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Simultaneous determination of 16 kinds of anesthetics and metabolites
residual amount in aquatic products by multi-plug filtration cleanup method
combined with liquid chromatography-tandem mass spectrometry
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ABSTRACT: Objective To establish a method for the simultaneous determination of 16 kinds of anesthetics and

metabolites residual amount in aquatic products by multi-plug filtration cleanup (m-PFC)-liquid

chromatography-tandem mass spectrometry (LC-MS/MS). Methods Samples were extracted with acetonitrile
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containing 1% formic acid, separated by salting-out, and the upper acetonitrile was purified by m-PFC column
packed with anhydrous magnesium sulfate, primary secondary amine (PSA), and enhanced matrix removal-lipid
(EMR-Lipid). The targets were separated by C;3 column using methanol-2 mmol/L ammonium formate containing
0.1% formic acid as mobile phase for gradient elution, detected by positive or negative electrospray
ionization-tandem mass spectrometry under multiple reaction monitoring mode, and quantified with matrix external
standard method. Results The 16 kinds of anesthetcs and metabolites showed good linear relationships in their
respective concentration ranges (r>>0.996). The limits of detection (YN=3) and limits of quantitation (SN=10) were
0.03-0.30 pg/kg and 0.10-1.00 pg/kg. The average recoveries at low, medium and high concentration levels in the blank
sample matrix were 79.3%—113.8%, and the relative standard deviations were 1.3%-7.2% (n=6). Conclusion This
method is simple to operate, sensitive and good in stability, which can be applied to the rapid detection of 16 kinds of
anesthetics and metabolites in aquatic products.
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AR KURS ™) PRI, Sy ol ) IS A % /K 7= it 22
IRIAFRIZG P DR . ER BT 7 vk R B ISR S

FIRT, 7K™ BRI 50) 245 1 e A 00 75 125 3 0 WM (8
RN O - R AT A sk ]
e - T o U A R v VOR3P T 9 (liquid
chromatography tandem mass spectrometry, LC-MS/MS)H.
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RE AR, BRT m-PFC B8 IIN TR | kR
ZEMEE 24 K RO 2 | 2Rk R I,
A A DL FH 7K i BRI 700 24 00 ke B A
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1 MR5RF%
1.1 UE5EF

1260 8RO (@3 -6470 =5 PUALFF RIS (EH
Agilent 22 7]); Allegra X-12R fRiR R H & OHLCGEE N 72
N TKA-T25 FRddFies . IKA-MS3 iR HETR A (18
IKA A F]); KQ-500DB H#4 i 75 i i vk i (B LU i B 7 {3
AR F]); ME2002E HFRY-(J&& 0.01 g) ME204E 1T

R-(F L 0.01 mg)Fti H-HpRr -0 F 2 R |); Milli-Q
HRAKHL(EE E Millipore 22 F])o
1.2 #R5RF

B 7K i RE AR SRR TN T A R R T

Il Q. WRR(Eig4l, KIE Fisher 2AH]); A
Yo FLAREA T fise W 6 551 (ostade-cylsilane, Cg). N-PN3kZ ik
(primary secondary amine, PSA)(REIHE A LA /RA R A));
345 IR T % % (enhanced matrix removal-lipid, EMR-Lipid)
W75 . Agilent ZORBAX SB-C 5 H:(2.1 mmx100 mm, 1.8 pm)
(ZEHE Agilent A #]); HPP:4 B4R (neutral alumina, AI-N) | fif
JiE (Silica)(E [ Agela 28 wl); SALH . JOKBLMREE . H IR EL
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Milli-Q #a4lizK; itk SPE 25 kE(6 mL, T UMl seiFl
AR ), 10 Fl R PR R I 50 B A5 4 4 UE b
(MS-222, R, MESERPR . M ERHR . FlZ
R, FERE . ERE SEERE L TEREE. 1
R B2 EE>98.0%) . 6 B T A B bl A (T R L
1000 pg/mL)AEEZIGHE A H]), SARMEYIE CAS S 1.

