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Abstract:  
 
The French Phytoplankton and Phycotoxins monitoring network (REPHY) recently found positive or 
dubious negative shellfish samples using lipophilic toxins mouse bioassay. These samples were 
analyzed by liquid chromatography (LC) in combination with mass spectrometry (MS) to detect the 
following toxins: okadaic acid (OA), dinophysistoxins (DTXs), pectenotoxins (PTXs), azaspiracids 
(AZAs), yessotoxins (YTXs), spirolides (SPXs) and gymnodimines (GYMs). Over the 2006–2007 
period, chemical analyses revealed various lipophilic toxin profiles according to shellfish sampling 
locations. In addition to OA and/or PTX-2 and their derivatives, several other compounds were found 
for the first time in France: (1) during the summer of 2006, AZA-1 and AZA-2 in Queen scallops 
(Aequipecten opercularis) from Northern Brittany; (2) during the summer of 2007, YTX and its major 
metabolites (45-hydroxy-YTX, homo-YTX, carboxy-YTX) in shellfish from the Mediterranean coast. 
Regarding YTX-group, the toxin profiles evolution in mussels during summer showed that: (i) the 
carboxy-YTX depuration rate was much slower than the YTX and 45-hydroxy-YTX ones; (ii) the homo-
YTX concentration, which was initially very weak, increased significantly during the last depuration 
phase, which seems to reveal a YTX-group high metabolisation level in mussels. This paper reports 
for the first time on AZA and YTX-groups detection in French shellfish.  
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1. Introduction 
 
