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Abstract
[bookmark: _Hlk103867526][bookmark: _Hlk103240523][bookmark: _Hlk118375339][bookmark: _Hlk118375359]Tetrodotoxin (TTX) is a potent neurotoxin responsible for a human intoxication event in Spain associated with the consumption of trumpet shell Charonia lampas. In Europe, TTX is not regulated or monitored, and there is little knowledge about its presence in seafood. Here, we investigated the tissue distribution of TTX and analogues in three specimens of trumpet shell C. lampas bought in a market in southern Portugal. Toxin concentration was above the EFSA recommended limit in the non-edible tissues of all specimens and within the limit in the edible tissues of two specimens. 4,9-anhydroTTX and thirteen additional TTX analogues were detected in tissues, the most abundant being anhydrotrideoxyTTX and trideoxyTTX. These results  suggest that although thorough evisceration may lower the amount of TTX consumed, it may not be sufficient to ensure consumer safety. Regular monitoring  TTX and analogues in trumpet shell and other edible gastropods is therefore recommended to avoid poisoning incidents.  
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1. Introduction
[bookmark: _Hlk102985295][bookmark: _Hlk101365987]Tetrodotoxin (TTX) is a naturally occurring extremely potent alkaloid that blocks voltage-gated sodium channels in mammalian excitable neuronal cells causing neurotoxic effects and at high concentrations can cause death through respiratory failure and cardiac arrhythmia (How et al., 2003; Walker et al., 2012). TTX has 30 known structural analogues (Fig. 1 and Supplementary Material Fig. S1), whose toxicity is structure-dependent (Yotsu-Yamashita et al., 1999). TTX is produced by several bacterial species, including those from the genera of Vibrio, Bacillus, Aeromonas, Alteromonas, and Pseudomonas (Magarlamov et al., 2017; Numano et al., 2019). It is hypothesized that TTX accumulates in marine and freshwater organisms through the symbiotic hosting of a TTX-producer or via food chain transmission (Noguchi & Arakawa, 2008). TTX is also commonly known as pufferfish toxin, named from its initial identification and isolation from the Tetraodontidae, the pufferfish family (Tahara & Hirata, 1909). TTX intoxications have been widely reported, generally associated with the consumption of pufferfish, and were until the last decade restricted to Japan and other Southeast Asian countries (Noguchi et al., 2011). As of 2005, TTX-bearing species started to appear at higher latitudes and have been attributed to the effects of global warming, Lessepsian migration and/or ballast water discharges (Danovaro et al., 2009; Katikou et al., 2009). 
[bookmark: _Hlk101772600][bookmark: _Hlk101953464][bookmark: _Hlk101427837][bookmark: _Hlk101865979][bookmark: _Hlk101428547][bookmark: _Hlk118368689][bookmark: _Hlk102981041][bookmark: _Hlk103867433][bookmark: _Hlk103867579]In Europe, the only known case of TTX poisoning occurred in 2007 when a 49-year-old man consumed a specimen of trumpet shell Charonia lampas, an autochthonous predatory gastropod from Atlantic and Mediterranean waters, bought in a market in Malaga (south of Spain) but suspected to have been caught off the Algarve coast, in the south of Portugal (Fernández-Ortega et al., 2010; Rodriguez et al., 2008). The TTX concentration in the digestive gland of that specimen was 315,000 µg/kg. However, no TTX was detected in other specimens caught in the same region (Rodriguez et al., 2008).  