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UHPLC-MS/MS 447 f§ i5 1%
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(1.

LR RihERE, LI

KAy, B¥g 201306)

M OE: RS EBROE G- ARAT R B B L T RS
D (diarrhetic shellfish poisoning, DSP) . K H 3K ¥ 47 B ( okadaic
acid,OA) Fl#E%: 3 & 1 ( dinophysistoxin-1, DTX1) Ry 75 ¥, +E
i 80% HEERIUG , £ IEC kel AR F1 C18 [EAHZ B 4k, %
Fi Hypersil GOLD C18 34 4355, LA 50% (fAF 53 %0) 2 fEK
(0.2% HBR) V1R it S AR S5 FE R B, ¥ M55 55 v B9 , 7 e 5 S I M
W (SRM) X T #4175 € & Hr. OA #1 DTX1 7E 25 ~ 400
pe/kg R YR R R B 4F, OA Al DTX1 & fik & & R (LOQ,
S/N>10) 4354 5 we/kg Fl 1 ng/kgo #E i F 3 EIHE R T
80% , MR ARIEIRZE/NT 10% (n=6) o R FHZZAL I 77 B BF R T |
¥4 [ B 3 ( Pivrocentrurn lima) 724 B DSP 3 & £ 45 ( Meretrix
meretrix) RN RS HE ML, S5 R KU, DSP fE IR R IR R
TG, 5 48 h, DRI FIELAR H i DTX1 S REEL T &
MZERE, URHEARTHERSERAZIA P 10 £,
2296 h fEH L5, AN R DSP B R AR E KT 80%

201306; 2. EZRIEH BRI LI 0, L

NEEXHRERNRRSHY

2, | OB, MER
200137; 3. EUERERSE K=

MREA: Ev THEEEINE OA
A1 DTX1 # & He 0 AH 5 33570 4% 4F
IR TR A I O ik, o B R A
H OA F1 DTX1 HfifE &R/ A
25 pg/kg 1 pg/kg Bl 200 pg Fl
40 pg(S/N=10) , REER ; T B K
K3l OA 1 DTX1 H%5 10 min, 5M 7
TRAEHR, I 1 YRR Az I s B B
RTIBEENBEBENHR
Z HeaE,

KW AL R IR -0 AR AT
BT MIE YD S KHRE S
R EENTR ;UG
PESES TS 207.4
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15 75 14 D1 3 ( diarrhetic shellfish poisoning,
DSP) BB EE P REEHELREE ALY
KA TR E R 5 R G — R R R
£ H R4 R 508 48 B8 (okadaic acid, OA)
K #EHE# % 1 (dinophysistoxin-1, DTX1) P!, 0A
A1 DTX1 R 4R 3k R 74 B 9 2 B 01 31 0L AT
PN OA F0 DTX1 Hy& & 537 HEat 2 pe/g Fi 1.8
pe/g, AN E &MY . BCEXT OADTX1 AR
B Z 2R EFHES 74 20 pg/100g.16 pg/
100g DI2HEER

H T, DSP 234 77 ¥ 4 2R R/ BUA: B 27
: (mouse bioassay, MBA ) ') f g 2 g1 g5

W M B % ¥ ( high-performance  liquid

e B A - 2012-01-19 fEE B 2012-04-10

chromatography , HPLC) "' ™) ¥k it ¢ Fi v (liquid
chromatography-mass spectrometry, LC-MS )"~
o NIRRT TG, To: 0 8 R AR 2R A
TR RIAYE; BT DSP R
SO MAR 55 , YBORH €5 1 o A T 75 2 BB A I
PTAE 2 BRI B[R] L AS BE VA b e 7 o VA
EIBILER Y 7 B RE ) 5 B iR K E e E BT
REARZE & , JER T H B 7 s o A i () 4K 8 1 L SE
BN UERR SR, W] LABRE A S50 M T A 45 v
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Jai3i H (MATHAB20100205 )

