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Abstract: A severe outbreak of Paralytic Shellfish Poisoning (PSP) occurred in Manzanillo and Guayacán,
northwestern coast of Margarita Island, Venezuela, between August and October 1991. A bloom of dinoflagel-
lates including Prorocentrum gracile, Gymnodinium catenatum and Alexandrium tamarense seemed to be
responsible for this outbreak. Levels of PSP toxins in mussels (Perna perna) exceeded the international safety
limit of saxitoxin, 80 µg STX/100 g meat. PSP toxin values varied between 2 548 and 115 µg STX/100 g meat
in Manzanillo, and between 1 422 and 86 µg STX/100 g meat in Guayacán. At both locations, the highest lev-
els were detected in August, when 24 patients exhibited typical symptoms of PSP toxicity after consuming
cooked mussels (16 required hospitalization). A high pressure liquid chromatographic (HPLC) procedure was
recently used on the 1991 samples. The major toxin detected in samples of both locations was decarbamoyl sax-
itoxin (dcSTX), but low concentrations of saxitoxin were also found in Manzanillo samples. Gonyautoxins
GTX1, GTX2 and GTX3 were detected only at Guayacán, while in both locations, decarbamoylgonyatouxin
(dcGTX2,3) toxins were detected. These findings represent the first time that causative toxins of PSP in
Venezuela have been chemically identified, and confirm the presence of dcSTX and dcGTX in mussels from the
Caribbean Sea. The presence of dcSTX and dcGTX in shellfish is indicative that Gymnodinium catenatum was
a causative organism for outbreak of PSP.
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Margarita Island is located in northeastern
Venezuela in the southern Caribbean.
Upwellings occur around the island and its
waters are characterized by a high productivity
that supports a thriving fishing industry, which
supplies seafood to the tourism sector of the
island. The fishing villages in Manzanillo and
Guayacán are located on the northwestern side
of Margarita Island, on which natural banks of
the Perna perna mussels thrive. Many vil-
lagers depend exclusively on mussel exploita-
tion for a living. 

Unfortunately, toxic dinoflagellate blooms
occur in the northern marine environment of
Margarita. They represent a hazard to public
health and cause significant economic losses to
the shellfish industry. The first toxic outbreak in
Manzanillo was recorded in April 1977 caused
by Gonyaulax tamarense var. excavata (Reyes-
Vásquez et al. 1979). During this event, twelve
patients exhibited symptoms of PSP, including a
two-years-old child who died after consuming
contaminated mussels. Subsequently, in early
August 1991, the inhabitants of Manzanillo
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and Guayacán reported water discoloration
that covered a large area. About the same time,
24 patients showing severe symptoms of PSP
were hospitalized in Porlamar, capital city of
Nueva Esparta state.  

Dinoflagellate toxins are accumulated in
shellfish, such as oysters, mussels and scal-
lops, exposed to dinoflagellate blooms, and
become toxic to humans and other organisms
that consume such shellfish (Oshima et al.
1987). PSP causes muscular paralysis, respira-
tory difficulties, and can lead to death
(Thibault et al. 1991). The neurotoxins belong-
ing to the PSP toxin group are among the most
notorious poisons found in the marine environ-
ment in many parts of the world (Genenah and
Shimizu 1981, Park et al. 1986). There are
more than 20 different PSP toxins (Oshima
1995), with others being reported (Quilliam et
al. 2001). Collectively, these PSP are termed
saxitoxins, deriving the name from the butter
clam, Saxidomus giganteus, from which saxi-
toxins were originally extracted and identified
(Bates and Rapoport 1975). 

Saxitoxins are neurotoxins that retard the
movement of sodium ions through nerve cell
membranes, and may block the flow of nerve
impulses to cause the symptoms of PSP toxic-
ity, which include paralysis and disorientation
(Mosher et al. 1964). There is no antidote for
PSP, and all cases require immediate medical
attention that may include application of life
support equipment to save a victim�s life. (Kao
1993). Thus, the toxic event of 1991, in
Margarita Island, resulted in the activation of
an emergency monitoring plan to determine its
causes. 

The number of different PSP toxins and
their tendency for chemical transformation
into other toxic products are major factors hin-
dering development of a simple field test kit
for measuring PSP toxins (Sullivan and Wekell
1988). Currently, only the mouse bioassay
method (Horwitz 1980), adopted as the official
method by the Association of Official
Analytical Chemists (AOAC) in 1965, is
approved by US Food and Drug Administration
(USFDA), because it simultaneously measures

the total toxicity of all the saxitoxins in a sam-
ple of shellfish tissue. However, mouse bioas-
says have a number of drawbacks, namely the
inability to efficiently detect the low toxicity
analogues of STX (toxins B and C) (Casais
1991). HPLC analyses of shellfish have thus
been developed to confirm the causative tox-
ins of PSP and to determine the toxin profiles
of PSP-contaminated organisms (Franco and
Fernández 1993, Oshima 1995, Lawrence and
Niedzwiadek 2001, Vale and Sampayo 2001).

