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ACQUITY #m ZORA (i A% (3£ [E Waters A &) -Q Exactive Jii i (X (3E[E Thermo A &) BEHIACHH
AGI G FEE (i al, fEIE Merck A F])D; IR (R4, I RE J&K AF); NaAsO, (4l > 98.5%,
FELRIES Acros AF]D; ABT/KH Milli-Q 4k &4 (3£[EH Millipore AF]) il % .

2.2 LWHE
2.2.1 BRI R ST E

SD (Sprague-Dawley) KR, (4 F#, K#E 80 g) WH i SLAC sh¥seib ity . KRIAFE TI0E
(26 £2) 'C AHRHREEA 50% 5%, 12/12 /NFERAGAIIPI 5 N, B KR B e K. &
I P E N AR SR AR R SR, R RRBEAL A ik 3 41, A4 10 K. BFEA AR B N 1.0 Al 25.0 mg/L
(1) NaAsO, /KW, X R ZH K BV L B8 77K

Zenk 150 REFE G, FIARBEWERRIRE, 754 ‘CLL 12000 g 20> 10 min, T-80 CHELF, FEorir.
2.2.2 RS

(1) FESLHI % M-80 CHUH R, KIKAE-20 CHI 4 °C FiZ MRV . AFAEES FELHE 500 pL JR¥%, AN
NEEREB 7K, 764 °CLL 12000 g 20 10 min, B EFEWR, FARl. B, MAEERFES B 20 pL &
5], fE NS (QC) FEf.

(2) WAt 4y B 46 AF: FIF UPLCIQ Exactive-MS Bkl & RAE SRR S &, 4l Waters 2 7]
f) ACQUITY UPLC HSS T3 i iff#: (100 mm x2.1 mm < 1.8 um); iz A A&A 0.1%F R IKIAKER, it
BAH B & 0.1% H RN H BRIV, BRIE DRI 1F: WIGGI s 0.1% B, 4ERF 1 min, 4 min B 7+ % 6.0%
B, 15 min i 7% 50% B, 21 min i} F+ %2 99.9% B J-4EKF 2.5 min, fifi 5 HE Pk E )46 0.1% B, FELR%F 1.5 min;
BEREARFA 10 uL; I3 N 400 uL/min; #3524 40 C.

(3) G2 F: SR F e 55 25 15 (ESD, RN IE. 73 70 F RS, Full MS 73 ##% 4 17500,
FHH#TE Y m/z 100~1000. SO A, 1E SRR BEEH LR )4 3500 V, B AR BANE IR 320 C;
BHSRRBSRE 23008 50 AT 12.5 Limin. BENLIZERE, ML SRR IR, DAV BR AN ERAX 3835 B 2R 52
W™, QC FESEHRE 10 FEEF I —k. Full MS/dd-MS2 #iXH T 3K 159FR S0 — ik 45 #15 B, NCE
WE N 30%.

2.2.3 JRBAR U EATBIE b7

# UPLC/Q Exactive-MS BtV & RE S48 8 EE 85 5\ Compound Discoverer 2.1 #4-iH1T
X5, ARYEFE BRNS S E, /AR s &, 27X BrEnReREER. HuRidTH
—fbJ5 3N SIMCA-P (Version 14.1 MKS Umetrics), & Jci#tf7T 55701 (PCA), 2T QC FE R A 1B
HEANIE TR E N, B S AT RS -t e/ AR 43 At (OPLS-DA), Ffidid SPSS (Version 24, 1BM)
Al MetaboAnalyst 4.0 Chttps://www.metaboanalyst.ca/) BETHE 22041, 2 AR THE R ERN: VIP {E
(Variable Importance in the Projection) >1.5, PR fEE>2 (GRERA vs XTHEZHD, p<<0.05 (ZEFR4H vs Xf
BB . Wi 2 IR AR AR S N HMDB . Chttp://iwww.hmdb.ca/) #E4742¢, HERRIE VR TEY 5t AR K R,
VIR KIEE, R AR SGHAT 4T