EE®E N B8 W (1985—) 2 BEAF A WF 57 10 A B B R A o E-mail ; raotao2 @ gmail. com

BIESE : (T35 E, E-mail : pmhe@ shou. edu. cn

http: //www. shhydxxb. com



58 Bé ¥ ,% :UHPLC-MS/MS 57 157 N B 7E SR AN IR B S5 HEH 907

Hhemge DR ERR S NERXMMEE R
RO T #E R M BIRAHE D AR S RE
%, DSPHERBNEEXRIENELE, FRE
AN R RS AR E R - RRBNHE
A A RN D1 S SR A R R R I R A A 2R
MEZERYE, RETE DSP H#R 5 NKMMHEERX
A7 HE MR R EEMR D, AR E
( Pivrocentrurn lima) /& OA F1 DTX1 HZRERHE R
HIRTEER IR . TR I, A< S FH A 35 J AR 38, LA
T IZ B SCuE ( Meretrix meretrix ) HHFFE XA, 8
J 6 T R YRR 2 3 AR A B3 K B 3 1 W i B T
7= A ) DSP 33 2 78 3CHs 1A A 19 R AR A HE AT
THIHHR . ERENTT OA 1 DTX1 7E3CH5 4K
W E 4R TR BR 5 I TR] B 56 2R, DUBA O 36 B /K 7™
ai Y DSP 33 3 1 W I 23 Bt AR SR 1L 3 MK 48
PRGE VERR AT O ¥R, h B M Z e PR RIS
%,
U AP I
1.1 ##H

SEIG F P= B 41 3 J F 3 ( Pivrocentrurn lima) |
B E LIRS, SEhE N IR,
Ve £2 53R, IR 20 °C,OBHREREE DN 3 000
Ix, Y6 HEE#A L: D =12 h: 12 h, 3CH5 ( Meretrix
meretriz ) W B _F TRV, SL I B R, 8 Bl
R, HERPIR/NEREE, OA DTXI1 FrifEm il B
NRC( National Reasearch Council Canada) , 4 J&F K
F95% ; HPLC % H g R, L 5 W B Merck
( Darmstadt, Germany ) ; HAti=57 4 8 70 #r ki .

FEAULS W VA £ i/ ER R I (TR
K ith/RFL4% Thermo Fisher Scientific /A H] ) , Accela
BAHEIEIU RS, TSQ Quantum Access =T PUK
FFER 5K T 154X, 8 40 5 P (F6/10) , VARIAN
C18 FEAHZE B/ (500 mg, 6 mL) , L-550 B .0»
HL, TurboVap LV £ B 3 B WAL, Milli-Q £ 7K X
(Millipore /A H]) o
1.2 ZRBFHEH =X

SEIRZH AR HRAE A R 3 A PAT, LRk
TRE, B4 150 H3Chs . B S50 mL - & 5 5 F 3
J F R R, AR TR, il B 2 9B I ( Whatman
GF/C),B 1§ UHPLC-MS/MS i B EZ S B, &
R RRLIILHAT 48 h, SLH A H $11R 200 mL
I BEBE VR 4 R, X RRA LU KRB 7

Hh, BAHBRERR/NREMRIR, B 24 h ok
—RIFESERIT IR ) 1.2.24 .48 h \SEEe 4
t & EH 10 HOSCHR R S — A &, A 0 A AR
MRS RTF, -20 CRGBTF
UHPLC-MS/MS MR & &, X HRAWHARHE
T BRI IR SR 1.2.24 48 /N

