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Toxic microalgae outbreaks have caused significant economic losses in the Mexican
aquaculture industry. Blooms that involve PSP and NSP phycotoxins are two of the most
dangerous, causing harmful effects to the environment, economy and public health. The
exact metabolic mechanism of these toxins in shrimp still remains unknown. Because
shrimp consume microalgae their edible tissues are clearly possible vectors for human
toxic syndrome. This study examined and verified the toxicological effects for white leg
shrimp (Litopenaeus vannamei) exposed to different cell densities of Gymnodinium cate-
natum and Karenia brevis. Acute assays demonstrated good survival rates of shrimp at low
densities of dinoflagellates (103 cell/L), while mortality and abnormal behavior were
observed with higher densities (>104 cell/L). Chronic assays showed significant differences
in survival rates, percentage of feed and weight gain of organisms exposed to the dino-
flagellates with respect to controls. Furthermore, PSP and NSP toxins were detected in all
the edible tissues. Gastric glands and muscle retained toxins for a longer period of time
compared to other tissues, even after a depuration period. Histology damages were
observed in the heart, gastric gland and brain. This study strongly supports that shrimp
represent a potential risk for humans as unconventional vectors of phycotoxins.

� 2008 Elsevier Ltd. All rights reserved.
1. Introduction

Harmful algal blooms have caused worldwide toxic events
that have affected the environment, aquaculture and human
population (Shumway, 1990; Falconer, 1993; Scoging, 1998;
Ochoa, 2003). Phycotoxins in products for human consump-
tion are currently a major threat of global interest because of
the involvement of public health and economic issues
(Shumway, 1990; Falconer, 1993; Hallegraeff, 1993; Scoging,
1998; FAO, 2004). Research in this matter has become
necessary to support the international management laws of
food innocuity and to control economic losses in aquaculture,
in particular to unconventional vectors such as shrimp.
x: þ34 986 81 25 56.
tı́nez).

. All rights reserved.
Shrimp aquaculture in Mexico has seen tremendous
growth since the 1980s. The quantity of cultured shrimp
consumed has increased fourfold in the last 20 years (FAO,
2006), but this industry has been seriously damaged
because of the harmful microalgae outbreaks (Alonso-
Rodrı́guez and Páez-Osuna, 2003; Pérez-Linares et al.,
2003; Ochoa, 2003; Alonso-Rodrı́guez et al., 2004; Cortés-
Altamirano and Sierra-Beltrán, 2008). Shrimp producers,
monitoring agencies and the public need to know if shrimp
act as a vector for phycotoxins to human populations and
its economic consequences that this can represent to the
aquaculture industry. Detrimental effects of toxic micro-
algae in shrimp are low growth rates, not only causing
issues with nutrition, metabolic, or immunity problems,
but also anomalies in behavior and death.

The Official Regulation of Mexico does not collect
sufficient data regarding harmful algal blooms to warn the
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public and aquaculture industry. Also there are no stan-
dardized guidelines concerning maximum permissible
limits of some phycotoxins that can be present in products
intended for human consumption or the chronic effects on
cultivated organisms (NOM, 2001).

It is imperative that the aquaculture industry receives
knowledge regarding the effects of PSP and NSP toxins in
shrimp and the consequences in the production yield. At
the present moment there is little information about this
matter (Foxall et al., 1979; Roberts et al., 1979; Hwang et al.,
1990; Alonso-Rodrı́guez et al., 2004) and almost no histo-
logical information about the damages in shrimp (Lightner
et al., 1978; Foxall et al., 1979; Pérez-Linares et al., 2003,
2008) that can lead us to understand the toxic effects of
phycotoxins in these organisms. The objectives of this
study were to investigate the influence of PSP and NSP
toxins in white leg shrimp exposed to acute and chronic cell
densities of toxic dinoflagellates, to determine if there is
toxin retention in edible tissues, and describe the damage
caused on target organs of the shrimp.

