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ABSTRACT - Tetrodotoxin (TTX) is a potent neurotoxin responsible for pufferfish poisoning. The tissue distri-
bution of TTX and its analogs in Takifugu porphyreus pufferfish sold in the Korean market was determined using
ultra-high-performance liquid chromatography coupled to triple quadrupole mass spectrometry in multiple reaction
monitoring mode. The method detection limit for TTX was 0.006-0.009 mg/kg in high-fat and low-fat matrices. The
intra-day (n = 5) and inter-day (3 days, n = 15) accuracy and precision results met the Codex guidelines. The ovaries
of T. porphyreus pufferfish showed higher levels of TTX (up to 67.7 mg/kg) and its analogs compared to other tissues.
Lower levels of TTX (non-detectable to 1.10 mg/kg) were found in the muscle and testis tissues, usually the edible
parts of the pufferfish, than in other tissues. TrideoxyTTX was the major TTX analog across all tissues. This study
contributes to the database of marine toxicity information on 7. porphyreus species sold in Korea.
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Materials and Methods
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HEZEEA XFFS TTX citrate standard (>99%)E
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£ 3 mLE ¥, 587F BE2 v (Vortex Mixer GENIE
II, Scientific Industries, Bohemia, NY, USA)Z &3 &
%3914 4 7] (CPX3800H-E, Branson Ultrasonics, Danbury,
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Table 1. Biometric parameters of the Takifugu porphyreus sam-

ples
Sample ID (sex) Length (cm) Weight (g)
Tpl (F) 38 804
Tp2 (F) 30 486
Tp3 (F) 32 508
Tp4 (F) 31 432
Tp5 (F) 25 282
Tp6 (M) 31 473
Tp7 (M) 30 465
Tp8 (M) 30 438
Tp9 (M) 29 458
Tpl0 (M) 30 590
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day, 3%) JHETAAE F3IAT
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2FE-A (one-way analysis of variance)S 3l 4 3 T4 A
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Results and Discussion
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Table 2. 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)

M Sundadae S ML) ML) Comeentmon g il G sy
(%) (%) (%) (%)

High-fat matrix: y = 10500 + 1537  0.9999  0.009  0.028 0.1 96.9 109.3 7.7 75
Liver 0.7 93.6 102.6 52 4.0
1.0 100.6 101.9 3.4 6.2

Low-fat matrix: y=7414.4x—26.023 09996  0.006  0.019 0.1 112.7 100.7 7.8 7.9
Muscle 0.7 93.3 99.2 6.3 3.0
1.0 96.1 98.7 13 48

"MDL: method detection limit.
PMQL: method quantitation limit.
YRSD: relative standard deviation.
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Table 3. Tetrodotoxin levels in various tissues of Takifugu porphyreus

Species Sample ID (sex) Liver Ovary Testis Skin Muscle
(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
Tpl (F) 0.56+0.03 26.6+2.5 - 0.90+0.09 0.55+0.04
Tp2 (F) N.D. 2.64+0.09 - 0.12+0.01 0.03+0.00
Tp3 (F) 0.30+0.02 38.6+£3.8 - 7.95+£0.70 0.49+0.04
Tp4 (F) 1.434+0.12 67.7£5.8 - 17.7£1.3 0.54+0.04
Tp5 (F) 11.5+0.9 0.27+0.02 - 25.2+1.9 1.10+0.08
T. porphyreus
Tp6 (M) 0.47+0.03 - N.D. 8.32+0.18 0.09+0.01
Tp7 M) 0.10+0.01 - N.D. 1.89+0.16 0.11+0.01
Tp8 (M) 0.03+0.00 - N.D. 1.10+0.04 0.09+0.01
Tp9 M) 0.09+0.01 - N.D. 2.10+£0.17 0.13+0.01
Tpl0 (M) 1.58+0.02 - N.D. 20.940.5 0.39+0.04
Average 1.61+£3.52° 27.2427.8* ND. 8.62+9.34° 0.35+0.33°
(Range) (N.D.-11.5) (0.27-67.7) (0.12-25.2) (0.03-1.10)

The values are meantstandard deviation; - : not applicable; N.D. : not detected (below method quantitation limit, MQL). Mean values
followed by different superscript letters indicate significant differences in contents of tetrodotoxin in various tissues (£<0.05).

Table 4. Tetrodotoxin content in the tissues of Takifugu porphyreus reported in previous and present studies

Species Analysis Location Liver Ovary Testis Skin Muscle Reference
method (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
T. porphyreus South .
(n=10) UHPLC-QqQ Korea N.D.-11.5 0.27-67.7 N.D. 0.12-25.2 0.03-1.10  This study
T. porphyreus MBA South <1-106* <1-23.2* <1* <1-23.6* <1* a7
(n=43) Korea  (<5-531 MU/g) (<5-116 MU/g) (<5MU/g) (<5-118 MU/g) (<5 MU/g)
T-porphyreus g o South N.D. N.D. N.D. N.D. N.D. 25)
n=5) Korea
T. porphyreus <2-2.4"
(n=>5) MBA Japan - - (<10-12 MUJg) (26)

*Values recalculated from MU/g assuming 1 MU = 0.2 pg TTX according to Biessy et al. (2019); -, not reported; N.D., not detected,;
UHPLC-QqQ, ultra-high-performance liquid chromatography coupled to triple quadrupole mass spectrometry; MBA, Mouse bioassay.
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Fig. 1. Tetrodotoxin (TTX) and its analogue (A) contents and (B) composition in various tissues of Takifugu porphyreus.
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