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A B S T R A C T

Searching for Amnesic (ASP), Paralytic (PSP) and Lipophilic (LT) toxins in seafood is of great importance for
consumer protection. Studies are usually focused on the most aquacultured species, the mussel. But, there are a
number of potentially commercially important shellfish species as rough cockle Acanthocardia tuberculata
(Linnaeus, 1758) and smooth clam Callista chione (Linnaeus, 1758) which are common in the Croatian Adriatic
Sea. Investigation of marine biotoxins accumulation in these two species of shellfish from the Adriatic Sea has
not been conducted up to now. In order to detect the potential marine biotoxin profile of A. tuberculata and C.
chione wild populations, samples were taken monthly during one-year survey from the estuarine area in the
central Adriatic Sea. HPLC-FLD with pre-column oxidation and HPLC-UV-DAD methods were employed for PSP
and ASP toxins determination, respectively, while LTs were determined by LC-MS/MS. This research had re-
vealed the differences in the accumulation of ASP, PSP and LT toxins between the two studied species, as
Acanthocardia tuberculata showed more diverse profile with higher concentrations of analysed toxins. Both in-
vestigated shellfish species had shown levels of these biotoxins under the legal limits set by the European
Commission.

1. Introduction

Rough cockle (Acanthocardia tuberculata, Linnaeus, 1758) and the
smooth clam (Callista chione, Linnaeus, 1758) are filter feeding shellfish
that naturally inhabit mud, sand or gravel bottoms of the
Mediterranean Sea and the Northeast Atlantic Ocean. On the northern
coast of Morocco A. tuberculata is being intensively exploited and even
leading to overexploitation of their natural banks (Rharrass et al.,
2016). Callista chione is of commercial interest in France (Charles et al.,
1999) and Greece (Metaxatos, 2004) while in Spain, Catalan coast, is
under experimental studies to determine its suitable broodstock con-
ditions (Delgado et al., 2016). In the Croatian part of the Adriatic Sea A.
tuberculata and C. chione are common and in terms of bivalve commu-
nity biomass and abundance they are among the dominant species on
soft sediments (Peharda et al., 2010), but there is still no data about
commercial exploitation and overfishing of these species. Some pre-
vious studies have been conducted on the biology and accumulation of
biotoxins in these species (Vale and Sampayo, 2002; Sagou et al., 2005;
Vale and Taleb, 2005; Takati et al., 2007). Acanthocardia tuberculata is
known to often display Paralytic Shellfish Poisoning (PSP) toxicity in

the Mediterranean coasts of Spain and Morocco (Márquez, 1993; Taleb
et al., 2001). Along the Croatian coast, PSP toxicity was sporadically
recorded and until today it was detected only in eleven samples of
Mediterranean mussel (Mytilus galloprovincialis) collected throughout
winter 2009 from the southern Istria Peninsula coast (northern Adriatic
Sea) and in the Mali Ston Bay (southern Adriatic Sea). Saxitoxin was the
dominant PSP toxin type extracted from all contaminated mussels
within the wide range of concentrations, resulting in three total toxi-
cities above the maximum permitted levels of 800 μg STX eq. kg−1,
according to EU legislation (Ujević et al., 2012). It is interesting to note
that concomitantly to this toxicity in mussels sampled near the southern
Istria Peninsula coast there was also an ascidian (Microcosmus vulgaris)
PSP toxicity recorded at the western coast but below the maximum
permitted levels (EC 853/2004). Other investigated species: European
flat oyster (Ostrea edulis), Mediterranean scallop (Pecten jacobaeus) and
proteus scallop (Flexopecten proteus) during the same period on these
sampling stations exhibited no PSP toxin presence (Roje-Busatto and
Ujević, 2014).

In the Mediterranean coast of Morocco low levels of domoic acid
(DA), the main toxin responsible for the Amnesic Shellfish Poisoning

https://doi.org/10.1016/j.toxicon.2018.12.008
Received 17 August 2018; Received in revised form 3 December 2018; Accepted 21 December 2018

∗ Corresponding author. .
E-mail address: rroje@izor.hr (R. Roje-Busatto).

Toxicon 159 (2019) 32–37

Available online 16 January 2019
0041-0101/ © 2019 Elsevier Ltd. All rights reserved.