2. Materials and methods

2.1. Dinoflagellates

The Gymnodinium catenatum strain (GCCV 6) was
obtained from the Collection of Marine Dinoflagellates of
CIBNOR (CODIMAR), and the Karenia brevis strain (KBTX 3)
was donated by Dr. Tracy Villareal (Marine Science Insti-
tute, University of Texas). Cultures were grown in Fernbach
flasks with modified f/2 medium (Guillard and Ryther,
1962; Guillard, 1975) and GSe medium (Provasoli et al.,
1957). Culture media were prepared using seawater
(33 psu), filtered with a 0.45 m membrane and sterilized at
121 �C, 15 lb, 200. Dinoflagellate cultures were maintained
at 26 � 1 �C, 12 h:12 h light/dark, and 150 mmol m�2 s�1

light intensity. The microalgae were harvested during the
exponential growth phase, 15–17 days after inoculation
(Band-Schmidt et al., 2005; Magaña and Villareal, 2006) by
centrifugation (6500 � g, 10 min, 4 �C), in order to obtain
biomass for toxin profile analysis and for the assays with
shrimp.

2.2. Shrimp

Post larvae individuals of Litopenaeus vannamei (PL30,
0.5 � 0.08 g) were obtained from the Shrimp Genetic
Improvement Program (CIBNOR). The organisms were
divided into four groups (with triplicate) of 150 individuals
(d ¼ w4 PL/L) and kept in plastic aquariums (40 L) with
filtered seawater (35 � 2.0 psu, 26 � 1.0 �C) and constant
aeration. Shrimp were maintained 10 days in the afore-
mentioned conditions for acclimation and fed daily using
commercial pellets (PIASA�, 50% protein) with quantities
according with the tables reported for the age/weight in
each life stage of shrimp (Villalón, 1991).

2.3. Acute assay

Shrimp were exposed to different cell densities of GCCV
6 and KBTX 3 strains (103, 104 and 106 cell/L) for 48 h.
Controls were carried out by adding culture medium
(f/2 þ Se and GSe) without dinoflagellates to aquaria with
shrimp. Additional control groups were included with
dinoflagellates without predators in order to identify the
percentage of cell mortality. Time of death, behavior and
percentage of cells ingested were recorded to verify the
lethal and sublethal doses of the organisms.

2.4. Chronic assay

Shrimp from two of the groups formed (in triplicate)
were each exposed daily with sublethal doses (103 cell/L) of
GCCV 6 and KBTX 3, respectively, mixed with commercial
feeding pellets for 45 days. Seawater exchange was at 100%
with the purpose of maintaining the dinoflagellate cell
density. Shrimp from the other two groups were used as
controls, adding daily the volume equivalent as above, but
only the culture medium (f/2 þ Se and GSe). After 45 days,
treatment was suspended and a 15 days period of depu-
ration was carried out, feeding the organisms with
commercial pellets (until day 60).

During the experiment, survival, percentage of feed,
weight gain and behavior were recorded.

2.5. Sample preparation

Thirteen shrimp from each group of chronic assay were
sampled on days 1, 5, 10, 15, 30, 45 and 60. Three organisms
were fixed with Davidson (Bell and Lightner, 1988; Light-
ner, 1996) or Karnovsky (1965) solutions for histological
analysis. Ten shrimp of each group were dissected to
separate the gastric glands, hearts, supraesofagal ganglions
and abdominal muscle for toxin detection analysis.

Wastes from the groups exposed to toxic dinoflagellates
were treated with 25% NaOCl and 0.2N NaOH (Poli et al.,
1999; Jeong et al., 2002) during 24 h in dark containers
prior to discharge.

2.6. Toxin extractions

Paralytic toxins (PSP) were extracted following the
protocol recommended by AOAC (Lawrence et al., 2004;
AOAC, 2005), although HCl was used instead of the acetic
acid [1%]. Briefly, the biomass from harvested dinoflagel-
lates or shrimp tissues was homogenized in 5 mL of HCl
[0.1 N]. Cell disruption was performed with glass beads
(0.5 mm B) and/or with a polytron (Kinematica� PT1300D).
Mixtures were boiled for 5 min and the final extracts were
filtered twice: first with a Whatmann� (No. 1) filter and
then with a 0.45 m membrane.

