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Abstract: A method was established for the simultaneous detection of 17 marine lipophilic phycotox-
ins (MLPs) by ultrahigh performance liquid chromatography—tandem mass spectrometry (UPLC-MS/
MS) combined with accelerated solvent extraction (ASE), including azaspiracids(AZAs), brevetox-
ins (BTXs) , ciguatoxins (CTXs) , dinophysistoxins (DTXs) , gymnodimine (GYM) , okadaic acid
(OA), spirolides(SPXs), pectenotoxins (PTXs) and yessotoxins (YTXs). Seafood was extracted by
accelerated solvent extraction with methanol, and then purified by reverse phase (Agilent Bond Elut
C,» 500 mg/6 mL) and normal phase solid phase (Waters Sep—Pak, 500 mg/6 mL) extraction car-
tridges subsequently. Mobile phase was water and 95% acetonitrile (95 : 5, volume ratio) , both of
which contained 0. 1% formic acid and 2 mmol/l. ammonium formate. A Phenomenex Kinetex G, L.C
column(100 mmX2. 1 mm, 1.7 wm) was performed to separate the lipophilic phycotoxins in six min-

utes and then the target analytes were detected by UPLC-MS/MS in multiple reaction monitoring
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mode. The correlation coefficients of standard curves were 0. 994 9-0. 999 9 and the method quantifi-
cation limits of 17 MLPs ranged from 0. 020 to 30 pg/g ww. The matrix-spiked recoveries of 17 MLPs
ranged from 67. 3% to 116% with the relative standard deviations below 15%. Twelve lipophilic phyco-
toxins were detected in seafood from South China Sea, with the total concentration ranging from 316
to 20 300 pg/g ww. This method presents good sensitivity and precision, which can satisfy the re-
quirements for simultaneous determination of 17 MLPs in seafood.

Key words: ultrahigh performance liquid chromatography—tandem mass spectrometry; accelerated

solvent extraction; solid phase extraction; marine lipophilic phycotoxins; seafood

RGP E 5 3 (MLPs ) SV E BRI = 00— 2R IR B>, HASMRREAR S5, STE
IEEYIM AR B, b AGil, SHFEERRS . Wl X ARG R T EEE ", 24
ik, BEIT 300 ZFPMLPs, FEAKHHIRER(0A), EEEFER(DTXs) . BNFERPTXs), K
ZHPEIR VIREFR(AZAs) . BRBEFR(BTXs) . FRHFEFR(CTXs) . KKHHBEIZEEFR(GYMs) | 1R
PBREE R (SPXs) SR T A NI (YTX) S5 Y851, BAEA 5 J7~50 J7 6 & 1K & & MLPs i) g 7=
ani g R, Hp SR AP E g RASE TR SR 1. 5% 7 . BRYHLE & T 5 i &t & MLPs A
M#EIE: 10 ng CTX1B 24 & (equivalent, eq. ). 160 pg OA eq. . 160 pg AZAT eq. . 800 wg BTX2 eq. . 1
000 g YTX eq. “'*, DL MLPs 3R 5MCRPATIRERE A —E ((HIEE R HIE YTXs AR EFRifE) ;
SRS SPXs Fl G Y Ms AT HI SO, (HRKC B 2 4 Ry g 2 SR 5 KR

H AT, 8 AR £ — B BB (UPLC-MS/MS) 0T 2 Tk . DBy, w28, 28, 0l
R MLPs 923 B7 770 o, 28R40 e K . R IR ORI S DUAR Y v 18 e 2 20 I AH
[l AH A HU/UPLC-MS/MS i 5 224355 FFR 1A TR A HRAE 5 S AH [ AH A& B B 800 £ 1% — H 1R
i (HPLC-MS/MS ) il %€ 8t v 3 Fh CTXs () J5H: 5 Wang 25 3% | QuEChERS 7£45 & UPLC-MS/MS /304 1
MR IUA R ORI MLPs, BAMHEMEFEER . Ak, QRS THY, M2 E R
W AH A A TR Sl SRR G 55 5 MLPs AR LRI, S 30 UPLC-MS/MS 3 AT A7 AE 3R 25 TR0, (1
SR BN EIVE R I 20%) o 0 Lewis 55 @ 7 1) PR AL HREE 5 1 AH €6 5% — 5 G IE (LC-MS/MS ) I 7€ £8P
HCTXIB 7, 2 75% M FHHIVER ;s Garcia—Altares 252 I H LC-MS/MS 4341 D12 H MLPs
h, WZEF] OA & DTXs BYfE-SWE5mRT 100%, AAMIF5T R H FE i 2 EA 7B 5 oA LU 1R FE ik
R g 2 HSERRAE AR SRR, HER . RN TAER AR ZER:, WO LI s — 5
B T A AR S T BT, MEAh, S MLPs fAAE ) BLIR K 2 BRIE HEAA FHemy ik, Aia3RA s
TN —FP[EIE /34T 2 Fh MLPs (0] 5 | B RCA AT J7 15 DABEARIE RN, 3 B FE s 2 BT A MR 1 22
ERMEREE, ARENGEES RS . Wl B SR XUBS PRSP AR S H