1.3 /7 &%

BB
{3 551 %Kl Agilent ZORBAX SB-Cg 41

1.3.1

(2.1 mmx100 mm, 1.8 pm); HRK 40 °C; FEHHN 0.3 mL/min;
HERERE: 2 uL; WEIAH A & 2 mmol/L I REZHY 0.1%F iz
IKQEB FREOIK (B R, Wshtl B S HEs, #5E
YERFEFF: 0~1.0 min, 10% B; 1.0~3.0 min, 10%~40% B;
3.0~10.0 min, 40%~90% B; 10.0~12.0 min, 90% B;
12.0~12.5 min, 90%~10% B; 12.5~17.0 min, 10% B.

JoT T A HLESE H BSOE /TR, & R M
(multiple reaction monitoring, MRMYx(, BANEHE 3.5 kV,
BRI EE 350 °C, BRI 350 °C, EALSE T 40 psi,
JBE7 RIS 11 L/min, 16 FRREER AR S0 s 2
B 1,

F1 16 MERET R ERSIBRIES K

Table 1 Mass spectrometry parameters of 16 kinds of anesthetics and metabolites

P Ew CAS & FE 5 55 B AR X BFX(miz) RiRHIENV R AE /e V
166.0>138.1* 65 13
1 MS-222 886-86-2 EET
166.0>94.0 65 21
P . 138.1>77.0% 125 25
2 ] H o8 H R 99-05-8 EET
138.1>65.1 125 33
. 166.0>138.1* 85 13
3 FiERH 94-09-7 IEET
166.0>94.3 85 21
et E i 138.1>77.1* 135 13
4 R FER PR 150-13-0 EET
138.1>94.0 135 25
236.1>163.1* 85 17
5 EL ey SIFRYS 51-06-9 EET
236.1>120.2 85 33
- 271.1>154.2 95 33
6 ALERE 133-16-4 EET
271.1>100.1* 95 17
N 344.2>271.3* 125 25
7 F]RH 85-79-0 IEET
344.2>215.1 125 33
) 289.1>140.1* 95 21
8 fii bR A 2180-92-9 EET
289.1>98.0 95 45
) 221.2>86.1* 65 21
9 R A 721-50-6 EET
221.2>136.1 65 13
235.2>86.1* 65 45
10 IEZAR NP 137-58-6 EET
235.2>58.2 65 21
. 162.9>148.0* -75 -13
11 THm 97-53-0 i-=s
162.9>121.0 -75 -25
162.9>148.0* -75 -13
12 ST 97-54-1 Uit
162.9>121.0 -75 -25
. 179.0>123.0% 65 4
13 AL T &y 93-15-2 EET
179.0>138.1 65 25
179.0>151.1* 85 15
14 AL T & 93-16-3 IEET
179.0>164.1 85 13
) 207.1>165.1* 65 13
15 LR T A Wi liR 93-28-7 EET
207.1>189.1 65
207.1>165.1*% 65
16 LIIESF T HE 93-29-8 IEET
207.1>137.1 65 17

T W ERE T
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1.3.2  AREEIR 4G B

HERAFRIC 10.0 mg < PRI BRI B LA b v
F 100 mL Zibfih, ISR RE A 2205, Bl
100 pg/mL YR H2 R A YIPRHERE 2. HERRSE 6
P T HENE AFREA 1.00 mL F 10 mL A3, 2
WREAZZE, BN 100 pg/mL (8T FB2ERHERE ST -
A3 PR ER— 2 A PRI 2 HA R AR i A5 ORI T 2
FRERGAIR, FHCERREECH BUTTRR N 10.0 pg/mL ) 16
FIRRI AR G o v 09
133 Hmaras

TR 7K S 0 AT R Ay, #5026 iR U T
SIRALIR . HERFRIN 2.5 gCKERIE 0.01 g)¥guilhe, B
50 mL B0, LA 5 mL 1.0% M B2 Z G, RIZR
AR 1 min, BAE I 10 min, MA 1 g Z4kEN, HIEER
4 1 min, 4 °CF 8000 r/min 2.0 5 min, ¢k,

# 150 mg PSA. 150 mg EMR-Lipid, 300 mg JC/KHi
BREEIRS], TN T i RIUH LM AR 6 mL SPE ¢
Feh, b2 AR, 58 A% m-PFC b, B
3mL FARERBOEINA B LA, AR 0.22 pm ffL
UEIEE, GHBHES RS, EEHIRE 2~3 /i, FEWIER
1~2 %, WARZLIEIR T FRE /D, iF LC-MS/MS {322 .
1.4 HiEALIE

