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Simultaneous Determination of Anesthetics and Metabolites in Aquatic Products by UPLC-MS/MS
Coupled with Pass-through Solid Phase Extraction

WANG Zhanhua, LIANG Jingjing, SHI Bei, ZHU Leiying, ZHANG Chongyu, CHEN Wanqin"(Zhejiang Institute
of Food and Drug Control, Key Laboratory of Functional Food Nutrition and Quality Safety for State Market Regulation, Key
Laboratory of Health Food Quality Safety of Provincial Market Regulation, Hangzhou 310052, China)

ABSTRACT: OBJECTIVE To establish an analytical method for the simultaneous determination of multiple anesthetics and
their metabolites in aquatic products by ultra performance liquid chromatography-tandem mass spectrometry with pass-through
solid phase extraction purification. METHODS After homogenization, the samples were extracted by 80% acetonitrile aqueous
solution, and purified by ProElt PLS-A pass-through solid phase extraction column. The extract was determined by positive ion
mode with mobile phase of 0.1% formic acid water and 0.1% formic acid acetonitrile in the separation by programmed gradient.
Multiple reaction monitoring mode was used to draw standard curves with the matrix-matched method. RESULTS The
calibration curves of the 14 anesthetics showed good linearity in the concentration range of 1-50 pg'L™" and their metabolites
showed good linearity in the concentration range of 10-500 pg-L~', with the correlation coefficients >0.99. The limits of
detection were 0.5 pg-kg™' in anesthetics and 5 pg-kg™! in their metabolites. The lower limits of quantification were 1 pg-kg™ in
anesthetics and 10 pg-kg™! in their metabolites. The recoveries at high, medium and low concentrations ranged from 62.48% to
116.5% with RSDs<10%. CONCLUSION The method is simple and can be used for the accurate detection of anesthetics and
their metabolites in aquatic products with high reliabilities.

KEYWORDS: pass-through solid phase extraction; UPLC-MS/MS; anesthetics; metabolites
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FLE MR ZI 0 21 d7 AHELZ R, A DT
JRR IR 0) 1) M AR O RSS2 DA R 00
i, A R MIRZTH TRk BT, BR
[ B POR RN S = TR PN N YN 35 WAL
B RIS, R, RS AKE Sh RR ) 254
F14) 1 308 e RS 32 T S A

I TG 000 JRR e 77 25 9 %) E AN AR O A
FHE TSRO WA - AR I vk U A
TR U S - AR BTk A L A
TR M BR A , TCIE S IR A I AU
AR - H T T R S A TR A, LT
A B RS A B I VROR €2 - R I TR v R
B, REA R B RIS T e A

TR €2 1% - JB T 5GP Y G 0 3 4 D 25 ) 7 v
R, R -390 A3t X T A AR U g )32 R
AR R o A AE G 5 (5 K AR B BOA
b At AR AR ORI A . ERE L IRVE . RS
AR BT S IRAR S B AR U S S A
5 AR SR T, 76 AR k. Vel
W by b S AR AR UR: , SR g0 1a] ZE K AR
it ISCRANFRUE o 38 3 2 AR AR O — o 2 g 1
ARG A, 7r bR BRI ARl R S RERS A 5K
PRAIE BRI R T, A SOt A g 1 W - P X
FEAHAE OGS SRR, FERH A B

ARG UK i 2L A AR M Y £ RS K
FER AT S, A g X R AR - R AR
AH €0, 1 B 3K S5 1% 3 (UPLC-MS/MS) 7] i il 2 7K 7=
di 14 FRORRERTAI 250 5% B8 00 ik o 1T TR BRI
S H H MBS TR 14 FiRR SR 25 4 e
I B4 5 B, TR) A X 7 i o RR R 24 4 5 BR A
DR AE ] 2 A B R 2 5 5
1 MH55E&
1.1 {55

Shimadzu LC-30A &R0 i (H 48 i
/N F]); SCIEX Triple Quad 5500+-QTRAP Activated
B (32 H ABSciex 22 H]); Milli-Q #4fi KA (1
[ 2R e B PN W) 5 LYNX 6000 8 /5 8 B0 AL
CEEEAT, B.O0F4E: 122 mm); XPE205 4>
Br RF- G LR A 7)) ; MultiReax 223 18 i im
1RG5 (151 Heidolph A ).

