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New application of metabolomics in non-targeted screening of residual
veterinary drugs in fish

XUE Wei-Feng'", YANG Ai-Fu', LUAN Shen-Shun', WU Jian®

(1. Technology Centre of Dalian Customs District, Dalian 116600, China;
2. China Certification & Inspection Group Heilongjiang Co., Ltd., Harbin 150000, China)

ABSTRACT: Objective To establish a new non-targeted screening approach for multi-class veterinary drugs in
fish based on metabolomics analysis. Methods High performance liquid chromatography-tandem mass
spectrometer in full scan mode was adopted for the determination of fish to obtain the metabolomics data, which were
uploaded onto Workflow4Metabolomics platform. The data underwent chromatographic peak treatment to obtain a
data matrix containing 867 variables. The data matrix was further analyzed by principal component analysis, cluster
analysis, orthogonal partial least squares discriminant analysis, pairwise t-test and fold change of concentration to
screen eligible variables. These variables were confirmed as the characteristic ones of marker compounds to represent
residual veterinary drugs via comparison within a compound database. Results The 88 in 102 kinds of veterinary
drugs were screened by proposed metabolomics approach under the help of high performance liquid chromatography-

tandem mass spectrometer (HPLC-MS/MS) positive mode, with the limits of detection ranging from 0.3 to 2.6 pg/kg,
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achieving a screening rate of 86%. Conclusion

Metabolomics analytical strategy can effectively realize the

non-targeted screening of veterinary drugs in fish, and provides a new idea for non-targeted screening of contaminants.

KEY WORDS: fish; veterinary drugs; metabolomics; non-targeted screening; marker compounds
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Table 1 Basic informations of 102 kinds of veterinary drugs

Fhk aEy CAS 5 #REUrFi: {REIH]/min eSS aEw CAS 5 MU (R BIW ] /min
R IR 959-24-0  273.1267 1.36 FRSEA IS 22071-15-4  255.1016 6.03
FEfifbk  23031-25-6  226.1438 1.46 ZET3EM]  42924-53-8  229.1223 6.20
T HEEE  18559-94-9  240.1594 1.78 HESARBLRZ)  WZIRE  42461-84-7  297.0845 6.30
FIERI%/R  29122-68-7  267.1703 2.05 RIEIY 53716-49-7  274.0629 6.37
PEAFRY 54239-39-3  234.1601 247 mIbEEE  53-86-1 358.0841 6.40
ENSI N 3811-25-4  214.0993 3.88 FSIPERR  26787-78-0  366.1121 3.02
PUERES 54239-37-1  220.1444 4.03 fIEPIM  ZRVEMR 69-53-4 350.1174 3.70
Al RS 37148279 277.0869 4.12 ZEHVIAR 147-52-4  415.1349 6.66
ZATRES 41570-61-0  228.115 4.55 VPR 11550-35-1  363.1463 3.28
TRAEE  41937-02-4  364.9859 4.60 AHVE  82419-36-1  362.1511 3.53
DB 54240-36-7 311.1132 473 FRUP R 70458-92-3  334.1561 3.54
LTSN 5051-22-9  260.1645 527 WU E 70458-96-7  320.1405 3.59
&R 63659-18-7  308.222 5.36 WHRVPAE 85721-33-1  332.1405 3.73
BEAIER 36507-48-9 2922271 5.85 KA 112398-08-0  358.1561 3.87
WETR R 148-79-8  202.0461 3.61 MRS BB R 93106-60-6  360.1718 3.87
PR MARAE AR 54029-12-8  282.0932 4.17 WP R 113617-63-3  396.1529 4.02
HIFHEME  53716-50-0  316.0756 481 BORIP A 98106-17-3  400.1467 4.10
BORmEME  20559-55-1  250.1191 485 WHIVPA 98105-99-8  386.1311 422
PR mAmE  75184-71-3  298.0883 4.92 EVERR  14698-29-4  262.0710 5.06
ATFORIERE  prsgmkn 54965-21-8  266.0885 5.60 ZEUERR 389-08-2  233.0921 5.52
FHORmEME  31431-39-7  296.1057 5.61 FHIME  42835-25-6  262.0874 5.61
FORBKME  31430-15-6  314.0963 5.84 ke 1953/3/2  359.1853 5.62
IYRmAME  43210-67-9  300.0808 6.30 KM  50-24-8  361.2009 5.73
JEPERIR 58306-30-2  447.1334 7.19 FOKAY  2135-17-3 411.1978 5.86
SAURMEIE 68786-66-3  358.9578 7.36 fEAKFS  378-44-9  393.2072 5.90
SLANEE  21593-23-7  424.0631 2.77 HFEOKMS  4419-39-0  409.1776 5.95
LAIPLE 84957299  515.1166 2.80 A 426-13-1  377.2123 6.01
LAufhiE  78439-06-2  547.1064 2.91 - ALY 1524-88-5  437.2334 6.07
KA 53994-73-3  368.0466 3.35 HRTTRE  14484-47-0  442.2224 6.11
LT 15686-71-2  348.1012 3.75 MZRiE  76-25-5 4352177 6.12
LARHE - - -
KAFENG  79350-37-1  454.0486 3.91 LIRS 105102-22-5  427.1437 6.17
LAk 25953-19-9  455.0373 3.99 RS 51372-29-3  431.2428 6.34
LAEHE  38821-53-3  350.1169 4.12 MVEAAE  3093-35-4  455.1995 6.40
KAVRE  62893-19-0  646.1497 4.45 kJe-RER  73771-04-7  489.2483 6.43
SLFEEK  80370-57-6  524.0363 5.08 LPGHE 51022-69-6  503.2440 6.49
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il &Y CAS 2 #BATR GEREEHE/mn |F2k &Y CASS  #HBIUTE {4 B4 B ] /min
[AESIIN 102280-35-3  309.1850 2.20 it e ok 57-67-0  215.0597 1.80
— = ey
RS mEE -
R 4R 738-70-5  291.1454 3.80 il —FFmELE  57-68-1  279.0915 2.08
MATRER 154212 407.2210 3.63 fili e A LR 80-35-3  281.0703 3.60
IBERR R 8025-81-8  843.5213 425 ik g v i 68-35-9  251.0597 3.71
BKE R 108050-54-0  869.5733 4.65 ik i v e 72-14-0  256.0209 3.83
PIkhEER 3922-90-5  688.4266 5.01 M LR E  127-79-7  265.0754 4.13
— iires —
TOMEE 18323-44-9  425.1871 5.11 i —H M 127-69-5  268.0750 425
KIFNERZE
HER 59319-72-1  734.4685 5.17 TR e N e 526-08-9  315.0910 481
Fh AR 1392-21-8  786.4634 5.24 Tk e Hh 222 122-11-2  311.0808 5.02
FIRER 74610-55-2  916.5264 5.28 T e P e 723-46-6  254.0594 5.10
BRHE 80214-83-1  837.5321 5.79 i e Wb 59-40-5  301.0754 5.12
TUWEER 16846-24-5  828.4747 6.01 T o SNk R 102-65-8  285.0211 5.50
et 59804-37-4  338.0264 4.98 TEHEE 79-57-2  461.1559 3.89
‘ N5 < 36322-90-4  332.0699 5.65 EZS N 60-54-8  463.1711 4.09
e i ge 2y TUFRE I -
FEV R 71125-38-7  352.0420 5.96 ET/E 57-62-5  479.1216 4.60
FLET 26171-23-3  258.1125 6.01 IR 564-25-0  445.1605 472

