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Determination of tetrodotoxin in Nassarius by ultra high performance
liquid chromatography-tandem mass spectrometry with multi-walled
carbon nanotubes purification
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Abstract: A sensitive and reliable method for determination of tetrodotoxin (TTX) in Nassarius was established using ultra high
performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS). The sample was extracted by 1% acetic acid-meth-
anol solution, then the pH value was adjusted to 8.5-9.0. After purification with multi-walled carbon nanotubes (MWCNTs), the
sample was subjected to an analytical procedure. The mobile phase containing acetonitrile and 0.1% formic acid solution with a lin-

ecar gradient elution was utilized to separate TTX on an Amide column. The quantitative analysis was carried out with an external
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standard method in the multiple reaction monitoring mode using positive electrospray ionization. The calibration curve for TTX was

linear (R>0.999) from 0.3 ng-mLf1 to 50 ng-mLfl. The recoveries were 83.7%—91.4% with the RSDs of 2.3%—8.6%. The limits of

detection and quantification were 0.3 ;.Lg-kg71 and 1 ug‘kgfl, respectively. This method is suitable for determination of TTX in Nas-

sarius.

Key words: tetrodotoxin; Nassarius; multi-walled carbon nanotubes; LC-MS/MS; solid phase extraction
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TEET A AR B A vh s Ay Y. AR
3% - T B FH AR I 3 (LC-MS/MS) 246 I i) 44
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88.7%~102.3%; JE#ME RN 1 pgkg ', Ak
BN 75.8%~107%, EIRGPE R AR TR, 1E
TRTAN BRI RO A, (RS S B, R
A,

5y TTX BESRTAL BT g0, Hifibak
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5810 A5 E.OHL (f81E Eppendorf 24 Fl);
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PIMEAC S Z2BERRANRAS (AR AE B i 8 RO (i e R S vk DM SR I AT 3R 105

KK A% (31 Millipore 23 #]); N-EVAP &MY
(3£ Organomation 2y F]); PHS-25 pH 1 (_FIAY
HLBMEA IR AR A FRA R
1.2 FEHRSIKA

TE MR EOK (GATal, TN )
NG WEE ik aisisriral, 3E Sigma 24
A), TTX FpifEFH4E =99.0% (£ H Sigma 24
A]), RILALERYIKAT CNT303 50 um (AL HL 18R
BHEA R, FHIIRIKE CNT203 10~30 um
RN R IRAR]), KRR R FIALE 3 mL
(LI REAERHAARA R, HEURR AT AR L,

HANECH : 1% R, 1% SRFEE, 0.1% &
K, 0.1% HIR-Z8E (121, VIV). Wshtl A
0.1% HIR/K; TTX FRIER & (100 pgrmL ) H
HUTTX % FARdES: 1.00 mg, A 0.1% HR-2
E(1L: 1, VIV)ERZE 10mL, T4 C A7 Bk
YA VERRCH 0.1% LFR-2 06 (8 = 2, VIV); Fx
HETARRC I TTX A s, H 0.1% HiR- &I
(1: 1, VIV) B BIR TR 514 0.5 ngmL
lngmL ', 5ng'mL"'. 10 ng'mL "' 50 ng'mL"’
PRI FEE B T AR
1.3 ZWEH
1.3.1 k& 3% F o Waters ACQUITY
UPLC BEH Amide #£ (100 mmx2.1 mm, 1.7 um);
FEIR 40 °C; #EFEREH 5 pL; W# K 0.3 mL-min
WEIAH N ZIE (A) A1 0.1% HRERK (B). I BEN
W 1,

Rl BERMEHE

Tab.1 Gradient elution condition

. T EHHA% Tish B/ Y%
/min mobile phase A mobile phase B

0 95 5

1.0 40 60
3.0 40 60
3.2 95 5
5.0 95 5

1.3.2 Bk scfF mmiss e TR, IER T

Ry 2 22l WS ( MRM ) B4R HL RN
3.0kV; BETIRIREE 150 °C; WIAFISIE 400 °C;
HEALAR 150 Loh 5 BRI RE N 900 Lh '
TTX f) MRM B3 I3 2,

F2 TTXH S &N a1

Tab.2 Conditions of multiple reaction monitoring for tetrodotoxin

M BT (m/z) T T/(m/z) HEFLHE/V  R#EREE eV

analyte parention daughterion cone voltage collision energy

161.9 35 35
TTX 320.1 .
302.0 35 20

E: * ERET

Note: *. quantitative ion

14 fFFmE

1.4.1 $EHC FHERAKEVESSOR 2~3 1, Yok
Rimerh. HEFIHFERBURINE, LR 4
HA T T . BUUBUR A SR FEGL 2.00 ¢
T 50 mL B.0EH, A S mL 1% R H g
W, 7E 60 C /KBHHEA 15 min, fFHEHEE
JE, 756 000 rrmin” F#5.0 5 min, #8% FEW,
TEFRE RN 5 mL 1% 2 W i, &8 2
1R, AIF LW, LS mL BigW, R
WIMAZUKIE TS iR, W9 pH = 8.5, TN
KA /ML