Yessotoxin (YTX) and azaspiracid (AZA) groups belong to the lipophilic phycotoxins family which also 
includes okadaic acid “OA”, pectenotoxins “PTX”, spirolide “SPX” and gymnodimine “GYM” groups. 
The European Commission (EC, 2002) set sanitary thresholds at 160 µg OA-equivalent /kg of whole 
tissue for both OA and PTX groups, 160 µg AZA-1-eq/kg of whole tissue for AZA group  and 1 mg 
YTX-eq/kg of whole tissue for YTX group.  
Yessotoxins are sulphated polyethers; they were isolated for the first time in the Japanese scallop 
Patinopecten yessoensis (Murata et al., 1987; Suzuki et al., 2007) and were also  detected in mussels 
in Norway (Lee et al., 1989; Aasen et al., 2005). YTX occurrence in shellfish was observed later on in 
New Zealand and in Chile (Yasumoto and Takizawa, 1997; MacKenzie et al., 2002), in Italy (Satake et 
al., 1997; Ciminiello et al., 1997), in Spain (Arevalo et al., 2004), in the UK and in Canada (Stobo et 
al., 2003). In addition to YTX, but to a lesser extent, several analogues (fig. 1) have been identified in 
both shellfish and potentially causative dinoflagellates: Protoceratium reticulatum (= Gonyaulax 
grindleyi) (Satake et al., 1999; Ciminiello et al., 1998; 2000; 2003; Aasen et al., 2005; Miles et al., 
2005; Paz et al., 2007; Suzuki et al., 2007); Lingulodinium polyedra (= Gonyaulax polyedra) (Tubaro et 
al., 1998; Paz et al., 2004; Draisci et al., 1999) and Gonyaulax spinifera (Rhodes et al., 2006). 
According to Tubaro et al. (1998; 2003), YTXs do not cause diarrhoea in mice when administered via 
intra-peritoneal or oral routes.  
Azaspiracids (AZAs), polyethers having a carboxylic acid function and a cyclic imine function, were the 
latest diarrheic toxins from DSP toxins (Diarrheic Shellfish Poisoning) to be identified. They were 
detected for the first time in 1995 in Killary Bay, Ireland, following some diarrheic-type human 
poisoning at least eight people affected after eating mussels (Satake et al., 1998). A dozen 
homologues have been since identified (Ofuji et al.,1999; 2001; Lehane et al., 2004). Among them, 
AZA-1, and to a lesser degree, AZA-2 and AZA-3 (fig. 2) are the main contributors to potential toxicity 
towards man, due to their high concentrations, together with a high toxicity (Ito et al., 1998; 2000). A 
recent toxicological study of several synthetic AZA analogues, including AZA-1,  has shown a strong 
biological activity linked to the basic molecular conformation of AZA-1. This activity induced changes in 
target organs (digestive tract, liver, thymus and spleen) as well as in observed pathologies (Ito et al., 
2006). AZA group was reported later on in other countries than Ireland. They were detected in 
mussels in England and in Norway (James et al., 2002; Aasen et al., 2006); in oysters, clams and 
cockles in Ireland (Furey et al., 2003) and recently in brown crabs collected on the Swedish West 
coast and the Norvegian North-West coast (Torgesen et al., 2008).  
AZA-1, AZA-2 and AZA-3 have been identified in a heterotrophic dinoflagellate Protoperidinium 
crassipes. Yet, these toxins source has not been confirmed so far, since AZAs accumulated in P. 
crassipes might originate from another phytoplanktonic prey ingested (Yasumoto 2001a; James et al., 
2003). 
Concerning lipophilic toxins in France, as soon as Dinophysis spp. occurrence is reported, the 
phytoplankton & phycotoxins monitoring network (REPHY) performs toxicity analyses, on a weekly 
basis throughout the risk period, on exposed bivalves, using mouse bioassays designed for lipophilic 
toxins. For positive mouse-bioassay shellfish samples, liquid chromatography in combination with 
mass spectrometry (LC-MS/MS) is used to search for the following lipophilic toxins: OA, PTX, AZA, 
YTX, SPX and GYM groups. Until 2004, shellfish from French farming areas were regularly 
contaminated by OA and PTX-2 groups associated with the presence of Dinophysis spp. species 
(Masselin et al., 1992; Lassus et al., 1988; Mondeguer et al., 2006; Amzil and Mathias, 2006; Amzil et 
al., 2007). Spirolides (SPX-A, SPX-desMeC) were discovered in 2005 on the Atlantic coast (Bay of 
Arcachon) in association with Alexandrium ostenfeldii (Amzil et al., 2007).  
In addition to these toxins, other lipophilic toxins detected for the first time in France include: i) AZA-
group during the summer of 2006 in Queen scallops (Aequipecten opercularis) originating from 
shellfish beds off Northern Brittany; ii) YTX-group during the summer of 2007, in shellfish originating 
from the Mediterranean coast. As these two families of toxins have never been detected so far in 
French shellfish production areas, this report deals with the first recorded occurrence of AZA and YTX 
groups in French shellfish. 
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2. Materials and methods 
 
Reference materials  
 
- Lipophilic toxin standard solutions for OA, YTX, PTX-2, SPX-desMeC and GYM were provided by 
NRC-Halifax, Canada. Certified AZA reference materials were generously donated by Dr. Mike 
Quilliam in 2006 (NRC-Canada) before their commercialisation in 2007.  
-  Italian mussel samples containing YTX-group:YTX, homo-YTX, 45-YTX, 45-homo-YTX. 
 
Shellfish samples  
 
Shellfish samples were collected at different production sites along the French coastline that had 
experienced closures due to  lipophilic toxins presence. Shellfish samples were mussels, oysters, 
clams from Mediterranean coast and Queen scallops from Northern Brittany. For shellfish samples, 
with the exception of scallops, at least 30g hepatopancreas (HP) was homogenized in a blender. 
Twenty grams (20g) were used for the lipophilic toxins  mouse bioassay following a method adapted 
from Yasumoto et al. (1984). For Queen scallops, a minimum of 110g of whole tissue was 
homogenized in a blender. 100g were used for the mouse bioassay according to Hannah et al. (1995). 
The bioassay was considered positive if at least two out of three mice died within 24 hours. The 
remaining HP and whole tissue 10g homogenate were used later on for LC-MS/MS analyses. 
 
