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(TET SRR T, T 352100)

% = B dr— i g R g g KT X (tetrodotoxin, TTX) o 2 A /5 ROBURH 0,335 - 58 BE i 3% 9% (ultra
performance liquid chromatography-tandem mass spectrometry, UPLC-MS/MS), 3%k HEUEEEN A 1% 8K
VR TRRIL, 0.5% 2 W PP WAV ORR S, -18 °CYA TR 10 min JF B0, ZRKAEFHGIEHAN BT, ZI0-0.1%H MK A
YE R SRR BE VRN, UPLC-MS/MS 4387, ZERTVCECHRE 2R IRt e i 25ROk R RN 10 pg/ke,
FER R 25 pe/kg, WA RN i 224228 5143 X0 X5 DRI R 2 vl JIKH R 2 R PR 44 pg/kg AR 2
Ko TELBURTFURN 50, 100, 250 pg/kg KRR R AT bR R, KRR R IR 79.6%~118.1%, AH
Kt FRENR 22 A (relative standard deviations, RSDs)H 7.7%~10.6% (n=6). % FiZ%J7 1210 12 i) 4 b [X. 14 )y 2o iR
Fedh, Bk KSR 25.7 me/kg, SR8 IXWFE T B ER T . AR . $RAETRR, RROSHE L AT &2
e R 2R SR i K R B R EER

KA WKEER, AU, B ERORA A 35- BETE

Determination of tetrodotoxin in Nassarius of eastern Fujian by ultra
performance liquid chromatography-tandem mass spectrometry

HUANG Lian-Qin"

(Ningde Quality Inspection Institute of Product, Ningde 352100, China)

ABSTRACT: Objective To develop a method for the determination of tetrodotoxin (TTX) in Nassarius by ultra
performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS). Methods The samples were
extracted with 1% acetic acid aqueous solution, diluted with 0.5% acetic acid methanol solution, frozen at -18 °C for
10 min, and centrifuged, then separated by hydrophilic column, acetonitrile-0.1% formic acid aqueous solution as
mobile phase gradient elution, analyzed by UPLC-MS/MS, and quantified by matrix matching standard curve with
external standard method. Results The limit of detection and limit of quantitation were 10 and 25 pg/kg,
respectively, which met the current action limit of 44 pg/kg for bivalves and gastropods enforced in the European
Food Safety Commission. The method exhibited recoveries ranging from 79.6% to 118.1%, and the relative standard
deviations (RSDs) was demonstrated ranging from 7.7% to 10.6% (n=6). This method was used to test 14 batches of

Nassarius samples collected from east Fujian, the results of which were found to contain TTX at levels up to
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25.7 mg/kg. Conclusion The method has been found to be accurate, low-costed and practical, which can meet the

current technical requirements of batch quantitative determination of TTX in Nassarius.

KEY WORDS: tetrodotoxin; Nassarius; ultra performance liquid chromatography-tandem mass spectrometry
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I JIK B 2 (tetrodotoxin, TTX)F&—Fh B AR 58 H#h 2
BEEYTE, SFEOREBUG | IR SE, B2 BT
WS INGR, SERE L, WK E AR T & B
P44, B e WG sh A AR s T bl ek & B, RS
JEAE I ARSI T B R B S R T IR AR R L B
SEEBR, BT 22K I A I i (Pleurobranchaea maculata)
R KR 2 B A B 1414.0 mg/kg) . 2007 4, HhE
HE U R PR R L S0 (Nassarius - sinarum) HRiif K EE 25
ikH] 190 mg/kg!®. TIKEE LI R ISR S e
PEIE SN A e FLUR N, AT 3 3501 P 3 S B 2 7= A i i
TR PR KAWL,

1] 745 b, DX S0 V8 JE R SRR B 3 A iz, AN TRD
BIIR 2 AT H B AR AR S, R G, A4 X
BRI, HIE N EEE, WA EMEBEM YR EES
— B2, gHSSIRTSh g EERE RED,
WFoE LB, BEUB i & s B B KA = 110 R
ER TAETRE T 2012 45 07 H 20 H & Ai%E k458 FE H
S S T R, LT ) AR L X I A% L M AR T 41
SOB R, NN PEE A LB AT, AR
FEEEMEE S | BB LUR IS, hREFEA R4
DRI, T o8] R i DX 4 0 MR v Yl K o 2R 0 e 19 1O ) o
[0 o o NN o 3 VAR SN R RN EAEa g L
T JCEE B AGI i, LA A A T 4 M T K
BRI RMBARZR,

