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ABSTRACT - The tissue distribution of tetrodotoxin (TTX) and its analogs in farmed Takifugu rubripes puffer-
fish sold in Korean markets was determined using ultra-high performance liquid chromatography coupled to triple
quadrupole mass spectrometry in the multiple reaction monitoring mode. The method detection limit for TTX ranged
from 0.019 to 0.022 mg/kg in high-fat and low-fat matrices. The intra-day (n = 5) and inter-day (3 d, n = 15) accuracy
and precision results met the Codex guidelines. Tetrodotoxin was not detected in most of the analyzed tissue samples.
In the farmed T rubripes tissues, TTX levels reached a maximum of 0.07 mg/kg in the liver. Among the TTX analogs,
dideoxyTTX, trideoxyTTX, and norTTX were detected in all samples. This study contributes to the database of
marine toxicity information for farmed 7akifugu species sold in Korean markets.
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Materials and Methods
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Table 1. Biometric parameters of the farmed Takifugu rubripes
samples

Species Sarzlsri; ID L&l:;g;h szg)ght
Trl (F) 29.7 591.3
Tr2 (F) 30.2 592.5
T rubripes Tr3 (F) 32.5 637.2
(collectedin  Tr4 (F) 31.8 564.4
February Tr5 (F) 32.5 698.6
2022) Tr6 (M) 314 607.0
Tr7 (M) 30.5 507.8
Tr8 (M) 30.8 550.7
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o] & 5mLe| WEEH == A*J2]¥ Sep-Pak C18 solid-
phase extraction (SPE) 7FEZ|A] (6 cc/l g Waters,
Milford, MA, USA)?l &4 1 mL& ¥ WeE 4 mL
Z 8&5319 £292 A FF7](MG-2200, EYELA,
Tokyo, Japan)E ©]-8-3}] 1 mLE &%3t ¥ polyvinylidene
fluoride (PVDF) 0.22 ym ®E#H S & o z}sto] fg
2APgel ot M@ g2 Mg

IIRMEAN

LC-MS/MSE o] N7 F HEZEEAN 2 I FAH|
XS SR 7171w A E20E Park 59 AFE R
3l th LC system> Agilent 1290 Infinity 1l 2D ultra-
high performance liquid chromatography (UHPLC), & &5
27]%= 6470B triple-quadrupole (QqQ) mass spectrometer
(Agilent Technologies, Santa Clara, CA, USA)E A3}
o B ZAE Table 29} 7t} Electrospray ionization

Table 2. LC-MS/MS method for tetrodotoxin and its analogue
analysis

Agilent 1290 UHPLC/6470TQ Triple
Quadrupole LC-MS/MS

ACQUITY UPLC Glycan BEH Amide Column
(2.1x100 mm, 1.7 pm)

Instrument

Stationary phase

A : ammonium acetate (5 mM)
and acetic acid (0.01%) in water
B: ammonium acetate (5 mM)
and acetic acid (0.01%) in 90 :
10 acetonitrile : water (v/v)

Mobile phase

(ESIH 2] positive ion modeE AFHE-3l] HIEZEE4] W
I FARI ] AT o] & (precursor ion) 2 A o] (product
iony& Aglst & 7Pt w2 g Hole olg AT
©o](quantifier ion)°ll, WA F 7§ 52 3 7He o]&
A o] 2(qualifier ions)2Z X183} multiple reaction
monitoring (MRM) mode Z71S &3} T} (Table 3). H
EZLEA #AS 98 A8E ZF ol FA o]
715 AT dASINeH, e FFEFOl SAst
A g HEZEEA FAAS] 749 2 MS scans F3ll
oAt v B 2o E FAS 7]E =wolA
RIE FAA 9 fragmentation pattern % HFE Al 7H
(retention time, RT)S H|wsle] HAsI T, HHEZZ
B4l A= BlEREEAY] #F A4S AREste] A
o Bt e 1 A3+= mg tetrodotoxin analogue/kg

tissueE YJERH AT

o ==
2Ny 33

HEZTEA 24 352 International Conference on
Harmonization (ICH) 7to] =291 w2} AA|Fh 7
9] 24 (linearity)S E<1317] $13l HIEZ2EEA40]
e Al B2 AFE AW " AR B9 AR
(FAIE) HEZEEA EF89S H7kst 5 FF ¥
BA el wEk AEsted HF =7 0.1, 02, 0.5,
0.7, 1.0, 2.0 pg/g7t SEI=5 g+ the 5 Wy Agste] d
9] A A4 (coefficient of determination)E -394t Park
T AFATe] MEWH Hoje= BE FooA 2 1)
A & (matrix effect)s Ho|7]o] AL matrix-matched

