Identification of Altered Blood Metabolic Pathways in Equines Following Ethyl Pyruvate Administration Using Non-Targeted Metabolomics

Abbreviations

ACN: Acetonitrile
ALP: Alkaline phosphatase
ALT: Alanine transaminase
ARE: Antioxidant responsive element
AST: Aspartate aminotransferase
BUN: Blood urea nitrogen
CBC: Complete blood cell count
CCL4: Carbon tetrachloride
DEPC: Diethyl pyro carbonate
DNA: Deoxyribonucleic acid
DW: Deionized water
EDTA: Ethylene diamine tetra-acetic acid
EP: Ethyl pyruvate
FA: Formic acid
FC: Fold change
FFAs: Free fatty acids
FoxP3: forkhead box P3
Fos: Fos proto-oncogene, AP-1 transcription factor subunit
GAPDH: Glyceraldehyde 3-phosphate dehydrogenase
GGT: Gamma-glutamyl transferase
GNPS: Global Natural Product Social Molecular Networking
HMDB: Human Metabolome Database
HDL: High-density lipoproteins
HO-1: Heme oxygenase 1
HMGB1: High mobility group box
HPLC: High-performance liquid chromatography
HSPA6: Heat shock protein family A (Hsp70) member 6
IL-6: Interleukin 6
IL-10: Interleukin 10
iNOS: Inducible nitric oxide synthase
ISTD: Internal standard
LC-MS: Liquid chromatography-mass spectrometry
LDL: Low-density lipoproteins
LIPEA: Lipid Pathway Enrichment Analysis platform
LysoPA: Lysophosphatidic acid
LysoPC: Lysophosphatidylcholines
LysoPE: Lysophosphatidylethanolamine
MAPK: Mitogen-activated protein kinase
mRNA: Messenger ribonucleic acid
m/z: Mass-to-charge ratio
MGF: Mascot Generic Format
NF-κB: Nuclear factor kappa-light-chain-enhancer of activated B cells
NOS: Nitric oxide synthase
Nrf2: Nuclear factor erythroid 2-related factor 2
OPLS-DA: Orthogonal Partial Least Squares Discriminant Analysis
PBMCs: Peripheral blood mononuclear cells
PBS: Phosphate-buffered saline
PC: Phosphotidylcholine
PCA: Principal Component Analysis
Post-admin: Post-administration
Pre-admin: Pre-administration
QC: Quality control
qPCR: Quantitative polymerase chain reaction
RNA: Ribonucleic acid
ROS: Reactive oxygen species
SOD-1: Superoxide dismutase type 1
SST: Serum separator tube
TCA: Tricarboxylic acid
TC: Total cholesterol
TG: Triglycerides
TNF-α: Tumor necrosis factor-alpha
UHPLC: Ultra high-performance liquid chromatography
VIP: Variable projected importance
VLDL: Very low-density lipoproteins
WBC: White blood cell

Methods

LC-MS analysis
[bookmark: _Hlk154140950][bookmark: _Hlk154140929][bookmark: _Hlk154140990][bookmark: _Hlk154140996]The collected blood was subjected to centrifugation at 3000 rpm to separate the plasma layer. The plasma sample (100 μL) was subjected to deproteinization using 300 μL of acetonitrile (ACN) containing 100 ng/mL phenacetin (internal standard, ISTD). The sample was vigorously vortex-mixed and then centrifuged at 13,200 rpm for 5 min. The resulting supernatant was transferred to LC vials and a 2 μL aliquot was injected into the ultra-high-performance liquid chromatography (UHPLC)-Q-Exactive analysis system. To validate the consistency and accuracy of data across experiments, the quality control (QC) sample was prepared by pooling an equal mixture of all specimens and processed alongside the samples. Chromatographic separation of the metabolites was performed on a Thermo UHPLC system equipped with a Phenomenex LunaOmega column (1.6 μm, 2.1 × 100 mm; Phenomenex, Aschaffenburg, Germany). The mobile phases consisted of 5 mM ammonium formate (pH 3.0) in DW (solvent A) and 0.1% formic acid (FA) in ACN (solvent B). The solvent gradient was composed as follows: The B solvent was held at 10% for the initial 5 min, followed by a linear increase to 100% B solvent from the 5th to the 23rd min. At 23.1 min, the B solvent was reverted to 10% and maintained up to the 25th min for equilibrating the systems. The sample injection volume was 2 μL, and the ﬂow rate was set to 0.25 mL/min. The column temperature was maintained at 40°C. During the period of analysis, all these samples were stored at 4°C. Mass spectrometric data were acquired using a Thermo Q-Exactive HF-X mass spectrometer equipped with an electrospray ionization source operating in the positive ion mode. The optimized conditions were as follows: Heater temperature at 425°C, capillary temperature at 320°C, sheath gas flow rate at 50 arb, Aux gas flow rate at 10 arb, and ionization voltage at 3.5 kV in the positive mode, respectively. The normalized collision energy was set with 20, 50, and 70 V for MS/MS, respectively. Loop count TopN was set with 25. The full mass resolution was set at 60,000, and the MS/MS resolution at 15,000. Data acquisition utilized the data-dependent acquisition mode, scanning across a mass range of 100–1500 Da. 