1.3 Bi&ECH

A3 AIBCHIAL S 102 Fh-E25 1 B (100 pg/mL), £
B mL RGP AR 1 pg/mL R 4 R
AE-d5 B A IR(100 pg/mL) I SRS, 3715 100 ng/mL
TRETW
1.4 #HHEEEFMEIEIEIE

Bt VBRSNS MUK HEF T A BE ;40391
B 2.0, 5.0 F110.0 g PIBE, LIRXFRIAY 20, 50 F1 100 pL
T 102 FEZE ARG (1 ng/mL), TTAZ] 50 mL RH
HEOER, BNELEPMEIMA 0.5 mL BT RE-dS
FH B (100 ng/mL) FH A vEAE 5 Aip A0 FE 72 19 Tl K
¥ 10 mL ZJFK@:1, VIV)IEABLE, RIE 1 min, KA,
FES 6000 r/min B0 10 min; KT FIERBEALE
500 mg Y Cg BB 5 &, 4RE2IMA 10 mL Z 1A
1E CLBEE 103 5E 1 min J&, #6000 r/min B0 10 min, |
FE RSB E.OE D, WRAREIET, 11 mL B
FEAK (L1, VB FRFR Y, 42022 wm JEARILTE, 43
W RTE M 23512 20,50 F1 100 ng/mL /Y 102 FheE2iR-4
FERR . A TERELRTHEER 9 Kk, Wik 9
ASEATREGS, T IR AR L0 .
1.5 #HmoEfdaE