HeH LB L EAT 96 h, R LR G, 15
1B J F 8, 45 R AR /N BRI IR . 96 h
J& NS85 4H AN BRI 0 | B, 7 s R] |
1.3 #HRALE

FRER 2.0 g EAIHKIPLPIRES (B 1 g Wik
BRAE) LA 4 mL 80% (fAFR 70 40) FF B W,
FEE 2 min,3 500 r/min Z.0> 5 min, & 2 E
—R, & IR, H 10 mL 1F C %4 B i
IR, FERECKR, ® THEBRE 40 CTAIRE
252 mL FIFREAHZER, C18 FEAHZEE/ME S5
Fi 5 mL HEE K&, EAEE 4 mL KFI 4 mL
10% FBEEWRIEVE AF R TG 5 mL A EE (&
0.2% 1) Vet , R TG A 1 mL ¥ %R it 3
AHVE R 5k, AW JE o 0. 22 m P8 R 4
UHPLC-MS/MS MI%E o
1.4 UHPLC-MS/MS # & 4

4, 3%% 2% 14 . Hypersil GOLD C18 (100 x 2. 1,
1.9um, Thermo scientific) & iE4E; W ahAH A &
0.2% HERI ALK, B I ; AR Bk 50%
M B A E YR 10 min, 3% 0. 3 mL / min;
PR 1S pL; AR 30 C,

JRPG AR F S 55 B U, 1B 4 S M (
SRM ) &=, ; ESI ™ Hi, 6% 3% H, JE (‘spray voltage ) 4. 0
kV; BAEIREE 280 C ;8§ U(N, ) K :30 psi;Hidh
R(N,) FE: 10 psi; SAVERETE S, BE 8 E )

1.5 mTorr,
2 HiR

2.1 @i SRR E

OA I DTXI 75 4335 - ) f B ) 23531 g 3. 4
min F17.5 min( & 1), ESI BF&, 7+ HI7EIE 7
B TR, 2 2L OA A1 DTX1 ¥7E i B 1
AN F . —HBEEAMER BRI EY
MBS 7, B m/z 7 803. 5 F11 817.5 YEH
BEE T, U S i R B
FIREEFEMRES AN TETER, EE
P55 BRI R X, ZRIIER 1o

http: //www. shhydxxb. com



908 B\ W ¥ K ¥ % #H 21 %

F1 EFEREED(SRM) BF 3¢

Tab.1 Selective reaction monitoring ion pairs
EY WWEFX/ (n/z) fEERER/eV LR B AR/ min
803.5/255.2* 49

oA 803.5/150.8 55 3.4
817.5/255.2* 50
DIX1 817.5/151.1 48 7.3
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Fig.1 Selective reaction monitoring ( SRM)
chromatogram of diarrhetic shellfish poisoning

2.2 FHEMKRETEEMGHR

¥ DSP ArUES WS EE R IR A NS 2.0 g &5
SR, Be SR & A &Sl 25,50,100,200
1400 pg/kg ARAESE RS, Fl -S54 IR R
25 BRI fo AT I R , A e T LR I b Yk BE 4
HlbnE 2, X SR REE R, Y SRR MK
BE,EERINFE 2, HAES AER P BRI, A
FETFR(LOQ,S/N>10),0A DTX1 f LOQ 4}
M5 wekegl pe/kg,
2.3 ORSEREE

FE2.0 g A HEMEPRMT & K3 K
-f¥) DSP AR, F7 I8 1.3 h TR TR AL 2R, 0]
E BISCRFINE R EE (n =6) . 455K W], 76 DSP i
fnE>R 5,20 #1100 pg/kg B, OA [ F-35 [l 3
Jg85. 1% ~ 104. 1% , DTX1 {5 ¥y 5] Yt & Ky
87.4% ~99.9% , XTI ZE /N T 10%
2.4 FIBERENSESE

SE51E PO £ 5 0 R 35 JE 8, OA Al DTX
BREMWESEILE 3, o] WA 3D JE F 340 4
DTX1 W& &5 T OA,

®2 BEEHENBMNEUEFEKMEERAMEXRY

Tab.2 Linear eguations, linear ranges and correlation coefficients for diarrhetic shellfish poisoning

