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B4k (BSTFA 742 , R S 65T % 2 A i 7 e o
B, S HEBS F 376,392,407, S HE FAM N E /00, e BB T
392, VAEE#ERTEO0.05 ~ 5. Ong/mL YL N BA RAFHIL M, #HK
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FHERA 1 AVBRIE, 1 AR, 6 3, 78 C-5
1 C-10 1A — > BEHE A BRIE R 123 TT 3R
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A VRGBS O F B L SRR 35 45 3h R AT
Bk SRR i Al (= R ) =
M BE e (BSTFA) + PO HEE fE &g (TMCS) ;
Supelco 23 F] ) C18 [H AHZEBUR: #8484 500 mg/3
mL . Waters /A 5] ) HLB MCX [ A5 ZE BU: 048
60 mg/3 mL; i RIREM , SEEEN 98% , 16 H
KEHHEY R A RAH .

Tl B R AR E R A VSR (100 pg/mL) : HX
1.02 mg AR T 10 mL 8P, S
I E R B2 FFIAE - 18 CUkFAH & .
1.2 SEIgsrst

SIS R SR GE R £ - I SUTR R
HEAR TG
1.3 IE&KH
1.3.1 @E3E&H

£6,33%4%: . DB-5MS #: (30 m x0.25 mm x 0. 25
pm) ; AR O IR BE 280 °C 5 fE i =: Wi 1. 0
ml/min, N+ W H M BRI I R A AR
(99.999% ) s FEIRFEFF : W 80 °C,f&%F 1 min,
SRIG LA 20 °C/min F}ZF 280 C 4% 10 min,
1.3.2 Jais&f

BFUR:EL B TR T RER 70 Ev, B T LR
BE:230 °C; R/ tras : DOGAT 43 ds , DURAT 43
BramiREE R 150 °C, # MR EE Ky 280 °C 5 M FA54
#yHE 1535 V; REFMTEE 50 ~450 amu ;4
34 (SCAN) /#5587~ W I 75 =X (SIM) 5 1 ) 25
TR (m/z) : EPEB ¥4 376,392,407, & &
BTN 392 B FIRER N S min,

1.4 HmH&E
1.4.1 FEEIRE

PRIUAHRIAAE 5. 00 g 2 50 mL B0 H, N
20 mL 2% Z. R EEE K 2 000 r/min 5 35),60 C
FBFEZE B 30 min, ¥ 15 8 000 r/min Z.[> 5 min,
Bl BB W, EEWNA 20 mL £ i Bk 7S 4 4R
$,8 000 r/min B.0> 5 min, FE L E A THEEAE,
TRAEVAMES CEZSRFEZEE 2 mL £4, %
A5 mL BZERE D, AIRT,

1.4.2  BEAKAE AL

fA 0.3 mL 3 mol/L & EALFRE WK, A 30 ¥

fif, INTEJE T 100 C HEFE /K A% 30 min, B

AH,F 10% thERYE WA pH £ 4.0,5 000 1/
min .0 5 min, F{ERT MCX BEAHZEERRE (48
£ 3 mL B EEAI 3 mL 7KIEYE ) , FIN 3 mL /K Pk
F,3 mL I e AR, T, A5 A 3 mL
5% FALF BRI , AR TR
1.4.3  RESATAE

FER TR H1 0.1 mL BSTFA + 1% (¢)
TMCS, WA SRS , BCEE 100 °C Y HLFE A7 A4 R
1% 30 min, B HFE 1.0 pL FHLEET GC-MS 4>
Br o WRIBUXH IO Mk BE 1 T B B R AR vV W, ALK
T, [6 1. 4.2 K b5 #1741

2 SiR5IHE

2.1 AFMERNSEGERESHT

Tl 3 R BA SN AR 2 BT IR,
PRAE T (0 vk A I T A R R LU IR, {ELUR
T fii 7 2558 5 SR AR 100 C KR 5 T 1Bk R =1
CO A=Wymk (B 1) MR, A5 58 EZ KA GC-
MS J5 B0 CO AW, BT CO A=Ak R,
AN, BT LK CO A= Yigt BSTFA fiiAE )5,
H2 AR | MRS (B 1) . C9 4
BEERE L) GC-MS e &3 A LA 2, 21
MR LR 3, Be R T g R LA 4, B %R
TSR LA S

