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and Paralytic shellfish Poisoning in the Mediterranean shore of Morocco 2 

 3 

 4 

 5 

Abstract: 6 
 7 

Weekly simultaneous monitoring of the presence of Gymnodinium catenatum and PSP toxins 8 

in mussels (Mytilus galloprovinciallis) harvested on the growing site in Fnideq on the 9 

Mediterranean Moroccan coast was carried out from 2010 until 2012 year. The enumeration 10 

of Gymnodinium catenatum cells in water was conducted using the inverted microscope. 11 

Monitoring of PSP toxins levels in mussels has been achieved using the mouse bioassay 12 

method and the PSP toxins profile was performed by HPLC/FD in positive samples. 13 

 14 

The results showed a correlation between the evolution of Gymnodinium catenatum cells 15 

concentration and the PSP toxin level accumulated in mussels. The appearances of 16 

Gymnodinium catenatum and PSP toxin concentration increases were observed at different 17 

periods, between January and February 2010, in September 2010 and between November 18 

2011 and January 2012. 19 

 20 

Liquid chromatographic analysis revealed a composition reflecting Gymnodinium catenatum 21 

profile composed mainly of the N-sulfocarbamoyls toxins as well as the presence for the first 22 

time in Morocco of the hydroxybenzoates analogues of saxitoxin, so called GC-toxins, which 23 

have been recently detected in Australia.  24 

 25 

Keywords: Morocco, M'diq, Shellfish, Gymnodinium catenatum, hydroxybenzoates toxins 26 

 27 

 28 

 29 

1. Introduction 30 
 31 

Seafoods, especially shellfishes contaminated by saxitoxin and its analogues (STXs) have 32 

caused the human poisoning known as paralytic shellfish poisoning (PSP) and posed a serious 33 

health hazard in many areas of the world. 34 

 35 

Several species of dinoflagellate, such as Alexandrium tamarense (Prakash, 1967), 36 

A.catenella (Schantz et al., 1966; Proctor et al., 1975), Pyrodinium bahamense 37 

var.compressum (Maclean, 1977; Harada et al., 1982) and Gymnodinium catenatum 38 

(Anderson et al., 1989; Oshima et al., 1993) are known to transmit their toxins to shellfish.  39 

These toxins are usually grouped into 4 groups: 40 

(1) Carbamate toxins composed of gonyautoxines (GTX1-GTX4), neosaxitoxin (NEO) and 41 

saxitoxin (STX). 42 

(2) N-sulfocarbamoyl toxins including C1 - C4, B1 and B2.  43 

(3) The decarbamoyls toxins consisting of dcGTX1-dcGTX4, dcNEO and dcSTX. 44 

(4) Deoxydecarbamoyls toxins composed of doSTX, doGTX2, do GTX3. 45 

 46 

These groups possess different toxicities as determined by intraperitonial injection in mice, 47 

the carbamoyl analogues being the most toxic, decarbamoyl analogues intermediate and the 48 

N-sulfocarbamoyl analogues the least toxic, while for the deoxydecarbamoyl analogues there 49 

is no information (Oshima 1995a). 50 
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 51 

Recently, three novel hydroxybenzoate saxitoxin analogues were isolated from Australian 52 

strains of G. catenatum and designated GC1 through GC3 ((Negri, et al., 2003). The GC3 was 53 

found to be the 4-hydroxybenzoate ester derivative of decarbamoylsaxitoxin, while GC1 and 54 

GC2 were the epimeric 11-hydroxysulfate derivatives of GC3. 55 

 56 

The Moroccan coast is not spared from this problem of PSP toxins. Indeed, several episodes 57 

of shellfish contamination by PSP toxins have been identified since 1969 in both 58 

Mediterranean and Atlantic coast (Taleb et al., 2001). 59 

 60 

In the Mediterranean, this contamination has been due to the presence of Gymnodinium 61 

catenatum (Taleb et al., 2001), while in the Atlantic it has been due to the appearance of 62 

Gymnodinium catenatum and the genus of Alexandrium sp. (Taleb et al., 2003). 63 

 64 

The novelty of the present study lies in the fact that this is the first time that a simultaneous 65 

surveillance of the presence of Gymnodinium catenutm and PSP toxins accumulation rates in 66 

bivalve mollusc was carried out in situ. This study allowed also to characterize in Moroccan 67 

water the presence of hydroxybenzoates (GC toxins), a new compound belonging to the PSP 68 

toxins group that was first reported from Australia (Negri, et al., 2003).  69 

 70 

2. Material and methods: 71 

 72 

2.1. Sample collection 73 
 74 

A weekly monitoring of phytoplankton and biotoxin was carried out between 2010 75 

and 2012 in the growing mussels area of Fnideq located on the Mediterranean coast (fig.1). 76 

