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ABSTRACT: Objective To establish a new method for determination of tetrodotoxin (TTX) in puffer fish
by high performance liquid chromatography - tandem mass spectrometry. Methods The sample was sonicated
after homogenizing with 0.03 mol/L acetic acid solution. After a low-speed centrifugation, the supernatant was
mixed with equivalent methanol. With a subsequent high-speed centrifugation, the supernatant was filtered
through a 0.22 pm membrane filter before injection. LC-MS/MS analysis was conducted by Waters ACQUITY
UPLC BEH Amide (2.1 mmx 100 mm, 1.7 pm) column with the mobile phase of 0.1% formic acid in water and
acetonitrile at positive mode. Results There was a good linearity of TTX in the range of 5~1000 ng/mL. The

matrix recoveries was 85.8%~93.2% and the absolute recoveries was 47.8%~48.9%. The detection limit is 5
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pg/kg and the limit of quantification is 2 0 pg/kg. Conclusion Compared with the previous methods, the new

method is simple, rapid, accurate, sensitive and at low cost for the determination of TTX in aquatic products.

KEY WORDS: high performance liquid chromatography-tandem mass spectrometry; tetrodotoxin; aquatic

products; hydrophilic interaction chromatography column
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TTX m/z 320.1>302.2, DP 51, CE
33; m/z 320.1>162.1, DP 51 CE 45

2.3 HEmBILIE

(Takifugu obscurus,

) 2 g( 0.01 gy 50 mL
, TTX (10
pg/mL)4 uL. 80 uL 160 pL,
20 ng/g 400 ng/g 800 ng/g 30 min
s 10 mL 0.03 mol/L ,
10s, 3
10 min 4500 r/min, 4 C 10
min 0.5 mL, 0.5 mL s
12000 r/min, 4 'C 20 min
0.22 um , -



11 o )

3531

3 HRE5HMR

ST BIEFERYIERE

TTX ,
[6, 16-17]
b

3.1

(HILIC )
TTX , Tosoh
TSK-GEL amide 80 (2.0 mmx250 mm, 5 pL) ;

Phenomenex Kinetex HILIC (3.0 mmx150 mm, 2.6 puL)
; Merck ZIC-HILIC (2.1 mmx150 mm, 3.5uL)

Waters ACQUITY UPLC BEH Amide (2.0
mmx250 mm, 1.7 pL) Tosoh
( 1la), TTX ,

, Tosoh
UPLC-MS/MS
Phenomenex
, TTX ,

2200 Psi,

Merck
phenomenex
, (
1 ¢) Waters ( 1
TTX HILIC
, TTX
Tosoh Waters
, Merck

d)

Phenomenex

B XIC of +MRM (2 pairs): 320.072/302.200 Da from Sample 3 (50%MeOH t(injection solvent)_sample+std_40ng/ml_(ANC+0.1%NH4-FA)_0.3ml/min...
6.06

4380
4200 |
4000 |
3800
3600
3400
3200
3000
2800
2600
2400 |
2200 |
2000
1800 |
1600 |
1400 |
1200 |
1000 |
800
600 |
400 |
200 N

0

Intensity, cps

6.0

1 4 (a-Tosoh

Fig. 1

7.0

, b-Phenomenex

TTX

= ( /
) x100%
= ( /
)x100%
1 ,
, 80% ,
, Tosoh  Waters
5%

50% ,

Phenomenex  Merck

TTX , , ,
Tosoh , )
Tosoh
Merck
TTX , )
. , Waters

Phenomenex 5

s Waters

Max. 4380.0 cps.

a

gy Vil v MY W

8.0 9.0 100 110 120

Time, min

,c-Meck , d-Waters 400 ng/g)

Chromatograms of the spiked sample on the four kinds of columns (a- Tosoh column, b- Phenonomenex column, c-Merck

column, d- Waters column, spike concentration-400 ng/g)



3532

B XIC of +MRM (2 pairs): 320.072/302.200 Da from Sample 13 (New stander solvent_80ng/ml_std_(ANC+0.2%NH4-FA)_0.3mL... Max. 4526.7 cps.