Brevetoxins (NSP) were extracted following the protocol
recommended by McNabb and van Ginkel (2007). Briefly,
the biomass from harvested dinoflagellates or shrimp
tissues was homogenized and 9 mL of methanol (80%, HPLC
grade) was added, and mixed for 30 s. Samples were heated
in a dry heating block set at 60 �C for 20 min and cooled
immediately in an ice bath for 5 min. The mix was centri-
fuged (3000� g,10 min, 5 �C) and supernatant was placed in
a fresh tube. The disrupted pellet was re-extracted as stated
above and two supernatants were pooled and diluted with
20 mL of distilled water. An aliquot (8 mL) was transferred to
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a new tube, adding 10 mL of hexane (90%, HPLC grade) and
was shaken vigorously. The sample was centrifuged again
under the same conditions as above. A methanolic layer
aliquot (5 mL) was transferred to a new tube and was
diluted with 15 mL of distilled water, mixing gently.

2.7. Cleanup

Samples were cleaned with solid phase extraction
cartridges (SPE C18 and COOH, Bakerbond, J.T. Baker� for
PSP and SPE 8B S100 UBJ, Phenomenex� for NSP) at a flow
rate of �2 mL/min. PSP eluates were treated with periodic
acid to detect N-hydroxylated toxins and hydrogen
peroxide for the non-hydroxylated toxins (Lawrence et al.,
2004). NSP eluates were diluted to 5 mL with methanol
prior to LC/MS analysis (McNabb and van Ginkel, 2007).

2.8. Toxin analysis

The PSP extracts were analyzed with the pre-chromato
graphic oxidation method (Lawrence et al., 2004). Deriv-
atized extracts were injected (20 mL) in a silica base reverse
phase column (C18, 4.6 � 250 mm; 5 mm, Phenomenex
Luna�) and the following mobile phases were used in
a gradient elution: (A) 10 mM ammonium formiate (pH 6.0)
and (B) 10 mM ammonium formiate/acetonitrile (100:4;
pH 6.0) with a flow rate of 1.5 mL/min. The chromato-
graphic run was programmed under the following gradient
conditions: 100–95% mobile phase A in the first 5 min, 95–
30% the next 4 min, 30–100% over 2 min, and 100% another
3 min before the next injection. The fluorescent detector
was set at an excitation wavelength of 340 nm and an
emission wavelength of 395 nm. For HPLC/FLD procedures,
an Agilent� (1200 Series) with quaternary pump and
autoinjector was used.

The NSP extracts were analyzed with an LC/MS method
(McNabb and van Ginkel, 2007). Clean samples were injected
(10 mL) in a silica base reverse phase column (C18, 50 � 2mm;
3 mm, Phenomenex Luna�) with a gradient elution of the
following mobile phases: (A) methanol (50%), 33 mM ammonia
and 500 mM formiate and (B) methanol (90%), 33 mM
ammonia, 500 mM formiate at a flow rate of 0.2 mL/min. The
chromatographic run was programmed under the following
gradient conditions: 100–0% mobile phase A in the first 10 min
and 100–0% mobile phase B over the next 10 min.

For brevetoxins an LC/MS system was used (Agilent�

1200 Series, with a binary pump and autoinjector coupled
to a Mass Spectrometer Agilent 3500�, single quadrupole
and ionization mode ESþ).

Data acquisition and data processing from both analyses
were performed with the ChemStation� software. PSP
profile was identified by comparing chromatograms of
standard solutions (STX, NEO, dcSTX, GTX1,4, GTX2,3, and
B1) from the National Research Council of Canada (NRC,
Halifax, Canada). The NSP profile was compared with
spectra from PbTx 2 and PbTx 3 standards (Calbiochem�).