The most commonly used techniques for
the analysis of PSP involve the conversion of
non-fluorescent PSP toxins to fluorescent
compounds by oxidation reactions. The fluo-
rescent derivatives are then detected and quan-
tified by fluorometry. 

The method of HPLC described by
Sullivan et al. (1985), which incorporates post-
column derivatization to carry out the chemical
reaction and originally proposed by Bates and
Rapoport (1975), was used to determine PSP in
mussels collected from Manzanillo and
Guayacán on Margarita Island.

MATERIALS AND METHODS

Mussel and phytoplankton samples were
collected at Manzanillo and Guayacán,
Margarita Island, during August to December
1991 (Fig. 1). Phytoplankton samples were
taken with Niskin bottles and with nets (30
µm), and fixed with lugol solution, and for-
malin (4%), respectively. The phytoplankton
abundance was obtained following the tech-
nique described by Utermöhl (1958). All
shellfish were externally washed, with a brush
and distilled water, to minimize contamina-
tion of their tissues and then frozen until
analysis. Sampling frequency in the bivalve
banks was increased until no PSP was detect-
ed by mouse bioassay.

Extracts of the mussels were prepared
according to the Official Method of the AOAC
(Horwitz 1980). After boiling for 5 minutes
and adjust pH between 2-4, the extract was
centrifugated at 14 000 rpm for 20 min at
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20ºC; 10 µl of the supernatant of each sample
were used for HPLC analysis.

Certified calibration solutions (STX;
NEOSTX; GTX1; GTX2; GTX3; GTX4) from
the National Research Council of Canada were
used as diluted to prepare the calibration stan-
dards, using Milli-Q water as diluent. The
dcSTX was provided from a BCR (European
Union) program of PSP intercalibration. Two
mixtures of toxin standards were prepared, one
mixture contained, NeoSTX, dcSTX and STX,
and another one contained GTX1, GTX2,
GTX3 and GTX4.

Analysis of the principal toxins was car-
ried out on a HPLC with fluorescence detec-
tion using, with minor modifications, the
post-column oxidative fluorescence method of
Franco and Fernández (1993).

The LC system used was composed of a
high-pressure pump (Hitachi L-6000) with an
intelligent autosampler (Hitachi AS-4000). The
HPLC column used was a 5 µm Lichrospher
100 RP-18 cartridge (12.5 cm x 4 mm i.d), held
in a LichroCART 125-4 (Merck) cartridge hold-
er, enclosed in a column heater unit (Jones
Chromatography, 7971) at 30°C. Two A-30-
SW-2 Eldex pumps with in-line degasser
(Waters ILD) were used for both oxidizing
reagent and acid. The postcolumn reaction was
performed in a teflon coil (10 m x 0.5 mm i.d.)
held in glass tube (at 65°C) and immersed in a
water bath connected to a circulating temperature

control unit (Ultratherm 6000383). The detector
was a spectrofluorimeter (Jasco FP-920), set at
330 nm excitation and 390 nm emission.
Millennium 2010 (v. 215.01) software was used
for recording and integrating peaks. 

The first isocratic phase (for separation of
neoSTX, dcsTX and STX) was 94% of 1
mmol/l sodium octanesulphonate in 10 mmol/l
ammonium phosphate (pH 7.2) and 6% acetoni-
trile, at 1.0 ml/min. The second isocratic phase
(for separation of GTX toxins) was 1.5 mmol/l
sodium octansulphonate in 10 mmol/l ammoni-
umphosphate (pH 7.0), at 0.8 ml/min. 

The presence of toxins C, GTX5 and
GTX6 were confirmed by boiling the sample
extract with an equal volume of 0.4 mol/l HCl
for 15 minutes. This procedure hydrolyses the
sulphocarbamoyl groups. The hydrolysis of C
toxins produces the corresponding GTX1
through 4, and GTX5 and GTX6 give rise to
STX and neoSTX (Sullivan et al. 1985,
Oshima et al. 1990).  

The post-column oxidant was 7 mmol/l
periodic acid in 50 mmol/l sodium phosphate
buffer, adjusted with 1 mol/l ammonium
hydroxide to pH 9. Acetic acid (0.5 mol/l) was
used as acidifier. The flow rate of both oxidant
and acid was 0.4 ml/min.

