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Determination of 27 antiparasitic drug residues in Penaeus vannamei by

liquid chromatography-tandem mass spectrometry simultaneously
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WEBMMNECLAESTRFERGHGEN., A
EASOUTLHARERRIEANES TS FHORFT A
R, 2 Cufo P RRAMNEH HE. B FH K RME
SRR E M., %% Thermo Hypersil Gold aQ
EEAES F,0.1% Fi— Sl A 10 mmol/L WV 8 4 & &
(4 0.1% F B & A AF A A ALAR Ao K AR 304745 E 26 BL, K
AEFEBTREABTR T4, 5 g B EX, A
R BAREE R AR T oM, HR:27T A F 4 &
BE—RRECEAAERAMXZBZGCIKRT 0.974 1,
SHXAZRIFARERA 0.5~2.0 pg/kg, T ZMRH 2~
5 pg/kg;® AR E 5.10,50 pg/kg 3 AFMmARF T
FikmARE R R (n=6)% 61.90% ~118.54% , % 1 T F
AH(n=6)Hh 0.57%~12.56% . @M EF ZH(n=3) A
1.29%~16.47%, B Z F EhBFHRIF. DR E HE
E#H,MNER L, Tk L EETghENEL,

KEHER: UMAENTRTF LG R I RMMEE—
BB E R AR AR

Abstract: Objective: An ultra-high performance liquid chromatography-

tandem mass spectrometry method was established for the
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simultaneous determination of 27 antiparasitic drug residues in

Litopenaeus vannamei. Methods: The solution was used to
extract antiparasitic drugs in the samples of L. wannamei. The
supernatant after centrifugation was purified by Cis and neutral
alumina powder. The sample solution was analyzed by ultra-high
performance liquid chromatography-tandem mass spectrometry
and applied to the instrument workstation to perform data
analysis. A Thermo Hypersil Gold aQ column was used as the
separation column, and 0. 1% formic acid acetonitrile and
10 mmol/L ammonium formate solution (containing 0.1% formic
acid) were invoked as the organic phase and the aqueous phase for
gradient elution, respectively. The electrospray ion source was
used for positive and negative ion synchronous scanning and
multiple reaction monitoring modes. The ion abundance ratio was
qualitative, and the matrix-matched reference solution external
standard method was employed for quantitative analysis. The
results showed that the Pearson correlation coefficient () of 27
antiparasitic drugs was greater than 0. 974 1 in a certain

concentration range, and the linear relationship was good.
Results: The detection limit was 0.5~ 2.0 pg/kg, and the
quantification limit was 2~5 pg/kg; The recoveries (n =6) of
the method spiked at the low, medium and high concentration
levels of the samples were 61.90% ~ 118.54% , the intra-assay
coefficient of variation (n =6) was 0.57% ~12.56%, and the
inter-assay coefficient of variation (n=23) was 1.29% ~16.47%.
Conclusion: The method has good selectivity, high method
recovery rate, high precision, and short measurement period,

provides a robust and efficient method for the determination of
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antiparasitic drugs in the laboratory, and meets the testing needs
of the laboratory.
Keywords: Penaeus wvannamei; antiparasitic drug; ultra-high

performance liquid chromatography-tandem mass spectrometry;

matrix effect
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1.1 R FE5&EH

MR 2 R - (3 4, 3 B Thermo Fisher 247 ;

PR % - {03 4li , 32 [F Sigma-Aldrich 23 7]

FACEN BT Al AR R CRED A 3R A BR A A 5
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0.22 pm JEME b otil SRR A RA A
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50 K B gk,

1.2 Us5ig&

R AH €7 B8 T 3%« Triple Quad 550048 (Fig ESI
BT .2 E AB SCIEX A #l;

B0 #l: SORVALL LYNX 4000 %!, 2 [H Thermo
Fisher 2 7l 5

7R .BT 25 S H, ff[# Sartorius 23 7 ;

AR EFAA-DC24-RT B, 24 3% S 56 Bl 4 B4y A R
NG
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UNEIR
1.3 #RAEBRRESH

W LA e PR B 27 BT A AR 2 AR R T
Hufh  HEmEIT A MERAERT. —20 C
RAF .