2.9. Histology

Fixed samples were processed with general histology
techniques (24, 26) and dyed with Hematoxilin/Eosin
(Lightner, 1996) and Polychromic (Tolivia et al.,1994) stains.
Tissue slides of 1–5 mm were analyzed with an optical
microscope in order to detect differences and damage in
the tissues. Micrographs were taken using Image Pro Plus�

ver. 5.1 software. Total area and average density of tissues
were compared in order to statistically test them.
Comparisons were performed with micrographs taken at
the same magnification (4�, 10�, 20�, 40� and 100�)
before calibrating the software.

2.10. Data analysis

Data analysis for survival, percentage of feed and weight
gain were made using Two-way ANOVA to estimate the
difference between exposed shrimp and the control
groups. A Chi-square test and Kolmogorov/Smirnof test
were completed to corroborate the variance homogeneity
and normal distribution of data in order to run Student’s t
tests to find evidence of differences between each day
sampled.

Histological data was analyzed using One-way ANOVA
to corroborate the differences in the area and density of
heart tissue in the organisms exposed to the phycotoxins
and the controls. Also, a Chi-square, Kolmogorov/Smirnof
and Student’s t tests were made to estimate the differences
in area and the density mean of the heart tissue between
each treatment.

3. Results and discussion

3.1. Toxin profile of GCCV 6 and KBTX 3

The G. catenatum strain (GCCV 6) produces saxitoxin
(STX) and four of its analogues (dcSTX, GTX2,3, NEO and
GTX1,4) (chromatographic data shown in Pérez-Linares et al.,
2008). These variations can be explained because of the
different conditions used in the extraction procedures,
sample treatment and analysis. Also, some authors
mentioned that culture conditions can change the toxin
profile making it difficult to characterize the strains (FAO,
2004; Marshall et al., 2000; Gárate-Lizárraga et al., 2005). On
the other hand, there are researchers who have proposed the
toxin profile as a biochemical marker for biogeographic
regions of G. catenatum because of its constancy, even with
changes in its environment (Oshima et al., 1993; Band-
Schmidt et al., 2006). Because of those inconsistencies, it is
necessary to use validated methods and standarized proce-
dures in order to determine the most pristine toxin profile
possible of dinoflagellates. The method used for PSP has been
proposed by Lawrence et al. (2004) and recommended by
AOAC for the analysis of these toxins. Also, the clean-up step
included has shown to be important to avoid overestimation
of the toxin profile with the natural fluorescent compounds
present in the samples (Gago-Martı́nez et al., 2001; Lawrence
et al., 2004; Pérez-Linares et al., 2008).

Four brevetoxins were detected in the K. brevis strain
(KBTX 3), including PbTx 2, PbTx 3 (Fig. 1), PbTx 1 and PbTx
10 (data not shown), corroborated by the LC/MS analysis
comparing with the standards (SIM mode) and the isola-
tion of ions derived from the loss of water and the aducts
formed with mobile phases (SCAN mode). A similar profile
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Fig. 1. LC/MS chromatograms from the extract of K. brevis strain (KBTX 3). The upper figure shows brevetoxin 2 (SIM 896 m/z, API-ESþ) and the lower figure
shows brevetoxin 3 (SIM 898 m/z, API-ESþ). Both samples were compared with the standards (dashed lines) of PbTx 2 (upper) and PbTx 3 (lower).
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has been reported for K. brevis strains from the same region
(Villareal et al., 2001; Magaña et al., 2003; Cheng et al.,
2005). PbTx 2 and PbTx 3 are the most common toxins in
K. brevis, and PbTx 1 the most toxic (Poli et al., 1999; Plakas
et al., 2002; Baden et al., 2005). This species is able to
produce up to nine analogues of brevetoxins, depending on
environmental factors or culture conditions (Villareal et al.,
2001; Plakas et al., 2002; Baden et al., 2005; Magaña and
Villareal, 2006). The extraction protocol used allowed us to
avoid artifacts toxins (PbTx 8) formed with other solvents
like chloroform (Baden et al., 2005). The LC/MS system used
in this work with a single quadrupole has limitations for
the detection of some brevetoxins at low concentrations
and their metabolites. A triple quadrupole would provide
the adequate information regarding to the original toxin
profile of the samples (McNabb and van Ginkel, 2007).
Table 1
Time of death from acute assay of L. vannamei exposed to different cell
densities of G. catenatum (GCCV 6 strain) and K. brevis (KBTX 3 strain).

