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o ( Merck ); ( J&K ) ;5 NaAsO,( >98.
5% Acros ) Milli-Q ( Millipore ) o
2.2
2.2.1 SD( Sprague-Dawley) (4 80 ¢) SLAC
o (26 = 2)C. 50% +5%12/12 h
o 3 10 .
1.0 25.0 mg/L. NaAsO, o
150 4°C 12000 g 10 min  -80°C o
2.2.2 (D -80°C -20°C  4<C o
500 pL 4°C 12000 g 10 min o
20 pL (QQ) - (2) UPLC/Q Exactive—
MS Waters ACQUITY UPLC HSS T3 ( 100 mm x
2.1 mm x 1.8 pm) ; A 0.1% B 0.1%
: 0.1% B I min 4 min 6.0% B 15 min 50% B 21 min
99.9% B 2.5 min 0.1% B 1.5 min; 10 plL;
400 pL/min; 40°C, (3) ( ESI) N
Full MS 17500 m/z 100 ~ 1000 N
3500 V 320C; 50 12.5 L/min.
2 QC 10 1 . Full MS/dd-
MS2 NCE 30% -
2.2.3 UPLC/Q Exactive-MS
Compound Discoverer 2.1 N N
N o SIMCA-P( Version 14.1 MKS Umetrics)
(PCA) QC -
( OPLS-DA) SPSS( Version 24 IBM)  MetaboAnalyst 4.0( https: //www.metaboanalyst.ca/)
o : VIP  ( Variable Importance in the Projection) =1.5
=2( vs ) p<0.05( vs ) o HMDB

( http: //www.hmdb.ca/)

o

3
3.1
0.0005~5.0 mg/L
3.7mg/L*% . As()  As(V) * As(Il) As(V) 7
NaAsO, o 25.0
mg/L NaAsO, 14.4 mg/L
* 2.3 mg/L ; 1.0 mg/L
NaAsO, o 25.0 mg/L NaAsO, ( 4.0 mg/kg bw)
(41.0 mg/kg bw) 1/10 % . .
NaAsO, o
3.2
N 2 o
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Fig.1 Representative metabolome profiles of rat urine under positive ( A) and negative ( B) mode
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Fig.3 Orthogonal partial least squares discriminant analysis ( OPLS-DA) scoring plots of rat urine metabolome
(A) Scoring plots of control and 1 mg/IL groups ( R*X=0.386 R?Y=0.998 (>=0.900); ( B) Scoring plots of control and
25 mg/L groups ( R?X=0.396 R’Y=0.997 (?=0.953); ( C) 99-ime permutation test of OPLS-DA model in control and
1 mg/L groups ( Intercepts: RZ=(0.0 0.965) Q>=(0.0 —0.39)); (D) 99-ime permutation test of OPLS-DA model in
control and 25 mg/L groups ( Intercepts: RZ=(0.0 0.902) (*=(0.0 —0.545)).
15 20
_ 10 _ 15
D D
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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
1 N
Table 1 Metaholic pathway classification fold change ( FC) and p value of differential metabolites
1.0 mg/L vs. 25.0 mg/L vs.
. 1.0 mg/L vs. control 25.0 mg/L vs. control )
Metabolite Class Pathway
FC? o FCe o
Spermine” * 0.2 <001 0.14 <001 Amines Amino acid and
permmne : : : : . glutathione metabolism
cae kg . Amino acid and
Spermidine 0.32 <0.05 0.09 <0.01 Amines 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
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1( Continued to Table 1)

1.0 mg/L vs. 25.0 mg/L vs.
. 1.0 mg/L vs. control  25.0 mg/L vs. control
Metabolite Class Pathway
FC* »° FC* P’
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
Methionine* 515 <0.01 Amino acids andomino ;‘]ﬂ‘:{ﬁ‘;tiﬁ‘y‘:{hem
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
Ttaconic acid” 0.04 <0.01 Fatty Acyls Lipid metabolism
N6-acetyllysine® 0.06 <0.01 Carboxylic acids and derivatives Pruteir:ngtf)ﬁ;i—(t;e:&srllatiunal
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* 015 <0.01 Fatty Acyls T"rf’lffj:‘yit}}’i‘;ll‘f"“‘“
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 mg/L ; #25.0 mg/L ;!
FC>2 FC <2 P (ANOVA)  LSD p <0.05 .

*  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—egulation 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.

B _ .. . . .
A 6/’5‘»:‘\ianine metablolism 5 . e Axginine and proline metabolism
Glutathione metabolism
47 Glutathione metabolism
e .
Tryptophan metabolis
A oae . Purine metabolism
31 3 .B—Alanine metabolism
= [
s g 3
=0 - . i o
- Arginine and proline metabolism ] Tyrplophan metabolism
2 P 2
0 Lysine degradation '
Terenold backbone bios 15y
1] © Lysine degradation
1 Sphingolipid metabolism i tabolism
= A~ sm
( ) Purine metabolism
r —/ T T T 1 T T T 1
00 001 002 003 004 005 0.00 0.05 0.10 0.15

Pathway impact Pathway impact

5 MetaboAnalyst
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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Metabolomics Study of Rat Urine with Long Term Arsenic Exposure

WANG XiaoFei SHEN Yun-Wang ZHU Jue ZHANG Bo'
( College of Chemistry & Chemical Engineering Xiamen University Xiamen 361005 China)

Abstract lLong 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 B-alanine cysteine methionine
glycine serine and threonine and 11 were related with lipid metabolism including sphingolipids and fatty
acids. The expression and post-ranslational 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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