B R 2SR Masshunter 12 8440315307,

BETT % H Microsoft Excel 2018, £l % H Origin
pro 2024 B, FE Rl — S AR EATINE 3 IR,

2 HRED

21 BERHFSMRL

SRS T HEE-K L 2N -7K L 0. 1% R K VAR
-4 2 mmol/L FHFERELIY 0.1%FFRR/K 4 M sk R,
SEREM: NG th T URMLRE s, XELLSCELE AR )
Iy SRR AT B, BB E AR 4 B ACR T G
BT, A A R R P R, TR TR
Py SR, T K SRR, TR R N e A 1E B
BT, DL E-0.1% FF R K Ry i AR, 10 - PRI pR e
I A Re A iy s, 5 4 Rl T 7 ) 28 24 A i 1oy 55
ik, HARBESEArEs, MBI FE-5 2 mmol/L HFREL M
0.1%FIACH TSR, REZE, THRBEAYFESF
MR RESE oy, BRI N AR 530y, Efifer
TEAUER, 16 FORFST 259 % = 25 F MRM K38 LA 1,
22 FAUAERBIMRKL

AWFFEEEET Cig. PSA. EMR-Lipid. Al-N I Silica 5
TP B FIE A m-PFC i AL AL X 16 BRI Ak AR
TEZS (LR (B A) PRI 20.0 pg/kg B9 16 RIS 254,

5.0 5.0 1.5
o e b 2 AEEFRE FZRHE
5 X %
i i X
= ,\ = k =
) . , . 0 . , . 0 . , ,
0 2 4 6 2 4 6 8 4 6 8 10
4 B3 B} 8] /min {3 B4 15} 8] /min PR R B A /min
8.0 1 18 12y e
) 151 qs| g i b B = XTI TR
X X X
3 N .
= 2 o AR )
0 - - " 0 . . . 0 . . .
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g AEFH g R g | RTEE
é»? MS-222 < X TER
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0 L L 1 O 1 1 1 0 — L 1
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25 ¢ £ R B 8] /min 35 {4 E5 15t 8] /min 20 - £ B 5t ] /min
a LT & N L o LIS T HE
X FRSTHEH X i I
Eé?i = =
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Fig.l Quantitative ion MRM spectrums of 16 kinds of anesthetics and metabolites
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435I 200 mg Fi& S R ER R K 300 mg oK R BREEET T
Ak, RN, g5 2 FioR, Silica Xt BARYIA
—E W, b E R A, JEERE. FEZR
L A MR DR = AT R BT W B i, L TS e 3 7
60%LA T o AN XF8-&-RENE . LB T HFBFER LB
THEMA —E M, EBCRIET 70%. Cis XWEE+ Ek .
T REMOWEEER T HWA — & WM, B0k
67.5% . 72.6%H1 70.4%. 1M PSA 1 EMR-Lipid %F4% HF54
B [l SR B 4F, AT 80.7%~111.3%. PSA J&—Fis s+
e, BT R BRIE T P LR A8 7 R S R Y,
EMR-Lipid F&FAFHEBL ST KAH B AEHPLE], GE% 51k
FEME . R EBRAR R, TEAHE ST B A kK
o Hk, ARFFEE PSA Hl EMR-Lipid WM #1444
m-PFC b 3ER}, JEORemid &, WK 3 PR, X4
PSA F1 EMR-Lipid FI& 4 150 mg i, K¥MEESHRY
IR AL RO R B, Tk A
23 REUATIENEE

R DRI 2T T A M A RR IR R 2 S AR, A DG Sk
B, H Y B EER N YA B R R, T O R
A AR UTTE B R AR, R b, ARBF
T 1L.0%HIRZIE . 1.0% R 2 IE-/K(8:2, V:V)IHE
BUSCR, Xas [ ARSI T 10 pg/kg BONAR B SEE,
LERULE 4. R ZIERRBUS, 16 FhRREE R A [R5
74.6%~113.6%, K 1.0%H i L M5-/K(8:2, V:V)FREUHT,
A PRI PR (1) [T B AT, I H G T A B AR 5 T
Bl (4 BN EREAIG, 433102 72.6%H1 68.7% K 1 1.0%
H R 2 NG SR B, 25 B ARk & 9 09 DGR 8 B dy, o
81.3%~112.5%. T RIEFFREFIRZ B, AR R

ol C,, EBlPSA [l EMR-Lipid XY AI-N [JSilica

[N/ %

=

K2 R IFEA A H AR DR A5 (n=3)
Fig.2 Effects of different absorption materials on
recoveries of the targets (n=3)