158 (] K FE A U i A /N BUAE Pk L RERTAE S
R A TR - SR | 2RSS Ak &) M i
- ER GO i 0 T T TR R R LA T 1) R R S
PEUS . (RS, BUATA A RHE GB 5009.206—2016 (£l %
A GARUE K7 bl T IR R I E ) B R OR 3 -
FR B ST V53 FH T K e L PR R U g 2 2 e ] JP 2 2
o AR IE N B AR 6 R R Sk sh ), T BLAR
WEJT EE AT AL R S S ke, s 2 . AR o
PRI T o 7 3 AN 38 FH B 5 18 A R U BB ST KB R Y
HEGEORAT o T AT —Fi P R 2SR ] R R
by R e VA

PUA 1 T JK 5 2R AR €0 335 - J0 i v DU A o 8 o A i A
RS | FERHG . BUAS i, MELATHE L 5 S SCIRRE i 1Y
PR RTINS 2 BRI, IIKEE 2R I it 2 b 54,
FLA K PE B Rese PR, R G I F i Y0 e 1 9 /K Vs ik

PRBOSCRAF) R, ABFFEE L AL SISO b i K
RIBBUO AT, SR 1%L TR R AR B BUBFE
FRIKEER, SRIEH 0.5% 8 P Rl Bt A
PEUTTE, BCA R s OR A 3% - HR B B %72 (ultra performance
liquid chromatography-tandem mass spectrometry, UPLC-MS/
MS)F3HT, EE T — R A RSSO b ] K A 5k,
DA JEL 21 7 ) 2 e DX e A5 Pt 2 e A 2 S
JRHER & S AR EK

1 MR5ERZE

1.1 E5RF

LC-30AD = R0 AH (1% { (H 4% Shimadzu 2 #);
Triple Quad 5500 5T 1% {X (% [&l AB /A r]); ME204E Hi K-
(F5 % 0.1 mg, HMEFRFE-FER 2845 R F]); KQ-500DE #
P TE VR (R LT S A B D) 3-18K Bl R
OHL(EERE Sigma 23 H]); VORTEX-5 ¥k iR HERT (5 rg T
HEPIEARABRATD); S18-A928 ZHLUKHEHLIL FH B A5 A FR
Ay, UPT-T-10T SR 4l K L (R #R R 4l BL 2 A7 FR2S A
BCD-527WDPC vKH (1 /R A 78 BR A DD

TR R ARG 5 IR TR (LLE =98%, YRFE 100 mg/L).
M. MR, 2. W (B ah)( g 2SR A A,
0.22 pm Je Je it ALt im B R A R FD); sk (s E
A AP HLH S ) o

T KB R AR A 2 VA RO 4K G B 1 pg/mL P [a]
W PR 1 mL ZBRA 99 mL 4l KB, R
0.5 mL ZRH 99.5 mL H EEACH]

1.2 SRR

T 2021 4F 5 A REM AKX 14 (3L SRRE,, FEAL
KIRUFE 1 iR,

R 1 ERBXAGUIEERKRES
Table 1 Information on the origin of Nassarius samples from
eastern Fujian

LUEBRES RS REEHIX  SSUEEEN S REEX
1# 2R Y 8# iRty
21 TRsh bR o# (ERlIRESE]
3# AL 2R 104 W& T A
4 AR TR 11# W& T A
5# LT LB 12# BT
6# R 13# BB
TH# R 14# N
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1.3 ##EAETRE

B 500 g SIGUBAE KU, R/ NOE#Z4M e,
B TR o, WA AT A HEAN ALY, BRAIN, VE R A
HrifhE

FREUERIARE 1 g 224 (i 2 0.01 )T 50 mL RN
BT, HEFRIA 10 mL 1% B/KEW, Fo06% 0
Ji€ 1 min, 2RJ5F 60 °CHEFS 20 min, 4000 r/min B.[> 5 min,
HERMAZEL 2.0 mL _FiEW S 50 mL BINEELE S, A
8.0 mL 1) 0.5%Z 12 P FHA W, R RE 1 min, -18 °C
% 10 min, 4000 r/min &5.0> 5 min, &R e BB, BT
FREIEREG T, YK L.
1.4 ¥ TIERRECH

IR AR A ER R BGE =09 1 ng/mL ]
IR E b e R, F 0.5%2 B2 P B ROE O F:, T
H 0.5, 2. 5. 10, 20, 50 ng/mL F4T KRR 2 %7 bR vl
TAER -