T

Author's Personal Copy

http://www.sciencedirect.com/science/journal/00410101
https://www.elsevier.com/locate/toxicon
https://doi.org/10.1016/j.toxicon.2018.12.008
https://doi.org/10.1016/j.toxicon.2018.12.008
mailto:rroje@izor.hr
https://doi.org/10.1016/j.toxicon.2018.12.008
http://crossmark.crossref.org/dialog/?doi=10.1016/j.toxicon.2018.12.008&domain=pdf


(ASP), were found in sweet clams sampled in 2007 (Rijal Leblad et al.,
2013). ASP toxicity was recorded for the first time in the eastern part of
the Adriatic Sea during 2006–2008 in four shellfish species: mussel (M.
galloprovincialis), oyster (O. edulis) and scallops (P. jacobaeus and F.
proteus), but in only few samples and in concentrations that did not
exceed the legal limits set by the European Commission. The highest
concentrations were recorded in mussels from February through March
2006 during a Pseudo-nitzschia spp. bloom (Ujević et al., 2010).

In comparison to other two aforementioned toxicities, frequent li-
pophilic shellfish toxicity (LT) events were recorded from 2006 through
2011 at farming areas along the eastern Adriatic coast by Mouse
Bioassay (MBA), but only a few samples were confirmed positive by
liquid chromatography tandem-mass spectrometry (LC-MS/MS)
method (Arapov et al., 2015; Ninčević-Gladan et al., 2011). Most of
those analysed MBA positive samples contained only gymnodimine and
spirolide toxins confirmed by LC-MS/MS analyses as gymnodimines
cause very rapid mouse death when extracted by dichloromethane
which explains numerous positive MBA results from that period (Ujević
et al., 2015).

Aims of this study were to reveal biotoxins profiles in natural
shellfish populations of A. tuberculata and C. chione in the area with
minor anthropogenic impact, to identify potential differences in accu-
mulation and imply possible seasonal variations of marine biotoxins
that pose potential risk for human consumption.

2. Materials and methods

2.1. Area of investigation and sampling

Biotoxin profiles of natural populations of A. tuberculata and C.
chione were monitored monthly from March 2009 through February
2010 with the purpose of ASP, PSP and LT marine biotoxins preliminary
assessment. Thirty similar sized individuals (15 of each shellfish spe-
cies) were collected monthly from 1.5 to 3m deep sampling area in the
Cetina River estuary (central part of the eastern Adriatic Sea, Croatia;
Fig. 1) by SCUBA diving and kept frozen until analysis. Temperature
and salinity were measured monthly with YSI Pro hydrographic probe
above the sea bed at a depth of 2m (Peharda et al., 2012).

2.2. Analysis of Paralytic Shellfish Poisoning toxins (PSP)

Paralytic toxins were extracted from the whole body homogenate of
each shellfish species following the AOAC Official Method 2005.06 and
samples cleaned with SPE C18 and COOH cartridges (according to
Lawrence et al., 2005). The extracts were analysed using the high-
performance liquid chromatography pre-chromatographic oxidation
method with fluorescence detection (HPLC-FLD), employing a Varian
ProStar HPLC analytical system coupled with 363 fluorescence detector
(Ex 340 nm, Em 390 nm), 230 solvent delivery module and 410

autosampler. Separation of toxin oxidation products was carried out on
reversed-phase C18 Restek column, Pinnacle II 250×4.6mm and 5 μm
particle size, protected by a Pinnacle II C18 guard cartridge,
20× 4.0mm (Varian, SAD; chromatographic conditions have been
explained in detail in Ujević et al., 2012).