N PR AL, W EfEE Merck A
Al HmRR(FgEsl, € Sigma Aldrich A ]); 5K
5 7K R Milli-Q #atizK ;. HAa 3 Ry s bt

P E AR F 252 2023 4 8 5K 40 55 16 1

SR AL el KRR S . 9874705 4l .
97.8%) . AERHE LS : G977036; 4l : 99.6%) .
MS-222(flt 5 : 168982; 4lifF: 99.9%). T KKK
5. G138489; 4li [ : 99.9%) W H Dr. Ehrenstorfer;
AEEREE S 3-JLW-79-1; 4. 100.0%).
- RE S : 1-ABY-158-1; 4. 98.0%)% 1
H Toronto Research Chemicals; X4 &2 H iR (it
51 24910005; 4L 100.0%) . [A])% I H Rt
S 4616G005; 4. 99.0%)0A [H i S
R R A RA A R Y R Bt
100866-201302; 4L : 94.5%), bR+ H 3
1 100424-201603; 4EJE . 99.2%). LML K
RS : 100341-201403; ZLFE. 93.4%)H H
&2 A BT e s X R FERH R -
364AH-J13; 4liJE . 99.0%). WKL S .
3SRKC-HF; 4l : 98%)¥l [ H AR AL Tolk
MR astt; a5 . C11020271; 46
FE: 99%)W BT se M AE R A TR A R

SIMTRESD : KRR A T N PR BT
1.2 Fik
12,1 XFRGTE W AECH] R R 24 P X R
it B WA B 1 < MERRARERL 14 FhURR IR 25 4 B AR
B 10 mg 7051 E F 100 mL 2, HCHEH
G ESS, WO 100 pg-mL™" B JRR B 245 1 ) 1R
i fiff 25 U o

JR B 245 DR A5 R R v TR0 AR BE = 433
MR I MS-222, R R, EERE L, %S
RH. HEREE, FIZRE, TRE, E0lR
L AR TR B RS PR R i A5
(100 pg-mL 4% 0.10 mL, [RIZIERF R . XE
FEOR B R . X 2 kA R R G R B A
(100 pg'mL )4 1.0 mL, #HT 10 mL &R,
LERBRZIE, 5, HSRR IR 3 R
1 pg-mL " MUY EE I 10 pg-mL! IR A X
HE i P TRV

IR 259010 A X6 FR Y TAE WALl . RS 2%
TIPURBERIZ5 YRS K 1 mL, BT 10 mL &
ik, MONEMBERZIE, $5), w BRI
FEHIH 100 ng-mL AR ESI N 1 ng'mL!
(IR A %o B i T ARV -

1.2.2 FESETALEE  OREEFREC S g BFTE AR
F 50mL ELET, IMAZKE-7K( :2)20.0 mL,

AL ST,

HAHEE 10 min J5, T MultiReax 2@ b iEiR IR
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BEe IR HESLEC 30 min, 6000 r-min~' & 2.0
20 min, B 4.0 mL & #d ProElut PLS-A [ A%
BUES, FH2mL ZHE-/K(8 « 2)ikvk, WdE e
L AR 45 CRAMGE T, 1.0mL Z
fG-KIR AR - DEY, W 0.22 PTFE
i ekt e EVRE, R,

1.2.3  HERGRAR - RIS BTk Sk B
LC-30AD # SR AH (L3 RGL P AB Qtrap5500
SHPUGAT L, B8 IR, ELRA, A
HEFEZS; ACQUITY UPLC HSS T3 34 (2.1 mmx
100 mm, 1.8 um); AiE: 35 °C; Wah: 0.1%H
iRt 7K V5 0 (A)-0.1% H R 2 W5 IR I (B) 5 o B 1 i
(0~2.00 min, 10%B; 2.0~5.0 min, 10%—25%B;
5.0~9.0 min, 25%—95%B; 9.0~11.0 min, 95%B;
11.10 min, 10%B, £ 3 min). i :0.35 mL-min~';
R 2 L,

BEFUR: TurboV FEMIZE R TIR; LB,
IEET; ZALHEE: 5500 V; BEFURERE: 500 C;
FALRE ST 40 psi; FIENINIT R ST . 40 psi; il
HEEAOHEE: 10V; fiffEsHOBEKE: 13V; b
BEHE ., EEEE, EEE T Ea BT &
&Y FaE 1,

