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Figure S1. Body weight growth curve of the mice in 10 mg/kg/d TCS exposure group 

and vehicle control group. The body weights were recorded weekly and shown as 

mean  SEM (n = 7 per group).
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Figure S2. PLS-DA score plots of the nontargeted metabolomics data: (A) features 

extracted from data collected in positive ionization mode (R2X = 0.409, R2Y = 1, Q2 = 

0.907); (B) features extracted from data collected in negative ionization mode (R2X = 

0.69, R2Y = 0.998, Q2 = 0.914).
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Table S1. Differential metabolites defined from nontargeted metabolomics analysis

Metabolites FC P Adduct ion
Detected 

m/z
Theoreti

c m/z
Adenosine 0.34 0.039 [M+H]+ 268.1008 268.1040

Glycerophosphocholine 0.38 0.006 [M+H]+ 258.1139 258.1101
1,2-dipalmitoyl-sn-glycero-3-PC 0.39 0.037 [M+H]+ 734.5587 734.5694

L-Dopa 0.45 0.023 [M-H]- 196.0623 196.0615
L-Glutamate 0.53 0.028 [M+H-H2O]+ 130.0490 130.0504

L-Proline 0.57 0.004 [M+H]+ 116.0691 116.0706
Citric acid 1.39 0.001 [M-H-H2O]- 173.0061 173.0086
Citrulline 1.42 0.049 [M-H]- 156.0762 156.0773

PS (16:0/20:0) 1.42 0.030 [M-H]- 790.5512 790.5603
NAD+ 1.42 0.030 [M-H]- 662.0958 662.1018

N-Acetylneuraminic Acid 1.42 0.009 [M-H]- 308.0980 308.0987
Hypoxanthine 1.44 0.003   [M+Cl]- 171.0059 171.0079

Norepinephrine (noradrenaline) 1.47 0.015 [M+H-H2O]+ 152.0698 152.0712
N-Acetylaspartylglutamic acid 1.52 0.001 [M-H2O-H]- 285.0704 285.0723

Guanine 1.61 0.031 [M+H]+ 152.0565 152.0567
cis-9-palmitoleic acid 1.73 0.018 [M-H]- 253.2137 253.2173

Oleamide 1.79 0.007 [M+H]+ 282.2825 282.2791
N-Acetyl-alpha-D-glucosamine 

1-phosphate
1.99 0.006 [M-H2O-H]- 282.0392 282.0379

PC (24:1(15Z)/P-16:0) 1.99 0.004 [M+H-H2O]+ 810.6663 810.6741
D-fructose 1,6-bisphosphate 2.12 0.000 [M-H]- 338.9860 338.9888

D-Glucose 6-phosphate 2.18 0.037 [M+H]+ 261.0355 261.0370
L-Phenylalanine 2.24 0.017 [M+H]+ 166.0850 166.0863

Uridine 2.36 0.021 [M+Cl]- 279.0334 279.0389
Niacin (Nicotinic acid) 2.84 0.008 [M+H]+ 124.0381 124.0393

Uridine diphosphate (UDP) 4.30 0.003 [M-H2O-H]- 384.9817 384.9838
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Table S2. Metabolites quantified by the targeted method. Metabolites labeled in bold 

front were differential metabolites.

Metabolites FC P

Adenosine 0.39 0.002
Glycerophosphocholine 0.43 0.011

Serotonin 0.46 0.002
Methylmalonic acid 0.46 0.037

Succinate 0.47 0.039
Adenosine diphosphate ribose 0.52 0.010

AMP (Adenosine monophosphate) 0.54 0.009
Glutamate 0.54 0.047

3'-AMP (3'-Adenosine monophosphate) 0.55 0.008
L-Dopa 0.55 0.047
Proline 0.63 0.012

GSSG (Oxidized glutathione) 0.64 0.024
Butyrylcarnitine 0.65 0.040

UMP (Uridine 5'-monophosphate) 0.69 0.040
Inosine-5-monophosphate 0.70 0.033

Tryptophan 0.71 0.001
Acetylcarnitine 0.74 0.004

Nicotinamide ribotide 0.81 0.044
Oxalic acid 0.82 0.050

Malonylcarnitine 1.20 0.033
O-acetyl-L-serine 1.22 0.016
Dimethylglycine 1.23 0.001

