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Supplementary Table 1 Mass and isotope balance equations with various rates and pool size
for the cerebral cortex

Mass Balance Equations:

dGlcprain/dt = Vimax(in) GlColood! (Km(iny + GlChiood) — Vmax(out) GlCbrain /(Kmout) + GlChrain) + CMRgc

dLac/dt = dGlug/dt = dGlugasa/dt = dGlua/dt = dGABA/dt = dGIn/dt = dAspg/dt =
dASpGABA/dt = dASpA/dt = dLac/dt = dKGG|u/dt = dKGGABA/dt = dKGA/dt = dOAA(;m/dt =
dOAAGABA/dt = dOAAA/dt =0

Isotope Balance Equations:

d(Glcbrain,Cle)/dt = Vmax(in) (Glcblood,cm)/ (Km(in) + GICblood) - Vmax(out) (GICbrain,ClG)/(Kmout + GICbrain)
- CIVIRgIc (Glcbrain,016/G|Cbrain)

dLacca/dt = 2 CMRgic(GlCorain,c16/GlCbrain) + VdilLac) (0) - (Vpe + Vdilac) + Vpdn(a) + Vpdncasa)
+ Vpdh(GIu)) (LachlLaC)

dGlugiyca/dt = Veyeiuing (GInca/GIn) + Vigiuke-clyy (KGeiu,cal KGeiw) - (Veye@iu-ciny +
Vyacluelu-ka)) (Glugiy,ca/Glugiu)

dGluacs/dt = Veyeiuvcin) (Gluca/Gluey) + Vxake-clyy (KGaca/KGa) + Veyecasa-cin
(KGa,calKGa) - (Vgin + Vxacluka)) (Gluaca/Glua)

dGlIna/dt = Vi, (Gluaca/Glua) + Viiiein (0) - [Vefiiux + Veyeiu-oiny + Veyeeasa-cin] (GIn/GlIn)

dKGaca/dt = Vpana) (Laccs/Lac) + Viaeiuke) (Gluaca/Glua) + Viia (0) - (Vicaaney +
Viyakaely + Veyecaa-cin) (KGaca/KGa)

dKGaca/dt = Vyaeiuke) (Gluacs/Glua) + Vicaia) (OAAA c2o/ OAAR) - (Vicaaney + Vxakas-clu) +
VeyecaBa-ciny) (KGaca/KGa)

dGluacs/dt = Vyake-clyy (KGacs/KGa) + Veyeeiu-ciny (Glusiu,ca/Glugiy) + Veyecasa-giny
(KeacalKea) - (Vgin + Vxaeiu-ka) (Gluacs/Glua)

dGlIncs/dt = Vgiq (Gluaca/Glua) + Viiigin (0) - [Vetiux + Veyeaiu-ciny + Veyeeasa-cinl (GIncs/Gln)

dGIuGIu,C3/dt = chc(GIu-GIn) (GInCS/GIn) + VxGIu(KG-GIu) (KGGIu,C3/KGGIu) - (chc(GIu-GIn) +
VyaciuGlu-ka)) (Glugiu,ca/Glugiy)

dKGglu,ca/dt = ViaiuGiu-ke) (Glugiuca/Glugiy) + Vil (0) + Vpdneiwy (Laccs/Lac) - (Vxeluke-
alu) + Vica@iwy) (KGaiu,ca/ KGalu)

dKGglu,ca/dt = Viaiueiu-ke) (Glugiu,cs/Gluciy) + Vi) (OAAGIuc2/ OAAGI) - (Vxcluke-clu) +
Vtca(GIu)) (KGGIU,CS/KGGIU)



dAspeiu,cs/dt = Viciuoaa-asp) (OAAGIc2/ OAAGH) - Vxaiuasp-0aa) (ASPaiu,cs/ASPaiu)
dAspa ca/dt = Vyaoaa-asp) (OAAA 2/ OAAL) - Vyaasp-0an) (ASPa calAsSpa)

dOAAGco/dt = Viciuasp-oaa) (ASPeiuca/AsPei) + 0.5 Viaey (KGeiuca/KGg) + 0.5 Vi
(KGaiu,ca KGai) - [Vxciuoaa-asp + Vicaciu] (OAAG,co/ OAAGIU)

dOAAA co/dt = 0.5 Vicaanet (KGaca/ KGa) + 0.5 Vicaanet (KGacs/KGa) + Viaasp-oaa) (ASPacs/Aspa) +
0.5 V¢ (Laccs/Lac) + Veyeasa-cing (GABAC/GABA) - [Viaoaa-asp) + Vicaa] (OAA 2/ OAAL)

