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ARTICLE INFO ABSTRACT

Keywords: Ciguateric syndrome is a food poisoning associated with the consumption of some species of fish that have
Ciguatoxins accumulated ciguatoxins (CTXs) in their tissues. The effects of the syndrome occur with nervous imbalances
Ciguatera

which have been described for quite some time, and mentioned in sailing literature for centuries. In the last
decade, research has been focused on the implementation of analytical methods for toxin identification and the
study of action modes of CTXs to design effective treatments. However, an important aspect is to determine the
damage that CTXs caused in the organs of affected individuals. In this work, the damages observed in tissues of
mice, mainly in the small intestine, were analyzed. The animals were fed with CTX-contaminated fish muscle at
concentrations 10-times below the median lethal dose (LDsp) for 10 weeks. The analysis of tissues derived from
the oral treatment resulted in an increased occurrence of Paneth cells, presence of lymphoid tissue infiltrating the
mucosa and fibrous lesions in the mucosal layer of the small intestine. A decreasing weight in animals fed with
toxic muscle was observed.

Marine toxins
Lymphocytic proliferation
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1. Introduction channels on excitatory membranes of nerves and muscles resulting in an

excess intestinal fluid secretion, diarrhea, cramping, vomiting and

Ciguatera Poisoning (CP) syndrome results from the ingestion of
seafood that has accumulated marine biotoxins known as ciguatoxins
(CTXs) (Yasumoto and Murata, 1993; Solino and Costa, 2020; Costa
et al., 2023). CTXs constitute a complex family of lipophilic polyether
compounds produced by dinoflagellates of genus Gambierdiscus and
Fukuyoa. These thermostable neurotoxins bioaccumulate and transform
throughout the trophic chain of predatory fish and affect humans when
fish tissues are consumed. CTXs are present at very low levels in
contaminated fish and seafood, usually below the range of ug/kg. The
lowest concentration measured in fish associated with symptoms in
humans was determined at about 0.02 pg/kg equiv. CTX1B in fish flesh
from the Caribbean (Solino and Costa, 2018; 2020; FAO and WHO,
2020). CTXs are neurotoxins that act on voltage-sensitive sodium

paresthesia, muscle weakness, myalgia, arthralgia, fatigue, pruritus, and
numbness of lips and limbs (Solino and Costa, 2020). The neuromus-
cular signs may persist for weeks or months, and in severe cases, death
can occur. In general, there is abundant information about the symp-
toms caused by ciguateric syndrome; however, data on the damage that
toxins produce on the different organs of affected individuals are scarce
(Solino and Costa, 2018; Chinain et al., 2021).

Terao et al. (1991) observed marked swelling and focal necrosis of
cardiac muscle cells as well as effusion into the interstitial space of the
heart of mice after intraperitoneal (ip) or oral administration of 0.7
pg/kg of Pacific CTX (also CTX1B) and CTX4C (Satake et al., 1996).
These experiments did not e exceed 24 h. Other effects detected were
degeneration of cells in the medulla of the adrenal glands and
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continuous erection of the penis in about 15 % of the mice suffering from
ciguatoxicosis. Although severe diarrhea was produced by the admin-
istration of these phycotoxins, no morphological alterations were
observed in the mucosa and muscle layers of the small intestine except in
autonomic nerve fibers and synapses (Terao et al., 1991). In a subse-
quent study, the use of a repeated oral and ip (0.1 pg/kg) dose of CTX
and CTX4C for 15 days resulted in marked swelling of cardiac cells, and
endothelial lining cells of blood capillaries in the heart of mice. Damage
of capillaries, and effusion of serum and erythrocytes into the interstitial
spaces of the myocardium occurred. Furthermore, swelling of the
endothelial lining cells of capillaries caused narrowing of the lumen and
accumulation of blood platelets in capillaries triggering multiple single
cell necroses of cardiac muscle cells. In the period of one month after the
treatments with the toxins, myocytes and capillaries appeared to be
normal. Nonetheless, the effusion in the interstitial spaces produced
formation of bundles of dense collagen, which persisted for 14 months
(Terao et al., 1992).