LR BE bR HE T ARV W 40 0 HE R B TGS 1
1 pg/mL KB R bR AW, P SR S IR
1.3 B & Eir A B4 B B PR SO S RV . R B 2
WEBL R VA T R R, TR A 0.5, 2. 5. 10, 20, 50 ng/mL
PRI K 25 S SR S AR o T ARV
1.5 BIERIEEH
1.5.1 &igsp

Waters AQUITY UPLC BEH HILIC a4 (100 mmx
2.1 mm, 1.7 pm); #EEEAFR 2.00 uL; AIRMIEIE 40 °C;
#OA 0.25 mL /min; FBIAH: A R 0.1%H BKIER, B WL
& o YEME 2544 0~2.0 min, 98% B; 2.0~5.0 min, 98%~50% B;
5.0~6.0 min, 50% B; 6.0~6.5 min, 50%~98% B; 6.5~8.5 min,
98% B,
1.5.2 FE&nst

RATA: 35.0 psi; B TMEZSHLIE: 5500.0 V; BT IRIR
BE: 500.0 °C; HiBhS: 50.0 psi; HHHNS: 55.0psi; fEES:
9.0 psi; ZEFEHLJE: 90.0 psi; ALHLE: 10.0 psi; filf 4z H
FTE B 14.0 psi; EEE T m/z 320.2/302.0 FIEMEE F
X m/z 320.0/162.0 FREFERE ST 51k 35.0 F1 51.0 eV

2 HRE5HR

21 REEEHSMmK

WK R R K F R AY, HA KX
PR EMENY BRI BoR, KA 1%, 3% £ R R
TEIR . 0.1%%) 20 TR K V5 TR0 43 80 v v B 2 3 IO AR
et A B R O v LR TR R R R
@R % ETWIKE R LA KIEENR S, 1% K
VAR BUSCR 3 0F o [, PV Em s R, 2

PR K 5 VR AR B S M P B 2 R BBCLE 3R 40 2R 1 B A3, WY
RTINS B TR, AN K. B, AREFFRE 1% LMK
WIRIRBUS, 456 0.5%LRP MR, B aNERED
T, FEULIERE 1, ANBHIT LA T A IR A8 s sk () o0 5
X K EE R USCR R m . 4552, 20 °C 5 min 444
T, 100 pg/kg A EISAREE RN 69.5% (n=3); 60 °C 20 min
AT, 100 pg/kg TN ENBCREE RN 89.5% (n=3); 100 °C
60 min 2514 T, 100 pg/kg # N FRELE RN 119.4% (n=3).
&t S Y B R R T ) RO URLEE , Yl KRR 2 S [ R R
o AR, BRI, R, RIS MRS R R
Ze, WHERRI TR, FEE RSO TR, WK
F AR B I (Al 23 4E IR B 5.6 min 245 o Ak, IR =5
PRBUEAA A K. B, ARBFSR A 60 °CHEA 20 min
XS il KRR R A TR I, BT R SR .
22 BUEHHMK
22.1 RICRAHBAZHAMAL

05 IV SEARGE, 0.1% L BRK R0k AR R BOGT45
B 2B K RIS R} (hydrophile-lipophile balance, HLB)AI
{1 kB B (graphitized carbon black, GCB)#y A %k, FEME
A OB SUR AP T IR R . TSR R, 1%
LR BARBUT 45 A 80% F A M B, X4 arist o] K
R IR BOSCR AT L PMEAS U ISR, 1% 2 R R
AR BLES G 2 BE Bk 9Ok B Ak, AR | R A
83.7%~91.4%2 8] . XS OB R 3% 2188 FP I i
P25 A TR A T PH S 1 58 3 8 AR ZE BV (mixed  cation
exchange, MCX)i%fk, REUSA SUIEIA SR R IKTE R o
AT PREAH LS 1% LRKERARIL, 456 0.5% 1R T ks
BANAVRFE 10 min J5 3.0, MBS EBREOR T A
5 R A A (D)X E BN AT A, %ME=100%471
FEFN AN 5 %ME<100%2 78 3L S e, Eoh#k
IR FEFANHIVE MR, %ME > 100%3% 78 3 B3 AE ), (6
R FR I RGRIE MR 2551, JEBURMRE S 5
SR, 100 pg/kg BMENREREE RN 101.8% (n=3); $EEUR
TR 10 AT, 100 pg/kg TRANEIEREE TSy 91.3%
(n=3); $RIURHRE 20 FEAIS4F T, 100 pg/kg W0 DR,
R 89.5% (n=3)o BINMNICREE IR, R 245
SRR, R, FEEmHIERS N (MR
R, MR TR R U RN RRAR . IR SR T R A
MR ATH BRIETTAI0N  BI, 255 25 T i RS i da ik,
FIRBURFR BT RO N 545, DMRIESTCIRZE R0 vl 5
_ B b il 2R [ A5 AR R R

