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causes of the prolonged closure of a Scottish harvesting site

1. Introduction

4. Further investigations

The Centre for Environment, Fisheries and Aquaculture Science (Cefas) is the official control (OC) laboratory Free DTX1, DTX2 acyl-esters, AZA2, AZA3,YTX and its analogues as well as GYM were not detected in any of Since SPX1 was detected in all samples, further [ N e
contracted by the Food Standard Agency Scotland (FSAS) to carry out the testing of shellfish samples for the samples.The concentrations for the toxins detected were low compared to the regulatory limits as stated experiments were carried out to: II\
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operating procedure.The process entails an acetone extraction followed by liquid/liquid partition with diethyl The concentrations for the compounds of interest are detailed in Table 2. _ Nt et ) - B e e
ether and is carried out on the whole shellfish. Initially, eight selected extracts were submitted | ., s

: : _ - i - - i to a solid phase extraction step® and were then F -
Table 2: Concentrations (ug/kg) of regulated and non-regulated lipophilic toxins detected in Pacific oysters. I e 195 e 150
For the purpose of the Scottish OC monitoring programme, Pacific oysters (Crassostrea gigas)were collected — concentrated (SSR 17:1). IR T e a0 A
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. . i . reference | Date MBA | material Free | Free Free OA [ DTX1 [ DTX2 [ OA/ homo| OH | homo N ordaer to contirm € presenc , d pr u *
(RMP) Sltuated on the west coast. Of the 29 Samples CO“eCted’ elght recorded p(.)SItIVG a.SS?y reSUItS with BTX/2008/ | collected result1 | availability OA | DTX1 | DTX2 | esters| esters | esters | DTXs | PTX2 [ PTX2sa | AZA1 | AZA2 | AZA3 | YTX| YTX | YTX | YTX | SPX1 [ GYM ion scan was Carried out on the pr1 precursor S I N
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1014 07/0472008 | NG | Homogenate | ND | ND | ND | ND | ND | ND | ND | ND | ND | 342 | ND | ND [ ND| ND | ND | ND | 250 | ND 1on (mz .5).Three potential fragmentions were  Figure 2: Confirmation of presence of SPXT by LC-MS/MS
Whilst DSP events had taken place at this site previously, the prevalence of DSP in 2008 seemed unexpectedly 1089 14/04/2008 | PS | Extract ND | ND | ND | ND | ND | ND | ND | ND | ND | 404 | ND | ND | ND| ND | ND | ND | 224 | ND eniliRe) e Uk, 2458 Bne) 177]) et e relaieel Akl psing & trimsions (B0, Gerei el =077
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positive results at a similar frequency. Indeed, DSP positive events at the site accounted for 21% of all Scottish . )
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3302 13/10/2008 | NG Homogenate | ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 2.02 ND tranSitiOnS and the SpirOIide Origin
. 2792 27/08/2008 NG 2.79 9.07 4.80 17
The LTs were extracted from a 2.0 g sample homogenate using a double extraction with 100% methanol as 1: PS: positive - NG: Negative ~NGs: Negative showing clinical signs —ND: Not detected il qv. the 26 I ot 2832 01092008  |PS | 206 | &1 475 | 15
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an , OTten reterre O as » 10 eir parent compounds. © hydrolysed aliquols were DTX2 detected in only two separate SampleS (BTX/2008/2462 collected 04/08/2008; BTX/2008/2832 collected SPX concentrations are presented inTable 3. 3302 13/10/2008 NG 2.02 213 9.2

subsequently also analysed by LC-MS/MS.

The instrumentation deployed to analysed hydrolysed and unhydrolysed extracts comprised of an 1100
series Agilent LC system coupled with a Waters Quattro Micro mass spectrometer detector with electrospray
ionisation. The LTs were separated by applying an alkaline gradient (pH11) to a Waters XBridge analytical
column. The mass spectral data was acquired using multiple reaction monitoring (MRM) and selecting two
fragmentation transitions for each of the following compound of interest:

Okadaic acid (OA)

Dinophysistoxins (DTX1 and DTX2)

Acyl-esters of OA, DTX1 and DTX2 (DTX3)

Pectenotoxin 2 (PTX2) and its metabolite Pectenotoxin 2 seco-acid (PTX2sa)

Azaspiracids (AZA1, AZA2 and AZA3)

Yessotoxin (YTX), homoYTX (homo YTX), 45 hydroxyYTX (45 OHYTX), 45 hydroxy homo YTX (45 OH homo
YTX)

Gymnodimine (GYM)

e 13-desmethyl spirolide C (SPX1)

The toxins concentrations are reported on a wet weight basis in ug/kg and were quantified using external
calibration curves constructed using several calibration standards prepared by dilution of certified reference
material for OA, PTX2, AZA1,YTX, SPX1 and GYM. Pre-certified reference materials were used for DTX1 and
DTX2.The solutions were diluted with methanol.The other toxins have been quantified using the calibration
curve for the toxins of the same group and assuming equi-molar responses.

Table 1: Method limits of quantitation (LOQ) concentrations (ug/kg) for selected lipophilic toxins in Pacific oysters.

Toxins Free OA Free DTX1 Free DTX2 PTX2 AZA1 YTX SPX1 GYM
LOQ 48.5 + 2.69 41.9 + 1.85 43.5 + 7.36 6.13+0.10 |3.78 £ 0.28 28.2 + 3.24 2.53+0.13 12.0 £+ 0.94

01/09/2008, respectively). The maximum concentration value for the sum of OA+DTXs was calculated at
46 ug/kg in BTX/2008/2832. Throughout the sampling period, SPX1 was present at low concentration levels
(1.8 — 3.6 pg/kg). Only four samples contained PTX2 and one of these (BTX/2008/1175) also contained its
metabolite - PTX2sa.The occurrence of PTX2 and PTX2sa was sporadic and evident between 21/04/2008 and
01/09/2008 but since only a few samples contained these toxins, it would not necessarily reflect any trend.

On analysis of the samples that recorded positive assay results, the samples collected between 14/04/2008 and
19/05/2008 all contained only AZA1 and SPX1 below 10 ug/kg.The samples collected 04/08/2008 and 01/09/2008
both contained toxins from the OA and DTXs group as well as SPX1. The latter sample also contained PTX2.
The remaining three samples (BTX/2008/2054, 3090, 3233) only contained the non-regulated SPX1 toxin.

For samples collected
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Figure 1: Concentrations (ug/kg) of AZA1 and SPX1 in the samples collected between
31/03/2008 and 19/05/2008

1: PS: positive — NG: Negative — NGs: Negative showing clinical signs

5. Conclusions

The DSP positive results obtained at the site, during the period considered, were unusual for the area and
isolated within Scotland. They were however unequivocal and testing was conducted in compliance with
NRL procedures.

The LC-MS/MS investigations conducted on archived material indicated that the levels of individual LTs
detected in the samples would not be expected to induce a positive DSP assay result. However, the effect
of toxin mixtures is not well understood and the toxicological evidence related to the potential synergistic,
additive or antagonistic effects of mixtures of LTs is sparse. A possible explanation for positive assay results
is the presence of ‘fast-acting’ cyclic imines, albeit at low concentrations.

Alternatively, the LC-MS/MS method deployed in this study focuses on the detection of the regulated toxins as
well as some non-regulated ones. It does not function for the detection of other compounds so the detection
of other bioactive and/or natural products accumulated in the shellfish was excluded.
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