This event triggered an investigation into potential non-pufferfish TTX vectors in European waters. The first report found up to 120 µg/kg TTX in bivalves from southern England (Turner et al., 2015). This was followed by 203 and 253 µg/kg TTX in bivalves from Greece and the Netherlands, respectively (Gerssen et al., 2018; Vlamis et al., 2015). These findings prompted the European Food Safety Authority (EFSA) Panel on Contaminants in the Food Chain to examine the potential of TTX as an emerging food safety threat in Europe. The EFSA scientific opinion concluded that a concentration below 44 µg TTX equivalent (eq)/kg of shellfish meat would not result in adverse effects in humans (Knutsen et al., 2017).  Nevertheless, EFSA considered not to have enough consumption and occurrence data to pronounce a public health risk on the presence of TTX (and its analogues) in marine bivalves and gastropods in Europe (Knutsen et al., 2017). To a EFSA call for more TTX data several nationwide surveys were conducted (Blanco et al., 2019; Bordin et al., 2021; Hort et al., 2020; Leão et al., 2018; Réveillon et al., 2021; Rodrigues et al., 2019; Silva et al., 2019). The studies from Portugal and Spain suggested that the regional risk posed by bivalves vectoring TTX was low because the detected concentrations were lower than the EFSA recommended maximum limit (Blanco et al., 2019; Leão et al., 2018; Rodrigues et al., 2019; Silva et al., 2012; Silva et al., 2019). However, a few gastropod species from Portugal south and southwest coasts were identified as potential TTX vectors (Costa et al., 2021; Silva et al., 2012; Silva et al., 2019). TTX concentrations above the EFSA recommended maximum limit were reported for the whole soft body of sea snail Monodonta lineata caught at Vila Nova de Milfontes, and the non-edible tissues of trumpet shell, C. lampas, caught off the Algarve coast, i.e., 90 and 42,000 µg/kg, respectively (Costa et al., 2021; Silva et al., 2012). Since the whole organism is sold in markets, the risk of using contaminated portions of it in diverse meals is very high. Thus, to assess consumer risk it is required to know TTX distribution among edible and non-edible tissues. The aim of the present work is therefore to evaluate the tissue distribution of TTX and its analogues in the trumpet shell. To our knowledge, this is the first study examining TTXs distribution within trumpet shell tissues associated with the nervous, locomotory, circulatory, respiratory, excretory, and digestive functions. These data will improve our understanding of TTXs accumulation in this marine organism.

2. Materials and Methods
2.1. Materials 
[bookmark: _Hlk99707653]The LC-MS grade solvents (water, acetonitrile, and methanol) were purchased from Carlo Erba (Italy). Acetic acid, formic acid ammonia hydroxide (25%) and ammonium formate were also LC-MS grade and were purchased from Sigma-Aldrich (Germany).  
[bookmark: _Hlk104366912][bookmark: _Hlk104367560][bookmark: _Hlk102568585][bookmark: _Hlk104366936]A certified reference standard (CRM), containing certified concentrations of Tetrodotoxin (TTX), 21.0 ± 1.3 µg/g; 4,9-anhydroTTX, 5.44 ± 0.40 µg/g; and 4-epiTTX, 1.67 ± 0.15 µg/g;  in aqueous acetic acid (1mM), pH 3.91, was purchased from CIFGA Laboratorio S.A. (Spain). 
Three trumpet shell (Charonia lampas) specimens caught of the Algarve coast (south Portugal) were bought from a local market in Faro in February 2022. The average shell length was 19.83 ± 2.93 cm and soft tissue weight was 185.00 ± 78.70 g. 

2.2.  Sample preparation
[bookmark: _Hlk102657117]The trumpet shell specimens were dissected on the day of capture to separate twelve tissues representative of nervous (cerebral ganglia), locomotory (foot muscle and mantle), circulatory (heart), respiratory (gill), excretory (kidney), and digestive systems (mouth/proboscis, salivary and digestive glands, stomach, intestine and anus/rectum). The usual evisceration to keep the edible part would most probably include the foot muscle, mantle, mouth/proboscis, salivary glands and cerebral ganglia, the latter two located under the mantle (Ponder et al., 2019). The remaining seven tissues dissected would be part of the non-edible portion. 