qPCR analysis of immune cell mRNA expression
To evaluate the impact of EP on messenger ribonucleic acid (mRNA) expression in immune cells, peripheral blood mononuclear cells (PBMCs) were isolated from the blood sample. Blood collected using ethylene diamine tetra acetic acid (EDTA) vacuum tubes containing anticoagulant was diluted in phosphate-buffered saline (PBS) at a 1:1 ratio and layered onto Lymphoprep density gradient medium (STEMCELL Technologies Inc, Vancouver, Canada) at a 2:1 ratio. Subsequent density gradient centrifugation (800g, 20 min, room temperature, without break) resulted in the separation of plasma, PBMCs, medium, erythrocytes, and granulocytes into four layers, from which PBMCs were isolated. Isolated PMBCs were diluted in TRIzol reagent (Invitrogen, Waltham, MA, USA) and stored at -80℃. To extract the total ribonucleic acid (RNA) from PBMCs, samples stored in the TRIzol reagent were thawed on ice and vortexed with chloroform (Biosesang, Seongnam, Republic of Korea). The mixture was incubated for 3 min at room temperature and subjected to centrifugation (10,000g, 20 min, 4 ℃). The upper supernatant was transferred to a tube containing isopropanol (Biosesang, Seongnam, Republic of Korea), gently inverted, and incubated for 10 min at room temperature. After centrifugation (10,000g, 10 minutes, 4 ℃), 1 ml of 75% diethyl pyrocarbonate-ethanol (DEPC-EtOH) was added to the total RNA pellet, followed by centrifugation (7,500g, 5 minutes, 4 ℃), and the supernatant was then removed and dried. The extracted RNA was diluted in diethyl polycarbonate (DEPC) water, and its concentration and purity were determined using a NanoDrop ND-1000 Spectrophotometer (Thermo Scientific, Waltham, MA, USA) for cDNA synthesis. The cDNA was synthesized according to the manufacturer’s instructions using the AccuPower® RT PreMix (Bioneer, Daejeon, Republic of Korea). Gene expression was measured using the QuantStudio1 Real-Time PCR System (Applied Biosystems, Waltham, CA, USA). The program proceeded with a hold stage (50 °C for 2 min, 95 °C for 15 min), PCR stage (95 °C for 20 s and 60 °C for 40 s; 40 cycles) followed by a melt curve stage (60 °C for 1 min, 95 °C for 1 s). The results were analyzed using the ΔΔCt method. The primers used for gene amplification were as follows: glyceraldehyde 3-phosphate dehydrogenase (GAPDH) (F: CGACCACTTTGTCAAGCTCA, R: CTGAGGGCCTTTCTCCTTCT), Interleukin-6 (IL-6) (F:CACCACTGGTCTTTCGGAGT, R: TCAGGGGTGGTTACTTCTGG), Interleukin-10 (IL-10) (F: CAAGCCTTGTCGGAGATGAT, R: CTCACTCGGAGGGTCTTCAG), Heat shock protein family A (Hsp70) member 6 (HSPA6) (F: CGTGAGGCTGAGCAGTACAA, R: CCAGTTCCCTCTTCTGATGC), Heme oxygenase-1 (HO-1) (F: GGGTGATCGAAGAGGTCAAA, R: GCCACCAGAAAGCTGAGTGT), Superoxide dismutase 1 (SOD1) (F: GATTCCACGTCCACGAGTTT, R: AGTCACATTGCCCAGGTCTC), Fos proto-oncogene, AP-1 transcription factor subunit (Fos) (F: GGAATTAACCTGGTGCTGGA, R: TGGTCATTGCTAATCAGAACACA).




Table S1. Accurate mass data for the molecular ions and major fragment ions for the putative metabolites. 
	No
	Identification
	Chemical
Formula
	Adduct
	tR
(min)
	Theoretical
Mass (m/z)
	Measured
Mass (m/z)
	Error
(ppm)
	MS2

	1
	(14S)-14,15-Dihydroxy-8(17),13(16)-labdadien-19-oic acid
	C20H32O4
	M-H4O2+H
	14.8
	301.2162
	301.2164
	0.6 
	105.071, 109.102, 117.07, 119.086

	2
	12,13-EpOME
	C18H32O3
	M-H2O+H
	18.7
	279.2319
	279.2322
	1.2 
	109.102, 137.096, 219.057, 262.224

	3
	2,4,7,9-Tetramethyl-5-decyne-4,7-diol
	C14H26O2
	M-2H2O+H
	17.2
	191.1794
	191.1797
	1.4 
	105.07, 107.086, 109.102, 119.086

	4
	2,6-Di-tert-butyl-4-hydroxymethylphenol
	C15H24O2
	M-H2O+H
	23.2
	219.1743
	219.1746
	1.2 
	121.101, 133.101, 203.143, 219.174

	5
	3-(2-Hydroxyphenyl)propanoic acid
	C9H10O3
	M-H2O+H
	23.5
	149.0597
	149.0599
	1.3 
	103.055, 107.05, 121.029, 121.065

	6
	3-hydroxydodecanoyl carnitine
	C19H37NO5
	M+H
	11.7
	360.2744
	360.2749
	1.2 
	161.133, 197.154, 279.196

	7
	6-Keto-decanoylcarnitine
	C17H31NO5
	M+H
	11.1
	330.2275
	330.2279
	1.2 
	125.06, 209.118, 249.149, 267.159

	8
	Acetyl tributyl citrate
	C20H34O8
	M+H
	21.1
	403.2326
	403.2323
	-0.9 
	111.008, 112.012, 129.019, 130.022

	9
	Androsterone
	C19H30O2
	M-H2O+H
	14.2
	273.2213
	273.2218
	1.9 
	133.101, 273.221

	10
	Bilirubin
	C33H36N4O6
	M+H
	24
	585.2708
	585.2709
	0.2 
	225.102, 227.119, 286.132, 299.14

	11
	Biliverdin
	C33H34N4O6
	M+H
	16.2
	583.2551
	583.256
	1.5 
	145.076, 167.073, 168.081, 182.097

	12
	Butyrylcarnitine
	C11H21NO4
	M+H
	1.1
	232.1543
	232.1548
	2.0 
	110.06, 144.102, 173.081, 232.155

	13
	CE(22:5(7Z,10Z,13Z,16Z,19Z))
	C23H48NO7P
	M+H
	17.6
	482.3241
	482.325
	1.8 
	104.107, 125, 184.074, 464.314

	14
	Celastrol
	C29H38O4
	M+H
	17.4
	451.2843
	451.2851
	1.8 
	105.07, 107.086, 135.081, 147.117

	15
	Cholic acid
	C24H40O5
	M-H4O2+H
	15.3
	373.2737
	373.2744
	1.8 
	105.07, 107.086, 119.086, 121.102

	16
	cis-Aconitic acid
	C6H6O6
	M-H2O+H
	21.1
	157.0131
	157.0132
	0.3 
	111.008, 129.019, 139.003, 142.078