Cysteineglutathione disulfide 1.23 0.044
L-Phenylalanine 1.25 0.003

Uracil 1.25 0.005
SAH (S-Adenosyl-L-homocysteine) 1.29 0.002

Hypoxanthine 1.30 0.003
Citrulline 1.32 0.046
Thiamine 1.32 0.050

Aconitic acid 1.33 0.038
Xanthine 1.34 0.036

Palmitoleic acid 1.36 0.009
Linoleic acid 1.36 0.019

Oleic acid 1.43 0.014
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Citrate 1.43 0.038
Fructose-6-phosphate 1.48 0.037

Glucose 1.49 0.015
NAD+ 1.50 0.016

Guanosine 1.50 0.020
Guanine 1.51 0.013

Gamma-Glutamyl-L-glutamic acid 1.59 0.000
ATP (Adenosine triphosphate） 1.62 0.023

Kynurenic acid 1.97 0.031
Uridine 2.16 0.041

Uridine diphosphate (UDP) 2.30 0.004
C24 (Tetracosanoic acid) 4.62 0.000

Orotidine 0.86 0.041
Lysine 1.13 0.034
Inosine 1.14 0.012
Leucine 1.17 0.013

Asparagine 1.17 0.032
Glycine 1.19 0.022

Urea 1.19 0.045
Aspartic acid 1.17 0.053

Symmetric Dimethylarginine 1.20 0.056
Biotin 0.85 0.059

Tetradecanoylcarnitine 1.23 0.059
Asymmetric Dimethylarginine 1.19 0.063

Glycylglycine 1.31 0.066
Prolylglutamic acid 1.66 0.067

Stearoylcarnitine 1.17 0.068
Pantothenic acid 1.12 0.070

Palmitoylcarnitine 1.21 0.071
Arginine 1.13 0.075

Arginyl-Alanine 1.21 0.077
Phosphocholine 1.12 0.077

Cystine 1.80 0.079
Xysole 1.18 0.081

Prolylglycine 1.29 0.089
3-hydroxybutyrylcarnitine 1.57 0.093
Glucosamine-1-phosphate 1.11 0.098

Sulfoacetic acid 1.22 0.099
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Xanthosine 1.21 0.101
2-Isopropylmalic acid 1.14 0.104

Choline 1.12 0.105
Glyceraldehyde 3-phosphate 1.25 0.108

Succinoadenosine 1.15 0.112
CMP (Cytidine monophosphate) 1.15 0.114

Lactate 1.11 0.116
N-Acetyl-L-glutamine 1.36 0.121
2-O-methyl PAF C-16 1.10 0.122

Cytidine 5 -diphosphocholine 1.16 0.123
Valine 1.09 0.126

Pipecolic acid 1.18 0.135
N1-Acetylspermidine 0.92 0.135

Mannitol 1.21 0.137
Methionine 1.15 0.143

Cytidine diphosphate choline 1.17 0.147
Methionine sulfoxide 1.13 0.149
N-acetyl-glutamine 1.22 0.150

Pyruvate 0.74 0.157
Cortisol 1.22 0.188

Decanoic acid 0.84 0.192
Myristic acid 0.80 0.199
Oxaloacetate 1.27 0.211

Fructose 1.28 0.212
Glycerol 3-phosphate 0.81 0.212

Cholesterol 0.88 0.214
1-Methyl-Histidine 0.88 0.225
Arachidonic acid 1.09 0.228

Histidine 1.07 0.229
Serine 1.08 0.229

Cysteic acid 1.33 0.229
NADP+ 0.66 0.237

Dodecanoylcarnitine 1.15 0.248
ADP (Adenosine diphosphoric acid) 0.83 0.260

GDP (Guanosine diphosphate) 1.17 0.269
UDP-glucuronate 1.20 0.269
3-Phosphoserine 1.08 0.273

Capric acid 0.87 0.274
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Thymine 1.11 0.283
Myo-Inositol 1.07 0.286

Glucose-1-phosphate 0.87 0.286
Alanylglycine 1.07 0.286

Eicosapentaenoic acid 0.91 0.288
Hexanoylcarnitine 0.82 0.290

Threonine 0.96 0.293
Stearic acid 0.85 0.301

Tyrosine 1.10 0.305
S-Adenosyl-methionine 1.14 0.309

Arachidic acid 0.75 0.315
C19 (Nonadecanoic acid) 0.76 0.318

Testosterone sulfate 1.07 0.326
N-acetyl-ornithine 1.09 0.327

N-Acetyl-alpha-D-glucosamine 1 1.12 0.332
Cystathionine 1.09 0.336

C13 (Tridecylic acid) 0.76 0.338
XMP (Xanthylic acid) 0.87 0.340

Betaine aldehyde 1.36 0.341
C22 (Behenic acid) 0.87 0.346
1-Methylhistamine 1.09 0.348