PSP toxins were determined by the pre-column HPLC-FLD method
on peroxide and periodate oxidised whole tissue Solid Phase Extraction
cleaned extracts and identified by comparing to chromatograms of NRC
standard solutions (Halifax, Canada). Toxicity was calculated by EFSA
(2009) Specific Toxicity Factors. Injections of four toxin standard so-
lutions mixtures were made in order to obtain five points calibration
curves within the ranges of 0.16–0.96 μgmL−1 for saxitoxin (STX),
decarbamoylsaxitoxin (dcSTX), neosaxitoxin (NEO) and gonyautoxins 1
and 4 (GTX-1,4); 0.016–0.096 μgmL−1 for gonyautoxin 5 (GTX-5) and
N-sulfocarbamoylgonyautoxin 1 and 2 (C-1,2); 0.08–0.48 μgmL−1 for
decarbamoylneosaxitoxin (dcNEO); 0.096–0.576 μgmL−1 for gonyau-
toxins 2 and 3 (GTX-2,3) and 0.064–0.384 μgmL−1 for dec-
arbamoylgonyautoxins 2 and 3 (dcGTX-2,3). Spiking the mussel tissue
homogenates with known concentrations of PSP toxins showed re-
covery of 75%–102%. Detection limits (LOD) were below 10 μg kg−1

for all the toxin types. Limits of Detection (LOD) were: 1.07 for STX,
1.91 for dcSTX, 1.78 for NEO, 6.81 for GTX-1,4, 0.39 for GTX-5, 4.22
for C-1,2, 2.09 for dcNEO, 2.14 for GTX-2,3 and 1.07 μg kg−1 for
dcGTX-2,3. Limits of Quantification (LOQ) were: 3.41 for STX, 6.08 for
dcSTX, 11.31 for NEO, 21.69 for GTX-1,4, 1.24 for GTX-5, 13.42 for C-
1,2, 6.65 for dcNEO, 6.83 for GTX-2,3 and 12.86 μg kg−1 for dcGTX-
2,3.

2.3. Analysis of Amnesic shellfish poisoning toxins (ASP)

Preparation of homogenised whole body shellfish samples and high-
performance liquid chromatography with ultraviolet diode array de-
tection (HPLC-UV-DAD) analysis employed for determination of am-
nesic toxins, DA and epi-DA (domoic and epi-domoic acid, respectively)
was the same as described in Ujević et al. (2010) and according to the
protocol proposed by Quilliam et al. (1995). The HPLC system, in ad-
dition to modules specified above, consisted of a Varian ProSTAR 310
UV/Vis Detector and 335 Photodiode Array Detector. The column used
was a Pinnacle II C18, 250×4.6mm (Restek), with a C18 Guard Car-
tridge (20× 4mm) and temperature set to 40 °C. Domoic acid ab-
sorption maximum, UV wavelength of 242 nm, was used for detection
and DAD detector for the confirmation of domoic acid presence in the
samples. Certified Reference Material ASP-Mus-c (National Research
Council of Canada, Halifax, NS, Canada) showed recovery of 96%–99%,
while LOD and LOQ for domoic acid were 0.10 μg g −1 and 0.34 μg g−1,
respectively.

Fig. 1. Sampling area in the Cetina River estuary (43°26′N, 16°41′E), central Adriatic Sea.
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2.4. Analysis of lipophilic toxins (LT)

For the analysis of lipophilic group of toxins: okadaic acid (OA),
dinophysistoxin-1 and 2 (DTX-1,2), pectenotoxin-1 and 2 (PTX-1,2),
yessotoxins (YTXs), azaspiracids (AZAs), gymnodimine (GYM) and
spirolide (SPX), homogenised whole body shellfish tissue was extracted
(EURLMB- Harmonised SOP, 2015) prior to injection into the LC
system. LC-MS/MS analysis was performed using a triple quadrupole
mass spectrometer (Agilent Technologies 6410) equipped with an
electrospray ionisation source. Chromatographic separation was per-
formed using a 5 μm Poroshell C18, 50×2.1mm Agilent column kept
at 30 °C. Multiple Reaction Monitoring (MRM) experiments were car-
ried out in positive and negative modes. The hydrolysis procedure as
proposed by EURLMB (2015) was applied to investigate total content of
OA and DTXs toxins by converting acylated esters to their parent form.
EURLMB-Vigo Proficiency Testing samples showed recovery of
93%–110%. Limits of Detection (LOD) were: 1.77 for AZA1, 2.34 for
AZA2, 8.50 for AZA3, 2.20 for OA, 4.19 for DTX1, 3.64 for DTX2, 3.05
for PTX2, 4.79 for YTX, 8.38 for hYTX, 1.16 for GYM and 0.70 μg kg−1

for SPX. Limits of Quantification (LOQ) were: 5.68 for AZA1, 7.49 for
AZA2, 8.50 for AZA3, 7.05 for OA, 13.40 for DTX1, 11.66 for DTX2,
9.75 for PTX2, 15.34 for YTX, 26.83 for hYTX, 7.54 for GYM and
6.56 μg kg−1 for SPX.