	17
	Corey PG-lactone diol
	C15H24O4
	M+H
	13.6
	269.1747
	269.1751
	1.4 
	233.153, 251.164

	18
	Cortisol
	C21H30O5
	M+H
	12.5
	363.2166
	363.2166
	0.0 
	105.07, 121.065, 145.101, 309.186

	19
	Dehydroabietic acid
	C20H28O2
	M+H
	14.1
	301.2162
	301.2165
	1.0 
	105.071, 107.086, 109.102, 117.07

	20
	Histidine
	C6H9N3O2
	M+H
	0.8
	156.0768
	156.077
	1.6 
	109.515, 110, 110.072, 110.14

	21
	Dibutyl phthalate
	C16H22O4
	M+H
	19.9
	279.1591
	279.1593
	0.8 
	121.029, 121.039, 149.024, 201.047

	22
	Dihomo-gamma-linolenoylethanolamide
	C22H39NO2
	M+H
	23.1
	350.3054
	350.3055
	0.4 
	105.07, 107.086, 109.102, 119.086

	23
	Dihydrophaseic acid
	C15H22O5
	M+H3N+H
	12
	300.1805
	300.181
	1.5 
	101.06, 109.065, 119.086, 121.065

	24
	Dioctyl phthalate
	C24H38O4
	M+H
	24.9
	391.2843
	391.2846
	0.8 
	121.029, 121.04, 149.024, 167.034

	25
	Phenylalanine
	C9H11NO2
	M+H
	1.4
	166.0863
	166.0867
	2.7 
	102.047, 103.055, 107.05, 118.066

	26
	Tryptophan
	C11H12N2O2
	M+H
	2
	205.0972
	205.0976
	2.2 
	115.055, 117.058, 117.07, 118.065

	27
	Enterolactone
	C18H18O4
	M-H2O+H
	11.1
	281.1172
	281.1174
	0.6 
	105.07, 107.049, 133.065, 149.06

	28
	Epidihydrophaseic acid
	C15H22O5
	M+H3N+H
	12.4
	300.1805
	300.181
	1.5 
	109.065, 183.102, 205.123, 247.134

	29
	Ethiin
	C5H11NO3S
	M-H2O+H
	1
	148.0427
	148.0429
	1.5 
	102.001, 102.018, 102.037, 120.012

	30
	Grandiflorolic acid
	C20H30O3
	M+H
	18.9
	319.2268
	319.227
	0.7 
	109.101, 255.21, 319.226

	31
	Hexaethylene glycol
	C12H26O7
	M+H
	2.7
	283.1751
	283.1756
	1.7 
	133.086, 177.112, 283.176

	32
	Hippuric acid
	C9H9NO3
	M+H
	3.8
	180.0655
	180.0659
	2.1 
	105.034, 110.061, 120.081, 121.065

	33
	Histidylphenylalanine
	C15H18N4O3
	M+H
	1.3
	303.1452
	303.1456
	1.4 
	110.072, 156.077, 257.138, 285.135

	34
	Homo-L-arginine
	C7H16N4O2
	M+H
	0.8
	189.1346
	189.1349
	1.6 
	116.071, 126.103, 130.087, 144.113

	35
	Hydrocinnamic acid
	C9H10O2
	M+H
	20
	151.0754
	151.0755
	1.0 
	103.055, 105.07, 109.065, 109.102

	36
	Hypoxanthine
	C5H4N4O
	M+H
	1
	137.0458
	137.0459
	0.8 
	110.035, 119.036, 137.046, 137.081

	37
	Indigo Carmine
	C16H10N2O2
	M+H
	15.8
	263.0815
	263.0819
	1.5 
	132.045, 206.084, 219.092, 234.079

	38
	Indolelactic acid
	C11H11NO3
	M-H2O+H
	2
	188.0706
	188.071
	2.1 
	103.055, 115.055, 116.05, 116.062

	39
	Isopimaric acid
	C20H30O2
	M+H
	16.1
	303.2319
	303.2322
	1.1 
	105.07, 107.086, 109.065, 119.086

	40
	Isovalerylcarnitine
	C12H23NO4
	M+H
	3.5
	246.17
	246.1704
	1.7 
	183.102, 187.097, 246.17

	41
	Kynurenine
	C10H12N2O3
	M+H
	1.5
	209.0921
	209.0926
	2.5 
	118.065, 120.045, 132.044, 136.076

	42
	L-Arginine
	C6H14N4O2
	M+H
	0.8
	175.119
	175.1192
	1.4 
	112.087, 113.071, 114.103, 115.087

	43
	Leukotriene B4
	C20H32O4
	M+H3N+H
	16.8
	354.2639
	354.2641
	0.6 
	119.086, 175.148

	44
	Linoleoyl ethanolamide
	C20H37NO2
	M+H
	20.4
	324.2897
	324.2899
	0.6 
	289.253, 307.263, 324.29

	45
	L-Tyrosine
	C9H11NO3
	M+H
	1
	182.0812
	182.0815
	1.8 
	103.055, 107.05, 109.065, 118.066

	46
	LysoPA(18:1(9Z)/0:0)
	C21H41O7P
	M-H2O+H
	18.8
	419.2557
	419.2563
	1.4 
	109.102, 155.011, 265.252

	47
	LysoPC(0:0/16:0)
	C24H50NO7P
	M+H
	18.1
	496.3398
	496.3405
	1.5 
	104.107, 125, 184.074, 478.33

	48
	LysoPC(0:0/18:0)
	C26H54NO7P
	M+H
	19.8
	524.3711