1.4 tEmarshsE

FREUAT AL BEAG AR AR 2 e R = 0.01 @), JEJn
A1 g EALHIA 10 mL 80 % Z W5 /K I - 3543 1R g ik
AL BRI 10 min, F 4 CF 6 000 r/min & L
5 min, #E B B B R A HLE W 2 mL, in A Cy 1
Al, Oy BrR 45 100 mg. iR i€ 1 min 784> W B L B _E 3% W
0.22 pm ERRE, B EALINAE
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2 (D358 5 F A0 (matrix effect, ME) ,
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1.6 EBEHTEY
1.6.1 WAHMOE KM @i Thermo Hypersil Gold
aQ (100X2.1 mm, 1.9 pm) ;A .40 C A& 2 pl;
W 0.4 mL/min, WA : A, 10 mmol/L H g% (&
0.1% B W B, 0. 1% WE— M. R BBV
0.0~1.0 min,95% A,1.0~5.0 min,95% ~5% A,5.0~
8.0 min,5% A,8.0~8.1 min, 5% ~95% A,8.1~
11.0 min,95% A,
1.6.2 B BT BmBIE B TR (ESD ; Hiff
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E= W i A R PP S K 8 W 4Rl i W - U |
(MRM); B & L JE (I1S): 1IE 1 H§ 5 000 V, f 31
—4.000 V3B FUEEE 550 °C 545K (CUR) 172 368.9 Pa;
ZAA(GSD) 1344 737.9 Pa; 3l Bh A (GS2) :344 737.9 Pa;
Bl A 7 BRI . b A Y XM B AN AR R b TR 3
fRRWE1,
2 HiRkH5ihe
2.1 FRiG&KMEGMRL

SR IE 6 ) B 4 B A XX 27 B A A R 2 itk
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NH,]"\[M—H] 2 Mg i, 2Rx,
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Table 1 The selected ion transitions and MS/MS parameters
ot BT FEF EiEH il 3% fig o B FHEF EiEH il 3 RE
(m/z) (m/z) /v 0 /eV (m/z) (m/z) K/V i /eV
P 4E % Bla 890.5 567.2* 81 25 HhER 773.5 431.2" 135 70
305.2 81 37 265.2 135 70
A ES 892.5 307.2* 81 37 K R 939.5 877.4" 80 45
569.2 81 25 895.5 80 65
ZRHE 916.6 331.1* 80 35 L SN 250.1 218.1" 100 25
592.9 80 25 176.0 100 35
AT 4 5 266.0 234.0* 101 29 ENSERN S 167.1 125.0* 60 24
190.9 101 45 108.0 60 30
AT 314.1 282.0* 90 32 LR 414.0 100.1* 95 36
123.0 90 48 120.2 95 29
FH 2R DK e 296.3 264.1" 100 32 LS 200.2 100.3 " 66 23
77.1 100 76 127.3 66 21
o5 A TR 300.2 268.0 100 30 =&k 283.1 119.1" 60 27
158.9 100 46 254.1 60 15
LSy 316.2 159.0* 70 43 i 7 B A 404.9 334.0 —50 —25
191.1 70 27 406.9 336.0 —50 —25
L A% 3% s 248.1 216.1* 106 29 Je g 301.1 137.1 —70 —25
173.0 106 45 107.2 —70 —50
I 248 3K e 202.1 175.0* 85 40 il 1L i 288.8 126.7 —65 —38
131.0 85 50 161.8 —65 —38
=5 3N .4 359.0 343.8* 100 35 BT 398.0 175.9% —65 —36
199.1 100 55 201.6 —65 —30
FH 4 g 172.2 127.9% 50 20 AU 661.0 344.7 —110 —50
82.0 50 37 314.9 —110 —50
by S i 142.2 96.0* 65 21 T Tk A fe 623.9 126.8 —110 —70
81.0 65 36 334.7 —110 —50
TRg W R 693.4 461.3" 80 70
479.3 80 70

toxRRERET,
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2.2.1 @ISR $EE Waters BEH Cj5 (100 mm X
2.1 mm,1.7 pm) , Thermo Hypersil Gold aQ(100 mm X
2.1 mm,1.9 pm) Ml phenomenex Kinetex F5(100 mm X
2.1 mm,2.6 pm)3 F K B AR R /Y @ 35 A 75 A7 [ B9 5% 2F
T HBRA G AT H . A 2 TR,
Thermo Hypersil Gold aQ 7 ¥ J5 43 5 2 BE Al 06 755 1) 32 31
T H AL PR, 5500 F 450 FE @S AL B B RN TR L T RE
2 T AL A YRR R DL R B A Wk B I 2 A AN [R) B
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Figure 2 Separation of compounds on different columns

