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FRIVBAR N AETEF R 3. Wik, AT SR A 2R /K AR B0 T GBS T PR 3 3 A0V 0 — sk ot 77
2, X A 2002 SF A1 2003 SEPSIRP 2 AT HOULORAE S HEAT i S5 RO, P LR SOEAE B th 1 R ROIRE ) BT IR
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1, 23808 (Nassarius spp.) R ANTTHRER & HT
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M H LA A B R R, R, B RSO S 3
HHARERE, MARS BB PEET-U3, A
2001 i, BRI RSO T 2 4 L P 15 4T
HRE.
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S P R S AT REAE AR U e, B
WA TR, REVRE E R EYh A
EEE T, E1%T 2002 4E AT 2003 4F 77 R EFIIT 95
WA RENEHRLUE D BHA, 5 GG
B R LURFE AT T o0, 85 R R, Xt
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BEAT HE— DT 5T, DABA i RGUR LS 0o, 4
0P A b SRR O R 7 45 it e A A AR

1 MR5I%

1.1 AQBHERRESLE

HTEZE NI RLURIL i, 58 —#2 100
Fi, B AR R A o 0T 2002 F 5 A R, R
HEHA PR A LUER, 2R E AU AL
B8 (Nassarius succincrus) » 25 _HLZ7 500 i, BT I5
AFREHITOT 2003 7 6 AR, REAIL A
T, 25y 2K N B RGUE (Nassarius semi-
plicatus) » FEEPTRIEHFE 5 37 B VA VR AR A7 FF 28 11 5
BE,ERRETT -20 CHRAE.
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T RIS U2 A R ) DU o & J7 v 100 xof
RABFE T b . B TR EFERE R, X
LEE R B BRI ST RA T H—
R

FE oAb B o 2 ] BRI 40 R < BUA R ARAT B 2R S
12, DL A RATB U T3 R SUR AR 2, FEAR G, P
B2 . FREX 20~30 g B2 P GRED , 42 R & AR L
1:1Q g BRI 1 mL 2hREBO A 0.1 mol /L 28
FRve i, 1 5 A B, A TR N 0.1 mol /L 2R R %
W, R G W) B AR BUA WA = 1 2 5 GREUR
G IRAE=2mL:1g,%~. L 5mol/L
BB IREY pH T 2 2~4, B0, B LG
W AT/ BUE IR, o 4% B B AR VKA R VA TR AR
1 BEWAT RN B2 00, 5 $2 B
%, IFLL 0.22 pm SR8, F 39 BBk ] 2047 .
1.2 UESRHF

T JX B 2% 1 VM R - B B R 0 AT SR A Agi-
lent 1100 & %R AH 6 3% AR5 F Perkin Elmer-Sciex
API 4000 — &% VU AR FF T 154 M 28 . A 58 9K H
TSK-GEL®H) 55 /K 1 #1 B /£ i (Hydrophilic Inter-
action Liquid Chromatographys HILIC) ¥ #H i #1
(Amide-80, 150 mm X 2 mm) X} /] JK 58 R T HH -

Sy ;T A AR B B R AR W A CAL-
BIOCHEM. 43 # it #2547 5 F i1 7K 24 Millipore £ 7K
ARGl 0 m Ak, HAR I R At
1.3 ABSENREGE-RIEERASH

Kot B 2 2R T O VORI 0 B T v
2 JE N5 K B S0 90 B 9 LR 0 RL A 9B T 1
KRR E CRERERD , R T 3K A B
VB 8 B A ] K 2 3R AT . SR /K MEAE BLAE
AR AIE A T X KM AT o i
WA AR KRS 3 AT 1) o A i A2
R TR BE eI 5 3, SR Z K (2
LKA 62.75:37.25 , K & 3.6 mmol L H
B2 A1 3.0 mmol /L Y H BREL , YEEITIE 0.2 mL /mins
3 HTI 8] 25 min, FEAEE 2 pl.