1.42 WRYOKE L 250 mg BRI L RERR
YR, TR TA 6 mL /MEH, IKIIA
5mL 0.1% LR-ZH05 (8 : 2, VIV). 5mL 0.1% %
KGR /N, BE A aR AR, B 5 mL
PO a3 L AE, BT AR SS A S mL
5 mL ZKARYGHEE, BF /M, H3mL 0.1% &
FR-C 6 (8 = 2, VIV) VM. WadkE 3 mL PRI, W%
JEJG L 0.22 pm JEME, fE LC-MS/MS 4347
1.4.3 REEEMBFAL  BUR BT 1 R
FME, ARMIEREW, BOMESL, bR IRfE
) PBS % ¥ 5 mL $2BUR ST LA, A 10 mL
Ak, B T/MEF R S mL 2% PR H R
TR, VR T 45 € TARET, 5&#H 1 mL
0.1% HIR-ZH5 (1 : 1, vIV) &Y%, i$0.22 um
JERE, it LC-MS/MS 2 ¥ (288 GB 5009.206—
2016).

2 HRE

2.1 REEGHRKL

LR EA R, BRI SEREZ,
TTX A TAILAN, 55 TRIEKER SR T
PSS, DRI R R G Y Y A B AR B U it rh
1) TTX. S5 1% CERI/KERA 1% R BE
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WRBUCRE S A TTX, [BISCRAHT, R 2R
TTX. HORKER LI SR RS HU
AT RSy, RGN B TP LR P
TR 1R, REARUEEEHS, iEA AL
YU, AT RRAS ARSI BT 8 1 xS 7 A 1 R AR
PR . EH O W B A R 5, T H
AR LR R TR
T ARG BRI A FEAREE BT RN, ASRERR = A
WeR, W TRBURFE M E AR D& AL, R
ARSZIGTE 1% SR REPEIUS , 28 im0 IR
VEWGEAE, DIEWOET, DREREERE Y, W
A HHBEREE L
2.2 FRAKERERE

BRI I, X i B R R A
AL RS T 2 FERAOKRE XA TTX A
FLRE ST, R IEFAIEACIRAUR A 78 AR TERY
BERREMR IR B AR R 1 TTX, A AR
TR, ERUPICR TR RIS IR FE LA
WRVERT BEREAR S5 B8 TTX, Ve 2 A1 i 3k 5|
85%~90% . FEIEFERCIUMEMASHT, #FiEH 3 mL
25 /INVFEREHT, RIS IR ANORAS (8] 25t B2 B Al 75
BP0 SR ek 55, PR BE T 6 mL B/ A R AT IR
B,
2.3 EEGRK

TTX SIS LS VER 1 SFER T pH A7
X, RSP A TSGR S, T EAE
PESEMET BAE . ARSI FHZUK IR A pH, 8
i AR pH T AnFse it i e, ik AR
f pH (1), FFEMR pH N 8.5~9.0 B, K fE
JiEiE, pH=9.0 B TTX AfaE, S, ik
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Fig.1 Influence of pH on recovery of tetrodotoxin in
sample solution

TR, e LA pH i 8.5~9.0,
2.4 EVIMERM SRR b E

5 WCX M MCX AL, ZRERYTKAE /N
FEXT AP RE i TTX RS TR, bR
. ZETEBEEH WOX /N f T i £ P R
A, R R 75%~86%, {HSZRR FARERAY
M 1mL, EZJERMES RS, HEEMEKY S
RS P TTX BB . #0250 2% 2
FREHE I TTX, FEZd KOH Bl ab i, 4
FE R AT 0.3 mL, ZJ5id MCX #, HI BSTFA fif
AL SRAAMEIEET 8. T MCX S
WCX FEBEAE AT, YA TR i 20 i [l
TN R S B A o 114 1 o 2 i i e o
TTX ISE, R A 22 R A o 1) o 1 2 3 ol
S, R I ZREMR PR E /MEAR T WCX
ATMCX FE, YRR TTX MR 45568
i, ERERT BB ROW B TTX, 7Ekykid b
WA ER, BET 3mL 0.1% ZFR-2 15 8 : 2, VIV)
RIWIHE TTX S84V, Vel s vl B8 AL
RE, W DvRARARE, Ak, P TSR,
2.5 ERIB RIS