140 - [ 100 mg PSA+100 mg EMR-Lipid
[ 150 mg PSA+150 mg EMR-Lipid
200 mg PSA+200 mg EMR-Lipid
1300 mg PSA+300 mg EMR-Lipid

120

100

BICE/%

YTy gy
i%j %@%”%%&@Z«%
¢&{%?%@a

EEa7
Pl 3 AN [l e 30 T ot B AR SO S 20 (n=3)

Fig.3 Effects of different absorption materials dosage on
recoveries of the targets (N=3)

&

Hir4

Pl 4 R R IBUA 7 A4 X H AR I 3 1 521 (n=3)
Fig.4 Effects of different extraction solvent conditions on
recoveries of the targets (N=3)

A TR T, e RECER!, Hi, %% 1.0%
R LI AR BUA W -
24 FHEFER
241 AR, EBHTEE, hERATER

4390 DA B P K B R g SE X IR S B T, 2 4R BG4
AAL RS AR 30 28 (IR TR, 0 AGE B PR B FR b o
Hr) R, TS 0.5~100.0 ng/mL A I B3 5t DERCAR VA,
5[] J5t A v B 4 b v VA TR (20% FR st K P I ) — 2
AR RE, % 16 i HARAL-G P i 5L T340 (matrix effect,
ME)#F4T T 558, ZEFLEARHERZR ALk, B RIAR
HE 2R B9 R kb, ME=k,/kyx100%, ME #42 100%, 1568
ME /)N, 16 FhBRBATI 25 P04 PR SL 5 H 9 ME {EL L3 2, ME
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T 85.3%~138.0%Z (8], o T & A5 T &HBA KR
RSB RE R . R, OO ORIESE IR 25 S v 1, ASDF
FE R FASE VG BCAR i ph R ET T e . P2 2 mT 1, 16 FhRR
I Z5I7E 0.5~100.0 ng/mL R kLI R R
WA TER . FTHEER., PRTER. PER TEHEHM
B EEEHEEN 1.0~100.0 pg/mL), HERBEOHAET
0.996, LLzs IR 3 M5 LLEf & LOD (SIN=3), 10 i
{EME L E LOQ (SIN=10), &5 ILF 2, 16 FhRRERIM )7
2 LODs 7 0.03~0.30 pg/kg, LOQs 47 0.10~1.00 pg/kg, 7

R 5P SCEkRE R ST
242 FiEEDKEREEE

PEHUAS PR 7K B o T S X B 19 A i S R A T s 52
5, ARk 3 AR EE(2.0. 10.0. 50.0 pg/kg), %
1.3.3 ZhBRIT AT HAE, AR EPATINE 6 IR, XA
HUNAR LSRR RS % B AT 458, S5 R ILR 3. 16 kG
YInAR B R TE B4 BIAE 79.3%~113.8%2Z 6], RSDs
1.3%~7.2%. 45 F454 GB/T 27404—2008 (5252 R 5
HIHTE B BRI ) X IR A R

F2 16 FEEFRERSYINLMESTE. LODs. LOQs 1 MEs
Table 2 Linear equations, LODs, LOQs and MEs of 16 kinds of anesthetics and metabolites