IR G ST T — b R VA ) AR B A £ 1 A AR G A0 1 (] B0 2 7= il v 17 B MLPs ) UPLC-MS/
MSE, PR EEEIER MLPs(OA . DTXs, PTXs, AZAs, CTXs. SPXs., GYMs. YTXs % BTXs), Ff%Fai
WP AT T Ak, DABRARIE OO, , 320 7 i v i B e R . 1% 7 0l TR 4% 2 A e S
i 17 Fp MLPs,

1 RS

1.1 F5EH

Agilent 1290 74788 & S0 (0 (L (2] Agilent 23 7)), AP15500 B = H DUAR AT 5t S HL WS 5% 13
U5 (ZE[E AB Sciex 2y F] ) ; Phenomenex Kinetex Cm@iﬂ%ﬁ( 100 mmx2. 1 mm, 1.7 pm, Z£[E Phenomenex 2y
i) ASE 200 Pid i R A HUL (£ dionex 22 7)) 5 20 L[ AHACHCR B (£ E Waters AT ) 5 IR iR
G #8 (EE Thermo 28 7)) 5 B IHRE DAL (K EEH 14 000 r/min, ZE[E Sigma 2y 7] ) ; TurboVap LU BRI IK
WYL (Caliper lifeSciences 22 1)) ;5 Eppendorf # i #% (W AYEH : 10~ 100 pL. 20 ~200 pL. 10~ 1000
pL. 1.000~5 000 wL, 7 Eppendorf 2y ] ) ; [l AHA /M : Waters Oasis WAX (500 mg/6 mL) |
Waters Oasis MAX (500 mg/6 mL) . Waters Oasis MCX (500 mg/6 mL) . Agilent Bond Elut C,, (500 mg/6
mL) . Waters Oasis HLB (500 mg/6 mL) . Phenomenex Strata—X (500 mg/6 mL) . Waters Sep—Pak (500 mg/6
ml.); Whatman B ES£TZE 40 (P E Whatman 22 5)) o
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KHBEIREZ(OA) . EREZ(DTXI A DTX2) . B WEFHEZ(PTX2) . KL HE N KEFE R
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CTX-3) bl i I R FDIE R 422 K2E s BREEFE K (BTX2, BTX3 J BTX9) brifl il H 3515 LKT 525
E. WEEMONE(aikal, f8E Merck 207]); W, F4bah. WIREE . S (aikal, SEE Sigmaly
H) s IECKECRERR, EE Anaqua™2an]); @5 (4rFra, Z8E RCI LabScan23w])) 5 P =FEFIZK (4
Mral, £ SigmaZyw]); Milli-Q A4l K AL 245 (£ Millipore 23 7)) .
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WSE J18 207 kPa, REEFISE T1 4276 kPa, HWEAESE 14 69 kPa, & F- U E A 400 'C. 17 Fh
MLPs 53130, il istia) . 30K (DP) | fffEAE & (CE) AR 0 R (CXP) WL 1.

F1 17PN B R RN 4 PRI R B BT i 2

Table 1 ~ Molecular formulae, retention times and mass spectrometric parameters for 17 marine lipophilic phycotoxins

Precursor  Precursor ion

MLPs Formula  #,/min . Fragment ion(m/z) DP/V CE/eV CXP/V
ion (m/z)