Post-column oxidative fluorescence
method was evaluated by injection of unconta-
minated mussel samples with PSP toxin stan-
dards and by calculating the recovery values
for these experiments. 

Toxin concentrations in samples extracts
were determined by comparing the peak areas
of each toxin with those of the prepared cali-
bration standards. 

Toxicities were determined and compared
with those obtained by mouse bioassay. To
compare the toxicity calculated from the
HPLC to that measured by bioassay, the indi-
vidual toxicity of each toxin were added and
converted to µg STX equivalents per 100 g
shellfish meat by assuming a conversion factor
(CF) (Horwitz 1980) of 0.2 µg STX per mouse
unit. All HPLC analyses were run in duplicates
and results presented are means of these
duplicate determinations. 

Fig. 1. Location of the sampling site.
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RESULTS 

Microscopic analysis of the water in the
vicinity of the mussel banks showed the pres-
ence of Gymnodinium catenatum and
Alexandrium tamarense; at concentrations of ≤
20 cell/ml. A member of the genus
Cochlodinium sp. was also detected at very low
densities. The most abundant diatoms were
Cyclotella sp., Navicula sp., Nitzchia seriata and
Rhizosolenia delicatula, while the most abundant
dinoflagellates were Ceratium furca, Dinophysis
cf. acuminata, Gonyaulax polygramma,
Prorocentrum gracilis, and Polykrikos
polikrikoides. At both locations, Prorocentrum
gracile was the dominant species, and its den-
sity indicated that it was the major bloom-
forming species. Mesodinium rubrum, a
bloom-forming species in the Gulf of Cariaco,
was also found at low abundance. 

Concentrations of PSP, analyzed by
mouse bioassay, in 1991, were higher than the
Maximum Permissible Level (MPL) estab-
lished by USFDA for human consumption, this
is 80 µg STX/100 g meat of shellfish. The
ranges found were from 115 to 2 548 µg
STX/100 g meat in Manzanillo and 86 to 1 422
µg STX/100 g meat in Guayacán. In both areas,
toxin concentrations increased during the peri-
od August-September; and remained above the
MPL until October 15

th
(Fig. 2). After that date,

values decreased and became non-detectable in
November and December 1991.

Due to the unavailability of chemical
confirmatory technology in Venezuela at the
time of the PSP outbreak, samples of shellfish
tested by standard mouse bioassay were held
at  -15ºC until recent acquisition of training in
PSP toxins analysis by HPLC. No significant
changes in the values of PSP were obtained by
analyzing the samples once more by standard
mouse bioassay, at the same time that the
HPLC analyses were performed. 

HPLC analyses with post-column deriva-
tization was carried out to identify and deter-
mine the toxins responsible for the outbreak of
PSP in Manzanillo and Guayacán. This
enabled the separation of the epimers GTX1,4

and GTX2,3 (Fig. 3), as well as enabled toxin
dc-STX to be distinguished from STX. The
mean value of triplicate injection and the fluo-
rescent intensity of each toxin was plotted
against its concentrations.  

Recoveries from injected samples were
between 84-103%. Significant correlation (r =
.90; p<.05) between mouse bioassay and
HPLC with fluorescence detection was
obtained. However, the bioassay results were,
in general, lower than those from HPLC, con-
sidering no quantified toxins (dcGTX) for
lacking of quantitative standards (Table 1).
The cause of these differences is unclear,
although the selection of toxicity factors (FC)
for LC quantification may be implicated
(Lawrence et al. 1995). It is also possible that
the mouse bioassay underestimates the amount
of toxicity present (Ledoux and Hall 2000).

TABLE 1
Toxin concentrations (µg/100 g meat of shellfish) and

toxicity values of selected samples from Manzanillo and
Guayacán, locations of Paralytic Shellfish occurrence 

TOXIN LOCATION
Guayacán Manzanillo

STX nd 80.0

dcSTX 870 1542

NEOSTX 36 120

GTX 348 ND

GTX2 46 ND

GTX3 38 ND

GTX4 nd ND

dcGTX NQ NQ

Toxicity
µg STXeq/100 673.6 535.2
(HPLC, 2001)

Toxicity
µg STXeq/100 643.2 608.0
(Bioassay, 1991)

Toxicity
µg STXeq/100 560.0 530.0
(Bioassay, 2001)

ND: Not detected;  NQ: Not quantified
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Fig. 3. Chromatogram of  GTX  and Saxitoxin, dcSTX and NeoSTX standards.

Fig. 2. Toxicity variation in mussel Perna perna during August to November 1991.
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Shellfish samples analyzed using HPLC
were lethal to mice. Samples from Manzanillo
contained STX, but dcSTX was found the
highest concentration (1 542 µg/100 g meat)
(Table 1). The PSP toxin profiles of P. perna
samples collected from Manzanillo (Margarita
Island) showed that the major toxins present
were dcGTX and dcSTX groups (Fig. 4). 