1 3 AN 444 20 ng/mL-1~20 ng/mL-9

50 ng/mL-1~50 ng/mL-9 F 100 ng/mL-1~100 ng/mL-9, IiA%F e
ARSI 30 pL IRGIRIFFHEQORAI!' 1), 1% QC Ffdh1E
AR P R S HERE TR ERE 5 43 I RE 3R, B3t 12K,
4K QC-1, QC-2...QC-12, FIFIPM w41 - H3 1k
i 3% 1% (high performance liquid chromatography-tandem
mass spectrometer, HPLC-MS/MS)f& & 4

1.6 SWEE

TE AT PR, 5% 35 8 1 (electrospray ionization, ESI)
EBETFHEXT, @ HPLC-MS/MS #RH M+H &4,
TE I BN R AR AT . BRREERE 10 pL,
£ Accucore RP-MS A 341:(100 mmx2.1 mm, 2.6 pm)iEf7
W8 o TAIAA R 0.1% H R /K TR (DB A)F 0.1%H
PR 2 T W (DRI B), Wii% 0.25 mL/min. A EEFEFFUNT:
0 min 5% B; 0.5~5.0 min 303 60% B; 5.0~6.0 min kL3
JinE] 100% B; 6.0~11.0 min f££F 100% B; 11.0~11.5 min
[% 2% 5% B; 11.5~15.0 min f&4£F 5% B, H:ilk 40 °C, {{#FZ
BOEEMT: BAEFINHGEESN 320 °C; W% R
FHEEHEA 1 3200 V H1 50 V; B AETBY S A,
AT A 40 arb Al 10 arb; FHE R A flBER K
A, —HE R PR Al H R
B R E B B R vz $ 489 L4900k 70000, 1x10°,100 ms
1 100~1000; %P . H g g5 ¥ il H bR Aok
B FA BT A] 43508 17500, 2x10° F1 50 ms,
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K FHAX A% E 509 Trace Finder 3.3 AR{FiES 242555 B4
GyBTe XEF EARYIEEES -, 5 B A L A LR T R
PR35 10000, 5 F1 5 ppm; W T i &1, &/D
DOC B 50, g a8 3 R (DRI BT F 3R 25 430 1. 10000
H1 5 ppmo 10l TP AL-dS bR gk, DAAE RS g A
e AT, TS IR

1.7 RSEFHIELIE

¥ RAW #% X 9 HPLC-MS/MS 4 i 3¢ 4 3 1
MSConvertGUI {5 A .mzXML A% 2 ScEM, SR 5 1
f& %]  Workflow4Metabolomics (W4M) ¥ & (https:/
workflow4metabolomics.usegalaxy. fi/) 4T 4 4 4 2 419
(BRI 28 o ARG | WX S R OR P I TR A v, DA R i J3E
—A el REEACAEE F#4 2 — RA b B RS, B
RLLAZEBEA (A MITT1T222, M AT 43053 B L& P
$RILI; 1 AR B IS TA)) FIRE Ah 44 (40 100 ng/mL-1)4331
£ PNABAR B AR R0 AR RS AT b Y FE LA 0T
(principal component analysis, PCA)?'"23VF1F 52 fii £ /)y
e #1543 #7 (orthogonal partial least squares discriminant
analysis, OPLS-DA)?*2), 7E SIMCA 14.1 #4047,
M IS 43#r(cluster analysis, CA)NITE Heml 1.0.3.7 %k {4
AT OPLS-DA AL A L4 0275 i B k0 0 1
PEA . AR % 5% B 2 (variable importance in projection,
VIP) & i A5 545 26 A A8 B A A i bp i A 5 W i B B2
—MELRIZAARTF 120 FEE R Bk TR, ARG A0
R4 A5 & O A B R o BF 20 ng/mL Al 100 ng/mL Ji &4 B 4H
HAF G A PRI ZE B (IS B 4 ) HA 3 ORI 2 v 1
WA SR P EA T LR, O vk Hh R A, EAT Ot A (T
SPSS Statistics V17.0 Ficfrhoe i) VR B R BUE I 4 AT
SRR T, T — AN s AR . L A 102
Folt 24 (1 O B IR ) FIORE A 205 i GRZELEXHE/N T 5 ppm),
MR 1R, e RIS SRR 2 4

2 HER5SH

2.1 HIETMALIE

WM -5 b 3 AR RE S B PR R 1R
TRo I SE AT AR A 2, T AL PR SRR R B RN
[FIRE S TR A s ey () SR A AR B B 22 R, LR T
it P D A B 5k B KO Z RIAH G HEAN B B, R 1
o N T U/ S TSR B, R UD AL -dS (BB T
miz 365.21094; T} 87 miz 348.19690 . 322.21803 #il
246.11012; fRE BT 3.87 min)fE R PR RFE, —RIINA
FEM AP TRTAL B ICEG . (5 2SR AR IBOR i A5 B T
F-d5 ARvEZR (5. 10, 25, 50 #1100 ng/mL), &% NAR
YRR S g DR L BT BE-d5 £E 2050 1 100 ng/mL
2H () [ SRS Y 43 5K 92.1% . 90.5%F 90.1%, AR