Sea water sampling is done at high tide using the bottle at depths 0.5 m while mussels’ 77 

samples were collected at low tide.  78 
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 79 
 80 

                    Fig. 1: Sampling site in Mediterranean coasts of Morocco. 81 

 82 
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2.2. Phytoplankton analysis 83 

 84 
Potentially harmful species of dinoflgellates were analysed and identified by inverted 85 

microscopy according to the Utermöhl method (1958).  86 

 87 

2.3. Mouse bioassay 88 

 89 
Mussel samples were extracted according to the AOAC method (2000). Briefly, 100 g of 90 

homogenized tissues was mixed with 100 ml of hydrochloridric acid 0.1M (pH adjusted to 91 

ca.3) and the extract boiled for 5 min; after cooling the pH was adjusted to 2-4 by HCl 5M or 92 

NaOH 0.1 M, then the mixture was transferred to a graduated cylinder, diluted to 200 ml by 93 

distilled water and centrifuged at 3000g for 5 min. One millilitre of the supernatant was 94 

injected intraperitoneally into three 20 g albinos mice. The values were expressed in µg STX 95 

equi./Kg of meat. 96 

 97 

2.4. Liquid chromatography analysis  98 
 99 

              2.4.1. Reagents 100 

 101 
Reagents were of analytical grade, except for acetonitrile that was LC grade. Water was 102 

purified using a Milli-Q 185 Plus system (Millipore, Bedford, MA, USA). Standard solutions 103 

from STX, GTX2+3, dcSTX, dcGTX2+3, B1 and C1+2 were purchased from the Certified 104 

Reference Materials Program (CRMP) of the Institute for Marine Biosciences, National 105 

Research Council (Halifax, Canada), and used for identification and quantitation.  106 

 107 

             2.4.2 Toxin extraction  108 

 109 
Supernatant of shellfish samples obtained by mouse bioassay according to AOAC (2000) 110 

were used for Liquid chromatography separation followed by fluorescence detection.  111 

 112 

             2.4.3. Liquid chromatography with fluorescence detection (HPLC-FLD) 113 
 114 

Liquid chromatography was performed on Hewlett-Packard (HP) equipment consisting of: 115 

Model 1050 quaternary pump and autosampler, Model 1046-A fluorescence detector and 116 

Model 1100 in-line degasser. The HP Chemstation software performed data acquisition and 117 

peak integration. Toxins were separated on a 125 mm x 3 mm id column packed with 5 µm 118 

Nucleosil 100-5 C18 (Macherey-Nagel, Duren, Germany), and equipped with a 4 x 4 mm id 119 

guard column packed with 5 µm Lichrospher 100 RP-18 (Merck, Darmstadt, Germany). 120 

Column temperature was kept at 30 ºC. Detection wavelengths were set at 330 nm for 121 

excitation and 390 nm for emission, and gain set at 214. 122 

 123 

The mobile phases were as follows: A: acetonitrile; B: 20mM ammonium formate with 124 

1mMacetic acid. The column was equilibrated with 100% eluent B. During each analysis a 125 

gradient from0 to 2% eluent A was run from 0 to 5 min, and from2% to 8% eluent A from 5 126 

to 10min, followed by re-equilibration to the starting conditions for 5 min prior to the next 127 

oxidation cycle. The time for derivatizing plus the 5min re-equilibration time added to a total 128 

of 12 min for re-equilibration between consecutive injections. Flow rate was set at 0.5 129 

mL/min. The.GCs analogues were revealed with an increase in the acetonitrile gradient. 130 

 131 
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 The automated oxidising reactions with periodate were described in detail in (Vale, P., 2005), 132 

usually 5_L of sample were injected. For better peak shape, manual peroxide oxidations were 133 

preferred, and 12.5_L of the oxidised mixture reaction was injected on column. 134 

 135 

3. Results 136 

 137 
3.1. Monitoring data: 138 

 139 

During weekly monitoring of phytoplankton and the PSP toxins between January 2010 and 140 

January 2012 the concentration of Gymnodinium catenatum and the PSP toxins level were 141 

observed to increase three times.  142 

 143 
At the first period stretching between 04 January 2010 and 16 February 2010, there was a gap 144 

between the phase of increase in the concentration of Gymnodinium catenatum and the level 145 

of PSP toxins in mussels (fig2 a). The maximum concentration of Gymnodinium catenatum 146 