Extraction procedure for lipophilic toxins 
 
Figure 3 shows the complete extraction procedure: lipophilic toxins were extracted from 2g HP or 
whole tissue homogenate as indicated by the DSP mouse-assay extraction protocol. The resulting 
CH2Cl2 phase was then dried and diluted in MeOH. One aliquot was used for lipophilic toxin analyses 
(with the exception of “DTX-3” acyl-esters), and a second aliquot for DTX-3 alkaline hydrolysis to 
release OA and/or DTX-1 and/or DTX-2, and subsequent analyses of DTX3. For toxins quantification, 
a calculated HP/whole tissue ratio was used to express all the results to the whole tissue from the 
amount found in HP. 
  
LC/MS-MS analyses of lipophilic toxins 
 
For each shellfish sample, LC-MS/MS analyses were performed on two aliquots (before and after 
hydrolysis) in our investigation of lipophilic toxins (figure 3).  
5 µl of each aliquot was injected into the LC-MS/MS system using an Agilent 1200 LC model coupled 
to a hybrid triple quadrupole/linear ion trap mass spectrometer (API-4000-Q-Trap, PE/SCIEX) 
equipped with a Turbo V ion spray® source. LC-MS/MS analyses were performed by modifying the 
Quilliam method (Quilliam et al., 2001). Toxins were separated in a 3 µm MOS-Hyperclone C8 column 
(50 mm x 2 mm id, Phenomenex) at 20°C. The mobile phase was 100% water containing 2 mM 
ammonium formate and 50 mM formic acid (channel A) and acetonitrile/water (95/5) containing 2 mM 
ammonium formate and 50 mM formic acid (channel B). Two different linear gradients were used. 
Gradient elution 1 for multi-toxin determination started with 30-95% B for 2.5 min, followed by an 8 min 
hold at 95% B and 5% A, and decreasing to 30% B over 0.5 min, which was held again for 5 min until 
the next run. Gradient elution 2 was used for the YTX-group determination, starting with 5-100% B for 
6 min, followed by a 6 min hold at 100% B, and decreasing to 5% B over 1 min, which was held again 
for 7 minutes until the next run. The mobile phase flow-rate was set at 200 µl min-1. Instrument control, 
data processing and analysis functions were all provided by Analyst software®.  
Analyses were carried out using two different methods for each toxin group: negative ion mode was 
used for YTX-group, while positive ion mode was used for the others groups of toxins (OA, PTX, AZA, 
SPX, GYM). The electrospray ionization interface (ESI) was set with the following parameters: curtain 
gas: 30 and 10 for YTX; temperature: 450°C  and 600°C for YTX; gas 1: 50 and 40 for YTX; gas 2: 50; 
CAD gas: medium; Ion spray voltage: 5,500 V and – 4,500 V for YTX. These parameters had been 
previously optimized using toxin standards. The mass spectrometer was operated in multiple reaction-
monitoring (MRM), analysing the two or three most intense product ions per compound. Italian mussel 
sample containing, in addition to YTX, homo-YTX, 45-YTX, 45-homo-YTX, was used in our 
investigation of these toxins.  
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The LOD and LOQ for all toxin groups studied are expressed in µg/kg of whole tissue: OA (0.8 and 
3.5); PTX-2 (0.1 and 0.6); SPX-desMeC (0.2 and 0.8), GYM (0.02 and 0.07); AZA-1 (0.2 and 0.8); YTX 
(0.4 and 1.5). 
 