The tissue samples were homogenized in an Ultra-Turrax (T 25 easy clean digital, IKA -Werke GmbH & Co. KG, Germany). Sample extraction was performed according to the Standard Operating Procedure of the European Union Reference Laboratory for Marine Biotoxins for the determination of TTX (EURLMB, 2017). In brief, samples were homogenized with 1% acetic acid, vortexed for 3 min, boiled in water for 5 min, cooled to room temperature, vortexed for another 3 min, and centrifuged for 10 min at 2200g and 15 °C (Mega Star 600R, VWR, Avantor, USA). The supernatant containing ammonium hydroxide (0.025% v/v) was cleaned through an ENVI-Carb cartridge (Supelclean, Supelco, Sigma-Aldrich, Germany) previously conditioned with acetonitrile (20% v/v) and acetic acid (0.25% v/v), followed by ammonium hydroxide (0.025% v/v). After washing with Milli-Q water, toxins were eluted using an acetonitrile (20% v/v) and acetic acid (0.25% v/v). The eluate was diluted with acetonitrile before analysis.

2.3.  LC-MS Conditions
[bookmark: _Hlk100221332]The samples were analyzed by Liquid Chromatography-High Resolution Mass Spectrometry (LC-HRMS). Chromatographic separation was carried out using an UltiMate 3000 UHPLC system coupled to an Orbitrap Elite mass spectrometer (Thermo Scientific, Germany) equipped with a Heated EletroSpray Ionization source (HESI-II). The toxins were separated using an ACQUITY Premier BEH Amide (2.1 × 100 mm, 1.7 µm) column (Waters, USA) at 35°C. The mobile phase was composed of water with 0.1% formic acid and 10 mM ammonium formate (A) and acetonitrile with 0.1% formic acid and 2% 10 mM ammonium formate solution (B). The gradient (in v/v%) started with 5% of B and increased linearly to 95% in 11 min. This composition was maintained for 1 min and then returned to 5% of B in 1 min and maintained at this composition for 2 min before the next run (Rodríguez et al., 2018). The flow rate was 0.3 mL/min and the injection volume was 5 μL. Source conditions were optimized to achieve the best sensitivity for TTX. Data were acquired under positive polarity using the following ionization parameters: spray voltage, 3.8 kV; sheath gas, 40 arbitrary units; auxiliary gas, 10 arbitrary units; heater temperature, 300 °C; capillary temperature, 325 °C; S-Lenses RF level, 69.06%. The collision-induced dissociation (CID) spectra of TTX and 4,9-anhydroTTX standards (CRM) under positive polarity were acquired by infusing the CRM solution diluted 20 times in LC-MS grade water at 5 μL/min (Figure S2, Supplementary Material). The energy was 35 arbitrary units.
The LC-HRMS acquisition was performed under full scan and multiple-reaction-monitoring (MRM) modes. The m/z ranged between 100 and 500.  
The CID and higher-energy collisional dissociation (HCD) spectra of TTX analogues were obtained by running the system under product ion scan by fragmentation of the ion of each analogue over the entire chromatographic separation (LC-HRMS2) and detection from 90 to 350 m/z. The spectra are averages obtained for the correspondent chromatographic peak.

2.4.  Quantitation 
The LC-HRMS quantitation was performed by generating ion chromatograms prepared with selected daughter ions generated from the toxins after CID fragmentation (MRM) and by generating accurate mass-extracted ion chromatograms (AM-XIC) obtained from full-scan profiles using the accurate masses of toxin ions. 
In MRM quantitation the selected CID transitions were the following: m/z 302.1 (320.1 > 302.1), m/z 284.1 (320.1 > 284.1) and m/z 162.1 (320.1 > 162.1) for TTX and m/z 284.1 (302.1 > 284.1), m/z 274.1 (302.1 > 274.1), m/z 256.1 (302.1 > 256.1) and m/z 162.1 (302.1 >162.1) for 4,9-anhydroTTX (see Figure S2, Supplementary Material). 
In AM-XIC quantitation the chromatograms were constructed using the exact mass (5 decimals) of each TTX analogue (Table S2, Supplementary Material) and a mass extraction window of ± 5ppm. This quantitation procedure was also followed for TTX analogues as the signals are generated by extraction the correspondent exact values from the full-scan profiles which keep the sample information (Costa et al., 2022; Zendong et al., 2015). The obtained concentrations of TTX analogues are an estimate as similar MS response was assumed for TTX standard and all metabolites. All other general MS parameters were adjusted to ensure an optimum signal for the TTX standard.