3. Results

3.1. ASP toxin level

Amnesic Shellfish Poisoning toxins, DA and epi-DA were determined
by HPLC-UV-DAD method. Low concentrations of DA, close to detection
limit, were determined in A. tuberculata samples from April through
July 2009 with maximum of 0.77 μg g−1 recorded in May and
minimum concentration of 0.17 μg g−1 in June 2009 (Fig. 2), while C.
chione had only one episode of DA toxicity in April 2009 with con-
centration of 0.28 μg g−1 (Figs. 2 and 3). All the results were below the
maximum permitted level (20mg kg−1) set by the by EU legislation.

3.2. PSP toxin profile

Pre-column HPLC-FLD analysis was conducted to detect the poten-
tial presence of STX, NEO, GTX2,3, GTX1,4, dcSTX, dcNEO, dcGTX2,3,
GTX 5 and C1,2. Analysis of A. tuberculata has identified STX (Fig. 4) as
the dominant toxin type and revealed its continuous presence during
the whole investigated period within the range 10.82–98.04 μg kg−1

(Fig. 5). At the same time, C. chione exhibited low levels of PSP con-
tamination by GTX2,3 (33.92 μg kg−1) and STX (26.59 μg kg−1) in only
two samples, from April and May 2009. The highest concentration of
STX in A. tuberculata was found in April (98.04 μg kg−1) and the lowest

(10.82 μg kg−1) in November 2009, but it also contained other toxins
belonging to this group (108.82 μg kg−1 of GTX5, 12.41 μg kg−1 of GTX
2,3, and 4.21 μg kg−1 of dcSTX).

Fig. 2. Domoic acid (DA) concentrations found in rough cockle (Acanthocardia tuberculata) and smooth clam (Callista chione) whole tissue samples collected at Cetina
River estuary in the central Adriatic Sea (Croatia) from March 2009 through February 2010. Error bars represent± 1SD (n=15).

Fig. 3. Examples of chromatograms obtained by chromatographic HPLC-UV-
DAD analysis of: A) rough cockle (Acanthocardia tuberculata) extract containing
0.77 μg g−1 domoic acid (DA; Retention Time is 11.877min); B) smooth clam
(Callista chione) extract containing 0.28 μg g−1 domoic acid (DA; Retention
Time is 11.948min).

Fig. 4. Example of chromatogram obtained by HPLC-FLD with pre-column
periodate oxidation (AOAC, 2005.06) of the rough cockle (Acanthocardia tu-
berculata) C-18 whole tissue extract sampled in March 2009, containing sax-
itoxin (STX; Retention Time is 10.655min).
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3.3. LT toxin profile

Positive ion mode LC/MS/MS analysis was applied for detection of
AZAs, PTX1, PTX2, SPX and GYM, while negative mode was used for
YTXs, OA, DTX1, DTX2, as well as acylated esters of OA and DTXs
detection. Results revealed that both shellfish species contained GYM
and SPX (Figs. 6–8) toxins in very low concentrations. In A. tuberculata
samples, the mean value of GYM concentration was 5.61, with
2.65–15.77 μg kg−1 range, while in C. chione tissue it was 3.06 μg kg−1

(1.17–6.14 μg kg−1 range). Ranges of SPX (13-desmethyl-spirolide C) in
A. tuberculata and C. chione tissues were 0.98–5.90 μg kg−1 and
0.65–2.14 μg kg−1, respectively.