	524.3718
	1.4 
	104.107, 125, 184.074, 506.361

	49
	LysoPC(0:0/18:1(9Z))
	C26H52NO7P
	M+H
	18.9
	522.3554
	522.3562
	1.5 
	104.107, 125, 166.063, 184.074

	50
	LysoPC(18:0/0:0)
	C26H54NO7P
	M+Na
	20.1
	546.353
	546.3535
	0.9 
	104.107, 146.982, 341.306, 487.28

	51
	LysoPC(18:3(9Z,12Z,15Z)/0:0)
	C26H48NO7P
	M+H
	17.1
	518.3241
	518.3249
	1.5 
	104.107, 105.111, 125, 184.074

	52
	LysoPC(20:0/0:0)
	C28H58NO7P
	M+H
	22
	552.4024
	552.403
	1.1 
	104.107, 125, 184.074, 327.078

	53
	LysoPC(20:4(8Z,11Z,14Z,17Z)/0:0)
	C28H50NO7P
	M+H
	18.9
	544.3398
	544.3378
	-3.6 
	104.107, 485.265, 544.339

	54
	LysoPC(20:5(5Z,8Z,11Z,14Z,17Z)/0:0)
	C28H48NO7P
	M+H
	17.9
	542.3241
	542.3222
	-3.5 
	104.107, 483.249, 542.323

	55
	LysoPC(22:5(7Z,10Z,13Z,16Z,19Z)/0:0)
	C30H52NO7P
	M+H
	18.3
	570.3554
	570.3561
	1.2 
	104.108, 125, 184.074, 570.357

	56
	LysoPC(P-18:1(9Z)/0:0)
	C26H52NO6P
	M+H
	20.1
	506.3605
	506.3608
	0.6 
	125, 137, 163.016, 184.074

	57
	LysoPE(18:2(9Z,12Z)/0:0)
	C23H44NO7P
	M+H
	17.8
	478.2928
	478.2936
	1.6 
	306.28, 337.274, 460.281, 478.291

	58
	LysoPS(18:0/0:0)
	C24H48NO9P
	M+H
	18.7
	526.3139
	526.3151
	2.2 
	106.05, 155.011, 341.306, 421.271

	59
	Glutamine
	C5H10N2O3
	M+H
	1.1
	147.0764
	147.0767
	1.9 
	105.954, 119.069, 119.086, 123.965

	60
	Melilotin
	C9H8O2
	M+H
	24.6
	149.0597
	149.0598
	0.6 
	103.055, 107.05, 121.029, 121.065

	61
	N-(pentadecanoyl)-sphing-4-enine-1-phosphocholine
	C38H77N2O6P
	M+H
	22.8
	689.5592
	689.5601
	1.3 
	125, 184.074

	62
	N-Hydroxy-1-aminonaphthalene
	C10H9NO
	M+H
	1.3
	160.0757
	160.0761
	2.6 
	105.071, 115.055, 116.05, 117.058

	63
	N-Linoleoyl GABA
	C22H39NO3
	M+H
	21.8
	366.3003
	366.3004
	0.4 
	125.024, 125.096, 130.159, 153.091

	64
	Paullinic acid
	C20H38O2
	M-H4O2+H
	23.6
	275.2733
	275.2735
	0.6 
	107.086, 109.102, 121.102, 135.117

	65
	PC(14:1(9Z)/18:1(11Z))
	C40H76NO8P
	M+H
	21.1
	730.5381
	730.5392
	1.5 
	125, 184.074, 730.547

	66
	PC(15:0/18:1(11Z))
	C41H80NO8P
	M+H
	22.7
	746.5694
	746.5694
	0.0 
	104.107, 125, 184.074, 185.077

	67
	PC(16:0/14:0)
	C38H76NO8P
	M+H
	23
	706.5381
	706.5388
	0.9 
	125, 184.074, 706.542

	68
	PC(16:0/14:1(9Z))
	C38H74NO8P
	M+H
	17.7
	704.5225
	704.5167
	-8.2 
	125, 145.122, 159.138, 184.074

	69
	PC(16:0/20:4(5Z,8Z,11Z,14Z))
	C44H80NO8P
	M+H
	22.9
	782.5694
	782.569
	-0.6 
	125, 184.074, 723.486, 782.572

	70
	PC(16:0/20:5(5Z,8Z,11Z,14Z,17Z))
	C44H78NO8P
	M+H
	23.3
	780.5538
	780.5541
	0.4 
	104.107, 109.102, 125, 146.982

	71
	PC(16:1(9Z)/18:2(9Z,12Z))
	C42H78NO8P
	M+H
	22.8
	756.5538
	756.555
	1.6 
	104.107, 125, 184.074, 756.556

	72
	PC(17:0/0:0)
	C25H52NO7P
	M+H
	19.3
	510.3554
	510.3563
	1.7 
	104.107, 125, 184.074, 492.346

	73
	PC(18:0/22:5)
	C48H86NO8P
	M+H
	23
	836.6164
	836.6172
	1.0 
	104.107, 125, 184.074, 836.62

	74
	PC(18:1(11Z)/14:1(9Z))
	C40H76NO8P
	M+H
	21.3
	730.5381
	730.5391
	1.3 
	125, 184.074, 730.533, 730.549

	75
	PC(18:1(11Z)/20:1(11Z))
	C46H88NO8P
	M+H
	23.2
	814.632
	814.6318
	-0.3 
	104.107, 125, 184.074, 185.077

	76
	PC(18:1(11Z)/20:4(5Z,8Z,11Z,14Z))
	C46H82NO8P
	M+H
	22.9
	808.5851
	808.5841
	-1.2 
	104.107, 125, 146.982, 184.074

	77
	PC(18:1(11Z)/22:6(4Z,7Z,10Z,13Z,16Z,19Z))
	C48H82NO8P
	M+H
	23
	832.5851
	832.5848
	-0.3 
	125, 184.074, 649.517, 773.509