A working solution containing approximately 2 µM of TTX, 0.55 µM of 4,9-anhydroTTX, and 0.16 µM of 4-epiTTX was prepared. The different tissue matrices, as well as the solvent (water) matrix, were spiked with 1, 2, 5, 10, 20, and 40 μL of the working solution per 200 μL of the matrix. The quantitation of TTX, 4,9-anhydroTTX and other related toxins were obtained from calibration curves prepared by following a standard addition method (SAM). Calibration curves were obtained for all matrices and samples (Figure S3, Supplementary Material). A molar toxicity equivalence factor of 1.0 and 0.02 was used for quantitation of TTX and 4,9-anhydroTTX, respectively, in µg TTX eq/kg (Knutsen et al., 2017; Nakamura & Yasumoto, 1985). 
The limits of detection (LOD) and quantification (LOQ) were calculated from the standard deviations (SD) obtained after five injections of each blank matrix spiked with the second-lowest concentration (3×SD and 10×SD, respectively). The matrix effect (ME) was obtained after three injections of the third-lowest concentration standard solution and of each non-contaminated blank matrix spiked with this concentration and calculated using the equation  , where A is the average peak area of the standard solution and B represents the average peak area in the extract spiked with the same concentration.

3. Results 
3.1 Limits of detection and quantitation, matrix effects and calibration curves
The TTX limits of detection (LOD) and quantitation (LOQ), and matrix effects determined by MRM for the twelve tissues, as well as the LOD and LOQ of TTX determined by AM-XIC in the solvent matrix are shown in Table 1. The LOD and LOQ of the twelve tissues tested was less than the EFSA recommended maximum limit for a tissue to be considered safe for human consumption, i.e., 44 µg TTX eq/kg, (Table 1). The LOD in the edible tissues ranged between 0.13 and 1.89 µg/kg in the mantle and salivary glands, respectively, while the LOQ ranged between 0.42 and 6.29 µg/kg in the same tissues (Table 1).  Among the non-edible tissues, the digestive gland had the lowest LOD and LOQ and the anus/rectum the highest (Table 1). . The LOD and LOQ in the solvent matrix, determined by AM-XIC were 0.05 and 0.17 µg/kg, respectively. 
The edible tissue mantle was the only matrix showing ion suppression, i.e., ME below 100%, while all the other matrices exhibited ion enhancements, i.e., ME above 100% (Table 1). Most matrices (including the edible foot muscle and the non-edible anus/rectum, , gill, heart, intestine, kidney, and stomach) had strong ion enhancements, with ME above 200% (Table 1). Therefore, TTX and 4,9-anhydroTTX quantitation in all samples was performed by SAM to correct ME (Costa et al., 2022). All calibration curves had a correlation coefficient (r) ≥ 0.99 (Table 2 and Supplementary Material Figure S3).

[bookmark: _Hlk101777580][bookmark: _Hlk101866073]3.2 Quantitation of TTX and 4,9-anhydroTTX by MRM
[bookmark: _Hlk102657067][bookmark: _Hlk101958077][bookmark: _Hlk118297973][bookmark: _Hlk101866122][bookmark: _Hlk101958136]The concentrations of TTX and 4,9-anhydroTTX were above the EFSA recommended limit of 44 µg TTX eq/kg in several tissues of the three C. lampas specimens analysed (Table 3). The highest TTX concentrations were found in non-edible tissues, namely tissues with digestive and excretory functions, such as the anus/rectum, digestive gland, intestine, kidney, and stomach. The lowest TTX concentrations were detected in the edible portion which includes the white muscle, i.e., foot muscle, mantle, and mouth/proboscis (Table 3). However, concentrations of both toxins were highly variable among specimens and tissues, with TTX ranging from non-detection to 7147.14 µg TTX eq/kg in anus/rectum of CL 1, and 4,9-anhydroTTX varying from non-detection to 279.87 µg TTX eq/kg in anus/rectum of CL 2 (Table 3). In CL 1, the specimen with the highest toxin concentration, TTX was detected in every tissue, except the salivary glands. In CL 2, TTX was detected in seven of the twelve tissues analysed, and in CL 3, TTX was only detected in the intestine (Table 3). With the exception of the salivary glands, 4,9-anhydroTTX was detected in all CL 1 and CL 2 samples, with the highest concentrations measured in non-edible tissues (Table 3). However, the mouth/proboscis of CL 1 had a 4,9-anhydroTTX concentration of 91.95 µg TTX eq/kg. As with TTX, 4,9-anhydroTTX was detected in fewer tissues and at lower concentrations in CL 3 in comparison to the other two specimens. 