Doses GCCV 6 KBTX 3 Behavior

103 cell/L >48 h >48 h Normal
104 cell/L 17 h 32 h Lethargic, paralysis of pereiopods,

irregular movements of pleopods,
antennae and gills, abdominal
spasms. Death

106 cell/L 6 h 27 h

Controls >48 h >48 h Normal
3.2. Acute assay (lethal and sublethal doses)

Shrimp from both treatments (GCCV 6 and KBTX 3)
exposed to the lowest cell densities (103 cell/L), as well as
controls survived >48 h with a normal conduct display.
Organisms exposed to cell densities >104 cell/L showed
abnormal behavior and death between 6 and 32 h (Table 1).
Approximately 50% of the cells from both dinoflagellates
were ingested by shrimp during the first 90 min prior to
exposition. After 150 min >10% of the dinoflagellate cells
were found in the aquaria (histograms not included). We
consider sublethal cell densities for L. vannamei exposed to
both dinoflagellates at a cell density of 103 cell/L. These
results are consistent with previous reports made with the
same species of shrimp and toxic dinoflagellates but at
different life stages (Alonso-Rodrı́guez et al., 2004). Shrimp
showed lethargy, paralysis of pereiopods, irregular
movements of antennae, pleopods and gills. Finally some
abdominal spasms were observed before death (Table 1).
Behavior display in crustaceans exposed to toxic dinofla-
gellates has been investigated before (Foxall et al., 1979;
Roberts et al., 1979; Hwang et al., 1990; Alonso-Rodrı́guez
et al., 2004; Walker et al., 2004; Pérez-Linares et al., 2008)
reporting similar conduct as in this study. Because the
voltage gated sodium channel (VGSC) is the common target
site of both toxins, the obstruction of the nervous stimuli in
the organism impedes them to perform vital activities (i.e.
to breath, to pump haemolymph, to move, and to feed).
Those abnormalities lead the organisms to death (Foxall
et al., 1979; Hwang et al., 1990; Walker et al., 2004; Pérez-
Linares et al., 2008). It is important to remark that PSP
toxins are also able to bind in the saxiphilin, a hydrophilic
protein in the haemolymph of some crustaceans. This
protein can be involved in the transport and bio-
accumulation of PSP toxins, as well as damage in several
organs of intoxicated animals (Llewellyn and Moczydlow-
ski, 1994; Lewellyn, 1997). Nevertheless, the presence of
saxiphilin in shrimp has not been yet explored.

The results in the acute assay showed that shrimp
production can be at risk during a red tide phenomena
(>104 cell/L).
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Fig. 2. Histograms show the average weight gain of shrimp exposed to
sublethal cell densities (103 cell/L) of toxic dinoflagellates during 45 days
treatment and 15 days of depuration. The upper figure revealed significant
differences (p < 0.05) in average weight gain on days 15, 30 and 45 (dot
bars) compared with the controls (empty bars) in the assay with GCCV 6.
The lower figure shows significant differences in average weight gain
(p < 0.05) on days 30, 45 and 60 (line bars) compared with the controls
(empty bars) in the assay with KBTX 3.
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3.3. Chronic assay