Running time 12 min L .
. Table 3. Multiple reaction monitoring (MRM) transitions and
Flow rate 0.3 mL/min collision energy for tetrodotoxin and its analogues using ultra-
Time Mobile Mobile high performance liquid chromatography triple quadrupole mass
(min.) phase A (%) phase B (%) spectrometry
0 3 97 Compound MRM transition ~ Collision energy (eV)
Gradient mode S 36.6 63.4 TTX 26
6 50 50 4-epiTTX 320.1>162.0 34
6.01 3 97 320.1>302.0% 320.1 > 284.0 30
12 3 97 deoxyTTX 1 304.1>286.0 20
lonization mode Electrospra'y' ionization (ESI) deoxyTTX 2 304.1>162.0 40
positive mode 302.1 > 162.0 26
4,9-anhydroTTX
Fragmentor voltage 161V y 302.1 > 256.0 40
MS operation mode  Multiple Reaction Monitoring (MRM) norTTX 1 290.0>272.0 20
Gas temperature 275°C norTTX 2 290.0 > 162.0 20
Gas flow 11 L/min dideoxyTTX 1 288.1 > 270.0 2
Nebulizer pressure 35 psi dideoxyTTX 2 288.1 >224.0 40
Capillary voltage 2500V trideoxyTTX 1 272.1 > 254.0 20
Sheath gas temperature 350°C trideoxy TTX 2 272.1>162.0 40
Sheath gas flow 11 L/min

*Quantifier ion transition was in bold.
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Results and Discussion
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o, FUre] 3% Al rEAxte] "7t 47t 2.9-8.0%,
2.6-5.2% = e ety g% 9 JUE= CODEX
7Fo] =8kl (Codex Alimentarius guideline)™ ol A1 A A €
>0.1-<1.0 mg/kg F=NA 35F& 70-110%, FHEZH2}
18% ©]3}, >1.0 mg/kg F=oA 2] 35& 70-110%, A
FFHA 14% olate] A5 7S WS o= gl
Hch BN AEEAE AL F9 b AR RS
NA ZHzF 0.022 mg/kg, 0.019 mg/kgol o™, A F3A =
AR o} A A QoA ZF2E 0.067 mg/kg, 0.058 mg/
kol HEHAle} Aol 49 71 FdolA B
IE FAe; v AV ¥ W FRIAT

QqQ MS¢] MRM modeZ 24 A] TTX-CRME %3} A
B FEEAA LT HEE A 7K E 93vt gl
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Table 4. Method validation results obtained for tetrodotoxin analysis in high-fat and low-fat matrices of pufferfish: intra- and inter-day
accuracy (% recovery) and precision (%relative standard deviation, %RSD)

Matrix Standard curve Linearity MDL"  MQL? Concentration Intra-day Inter-day Intra-day Inter-day
) (mg/kg) (mg/kg) (mg/kg)  %recovery %recovery %RSD®  %RSD

High-fat matrix y=15892.4x +244.97  0.9999 0.022 0.067 0.1 109.7 108.4 5.7 5.3
(liver) 1.0 1008 99.1 3.5 42
2.0 100.0 100.4 4.9 2.5
Low-fat matrix ~ y =4344.4x-54.912 0.9998 0.019 0.058 0.1 104.4 104.2 8.0 5.2
(muscle) 1.0 989  100.6 2.9 32
2.0 104.4 101.4 5.2 2.6

"MDL: method detection limit.
IMQL: method quantitation limit.
YRSD: relative standard deviation.



448 Bong Ki Park et al.

x10 2| (A)
14
0.9
08
07
06
05
0.4
03
02
0.1
0

x10 -2 | (B)

1.2
1 I

0.8 [

0.6 |

0.4- L

ol

02 M A

10 11

4 5 6 7 8
Counts (%) vs. Acquisition Time (min)

Fig. 1. The multiple reaction monitoring chromatograms of (A) tetrodotoxin (TTX) certified reference material, (B) non-spiked liver
extract of a farmed 7. rubripes Tr2 sample.

Table 5. Tetrodotoxin levels in various tissues of farmed Takifugu rubripes samples

Species Sample ID (sex) Liver Ovary Testis Skin Muscle
(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
Trl (F) N.D. N.D. - N.D. 0.06+0.00
Tr2 (F) 0.07+0.00 N.D. - N.D. N.D.
Tr3 (F) N.D. N.D. - N.D. N.D.
Tr4 (F) N.D. N.D. - N.D. N.D.
T. rubripes
Tr5 (F) N.D. N.D. - N.D. N.D.
Tr6 (M) N.D. - N.D. N.D. N.D.
Tr7 (M) N.D. - N.D. N.D. N.D.
Tr8 (M) N.D. - N.D. N.D. N.D.

The values are mean+standard deviation; -: not applicable; N.D. : not detected (below method quantitation limit, MQL).
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d |
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o] AE=HA &gttt 22 Matsumura™e] A A3}
enzyme immunoassay® 4] Al YEAF k2] 2}FE0A]
TR A7 HEZEEA(ZF: <0.0001-0.006 mg/ke,
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Hom ol & AT
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® Fow dud
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R S

e 4

A 9 ol
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o|rAtE S ol Holo Al A€t Park 5 AT
Al AALRRIA] gl E] A

il
AgelA AR AT 2, A, AaolA 72 ND.-

1.02x10*mg/kg, 0.35-1.32x10°mg/kg, N.D.-0.16 mg/kg]