55 B K 2 KR AT A W R K g 112
(B 1, R0k (11 ]~ (2 1k %), i B LA X4
LUE R IRIE R D, R, 7E s 2

AU SR DA R 3R B K= U i 45 3 &
X CARIE I B KB R S AP AT AR T E AN
FEAE T VT A I 2 300 AT 0 0%, 9 28 ok AT 4R 2 7 4
Precursor ion scan) A1 7= ¥ B F H# (Product ion
scan) X i o AF AR T IK 2 35 S S R T AW )
FEAT T JROE AR B TR S KRR B X
R AE, E S EoR A 2 & N A 77 =X
(Multiple reaction monitorings MRM) £ 37. T # & 1
T JECRE 2= A AR I 7 v o A R A7 AE BT KRR
MR RAT AR AT R N E R =M
A EE #E (Trideoxy TTX) 272> 1625 it K IK &
# (DehydroTTX) 302 > 162; i & 7 K 5 3 (De-
oxyTTX) 302 > 164; ¥ K 5 3 & H 57 14 18 320>
162; FL NI K 55 35 (oxoTTX) 336>162, 5 KV Y
T Be 2BV B N 550 U 0 4 SR H 58 00 B 1 WA
(Turbo ion spray, TIS) B 7L, HE HIE 5.5kV, &
FURIRE 275 C, IEHm AR . =Saa= AE
R SR IN A Bh S, B F T R A ) 2 A
Al E S A
1.4 HUEELIE

R it T JCRE 3R 0 & 0 BT K B AR it
7M. ETED KSR & AT Y bR &, 75
X EREURAE I KRR 2R AT AR AT E B B
B T JK BT 2 5 AP AT AE ) B 5 K R R A 8
e 8 K] 7, AT IR FEpm ot b AT RS v

2 ZRE5H

ISR K AR B AF 0l A, 0 S8t b A7
2 KR 3% R R A ST T 2 T 2 S A T
SRS 5 B N R A L BB I
AR S B AT 2R B, BT A 2R K M AE B4
FEXHA R 2 B RO R B RO (B 20, 5k
AR R R AR LN (8 3. [,
H T SR OB B X A AR 5 SR AR BRRE Ty, T ioxT
T REE R AR (R AR, DS AR R 3 (bR
@) VAT B ] JK 35 3 ARt B AT LLIE B 70 pg /
kg, KT LAFE R IE 09 B AT J5 RT2E — 28 6 A
FHE TS T I KB R AT 45 R
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H R AW Toxins R1 R2 R3 R4
TTX H OH OH CH,OH
4-epi TTX OH H OH CH,OH
6-¢pi TTX H OH CH,OH OH
11-deoxyTTX H OH OH CH;
4-¢pi-11-deoxyTTX OH H OH CH;
11-norTTX-6 (S -0l H OH OH H
11-norTTX-6 (R -ol H OH H OH
11-norTTX-6: 6-diol H OH OH OH
11-0x0-TTX H OH OH CHOH,
H R AW Toxins Rl R2 R3 R4 RS
5-deoxyTTX H H OH OH CHOH
5,11-dideoxyTTX H H OH OH CH;
6-¢pi-5:11-dideoxy TTX H OH H OH CH;
1-hydroxy-5: 11-dideoxyTTX OH OH H OH CH,
5:6:11-trideoxyTTX H H OH H CH;
4-¢pi-5, 6, 11-trideoxyTTX H OH H H CH
H R AW Toxins R1 R2
4,9-anhydroTTX OH CH,OH
4,9-anhydro-6-¢pi TTX CH,OH OH
4,9-anhydro-11-deoxyTTX OH CH,
1 ARERRHTEWNLF 4N
Fig.1 Structures of tetrodotoxin and its derivatives
50 000 12et6
£ 40000~ TTX 1.0et6
*g % 8.0e+5
—= 30000F 4
5 & 6.0et5 |
7 o<
o 20 000F s
E § 4.0et5 - Y=270 124X-19 122
> 2
i]-_ﬂ 10 000+ 20051 R=0.999 8
4epiTTi<j 320>162
0 L 0.0 L 1 1 L 1
0 5 10 15 20 25 0 1 2 3 4 5
IR} /min Time AP /ng Injection volume
2 MR ERBAECEE ST KSR 3 RRSRAKMEAE AR A EAR AR A A AT R &R
P R ) 00 B G R e A D B o T 2%
Fig.2 Chromatogram of TTX standard using hydrophilic Fig.3 Calibration curve of TTX using the hydrophilic

interaction liquid chromatography-mass spectro-
metry (HILICMS) method (selective reaction

monitoring)

interaction liquid chromatography-mass spectro-

metry (HILIC-MS) method
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N FHZ 5 VR0 R B AR B VL 05 I RSB
M T T . mTFAERPIMEERNRERS,
BRI 1, 5% ol 8 B RE & DL 0,025 mol /L 1 ZBR ¥ i i
— DR 20 55 B IR AT BT 0 0 £ nk 1 o e
4 Fion. ATLLE W, AR5 RS A 55 10 e vk 4 A e
IR KM AE B AE G 5 K3 AL & ) I 2 B K
S, AT LASE AR X4 TR b A 03 K 2 3R S AT AR
SR R, PR 2SR R 8 & T K R
ZMATEY, B IKEE (TTXO KR 4 7
78] 5 M)A (4-epiTTXD - 2 P = Bt & T X B %