GYM  C,HNO, 4.46 [M+H] 508. 4 490.3", 120.2 75, 175 35, 117 20, 8
SPXI  C,H,NO, 4.90 [M+H] 692.5 674.3", 444.4 75, 75 45, 55 42, 24
P-CTX-1 C,H,0, 6.78 [M+NH,J* 1128.4 10755, 1093.5, 1057.5 51, 51, 51 29, 27, 31 24, 28, 16
YTX  C,H,0,S, 6.80 [M-H] 1141.5 855.7°, 713.4 -50, -50  -110, -107  -49, -47
homoYTX C,H,0,S, 6.83 [M-HJ] 1155.6 1075.6", 869.6 -100, -100  -46, -100  -18, -10
0A C,H O, 7.21 [M-H] 803.5 255.2°, 113.1 -70, =70 -60, -68 -12, -12
DTX2  C,HO, 7.47 [M-H] 803.5 255.27, 113.1 -70, =70 -60, —68 -12, -12
PTX2  C,H,0, 7.68 [M+NH,]"  876.4 823.5", 805.5 40, 40 37, 40 36, 35
AZA3  C HNO, 7.79 [M+H]J 828.5 810.5%, 792.5 50, 50 45, 55 44, 52
BTX3  C,H,0,, 7.81 [M+H] 897.5 725.5", 879.7 80, 80 30, 25 10, 10
BTX9  C,H,0, 7.97 [M+H] 899.5 863.6°, 881.5 60, 60 35, 30 10, 10
DTX1  C H,0, 8.20 [M-HJ 817.5 255.2°, 113.1 -110, -110 -68, —94 -17, -12
P-CTX-2 C,Hy O, 8.30 [M+NH,]* 1112.7 1077.8", 1059.8, 1041.8 51, 105, 105 25, 30, 30 20, 20, 20
AZA1  C,H,NO, 8.31 [M+HJ 842.5 824.6°, 806.4 40, 40 41, 53 54, 48
AZA2  C H, NO, 868 [M+H] 856.5 838.6°, 820.6 55, 55 43, 57 36, 42
BTX2  C,H,0, 88 [M+NH]"  912.4 895.4°, 877.4 111, 111 17, 27 16, 16
P-CTX-3  C,H, O, 8.95 [M+NH,]" 1112.7 1077.8", 1059.8, 1041.8 51, 105, 105 25, 30, 30 20, 20, 20

60 86 " 18

*: quantitative ion

1.4 SYIHERATLE

Vo 08 0 s A BE A . ZRIE IR USRI RS R ITE Ve, BULLA IR 7850 203, HEFRFRERS. 00
g MBI (ww) FE S TS R T, R T IR IFES PR TE T -20 'Co TISETE ASE AEER AL (22 mL) JIGH K
B BOEA 4R, AT AR S AR SR IR SE . $ R AWGh ., ASE &k 75 CHI
10 MPa FHIFA S min, 7E 60% thPErRFRT 100 s WCFIH 18] T 5 ARE R A S min,  #E47 PSSR EUE A6 $2
B, BB ARG 2T .
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Fig. 2 Recoveries of 17 MLPs under different solid phase ex-

traction conditions(n=3)
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Fig. 3 Total ion chromatogram of 17 MLPs

FEU2) SLBORTELHI 17 Fp MLPs B 56 bR A, 5L 80% B /K EL bR, LA L i 2 Pbruias i 2e
BRI R R R (3 A R b, k) ZHEAVE BRIV, (ME) , AR . ME =k, /b, ge G55
FW(L2), BARFFHMIIG, 86, A6, 2240, FH ., SCG. R 6 =S 17 M E &
B AR TR EER I (ME<D) B85 (ME>S)OAER, FRGYM. P-CTX-1 £ BTX9 4t MLPs ¥4 5% H 55
BN (0. 80 ~1.20) , 6 Flifg 7= it b MLPs () ME 43 % 4 0. 70~ 1. 15, 0.78~1.16, 0.80~1.11,
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0.81~1.13, 0.83~1.14F10.86~ 1. 16,

2.2.2 ZMEE. KHREEE TR H 80% HEF/KECHI BT &K EE /3 741°0.0. 10, 50, 100, 500,
1000, 2000, 5000, 10000, 20000, 50 000 pe/mL BIbRIEEETE , R EIATIE , LL& MLPs (1)
JE 5 TR BN INAANR, X BT Bk B M RE AR BE A TR I U 5. 17 Fh MLPs 75— it 2k
Bl R, MHERECH0.9949~0.999 9, LL3f5{EMe L E MLPs 19 77 46 R (LOD) , A
10 M L B € MLPs B9 77 € B R (LOQ), 17 # MLPs Y LOD H1 LOQ 4354 0. 050 ~ 10 pg/g ww Fl
0.20 ~ 30 pg/g ww(F2),

F2 MRS 7R MLPs (VZRIETER . MO REL. PR IR . R TR R IR T

Table 2 Linear ranges, correlation coefficients(*), LODs, LOQs and matrix effects for 17 lipophilic phycotoxins in seafood