TR 2R 2R 1 5 T FR AL

222 A AR E AL

MCNABB 45Ut 53 01, 4R U P Il B s U0 T 2
FITERRA FRCEZED 1 he AT BRI PGER BRI

%ME x100% (1)
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B, AR TR 10, 60 min KR HERAIEMT,
EOAERBRR . G5RTM, 3 Fh ST, A B
25, BRI 3, I, B R ] 30 TR B 47 bR
BEEECR, B, T iRBI PR ROR, 2R
VRIS ] 10 min,
23 FHELEMEE. FAEERMAGHR

M5 SR AR L JE B bR o i 4o 1, R LR
0.5~50.0 ng/mL. ZREFH, LT kLML RRLF, %
FHr’=0.999, KA (IIFINAS 10 A1 25 pg/kg, 451
LTI AFETINFR 10 pg/kg B2 R W (multiple
reaction monitoring, MRM)#: 2T Ay &L B T 2,43 1K (total
ion chromatogram, TIC)E#& WLIE 1, =5 (3L 5 W HFr¥

WA D AT 0 R, R e B E S T
o7 AT DLHERR 20 T M. DA £k G i) i {5 1A
KT 3 Xt L AR A IR, (5 LR F 10 1ER
SERR . MARAKFEN 10 pg/kg W, € BB T XE MY
33.1, EMEEFXHEMELL R 8.6, ¥IRT 3; MARAKF R
25 pg/kg B, BB FAEME Y 44.3, MBS F X E M
Ry 18.8, ¥R T 10, Z5 KW, AWFFE T (14 7
AR R A IR A E R 50 10 A 25 pg/kg. HRAEERR
P 26 42 7% 5123 (European Food Safety Authority, EFSA)
ME, Roe MK EE P IKERLEREEN
44 pg/kg”, AL RS AR ER, ATy ke REBR A
REL35) RE 5 1 R ARG 75 22

R2 AREEFREFIBT PirE i B35 REMERME

Table 2 Standard curve linear regression equation in different matrix solutions and solvents and matrix effects

S RN 51 B3 FEHHSE R BT r2) LN/ %
5 AR R T Y=13209.10399X+5948.59854, r>=0.99976 39.6
10 575 B T Y=18958.44117X+139.53432, r>=0.99954 56.8
20 fEFR R AL T Y=25564.82621X-3576.13278, r>=0.99932 76.6
HEFH1(0.5% L B HY ) Y=3.33821e4X-3542.97507, r>=0.99996 100.0

R3 AEDLREE)F MR RIT R & &M BT IRME RN

Table 3 Matrix standard curve linear regression equations and matrix effect under different freezing time

A ] [EJE 5 R (FHSE R EX r2) FE TN/ %
%% 10 min Y=13209.10399X+5948.59854, 1>=0.99976 39.6
% 60 min Y=12818.14553X+9790.31639, r>=0.99720 38.4

BRI Y=13502.16534X+5576.61359, r>=0.99922 40.4

B
A
4000 |- 5000 -
8 3000 |- E“ 4000 |-
@ #3000 5.394
w2000 B 000 :
=) £ B
£ 1000 - £ 1000 | |
0 0 | | |

45 50 55 60 65
A B At 18] /min

4.5 5.0 5.5 6.0 6.5
£ E8 B [ /min

B 28 PR (AR ZS 1 A (B)7E MRM 52U (1 TIC &%
Fig.l TIC spectra in blank matrix (A) and spiked blank matrix (B) in MRM mode

24 FHERWERMBEEE

SrAIFRE 18 (i KEE R A BUREES, /A 3
41, 43BN ST KRR R AR E LAETS IR, 15 Ak
b R KR B A INAR L4351 50, 100, 250 pg/kge ks
FE SRR IR AR EUE TR EL, UPLC-MS/MS {5, FEfIL
BRI AR A T . FH T K 28 B P i 4L S R 5

FE b AT RIS A PR 25 8, RS INKEh 50,100
1250 pg/ke B, AT IR 2 A [BEDLCRSE FITE 79.6%~118.1%
2], M FRUEIRZETE 7.7%~10.6% (n=6)Z I, i%J5 1/
i [ O3RN 2 3 5 RS 25 A5 GB/T 27404—2008 € 52
B AR RS S FARASI ) R A DGR E, RERE T
JEAI T
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2.5 EERMBXRALIEERANE