During the experiment, shrimp exposed to G. cate-
natum and K. brevis displayed lethargy and abnormal
photosensibility, delaying their reactions to light. The
average survival percentage of shrimp exposed to GCCV 6
(58%) showed significative difference (p < 0.05) compared
with the controls (80%). No significant difference was
found in shrimp exposed to KBTX 3 (77%) (Table 2). In
shrimp aquaculture, a survival rate of >70% is considered
successful, and has been utilized extensively as a figure of
merit for being indicative of proper management of the
culture and the health of the post larvae (De la Cruz, 1992;
Lawrence et al., 1998). This statement is important because
according to our results, shrimp can survive with chronic
exposures of K. brevis without providing a warning signal
to aquacultors, and toxins can be retained in edible tissues
(results shown below) representing a potential risk for
consumers (Roberts et al., 1979; Pierce and Henry, 1996;
Trainer and Baden, 1999; Walker et al., 2004). On the other
hand, shrimp exposed to GCCV 6 experienced 30%
mortality (subtracting the 12% of normal mortality in
controls). This percentage represents an economic threat
for shrimp aquaculture industry (Table 2) (Falconer, 1993;
Scoging, 1998; Alonso-Rodrı́guez et al., 2004; Pérez-
Linares et al., 2008). The feed percentage recorded in
shrimp treated with both toxic dinoflagellates, as well as
the average weight gain, showed significant differences
(p < 0.05) compared with the controls after performing
Two-way ANOVA tests. Student’s t tests were performed in
order to compare the average weight gain of exposed
shrimp and controls each day. Shrimp treated with GCCV 6
showed a significant difference in weight gain beginning
with day 15, but at day 60 there were no differences
(Table 2). The shrimp exposed to KBTX 3 demonstrated
a significant difference in weight until day 30, and
remained even at day 60 (Table 2). The exposure of G.
catenatum to the shrimp provoked a faster impact to their
growth but it seems that after the depuration period, the
organisms were able to recover (Fig. 2). Shrimp treated
with K. brevis revealed a slower negative response with
regards to their weight gain but they were not able to
recover after the depuration period (Fig. 2). Those differ-
ences between the responses in survival and weight gain
of shrimp exposed to GCCV 6 and KBTX 3 can be explained
because of the chemical nature of their toxins. PSP toxins
act faster in the organisms because their hydrophilic
nature, but at the same time, they can be cleared faster via
urine and feces (Schantz, 1986; Guo et al., 1987; Hall et al.,
1990; Andrinolo et al., 1999). NSP toxins take more time to
be assimilated by organisms but remain for longer periods
Table 2
Survival, feed percentage and weight gain of shrimp from chronic assay
exposed to sublethal cell densities (103 cell/L) of G. catenatum and K. brevis.

Treatment Average weight gain (g)

Day 15 Day 30 Day 45 Day 60

GCCV-6 0.4 ± 0.03 0.8 ± 0.1 2.3 ± 0.2 3.3 � 0.7
KBTX-3 0.6 � 0.2 0.7 ± 0.05 1.7 ± 0.4 2.1 ± 0.1
Control 0.8 � 0.1 1.2 � 0.1 3.0 � 0.2 3.5 � 0.4
of time because of their lipophilic nature (Poli et al., 1999;
Baden et al., 2005).

3.4. Toxin detection in shrimp tissues

PSP and NSP toxins were detected in edible tissues of
shrimp, even after the depuration period (Table 3; Figs. 3
and 4). Neosaxitoxin (NEO; 60 mg/100 g) and decarbamoyl
saxitoxin (dcSTX; 7 mg/100 g) were the first toxins retained
by almost all tissues of shrimp (day 5) and remained for
a longer period of time. After 15 days GTX2,3 (40 mg/100 g)
and GTX1,4 (75 mg/100 g) were detected in all tissues (Table
3) that probably lead the shrimp to lose weight (Fig. 2)
related also to the tissue damage exhibit (results below).

Brevetoxins 2 (PbTx 2) were detected towards the latter
days of the experiment (30 and 45) but remained even after
the 15 days of depuration (Figs. 3 and 4; Table 3), consistent
with the results regarding to the weight gain of shrimp
(Fig. 2).

Although the quantities of brevetoxin detected in edible
tissues of shrimp (9 mg/100 g in muscle and 8 mg/100 g in
gastric gland) were below of the regulatory limits (80 mg/
100 g), it is important to remark that this study used low
cell densities of dinoflagellates in a 45-day experiment.