dGABAC,/dt = Vgag (Glugapa,ca/Glucasa) - (Vshunt + Veyecasa-cin) (GABAC/GABA)

dKGegagacaldt = Vpgneasa (Laccs/Lac) + Vicasaeiks) (Glugasacs/Glugasa) + Viicasa (0) -
[Vicacaganet T Vxcasake-ciu] (KGeaca/ KGeaga)

dGlugaeaca/dt = Veyecasaciny (GInca/GIn) + Viycasake-ciy) (KGeasa,ca/KGgaga) - (Vgad +
VycaBaGiu-ke)) (Glucasa,ca/Glucaga)

dKGgaga,ca/dt = Vicasagluke) (Glugasaca/Glugasa) + Vicacasa) (OAAGaBac3s/OAAGAsA) -
(VicacaBanet) + Vxcasake-ciu) (KGeasa,cs/ KGgaga)

dGABAC3/dt = Vgag (Glugapa,ca/Glucasa) - (Vshunt + Veye(casa-cin) (GABAC/GABA)

dGlugaga,ca/dt = Veygcasa-ciny (GINcs/GIn) + Vicasaxe-caea) (KGeasa ca/ KGgaga) - [Vgad + Vxeasa@Giu-
ka)] (Glugaga ca/Glucaga)

dAspcasa.ca/dt = Vycasaoaa-asp) (OAAcasa co/ OAAGAsA) - Vxcasaasp-0aa) (ASPeasa.ca/ ASPeasa)

dOAAGca/dt = Vieiasp-oaa)y (Aspeiucs/Aspeiy) + 0.5 Vieey (KGoiucs/KGe) +  0.5Vicaciy
(KGeiu,ca KGaly) - [Vxciuoaa-asp) + Vicaciy] (OAAG,cs/ OAAGI)

dOAAA,cgldt = chc(GABA—GIn) (GABAAc3/GABA) + VxA(Asp—OAA) (ASpA‘c:g/ASpA) +0.5 Vpc (LaccglLac) +
0.5 Vicaanet (KGa,cal KGa) + 0.5 Vicaanet (KGa ca/KGa) - [Vxaoaa-asp T Vicaa] (OAAA cs/OAAL)

dASpa co/dt = Vxaoaa-asp) (OAAA s/ OAAL) — Vaasp-oaa) (ASPa,co/ ASpa)
dAspaiu,c2/dt = Vyaiuoaa-asp) (OAAGI,ca/OAAGI) — Vxaluasp-0aa) (ASPaiu,c2/ ASPeiu)

dAspeasace/ldt = Vicasaoaaasp) — (OAAGasacs/OAAGasa) —  VxGABA(Asp-0AA)
(Aspcasa.c2/Aspcasa)

dOAAGaeac2 /dt = 0.5 Vicacasaney ((KGgapaca/KGeasa) + (KGgasaca/KGgaga)) + 0.5
Vshunt {(GABAC3/GABA) + (GABAC/GABA)} + Viycaaasp-oaa) (AsPcasa.ca/ASPcasa)

- (Vica@asa) + Vxcaeaoaa-asp) (OAAGgasac2/ OAAGAEA)



dOAAGasaca/dt = 0.5 Vicacasaney ((KGeasacs /KGeaga) + (KGgaga,ca/lKGgaga)) + 0.5
Vshunt {(GABAC/GABA) + (GABAC3/GABA)} + Vycasa(asp-0aa) (ASPeasa,c2/ASPeasa) -

(VicaeaBa) + Vxcasaoaa-asp) (OAAGasa ca/OAAGaBA)

Distribution of Glutamate and Aspartate in Different Compartments [4]:
Glutamatergic GABAEergic Astrocyte

Neurons Neurons
Glutamate  Cerebral Cortex  0.82 0.02 0.16
Hippocampus 0.86 0.02 0.12
Striatum 0.83 0.02 0.15
Aspartate Cerebral Cortex 0.42 0.42 0.16
Hippocampus 0.44 0.44 0.12
Striatum 0.425 0.425 0.15

Pool Concentrations:

Glcgrin (Concentration of brain glucose) = Kmpuy X2 / (Vimax(out) - X2) = 3.72 pmol/g
GlUtoa = 12.29 pmol/g (measured)