3 HRETE
31 MRBEHBAEE

AER R IRIK A4 ik B2 31 Bl 49 0.0005~5.0 mg/L, G B R P8 o 047 30 1 X Fy b1 2 K e B2k 31 1 3.7
mg/L2324, PR A K R i ) BEAEAER S As(IDAT As(V) 3, H As(H) [ E 1 KT As(V)28, Dy 7 5 sk



by S BRI K Rt % R () e R, TR 45 NaASO W TE NI B f5 i . 7EAHF 7 ik A 25.0 mg/L NaAsO, £
NI ERERE, HNT 14.4 mo/L MR R, KI5 NREFEFRFER, XY T ARRET
2.3 mg/L Rl N T S N ISR R K AR 5 B RS, 1A 1.0 mg/L NaAsO, 1E A% 2 #5741 . [FIFE, 25.0 mg/L
NaAsO, %5 & (F4T 4.0 mg/kg bw) 28K MRS RE (41.0 mg/kg bw) [1) 1/10128, [K[tt, A 50
8 FH 11 25 R 7R IR . T PRI R B A R KT R ORI R BR KRR B NaAsO, ISR, HIEEAHK
HEFHHEYEE L,

32 RBHAFIH
FEIE SRS 1 P AP RS ST (R AR i AU AT A, R AT RESRS T AR R B . B 1
R EBPRBACH LA R AR MR S, wT U R B b S 3 = R E 2.

B 1 RS R T KRR RV S R A s 2 i
Fig.1 Representative metabolome profiles of rat urine under positive and negative mode
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RIEAE S, LURCRA QC KK A5 SR RZS I BEAT (5 SR IERS, ARHJF 7K statTarget T E X Ty
HAEHEATIRIE (QC-RFSC) BY. QC#Ef: (n=9) Kuillty 50 ss BRI I P51, I X T QC i 4L
A P AR 1 R OR B I R AN S R B BEAT 20 A, T DA IR D79 AT SE IR Sz LC-MS 1 & AR € 1. KT PCA
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Fig.2 Quality control (QC) clustering results in principal component analysis (PCA) scoring plots

FEAR A 2805 70 e, RS2 - dme /s — 3 5l 70 M COPLS-DAD 1 Dyl /s —3f2:- 41531l 73 #r (PLS-DA)
ek, WHH T AR Z HEARX 7, 5 PLS-DA #Lt, OPLS-DA AL AL, S50 %
HERREA, 43 000 B B 41 5 0 B 412 [A]32E4T OPLS-DA Z3# L E ek 4. il 3 i, OPLS-DA Jr#fr& ], Wi
Tt B 20 5 0] B A B e 8 S R A SR RIX 73, BRI IR T E, SR W IR K it 22 i 0k oK BRI PR VBAR
LiVNSC e 3 A

3 REURMBACHZH I IOPLS-DA S HT 45
A: 1.0 mg/L 2 55 41 5 5 R ZH IR OPLS-DAZ M 45 5 s B: 25.0 mo/L % 75 21 5 % 41 [ OPLS-DAZ» 45 B; C: 1.0 mg/L
T FE 415 0T HE 2 1] OPLS-DARE AL 199 B At I6 45 5, D: 25.0 mg/L % 78 21 5 56 A 41 (] OPLS-D AR A (1997 B 41
[OESELES
Fig.3 Orthogonal partial least squares discriminant analysis (OPLS-DA) scoring plots of rat urine metabolome
profiles
(A) Scoring plots of control and 1 mg/L groups (R2X = 0.386, R%Y = 0.998, Q%= 0.900); (B) Scoring plots of control and
25 mg/L groups (R®X = 0.396, R?Y =0.997, Q%= 0.953); (C) 99-time permutation test of OPLS-DA model in control and 1

mg/L groups (Intercepts: R?=(0.0, 0.965), Q>=(0.0, -0.39)); (D) 99-time permutation test of OPLS-DA model in control



and 25 mg/L groups (Intercepts: R?=(0.0, 0.902), Q?=(0.0, -0.545)).