A )
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HEZESM0] AL, /140 A3} 2§ 29
oNM= zHz} 0.10-215 mg/kg, N.D.-123 mg/kge] HEZE
5200 42EAt. B AT BAG P4 AFR
BoAE= HEZEEA0] Yo ko z A= 5]0174
U gl HA eigkedl, 2 olfe B4 AFRe] 4
o2 AlFE e weAbEed AdelM fefE 5 9}—5 Eﬂ
Ezsio] TP e A0 F2HC) Pak 57
of QoA HAlol AFEE AFE Q3 AR 2
o] HEREEAN AZH AL mo]i_rgq o e
2 Holm ANt AFHow Algdnh e Af &
of=ol thste] 534 44 F9loll A 10 mouse unit (MU)/
g2 71X E AAstd #Aeletal vk, Biessy 7
HEZEEA 02 pgs | MUHS R $Hibste] 17]8192
W 2 A7 7171 AAE AT Al Akl o
Qstol MUTEOZ $14F A] S 94 A2e) B ¥
SI1A 0.5 MU/g ol3Fe] BlE2 =5 4l0] dE o] %)t
FA AFH] e kA AoR SR

rln

_uoil'_lr 0[

o

SR A XFEE0| RO HESTEY AR B4 Zu

ik Oo]"* ARFEANAN HEZEEL FAR] F norTTX
ol AA| 2%, dideoxyTTX 2%, trideoxyTTXO| A& A 15&
23t 5“‘-4 HEZTEA FARZE 1= 02,
EE A8oA 4-epiTTX, 4,9-anhydroTTX, deoxyTTXs= 7
ZHA] FUth HEREEAC] A& ARETE ohe}
AZ=HA B2 "]E"'ﬂ’ﬂ‘: HEZEEA FAR7F A5
Atk F2A AFEe] FodH HERZEEA A= HE

ZEEAC] ¥ FFAH (matrix-matched calibration curve)S
o]-g-3te] i Bt o|FAA Y] A 2 TS Fit
3t mg TTX analogue/kg tissue® WER) A THTable 7).
UL A AFEe] BE 9ol dideoxyTTX7F 8
HEZTEA fAAZ AE5H A DideoxyTTXS] #4
H BEYE 3] Al FAof|A] 0.80+0.20 mg TTX analogue/
kg tissueZ 7MY w2 FEFS HAN, F2(0.68+0.31 mg
TTX analogue/kg tissue), 7H(0.40+£0.21 mg TTX analogue/
kg tissue), 22 (0.14+0.13 mg TTX analogue/kg tissue), <=

Table 6. Tetrodotoxin content of Takifugu rubripes reported in previous studies

Analysis . Liver

Ovary

Testis Skin Muscle

Species method Location (mg/ke) (mg/ke) (me/ke) (me/ke) (mg/ke) Reference
Farmed

T. rubripes EIA Japan <0.0001-0.006 - 0.002-0.13  0.001-0.055 (18)
(n=10)

Lrubripes yuprcgqe SO ND-1.02x10°0.35-1.32¢10° N.D-0.16  0.10215  N.D.-123 (13)
(n=10) q Korea .D.-1. . . .D.-0. . .D.
Farmed . . . . .

T rubrives MBA South <0.4 <0.4 <0.4 <0.4 <0.4 25)
' (n= ;; Korea (<2 MU/g) (<2 MU/g) (<2 MU/g) (<2 MU/g) (<2 MU/g)

“Values recalculated from MU/g assuming 1 MU = 0.2 pg TTX according to Biessy et al. (2019);

-, not reported; N.D., not detected; EIA,

enzyme immunoassay; UHPLC-QqQ, ultra-high-performance liquid chromatography coupled to triple quadrupole mass spectrometry;

MBA, mouse bioassay.

Table 7. Tetrodotoxin (TTX) analogue contents in various tissues of farmed Takifugu rubripes

Tetrodotoxin analogue content (mg TTX analogue/kg tissue)

Species Tissue 4eepiTTX 4,9.?%2/&0 dTe%((y di;i;(;?y tri;‘;‘;‘y norTTX Sum
Liver N.D. N.D. N.D. ((])\_1413;8“2612 b) (0(?6]3(1_(()):(;;*’) N-D. (00.413281?23
Ovary N.D. N.D. N.D. (00;04;8:;)(3)3) ((I)\.I i%;g.'lz(}a) ((I)\.I(')]g;(()).'(}gga) (00..9565;(1).;;)
T rubripes Testis N.D. N.D. N.D. ( 09282;8:3??"‘) N.D. (I(;I(])Z;(())é%) (0(?'7322;8:;) gb)
Skin N.D. N.D. N.D. ((])\'I ilﬁg‘f §c) N.D. N.D. ((I)\_I 3;8_‘13 14d)
Muscle N.D. N.D. N.D. ((1)\.1(.)1;;8.12 3°) N.D. ((I)\.I(')];;(()).'(}fa) ((I;I i];;(()).'lz 15d)

The values are presented as range(mean+tstandard deviation). Mean values followed by different superscript letters indicate significant
differences in tetrodotoxin analogue content in the same column (P<0.05). N.D. stands for not detected.
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