Glua (Concentration of Glu in Astrocytes) =1.9664 umol/g

Glusaga (Concentration of Glu in GABAergic neurons) = 0.2458 pumol/g [1,2]
Glug, (Concentration of Glu in Glutamatergic neurons) = 10.0778 umol/g
GABA = 2.57 umol/g (measured)

GIn = 5.84 ymol/giv(measured)

ASpProta = 2.11 pmol/g (measured)

Aspa (Concentration of Asp in astrocytes) = 0.3376 pmol/g

Aspcasa (Concentration of Asp in GABAergic neurons)= 0.8862 pumol/g
Aspgi, (Concentration of Asp in Glutamatergic neurons) = 0.8862 pmol/g
KGa (Concentration of a-KG in astrocytes) = 0.09 umol/g

KGgy (Concentration of a-KG in Glutamatergic neurons) = 0.1 pmol/g

KGgaga (Concentration of a-KG in GABAergic neurons) = 0.01 umol/g [3]



Lac = 1.5 umol/g

OAATq = 0.2 umol/g

OAAA (Concentration of OAA in astrocytes)= OAATotal-OAAN-OAAGA = 0.05 umol/g
OAAGaga (Concentration of OAA in GABAergic neurons) = 0.05 pmol/g [3]

OAAG, (Concentration of OAA in Glutamatergic neurons)= 0.1 umol/g [3]

Values of Rates:

Kmgn) (Michaelis—Menten half-saturation constant for blood-to-brain glucose transport) =
13.9mM [4]

Kmeuy (Michaelis—Menten half-saturation constant for brain-to-blood glucose transport) =
Kmginy X Vd = 10.7 umol/g [4]

Vmax(in) (Michaelis—Menten maximum uptake rate for blood-to-brain glucose transport) = 5.8
X CMRgic = 2.44 pmol/min/g [4]

Vmaxouy (Michaelis—Menten maximum uptake rate for brain-to-blood glucose transport) =
Vmax(in) = 2.44 pmol/min/g

Veyeeiu-cinVicaivy = 0.39 [5]

Veyecasa-ciny Vicacasa) = 0.43 [5]

V4 (space for brain water) = 0.77 ml/g [6]

Viicin (Rate of dilution of glutamine from blood) = 0.001 pumol/min/g (iterated)
Vetiux (Rate of glutamine efflux from brain) = V¢ + Vyiigin = 0.07 pmol/min/g

V. (Rate of pyruvate carboxylation) = 0.069 pmol/min/g (iterated)

Vicaaney) = 0.12 pmol/min/g (iterated)

Vicaa) (Astrocytic TCA cycle flux) = Vicaganet) + Vgin - Veye(aiu-ciny = 0.055 pmol/min/g

Viia (Rate of dilution of astrocytic pyruvate/lactate from blood) = 0.155 pmol/min/g
(iterated)

Vdneay (Rate of pyruvate dehydorgenase in astrocyctes) = Vicaa) - Vaila = 0.067 pmol/min/g
Vtca(GABANet) =0.225 umol/min/g (iterated)
Vshunt (Flux of GABA shunt) = 0.003 pumol/min/g (iterated)

Viacasa) (TCA cycle flux of GABAergic neurons) = Viacasane) + Vsunt = 0.228
pmol/min/g



Veyeeasaciny (GABA-GIn cycle flux) = {Veyccasa-cin/Viacasa} X Viacasa) = 0.098
pmol/min/g (calculated)

Viicasa) (Rate of dilution of GABAergic pyruvate/lactate from blood) = 0.014 pumol/min/g
(iterated)

Vdncaea) (Rate of pyruvate dehydorgenase in GABAergic neurons) = Vicacasa) - Vdil(GABA)
=0.214 pmol/min/g

Vgad (Rate of GABA synthesis) = Vshunt + Veye(easa-ciny = 0.102 pmol/min/g
Vicaivy (TCA cycle flux of Glutamatergic neurons) = 0.533 pmol/min/g (iterated)

Viieiyy (Rate of dilution of pyruvate/lactate in glutamatergic neurons from blood)= 0.040
pmol/min/g (iterated)

Vodneiuy (Rate of pyruvate dehydorgenase in Glutamatergic neurons) = Vicaeiy - VdiGly) =
0.493 pmol/min/g

CMRyic = (Vpdn@iuy + Vpdhcasa) + Vpdna) + Vi) / 2

chc(G|u_G|n) (GIU‘GIn CyC|e ﬂUX) = {chc(G|u-G|n)/Vtca(G|u)} X Vtca(G|u) = 0.208 umOlen/g
(calculated)