 
3. Results 
 
Detection of AZA group in French shellfish for the first time 
 
In August 2006, as part of the systematic monitoring of  Queen scallop breeding grounds during the 
fishing season, samples originating from Northern Brittany produced a doubtful result on mice 
according to the method of Hannah et al. (1995) for lipophilic toxins. Indeed, the mouse assays 
considered to be unreliable were those leading to the following results: i) one mouse death among 
three within 24 hours; ii) mice exhibiting diarrheic type symptoms without mortality; iii) mice mortality 
after the 24-hour period (positive between 24 and 72 hours). The AZA-group could, in fact, cause 
death in mice either in a relatively short time (20-60 min) for strong doses, or in a period exceeding 24 
hours (2 to 3 days) for lower doses (FAO/IOC/WHO, 2004).  
Chemical analyses conducted on homogenized portions of whole tissue taken from these samples 
revealed the presence of AZA -1 and AZA-2 in French shellfish production areas for the first time. 
Figure 4 shows an example of the analytical result obtained by LC-MS/MS on a Queen scallops 
sample originating from shellfish beds off the North Brittany coast. In addition to AZA-1,-2, OA and its 
acyl ester derivatives (DTX-3) were also detected in low concentrations (maximum of 16 µg OA eq/Kg 
of whole tissue, not shown here). Figure 5 gives the proportions of AZA-1 and AZA-2 in the whole 
tissue of the Queen scallops during the August-December 2006 contamination period. The maximum 
concentration of AZA-group was close to 274 µg AZA-1 eq/kg of whole tissue, which was in excess of 
the sanitary threshold (160 µg AZA-1 eq/kg of whole tissue). We can note that for all samples AZA-1 
was the main toxin encountered compared with AZA-2: on average 80% and 20% respectively. 
According to Figure 5, showing samples toxin profiles, the AZA-group content changes over time in 
two distinct stages: a contamination phase starting around the middle of August at a low concentration 
(7 µg AZA-1 eq/Kg of whole tissue) followed by a sharp increase and a toxicity peak (274 µg/kg of 
whole tissue), and then a slow depuration phase until the end of December (4 µg AZA-1 eq/kg of 
whole tissue).  
AZA-group distribution study in Queen scallops different organs (digestive glands, muscle, remaining 
tissue) revealed them to be concentrated mainly in the digestive glands (approximately 95%), with a 
small quantity being found in the remaining tissue (about 5%), and with no trace at all in the muscle.  
 
Detection of YTX group in French shellfish for the first time 
 
During the June-September 2007 period, mice injected with shellfish extracts (mussels, oysters and 
clams) originating from the Mediterranean coast, following the procedure for the official DSP test, 
exhibited neurological symptoms (convulsion and jump) causing death at the end of a very short 
survival time of between 10 and 40 minutes. Chemical CL-SM/SM analyses conducted on the same 
shellfish homogenates revealed the presence of YTX and its metabolites for the first time in France. 
The maximum concentration of YTX equivalent found in mussels (approximately 100 µg YTX eq/Kg of 
whole tissue) was 10 times less than the sanitary threshold (1,000 µg YTX eq/kg of whole tissue). In 
contrast to mussels, the YTX-group was found in trace amounts in oysters and clams (maximum of 2 
µg YTX eq/Kg of whole tissue). Figure 6 shows a mussel sample toxin profile collected in July 2007: 
YTX, 45-hydroxy-YTX, homo-YTX, 45-homo-YTX, carboxy-YTX, carboxy-homo-YTX and ATX 
(Adriatoxin). 
YTX and its main metabolites concentration (45-hydroxy-YTX, homo-YTX, carboxy-YTX) as well as 
ATX one were monitored in mussel samples collected between June and September 2007 inside the 
Ingril lagoon (Mediterranean coast) (fig. 7). The contamination peaked around mid-June and was 
followed by a progressive depuration phase during July, and then a long purification phase during 
August to September.   
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4. Discussion and conclusion 
 