2 #ER5i}E

2.1 EEFANTA

2.1.1 SrE @i EEsE P ACQUITY UPLC
HSS T3 {4j%4E(2.1 mmx100 mm, 1.8 um)Fl Waters
ACQUITY UPLC BEH-Ciz {4 i £ (2.1 mmx
100 mm, 1.7 pm)#E47 53 B 500 . 7638 FH G AE T
Wi iR BRI & WA 8055 B A A W e M
FIRTHEI R MS-222 BRI 5 264+ R A [R] 4S04
{4, {#F Waters ACQUITY UPLC BEH-C;s f& %4+
HEAT A3 B AT, MS-222 584k = R 43 B R 30 25
1] ACQUITY UPLC HSS T3 &34 af Lififi 2
) o S R A A 2003 B8 LU T AT, Wi o 48 1 o
H ACQUITY UPLC HSS T3 J& Timitsf B 1 (i
FE, ATRAGEIE, Az pH T, Rk, A
I ACQUITY UPLC HSS T3 (i kE/E K
Iy

2.1.2  WAHEIEAFMIE B WRORH (g
JIRBEFI 25 A ik R L T R BEC G R
FHHLA, 0.1%H FRAK KA X H T H EE+0.1% H
TR K HE+0.1% I RAK , & B F Bl ik 55 1
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O, OB T NG, 0 A 3 3h AR ARG )
KT MEAVHM R EIHERT, %
PR BB RAl, EE R A, BRI, ARSCE
R AT, Ik — 2 X B Y B 2% 1
T, RRll AR RAFor 8 .
2.2 USSR RE

IR0 S AR 24 25 38 5 7E FL S 25 15 1
JE ) IE B B F - TR, (3 100 pg L' AYJRR
PR B A 25 25 h (B, 8 Analysis #044
FEIE B TR, AR 5 1 o T i
— S REER, T — R R R
FET, T RS E T 2~3 AR
BB/ NERTF B 7S, f)aiiat 2 5 sl
FRACAHR BT S50 LA R IR 1,

R 14 FOREEA| AR BB FUE S5

Tab.1 MS parameters of 14 anesthetics and metabolites

e S K BT KFRH R/ Rl AR/
mlz \% eV
1 MS-222 166.0/138.1" 60 22
166.0/94.0 60 30
2 [EE LI R 138.1/77.0 85 29
138.1/65.1 85 34
3 FAERR 166.1/138.2" 60 18
166.1/94.3 60 24
4 NEIERH R 138.1/77.1" 60 30
138.1/94.0 60 19
5 XABEILRH R 180.1/94.1" 70 24
180.1/138.1 70 19
6 L g 237.1/100.1" 45 21
237.1/164.1 45 21
7 A¥EarH 271.2/100.1" 46 21
271.2/154.2 46 39
8 A 236.1/163.1" 45 25
236.1/120.20 45 42
9 FlERH 235.2/86.1" 40 23
235.2/58.2 40 53
10 TFRHAH 265.1/176.2" 62 24
265.1/72.1 62 45
11 sEafRH 344.2/271.3" 75 30
344.2/215.1 75 41
12 itk A 289.1/140.1" 60 28
289.1/98.0 60 54
13 RN 221.2/86.1" 40 20
2212/136.1 40 27
14 PiR-RH 275.1/126.2" 60 27
275.1/84.1 60 60

e EEET
Note: “quantitative ion.
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2.3 Bk mtiie

AWFFEHEH T ProElut PLS-A(200 mg, 6 mL)
Fl Waters prime HLB(200 mg, 6mL). Agilent
Captiva EMR-Lipid(300 mg, 3 mL). ProElut PLS
(200 mg, 6 mL) 4 FP[EAHAE O HEA T T g, Her
ProElut PLS [ AHAE B2 25 /K S5 N5 [ AH A B
FE, SRR W - BRI X i el 7 52 PRk ge
Rk IR 25 o S E R AR AR IOME , R B B e [
BE; 54 3 MR EEEAR, TR RS
R, 450 T SCgRESE], f# ] ProElut PLS [ AHZE
BUOREXT 2 AR ™ b A il R4 T4 A 1 I8 33053 A1
Tk = E A AP (RS, iS4 3 R g X
[ AH 26 M I RCR AL . Hi i ProElut PLS-A
(200 mg, 6 mL)YWH MK 34k 2 i REAHAE BN
NZETE AR B &, A58 ProElut PLS-A [&4H
AEHUHEXTRE A A T
2.4 FESLREUA I RERE