HEMZE K 6.1%., 5.9%F1 4.5%, G MFES TP NFRILS
Pyl i T L — A R EUR SRAF I 100%FTc% . AR
Tl A5 Wy i R T A HL At A2 0 58 38t 3T L2 AR TE R BB0HK
R HE SRR . 16 QC 4L 3 AN J3E 20 v b 533 06 5t J3E A o
PREMR 22 KT 30% M55, HEAL T 867x39 AR
AT R —# 42,

— 100 ng/mL B R A
256408 L — 50 ng/mLJTT VA
— 20 ng/mLJG M 40
2.0e+08
1.5e+08 r
i
bl
1.0e+08
5.0e+07 +
0 . . . : .
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{5 BE sk [A] /s

BT WaM -5 ERRIERIN R PR S S T
Fig.1 Total ion chromatograms of spiked fish sample
groups on the W4M platform
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Fig.2 PCA score plot of spiked fish sample groups
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223 OPLS-DA %%

OPLS-DA &2 — A>T, /328 1 fsrd 2 i F
OPLS-DA 34rElh Y Himi il . 4n &l 4 fros, 4325 1 Flsy
%2 S —E M LW B, UL AR
2R EEAR . RY M Q24 HITH# OPLS-DA A1
Y b AR fi ) R AT B AE T BN S S R B Y
WASHUEI I | B, 2] OPLS-DA 7 H AT (4T
f AT S P AN AT I AE 77 . 7RI 4 b, RPY I QP E AR KT
0.99, FWAADIFEELA OPLS-DA BRI HA R IF 1
fat sk

S-plot Fl A i ARAR — AR (K] 5), HrbiA ]
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REACFAR LA Y B AR S R A 1% S R I i BT, 31X
AR B AR X 3 OPLS-DA #ERIH /322 1 14325 2 B DTk B
K, BAGEEH R RS LR, W AEE S(a)es B A
Uity FHRARHELL(20 ng/mL)IAREAY), TR 5K
“S TR A vty 4R R R BE 20 (100 ng/mL) AR AL G -
OPLS-DA #ELZ AT HIG W@ T 200 RIS B ks 56 BT
HHERR QPY MY B VER I A R (P)UEAT IR, itk P/l
F0.05, XN EHAGIE T Q7 AL AR /N T 0.05, %
B OPLS-DA HAIE AT A . WK 6 iR, AUF5HA
OPLS-DA RIS & Ik 45F, B UL OPLS-DA i
B AR G o

FHAAS R VIP, o] LA PEAN AR g vk .
PL VIP>1 YRR REEA SRR AL S R A 1 1) OGS ]
(B AR FIRIEIN, ARSI 20 ng/mL B HHREZH vs 50 ng/mL
B HL T EE N 20vss0) i iRz il 136 s HE,
MM 100 ng/mL B &9 B 2H vs 50 ng/mL Rk B0 (LU T
f815 A 100vsS0) oA Hp i 25 A AL AR | 165 4, 33t 92 48
BAEPIUY VIP KR REEE,

0.42
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025
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1126
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Fig.3 Cluster analysis plot of spiked fish sample groups
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FEARIT R 2 B AR B A0 A v, BOKT t R IR0 R e B £
B AU O3 f s P W RR AT 0k, BT AT RPN
JiE 4 1) 7 s e it P SR A7 TE B ME 22 S MR A, TR 6
VAT 70 B 4 1R) A 045 B FU (B AR Ak . 38 1B B [ Bef
T A2 BT t A R FEKE- (PN T 0.05 Ak A5 S0 b
(fold change, FC)KTF 2 WyZAS it WA EAS i, @145
VIP FHFESN 92 VB HAE 20 ng/mL F1 50 ng/mL ., 50 ng/mL
1100 ng/mL, LI 20 ng/mL F1 100 ng/mL JFiEHkEEZH &)Y
P(ED PZOVSSO\ F)SOVSIOOﬂE[l PZOVSIOO)a ét%&ﬂi&jﬁ{&ﬂ: 005, U‘EH)%
92 AR S AEAE W S B AL IR 22 5% 0 5340, 92 AN AE A
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Table 3 The 88 kinds of marker compounds screened in fish sample groups
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[
Skfuvifls MA454T234 3.151/3.096  —4.427 0.7 RIeREE  M489T387 1.010/1.977 -1.513 0.7
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