The toxins dcGTXs were identified using
a qualitative standard obtained from a collabo-
rative study, but their presence could not be
quantified because of the lack of calibrants.
The availability of the calibrants for dcGTX is
essential for wide use of the method, and atten-

tion should be given to projects aimed at the
development of calibrants for decarbamoyl
toxins (Van den Top et al. 2000).  

From Guayacán, dcSTX and dcGTX
were also detected in samples of P. perna, but
at lower concentration when compared with
Manzanillo samples (Fig. 5). Samples of
mussels from Guayacán also contained
GTX1, GTX2 and GTX3 at low concentra-
tions (Fig. 5). A large unidentified peak with
retention time 10.5 min., near GTX6 and
GTX4, was observed in samples from both
locations (Figs. 5 and 4), similar to that
reported by Oshima et al. 1995.

Fig. 4. Chromatograms in the first and second isocratic system of extracts of edible tissue of Perna perna
from Manzanillo, Margarita Island, Venezuela.
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DISCUSSION

These findings agree with previous reports
of toxins other than STX being dominant in
contaminated shellfish (Noguchi et al. 1983,
Lassus et al. 1989, Carreto et al. 1996, Amzil
et al. 1999, Jiang et al. 2000).

Our analyses have confirmed the presence
of dcSTX in our mussel samples, following the
outbreak of PSP toxicity in Manzanillo and
Guayacán (Margarita Island). Harada et al. 1983
also found this toxin among tropical specimens. 

G. catenatum and A. tamarense have been
reported in Venezuela as toxigenic and have
been associated with other toxic outbreaks (La
Barbera-Sánchez et al. 1993). A characteristic
feature of G. catenatum toxins is their produc-
tion of decarbamoyl toxins (Oshima et
al.1990, Donker et al. 1997, Negri et al. 2000).
Mussels and oysters showed similar toxin pro-
files to those of the causative dinoflagellate,
with a slightly higher amount of decarbamoyl
and carbamoyl toxins (Oshima et al. 1990).
Thus G. catenatum appears to be one of the

Fig. 5. Chromatograms in the first and second  isocratic system of extracts of edible tissue of Perna perna
from Guayacán, Margarita Island, Venezuela.
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organisms responsible for the incidence of PSP
toxins initially investigated by standard mouse
bioassay. The compilation of toxin profiles, as
chemical signatures of G. catenatum popula-
tions, is the subject of continued investigation
(Hallegraeff and Fraga 1998). 

Analysis of A. tamarense by Hummert et
al. 1997 showed only N-sulfocarbamoyl toxins
in this species; it is likely that this species was
also another contaminant dinoflagellate. 

With the results of this investigation, toxic
profiles of shellfish from Venezuela coast are
available and can be compared in detail with
those obtained from other countries. 
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RESUMEN

Un severo brote de intoxicación paralizante por mo-
luscos (PSP en inglés) ocurrió en Manzanillo y Guayacán
en la costa noroeste de la Isla de Margarita, Venezuela
entre agosto y octubre de 1991. Una proliferación de Pro-
rocentrum gracile, Gymnodinium catenatum y Alexan-
drium tamarense causó el brote. Los niveles de PSP en
mejillón (Perna perna) superaron los niveles máximos
permisibles de saxitoxina, 80 µg STX/100g carne. Los
niveles de toxinas variaron entre 2 548 y 115 µg
STX/100 g carne en Manzanillo y entre 1 422 y 86 µg

STX/100g carne en Guayacán. En ambas localidades, los
máximos niveles se detectaron en agosto, cuando 24 per-
sonas presentaron síntomas típicos de PSP después de con-
sumir mejillones cocidos (16 fueron hospitalizados). Se
aplicó recientemente cromatografía líquida de alta presión
(HPLC) a muestras del año 1991 y la toxina más detecta-
da fue decarbamoyl saxitoxina (dcSTX), pero también se
encontró  saxitoxinas  en muestras de  Manzanillo. Las
gonyautoxinas GTX1, GTX2 y GTX3 solo se encontraron
en Guayacán; en ambas localidades se detectó decarba-
moylgonyatouxin (dcGTX2,3). Estos hallazgos represen-
tan la primera vez que las toxinas causantes de un brote de
PSP en Venezuela han sido químicamente identificadas,
confirmando la presencia de dcSTX y dcGTX en mejillo-
nes del mar Caribe. La presencia de dcSTX y dcGTX en
moluscos, indica que G. catenatum fue el organismo res-
ponsable de la intoxicación. 
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