Adipic acid 1.04 0.351
Glutamine 1.06 0.353
Creatinine 1.10 0.354

UDP-N-acetyl-glucosamine 0.90 0.390
N-Acetyl-L-methionine 0.94 0.399
Palmitoleic acid-ROOH 1.08 0.405

Hypotaurine 1.09 0.407
Taurine 1.05 0.409

FAD (Flavin adenine dinucleotide) 1.27 0.418
GSH (Glutathione-SH) 1.21 0.422

Linolenic acid 0.94 0.423
Allantoin 1.07 0.424

Phosphoenolpyruvate 0.81 0.424
Adenylosuccinate 0.87 0.428

Glucosamine 6-phosphate 0.88 0.429
Propionylcarnitine 1.21 0.430

C15 (Pentadecylic acid) 1.21 0.446
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Putrescine 1.14 0.451
Glyceric acid 1.19 0.452

9-Oxo-10(E),12(E)-octadecade-1 1.22 0.469
Palmitic acid 0.90 0.474

Pyroglutamic acid 1.04 0.492
Dephospho-CoA 0.81 0.500

Carnitine 1.08 0.506
N-acetyl-glucosamine 1.06 0.509

Melatonin 0.90 0.509
UDP-D-glucose 1.10 0.512

Nicotinamide 1.03 0.513
Guanosine monophosphate 0.92 0.524

Arachidonic acid-2 1.05 0.525
Glucoheptonic acid 1.11 0.532

Alanine 1.03 0.551
GMP (Guanosine monophosphate) 1.07 0.560

Ribose 5-phosphate 1.09 0.560
Docosahexaenoic acid-2 1.07 0.573

Dopamine 1.08 0.581
Homocysteic acid 1.15 0.587

Cortisone 1.07 0.592
N2-Acetyl-L-aminoadipate 1.05 0.601

C12 (Lauric acid) 1.09 0.611
Anthranilic acid 1.05 0.616

Cyclic AMP 1.05 0.627
1-Methylnicotinamide 0.92 0.641
Guanidineacetic acid 1.04 0.642

Docosahexaenoic acid 0.93 0.646
Deoxyinosine 1.03 0.650

Ornithine 0.94 0.653
2-Aminoadipic acid 1.06 0.658

Creatine 0.97 0.662
Nε-Acetyl-L-lysine 1.04 0.663

IDP (Inosine diphosphate) 0.93 0.663
Quinolinic acid 0.88 0.664

N6-Methyladenosine 1.04 0.668
Urate 0.94 0.681

Orotate 0.94 0.714
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2-Hydroxygluterate 0.96 0.721
Gamma-Glu-gln 1.04 0.734

Riboflavin 1.05 0.735
Glyceraldehyde 0.97 0.738

Betaine 1.03 0.741
N-Acetyl-glutamate 1.04 0.750
N-Methylhistamine 1.02 0.754

Thymidine 1.02 0.773
Fumarate 0.97 0.781

N-Acetylalanine 1.05 0.785
Hydroxyproline 0.98 0.785

3-Phosphoglyceric acid 0.97 0.814
Adenine 0.98 0.817
Cytidine 1.07 0.823

N-Acetyl-L-aspartic acid 1.01 0.835
CDP-choline 1.04 0.837

1-Methylguanosine 1.03 0.850
N2, N2-Dimethylguanosine 0.99 0.860
O-Phosphorylethanolamine 1.01 0.888

Histamine 1.01 0.906
C11 (Undecylic acid) 0.97 0.906
Glucose-6-phosphate 0.98 0.922

Alpha-Ketoglutaric acid 1.01 0.935
GDP-D-mannose 0.99 0.954
Decanoylcarnitine 0.99 0.955

Spermidine 1.01 0.964
N(6), N(6)-Dimethyl-L-lysine 1.00 0.996
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Table S3. Results of integrated pathway analysis with significantly altered 
hypothalamic proteins and metabolites in TCS treated mice. Pathways with q values 
less than 0.1 were listed.