IR 25 e e B, H I EE . 2
0T A B R B . SR AL, 2
A DA O O3 8 RS, 2R X RERR
(VA AR T e, ORI S 4R IR ) i
FH & FE <60% £ Jif 7K ¥ W Bsf I 12k i 3 1 Joit o 42 A%
PE, (LI, A MR B bR A
PR ALERN , A LN BRI 2 JC R A A i
U, gei 5% 08, RFSCR 80% NG KR
VE R R
2.5 AN

f#F UPLC-MS/MS Ji 5 AG 5 [ 52 4= I
B, 47 A 5 T AN 5% M) S 3 25 SR E B T, A
W5 R IR IS S Ik VA T BE BT PP, Bl s
F BT b B ARE G e T AR (4) 5 v 55 v [k
(1) B R A& DT B B)Z b o SEE0 45 R I ik
FRE SR SR AE AR SE ROV, AT B S A800; 119
VAT TR EFR BRI AR 2 2 b i, FEATF
FE R SR b v i 2 %) D7 TR T R SR AN
2.6 KPR i BRI R P 4

ARMFFEREI 2 FhK ™ fit B X Ty i 4 ¢
RER M BRIEITATIE, RIE 2~3, 14 FRRE
FIZSWAE 1~50 pg L' WEIRBIFMEEXR,
WYITE 10~500 pg L' WEILRIFMLEXR, M
KREII>0.99, RESH 259K 1 BR A 0.5 ngkg !,
R Ry 5 ngkg!, RGN 254 E B R PR
M 1pgkg!, GHYER TR 10 pgkg s

P E AR F 252 2023 4 8 5K 40 55 16 1

R2 RAET 14 M REEA KA R LERR
Tab. 2 Linear relationships of 14 anesthetics and metabolites
in flounder fish

Hifkay  SERE e ®
ngkg!

MS-222 1~50 =29 104.639 52x+2 375.64530  0.999 5
R 1~50  3=6.286 17x10%x+4 509.648 87 0.999 6
L a=m N 1~50 y=7.065 91x10*x+811.637 85 0.999 7
AR 1~50  3=5.950 70x10*x—6 771.603 62 0.999 5
Ee = aisliis 1~50  »=1.332 11x10%-16 176.31924  0.999 8
IEA N 1~50  y=1.736 91x105%x+2 925.71329  0.999 9
TRE 1~50  y=1.241 41x10% 0.999 7
FAl R 1~50 y=1.743 73x10%x+3 815.644 96 0.999 2
A RA 1~50  y=2.279 81x10°x+899.138 43 0.999 2
AR H 1~50  y=1.073 37x10°x—1 284.829 27 0.999 6
FIR-RH 1~50 y=2.353 07x10%x+1 557.411 61 0.999 3
[H) AR 10~500 =5 901.633 13x+5 894.089 02 0.999 4
YRR 10~500  y=8 025.426 96x+5 691.544 80 0.999 5
Xt Z, W FLZE 10~500  y=12 600.861 75x+6 330.754 58  0.999 5

R

T3 G 14 R ROE R B Stk R

Tab. 3 Linear relationships of 14 anesthetics and
metabolites in white shrimp
Aisiay Lo/ L B R
pegkeg!
MS-222 1~50  y=25953.396 16x+3454.15700  0.999 5
AR 1~50 y=5.633 57x10°x+2644.61562  0.999 6
EL RN 1~50 =6.675 62x10*:+6786.986 18 0.999 4
FAEERAE 1~50 y=5.440 63x10%+3475.929 03  0.999 5
R 1~50  y=1.26525x10%+12221.77701  0.999 |
VBN 1~50 y=1.622 07x10°+20209.624 53  0.999 5
TFRH 1~50 y=1.073 64x10%x+3.174 09e4 0.998 7
ELIR NS 1~50 »=1.530 25x10°x+4.894 35¢4 0.998 3
i le R A 1~50 y=2.210 22x10%x+29591.327 40  0.998 8
HERE 1~50 3=9.974 52x10*x+11185.919 83 0.999 7
BIR-RH 1~50 y=2.162 04x105x+27366.945 60  0.999 1
WA 10~500  y=6 106.347 84x+6918.27379  0.998 8
MEBEFEE  10~500  y=8 440.460 35x+4215.22082  0.999 5
X Z BRI 10~500  y=11903.944 04x+1741.811 06  0.999 7
TR

2.7 BRI

SABEECT 3 AMRBEIKTXE 2 FhK 7 SR
BEAT IR s, B EEACEIE 6 K, it
SNFE [EISCAF RSD H, 45 R W 4~7, 14 Bk
i 31) 288 245 4 K AR ) 7 e ) £ 0 5 o v )
[FISCR N 62.48%~116.5%, RSD(n=6)#]< 10%, #*
Wiz Ae e AT g,
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T4 A EEF AR HY oA E R (n=6)

