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ABSTRACT - The detection of high levels of cyclic imine (CI) toxins, noted for their neurotoxic effects, in
imported shellfish products represents a significant public health concern for South Korea. In this study, we investi-
gated the levels of CI contamination in these imported products. Specifically, we focused on spirolides (SPX-C), pin-
natoxin (PnTX), and gymnodimine-A (gym-A), utilizing advanced LC/MS/MS analytical techniques. Samples
collected from a range of imported shellfish revealed substantial contamination, with SPX-C being detected at 227.84
ppt in New Zealand mussels, PnTX-G at 80.42 ppt in Chilean mussels, and GYM-A at 118.79 ppt in New Zealand
mussels. These findings are particularly alarming, given that the concentrations of Cls in shellfish from certain coun-
tries often exceed those found in South Korean products, posing a potentially significant risk to public health when
these contaminated products are imported. On the basis of our findings, we advocate the urgent implementation of
stringent regulatory measures to control and mitigate the health hazards associated with these toxins in shellfish prod-
ucts. Additionally, we emphasize the importance of ongoing monitoring and continuous research to gain a better
understanding of these risks and to develop effective strategies for their management, which will thereby contribute
to protecting consumer health in the context of increasing global seafood trade.
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Fig. 1. Structure of cyclic imine (CI) (SPX, Gym, PnTX analogs).
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Fig. 2. Scheme of extraction and analysis protocol.
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Table 1. MRM transitions and corresponding parameters for CI quantitation

Analyte Retention time  Precursor ion Product ion (Q3, m/z) Dwell Time  Collision Energy
(min) (Q1, m/2) Quantifier Qualifier (ms) V)
PnTX E 3.64+£0.1 784.5 164.1;230.2 488.3 10 50
PnTX F 4.87+0.1 765.5 164.1; 230.2 488.3 10 50
PnTX G 5.14+0.1 694.5 164.1;230.2 458.3 10 50
GYM A 2.71£0.1 508.3 121.1; 136.1; 174.1 392.3 10 50
13-desMe SPX C 4.10+0.1 692.4 164.1;230.2 4443 10 50
13,19-didesMe SPX C 3.33+0.1 678.4 164.1;230.2 430.2 10 50
20-Me SPX G 4.60+0.1 706.4 164.1;230.2 346.2 10 50

PnTX E, F, G: Pinnatoxin E, F, G; GYM A: Gymnodimine A; 13-desMe SPX C: 13-desmethyl spirolide C; 13, 19-didesME SPX C:

13,19-didesmethyl spirolide C; 20-Me SPX C: 20-Methyl Spirolide C.

Agilent Technologies, Santa Clara, CA, USA)E A}-8-3}
FYHAJ Cl FEFE AEE 2.1x100 mm BIOShell™
A160 Peptide C18 Z  (Merck, Darmstadt, Germany)°l| 4] -
= A Fig. 2). ©1532 (A) 2mM ammonium formate 2
50 mM formic acidE X3 100% SHF< (B) 2mM
ammonium formate ¥ 50 mM formic acid® X33+ 95%

acetonitrile® A FATH LCY 7127 2AL 23 2+
o} 0-8%, 25-65% B; 8-10 &, 65-95% B; 10-15%, 95%
B; 15203, 25% B, o|F Thx Al 45 9lstd Hd
S 913l 95% BollA SE7F fASIAL A 25 &
A F 40°CE A3t L, capillary ¥ nozzle A2 7+
7} 35 9 0kVE AT Ax27EE {72 200°C]

Table 2. Analysis results of CI toxin levels in imported shellfish samples

*

No. Name Region 1 2 3 4 5 6 7
1 Amygdala Philippinarum China - - 14.45 88.68 - 25.72 -
2 Mytilus unguiculatus China - - - - - 23.11 -
3 Amygdala Philippinarum China - - - - - - -
4 Pecten albicans albicans Japan - - - - - - -
5 Amygdala Philippinarum China - - 11.29 - - - -
6 Meretrix lusoria Japan NC - NC - - NC -
7 Pecten albicans albicans Japan - - NC - - - -
8 Meretrix lusoria Japan - - NC - - - NC
9 Amygdala Philippinarum China NC - - NC - NC -
10 Pecten albicans albicans China - - - - - - -
11 Amygdala Philippinarum China - - - - - NC -
12 Amygdala Philippinarum China NC - 19.48 - - - -
13 Pecten albicans albicans China NC - NC 30.32 - - -
14 Mytilus unguiculatus China - - NC - - - -
15 Pecten albicans albicans China - - NC - - - -
16 Perna viridis New Zealand - - NC 118.79 - 227.84 -
17 Pecten albicans albicans Japan NC - NC - - - -
18 Mytilus unguiculatus China - - - - - 13.60 -
19 Mytilus unguiculatus China - - - - - 20.95 -

20 Perna viridis Chile - - 80.42 - NC - -
21 Meretrix lusoria China - - 35.06 - - 40.71 -

* 1, PnTX E; 2, PATX F; 3, PnTX G; 4, GYM A; 5, 20-Me SPX G; 6, 13-desMe SPX C; 7, 13, 19-didesMe SPX C.

** Unit: (ng/kg).
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