50 000
> TTX
Z 40 000f
5
= oxoTTX
3 30000f : | SA 3365162
= 4epiTTX 3205162
-y 20000 F - -
ia trideoxyTTX deoxyTTX 304>164
1 dehydroTTX
iz 10000f AR 302162
Y
. / ;J 272>162
0 5 10 15 20 25
14 /min Time
A

(trideoxy TTX) 1 # it /KT X 2 5 (dehydroTTX) <1

T it 20T KB 35 (deoxy TTXO < 2 P88 N 4800 K2 3=
xoTTX) . LAV K2 3 bt i i e, V5 T 4m 22
LR RSB b & T B R AT AR & &, 4
RmFE 1. AJUEH, MKER. A KE
3BT R 25 R0 58 I 4800 K 2 35 8 A SUIB AT o
o Bk B S K, Hoh i KR R A B A, T
MEMKER S ERMK. W AR 7T 75 P R 4
WA AR IE LT DL W, SR X A Hh DX e
RoUig e FHA AR R AL,

TTX

let5
oy
§ Bet+4r
= 0x0TTX
§ berr N 336-162
& 4epiTT;‘iJ L 3205162
oy deta | -
B -
:é / trideoxyTTX deoxy TTX 3045164
ﬁ 24k / ehydroTTX 3055162

s —=
0 S 10 15 20 25
A il min Time
B

4 REUEFES TN IKERE - B Bk E
A “RRZEEEFRENNEDEA R E 2T HEERNFTEDD
A: B BLURNE B T IR R GURFE
Fig.4 Chromatograms of snail samples using hydrophilic interaction liquid chromatography-mass spectrometry (HILIC-MS)

method

(“?” marked in the chromatograms indicates the suspicious peaks which couldn’ t be identified as derivatives of TTX so far)

A: Snail sample collected from Fujian Province; B: Snail sample collected from Jiangsu Province

*1 BEEIFXENABEHESTIBREELETENMNE =R
Tab.1 Contents of tetrodotoxin and its derivatives in snails Nassarius spp. collected from Fujian Province and Jiangsu Province

V8’8

(e S EE A E Toxin contentt

Sample list rideoxyTTX-1 trideoxyTTX-2 anhydroTTX-1 deoxyTTX-1 4epiTTX TTX oxoTTX-1 oxoTTX-2 it Total
AEE CRBILH
/éj.( ?(KEJ ) . 9.91 37.0 15.8 2.37 10.3 129 4.22 31.5 239
Snail from Jiangsu Province
A2 (REER)
REUR CR B2 4.42 20.1 8.47 1.88 7.34 44.6 3.05 11.7 101

Snail from Fujian Province

*» RPEFRTAEDBFLHN 1,2 REBEIEED LSRG N EEEHTD.
* The 1 and 2 marked after each derivative of TTX was based on their elution time in the chromatogram.

3 it

3.1 AQBEMPTBERMOM
AU R HAR AL AP S B Y R

PFBUA BRIEFE LT T 04T, SRR KR R X
Hig RSP HEN L EF RN .
ST TR KRR Z MR . REN TR
—RIKE R, B AT Cass i s R
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TSR [ P B R LOR i F A P SRR R AT 805

EH0, 005,65 11-= i 000 JX 55 35+ 4, 9-J /K Vo] K 75
S5-I AU KB 2 1 - AU K B 3 L 11 I AT K
RS, H i TN bR, T AR EEAR
THEIEANGER 2 B RS Bk g5, R ey
2 QDL R R IE AR X T K R SR
Y BRI L FE BB 2 M TAE.

7E %} K 5 38 5% PR AT AW B4 7 v, 32 B bR vE
i PR R SR A, A VAT KRR 25 A O AT DL A SR EEAT AR
. ZRERERER MR, LR 2 NS
W75 1% (MRMD H 5 AN [Fl Ak & 4 0 13 R 7 ] BE A7 4F 2%
S5 DRI AN GE R WA 25 P VR] K 25 3R AT A2 0 10 SE B i
ORISR S ' N2 AT e tm
MERAEFERHM LM ZER . T KE RS AT
A B A AT T LA R AR HE Y SR