AZA-1 predominance in shellfish in conjunction with AZA-group accumulation in mussels has already 
been reported in various different geographic areas (Norway, UK, Ireland) (James et al., 2001; 2002). 
As shown in French Queen scallops contamination, the AZA-group remains for about 4 months. The 
way AZA-group persists over time in shellfish has already been observed and reported during a toxic 
episode that occurred in Ireland, where the contamination period lasted approximately 8 months 
(James et al., 2001). The non-accumulation of AZA-group in Queen scallops muscle from shellfish 
beds off Northern Brittany has been observed in the past in relation to other toxins (okadaic acid, 
domoic acid) during DSP and ASP (Amnesic Shellfish Poisoning) toxic episodes that affected scallop 
shellfish beds off Northern Brittany and in the English Channel during the period from the end of 2004 
to the end of 2005 (Amzil et al, in press). In comparison with other shellfish species (mussels), 
research conducted by James et al. (2002) has shown that the majority of AZA-group was found in the 
digestive glands (around 93%) and only a minority in the rest of the flesh (around 7%). While Hess et 
al. (2005) showed that AZAs behave like the other lipophilic toxins, accumulating mainly in the 
digestive glands.   
As the distance from the coast of the Queen scallop  beds in Northern Brittany, and their depth, did not 
allow us to collect significant plankton samples, we do not possess the data necessary to identify the 
causative agent. At an international level, following the first appearances of AZA-group in Ireland, 
these toxins were identified in a heterotrophic dinoflagellate Protoperidinium spp. (Yasumoto 2001a; 
James et al., 2003). Meanwhile, the origin of these toxins has yet to be confirmed, since few questions 
remain unanswered in relation to P. crassipes: i) Is it a AZAs producer? ii) does it accumulate AZAs by 
preying upon another species? iii) does it ingest a precursor of AZA from the prey species that is then 
metabolized subsequently into AZA-1, -2 or –3? 
 
As regards the accumulation of YTX group in French shellfish originating from the Mediterranean, 
toxin profiles evolution shows that the YTX group remains in the shellfish during four months and this 
agrees with bibliographical data (Ramstad et al., 2001; Mackenzie et al., 2002; Aasen et al., 2005; 
Samdal et al., 2005).  According to Mackenzie et al. (2001), the YTX half-life is estimated at 49 days in 
New Zealand mussels (GreenshellTM mussels) while it is only 20 days in Norwegian mussels (Mytilus 
edulis) (Aasen et al., 2005). This difference is probably due to the different ways YTX is metabolised 
by these two mussel  species, which depend on seasons, bivalves physiological condition, 
phytoplankton species present, and water temperature. Metabolism can indeed be seen to play an 
important role when we compare YTX and its principal metabolites proportions in different shellfish 
species. In New Zealand GreenshellTM mussels (Perna canaliculus), YTX is predominant (Mackenzie 
et al., 2001) while in Norwegian blue mussels  (Mytilus edulis), concentrations of YTX, 45-hydroxy-
YTX and carboxy-YTX are equivalent (Aasen et al., 2005). For the French Mediterranean species of 
mussels (Mytilus galloprovincialis), it is YTX that predominates. According to Figure 7, depuration rate 
for carboxy-YTX is much slower than that of YTX and 45-hydroxy-YTX, since the low concentration of 
carboxy-YTX does not change significantly over time. Aasen et al. (2005) have observed equivalent 
depuration patterns in Norwegian mussels with a carboxy-YTX half-life that is three times longer than 
that of YTX (60 days). As regards French mussels, the evolution of their toxin profiles evolution (fig. 7) 
shows that homo-YTX concentration very low to start with, increases significantly during the final 
depuration phase, and this suggests that a transformation of some kind had occurred in the mussels. 
Phytoplanktonic examinations of samples collected at the end of August enabled identification of two 
species, potentially YTXs producers, and present in low concentrations: Lingulodinium polyedrum (= 
Gonyaulax polyedra) and Gonyaulax spinifera. YTX-group accumulation in shellfish in the presence of 
low concentrations of producer phytoplankton has already been observed in Norway (Aasen et al., 
2005). These Authors indicated that a low density Protoceratium reticulatum  occurrence, during a 
short period, is sufficient to cause YTX-group accumulation in mussels at levels higher than the 
sanitary threshold.   
The  YTX group  doesn’t usually cause diarrhoea and their human toxicity has never been proved 
(Tubaro et al., 1998; 2003). The YTX toxic potential after per os administration seems to be low and its 
relevance is still not completely clarified (Aune et al., 2002; Tubaro et al., 2003). According to a report 
prepared following FAO/IOC/WHO experts consultations, the majority of any dose of YTX 
administered to mice via the oral tract is found in the faeces, indicating that insignificant absorption 
takes place in the gastro-intestinal tract (FAO/IOC/WHO, 2004). YTX-group do, however, present a 
cytotoxic potential in vitro (Alfonso et al., 2003; Perez-Gomez et al., 2006). There is no proof of YTXs 
being toxic to man, and, the FAO/IOC/WHO experts (2004) suggested changing the regulatory level 
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from 1 mg/kg to 12 mg/kg of shellfish meat. Furthermore, the Codex Committee on Fish and Fishery 
Products (CCFFP) has suggested to de-regulate YTXs due to low oral toxicity. 
During the period June-September 2007, in addition to the YTX group presents in concentrations 
considerably lower than the sanitary threshold, other lipophilic toxins families were also detected in 
samples collected at the start of the episode, in very low concentrations: OA group (max 40 µg OA 
eq/kg of whole tissue), PTX group (PTX-2/PTX-sa/PTX-2-sa epimer: max 70 µg PTX-2 eq/kg of whole 
tissue) and traces of SPX-group (below 5 µg SPX-desMeC eq/kg of whole tissue). This meant it was 
difficult to assess the impact on public health of all the different toxin families, since no data were 
available on the possible additive, synergistic or antagonistic effects these different toxins might have 
on one another. On behalf Precautionary Principle, contaminated shellfish production sites were 
closed by Public Authority during this toxic episode, and with serious economic repercussions for 
Mediterranean shellfish producers.   
We need to be mindful of the fact that mice treated in conformity with the biological testing procedures 
established by Yasumoto (Yasumoto et al., 1978; 1984) with extracts of shellfish containing 
concentrations lower than the sanitary threshold (1,000 µg YTX eq/kg of whole tissue) can exhibit 
neurological symptoms followed quickly by death (Aune et al., 2002; Tubaro et al., 2003).  
 