	78
	PC(18:2(9Z,12Z)/18:3(6Z,9Z,12Z))
	C44H78NO8P
	M+H
	23.5
	780.5538
	780.554
	0.3 
	104.107, 125, 183.917, 184.074

	79
	PC(18:2(9Z,12Z)/20:1(11Z))
	C46H86NO8P
	M+H
	22.8
	812.6164
	812.6164
	0.0 
	125, 184.074, 185.077, 812.619

	80
	PC(18:2(9Z,12Z)/20:2(11Z,14Z))
	C46H84NO8P
	M+H
	22.9
	810.6007
	810.6003
	-0.5 
	125, 184.074, 185.076, 751.515

	81
	PC(18:3(6Z,9Z,12Z)/16:0)
	C42H78NO8P
	M+Na
	22.3
	778.5357
	778.537
	1.6 
	146.982, 184.074, 595.471, 719.464

	82
	PC(18:3(9Z,12Z,15Z)/19:0)
	C45H84NO8P
	M+H
	23
	798.6007
	798.601
	0.3 
	125, 184.074, 798.61

	83
	PC(38:6)
	C46H80NO8P
	M+H
	21.9
	806.5694
	806.5696
	0.2 
	104.107, 125, 146.982, 184.074

	84
	PC(40:5)
	C48H86NO8P
	M+H
	23.2
	836.6164
	836.6174
	1.2 
	104.107, 125, 184.074, 836.62

	85
	PC(O-36:4)
	C44H82NO7P
	M+H
	23
	768.5902
	768.5907
	0.7 
	125, 184.074, 709.507, 768.587

	86
	PC(P-16:0/16:1(9Z))
	C40H78NO7P
	M+H
	23
	716.5589
	716.5595
	0.9 
	104.107, 125, 184.074, 575.503

	87
	LysoPE(18:0/0:0)
	C23H48NO7P
	M+H
	19.9
	482.3241
	482.3248
	1.4 
	227.201, 310.311, 341.306, 464.312

	88
	PE(18:0/18:3(6Z,9Z,12Z))
	C41H76NO8P
	M+H
	23.5
	742.5381
	742.5387
	0.8 
	125, 184.074, 601.52, 742.568

	89
	PE(18:1(11Z)/18:1(11Z))
	C41H78NO8P
	M+H
	22.9
	744.5538
	744.5546
	1.1 
	125, 184.074, 603.535, 744.578

	90
	Phenylalanylleucine
	C15H22N2O3
	M+H
	9
	279.1703
	279.1707
	1.4 
	103.055, 120.081, 219.057, 279.093

	91
	Phthalic anhydride
	C8H4O3
	M+H
	24.9
	149.0233
	149.0235
	1.2 
	107.05, 111.045, 121.029, 121.04

	92
	Platelet-activating factor
	C26H54NO7P
	M+Na
	19.8
	546.353
	546.3536
	1.1 
	146.982, 341.305, 487.28, 546.355

	93
	Prostaglandin A2
	C20H30O4
	M-H2O+H
	15.6
	317.2111
	317.2113
	0.6 
	105.07, 161.059, 215.107, 227.107

	94
	Pyridoxine
	C8H11NO3
	M-H4O2+H
	3
	134.06
	134.0604
	2.7 
	105.034, 106.066, 134.06

	95
	Retinoyl b-glucuronide
	C26H36O8
	M+H
	14.1
	477.2483
	477.2483
	0.0 
	105.07, 109.102, 119.086, 121.101

	96
	Serotonin
	C10H12N2O
	M+H
	1.3
	177.1022
	177.1026
	2.0 
	105.07, 115.055, 117.058, 132.081

	97
	SM(d18:1/14:0)
	C37H75N2O6P
	M+H
	23.1
	675.5436
	675.5444
	1.3 
	104.107, 125, 184.074, 338.342

	98
	SM(d18:1/15:0)
	C38H77N2O6P
	M+H
	21.7
	689.5592
	689.5601
	1.3 
	104.107, 125, 184.074

	99
	SM(d18:1/24:1)
	C47H93N2O6P
	M+H
	23
	813.6844
	813.6852
	1.0 
	104.107, 125, 184.074, 185.077

	100
	SM(d18:2(4E,14Z)/24:1(15Z))
	C47H91N2O6P
	M+H
	22.9
	811.6688
	811.6695
	0.9 
	104.107, 125, 126.004, 184.074

	101
	Steviol
	C20H30O3
	M+H
	18.8
	319.2268
	319.2271
	1.0 
	105.07, 107.086, 109.102, 119.086

	102
	Taurocholic acid
	C26H45NO7S
	M-3H2O+H
	12.7
	462.2673
	462.2687
	3.1 
	105.07, 107.086, 117.071, 119.086

	103
	Tetradecanedioic acid
	C14H26O4
	M+H3N+H
	11.9
	276.2169
	276.2173
	1.3 
	223.17, 241.18

	104
	Tetraethylene glycol
	C8H18O5
	M+H
	1.1
	195.1227
	195.1231
	2.0 
	223.170, 241.180

	105
	TG(16:0_34:3)
	C53H96O6
	M+NH4
	24.7
	846.7545
	846.756
	1.8 
	109.101, 547.474, 549.49, 573.489

	106
	TG(18:2(9Z,12Z)/18:2(9Z,12Z)/18:2(9Z,12Z))
	C57H98O6
	M+NH4
	24.6
	896.7702
	896.7713
	1.3 
	105.07, 107.086, 109.102, 119.085