Matrix effect

Linear range 2 LOD LOQ - —
MLPs 3 " i 4 Green-lipped  Asiatic ~ Babylon
/(10° pg-mL™") /(pgg ww) /(pg-g” ww) Moral eel Grouper Snapper
mussel hard clam  shell
GYM 0.01~50 0.998 8 0.10 0.40 0.70 0.78 0.83 0.81 0.83 0. 89
SPX1 0.01~50 0.9972 0.10 0.30 0. 86 0. 84 0. 89 1.03 0. 84 0. 86
P-CTX-1 0. 05~50 0.998 9 0.30 1.0 0.72 0.78 0. 80 0. 86 0. 89 0.87
YTX 0. 1~50 0.997 6 0.20 0. 80 1. 15 1.04 1. 11 1. 12 1.04 0.99
homoYTX 0. 1~50 0.998 8 0.30 1.0 1.05 0.98 0.92 1.05 0.98 0.92
OA 0. 1~50 0.999 8 0.10 0.40 1.12 1.15 1.03 1.04 1.05 0.98
DTX2 0. 1~50 0.999 8 0.10 0.40 1.02 1. 14 0.98 1. 10 1. 14 1.02
PTX2 0.01~50 0.9955 0. 050 0.20 0.87 1. 16 1. 06 1. 09 1. 14 1. 16
AZA3 0.01~50 0.999 1 0.20 0.70 0.90 0.97 1.02 0.98 0.97 0.99
BTX3 0. 1~50 0.9949 0.50 2.0 0.87 0.88 0. 89 0. 87 0. 89 0. 86
BTX9 0. 5~50 0.995 1 10 30 0.70 0.82 0.90 0.83 0.90 0. 89
DTX1 0. 1~50 0.999 5 0. 05 0.20 1. 00 1.13 0.99 1.13 1. 10 1.07
P-CTX-2 0. 05~50 0.998 6 0.30 1.0 0.82 0. 80 0. 86 0. 89 0. 84 0. 89
AZAl 0.01~50 0.9999 0.20 0. 80 0.91 0.93 0.95 0.96 0.93 0.95
AZA2 0.01~50 0.999 6 0.10 0.40 0.99 1.01 0.95 1.02 1. 10 0.95
P-CTX-3 0. 05~50 0.996 3 0.30 1.0 0.83 0.84 0.90 0. 84 0.85 0.90
BTX2 0. 5~50 0.9959 0. 50 2.0 0. 81 0.82 0. 88 0. 89 0.83 0.88
2.2.3 HKMERBEE TEXOMNEMG, f¥th, D26, F0 ., SO, TE8R 6P 5t 7

50. 200, 1000 pg/g 3R BEAKF1) 17 Fp MLPs iR S FRUEIEIE , BP0 A PAT, H5T7 %M
BEFURG B EE , 4558, TE 6 RS S, 170 MLPs (9 IS4 67. 3% ~ 116%, AHATFRIER 2 (RSD)
1. 0% ~ 15%, ASJ7 i3 O HERG B AU 25 B KL IF, BB K2 SERRIEF= SR 17 Fh MLPs RO &2 2K
2.3 BRI

SR F AR 5 o0t e ] e 1 10 A A S R A T 44T

3 SERREES IR TSR RS R (pe/g ww)
Table 3 Contents of MLPs in fishes, crustaceans and

IR FNETEAEY, A4S T R ESI Y (n=19) | 5

mollusks(pg/g ww)

. . MLPs Fishes Crustaceans Mollusks

T FE2E 8 (n=21) M1 S P28 (n=11) . Z5HILARTH GYM  4.86~49.3 5.38~167 34.2~13200
12 ﬂ: H 1:,{; MLPs, i ?JIJ j'j OA. DTX1. DTX2, SPX1 ND ND ~ 14.3 ND ~ 416
YTX ND ~ 244 ND ~ 335 ND ~ 1280

homoYTX, YTX, AZAL, AZA2, AZA3, PTX2, GYM, homoYTX ~ 79.5~573  32.4~4820 350~ 15100
BTX3FISPX1, E& 84316 ~20300 pg/g ww(F£3), FE OA 219~690  47.0~567 254 ~6380
. . DTX2 ND~411  42.6~367 ND~1790
R RN B E I MLPs 5 OA . DTXs FIYTXso Pif PTX2 ND~113  ND~50.9  ND~345
o Hh ) MLPs 75 8 B0 T 3% ] o5 R 5% 51 7K P B MRS TR AZA3 ND ND~1.79  ND~11.0
. Sre e e - . . BTX3 ND ND ~ 159 ND ~ 326
J:EXF(SPXI *HGYM EHUZ@_XAJ]J}.E )o N EIEE&T%{@7K DTX1 ND ~ 135 ND ~ 603 ND ~ 1 540
e A IBAE 2 R EZE X L B8 (Gambierdiscus AZA1 ND ND~12.4 ND ~22.0
- - R AZA2 ND~15.0 0.591~170  ND~298

spp- ) I X (Fukuyoa spp. ), TEPT I 00 AP i Total 461 ~1920 316 ~6030 2000 ~20 300

HAREIP-CTXs ME . 1o, Wk . B 5
AP S B R VE R B R AT 7oA, AEORER

ND: not detected

W, ARSI sesh Y G IE PR S R B2 OA L DTXs M YTXs, i 128 /) MLPs 225 OA Al
DTXs. AR AEDIRE A H ) MLPs B2 2 AR, X TREZ TR, YRR EYFALEN
A B 7 T ) 22 5 Pl
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