223t BSTFA fii 4G B A C9 A 1 g ek ot 4k
Iy 1R 407, T B 3 Y 407 B Ui
WEYRE— DR TIEBRE 75 T, B iz
WEWHI T8, SEIE0HT— B 392 KyRkig
HELE b F IR WTREIE I, 318 S T CO A
B e A W i 2 — 1> = R B Tk SR e BT T LAY 1
Fr V& FF 5 G B BTHEDLEE . A T B ARG U 45 R
MRTSEME , AR B 58 R GC-MS 443 4t e 1 o
BT RAER B TR E B0, s T
R OR AR iy SRR A o B, SE o TR & &
MTEERE R o R BRIE T LA B, W)
318,376,392 A1 407 PUFES T 2474, (HL K
Ja BB RS R A R 318 AR R, R R R A A
HER Y, SR A 4% 376,392 1407 =Fh e+ ik
AT PR T, B T O - 150 100: 30, E B
B — IR PR I 1 392,
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N CH,0H
3 mol/L KOH | COOH
_— Z / +
HN N
100C COOH
30 min OH
2-Amino—6-hydroxymethyl-8—
hydroxyquinazoline (C9-base)
(M. W. 191)
Tetrodotoxin (TTX)
(M. W. 319)
BASTFA, 100°C
T™CS 30 min
X CH,0Si (CH,)
.
(1,0) SilN N
0si (CH,),
C9-base-TMs
(M. W. 407)
1 ASEEE (TTX) WAMEFTEL T BT EE
Fig.1 Reaction pathways from TTX to C9-base-TMS
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4 C9 £YmErEkRiLY GC-MS EEEFEILE
Fig.4 SIM chromatograms of C9-base-TMS
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Fig.2 Total ion current of C9-base-TMS
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Fig.5 SIM Mass spectrum of C9-base-TMS
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2.2 At A e R AIRELKE R

WEERGE TREREF, B 2% 2
PR/ BERR R, SR 5 A Tk B 25 I Vs P 2% T, 7%
F,HA 3 mol/L ¥ KOH %% 0.3 mL,100 C 7k
fi# 30 min, ¥ KR WE pH £ 4.0 J5, 4 MCX
BH 5 38 460 [ AH 2K BUAE e Ak, — 7 TG AT LA 25 B 4
JBE, AR 5 S5 — O T DU R R O R A AL
BRIGRRS, B FAd, R EEE FREL
4.5,

BRI pH 2 4. 0 #AE KA S %,
H K i AR R 0.3 mL, HOREL pH K 450
E , B Gt ZUGRAR E Hl SRR B R Y
TR, B, RAPAT E AR, #17 pH 1
P . BEEUR]—RE R ASOPAT , ZE VA pH (BT, FH
oz — 84T, A0 0. 1 mL Bp & H pH, — E JE 5
% pH =4 B}, B2 10% R 1 BT FER AT, 5
— {0 U 0 B B A R R A T B AT
2.3 EHENERNEE

PRV [ SRR} A (36 A A€ BORE e Y] fi 2 2% %
B 5uibThRERZ g, % F C18, HLB MCX 3 Ffi [&
PZEBAE AT, BT 3 MR AR

N X CH,0H

(¢) HLBA:EURIRR A G54 2t

—FE, HHROE TR T KR B 2 B D aE, RSOk
SHEITILE 6, T CO AAMRAAR — 1 EHE, —
PMEREM—ERERFRBOBNE, 0 T4
KAnE 6, T C18 HEREIEH 4 RILR B AR kAL
&4y, % TR CO L YIRBA R , L5
TERA C18 AEAN REAR 4 b 25 BR AR i P AR PR AR IR o
HLB HE3F08 P R T S8 K P SRR e R S AT
TN T CO YRR IR B, I RERR 25 ER 4
ZRIR, (B LA BEAR G st Bk 25 i £ PR PP B R DU
IR & . MCX RSO T S it
TRORF A ER L, A pH O 1 ~ 12 YE I A
Tk, T CO A=Wy ik b iR TR AR INA L5
RO, B B RITR R — R IE R, 78
FRYEZRAF T 2 1E F 1, 3 I X 0 B 1 1] i 4R
71,845 C9 AEYmsAE MCX H_EA5 2] T 1REF iR
B, [ FH P B 25 o 3R BB P A AR P 2 IR
AR B e R E , &5 A2 F B
fii CO A=, R BRIEZRAF T CO AWl e FL ik
TH5, FEERE CO AWl ss Vel T ok , R et #%

MCX HESEAFE fh 2 AL ) e e 7%

\ [
Si — 0 — Si— (cH),CH,
7 I

0

N\
Si -OH

7/

(b) €, EHUS RS 472

(d) MCXE:IFURI R4 454 BT

6 C9 £=MWEHESHEERENRETE
Fig.6 Structure of the C9-base and the column packing
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ARSI R S8, % T 8% 1075 UE LU B R X, & 5
RAETEATBLR , K I 1) 8 2 el A A i A7

o BLAh, BAE (3 J5 vk R U B A BT
TR, XV 4 ) SR AL AT A R OB L B
BB P TR R & B, T IR 1
pe/go MM TE-FR i ik E R RATIRE] S ng/
kgo WA (35 HA DR B ) 2 4, TS €1 -
TEEROR B I (R E VRS, B R R TR R
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FEINHIR T SR HERR T
2.5 HENZREXR