	107
	Threonylphenylalanine
	C13H18N2O4
	M+H
	2.2
	267.1339
	267.1342
	1.0 
	103.055, 120.081, 166.086, 221.129

	108
	Traumatic acid
	C12H20O4
	M+H3N+H
	5.7
	246.17
	246.1704
	1.7 
	153.091, 211.133

	109
	Triphenyl Phosphate
	C18H15O4P
	M+H
	18.6
	327.0781
	327.0783
	0.7 
	152.062, 153.07, 168.057, 215.026

	110
	Valylleucine
	C11H22N2O3
	M+H
	2.7
	231.1703
	231.1707
	1.6 
	132.102, 185.165, 231.171

	111
	Vomifoliol
	C13H20O3
	M+H
	
	225.1485
	225.1491
	2.6 
	149.096, 167.107, 207.138, 225.109

	112
	Citrulline
	C6H13N3O3
	M+Na
	0.8
	198.0849
	198.0852
	1.5 
	109.029, 127.039, 138.053, 145.05

	113
	Primin
	C12H16O3
	M+H
	24.7
	209.1172
	209.1175
	1.3 
	105.07, 107.05, 107.086, 109.065

	114
	LysoPC(16:0/0:0)
	C24H50NO7P
	M+Na
	18.1
	518.3217
	518.3222
	0.9 
	146.982, 313.274, 459.249, 518.323

	115
	Decanoylcarnitine
	C17H33NO4
	M+H
	14.5
	316.2482
	316.2486
	1.2 
	144.102, 155.143, 257.175, 316.249

	116
	15-HETE
	C20H32O3
	M-H2O+H
	19.3
	303.2319
	303.2321
	0.8 
	105.071, 107.086, 117.07, 119.086

	117
	Abscisic acid
	C15H20O4
	M+H
	16.0
	265.1434
	265.1438
	1.4 
	101.06, 105.07, 107.086, 109.065

	118
	Linoleic acid
	C18H32O2
	M-2H2O+H
	21.0
	245.2264
	245.2266
	0.9 
	105.07, 107.086, 109.102, 119.086

	119
	Jasmonic acid
	C12H18O3
	M+H
	11.8
	211.1329
	211.1333
	2.0 
	105.07, 107.086, 109.065, 109.102

	120
	Jasmine lactone
	C10H16O2
	M-H2O+H
	11.5
	151.1117
	151.1121
	2.4 
	105.07, 107.086, 109.065, 109.102

	121
	alpha-Linolenic acid
	C18H30O2
	M+H
	21.4
	279.2319
	279.2324
	1.9 
	107.086, 109.102, 121.101, 123.117

	122
	Indoleacetaldehyde
	C10H9NO
	M+H
	1.3
	160.0757
	160.0761
	2.6 
	115.054, 132.081, 160.076

	123
	Cinnamic acid
	C9H8O2
	M+H
	24.8
	149.0597
	149.0599
	1.3 
	103.054, 107.05, 111.045, 121.029

	124
	PC(18:2(9Z,12Z)/20:4(5Z,8Z,11Z,14Z))
	C46H80NO8P
	M+H
	23.3
	806.5694
	806.5684
	-1.3 
	146.982, 624.505, 748.498, 807.572

	125
	Ligustilide
	C12H14O2
	M+H
	11.4
	191.1067
	191.1071
	2.3 
	103.055, 105.07, 105.964, 107.086

	126
	Docosapentaenoic acid (22n-3)
	C22H34O2
	M+H
	17.1
	331.2632
	331.2636
	1.3 
	105.071, 107.086, 109.065, 119.086

	126
	PC(16:1(9Z)/22:6(4Z,7Z,10Z,13Z,16Z,19Z))
	C46H78NO8P
	M+H
	24.1
	804.5538
	804.5518
	-2.5 
	125, 146.982, 184.074, 535.471



Table S2. The abbreviations and full names of chemicals investigated in this study
	Compound Name
	Full name (IUPAC)

	12,13-EpOME
	(Z)-11-(3-pentyloxiran-2-yl)undec-9-enoic acid

	CE(22:5(7Z,10Z,13Z,16Z,19Z))
	[(2R)-2-hydroxy-3-pentadecanoyloxypropyl] 2-(trimethylazaniumyl)ethyl phosphate

	Corey PG-lactone diol
	5-hydroxy-4-[(1E)-3-hydroxyoct-1-en-1-yl]-hexahydro-2H-cyclopenta[b]furan-2-one

	LysoPA(18:1(9Z)/0:0)
	(2-hydroxy-3-phosphonooxypropyl) (Z)-octadec-9-enoate

	LysoPC(0:0/16:0)
	[(2R)-2-hexadecanoyloxy-3-hydroxypropyl] 2-(trimethylazaniumyl)ethyl phosphate

	LysoPC(0:0/18:0)
	[(2R)-3-hydroxy-2-octadecanoyloxypropyl] 2-(trimethylazaniumyl)ethyl phosphate

	LysoPC(0:0/18:1(9Z))
	[(2R)-3-hydroxy-2-[(Z)-octadec-9-enoyl]oxypropyl] 2-(trimethylazaniumyl)ethyl phosphate

	LysoPC(18:0/0:0)
	[(2R)-2-hydroxy-3-octadecanoyloxypropyl] 2-(trimethylazaniumyl)ethyl phosphate