Also, toxicokinetic evaluation of CTX1B in rats after an oral or ip
treatment confirmed the rapid absorption capacity of CTXs, and their
ability to cross the blood-brain barrier, revealing that biologically active
CTXs are detectable in blood, liver, muscle, and brain (Bottein et al.,
2011; FAO and WHO, 2020).

On the other hand, a recent study by Raposo-Garcia et al. evaluated
the effects of both acute and subchronic oral toxicity of Pacific CTX3C
and other CTX-related analogues in mice. The most relevant effect of
oral acute exposure to CTX3C at a dose of 1 pg/kg was a decreased urine
production in 24 h by about 85 % suggesting that either activation or
inhibition of voltage-gated sodium channels can alter renal function,
however no effects were reported after a 28-day oral administration
period (Satake et al., 1993; Raposo-Garcia et al., 2022).

The European regulations (EU) 2017/625 and (EU) 2019/627 ensure
that fishery products containing biotoxins and other toxins such as
ciguatera are not placed on the market (Eur-lex.europa.eu). Thus, the
safety levels of these environmental contaminants are well regulated to
prevent acute symptoms of CP.

In this study, we intend to establish a correlation between environ-
mental toxicology, food web interactions and public health risks through
the possible tissue alterations that might occur in the different organs of
individuals when a continuous consumption of fish with low levels of
CTXs contamination escape the usual sanitary controls. This research
describes the alterations observed in tissues, mainly in the small intes-
tine, of mice exposed to low doses of CTXs (10-times below the median
lethal dose (LDsg)). The experiment approaches the oral administration
of CTX-contaminated fish muscle throughout 10 weeks.

2. Materials and methods
2.1. Toxic amberjack muscle for oral treatment

Fish sample of an amberjack from the Canary Islands (Spain),
screened as positive for CTX monitoring control at the University
Institute of Animal Health and Food Safety (IUSA), Universidad de Las
Palmas de Gran Canaria (SG3 of EuroCigua project), as described in
Section 2.2, was used for oral feeding of mice. The fish tissue was stored
at —20 °C prior to use and preparation as toxic flour.

2.2. Quantification of CTXs of experimental food-fish muscle

The experimental diet consisted of flesh from a naturally contami-
nated amberjack. The presence of C-CTX1 (0.27 + 0.02 pg/kg) was
previously confirmed by liquid chromatography mass spectrometry (LC-
MS/MS) in the framework of the interlaboratory collaborative analysis
of EuroCigua project. Furthermore, the presence of CTX-like toxicity was
also determined by N2a-MTT assay at IUSA laboratory, resulting in an
effect of multiple CTXs analogues, such as 1.10 pg/kg equiv. CTX1B
(Pacific type 1 CTX (CTX1B) (Sanchez-Henao et al., 2021; Ramos-Sosa
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et al., 2023). In fact, this value reflects the overall toxicity of the flesh
in terms of CTX activity, and therefore, this concentration was used to
calculate the toxic meat intake doses for experimental mice.

