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Assumption Involved in the Estimation of Metabolic Rates

There are certain limitations that need to be considered while interpreting the findings of
the study. Firstly, levels of precursors should be stable during the entire period of
measurement. We have adopted an established infusion protocol, which raises the blood
substrate level within a couple of minutes. A similar protocol has been used in several
studies in rats and mice.!® These studies demonstrated that the levels and *3C
enrichments of precursors in the blood reach to maximum in 1 min (glucose) / 3 min
(acetate), and maintained to the same level throughout the study. Our previous studies
involving 13C acetate in mice and rats have indicated an increase in plasma acetate

enrichment to ~90% in less than 3 min after the start of infusion.*67

Secondly, the behavior of labeling kinetics of different amino acids was considered
linear during the study period (7-10 min). In vivo measurements of brain amino acids
labeling from glucose / acetate have demonstrated that glutamate-C4 labeling with time
could be approximated linear till 20 min.##-12 The labeling of other amino acids including
GABA at various carbon positions follows a linear relation with time for a longer period
(30 min). Therefore, the linear behavior of 13C labeling kinetics of amino acids till 7-10 min
is a valid assumption. In fact, this approach has been used in different studies for the

estimation of neurometabolic fluxes in rats and mice brains.”:11.13.14

Another assumption involved is the equal distribution of 13C label in glutamate-C2
and glutamate-C3 possibly due to complete scrambling of '3C label at the malate
complete thereby equal labeling of oxaloacetate-C2 (OAA-C2) and OAA-C3. The
metabolism of [1,6-13C2]glucose via glycolysis provides two molecules of pyruvate-C3,
which is metabolized mostly by pyruvate dehydrogenase (PDH) and TCA cycle to
incorporate the label into glutamate-C4 and glutamate-C2/C3. We could not measure the
labeling of glutamate/glutamine-C2 and aspartate-C2 due to overlap with other
metabolites in the NMR spectrum. However, metabolic modeling of the 3C turnover of
amino acids from glucose considers complete scrambling of the label at malate.>°1115 |t
is due to the symmetric nature of succinate (fumarate), which is a precursor for malate
(oxaloacetate). Additionally, a smaller fraction of pyruvate-C3 is metabolized by the
pyruvate carboxylase (PC) pathway to label oxaloacetate-C3 in the brain, thereby
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increase in the labeling of glutamate/glutamine-C2 over glutamate/glutamine-C3.
However, PC flux is reported to be very small in the rat cerebrum (~10% of the PDH
flux).®16 Therefore, the contribution of PC for glutamate/glutamine-C2 labeling is expected
to be small in 7 minute of the study. Additionally, the labeling of glutamate-C3 and
glutamate-C2 from [1,6-13Cz]glucose was reported to be similar till 100 min in the rat
cerebrum.®1” Hence, we have considered the labeling of glutamate-C2 to be the same as
glutamate-C3. It should be noted that glutamate-C3 labeling in our study is almost one-
fourth of glutamate-C4 (Table 3S). Therefore, slightly higher labeling of glutamate-C2
over glutamate-C3 will have a minimal impact on the metabolic rates, and will not affect

the conclusion of the study.

Lastly, a small amount of 13C label may be lost due to glutamine efflux, and CO2
by oxidation in the subsequent turns of the TCA cycle. Any loss in TCA cycle
intermediates due to oxidation and glutamine efflux is compensated with PC by de novo
synthesis of oxaloacetate in astrocytes.'® As described in the previous section, PC flux
being very small relative to PDH, any loss of label due to glutamine efflux will be small.
Moreover, the loss will occur in control and ICV-STZ treated mice. Hence, any
underestimation in metabolic rates will happen both in the control and STZ-treated mice,
therefore will not affect the conclusion of the study.
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Table 1S Concentration (umol/g) of brain metabolites in STZ-treated (3 mg/kg) mice

Brain Treatment  Glu GABA  GIn Asp NAA m-Ino Tau Cho p-Cho GPC Cre
Regions Groups

Cerebral Control 13.0+0.4 2.2+0.1 4.1+0.1 2.9+0.1 6.7+0.3 6.2+0.2 9.2+0.4 0.04+0.01 0.71+0.04 1.4+0.1 12.3+0.5
Cortex ICV-STZ 125+0.4* 2.1+0.1 3.9+0.2 2.9+0.1 6.3+0.2* 6.3x0.4 8.2+0.3** 0.05+0.01 0.67+0.04 1.3+0.1 11.4+0.3*