2.2.2 WHMMEEE EIRH B 01N P R—Z
i V8 Sy A BILAR 43 531 5 4 SR oK AR It 3l AR A KL 0.1 %6 F R K
W 2 mmol/L W R # VW .2 mmol/L W2 8 % W (&
0.1% ) .10 mmol/L F R & & W .10 mmol/L A R £
PR 0.1 % B BEAT 4 A& L. AR A HLAR I
NG » 05 55 HE W 44 A 1 A 535 1 Ak 5 0 DA €8 335 A T ik
JI T Sk T TR A A Bl AR V4 VAT LA A2 4 K s 28 4 24 0 1Y
TR B, 5 e W 5 S A o A R T R R 6 S
LG WY 7k, W AE T R WU BT B R B AR, A AL

Comparison of MRM response intensities of doramectin under different orecursor ion

BT A T R 2 e B TR IR IIM
+NH, 17 BB F I8 20, 0 8h A v A 2 6 7T LK SR %
FEW) I 0B T A KO, I LT DL Bl (o gk 0 AL, i sh A
HR S ET A R RS T A T T e A T R A R R B AR
W AE FAT B 5T 25 B 22 i Ak A 0 ek B 0 2 o 0 O R L I
SRR 0.1% H IR —Z ME A 10 mmol/L H R 8 18 W (%
0.1% W) 43 BIAE 78 HLAR FIZK AR 5 R FH A 3 JiE 1) TE X

XA AT oY .
2.3 BIIEEEMRL
2.3.1 #BOGAF AL B EE . LK .80% &M K

0.2 00 T R — LN X 3R P B 0 2 A S 25 W kAT B B
A 1 [ s AR 4 b B RO R R AT R R LA 3.
FT I3 AT, DL AR O 4 A AR R 2 W Ak B Y 4R B
R, B AR TP (2 A [T A3 R 3R 3T 100 06, {ELR 45l 25 1 1Y
2 B B B 2 i 2 B T L [ RO T 120 06 SR
T 60X MM L 5 LA 0.2% T BR— & I 15 o $2 Bl 7
2591 Il I A 24 I T 10004, BE AR Il S AR OF A
9 24 1 LSRR T 60 %65 L 80 %0 £ AK ¥ W AR Ay 42
B I 2% 24 90 [0 i 4 L B4R v B3 AR AE 8006 ~
100%6 . R IR 80 %0 £ il AR ¥ WA S R A

2.3.2 WAL &Mk Cis. GCB (graphitic carbon) .
PSA AL O ¥ 55 J2 fc 8 F A9 0 B 3705 . PSATT LU %
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Figure 3 The effect of different extraction solvents

on recovery
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PRI b0 B3k 25 R B AR L rh 0 b L e TR A LR L T
2 Wbk o RN 4B BT . Cog KT oF A9 B 0 0 AR A 1 ok,
Oy ELAT LI A T B s S PR 45 RT LA T E O A R S 0 R
BIG L T Cis W PSA F1 Al Oy 5 X5 42 K 19 e 1h 3R
38 3 HG AN [R] 1 W A L i B R0 R LA e W R Y TS AR
REFH T LLAE H Cis 100 mg+ Al O5 100 mg B 4 7 FH 1%
B 2 o 1) 2050 SR e A 25 SR DL IR 4,
2.4 BERMME

TE 7 FH R €2 3 5 B0 U 33 R 1) 2 T A PR S 5% B TR
CESD X 35 0 4 328 47 43 H7 BsF o 386 B Y T 19 2% J5 mT X6 43 At
Wy A T 7 A B T AL, 7 R W O TR RS R
T T A B S 35 5 A 7 R AT 40 BT AN PR AR DT, R BRRKO
THBRBAME Y I R AR 22, B FH ik 5T DG 50 A7 o V4 VA% ok 7
U BRI K 27 R A AR HU 25 W AR FL G Yo A 3 I
P PR E AT BT N L 2R R 2, BB R Y AR
1 FB I 55 2 0T 25 B 7 AR R A ) B R AT,