[bookmark: _Hlk103683007][bookmark: _Hlk103683385]3.3 Quantitation of TTX analogues by AM-XIC
The TTX positive tissue extracts of the CL 1 specimen were further evaluated by LC-HRMS full-scan mode to search for other TTX analogues. Identification and quantitation of TTX analogues was performed using AM-XIC full-scan profiles as it allows screening based on exact m/z values without prior selection of the compounds of interest.
[bookmark: _Hlk102658953]Analogues 4,9-anhydroTTX and 4-epiTTX were identified by reference to authentic standards present in the CRM mixture. However, the structure of the other analogues is only putative due to the lack of standards.  Their assignments were based on the exact masses and on the fragmentation spectra obtained by CID and HCD (Table S1 and S2, Supplementary Material). For the same reason, the concentrations presented in Fig. 2 (additional information in Table S2, Supplementary Material) are relative values and can only be used for comparison purposes among TTX and analogues within the same tissue matrix type. Furthermore, their quantitation was performed with a solvent calibration curve and therefore matrix effects for each combination of toxin, matrix type and LC-HRMS full-scan mode conditions, was not determined. 
[bookmark: _Hlk102039679]Except for foot muscle, where only TTX and 4,9-anhydroTTX were detected, thirteen TTX analogue signals were detected in the tissues of CL1,  i.e., two TTX epimers (4-epiTTX and a non-identified epimer), m/z 320.10884; three deoxyTTXs, m/z 304.11393; three dideoxyTTXs, m/z 288.11901; three trideoxyTTXs, m/z 272.12410; and two anhydrotrideoxyTTXs, m/z 254.11353 (Table S2, Supplementary Material). The assignments are in agreement with the fragmentation spectra obtained by CID and HCD (see Fig. S5-S34 and Table S1, Supplementary Material). HCD is known to originate spectra similar to the obtained using triple quadrupoles (Révész et al., 2021).
[bookmark: _Hlk102122858][bookmark: _Hlk103251870][bookmark: _Hlk102050222]AnhydrotrideoxyTTXs were the most abundant analogues, followed by the trideoxyTTXs and dideoxyTTXs with on average 72, 19 and 4% of the total toxin contents (Fig. 2 and Supplementary Material Table S1). TTX, 4,9-anhydroTTX, 4-epiTTX, a non-identified epimer, and deoxyTTXs analogues represented each less than 1% of the total toxin content. However, the toxin profile was tissue specific. The toxin profile of the digestive gland, intestine, stomach and kidney, contained mainly anhydrotrideoxyTTXs, with an average toxin content of 79% in digestive tissues and 84% in the kidney (Fig. 2). The mouth/proboscis and mantle had, respectively, 51 and 59% of anhydrotrideoxyTTXs and 31 and 21% of trideoxyTTXs (Fig. 2 and Supplementary Material Table S1). 