The gastric gland and muscle demonstrated more
susceptibility to retain these toxins and slower capability of



Table 3
PSP and NSP toxins detected in tissues of L. vannamei during 45 days of
chronic assay with sublethal cell densities (103 cell/L) of G. catenatum and
K. brevis.

Tissue Days

1 5 10 15 30 45 60

Gastric gland ND dcSTX ND dcSTX dcSTX dcSTX dcSTX
NEO NEO GTX2,3 NEO NEO

GTX2,3 PbTx 2 GTX2,3 GTX2,3
GTX1,4 GTX1,4
PbTx 2 PbTx 2

Muscle ND dcSTX ND dcSTX ND dcSTX PbTx 2
NEO NEO NEO

GTX2,3 GTX2,3
GTX1,4 GTX1,4

PbTx 2

Ganglion ND dcSTX ND ND ND dcSTX ND
NEO NEO

Heart ND ND ND ND ND dcSTX ND
GTX2,3
GTX1,4

ND ¼ not detected (below detection limit: �0.022 mg/g STX).
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depuration/transformation (Fig. 4). Supraesofagal ganglion
and the heart retained PSP toxins but we could not detect
them after the depuration period. No brevetoxins were
detected in these organs (Table 3). Some authors noted that
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(arrow) compared with brevetoxin standards (PbTx 2 and PbTx 3).
the number of binding sites (VGSC) and the size of the
organ/tissue in proportion to the body of the organism are
crucial factors to retain and accumulate phycotoxins (Poli
et al., 1990; Trainer et al., 1990; Andrinolo et al., 1999;
Lehane, 2000). Also, the chemical characteristics of these
toxins determine the time of uptake and the period of
retention in the tissues, as we discussed above (Guo et al.,
1987; Cattet and Geraci, 1993; Andrinolo et al., 1999; Poli
et al., 1999; Baden et al., 2005).

We still do not know if shrimp depurate or transform the
toxins using enzymes. The absence of STX, PbTx 1, PbTx 3,
and PbTx 10 in the toxin profiles of strains used leads us to
conclude that there is a metabolic process to transform
and/or depurate those toxins in shrimp as in other organisms
occurred (Plakas et al., 2002; Gárate-Lizárraga et al., 2004;
Ishida et al., 2004; Oikawa et al., 2004; Wang et al., 2004;
Band-Schmidt et al., 2005). Further studies are necessary to
know the kinetics of these toxins in crustaceans.

3.5. Histology

The chronic exposure to toxic dinoflagellates in shrimp
caused severe harm to gastric glands, the heart, and the
supraesofagal ganglion (Fig. 5, 6 and 7). No differences in
the average length of H and A bands or the distance of Z
membranes of abdominal muscle were observed. The
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length of these bands varies depending on the contraction/
relaxation of the muscle (Lesson et al., 1990; Lightner,
1996). Muscle of the organisms exposed to phycotoxins
does not metabolize them but acts like a storage
compartment while they are depurated by hepatic tissue
(Guo et al., 1987; Poli et al., 1990). Nevertheless, these
results are not conclusive because we analyzed only the
muscle of the first abdominal segment of the organisms.
Examine the muscle of the six abdominal segments of
shrimp and advanced techniques (e.g. immunohistochem-
istry, scanning electron microscopy) should be used in the
future, in order to corroborate the possible damage in
muscle fibers of crustaceans exposed to PSP and NSP.