B IREUAR Y 2 75 B3R S\ MetaboAnalyst 4.0 #E47 4244007, o % 52 20 R0 R 2H b A 8 -1 5
FEARLAE S (FC) K t K50 R p it (B 4), ZRERH, ZFEAS5%BANKRIRB P AERERE
S (B Aha@BEL, FC > 2 Hp < 0.05), HiE&E s & 554 b 7 E 8 2 1 28 A
BT WRAEASEAE OPLS-DA X055 i E BN (VIP) . PRALIAI A5 5 K 25 e B3 Ik, B FL0mak 36
PR (R 1, KFIEL 14 R, SAE 32, FAFIEAF RN SR 10 #O. =5
B 5 RA R AR AE (B 6) on, 13 FhzERARHY7E i E S H K RIRE P& ERE L, 23
FACE Y I T B3 N K2 AR SN MetaboAnalyst 4.0, % Pathway Analysis £l Statistical Analysis
I3HT, R ZE AU R E SRR SR R MR BRI A B tRNA A A
% (E 5,

Kl 4 224 5 IR AR SRR B 15 bl 1
Fig.4 Comparative volcano plot of metabolites in exposure and control groups
(A) Volcano plot of control and 1.0 mg/L groups; (B) Volcano plot of control and 25.0 mg/L groups
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Table 1 Metabolic pathway classification, fold change (FC) and p value of differential metabolites

1.0mg/L vs.XfH8

R 25.0mg/L vs %} H& N aps
ZRAREm PR W R ARBHERE
Metabolite 1.(|):nc1:%/L Vs, conrt)gol 25F.(éTglL Vs, cont[:’bol Class Pathway
Spermine™ 0.12 <0.01 0.14 <0.01 Amines Amino acid and glutathione metabolism
Spermidine™ 0.32 <0.05 0.09 <0.01 Amines Amino acid and glutathione metabolism
Creatine® 0.06 <0.01 Carboxylic acids and derivatives Amino acid metabolism
Serotonin® 2.42 <0.05 Indoles derivatives Amino acid metabolism
Tryptamine” 0.04 <0.01 Indoles derivatives Amino acid metabolism
Dicrotalic acid* 0.02 <0.01 Fatty Acyls Amino acid metabolism
Aminoadipic acid™ 0.17 <0.05 0.08 <0.01 Carboxylic acids and derivatives Amino acid metabolism
Kynurenic acid™ 0.19 <0.05 2.25 <0.01 Quinolines and derivatives Amino acid metabolism
Xanthurenic acid™ 0.29 <0.01 0.16 <0.01 Quinolines and derivatives Amino acid metabolism
Acetylglutamic acid” 0.04 <0.01 Carboxylic acids and derivatives Amino acid metabolism
6-Oxymelatonin™ 0.02 <0.01 0.02 <0.01 Indoles derivatives Amino acid metabolism
Aceglutamide® 0.01 <0.01 Carboxylic acids and derivatives Amino acid metabolism
Tryptophan® 5.19 <0.05 <0.01 Indoles derivatives Amino acid metabolism
PR <0.01 : . Amino acid metabolism and
Methionine 5.15 Amino acids aminoacyl-tRNA biosynthesis
Caproic acid* 3.18 <0.01 Fatty Acyls Fatty acid biosynthesis
Suberic acid® 70.98 <0.01 Fatty Acyls Fatty acid metabolism
Suberylglycine® 2.75 <0.01 Carboxylic acids and derivatives Fatty acid metabolism
Oleamide” 0.13 <0.01 Fatty Acyls Fatty acid metabolism
Pyroglutamic acid* 0.03 <0.01 Carboxylic acids and derivatives Glutathione metabolism
Methylbutyroylcarnitine* 3.43 <0.01 Fatty Acyls Lipid metabolism
Ethylmalonic acid” 0.09 <0.01 Fatty Acyls Lipid metabolism
Citraconic acid™ 0.26 <0.01 0.13 <0.01 Fatty Acyls Lipid metabolism
Heptanoic acid* 16.05 <0.01 Fatty Acyls Lipid metabolism
Pimelic acid* 8.19 <0.01 Fatty Acyls Lipid metabolism
2,2,-Dimethylsuccinate” 0.09 <0.01 Fatty Acyls Lipid metabolism
Itaconic acid* 0.04 <0.01 Fatty Acyls Lipid metabolism
N6-acetyllysine* 0.06 <0.01 Carboxylic acids and derivatives  Protein post-translational modification
Guanine® 0.08 <0.01 Purine derivatives Purine metabolism
Hypoxanthine™ 0.13 <0.01 0.16 <0.01 Purine derivatives Purine metabolism
Uric acid* 8.27 <0.01 Purine derivatives Purine metabolism
Xanthine* 8.70 <0.05 Purine derivatives Purine metabolism
Ribothymidine™ 0.07 <0.05 0.11 <0.01 Pyrimidine nucleosides Pyrimidine metabolism
Sphingosine” 0.13 <0.01 Amines Sphingolipid metabolism