&Y £ 4 LA/ (ng/kg) MR AR R /7 (png/ke)
0A Y = 74409X + 749940 25 ~400 0.999 7 5
DTX1 Y = 147621X + 943422 25 ~400 0.996 7 1

®3 FEUFBERESENDSP EREAFKAE
Tab.3 The profiles and contents of DSP produced
by P. lima stationary phase

DSP 44} TR HBEAE g
0A 803.5 1.80x10"7
DTX1 817.5 2.03 x10°¢

2.5 BREXWREHNHRENHYH

XF R AP R Kz ) DSP # &R, DSP H &
SHARTESCHR T AL BR ALY o, 72 B RS B B Bt
OA FfIDTX1 MEEE FFAMEH(E2), BH
LI AL, DURAL A OA F1 DTX1 & & 43 5
79 18.2 ug/100g F125.4 pg/100 g DIS6FpY , H
t DTX1 & &t D228 k& i) A Fn i (20
pg OA/100 g.16 pg DTX1/100 g D1KEE ) 5 1
ALBR A OA #1 DTX1 & &E4510 1.3 pg/g M 1.9
pe/g HALHR , i DTX1 S EFRFIAE R AR
(2 ug OA/g #1 1.8 pg DTX1/g IHALAR) o THAL
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Fig.2 Contents of OA and DTX1 in digestive gland
and muscles of Meretrix meretrix during the experiments
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e TR 2), %0t 96 h R HEE L5,
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OA I DTX1 & 84331 0.08 pg/g #0.11 pe/g
HALAR, DSP E X AHBRERTEARREEW
80% ,

3 g

3.1 ERERHEGEE-NRTEBERIES RN
e E

FRATR P B 157 F YO AH 2 - DU AR AT B BB B 3
BR @S T SCs P ETE M I OA F1 DTX1
R 5. HUEE T VRS AH AR | e K 2% vhh
PRFR T 8 5 He YRR €63 - DO AR AT B8 3K 5 S X5 OA
1 DTX1 f 53 85 B B, 45 5K 3% B LA 2 i ik
(& 0.2% HER) fE i sh M, (b & W B B L B
gy A= == 0 VAN R =AW R i
OA 1 DTX1 ) &% 1% J7 i, Bl 50% Z f§ % W
(0.2% B ER) 7k 0. 3 mL/min Z£FE¥ERR 10 min,
OA F11 DTX1 ()45 B8 i 8] 43 51 & 3. 4 min F1 7.5
min , W [H] 43 B3 BE 4T HL A3 A B () S, SR AEA Y
SHTAER 10 min, K KIS T 4R, REC
A 1E DSP B3R (5B AL 75 T 9 BF RS 4RGE
J7 R4 ) v Ak AR €5/ DO AR AT - /AT I
V) 5 3 00 2 VS Pk DL B OA, ZEAA b il A A v
Bk, 25 R K, OA W hnAs-F-24 [E % g 89% ~
93% , X AR HEMR 22 K 9% ~ 10% , LOQ 4 100
pe/kgo TN AR i DUAR AT ER B
PRI OA B i P35 B 2 0y 83. 99% , K IR
FR(LOQ) N 5 pwe/ke; A5 R Fl A4 i T 1
b il , 25 5RIE R OA i1 DTX1 7E 25 ~400 pg/kg ¥
FIZHEX R B A, MREEEE 0.99 LU L, OA Fi
DTX1 [ LOQ 4351k 5 pe/kg #1 1 pg/kg, OA 1y
S R ER Ky 85.1% ~104. 1% ,DTX1 fSF-25 0]
W 87.4% ~99.9% , TESLFRAEARI G , 5
3 &FiE4EA 1 £ OA F1 DTX1 bR & ¥ AR A
(YRBE 100 pg/kg) DANREREL RGN , R & B B
FAME . FR A I AN TE AR T A AL Y R
mel , T HL R U .