4527
4400

4200 | b
4000 |
3800 |
3600 |
3400 |
3200 |
3000 |
2800 |
2600 |
2400 [
2200 |
2000 |
1800 [
1600 [
1400 |
1200 |
1000 |
800 |
600 |
400 |

200
o s b et by St AN g, ‘L ;

1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 100 11.0 120 13.0 140 15.0

Intensity, cps

Time, min

B XIC of +MRM (2 pairs): 320.072/302.200 Da_from Sample 5 (20140217_400ng_matrix_std_60%ANC+10mM jiasuanan_0.2ml/mi... Max. 233.3 cps.
230
220 | .
210
200

Intensity, cps
N
(=}

18 At ol o T w'w H"'u I“M 1 Y

[
1.0 2.0 3.0 4.0 5.0 .0 7.0 8.0 9.0 10.0 11.0 12.0
Time, min

B XIC of +MRM (2 pairs): 320.072/302.200 Da from Sample 3 (400ng_new) of 20131219... Max. 1573.3 cps.

1573
1500

1400
1300
1200
1100
1000
900
800
700
600

Intensity, cps

500
400 +
300
200 +

100 - l
° . . . . e aackal T disa)

2 4 6 8 10 12 14 16 18 20 22 24 26 28

Time, min



11 ,

3533

1 MRBIEANT A& RN REKE
(fn¥RE A 400 ng/g)

Table 1 Spike recovery by the nontoxic puffer fish of the

four columns (spike concentration is 400 ng/g)

(%) (%)
Tosoh 80+5 5043
Phenomenex 8545 6+2
Merck 80+10 5+4
Waters 85+3 451
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0.1% 1% 0.1% +5 mmol/L 0.1%
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Table 2 The extraction efficiency of different extract agents and hot treatment (n=3)
RSD RSD
0.03 mol/L 88.8% 1.7% 46.2% 1.7%
0.015 mol/L 50% 85.9% 2.5% 33.5% 2.4%
0.03 mol/L 50% 81.7% 0.6% 35.7% 0.6%
0.03 mol/L 82.3% 1.0% 43.2% 3.0%
82.7% 2.6% 43.1% 2.6%
Hexane 85.3% 0.3% 39.8% 0.3%
CH,CL, 70.4% 3.1% 30% 3.1%
R 3 TTX mirtEmE RS
Table 3 Spike recoveries of TTX
( R, -A, -RSD)-%
1 2 3 R- RSD A- RSD
R A R A R A
20 ng/g_1 82.1 46.4 81.0 45.8 82.1 46.4
83.3 3.3 47.1 3.3
20 ng/g 2 90.1 50.9 81.2 45.9 83.5 472
20 ng/g 3 83.1 46.9 84.1 47.5 82.4 46.6
400 ng/g_1 84.7 48.9 84.0 45.6 89.6 48.9
400 ng/g_2 81.6 47.1 87.3 474 86.7 50.6 85.8 3.4 47.8 3.0
400 ng/g_3 82.1 47.4 86.3 46.8 89.6 47.8
800 ng/g_1 94.2 50.9 94.1 46.6 94.1 50.8
800 ng/g_2 94.2 50.9 91.5 453 96.4 48.8 93.2 2.8 48.9 5.6
800 ng/g_3 95.0 51.3 91.5 453 87.7 50.4
700000 4 &
600000 | * grﬁgﬁﬁlﬁ,};;@ﬁ@ . Y=574.62X+4255.2
7S AR R>=0.9997
500000 *
400000 | 209.52X+7174.1 TTX LC-MS/MS
R=0.9993 ,
300000
SPE
200000 |
83.3%~93.2%
100000 F
47.8%~48.9% ) 5 ng/kg,
O 1 L 1 1 1 J
0 200 400 600 800 1000 1200 20 pg/kg,

Fig. 3 Calibration curves in solvent and in matrix

, 20 ng/g (7 ,
81.0%~90.1%, 400 ng/g ,
81.6%~89.6%, 800 ng/g :
87.7%~96.4% : ,

2.8%~5.6% TTX ,
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