LR 43 BT VR K 25 2% R VRORH €8 0% D7 v E TR SR
FEJG HEAT BB S5 1 0 S8 Ak SR, 5 T K 7 3 4%
A BB T E R AL & 4, JF I i 5 e i I 28
BEATA N O3), (AR, X — 7 REUE G, M R 22,
ST 2 REHEMET . K, BEE TSR N AR
PO AN 5 3, WA SO 80§35 3% B P G 00 #) r vk
¥ U 720 9 A 7 R 10V K 2 3% A AG I R 43 A e, O B
BE TR RN, BR, X EEE TN
TR T 4R Bh 2 2 A4 B, T ELYE R o L A
%, ANH) T RE S BB TR BGER I . B, 25K
AHEAE B (00 B IF R0 S A K 7 33X — 2K
BHEALEDITIR A T BRI F B iR N A
FHFND FKE 21 DL O R B RN
MO4L AT 45 B EoR, X 7 R A
AT B M B B IR RN .
3.2 LAgigdhERRSMHFRRBIRT

o EVE R KR S S B T B E R,
STHAZUE TSP ERAERRE . 2QUBER
T RSN BT AN B B SGUER], B
Hh BV AR LI MRS, M S B e iR EE A
Ao MR R E S gm0 B AR 5 5
7 g, e EYR L 3 H 29 FheRgrig s, 1
WA A GUR I R EUE S5 1 B W S 4 A
B EVEENEEA BT A HE R LUEF EHGM
0%, HR S AT 7R =B R LB b F
BOAM™E, ] R EE EHRALUES IR EEN
HI .

FIHBT IR, W TREUEF R EFERS — HE
HHHR . BT EARQUETE R F R

SRR W B R AL A AU HEE R
h BRI UL 5 3R, & AR A A B AL R R
MR AR L. BEHESPT R ALUES & H K
HRO6-17] Kk 40 45 B 3 W, 2002 AR
H1 2003 FE7E VT T3 2 30 H B0 ) £ ) R a g vh & 91 4
P PRI I LB B R 5 1, T2 (A A o i B ]
BB R AEATEY T3 U8R, AT A GEHEBR AR
PR LR AR AR X BT R A2 RSO R B S rp ]
BEELA ME R, (R v E VI RE 08 7 AR RRE M DL B
HIA B0 KB AT LA T 32, BT AR VTV
HT o B v A B A KR . B RA A R
P RS GUEP B HE P IEM, B EK
B A AT 3T TAE .

Xof TR EUHE v ] JKCEE 3% A SR G VLA B 1
BRI BRI TR AU AN S EZNE
AIRE R AMNEME R 3, R SUEA 7R 2 0] B0 22 R
K MR B B A 2 N R DX o A R
B RMRIEHANE R, IR WK A op R —
Tl al BE B AR, T 5 P B AN AT, SR B M
BHAME W RERRER T . R, BAGEHEER A
QUEH SRR BRI Al et SEfr b IR RE
REEYBGHAFETEENR . £HFAPR
I, >k AR EANT IR A [ 8 A R A s B R
SUE, T E R AR E AL, B e 0B A
EH AT R B RV, H R e T R A K T
YEHE

B Botia el DA Rk TR E R T DA A
shE R ECEM R R EF G AT OB e 2.

52 3k

(1] JKEEH, Brid, TREK, %.1977 - 2000 F/F L TTRLIE T E
VAT FRAAE R BB Z R I 45 R 447 (J ). 8 e TR B 2 4%
7%,2001,7(5):4-17.

(2] @ FEERSURTFNRTHFEAELNE J1. &
A PAEEE, 2002, 18 3):261 —263.

[3] Z&=, TH ALBEIHKERERIMBTERZ NN IEE
(J 1. ¥ I 33 BE 5 2% 35, 2003, 9 (1) : 7 - 9.

[4] Hallegraeff G M, Anderson D M, Cembella A D. Manual on
Harmful Marine Microalgae (M. IOC Manuals and Guides No.
33.UNESCO. 1995. 475 — 486.

[5] Spi-ak. B I3 (PSP £ & 55 h %1% [T, s AF A
577%,1997,2:1-8.