Mevalonic acid® 0.15 <0.01 Fatty Acyls Terpenoid backbone biosynthesis
3-Hydroxysebacate” 0.19 <0.01 Hydroxy acids and derivatives Not Available
D-2-Hydroxyglutaric acid™ 0.12 <0.01 0.02 <0.01 Hydroxy acids and derivatives Not Available

* 1.0 mo/L 5 & 4 5 % R (] B S @ AR IA); # 25.0 mo/L 2540 5 X BB s e R, AR B4
SHRARRAEE, FC>2Fpm L, FC<2RR Tl PMEHTZHT (ANOVA) Hl LSD F/5 a5
WEG# R EN, p<0.05 R REEER.

* metabolites identified between control and 1.0 mg/L groups; # metabolites identified between control and 25.0
mg/L groups; ® Fold change between treatment and control groups, FC > 2 indicates up-regulation, FC < 2 indicates
down-regulation; ® The statistical significance was assessed using anlaysis of variance (ANOVA) followed by LSD
post hoc test, and p < 0. 05 was considered as significant.

5 MetaboAnalyst 1Y 5138 #% 43 #7145
Fig.5 Overview of pathway analysis
(A) Disturbed pathway between control and 1.0 mg/L groups; (B) Disturbed pathway between control and 25.0 mg/L
groups; Generated by MetaboAnalyst (https://www.metaboanalyst.ca/).
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Fig.6 Hierarchical clustering heatmap analysis of differential metabolites between control and exposure groups
* metabolites identified between control and 1.0 mg/L groups; # metabolites identified between control and 25.0
mg/L groups.
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331 KHAMRFJS|IEEVEEGKHRE

i 2 7 2= PR EL AL AR ) E AT R P, S LR A B A R33Y, Semdi A KB, DNA B R ERIRIA
VTR0, AT AR TR, R R A R RO I e O S R R R R R R R R
T RERWDIEE, RIS 70 ) 2 N T35 e B B 70 R 747480 5ok BRI T AR 4
IMT, RENEUHERGHL S AE RIS BRI AR AL . ARFRORIL, S KR, KRIRBTHE 14
T 5@ EERACHAH R AR KA T B2 (A& BT 10 FE 8RN IE), f£ 25.0 mo/L ##R4H %7€
12, 1.0 mg/L RFE Y% w8 Fl, W K BIME LR IBEA R (Tryptophan metabolism). 42 Rl
MR AL (Arginine and proline metabolism). #iZ R F#f# (Lysine degradation). B-TAZE&fXH (B-Alanine
metabolism). Pt EZ R (Cysteine and methionine metabolism). HZ MR 222 A 5 2 B A U
(Glycine, serine and threonine metabolism) (B 5); [FIEy, %5t 11 Fh 58 A K EY (6 Fh g
& . SRS E N, HE 25.0 mo/L BFEEAH K E H 10 M, 1.0 mo/L FRERAH A E 2 0, W R BIACH
WA AR (Sphingolipid metabolism). AEATERRMS . P2 PE A 5% 55 Tk Uk B 55 0% FR 9o O ML /8 5 8 L
FEYIRFR, XEEPR ) SAURFE R AR A BESS . IRZSANEE IR I AR 25 AL, DL R gh SRR, K 2
e gAY BN R, IR H SR (25.0 mg/L) BFHEHKHE (1.0 mg/L) B4 iR
HEE.,