(3000 cells L-1) was reached on 12 January 2010, while the maximum value of the amount  of 147 

PSP toxins (5760 µg STX equi./Kg of meat) was reached on 25 January 2010 with a lag of 148 

almost two weeks between both  peaks. The stages of decay of the two parameters are 149 

progressive and are nearly identical. 150 

 151 
 152 

 153 

 154 

 155 

 156 

 157 
 158 

 159 

 160 

 161 

 162 

 163 
  164 
 165 
 166 

 167 

 168 

 169 

 170 

 171 

 172 

 173 

 174 

 175 

 176 

 177 

 178 

 179 

 180 

 181 

 182 

a)

0

500

1000

1500

2000

2500

3000

3500

04/01/2010 12/01/2010 25/01/2010 08/02/2010 16/02/2010

Date

C
e
ll
s
 l

-1

0

1000

2000

3000

4000

5000

6000

7000

µ
g

  
S

T
X

 é
q

u
i/
k
g

 o
f 

m
e
a
t

Gymnodinium catenatum 

PSP 

b)

0

200

400

600

800

1000

1200

06/09/2010 14/09/2010 16/09/2010 20/09/2010 27/09/2010

Date

C
e
ll
s
 l

-1

0

2000

4000

6000

8000

10000

12000

14000

16000

18000

µ
g

 S
T

X
 e

q
u

i.
/K

g
 o

f 
m

e
a
t

Gymnodinium catenatum 

PSP 

UNDER PEER REVIEW



 183 

 184 
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 193 

 194 

Fig 2: Evolution of bivalve toxicity in association with Gymnodinium catenatum in: 195 

a) first period     b) second period    c) third period 196 

 197 

 198 

 199 

However, the second period extending between 06 September 2010 and 27 September 2010 200 

was marked by a proportionate increase in the concentration of Gymnodinium catenatum and 201 

the level of PSP toxins in mussels (fig 2 b). The maximum cells Gymnodinium catenatum 202 

concentration was 1010 cells L-1 where the PSP toxins values reached was 15620 µg 203 

STXequi./kg of meat. But there was a shift of one week during the decline phase of the two 204 

parameters. 205 

 206 

During the third period, between 01-11-2011 and 23-01-2012, evolution was quite different. 207 

The concentration of Gymnodinium catenatum was different from the rate of PSP in mussels 208 

(fig2 c). The two phases of increase and decrease were quick for the concentration of 209 

Gymnodinium catenatum and progressive for level of PSP in mussels. In fact, the maximum 210 

value of the concentration of Gymnodinium catenatum (10720 cells L-1) was achieved in two 211 

weeks, while the maximal toxin level of PSP (16370 µg STXequi./Kg of meat) was attained 212 

over month, with a phase shift of three weeks. 213 

 214 

In addition, the maximum cell numbers of Gymnodinium catenatum will plummet in a week 215 

to reach a value of 1760 cells L-1 where the PSP toxins value in mussels decrease gradually 216 

over two months to reach a level of 620 µg STXequi./Kg of meat. 217 

 218 

3.2. Liquid Chromatography:            219 

 220 

 221 

 222 

 223 
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 264 

Fig.3: Chromatograms of PSP toxins in: A) Gymnodinium catenatum; B) Mussels  265 

 266 
Owing to the lack of Gymnodinium catenatum toxin profile from Moroccan coast, the 267 

comparison was carried out with Gymnodinium catenatum from the coast of Portugal 268 

(fig.3A). 269 

  270 

In Gymnodinium catenatum chromatogram (fig.3A), during the first 11 min of the 271 

chromatography eluted the hydrophilic STX analogues: C3/4, C1/2, B2, GTXs and B1. 272 

 After 11 min several fluorescent compounds were observed. The first couple of peaks were 273 

postulated to contain a sulphate group in the benzoate moiety instead of a hydroxyl group like 274 

GC1/2 or GC3. The next two most abundant peaks were produced by hydroxy-benzoate 275 

analogues, with a sulphate group at the eleventh position of the STX core present or absent 276 

(GCs- GTX and GCs-STX analogues, respectively).  277 

 278 
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The mussels chromatogram (fig.3 B) showed a profile reflecting that of Gymnodinium 
279 

catenatum (the presence of a sulfocarbamoyls toxins) but with the appearance of the 
280 

decarbamoyl gonyautoxins (dcGTXs) and decarbamoyl saxitoxins (dcSTXs). After 11 min of 
281 

the chromatography the GC-sulfo toxins disappeared and GCs- GTX and GCs-STX analogues 
282 

constituted a minor component toxin content. 
283 

 284 

 285 

 286 

4. Discussion: 287 

 288 
The present study allowed showing a relationship between the accumulation of PSP toxins in 289 

mussels and the concentration of Gymnodinium catenatum present in sea water.  290 