Hippo- Control 12.5+0.5 2.840.1 4.6+0.2 2.4+0.1 6.4+0.2 7.0+0.4 7.7+0.3 0.04+0.01 0.79+0.04 1.3+0.1 13.0+0.6
campus ICV-STZ 12.0+0.6 2.6+0.2 4.4+0.2 2.4+0.1 5.9+0.2** 7.4+0.6 7.2+0.1* 0.04+0.01 0.77+0.03 1.2+0.0 12.3+0.4*

The concentrations of metabolites were measured in the cortical and hippocampal tissue extracts from unedited *H-[*3C]-NMR
spectrum using [2-13C]glycine as reference. Values are presented as mean+SD. *p<0.05 and **p<0.01 when ICV-STZ-treated mice
were compared with controls. Abbreviations used are: Asp, aspartate; Cho, Choline; p-Cho, phosphocholine; GPC,
glycerophosphocholine; Cre, creatine; GABA, y-aminobutyric acid; Glu, glutamate; Gin, glutamine; m-Ino, myo-inositol; NAA, N-acetyl

aspartate; Tau, Taurine



Table 2S Concentration of 13C labeled amino acids from [2-'3C]acetate and CMRace(ox) in ICV-STZ (5 mg/kg) treated mice

Brain Treatment Amino Acids (umol/g) CMRAce(0x)
Regions Groups Glucs GABAcz  Glncs Aspcs Glucs GABAcs  (umol/ig/min)
Cerebral Control 0.44+0.03 0.06£0.01 0.46x0.03 0.05+0.01 0.15+0.02 0.02+0.01 0.14+0.01
Cortex ICV-STZ 0.44+0.03 0.06x0.01  0.46x0.03 0.05+x0.01 0.15+0.02 0.02+0.01 0.14+0.01
Hippocampus Control 0.46£0.02 0.07+£0.01 0.52+0.03 0.07+0.01  0.14+0.02 0.03+0.01  0.15+0.01
ICV-STZ 0.45+0.04 0.07£0.01 0.53x0.05 0.07+0.01  0.14+0.02 0.02+0.01  0.15+0.01

Mice were infused with [2-13C]acetate for 10 min followed by microwave fixation. The concentrations of *3C labeled amino acids were

measured in brain tissue extracts from 13C edited spectra using [2-13C]glycine as internal reference. CMRace(0x) Was calculated from

13C label trapped into different amino acids using Eqgn. 3. Values are presented as mean+SD.



Table 3S Concentration (umol/g) of *3C labeled amino acids from [1,6-13C2]glucose in ICV-STZ-treated (3 mg/kg) mice

Brain Regions Treatment Groups GlUC4 GABACZ GlnC4 ASpC3 GlUC3 GABAC4
Cerebral Cortex Control 2.66+£0.17 0.32+0.02 0.44+0.04 0.29+0.02 0.52+0.06 0.08+0.02
ICV-STZ 2.49+0.09* 0.29+0.01** 0.39+0.04* 0.28+0.02 0.45+0.05* 0.07+0.02
Hippo- Control 2.16+0.15 0.35+0.02 0.37+0.04 0.26+0.02 0.45%0.05 0.10+0.01
campus ICV-STZ 1.97+0.09* 0.31+0.02** 0.32+0.04 0.24+0.01 0.41+0.04 0.08+0.01

Mice were infused with [1,6-13C2]glucose for 2 min, and brain metabolism was arrested at 7 min using focussed beam microwave

irradiation. The concentrations of 13C labeled amino acids were measured in tissue extracts in 13C edited spectra using [2-*3C]glycine

as reference. Values are presented as mean+SD. **p<0.01 when ICV-STZ mice compared with control.
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Representative 'H-[**C]-NMR spectra of cortical extracts depicting total and 3C
labeled metabolites from [2-'3Clacetate. Mice were infused with sodium [2-
13Clacetate, and brain metabolism was arrested at 10 min using focussed beam
microwave irradiation. Metabolites were extracted from brain tissue, and *H-[*3C]-NMR
spectra were recorded at 600 MHz NMR spectrometer. Abbreviation used are: Alacs,
alanine-C3; Aspcs, aspartate-C3; Cre, creatine; GABAc2, y-aminobutyric acid-C2;
GABACc3, y-aminobutyric acid-C3; GABAc4, y-aminobutyric acid-C4; Glucs, glutamate-
C3; Glucs, glutamate-C4; Glincs, glutamine-C4; Laccs, Lactate-C3; NAA, N-acetyl

aspartate.