REFZIT IS M R H X 14 I SuIB Rt T IR R
BT E, KSR 4, KGR A 3 Sl aus e
ST R R A BBk 257, 6.50, Fl 1.35 mg/kg, H
5 ASURHESIKRER SO T e TS
FUE I AGE DL AINE [ 2 2 2 IR B AR T 44 pg/kg. HIEUE
FRIT IR ZRAR IR E] 57.1%, K2 84.6%. il IK#:
F O 257 mg/kg MZIEUEFESE MRM B TIC &I
&l 2, T KRR Z A5 B Al 7E 5.420 min, BARWEZE A — /)
e, FE T BE A K R AT LEY) 4-epi TTX., TURNER 252!
R, TTX Fl 4-epi TTX HATAHFAYE &2 F X (m/z
320.0/302.0)Fl15E PE B T XF(m/z 320.0/162.0), {HI2 Ak 454
AFIFECIERE AR A—RE . Bal, WKSEEMEY
DR R ol = A5 UERRAE A ROME L A TUERf 2 . TURNER %512
T o R T R B 2540 R .(25.1£1.3) pg/g B BAVERE S AE Ry
Z MY AT . 15T R S SR K 7 2 B A R
25.7 mg/kg W UE SR KSR R AT A M

*4 BRMURAGBHERDPIBRSREIERMNER

Table 4 Determined levels of tetrodotoxins in Nassarius samples

ZIggRE WKRERIE SRR W KEER
R TR {i/(mg/kg) ETc EH/(mg/kg)
1# 25.7 8# 0.0679
2# 0.0721 o# 1.35
3# <LOQ 10# 0.146
4# 0.191 11# <LOQ
5# 6.50 12# 0.0862
6# 0.0355 13# 0.0411
TH# 0.0426 14# <LOQ
3e6 -
5.420
&
o' 2e6 |-
g
bl
B e6 |-
=
Oeo | | .lm\_!t | |
45 5.0 5.5 6.0 6.5
AR BB B} ] /min
Bl 2 WK#EEZE & 25.7 mg/kg MZUEUIRAE T MRM 20T TIC
Eihey
Fig.2 TIC spectra of Nassarius samples with the TTX levels of 25.7
mg/kg under MRM mode

3 ZiR5itie
ACBIF TR ST T i 2 B 7 s X SRR o T

BER TR UPLC-MS/MS Kl Jrik, 2180 ke i R
1 %Rk EREEI, 20K ST 0.5% e F B Bt
iR AT, WYRTTIER I, B.0)5 B3l e e,
SRAKAE I TERE A 5 . 5 SRk v R 2 SR v A0 55 AR
o, ZOTILEAL TP IR, B LS RS | ST B
PESRTR RBIAS . &S, RERET I HATZ1a0E
FE b HR A KR 2 O i R A B TR

K FIZ I A I AL IX. 14 HEUR LSO b il K
RO miETIE . Z5AAIH 3 LS S T K EE R
TR BIEE 25.7, 6.5 F 1.35 mg/kg, JUEE B RO A
TG T B4 WL DS JE 28 i K EE R e e PR Y
FUE . BRI TS C AR A5 1 B B 28U (R ) 7R
i DXV A EL R RO AHRHT SR P A B 22, DA VR
LGB, MHARAEE S | 2B 8URM IS,
R EE LA, B, X 4 b X 2 SR T K
R YL B TR A BT 4 T A SR 0 L fR A
TR AR, 38 FH R AR T K R A

A FEA S Z A E T R 75 52 415U 1 JIL IR AR 245 2
AP R S I M RAE o G T KT AR 2R SR A
LUR YA B ARTEAE . TR RIS A P 005 v T i
BRI AESLIATRGE P 5 S T 4k S 5 3 41 802
FEM & Tk, 25 A A e R L U TR 3L
Huor e, XA B RIIKEE R S i T E . B
BB e ] JPCBE 2R 431 15 100 65 43 BT T JYK R 2 199 SIS P IR
P EENLH R — 2 S E L

W E— A ST B 6 i K 8 R PH AR S i £
KRR RATAEY), FT I T E . DFSE R,
K8 FEAFAEZ ALY, R4 A W i e = A5 UE B
WP Rk, XE LA LSO BRI K R R A
AP TR . HFIE R, SUSUIRBH AR S K
Rk K0 25.7 mg/kg . MIZ#E i MRM #5309 TIC
EEE AT DUR B K R AT e . RS BT
NPIZHE i o 2RI KR AT AR A T A R R MR A
B3k
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