332 KHAMRBRERILEWMELTES REERCHFL
T 5 5 e % 51 R R R = A 2 R, HEEVENIEAE 2 T 2 IR 56 A W, Fbpi b ks 5 80 A

PO REBRAG T2 B2 FR N T 7 1) 2 — B KRR 85 51 (S PTE e R 2 A 2 e i A, 3
SRR B d . i, kiR G . Rl REMHE RG0SR, fEaps KRR h % e i
5 LA B BRAC U@ B A A K i (Spermine). TEAEA%Z (Spermidine) AR ZER (Pyroglutamic acid),

TR N X RIRFE O BEIR TR AR A B H IR B P4 P 43 S8 A T S A T 1 1y L 2
At FE ) 5258, Jhst K RV AR R IR . AN, BFEAF 5 R SR KR4 T
REBN QMERE LA, 3MEETR, H, RIEMEX (Hypoxanthine, ~[%) FIEMENS (Xanthine, I
F) ZJREE (Uric acid, FFb) & RUNEIE, JREQEIEMS AR T=Y), X FR KI5 F v] gl i Pl
BUER NPT AA T, THUZE RS, FRR2m LR N IR & A 0 72

333 KHMRETMEARFESHITRENH

AERI tRNA Beia K B A TR R B T R i & O D Refb A E 2R . 5XT R, il
FRAPEZBR (Methionine) A1 N-ZFH-#iZER (N6-acetyllysine) & &4 A2 EFF R EER
HEWE-tRNA A G RO FEAE G, N- B 2 e —Fh QB R IR, TG 2 — P EZE N E A
JREIE S IE M, X U B IR 2 R AL T K R N B A B RIS RN B S B AR

4 ZE5ip
R FE P 25 AR ok S R 71 K 0K B 3 2 K R PR U AL AT T 6k BT, B T 3
BUVR P B PR AR A T S B, AT R i 70 B R R 2 4 T 5t 14 RN 32 A S BRI, JLeR 10
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Metabolomics Study of Rat Urine with Long Term Arsenic Exposure

WANG Xiao-Fei, SHEN Yun-Wang, ZHU Jue, ZHANG Bo"
(College of Chemistry & Chemical Engineering, Xiamen University, Xiamen 361005, China)

Abstract Long term inorganic arsenic exposure can cause many diseases and health damage,
and the biological mechanism underneath remains unclear. Globally, over 200 million people are
under the threat of arsenic pollution of drinking water. In this study, we performed metabolomics
analysis of rat urine samples which were exposed to inorganic arsenic through drinking water for
a long term. The results indicated that long-term arsenic exposure could cause significant urinary
metabolome change, especially for the high-dose exposure groups. Totally 36 kinds of differential
metabolites were identified, in which 14 were related with amino acid metabolism, including
tryptophan, arginine, proline, lysine, pg-alanine, cysteine, methionine, glycine, serine and
threonine, and 11 were related with lipid metabolism, including sphingolipids and fatty acids. The
expression and post-translational modifications of proteins were also influenced. Such biological
process mutations are the key molecular indicators of arsenic toxicological mechanisms.

Keywords Arsenic exposure; Metabolomics; Urine; Long-term exposure; Liquid

chromatography-mass spectrometry
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