1| P o R VA €3 43 85 OA F1 DTXI1 4347
B B] %62, O AR AF B BBk BT 1 R BORE R, RO
SRM A& P e BEPE AT, Rt A] AR T
JETETEDIEE OA 0 DTX1 47 PR3 45 5| A 5E
XA BB FE R B AR TRE S, /T
TAENTT Wy It iE] . W] AR R SR &
2 F R R FRE 25 B R R B A T R A R

HERA BRI 7 95
3.2 DSPEXUENMRREHHEES

ASCE WHEE T 30 X VS P 0L E OA
DTX1 WE % B SRR KR, @i Xt
SO LM R 2 S R 8, BREZAR I OA Al DTXI
TEHANKE R R 540 S5, 7T A i DSP
BREESURBARMAELAN RN, FREH
S ARTETH AL RR , B e BCE R BRI AL IR PR R,
A AR RIS B R R A

JeR5 48 h )5, SCuA LA AI9H AL R Y DTXL
FEDHEF]25.4 pe/100g DIREEEF 1.9 peg/
g HALHR, DTX1 fy & Bt T Z2RE (16 g/
100g DI2EEEA, 1.8 pe/g IHAGHR) L {H2 OA Ky
RIEARMBIR, X AT B i T IR 45 SR B R 3 i
AR P 9 DTX1 [ B4 OA E R &I
3 LSRR AR B , SCs RS JE I B ¥
HEH AR R AIRTEE LT, 298 96 h Bk
L, SCIRHEH B R R T HAE Y7 48 h &
MRBFHERM 80% , HE B MK, OA Al DTXI
TEVVRA R RTIH R E R . W RE R e,
FEFNTIAR A I, RN i85 DL S il
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UHPLC-MS/MS analysis of the accumulation and elimination of DSP in
Meretrix meretrix

RAO Tao', ZHANG Yong’, DU Xia®, ZHANG Yang’, JIA Rui’, TAO Yan', HE Pei-min’

( 1. College of Food Science and Technology, Shanghai Ocean University, Shanghai 201306, China; 2. East China Sea
Environmental Monitoring Center, State Oceanic Administration, Shanghai 200137, China; 3. College of Fisheries and Life
Science, Shanghai Ocean University, Shanghai 201306, China)

Abstract; Okadaic acid (OA) and dinophysistoxins-1 (DTX1) of diarrhetic shellfish poisoning ( DSP) toxins
were detected by ultra-high performance liquid chromatography-electrospray ionization tandem mass
spectrometry ( UHPLC-MS/MS) . After the toxins being exiracted using methanol and water(80: 20, V/V),
the solution was further extracted with n-hexane to remove lipid components and then cleaned up by solid
phase extraction (SPE) on an C18 cartridge. The analytes were eluted with 50% ( V/V) acetonitral water
containing 0.2% formic acid on a Hypersil GOLD C18 column. The qualitative and quantitative determination
of the toxins was performed by selective reaction monitoring (SRM) mode. OA and DTX1 were determined in
the negative ion mode. The calibration curve was linear in the ranges of 25 — 400 wg/kg. The quantification
limits of OA and DTX1were 5 pug/kg and 1 pg/kg, respectively. The mean recoveries at spiked concentrations
of 5 -100 g kg were more than 80% and the relative standard deviations were less than 10% (n = 6). We
studied toxin accumulation, transformation and elimination of DSP in Meretrix meretrix. The results showed
that the increase in DSP content with the increase in time both in digestive gland and muscle during an 48-
hour accumulation period when Meretrix meretrixs were fed with P. lima. At the end of the accumulation
period, the toxin amount of DTX1 in Meretrix meretrix reached the regulatory limit in shellfish for OA group
toxins. After the 96-hour elimination period, the amount of DSP decreased at least by 80% .

Key words: UHPLC-MS/MS; DSP; okadaic acid; dinophysistoxin-1; Meretrix meretrix
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