CTXs extraction from fish for the Cell-Based Assay (CBA) analysis
was performed following the Lewis protocol (Lewis, 2003) with some
modifications, according to the needs of the IUSA laboratory. For the
cytotoxicity assay, neuroblastoma cells (N2a line, CCL-131, from ATCC,
LGC Standards SLU, Barcelona, Spain) were maintained in Roswell Park
Memorial Institute medium (RPMI)-1640 with 5-10 % of fetal bovine
serum at 37 °Cin a 5 % CO4 atmosphere. The Pacific type 1 CTX (CTX1B)
provided by Prof. Richard J. Lewis (Queensland University, Australia)
(Lewis et al., 1991) was used as a standard (STD) for the assessment of
CTX-like toxicity. The CBA was conducted as described by Caillaud et al.
(2012) with minor adaptations; 96-well flat bottom plates were seeded
with 4-10* cells per well. Dilutions of both, STD and flesh extract, were
performed to expose cells with and without Ouabain (0.1 mM) and
veratridine (0.01 mM) pre-incubation. Cell viability was determined
using MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium] and
DMSO solutions and the corresponding absorbances were read at
570 nm by a multiwell spectrophotometer scanner (iMark Microplate
Reader, Bio-Rad). The toxicity of the sample expressed as CTX1B equiv.
was calculated according to the 50 % inhibition concentration (ICsg)
from the dose-response curves of the sample and the STD.

2.3. Oral treatment with toxic fish muscle

A feeding experiment using CTX-toxic fish muscle was proposed to
analyze tissue damage of Swiss albino male mice, using fresh fish sam-
ples of toxic amberjack (50.8 g, 1.10 pg/kg equiv. CTX1B). Control
group was fed with non-toxic sole (42.6 g). Animals were fed by oral
gavage to assure that the exact dose was administered.

Fish samples were cut into small pieces, frozen at —-80°C for 30 min,
and lyophilized (Spielmeyer et al., 2021). Next, the samples were
powdered and sieved to obtain fish flour. The flours were homogenized,
resuspended with physiological serum (NaCl 0.9 %) and distributed in
doses.

Toxic amberjack flour was distributed in 10 doses of 800 pL at 1/10x
of the lethal dose of CTX1B equiv. (0.50 ng equiv. CTX1B/dose). Each
dose was administered in 4 x 200 pL oral sub-doses (0.125 ng equiv.
CTX1B/sub-dose) in day 1 (Wednesday: 2 x 200 pL) and day 2
(Thursday: 2 x 200 pL) every week. A total dose of 5.00 ng equiv.
CTX1B/mouse was administered at the end of the experiment (Fig. 1).
Similar procedure was developed for control group (UBC ACC TECH 09a
Oral Dosing, 2021).

Two experimental groups of 20 g Swiss albino male mice, control
and toxic, were fed by oral gavage through a gastric catheter for 10
weeks. Group 1 (n=10) (non-Contaminated fish; NC): Ten mice received
equivalent sole meal in physiological serum (NaCl 0.9 %). Group 2
(n=10) (Contaminated fish; C): Ten mice were given amberjack flour
(0.5 ng equiv. CTX1B/doses-week) suspended in physiological serum
(NaCl 0.9 %). All animals were subjected to weight control during the
experiment (Fig. 1). Weight control was performed once a week, every
Wednesday, before feeding. Moreover, everyday throughout the exper-
iment, the animals were supervised in order to assure welfare and to
detect possible behavioral alterations.

2.4. Necropsies and histological samples preparation using fish flesh
containing CTXs

At the end of the experiments, the animals were sacrificed using the
rules of animal protection and ethic protocols of Universidad de La
Laguna (ULL) [Reference number ULL-CEIBA2020-0397]. To analyze
the organs’ toxicity, liver, intestines, kidney, lung, spleen, heart and
brain samples were extracted and prepared for histological analysis. The
samples were fixed in 10 % formalin solution (pH 7.4), dehydrated in a
graded series of ethanol, and embedded in Paraplast® highly purified
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Fig. 1. Scheme of the experimental design.

paraffin for tissue embedding. Longitudinal, transversal, and sagittal
microtome (Shandon Finesse 325) sections of 5 pum thickness were
prepared. The sections were stained with haematoxylin—erythrosine (H-
Er), Cleveland-Rucker-Wolfe (CRW) and Masson’s trichrome to identify
tissue and cell structure. The sections were inspected with a Leica DM
4000B light microscope, and the images were captured with a Leica DFC

300 FX camera. For histomorphometrical analysis all sections of the
small intestine were evaluated using computer-based image analysis
software (Q-win V3 Pro-image analysis system, Leica, Barcelona, Spain).
Fifteen randomly selected microscopic fields were counted at 400x
magnification in which Paneth cells, identified by their morphological
characteristics, were quantified.