4. Discussion

This is the first study that tackles the biotoxins presence in these two
shellfish species, A. tuberculata and C. chione from the Adriatic Sea.
During the investigated period DA was confirmed in A. tuberculata
tissue samples from April to July 2009 with concentration range from
0.17 to 0.77 μg g−1, while C. chione samples exhibited 0.28 μg g−1 DA
in samples from April 2009. However, all DA values were below the
legal limit of 20 μg g−1. It was noted that in Cetina River estuary A.
tuberculata had the lowest CI (Condition Index) sometime between April
and May, and in general, it was lower during the summer months than
during the rest of the year (Peharda et al., 2012). The low CI could be
one of the reasons for high levels of DA found in A. tuberculata in May,
i.e. lower quantity of shellfish tissue (due to the loss of gametes after
spawning) with the same rate of toxin accumulation results in higher

DA levels. These concentrations are within the lower levels found in
mussels from the southern Portugal (0.5–5.3 μg g−1; Vale and Sampayo,
2002). Accumulation of DA in A. tuberculata and C. chione soft tissues is
a result of Pseudo-nitzschia spp. activity that is commonly present in the
Adriatic Sea throughout the whole year (Bosak et al., 2009; Ujević
et al., 2010). It has been noted that the abundance of toxic diatom
Pseudo-nitzschia calliantha (Lundholm, Moestrup and Hasle, 2003) from
the southern Adriatic is in negative correlation to seawater temperature
and in positive to nutrient content, principally nitrogen (Caroppo et al.,
2005). Ujević et al. (2010) also argue negative temperature to Pseudo-
nitzschia spp. abundance correlation, where high abundance
(> 1.0×106 cell L−1) of this species was noted in Šibenik area (river
Krka estuary, central Adriatic Sea) during February 2006, when mussel
M. galloprovincialis showed DA concentration of 6.55 μg g−1. These
authors stated that this harvesting area may be considered ASP safe if
abundance of Pseudo-nitzschia spp. does not exceed 1.0× 105 cells L−1.
Nonetheless, potentially dangerous DA concentrations can be accumu-
lated in some shellfish species even when Pseudo-nitzschia spp. is found
in low abundance as James at al. (2005) had measured levels of DA in
soft tissue of Pecten maximus that were high above the legal limit during
the continuously low Pseudo-nitzschia spp. abundance.

Saxitoxin concentrations in A. tuberculata samples from May 2009
and from November 2009 through January 2010 were lower than
40 μg kg−1, while the maximum of almost 100 μg kg−1 was detected in
April 2009. Only in the sample from April toxins other than STX were
determined in A. tuberculata: dcSTX, GTX2,3 and GTX5; while low le-
vels of GTX2,3 and STX were found in only two samples of C. chione,
those from April and May 2009 (Fig. 5). These findings coincide with

Fig. 5. Paralytic Shellfish Poisoning toxins found in rough cockle (Acanthocardia tuberculata) and smooth clam (Callista chione) whole tissue samples collected at
Cetina River estuary in the central Adriatic Sea (Croatia) from March 2009 through February 2010. All unmarked bars correspond to saxitoxin (STX). Error bars
represent± 1SD (n=15).

Fig. 6. Example of chromatogram obtained by LC-MS/MS analysis of the rough cockle (Acanthocardia tuberculata) whole tissue extract sampled in October 2009,
containing gymnodimine and spirolide toxins (Retention Times are 9.036 and 10.043min for GYM and SPX, respectively).
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the PSP toxins presence in mussels M. galloprovincialis and ascidians M.
vulgaris from the northern Adriatic Sea during the same period, with the
exception of GTX5 that was absent in mussels and C 1,2 that was ad-
ditionally present in ascidian (Ujević et al., 2012; Roje-Busatto and
Ujević, 2014). In the Algarve, southern Portugal, A. tuberculata was
dominated by STX with smaller amounts of dcSTX (Vale and Sampayo,
2002). As A. tuberculata has specific metabolism it collects and pre-
serves PSP toxins longer than do other bivalves (including C. chione)
even when potentially toxic phytoplankton is not present or is present
at low abundance (Taleb et al., 2001; Vale and Sampayo, 2002; Sagou
et al., 2005; Takati et al., 2007). Results obtained from this study seem
to confirm these statements. Sagou et al. (2005) argue that these two
species accumulate and retain PSP toxins in a different way as they
undergo different metabolic pathways. Acanthocardia tuberculata
showed higher and more constant toxicity than C. chione, and the
highest toxin concentrations were found in their foot and hepatopan-
creas, respectively. These authors demonstrated that during the rela-
tively long depuration period the amount of STX and dcSTX increase at
the expense of other PSP toxin types. This statement may explain the
more diverse PSP profile in the present study that was noted at peak
toxicity in April, and its subsequent lower, yet persistent STX con-
tamination in A. tuberculata; but also the short period of toxicity found
in C. chione as it, according to Sagou et al. (2005), accumulates PSP
toxins in the digestive gland and depurates much faster. To be noted
that all the results in this study were below the maximum permitted
level (800 μg STX eq. kg−1) set by EU legislation.