Matched features
Pathways

Proteins Metabolites
q-valuea Impact

Central carbon 

metabolism 

L-lactate dehydrogenase A b

ATP-dependent 6-phosphofructokinase 

D-glucose 

D-glucose 6-phosphate 

Citrate 

Succinate 

D-fructose 6-phosphate 

D-fructose 

-1,6-bisphosphate  

L-Phenylalanine 

L-Tryptophan 

L-Proline 

4.67E-08 0.027

HIF-1 signaling 

pathway

L-lactate dehydrogenase A 

Calcium/calmodulin-dependent protein kinase type II subunit alpha 

Calcium/calmodulin-dependent protein kinase type II subunit beta 

ATP-dependent 6-phosphofructokinase 

Glyceraldehyde-3-phosphate dehydrogenase 

Alpha-enolase 

Gamma-enolase 

D-glucose 

ATP 
6.11E-06 0.17

Glycolysis/ 

Gluconeogenesis

Aldehyde dehydrogenase 

L-lactate dehydrogenase A  

Alpha-enolase 

Gamma-enolase 

Glyceraldehyde-3-phosphate dehydrogenase 

ATP-dependent 6-phosphofructokinase 

Glucose-6-phosphate isomerase 

D-glucose  7.77E-06 0.98

Glucagon signaling 

pathway

ATP-dependent 6-phosphofructokinase  

Calcium/calmodulin-dependent protein kinase type II subunit alpha  

Calcium/calmodulin-dependent protein kinase type II subunit beta  

L-lactate dehydrogenase A 

D-glucose 

Citrate 

Succinate 

D-fructose 6-phosphate  

D-fructose 

-1,6-bisphosphate 

9.89E-05 0.036

Purine metabolism

AMP 

Adenosine 

IMP 

Hypoxanthine 

Xanthine 

Guanine 

Guanosine 

ATP 

0.00020 0.36
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3'-AMP 

ADP-D-ribose 

Oxalate 

Parkinson disease

NADH dehydrogenase [ubiquinone] 1 alpha subcomplex subunit 10  

NADH dehydrogenase [ubiquinone] iron-sulfur protein 3  

Cytochrome b-c1 complex subunit Rieske  

Voltage-dependent anion-selective channel protein 3 

ATP 

AMP 

L-dopa 

Adenosine 

0.0046 0.030

Propanoate 

metabolism

4-aminobutyrate aminotransferase 

L-lactate dehydrogenase A 

Trifunctional enzyme subunit alpha  

Acetyl-CoA acetyltransferase 

Methyl malonate  

Succinate 
0.0070 0.36

Taste transduction

D-glucose 

AMP 

ATP 

Serotonin  

Norepinephrine 

IMP 

Citrate 

0.0071 0.20

Citrate cycle (TCA 

cycle)

Fumarate hydratase 

Citrate synthase  

cis-Aconitate 

Succinate 

Citrate 

0.0098 0.70

Glyoxylate and 

dicarboxylate 

metabolism

Citrate synthase 

Acetyl-CoA acetyltransferase 

Citrate 

Oxalate 

cis-Aconitate 

Succinate 

0.015 0.20

Oxidative 

phosphorylation

NADH dehydrogenase [ubiquinone] 1 alpha subcomplex subunit 10  

NADH dehydrogenase [ubiquinone] iron-sulfur protein 3  

Cytochrome b-c1 complex subunit Rieske  

V-type proton ATPase subunit B, brain isoform  

NAD+ 

ATP 

Succinate 

0.027 0.0073

Pyruvate 

metabolism

L-lactate dehydrogenase A   

Aldehyde dehydrogenase  

Acetyl-CoA acetyltransferase  

Fumarate hydratase 

Succinate  0.038 0.57

cAMP signaling 

pathway

Calcium/calmodulin-dependent protein kinase type II subunit alpha 

Calcium/calmodulin-dependent protein kinase type II subunit beta  

Serine/threonine-protein phosphatase PP1-alpha catalytic subunit 

Serotonin 

Adenosine 

AMP 

Norepinephrine 

Succinate 

0.088 0.090

Tryptophan 

metabolism

Acetyl-CoA acetyltransferase  

Trifunctional enzyme subunit alpha  

Aldehyde dehydrogenase  

Kynurenic acid 

L-Tryptophan 

Serotonin 

0.095 0.20

a q-value: adjusted P values by Benjamini−Hochberg method.

b Arrows indicates protein or metabolite down (↓) or up-regulation (↑).