4. Discussion
[bookmark: _Hlk103069683][bookmark: _Hlk103867637][bookmark: _Hlk102121282][bookmark: _Hlk102120904]To our knowledge, this is the first report of the functional tissue distribution of TTX and TTX analogues in trumpet shell tissues. In most other studies examining TTXs anatomical distribution, the trumpet shell was simply divided into two tissue fractions, i.e., edible, and non-edible (Costa et al., 2021; Narita et al., 1989; Rodriguez et al., 2008; Silva et al., 2019). Our study reveals the presence of TTX and 4,9-anhydroTTX at concentrations above the EFSA recommended maximum limit (44 µg TTX eq/kg of shellfish meat) in all three specimens bought at a local market in Faro (south Portugal). Therefore, none of the specimens analysed would be safe for consumption of the whole soft body. As TTXs are not regulated or monitored at the European Union level (Knutsen et al., 2017), these results highlight a continued risk to food consumers from TTXs in the Algarve region (Portugal), where some dishes containing trumpet shell are prepared without any awareness of the TTX risk and served at local restaurants as a delicacy. Moreover, food processing, such as cooking or freezing, for several hours, of trumpet shell is unlikely to eliminate or degrade TTX, because this toxin is heat-stable and water-soluble (Saoudi et al., 2007). Concentrations above the EFSA limit were also previously determined in trumpet shell caught at the Algarve offshore coast, with one of these cases resulting in a human intoxication (Costa et al., 2021; Fernández-Ortega et al., 2010; Rodriguez et al., 2008). Thus, a systematic seasonal assessment of the public health risks associated with TTX presence in trumpet shell from the Algarve region is urgently needed. Whether the risk is present in this and other species in other coastal areas also needs to be addressed.
[bookmark: _Hlk102988063][bookmark: _Hlk102746122][bookmark: _Hlk103069695][bookmark: _Hlk101874730]TTX and 4,9-anhydroTTX concentrations in the edible tissues, i.e., foot-muscle, mantle, and mouth/proboscis (which also may include cerebral ganglia and salivary glands), were lower, or below the LOD, compared to non-edible tissues, i.e., heart, gill, kidney, digestive gland, stomach, intestine, and anus/rectum, consistent with previous observations (Costa et al., 2021; Rodriguez et al., 2008). Furthermore, the cumulative TTX and 4,9-anhydroTTX concentration in the edible tissues was below the EFSA recommended maximum limit in two of the three specimens analysed (Knutsen et al., 2017).  However, because removal of both salivary glands and cerebral ganglia requires cutting open the mantle, a more laborious and time consuming process, their parts may also be consumed with the edible portion (Ponder et al., 2019). In our study, neither TTX nor 4,9-anhydroTTX was detected in the salivary glands of the three specimens. However, these toxins were detected in the cerebral ganglia, nervous system tissue, of CL1 and CL2. Therefore, as a precautionary food safety measure to reduce the quantity of TTX ingested, trumpet shell should be properly eviscerated, with the removal of all non-edible tissues including salivary glands and cerebral ganglia, prior to its placement on the market. However, this may not be enough to ensure consumer safety; hence, monitoring TTX concentrations in trumpet shell and other gastropods is advisable to prevent future human intoxications.
[bookmark: _Hlk102745450][bookmark: _Hlk103868210]Higher TTX and 4,9-anhydroTTX concentrations were measured in the trumpet shell tissues associated with digestive and excretory functions, such as the anus/rectum, digestive gland, intestine, kidney, and stomach. Moreover, in CL3, TTX was only detected in the intestine, and 4,9-anhydroTTX in the digestive gland, anus/rectum and intestine. Our results support the hypothesis that the presence of TTX in gastropods is of exogenous origin possibly via the food chain (Costa et al., 2021; Li et al., 2008; Narita et al., 1989; Noguchi et al., 2011). In trumpet shell (C. sauliae) TTX was detected almost exclusively and at the highest concentrations in the digestive gland, with TTX detected in the ovary of some specimens, but none in the white muscle or other parts of the organism (Narita et al., 1989). In the snail Nassarius succinctus, the viscera had higher TTX concentrations than the muscle and gullet (Li et al., 2008). Moreover, another water-soluble toxin, saxitoxin (STX), which has a different chemical structure but an almost identical toxicological effect as TTX, is typically concentrated in the digestive gland of gastropods, and is known to be primarily acquired through predation (Choi et al., 2006; Shumway, 1995). 