Vgin (rate of glutamine synthesis) = Veyc@ciu-ciny + Veyecasa-ciny + Ve
Vyaiu-ke) (Glu and a-KG exchange flux in astrocytes) = 1.00 pmol/min/g

Vyaasp-oaa) (Asp and OAA exchange flux in astrocytes) = Vyaoaa-asp) = Vxagluks) = 1.00
pmol/min/g

Vyake-cly (a-KG and Glu exchange flux in astrocytes) = Vyagiuke) + Vpc = 1.068
pmol/min/g

Vycaeaiui-ke) (Glu and a-KG exchange flux in GABAergic neurons) = 0.503 pmol/min/g

VycaBasp-0aa) (Asp and OAA exchange flux in GABAergic neurons) = VycaBA(OAA-Asp) =
VxGABA(GIu—KG) =0.50 umol/min/g

Vycasake-cluy (a-KG and Glu exchange flux in GABAergic neurons) = VycagaGlu-kc) + Vgad -
Veyecaa-giny = 0.503 pmol/min/g

Vyciueiuke) (Glu and a-KG exchange flux in glutamatergic neurons) = 1000 pmol/min/g
(iterated)

Vyciuoaa-asp) (OAA and Asp exchange flux in glutamatergic neurons) = Vigiuasp-oaa) =
Vieluke-6lu) = VxcluGlu-ke) = 1000 pmol/min/g

X]_ = Vmax(in) BIOOd(G|ucose)/(Km(in)+BIOOd(GhJcose)) = 1051 um0|/min/g

X2 = X1-CMRgc = 0.630 pmol/min/g

vi



Veye/ Vrea for Glutamatergic and GABAergic neuron in different brain region [4]:

Glutamatergic Neurons ~ GABAergic Neurons

Cerebral Cortex 0.39+0.04 0.43+0.02
Hippocampus 0.49+0.03 0.35+0.02
Striatum 0.24+0.03 0.43+0.02
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Supplementary Table 2 Concentration (umol/g) of neuro-metabolites in AICIs-treated mice

Bral_n Treatment Neurometabolites
Region Group
Glu GABA Gln Asp NAA m-1no Tau Cho
Cerebral Cortex NS (n=12) 12.1+0.3 2.6+0.1 5.8+0.4 2.1+0.1 7.4+0.8 6.4+0.1 11.9+0.3 1.8+0.1
AICl; (n=12) 12.3+0.3 2.7+0.1 6.2+0.3 2.2+0.2 8.0+0.2 6.7+0.3 12.2+0.4 1.9+0.1
Hippocampus NS (n=12) 9.9+0.3 3.6+0.1 4.6+0.2 1.620.1 6.4+0.6 6.3+ 0.2 9.7+0.2 1.7+0.1
AICl; (n=12) 10.5+0.2 3.8+0.3 5.0+0.2 1.9+0.1 7.2+0.2 7.5+0.3**  10.3+0.4 2.0+0.1
Striatum NS (n=12) 10.9+0.4 5.9+0.3 5.9+0.4 1.7+0.1 7.9+0.3 7.5+ 0.2 11.4+0.5 2.4+0.1
AICI; (n=12) 9.6+0.2* 6.3+0.3 6.0+0.3 1.840.1 7.1+0.3* 7.3+0.4 10.240.6 2.2+0.2

Concentration of metabolites was measured in non-edited *H-[**C]-NMR spectrum of tissue extracts using [2-*C]glycine as standard. Values are
represented as meanSEM. * p<0.01, ** p<0.001 when AICI; treated mice were compared with normal saline treated controls. NS, normal

saline.



Supplementary Figure 1 The level of mercury in AlICl; and RS treated mice. The mecrury
level was measured in cortical homogenate using inductively coupled plasma mass
spectrometry (ICP-MS.
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Supplementary Figure 2 The *H-[**C]-NMR spectra from mouse cerebral cortex showing
13¢C labeling of amino acids from [1,6-**C;]glucose. Mice were administered Rasa Sindoor (2
g/kg, intragrastric) for 30 days in AICI; treated mice (40 mg/kg, intragastric). Mice were
infused with [1,6-3C,]glucose for 10 min, and cortical metabolites were extracted using
ethanol extraction protocol. The *H-[**C]-NMR spectra of cortical extracts were recorded
using 600 MHz NMR spectrometer.
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