 291 

Indeed, during the 3 years of follow-up we observed an increase in the rate of PSP in mussels 292 

always follows the increase in the number of Gymnodinium catenatum cells. Maximum PSP 293 

levels in mussels were reached at least after one week of Gymnodinium catenatum cell 294 

maxima.Thus, the mussel’s contamination was associated with the occurrence in sea water of 295 

Gymnodinium catenatum 296 

 297 

Gymnodinium catenatum is the main organism causing recurrent Paralytic Shellfish Poisoning 298 

(PSP) event in the western Mediterranean coast (Tahri-Joutei Leila 1998, Ribeiro et al. 2012, 299 

Maman et al. 2000, Gomez and Claustre 2001, Fernando Gomez 2003, Illoul et al. 2005, 300 

Frehi et al. 2007, Trainer et al. 2010, Taleb et al., 2001 and 2003). It is considered as an 301 

invasive species in the Mediterranean and its presence is due to geographic expansion of the 302 

Atlantic through the Strait of Gibraltar into the Alboran Sea and spread along the southern 303 

basin of the Mediterranean, Morocco, Algeria and Tunisia.  304 

 305 

Frequency of Gymnodinium catenatum blooms in this region of Morocco is seasonal and 306 

appear with annual trends, usually in late fall and early winter accompanied with high level 307 

PSP toxicity of bivalve molluscs which persist from November to March. However, seasonal 308 

reappearance in summer is very short and leads to bivalve molluscs contamination at 309 

relatively low levels usually below the accepted safety threshold. (Taleb et al. 1998, 200, 310 

Tahri-Joutei Leila 1998, Ribeiro et al. 2012, Maman et al. 2000, Gomez and Claustre 2001, 311 

Fernando Gomez 2003, Illoul et al. 2005, Frehi et al. 2007, Trainer et al. 2010).  312 

 313 

Maximum levels of PSP toxins depends not only on levels of toxic algae but also other 314 

parameters which play a key role such as other algal species abundance or distribution of 315 

toxic algae in the water which may be heterogeneous. 316 

 317 

This same study has highlighted also for the first time in Morocco, a new group of PSP 318 

toxins, the GC toxins which are the hydroxybenzoates analogues of saxitoxin. This group of 319 

PSP toxins was discovered for the first time in the world in an Australian strain of 320 

Gymnodinium catenatum (Negri et al. 2003). 321 

 322 
The comparison between the toxin profiles of Gymnodinium catenatum and mussels showed 323 

that the GCs-GTX and GCs-STX toxins that were majority after toxins C1/2 and C3/4 in 324 

Gymnodinium catenatum became minority in mussels. The appearance of the dcGTXs and 325 

dcSTXs and the disappearance of the GC-sulfo toxins in the mussels led to the suspicion of 326 

the transformation of these toxins in their similar decarbamoyls GC.  327 

 328 
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A conversion of GC toxins into decarbamoyl analogues was confirmed by in vitro incubations 329 

of bivalve’s digestive glands with semi-purified GC toxins (Vale, P., 2008). Vale reported a 330 

widespread carbamoylase activity in shellfish, exclusively targeted at benzoate PSP analogues 331 

and that is heat-inactivated. 332 

 333 

5. Conclusion: 334 

 335 
The present study showed that there is a correlation between the Gymnodinium catenatum 336 

cells concentration and the PSP toxin level accumulated in mussels on the Moroccan 337 

Mediterranean Coast. 338 

 339 

The highest abundance of Gymnodinium catenatum and the maximum levels of PSP toxins 340 

were recorded in winter and summer. 341 

This study is in fact the first attempt at an assessment of Gymnodinium catenatum and PSP 342 

production in mussels on the Moroccan Mediterranean Coast. 343 

 344 

Liquid chromatographic analysis revealed the presence for the first time in Morocco of the 345 

GC-toxins, hydroxybenzoates analogues of saxitoxin.  346 

 347 

The toxin profiles showed that the GC toxins are abundant in Gymnodinium catenatum and 348 

minoritory in mussels. They are also appearance of the decarbamoyls toxins in mussels. 349 

Therefore further work needs undertaking for understand the mechanisms of the conversion of 350 

GC toxins into decarbamoyl analogues. 351 

 352 

 353 

 354 

 355 
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