YRR IR 2, LR AR S
SER 118 356 SO T A RN, X R AR R AICORT o AN
o ATTIRITM T IEFTIN A2, FE2S FERUR
HOIMA—E W) TTX bRUfE IR, FL 5 AN
VR AR E S (B T A, He B 0.41~0.67,
GRESEARE RSP, 2l fbAb B, REA R 2%
HFTHY AR O ML SR
i, R IZE SR 0.50 mg-kg | A1 0.38 mgkg |, /D
A M45 950 0.73 mgkg ' F10.58 mgkg '3 =
AR T 2 RV AR BT i £ P PP TTX S
BL, XFEE 4 AR % ke i 4a i M0 %, TSK-GEL
Amide 80 11 ACQUITY UPLC BEH Amide ¥
%3k 3] 50% 2245, Kinetex HILIC k5 ZIC-
HILIC H: A [BISCRAUHN 5% 247 Bk 2 FiOrikny
DR IIRAR, 3 A FHARE A 0 L AT i 800 365
(o TR ELAL 2 BERR UK A TEBIE 25 (F T ABAR -1
W R4S S RE S T TTX, HR#EH e, ZEHH
B2l KR e L bR 24 B, H LC-MS/MS 43 Afr it ]
RIS 5 e WOR iRl A S g A 0p AU
2.6 FEREMR

2.6.1 MEERIAERER  FH0.1% HR-2 0
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PIMEAC S Z2BERRANRAS (AR AE B i 8 RO (i e R S vk DM SR I AT 3R 107

(121, VIV ) B TTX byt TAE R Z S R o B
We RSy R 0.5 ng'mL ™. 1 ng-mL ™, 5 ng-mL
10 ng'mL ' 1 50 ng-mL " AR EARIE TAEWR ., LA
AU AR, BRE RO R bR, 2 TAE
ek, MEmIA )R y=58 264.5x—4 145.33 (R’=
0.999 7), TTX £ 0.3~50 ng-mL"' G [E N EHR
U SRAFAPERESbR i, LA 3 AR LB e
HBR (LOD) 2 0.3 pg-kg ', L 10 f5{5 M o &
IR (LOQ) I 1 pgkg ', 25 FIRES: SIMAREE i
MRM &l WL 2.

1.54
@

% -

0 T T T T T T T T
125 150 1.75 2.00 225 250 275 3.00

t/min

. 2.59
(b)

% -

0 T T T T T T T T
125 150 1.75 2.00 225 250 275 3.00

t/min

B2 25 FIRERRATLO pg-keg IIERBVERE 28R AK A
LS FMRMIEL %
a. ZFEREL; b ITAREEAL
Fig.2 MRM chromatograms of 10 ug-kgﬁ1 spiked sample
cleaned up by carbon nanotubes

a. blank sample; b. spiked sample

2.6.2 PIBCRAFAXFRER 2  ASBFE R BATES
SUIERE 2R GB 5009.206—2016 1Y AH (1,3 -
ERIBE R A . FRH 2.00 g BPEZRSC2 43 5 An
KA 1.00 pgrkg . 10.00 pgkg ' 1 100.00 pg-kg '
) TTX ARER IR, B FATIE 5 v, FEmhjis
L3 3. INFRRESRTE 1.00~100.00 pgkg ' R HNK T
B2 R K 83.7%~91.4% , FHRTFRIEN 22 4
2.3%~8.6%.
2.7 KERHEGRINE

AR STl 40 K A TR A -8 v AR A e R

R3  FERMAREW RS AR RZE

Tab.3 Recovery of standard addition and relative

standard deviation for tetrodotoxin n=5s
Ik Flug ke IR AR %
added amount recovery RSD
1 91.4 23
10 83.7 3.4
100 84.8 8.6

IR R H ) AR AL R 30 S2USUREE b
PEAFRRI, TTX 2 ZEAFEM40N 1.87~3.34 mgkg
5 TTX e FAAEXT LS BEE RAGE, Ak
BUSCRE, K&, B TR TTX 1)
il

3 g5ig

fE TTX ARSI 2 A TAES, 8% R A
SPE AEXIHE AT EALATAREE, [H2 TTX # ik
SySZ%, SPE LRI AR ARFsdr T
— L. RN ZEURH TTX B LC-MS/MS
Tidie V1% SRR RAENZERGN, 4568
K, XTEIGUREES PR TTX ST, 7Emf
PR TRE 2 R Z B R A 1, VR
W R, AT E R R AL, 454 Le-
MS/MS R E P AEa Th g TTX . A5 5
(T A = A R A O Y A& R
B, KKWE TR EANEILRS ], e UE R Y
JEE I TR AR T S B0 R AS 38 T X LSRR v
) TTX 78 AT, S —Fhie ] S i I
B, NYISURAY TTX AR AEE ik . (HRRYN K
BNHT TTX MR E AR L, T2 50
HE— B IRARRSE -
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