[6 1 Hwang D F, Cheng C A, Tsai H T et al. Identification of
tetrodotoxin and paralytic shellfish toxins in marine gastropods

PDF SCfHffiH "pdfFactory Pro" i A4 www. Fineprint.com.cn


http://www.fineprint.com.cn

806

O KR ¥

#14%

implicated in food poisoning [J 1. Fish Sci, 1995,61: 675 — 679.

trys and Liquid Chromatography /Tandem Mass Spectrometry

[7 1 Miyazawa K> Noguchi T. Distribution and origin of teteodotoxin [J1. Anal Biochem. -2001,290:10 — 17.
[J1.J Toxicol Toxin Reviews,2001,20 (1): 11 — 33. [13] Chen C Y;Zhou H N. Transmission of paralytic shellfish poison-
[8 1 Hwang D F. Research on Marine Toxins in Taiwan [J 1. ] Toxicol ing toxins from dinoflagellate to gastropods [J 1. Acta Zoologica
Toxin Reviews: 2003,22 @) :663 —678. Taiwanica» 19989 (1) : 41 — 48.
[9 ] Shui L M Chen K, Hwang P A et al. Identification of tetrodotoxin in [14] Dell’ Aversano C, Hess P, Quilliam M A. Hydrophilic interaction
marine gastropod implicated in food poisoning [J1. J Nat Toxinss liquid chromatography-mass spectrometry for the analysis of par-
2002, 11:213 - 220. alytic shellfish poisoning (PSP toxins [J 1. J Chromatogr A,
[10] Williams S. Official methods of analysis of the Association of Of- 20051081 2:190 —201.
ficial Analytical Chemists [M . Arlington, Verginia: Association 5] BxFE.SEEFEYMHEES A M] JLE: B B,
of Official Analytical Chemists: Inc. 1984: 344 — 345. 1994: 447 — 448.
[11] Yamashita M Y. Chemistry of puffer fish toxin [J 1. ] Toxicol [16] Shui L M, Chen K, Wang J Y. et al. Tetrodotoxin — associated
Toxin Reviews,2001,20 1):51—66. snail poisoning in Zhoushan: A 25-year retrospective analysis[J 1.
[12] Shoji Y. Yamashita M Y> Miyazawa T et al. Electrospray Ioniza- J. Food Protection,2003,66 (1):110 — 114.
tion Mass Spectrometry of Tetrodotoxin and Its Analogs: Liquid 171 BN, ZH, ExE, %S g HALEs RENMKERF

Chromatography /Mass Spectrometrys Tandem Mass Spectrome- FRAMTLPEPAEEEZE,2001,11:251.

Analysis of toxins in snails responsible for two poisoning incidents in China

YU Ren-cheng!; ZHOU Ming-jiang!, LI Ai-feng!'?, ZHANG Qing-chun!; WANG Yun-feng's LI Jun'; YAN
Tian'> Michael QUILLIAM®, Bernd LUCKAS'

(1.Key Laboratory of Marine Ecology and Environmental Sciences: Institute of Oceanology; Chinese Academy of Sciences: Qingdao-
266071, China; 2.Department of Environmental Science and Engineering> Ocean University of China, Qingdao: 266003 Chinas
3. Institute of Marine Bioscience: National Research Council of Canada- Halifax: B3H3Z1; Canada; 4. Institute of Nutrition: Friedrich-
Schiller-University of Jena: Jena, 07743 Germany)

Abstract: Poisoning incidents caused by eating snails Nassarius spp. have been reported frequently in the
last several years in China. Toxins involved in the poisoning incidents were suspected to be paralytic shellfish
toxins (PSTs> produced by toxic algal blooms in adjacent sea areass since the symptoms of the patients
closely resembled those caused by PSTs. However: tetrodotoxin was also reported previously in some snail
samples. To elucidate the toxins responsible for the poisoning incident; snail samples collected from Fujian
Province and Jiangsu Province in 2002 and 2003, respectively, were analyzed with hydrophilic interaction
liquid chromatography coupled with mass spectrometry detector (HILIC-MS> . High contents of tetrodo-
toxin (TTX) and its isomers and derivatives; including 4-epiTTX: trideoxyTTX; anhydroTTX, deoxyTTX:
oxoTTX, were detected in snail samples. The TTX contents in the snail samples collected from Fujian
Province and Jiangsu Province were 44.6 pg /g and 129 pg /g calibrated with TTX standard. It was suggest-
ed that TTX and its derivatives, rather than PSTs, were responsible for the two poisoning incidents in Fu-
jian Province and Jiangsu Province. The closely resemblance of toxin profile between the two snail samples
from Fujiang Province and Jiangsu Province suggested that they might have similar toxin sources. However;
the origin of TTX and its derivatives in the snails still need more detailed investigation and research. [Jour-
nal of Fishery Sciences of China,2007,14 (5> : 801 — 806 J

Key words: Nassarius spp.: tetrodotoxin: paralytic shellfish poisoning: hydrophilic interaction chromato-
graphy: liquid chromatography-mass spectrometry
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