Necrotic tissue and degradation of surface cells of the
tubules from gastric glands were observed. Damage in the
luminal cells reaches even the surrounding tubules (Fig. 5).
The gastric gland is the first organ to digest food in shrimp
and if there is damage in this organ, the nutrition and
growth of the organisms can be affected (Lightner, 1996).
Hepatic tissues act as reservoirs of paralytic toxins and
brevetoxins, and they are the principal via to metabolize
and eliminate them from the body (Poli et al., 1990; Cattet
and Geraci, 1993; Andrinolo et al., 1999; Lehane, 2000).
The cardiac tissue of shrimp exposed to toxic dino-
flagellates showed harm in the myofibers, lost cohesion
and presented significative differences (p < 0.05) in the
average cell densities compared with the controls. In the
last few days of the experiment, some hearts even
mislaid part of the muscularis frontalis (central fibers
that divide the subchambers in heart) (Fig. 6). Previous
works have reported the presence of paralytic toxins
and brevetoxin in heart tissue, as well as damage in
the myocardium, affecting the blood pressure and
causing arrhythmia and cardiac arrest (Guo et al., 1987;
Poli et al., 1990; Andrinolo et al., 1999; Pérez-Linares
et al., 2008).

The supraesofagal ganglion of exposed shrimp to GCCV
6 and KBTX 3 also showed damages, mainly in the medullar
neuropile (Fig. 7). The ganglion suffered degeneration in
the neuropile cells and the axon fibers, showing tissue
splits and cell lysis in the ganglionic medulla. These cells
make the synapses possible and process the stimuli, thus
any injury or inflammation in this tissue could lead to
paralysis, spasms, anomalous conduct or death to the
organisms (Trainer et al., 1990; Oliveira-Soares et al., 2004;
Pérez-Linares et al., 2008). All these harms caused to the



Fig. 5. Cross section of shrimp gastric glands from chronic assay exposed to G. catenatum cells (103 cell/L) during 45 days. The upper left figure corresponds to the
beginning of assay (day 1); upper right figure to day 30; lower left to day 45 and the lower right figure to the control shrimp from day 45. After the exposure to
toxic dinoflagellate, the cells showed damage and necrotic tissue compared to the controls. Bar ¼ 100 mm. Staining carried out with H/E.

Fig. 6. Cross section of shrimp heart tissue from chronic assay exposed to G. catenatum cells (103 cell/L) during 45 days. The upper left figure corresponds to the
beginning of assay (day 1); upper right figure to day 45; lower left to day 60 and the lower right figure to the control shrimp from day 60. After the exposure to
G. catenatum, the muscle fibers of heart lost density even after the depuration period compared to the controls. Bar ¼ 300 mm. Staining carried out with H/E.
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Fig. 7. Cross section of shrimp supraesofagal ganglions from chronic assay exposed to G. catenatum and K. brevis cells. The upper left figure corresponds to day 1;
upper right to day 60 treated with GCCV 6; lower left to day 60 exposed to KBTX 3 and the lower right figure to the control shrimp from day 60. The first days of
treated shrimp as well as controlled organisms showed normal ganglionic neuropile cells compared with the degeneration of neuropile and glia cells from
exposed organisms, even after the depuration period. Bar ¼ 100 mm. Staining carried out with H/E and Polychromic.
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shrimp tissues because of the exposure to GCCV 6 and KBTX
3 can explain the behavior exhibited by the organism, the
impact in their survival, percentage of feed and weight gain
(Table 2 and Fig. 2).

4. Conclusions

G. catenatum and K. brevis can cause important impacts
to shrimp aquaculture, even if the expositions are at low
cell densities. Abnormal behavior and damage in their
tissues can lead to significant economic losses in shrimp
production because of problems in their survival,
percentage of feed and growth. More than 50% of the
organisms can survive and accumulate phycotoxins, rep-
resenting a potential vector for PSP and NSP toxins for the
consumer population. This is a preliminary study showing
the negative impact of phycotoxins to culture shrimp. It is
necessary to continue investigations about the kinetics of
these toxins in crustaceans, quantify the toxins accumu-
lated in edible tissues, explore another binding sites of
toxins in shrimp, and verify if there is enzymatic trans-
formation of these toxins by the metabolism of the
shrimp.
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Gárate-Lizárraga, I., Bustillos-Guzmán, J.J., Morquecho, L., Band-Schmidt, C.,
Alonso-Rodrı́guez, R., Erler, K., Luckas, B., Reyes-Salinas, A., Góngora-
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