits of the tumour, 3: peripheral (vascularised) tumour zone, 4: tumour central (necrotic) zone and 5: ipsilateral normal
hemisphere. Biopsies were analyzed by 'H and '*C HR-MAS (4 KHz spinning, 4° C, 11.7 Tesla Bruker AVANCE500 WB
spectrometer). Before HR-MAS analysis, each sample (15-20 mg) was flushed with D,O to remove the residual blood and water
in order to improve water signal suppression. The sample was introduced in a HR-MAS zirconium rotor (4mm OD) fitted with a

50 pl cylindrical insert to increase sample homogeneity and then transferred into the MAS probe, previously cooled to 4
°C. The quantification of the tumor metabolites detectable in the ex Vivo spectra was performed using the software
program LCModel, a package for the automatic quantification 'H HR-MAS NMR spectra (Linear Combination of Model
Spectra, http://s-provencher.com/pages/lcmodel.shtml, (3)). 13C HR-MAS metabolites data were analyzed by Student’s
test. The expression of the glycolitic pathway genes was assayed using the individual probes for each gene
commercialized as TagMan® (Applied Biosystems, Foster City, CA, USA). Genes data were analyzed by ANOVA. The
level of significance was set at p<0.05.

Figure 1. T,-weighted spin-echo axial
MR images of rat brain after the
injection Gd(IIHDTPA. Regions
labeled 1 to 5 indicate the areas where
biopsies were taken.

Results- Figure 2 illustrates the different 'H HR-MAS spectra obtained. It is
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Discussion— Ex vivo *C HR-MAS spectroscopy is an analytical tool that allows for noninvasive detection of selectively enriched metabolites. In our study *C HR-

MAS reveals important metabolic heterogeneity changes in different regions of the brain of rats bearing C6 gliomas, previously not detectable by in vivo or in vitro *C

NMR. The glycolysis Genes studied in this work improved our understanding of the metabolic profile observed by '*C HR-MAS spectroscopy in different brain regions

of rats bearing C6 gliomas.
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