In agreement to the literature, a high variability in TTX and 4,9-anhydroTTX concentrations among the trumpet shell specimens analysed was observed (Costa et al., 2021; Narita et al., 1989; Rodriguez et al., 2008; Silva et al., 2012; Silva et al., 2019). High variability in toxicity among specimens, is also common among STX contaminated gastropods and is hypothesized to be due to differential acquisition of toxins by individuals, sporadic feeding, their ability to move away from toxin sources, and because gastropods are slow to depurate toxins (Shumway, 1995). It will be of interest to determine the exact source and conditions for the development of TTX producing microbes.
A high variability in TTX concentrations was also noted among studies of trumpet shell caught in the Algarve offshore coast (Costa et al., 2021; Rodriguez et al., 2008). In the present study, the highest TTX concentration measured in a digestive gland sample was approx. 169 and 23 times lower than previously reported highest TTX concentrations for a digestive gland sample by Rodriguez et al. (2008) and for a non-edible tissue sample by Costa et al. (2021), respectively.  It is likely that the lack of matrix-matched calibration curves in previous studies may have contributed to the disparity (Costa et al., 2021; Rodriguez et al., 2008). ME are assigned to organic and/or inorganic compounds that coelute with the analytes, which are due to compounds present in the matrix extract and/or in the LC mobile phase and impact the ionization efficiency and the overall system response (Trufelli et al., 2011). Thus, accurate quantitation of TTX and its analogues requires evaluation and correction of ME. It should be noted that ME depend on the matrix, extraction protocol, and analytical conditions and therefore the values reported in Table 1 might not be correct for other analytical systems and protocols.
[bookmark: _Hlk103171435][bookmark: _Hlk102125178]The tissues of the trumpet shell CL 1 had a variable toxin profile. Nevertheless, on average, anhydrotrideoxyTTXs were the most abundant analogues, followed by the trideoxyTTXs and dideoxyTTXs. The digestive and excretory tissues had the highest anhydrotrideoxyTTX content, while the mouth/proboscis and the mantle had the highest trideoxyTTXs content. It should be noted that the concentration of 5,6,11-trideoxyTTX was up to 3 fold higher than previously reported TTX concentrations in the digestive gland of a trump shell collect off the Algarve (Rodriguez et al., 2008). Moreover, the whole soft body of a specimen caught along the northwest Portuguese coast had a 5,6,11-trideoxyTTX concentration of 6 µg/kg, but no TTX was detected, while in two other specimens only trideoxyTTX was detected at unquantifiable concentrations (Silva et al., 2012; Silva et al., 2019). In the snail Nassarius succinctus the toxin profile was composed of TTX and its analogues anhydroTTX, trideoxyTTX, deoxyTTX and oxoTTX present in muscle, viscera, and gullet tissues. TrideoxyTTX had the highest proportion in all tissues, occupying above 85% of the total toxin content, however its higher content was measured in the muscle (Li et al., 2008). Thus, these differences of content and composition of TTX and TTX analogues among the tissues suggests possible toxin distribution and biotransformation processes in gastropod tissues. Nevertheless, it is also likely that differences in the sensitivity, and/or analytical procedures between studies could account for some of the variability of TTX analogues without CRMs.

5. Conclusion
[bookmark: _Hlk103258993][bookmark: _Hlk103867772][bookmark: _Hlk103868822]TTX and 4,9-anhydroTTX concentrations above the EFSA recommended maximum limit were present in several tissues of trumpet shell normally considered non-edible, and to a lesser extent in the edible tissues. Therefore, as a precautionary measure to avoid future poisoning incidents, TTX levels should be monitored in trumpet shell from the Algarve coast (and other regions).  Screening should be extended also to other gastropods as possible TTX vectors. The seasonal variability of TTX concentration in trumpet shell from the Algarve region is currently being investigated in our laboratory. Moreover, the higher TTX and 4,9-anhydroTTX concentrations detected in the digestive and excretory tissues of this organism, suggest TTX accumulation through food ingestion. The detection of TTX and fourteen TTX analogues, with different concentrations, among the twelve tissues analysed might indicate that toxin distribution and biotransformation processes also occur.
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