BEE 2658 | 2023 £ 11 B | RAEHM

PR 5 AT T R oK R e R B T A R A U 3 IO R SR KON
HUE L] 148.4 Y6 M 128.8%6 1 He 4y 25 Mk &4 BoR
T 0 B0 o A T S A BN 8000, B R L i Ak
05 1 A G VR A R R e B T AR A B Ry TR B
M R RS0 Y SR B4 S WL SR MRS 1 B O R VKT R O
F IR RS B ST 5 SR S BR A I
2.5 ZMEEHE.GHRMNEER

FAZS FRE S BRBOR X 27 Fh o %5 A AL 2 9 b i 5 T
BEAT B B, WC M0 A 0.5, 1.0, 2.0, 5.0, 10, 50, 100,
200 ng/mL FRAEMZ R LML T LLBT & MR Sk 4
AR A6 G s 0 T AR g 2 A bR I AT 4R TR U 4
A A F Il 07 7 B RUAR R Y B R FR A G R B AP, ik
¥t PR (limit of detection, LOD) il & & R (limit of
quantitation, LOQ) 45l LA 3 51 10 fi5 15 Mt b 45 & i &b
B AR b0 B R A B R BB T A AT A R
%2,

PSA-100 mg+ALO,~100 mg 169.00
€100 mg+AL,0,~100 mg 152.40
C 4100 mg+PSA-100 mg 135.80
ALO,-300 mg 119.20
ALO,=200 mg 102.60

ALO,~100 mg

PSA-300 mg

PSA-200 mg
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Figure 4 The effect of different adsorbents on the recovery
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Matrix effects of 27 antiparasitic drugs in Penaeus vannamei
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Table 2 Linear range, regression equation, correlation coefficient, detection limit and quantification
limit of antiparasitic drugs
o e/ 17 wgu, RS ERRY
(ng * mL™1) (pg kg™  (pge+ kg™
W] 4k 14 % Bla 1~200 y=2 460.02x+29 131.9 0.998 9 2.0 5
o 1 % 1~200 y=1010.04x+49 299.3 0.986 3 2.0 5
ZRIEE 1~200 y=955.342 +13 400.26 0.982 4 2.0 5
o 4% 3K e 1~200 y=783 063x-+2 160 170 0.995 0 0.5 2
TR K 1~200 y=2352 834z +1 669 450 0.997 9 0.5 2
FF 2R DK e 1~200 vy =428 870x+591 010 0.997 7 0.5 2
JEOR K 1~200 y=789 873x+1 143 950 0.994 1 0.5 2
LSy 1~200 y=148 6872 —79 731.3 0.999 1 0.5 2
T8 A e 1~200 y=1069 970x+4 194 970 0.996 2 0.5 2
W DR 3K s 1~200 y=252 5552 +247 225 0.999 7 0.5 2
S Sy 1~200 vy =243 2512450 918 0.998 2 0.5 2
FH il e 1~200 y=233577.92—118 448 0.998 0 0.5 2
b, 5 i e 1~200 y=71419.4x—380 99.8 0.999 4 0.5 2
FERETH % 1~200 y =235 727.6x+267 476 0.992 5 0.5 2
HhEER 1~200 y=20 264.13x+504 782 0.997 4 0.5 2
ok B 1~200 y=14 890.93x+314 745 0.995 6 0.5 2
TR IR 1~200 vy =498 981x+1 052 790 0.997 7 0.5 2
TSR = 1~200 y=4 824.94x+4 387.25 0.996 1 2.0 5
4 1L 1~200 vy =84 228.5x —369 588 0.974 0 0.5 2
Z W 1~200 y=122 739.61x+47 187 0.997 1 0.5 2
=AU 1~200 y=5315.43x—13 055.76 0.998 9 2.0 5
iy 57 Bk A 1~200 y=33399.9x —22 938.05 0.999 4 0.5 2
JE F 1~200 y=547 4322 +1 010 950 0.986 7 0.5 2
il RO 753 T 1~200 y=169 7452 +358 962 0.985 0 0.5 2
RS 1~200 y=158 011.0x +561 157 0.993 9 0.5 2
S AT e 1~200 y=97 961.7x+1 022 130 0.975 7 0.5 2
Tt Pk 4G Ji 1~200 y =233 440z +2 143 520 0.992 0 0.5 2