	LysoPC(18:3(9Z,12Z,15Z)/0:0)
	[(2R)-2-hydroxy-3-[(9Z,12Z,15Z)-octadeca-9,12,15-trienoyl]oxypropyl] 2-(trimethylazaniumyl)ethyl phosphate

	LysoPC(20:0/0:0)
	[(2R)-2-hydroxy-3-icosanoyloxypropyl] 2-(trimethylazaniumyl)ethyl phosphate

	LysoPC(20:4(8Z,11Z,14Z,17Z)/0:0)
	[(2R)-2-hydroxy-3-[(8Z,11Z,14Z,17Z)-icosa-8,11,14,17-tetraenoyl]oxypropyl] 2-(trimethylazaniumyl)ethyl phosphate

	LysoPC(20:5(5Z,8Z,11Z,14Z,17Z)/0:0)
	[(2R)-2-hydroxy-3-[(5Z,8Z,11Z,14Z,17Z)-icosa-5,8,11,14,17-pentaenoyl]oxypropyl] 2-(trimethylazaniumyl)ethyl phosphate

	LysoPC(22:5(7Z,10Z,13Z,16Z,19Z)/0:0)
	[(2R)-3-[(7Z,10Z,13Z,16Z,19Z)-docosa-7,10,13,16,19-pentaenoyl]oxy-2-hydroxypropyl] 2-(trimethylazaniumyl)ethyl phosphate

	LysoPC(P-18:1(9Z)/0:0)
	[(2R)-2-hydroxy-3-[(1Z,9Z)-octadeca-1,9-dienoxy]propyl] 2-(trimethylazaniumyl)ethyl phosphate

	LysoPE(18:2(9Z,12Z)/0:0)
	[(2R)-3-[2-aminoethoxy(hydroxy)phosphoryl]oxy-2-hydroxypropyl] (9Z,12Z)-octadeca-9,12-dienoate

	LysoPS(18:0/0:0)
	(2S)-2-amino-3-[hydroxy-[(2R)-2-hydroxy-3-octadecanoyloxypropoxy]phosphoryl]oxypropanoic acid

	N-Linoleoyl GABA
	4-[[(9Z,12Z)-octadeca-9,12-dienoyl]amino]butanoic acid

	PC(14:1(9Z)/18:1(11Z))
	[(2R)-2-[(Z)-octadec-11-enoyl]oxy-3-[(Z)-tetradec-9-enoyl]oxypropyl] 2-(trimethylazaniumyl)ethyl phosphate

	PC(15:0/18:1(11Z))
	[(2R)-2-[(Z)-octadec-11-enoyl]oxy-3-pentadecanoyloxypropyl] 2-(trimethylazaniumyl)ethyl phosphate

	PC(16:0/14:0)
	[(2R)-3-hexadecanoyloxy-2-tetradecanoyloxypropyl] 2-(trimethylazaniumyl)ethyl phosphate

	PC(16:0/14:1(9Z))
	[(2R)-3-hexadecanoyloxy-2-[(Z)-tetradec-9-enoyl]oxypropyl] 2-(trimethylazaniumyl)ethyl phosphate

	PC(16:0/20:4(5Z,8Z,11Z,14Z))
	[(2R)-3-hexadecanoyloxy-2-[(5Z,8Z,11Z,14Z)-icosa-5,8,11,14-tetraenoyl]oxypropyl] 2-(trimethylazaniumyl)ethyl phosphate

	PC(16:0/20:5(5Z,8Z,11Z,14Z,17Z))
	[(2R)-3-hexadecanoyloxy-2-[(5Z,8Z,11Z,14Z,17Z)-icosa-5,8,11,14,17-pentaenoyl]oxypropyl] 2-(trimethylazaniumyl)ethyl phosphate

	PC(16:1(9Z)/18:2(9Z,12Z))
	[(2R)-3-[(Z)-hexadec-9-enoyl]oxy-2-[(9Z,12Z)-octadeca-9,12-dienoyl]oxypropyl] 2-(trimethylazaniumyl)ethyl phosphate

	PC(17:0/0:0)
	[(2R)-3-heptadecanoyloxy-2-hydroxypropyl] 2-(trimethylazaniumyl)ethyl phosphate

	PC(18:0/22:5)
	[(2R)-2-[(4Z,7Z,10Z,13Z,16Z)-docosa-4,7,10,13,16-pentaenoyl]oxy-3-octadecanoyloxypropyl] 2-(trimethylazaniumyl)ethyl phosphate

	PC(18:1(11Z)/14:1(9Z))
	[(2R)-3-[(Z)-octadec-11-enoyl]oxy-2-[(Z)-tetradec-9-enoyl]oxypropyl] 2-(trimethylazaniumyl)ethyl phosphate

	PC(18:1(11Z)/20:1(11Z))
	[(2R)-2-[(Z)-icos-11-enoyl]oxy-3-[(Z)-octadec-11-enoyl]oxypropyl] 2-(trimethylazaniumyl)ethyl phosphate

	PC(18:1(11Z)/20:4(5Z,8Z,11Z,14Z))
	[(2R)-2-[(5Z,8Z,11Z,14Z)-icosa-5,8,11,14-tetraenoyl]oxy-3-[(Z)-octadec-11-enoyl]oxypropyl] 2-(trimethylazaniumyl)ethyl phosphate

	PC(18:1(11Z)/22:6(4Z,7Z,10Z,13Z,16Z,19Z))
	[(2R)-2-[(4Z,7Z,10Z,13Z,16Z,19Z)-docosa-4,7,10,13,16,19-hexaenoyl]oxy-3-[(Z)-octadec-11-enoyl]oxypropyl] 2-(trimethylazaniumyl)ethyl phosphate

