Data Supplement for Abdallah et al., Glutamate Metabolism in Major Depressive Disorder.
Am ] Psychiatry (doi: 10.1176/appi.ajp.2014.14010067)

TABLE S1. Equations Used in CWave Software to Calculate Metabolic Rates

Mass Balance Equations

dGlun/dt=Vcycle + Vpdnn + Vdiln = (Vican + Veyele) =0

dGlua/dt=Vcycle + Vpdna + Vdila = (Vgin + Vicaanet)=0

dGln/dt=Vgin = (Vcycle_aa + Veycle + Veffux) =0

dGlugapa/dt=Vcycle caBa + Vpdncasa + VailclugaBa — (Vgad + VicacaBanet)=0
dGABA/dt=Vgad - (Vshunt + Veycle_caa)=0

dTCANIntmdn/dt=0

dTCAIntmdgaba/dt=0

dTCAIntmda/dt=0

dLactate/dt=2 x CMRgl = (Vana + Vpdna + VpdhN + Vpdncasa)=0

dGlucose/dt=Vmax_cic.in (Plasma_Glucose) / (Km_cic.in + Plasma_Glucose) - [CMRg +
(Vmax_clcout) (Glucose) / (Km_gic_out + Glucose)]=0

Isotope Balance Equations

dGluN4/dt:chcle (Gll’l4/Gln) + Vpth (LaCtate3/LaCtate) + Vdi]N (O) - [VtCaN + VCYC]G]
(GluN4/GluN)

dGluas/dt=Veyce(Gluns/Glun) + Vpana (Lactates/Lactate) + Vgiia (NAo/NA) - [Vein + Vicaanet]
(GluA4/G1uA)

dGln4/dt=Vgln (GluA4/GluA) - [chcle_GABA + chcle + Vefﬂux] (Gln4/Gln)

dGlunz/dt=Vican (TCANIntmdnz/TCANIntmdn) + Veyele (Glnz/GIn) - [Vican + Veycle]
(Glunz/Glun)

dGln3/dt=Vgln (GIUA3/GIUA) - [chcle_GABA + chcle + Vefﬂux] (Glng/Gln)

dGluasz/dt=Vcycle (Gluns/Glun) + Vicaanerz (TCAIntmdaz/TCAIntmda) - [Vgin + Vicaanet]
(Gluasz/Glua)

dGlucapa4/dt=Vcycle caa (Glng/GIn) + Vpancasa (Lactates/Lactate) + VaigiugaBa (NAo/NA) -
[Vgad + VicagaBanet] (Glucasas/Glucaga)

dGlucapaz/dt=Vcycle caBa (Glnz/GIn) + Vicagapa (TCAIntmdgapaz/TCAIntmdgaba) — [Vgad +
VicaGaBanet] (Glucasaz/Glucaga)

dGABA2/dt=Vgad (Glucasas/Glucasa) — [Vshunt + Veyele aBa] (GABA2/GABA)

dGABA3/dt=Vgad (Glucapaz/Glucasa) — [Vshunt + Veycle_caBa] (GABA3/GABA)

dTCANIntmdnz/dt=1/2 Vican (Gluns/Glun) + 1/2 Viean (Glunz/Glun) + Vaiicz (NAo/NA) - [Vican
+ Vaiica] (TCANIntmdn2/TCANIntmdny)

dTCAIntmdgabaz/dt=1/2 VicacaBanet (Glucasas/Glucasa) + 1/2 VicacaBanet (Glucasas/Glucasa) +
1/2 Vihunt (GABA2/GABA) + 1/2 Vsnunt (GABA3/GABA) - Vicacasa
(TCAIntmdgabaZ/TCAlntmdgaba)
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dTCAIntmdaz/dt=1/2 Veycle caBa (GABA2/GABA) + 1/2 Veycle casa (GABA3/GABA) + 1/2
VicaaNet (GIUA4/GIUA) + 1/2 VicaANet (GIUA3/GIUA) + Vana (Lactate3/Lactate) ~VicaANet2
(TCAIntmdaz/TCAIntmda)

dLactates/dt=CMRg (Glucose1/Glucose) - [Vana + Vpdha + Vpdnn + Vpdheasa] (Lactates/Lactate)

dGlucose1/dt=Vmax cicin (Plasma_Glucose1) / (Km_cic.in + Plasma_Glucose) - [CMRg +
Vimax_clcout (Glucose) / (Km_gic_out + Glucose)] (Glucose1/Glucose)