2.6 EIMEMESHE

FREULAAEEXT HF 28 AR 2 gOR I E 0.01 @) FFiEAT
FRUEVEWE (1.3) =5 B B Can 3% 3 B 7<) o il 4% i A1
LR (5,10,50 pg/kg) 3 AN K B PN I X IF BH A B 0

b A TRINK AT 6 UOPAT NSRBI RE S

FEANERFTERE 0.5 h, SRS IR 1.4 AT 8RB ik, L AL
Sy BT JE VAL D5 0 AR LR RAHE AR S R G A 3 d
VLTS RU AT AL I 28 5 R, W3R 3. A5 SR R, 5 ik Il
WeHEH 61.90% ~118.54% , HLNZE R RZE N 0.57% ~
12.56 %0 b H A8 5 RECHN 1.29%~16.47 %,
2.7 EERESUE

I 2 9 o T 3 v A K FL A U X R R R AT L
AR M2 YR AN, e S LT X AR R 56 ik,

HR1 HERE A BT R A M L 1 LR A M v R R AR
{H B 35 3% 05 7 0 o AT RS 5 e A b v B R ) A
,U‘“ﬁEﬁéﬁ*ﬁﬁiﬂi%%%ﬁ\ﬁ%ﬂTﬁiEIXﬂ‘JmJ:
SR 5 B 85 h O AE KT T AR A 2 AR R
1 BUME FRAR A 38 B3 0 ¥k 0 2 kKR (H AR A Bz 1% 20
— WS IR A, K RT RE N R R L2 Wit i B 25
TEARI SR B WA N 1 25 1 B B8 IRD L, T RB WP B T & K
FRIRTE YA RS L IR A AR S W Ak A R A D) R, BT LA
KYE,
3 #iw
WESE HE ST T WA 03 BB I T R I L4 T X AT o
27 FhUar A MW Y ik 4R I Ak S T
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Table 3 Recovery and coefficient of variation of Penaeus vannamei spiked in different levels

o PR (=6)/% HEWAESF RE (i =6)/% HHEFZRZE 0=3)/%
ik th [ ik th [ ik eN [

FI4Ep % Bla  79.57 84.15 88.82 10.28 8.51 7.92 8.82 11.93 6.60
ik e 74.82 82.67 87.44 2.68 5.48 8.74 6.23 5.09  11.17
EZ N B 80.29 80.24 83.45 8.68 7.25 6.25 8.71 7.18 8.44
i 245 3k s 95.19 97.00 96.61 1.99 5.64 3.67 12.30 12.25  10.85
TR T e 69.52 89.88 99.07 6.15 6.14 1.43 8.73 4.92  10.49
FH 2 K e 90.18  108.49  106.30 1.80 0.57 3.33 4.61 8.21 8.83
J5OR 1K 83.08 95.77 91.93 4.18 3.75 3.59 5.90 5.88 6.88
BATF Ik 97.36  100.09 90.87 1.70 0.57 5.12 8.09 3.05  11.23
0 245 325 s 87.84 97.53 98.62 1.13 1.97 2.23 9.56 10.97  11.70
58 2 A I 89.76 88.23 89.56 3.64 3.38 3.43 12.07 10.51 6.37
=R A e 96.03 90.52 88.97 5.18 4.78 3.62 14.50 13.19 9.93
FH i 102.10 93.99 85.95 7.57 11.67 3.70 5.89 12.77 5.26
b 5 i 82.28 86.36 83.72 4.01 2.14 1.86 13.05 5.90 1.29
BERE 87.37 89.08  102.20 4.85  12.51 8.63 9.50 3.07 3.00
HBER 97.25 101.26  105.41 4.56 3.58 6.04 5.08 5.31  13.51
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