& & 951} Ltk e AR LODs/(ng/kg) LOQs/(uglkg)  MEs/%
Ikl Y=1.01x10*X-3.32x10° 0.9974 92.7
- NSl 0.15 0.50 _
[ZESSL Y=1.03x10*X-3.16x10° 0.9978 94.5
- it Y=1.02x10*X-1.17x10° 0.9962 94.6
ALEFR - 0.15 0.50 _
EEISEN Y=1.01x10*X+2.68x10° 0.9971 93.7
A Y=4.65x10*X+7.70x10* 0.9988 97.0
VIEZ NS 0.03 0.10 -
[ZESSLN Y=4.78x10*X+4.39x10* 0.9990 99.7
N it Y=2.52x10*X+1.75x10* 0.9995 96.6
TR - 0.10 0.30 _
EEISEN Y=2.57x10*X+8.32x10° 0.9994 98.5
Ikl Y=6.15x10>X-223 0.9997 97.8
MS-222 0.15 0.50 _
[ZESSLN Y=6.38%x10°%X-956 0.9996 101.0
R, ity Y=1.38x10*X-323 0.9998 98.5
] 2 H R R - 0.30 1.00 _
EEISEN Y=1.41x10°%X-915 0.9997 101.0
A Y=7.04x10*X+1.83x10° 0.9996 99.7
il A NP5 0.03 0.10 _
[ZESSLN Y=6.80x10*X+5.16x10* 0.9996 96.3
il Y=1.35x10"X+6.49x10° 0.9994 99.3
HER - 0.10 0.30 _
EEISEN Y=1.41x10*X-6.055%10> 0.9998 104.0
JE Tl Y=1.07x10"%+3.14x10’ 0.9996 97.0
X B2 H R 0.10 0.30 _
[ZESSLN Y=1.11x10*X-5.03x10° 0.9997 101.0
. Hifh Y=4.44x10*X+5.01x10° 0.9968 97.4
B S| . 0.03 0.10 _
[EEISEN Y=4.22x10*X+1.08x10* 0.9998 92.6
kil Y=1.32x10*X+173 0.9984 129.0
T 0.30 1.00 _
[ZESSLN Y=1.41x10>X+209 0.9988 138.0
it Y=3.28x10*X+10.2 0.9993 126.0
5T A B - 0.30 1.00 _
EEIIEN Y=3.37x10°%X-17.8 0.9998 129.0
) A Y=3.63x10*X+89.8 0.9991 88.7
FL T A 0.30 1.00 _—
[ZESSLN Y=3.80x10>X-38.2 0.9996 92.8
it Y=2.43x10°X+132 0.9996 85.3
B T A5 - 0.30 1.00 _
BEEIEN Y=2.50x10°X-53.7 0.9992 87.8
L . B Y=2.85x10°X+2.58x10° 0.9962 93.4
LR T 75 3 g 0.15 0.50 -
[ZESSLN Y=2.65x10>X+6.05%10° 0.9980 86.8
it Y=4.51x10°%-1.28x10° 0.9978 90.8
CBREE R T - 0.15 0.50 _
EEISEN Y=4.35x10°X+5.32x10° 0.9998 87.6

7 K FR (limit of detection, LOD), & & FR(limit of quantitation, LOQ).
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Table 3 Recoveries and precision of 16 kinds of anesthetics and metabolites into 2 kinds of aquatic products (n=6)

P kT e IRIKFE A [ZESSEN o T IR B A [ZESSEN
= =
/(ng/kg) IR /% RSDs/% [HIHCR/% RSDs/% /(ng/kg) IR /% RSDs/% FIL#E/% RSDs/%
2.0 82.6 3.1 82.1 2.6 2.0 96.4 2.0 96.8 22
el 10.0 83.5 3.7 83.3 3.1 HREE 10.0 98.1 1.3 97.3 25
- . ) . . ) - ) . . . .
50.0 82.9 2.8 85.2 3.5 50.0 97.5 1.7 99.5 1.7
2.0 84.8 3.4 80.9 4.7 2.0 88.7 3.5 92.7 22
Silelal AR
= H )
e 10.0 86.1 3.2 87.6 3.7 ¥ 10.0 92.7 23 95.0 2.7
50.0 85.0 3.0 85.8 3.5 50.0 91.6 3.8 96.3 2.5
2.0 94.1 2.8 922 3.3 2.0 113.8 6.1 112.2 7.2
FlZRE 100 93.4 3.1 93.5 3.1 TG 10.0 109.0 4.4 107.3 5.6
50.0 93.7 2.6 96.0 2.4 50.0 110.6 48 105.7 5.6
2.0 90.4 3.4 87.8 3.8 2.0 107.2 3.8 105.9 48
WERE 100 91.2 2.0 90.2 3.5 ST HEmn 10.0 106.3 3.6 101.4 43
50.0 92.1 2.7 91.2 4.7 50.0 105.5 7.1 99.6 53
2.0 95.3 2.8 94.9 3.6 2.0 91.5 3.5 89.4 3.8
MS-222 10.0 96.4 2.4 97.3 3.4 FETHEH 100 91.6 33 93.7 42
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Table 4 Comparion of the proposed method with the other reported methods for the determination of anesthetics in aquatic products
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