Variables

Glutotais=Gluas + Gluns + Glucapas; Glurotaiz=Gluaz + Gluns + Glugasas; Glx3=Glns + Gluasz +
Glugagaz + Glunsz; CMRgi=(Vpdna + VpdnN + VpdhcaBa + Vana) / 2=cerebral metabolic rate of
glucose; Veycde=glutamate/glutamine neuron transmitter cycle, iterated; Vpann=neuronal
pyruvate dehydrogenase rate, iterated; Vican=Vpdann + Vain=neuronal TCA cycle rate;
Vshunt=GABA shunt rate, iterated; Vcyce_capa=rate of GABA/glutamine cycling; Vgad=Vshunt +
chcle_GABA=GABA SyntheSiS rate; Vana=anapler0tiC ﬂux; Vefﬂux=Vana:glutamine efﬂux,
balanced by Vana; Vgin=V¢ycle + Veycle_aBa + Verux=glutamine synthesis rate; Vpana=astrocytic
pyruvate dehydrogenase rate; Vicaa=Vpdna + Vaia=astrocytic TCA cycle rate; VpdancaBa=Vicacapa
- VailclugaBa=GABAergic pyruvate dehydrogenase rate; Vicaanet=Vicaa — Vgin + Veyae=astrocytic
TCA cycle rate from alpha-KG to succinate; Vicaanetz=Vtcaanet + Veycle_caBa + Vana=astrocytic
TCA cycle rate from succinate to oxaloacetate; Vicacapanet=GABAergic neuronal TCA cycle
rate from a-KG to succinate; VicacaBa=VtcaGaBanet + Vshunt=GABAergic TCA cycle rate;
FracGlua=fraction of total glutamate that resides in astroglial; FracGlugaga=fraction of total
glutamate that resides in GABAergic neuron; Km_gic in=Michaelis-Menten half-saturation
constant for blood-brain glucose transport; Km_cic.out=Vd X Km_cicin=Michaelis-Menten half
saturation constant for brain-blood glucose transport; Vq=distribution space of brain
water; Vaia=astrocytic dilution of acetyl CoA, iterated; Vaicz=neuronal dilution of glutamate
C3 relative to C4, iterated; VaiiclucaBa=GABAergic neuronal dilution of acetyl CoA, iterated;
Vain=glutamatergic neuronal silution of acetyl CoA, iterated; Vmax cic in=maximum rate of
blood-brain glucose transport; Vimax_Gic_out=Vmax_Glc in=maximum rate if brain-blood glucose
transport; GABA=total brain GABA concentration; Gln=total brain glutamine concentration;
Glu=total brain glutamate concentration; Glua=FracGlua x Gluteta=astrocytic glutamate
concentration; Glun=Glurotal — Glua — Glugapa=neuronal glutamate concentration;
Glucapa=FracGlugara x Glurorai=GABAergic glutamate concentration; TCAIntmda=astrocytic
TCA cycle intermediates; TCAIntmdgana=GABAergic neuronal TCA cycle intermediates;
TCANIntmdn=glutamatergic neuronal TCA cycle intermediates
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TABLE S2. Comparison of Occipital Metabolites

Depression Healthy Group
Group (N=17)
(N=23)
Metabolite Mean #* SD Mean * SD t df p
GABA (mmol/kg) 1.12£0.10 1.12+0.12 0.04 38 0.97
Glutamine (mmol/kg) 2.32+0.72 2.51+£0.70 0.54 38 0.41
Glutamate (mmol/kg) 7.42 +1.44 7.47 +1.57 0.36 38 0.92
FIGURE S1. Scatter of Occipital GABA Levels
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TABLE S3. Correlations (Spearman’s Correlation Coefficient) Between Clinical And
Spectroscopy Measures in the Depression Group

Number of
Episodes
HAM-D HAM-A BDI (Lifetime)
Vrcan 0.19 -0.37¢ 0.09 0.19
Veyele 0.15 0.10 0.29 -0.26
Vcap? 0.14 -0.17 0.07 -0.21
GABA 0.03 -0.14 -0.09 -0.10
Glutamine -0.03 -0.47 * -0.23 0.23
Glutamateb 0.39¢ 0.19 0.36 -0.59 *

aVgap was excluded for three participants with noise level higher than 0.05 pmol/g/min.

b One subject had poor spectral fitting for Glu and GIx.

Abbreviations: HAM-D: Hamilton Depression Rating Scale; HAM-A: Hamilton Anxiety Rating Scale; BDI: Beck
Depression Inventory.

*p<0.05. p<0.1

TABLE S4. Correlations Between Vrcan and Veycle

Healthy MDD
Vrcan Vrcan
Healthy chcle rs:O.44, N:17, p:0.08
Depression  Vycle rs=0.25, N=23, p=0.25
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