The presence of cyclic imines in the Mediterranean Sea was con-
firmed in 2002, when GYM-A was found for the first time in clams from
Tunisia (Biré et al., 2002). Ciminello et al. (2006) have established that
GYM and SPX are present in the northern Adriatic Sea and they also
confirmed the first occurrence of possible spirolide producer Alexan-
drium ostenfeldii reported for Emilia Romagna region for samples

collected in 2003. Elaborate study of Ujević et al. from 2015 revealed
these toxins to be continuously present in mussel samples collected
from January through June 2011 at mussel farms in Mali Ston Bay
(southern Adriatic Sea). Majority of these samples exhibited low con-
centrations of GYM and SPX, within the range 5–15 μg kg−1, which is in
accordance with the results obtained in the present study for A. tu-
berculata and C. chione. Concentrations of SPX were lower than those of
GYM in both shellfish; nevertheless, the annual mean value of SPX was
higher in A. tuberculata than in C. chione samples (2.8-fold), just as was
the case with GYM (1.8-fold higher). Ranges of SPX in A. tuberculata
and C. chione tissues were 0.98–5.90 μg kg−1 and 0.65–2.14 μg kg−1,
respectively. The highest SPX and GYM concentrations in A. tuberculata
have been detected in wormer part of the year, while C. chione had the
highest concentrations of SPX in samples collected in April and GYM in
April and November. No SPX was detected (< LOD) in November
through February period. Ciminiello et al. (2010) have revealed SPXs
(13-desMethyl spirolide C and 27-hydroxy-13,19-didesMethylspirolide
C) in mussel M. galloprovincialis, during the high abundance of A. os-
tenfeldii (1.5× 105 cell L−1) in the Adriatic Sea, while low levels
(2–60 μg kg−1) of SPXs were found in mussels and oysters from Cata-
lonia, Spain (García-Altares et al., 2014). Nevertheless, Van Wagoner
et al. (2011), besides SPX, have isolated novel gymnodimine congener
12-methylgymnodimine from the A. peruvianum and for the first time
these two cyclic imine were found within the same dinoflagellate. These
results infer that in the Adriatic Sea shellfish species, other than mus-
sels, may accumulate GYM and SPX in low concentrations throughout
the whole year. SPX and GYM are the toxins that were not reported to
cause the human poisoning, but their accumulation in Mediterranean
shellfish is existent and calls for further research.

Fig. 7. Gymnodimine concentrations found in rough cockle (Acanthocardia tuberculata) and smooth clam (Callista chione) whole tissue samples collected at Cetina
River estuary in the central Adriatic Sea (Croatia) from March 2009 through February 2010. Error bars represent± 1SD (n=15).

Fig. 8. Spirolide concentrations found in rough cockle (Acanthocardia tuberculata) and smooth clam (Callista chione) whole tissue samples collected at Cetina River
estuary in the central Adriatic Sea (Croatia) from March 2009 through February 2010. Error bars represent± 1SD (n=15).
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5. Conclusions

This is the first study that reveals marine biotoxins profiles in wild
populations of rough cockle (Acanthocardia tuberculata, Linnaeus, 1758)
and the smooth clam (Callista chione, Linnaeus, 1758) in the eastern
Adriatic Sea (Croatia). Acanthocardia tuberculata was dominated by the
saxitoxin, gymnodimine and spirolide but also showed occasional do-
moic acid presence in low concentrations while the C. chione was
mainly PSP and ASP toxins free and gymnodimine and spirolide were
found in even lower concentrations than in A. tuberculata. All measured
biotoxin levels were below the maximum permitted levels set by EU
legislation.
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