Tab. 4 Spiked recoveries of 11 anesthetics in flounder fish

(n=6) %
H LAt 1 pugkg! 10 pg-kg™ 50 pg-kg!
Flfg#  RSD  Mlg#E RSD [l RSD
MS-222 67.95 6.7 9310 26 9793 1.9
P51 N 68.83 4.1 9277 23 9130 2.0
R 68.47 4.1 93.89 24 9641 2.6

AEekHN 7085 8.2 92.88 1.8 93.07 2.0
HaEREME 76.90 1.4 93.51 1.7 92.99 2.1
IESNTS| 65.11 3.0 94.43 1.6 92.84 1.5

TR 63.96 24 9198 1.5 8112 1.8
FARE 62.48 2.6 98.12 1.6  83.96 2.7
iR A 66.23 4.7 98.39 1.2 89.01 1.9
PR A 68.94 1.9 95.40 1.9 92.89 13
PR A 65.98 4.5 94.25 0.7 89.37 1.7

®S A& E T3 AR A A A E R (n=6)

Tab. 5 Spiked recoveries of 3 metabolites in flounder
fish(n=6) %
B 10 pg-kg! 100 pg-kg! 500 pg-kg!
Hirfb &9
Bl RSD [ RSD Y% RSD
(i) 2 2R P iR 8138 2.8 9516 1.3  98.05 2.7
X S S 83.15 3.7 9473 12 9770 1.7

Y OBEIEAERR 7318 2.1 9294 1.0 9462 1.7

Ro  BEFEFT 11 A REEA H A B R (n=6)

Tab. 6 Spiked recoveries of 11 anesthetics in white
shrimp(n=6) %
- 1 pgkg! 10 pg-kg! 50 pg-kg™!
Hr kA
FlYi#  RSD Y% RSD [  RSD
MS-222 69.04 6.8 102.8 13 113.0 1.4
A RA 67.58 2.5 102.6 1.4 111.2 1.2
HaRH 75.28 33 109.1 1.3 116.5 1.2

SAEafRE 7568 2.4 106.1 1.6 112.4 1.6
WamRHEME 7976 2.6 109.2 0.9 111.4 0.8

MZRH 64.61 2.9 108.6 1.0 112.1 1.2
THRHA 63.23 4.1 107.8 3.0 1035 08
FARA 62.75 4.1 108.6 1.1 99.4 1.0
iR A 69.28 3.5 1100 05 102.1 0.8
PR A 63.32 3.2 106.1 1.9 108.7 3.4
IR 63.56 4.6 111.0 1.4 109.9 0.9

RT  EEFE 3 AR TR K 8 A B IR (n=6)

Tab. 7 Spiked recoveries of 3 metabolites in white shrimp

(n=6) %
10 pg-kg! 100 pg-kg! 500 pg-kg!

ST ng-kg pg-kg pgkg
[ RSD  [g#F RSD  [IE  RSD

EEIEAEER  84.67 2.8 94.63 1.3 101.1 2.7

YEIERHER  86.99 3.7 95.60 1.2 100.7 1.7

OB E LT 86.47 2.1 92.51 1.0 100.1 1.7
iR
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2.8 FEERINE S5 R

i AT IE o i i L RIAIR K 70 it
W, EEa, Fa, sk, BEm, Mifm . R
fir, H5k. 8R40 9 A, Hr 1 HbRkFEAK
AR A BRI R, A A 5 B 2R
e R 15.6 ug'kg! M BEEFE K H R 1.04x
10° pg-kg™, e mMR 15.6 f5F1 104 £, H
RFEIARKIH
3 iTig

A AR R —FP N T A B SR R 2, XF
BRI R A HACH =, %25,
2R HLAE R R K, 3 A R 05 UK ™ oz
P . E AT SR R A R
REATA BB, [0 FDA R4k H ™=
st P 350 A I 21 1 I, T AR A ) WA
U XK I A% 2ok, Wil tid 21 d ARG
JEAr T E . B Al E IR R R A
SRR T 35 K ™ S as iy, A IS 2K s i
w3 2l R, ) R AS 220 A 40 1 R 24 259 B
TR, X P R A KU

ARG T[RRI K 7= i o 14 Fof R e 551
25%¥)1) UPLC-MS/MS J5i%, X 70 #ELUK = F i
HH BRI 5% B R4 T 5 o AR O i iy Ak R 6 P
YEFE ™ ProElt PLS-A REFHAEEAE, 7E{RUEGE
SR B ] s RERARR T ARG AR o 12 T M T
AP R b 14 Fh BRI B0 b 7 A
BN S,
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