W BT il B R ARERE AR 1.0 mL, I g 25
2 10 mL, HE B B 10 pg/mL, 53 51 I B
0.05,0.1,0.5,2.0,5.0 mL, FEEEAZE 10 mL,
BV BE 43 51 250.05,0.1,0.5,2.0,5. 0 pg/
mL, DA 2 AR BE B AR AR, B B S T 392
AU TET AR N A R VR A o il 2 D0 T8 7, £ 1 [ml )5
HFEN. Y =58318X - 731. 56, X BB R =
0.997 5, F AT EFE ZELE 0.05 pg/mL ~5.0 png/
mL Y& B2 [B]H RIFRIERPER R o
2.6 FiEEIE,BEEMEHR

BT 57 58 W SR J fili F 3 8 R O st UL
A KFER AR E ( <5.0 perke) , FER
N TSR FE AT i £ JL PR Ry 25 R o, 43 ) S vk
J710.0 pg/mL FIFRAEF E W 0. 01 mL.0.05 mL,
0.25 mL , WFEHASINEEE 51500 0.02 mg/kg.

0.10 mg/kg.0.50 mg/kg, R AL ES T 77 X
(SIM) , HEAT AN B RS2 0, SEH 45 R AR 1,
25 AR PR DL IR 8, e i JET 3 LI 9

y=58318x-713. 56
R=0.9975

350 000
300 000

< 250 000
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$ 150 000
100 000

50 000

0 1 2 3 4 5 6
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7 AEERRE#RL
Fig.7 The standard curve of tetrodotoxin

B 1 A RUE H, inAs B R TE 64. 0% ~
92.8% , K5 B RSD 7E 10% Z 1N , £f i i i i 7
R SHAW AR 80 BB, RIAAR TP
GRS, 7E BRI ARAMFT, L 3 EHEMRE
(S/N)HHEITEHRHER(LOD) 5.0 pe/kgo

F1 atha AR EERINRE R RBEEE (n=6)
Tab.1 Recoveries and their RSDs for the spiked globefish sample (n=6)

UM EE/ (mg/kg) W€ H/ (mg/kg) IR/ % T3 IR % RSD/%
0.0152,0. 0155 76.0,77.5
0.02 0.0131,0.0157 65.0,78.5 7.2 8.63
0.0128,0.0144 64.0,72.0
0.0775,0. 0820 77.5,82.0
0.10 0.0850,0. 0875 85.0,87.5 81.2 5.41
0.0780,0. 0770 78.0,77.0
0.4175,0. 4300 83.5,86.0
0.50 0.3980,0. 4280 79.6,85.6 84.2 6.26
0.4640 ,0. 3900 92.8,78.0
4 000 619 4 000 1o
3 500 3 500 :
1 I— T
% 2 000 E 9 000 13.78  [16.80
1 500 1 500
1 000 1 000 | h | —
500 500 L S
0 A W (N
6 8 10 12 14 16 18 20 22 6 8 10 12 14 16 18 20 22
i /min IR /min

B8 AHAlAZAKREEEFRIEE
Fig.8 SIM chromatogram of the globefish sample
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A method to determine tetrodotoxin ( TTX ) in globefish by solid-phase
extractions and gas chromatography-mass spectrometry ( GC-MS)

HUANG Qing-fa, SUN Zheng-zhong, QI Jun-yuan, SUN Jian-hua, HUANG De-feng, ZHANG Yu-ping, LIU
Qin

(Shanghai Fisheries Research Institute ,Shanghai 200433 ,China)

Abstract: A method to determine tetrodotoxin ( TTX ) in globefish by solid-phase extractions and gas
chromatography-mass spectrometry ( GC-MS) is described. TTX in globefish sample was extracted with 2%
acetic acid/methanol, defatted by petroleum ether, evaporated to dryness under reduced pressure. Then the
compound was converted to 2-amino-6-hydroxymethyl-8-hydroxyquinazoline ( C9-base ) under alkaline
conditions and extracted by use of an MCX extraction cartridge. The C9-base was analyzed after trimethylsilyl
derivation (TMS) C9-base by GC-MS- scan mode, the qualified ions are 376, 392, 407. (TMS) C9-base is
quantified by GC-MS-selected ion monitoring. The quantified ion was 392. The calibration curve was linear in
the range of 0.05 —5.0 wg /mL and linear relationship R* =0.997 5. For the 0.02,0.1,0.5 mg/kg spiked
samples , the recovery rate were 64. 0% —92.8% , RSDs were 5.41% - 8. 63% for six times, and the
limitation of quantification was 5.0 wg/kg. From the results of above, detection of TTX in aquatic products by
solid-phase extractions and gas chromatography/mass spectrometry ( GC-MS) is sensitive, accurate and
feasible.

Key words: tetrodotoxin; C9-base; solid phase extraction; gas chromatography-mass spectrometry
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