Yasumoto (2001b) proposed a two protocols analytical procedure for preparing extracts of shellfish 
whole tissue: 1) a first protocol for extracting the different toxin groups classified as diarrheic on the 
one hand, and demonstrating their presence using mouse-assay on the other; 2) a second protocol 
that can be applied if the first test suggests the YTX group is present, which evaluates neurological 
symptoms in mice. This protocol could be applied to the same batch of shellfish with the aim of 
separating the YTX-group from other toxin groups: i) a phase inlcuding the YTX group being the object 
of a 5-hour DSP mouse-assay (5-hour YTX mouse-assay) adapted to detect YTX-group  and ii) an 
organic phase enclosing the other toxin groups (OA,  PTX, AZA) which were revealed via the 24-hour 
DSP mouse-assay.    
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Figures 
 
 

 
 
 
Fig. 1. Structures of various yessotoxins. 
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Fig. 2. Structures of azaspiracids. 
 
 

 
 

Fig. 3. Extraction procedure for lipophilic toxin analysis by LC-MS/MS. 
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Fig. 4. Azaspiracids profile obtained by CL-SM/SM of whole Queen scallops (Aequipecten opercularis) 
tissue from Northern Brittany during summer 2006. 
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Fig. 5. Distribution of AZA-1 and AZA-2 in whole Queen scallops (Aequipecten opercularis) tissue from 
Northern Brittany during August–December 2006. 
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Fig. 6. Yessotoxins profiles of mussels hepatopancreas from Mediterranean coast in July 2007. 
 
 
 
 

 
 

Fig. 7. Yessotoxins toxins profile in whole mussel tissue (WT) extract from Mediterranean coast (Ingril 
Lagoon) during summer 2007. 
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