	PC(18:2(9Z,12Z)/18:3(6Z,9Z,12Z))
	[(2R)-3-[(9Z,12Z)-octadeca-9,12-dienoyl]oxy-2-[(6Z,9Z,12Z)-octadeca-6,9,12-trienoyl]oxypropyl] 2-(trimethylazaniumyl)ethyl phosphate

	PC(18:2(9Z,12Z)/20:1(11Z))
	[(2R)-2-[(Z)-icos-11-enoyl]oxy-3-[(9Z,12Z)-octadeca-9,12-dienoyl]oxypropyl] 2-(trimethylazaniumyl)ethyl phosphate

	PC(18:2(9Z,12Z)/20:2(11Z,14Z))
	[(2R)-2-[(11Z,14Z)-icosa-11,14-dienoyl]oxy-3-[(9Z,12Z)-octadeca-9,12-dienoyl]oxypropyl] 2-(trimethylazaniumyl)ethyl phosphate

	PC(18:3(6Z,9Z,12Z)/16:0)
	[(2R)-2-hexadecanoyloxy-3-[(6Z,9Z,12Z)-octadeca-6,9,12-trienoyl]oxypropyl] 2-(trimethylazaniumyl)ethyl phosphate

	PC(18:3(9Z,12Z,15Z)/19:0)
	[(2R)-2-nonadecanoyloxy-3-[(9Z,12Z,15Z)-octadeca-9,12,15-trienoyl]oxypropyl] 2-(trimethylazaniumyl)ethyl phosphate

	PC(38:6)
	[(2R)-2-[(4Z,7Z,10Z,13Z,16Z,19Z)-docosa-4,7,10,13,16,19-hexaenoyl]oxy-3-hexadecanoyloxypropyl] 2-(trimethylazaniumyl)ethyl phosphate

	PC(40:5)
	[(2R)-2-[(4Z,7Z,10Z,13Z,16Z)-docosa-4,7,10,13,16-pentaenoyl]oxy-3-octadecanoyloxypropyl] 2-(trimethylazaniumyl)ethyl phosphate

	PC(O-36:4)
	[(2R)-3-hexadecoxy-2-[(8Z,11Z,14Z,17Z)-icosa-8,11,14,17-tetraenoyl]oxypropyl] 2-(trimethylazaniumyl)ethyl phosphate

	PC(P-16:0/16:1(9Z))
	[(2R)-3-[(Z)-hexadec-1-enoxy]-2-[(Z)-hexadec-9-enoyl]oxypropyl] 2-(trimethylazaniumyl)ethyl phosphate

	PE(18:0/18:3(6Z,9Z,12Z))
	[(2R)-3-[2-aminoethoxy(hydroxy)phosphoryl]oxy-2-[(6Z,9Z,12Z)-octadeca-6,9,12-trienoyl]oxypropyl] octadecanoate

	PE(18:1(11Z)/18:1(11Z))
	[(2R)-3-[2-aminoethoxy(hydroxy)phosphoryl]oxy-2-[(Z)-octadec-11-enoyl]oxypropyl] (Z)-octadec-11-enoate

	SM(d18:1/14:0)
	[(E,2S,3R)-3-hydroxy-2-(tetradecanoylamino)octadec-4-enyl] 2-(trimethylazaniumyl)ethyl phosphate

	SM(d18:1/15:0)
	[(E,2S,3R)-3-hydroxy-2-(pentadecanoylamino)octadec-4-enyl] 2-(trimethylazaniumyl)ethyl phosphate

	SM(d18:1/24:1)
	[(E,2S,3R)-3-hydroxy-2-[[(Z)-tetracos-15-enoyl]amino]octadec-4-enyl] 2-(trimethylazaniumyl)ethyl phosphate

	SM(d18:2(4E,14Z)/24:1(15Z))
	[(2S,3R,4E,14Z)-3-hydroxy-2-[[(Z)-tetracos-15-enoyl]amino]octadeca-4,14-dienyl] 2-(trimethylazaniumyl)ethyl phosphate

	TG(16:0_34:3)
	[(2R)-3-hexadecanoyloxy-2-[(Z)-hexadec-9-enoyl]oxypropyl] (9Z,12Z)-octadeca-9,12-dienoate

	TG(18:2(9Z,12Z)/18:2(9Z,12Z)/18:2(9Z,12Z))
	2,3-bis[[(9Z,12Z)-octadeca-9,12-dienoyl]oxy]propyl (9Z,12Z)-octadeca-9,12-dienoate

	LysoPC(16:0/0:0)
	[(2R)-3-hexadecanoyloxy-2-hydroxypropyl] 2-(trimethylazaniumyl)ethyl phosphate

	15-HETE
	(5Z,8Z,11Z,13E,15S)-15-hydroxyicosa-5,8,11,13-tetraenoic acid

	PC(18:2(9Z,12Z)/20:4(5Z,8Z,11Z,14Z))
	[(2R)-2-[(5Z,8Z,11Z,14Z)-icosa-5,8,11,14-tetraenoyl]oxy-3-[(9Z,12Z)-octadeca-9,12-dienoyl]oxypropyl] 2-(trimethylazaniumyl)ethyl phosphate

	PC(16:1(9Z)/22:6(4Z,7Z,10Z,13Z,16Z,19Z))
	[(2R)-2-[(4Z,7Z,10Z,13Z,16Z,19Z)-docosa-4,7,10,13,16,19-hexaenoyl]oxy-3-[(Z)-hexadec-9-enoyl]oxypropyl] 2-(trimethylazaniumyl)ethyl phosphate
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자동 생성된 설명]
Figure S1. Result of PCA with before and after ethyl pyruvate (EP) administration
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자동 생성된 설명]
Figure S2. Results of blood biochemical analyses (12 blood parameters)
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