Paneth cells/field

c NC

C

Fig. 2. (a,b) Representative cross-sectional images of the small intestine from animals fed uncontaminated fish (NC) and contaminated fish (C) showing the presence
of Paneth cells (arrowheads) in Lieberkiihn crypts. In (¢) a graph is shown with the number of Paneth cells per field at 400x magnification in each of the experimental
groups. The bars represent the means + SD (n = 5). The identical symbol (*) on different bars indicates significant differences between them (*p <0.05). Mu: Mucosa;

OM: Own muscle; SMu: Submucosal layer. Scale bars: (a,b) 30 um; Staining: H-Er.
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2.5. Statistical analysis Significance was set a p < 0.05. Results are expressed as means =+ SD.

Statistical analysis was performed with SPSS.25 software. We
compared the distinct treatments by means of a one-way analysis of
variance (ANOVA) with a Tukey multiple comparison post-test.

Fig. 3. (a,b) Representative images of the small intestine in an animal from group NC showing the usual location of a Peyer’s patch (Iymphoid follicle) in the
submucosal region (SMu) (a), and from an animal from group C showing the presence of a lymphocytic proliferation in the mucosal layer (arrowheads) (b). (c)
Representative image of the small intestine of an animal from group C showing the presence of a connective tissue proliferation (CTP) with abundant cellularity in the
intestinal mucosal layer (arrows). (d) Magnification image of the boxed area showing the presence of large blood vessels (v) and pyknotic nuclei (arrowheads) in the
connective tissue proliferation (CTP). CTP: Connective tissue proliferation; mm: Muscularis mucosae; Mu: Mucosa; OM: Own muscle; pp: Peyer patches; SMu:
Submucosal layer; v- blood vessel. Scale bars: (a) 130 um; (b) 100 um; (c¢) 120 um; (d) 60 um. Staining: H-Er.
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3. Results
3.1. Experimental design

A batch of mice was used to analyze mouse tissue modifications using
food-fish contained with CTXs. Toxic and non-toxic fish muscle was
administered by controlled oral administration to 20 g Swiss albino
male mice at 1/10 x DLsg every week over a prolonged period at sub-
lethal doses of ten weeks. Thus, samples of muscle of toxic amberjack
(1.10 pg/kg equiv. CTX1B) were lyophilized, powdered, and sieved to
obtain fish flour. Mice were fed weekly (0.50 ng equiv. CTX1B/dose)
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over a period of ten weeks. Weight control during the experiment
revealed an 8-10 % decrease in weight in the group of animals fed with
toxic muscle compared to the control group, however, no other external
nor behavioral signs were observed. After this period, the individuals
were sacrificed, and necropsied. Samples of liver, kidney, heart, spleen,
intestine, brain, lung, and stomach from each animal were extracted and
carefully analyzed to detect the histological alterations induced by
CTXs.

Fig. 4. Representative semi-panoramic images showing the tissue architecture of the liver (a,b), kidney (c,d), heart (e,f) and spleen (g,h) in the two experimental
groups NC and C. CV: Centrilobular vein; RC: Renal corpuscle, DCT: Distal convoluted tubule, PCT: Proximal convoluted tubule, V: Blood vessel; My: Myocardium;
RP: Red pulp, WP: White pulp. The arrowheads in images (e) and (f) indicate the intercalary disc. Scale bars: (a-f): 40 um, (g,h): 100 um. Staining: H-Er.
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3.2. Histological studies

Histological examination of organs in animals fed with contaminated
fish (C), showed changes in the mucosal layer of the small intestine. On
one hand, changes in cell composition in the epithelial layer were
detected in Paneth cells, which presented a significant increase of 27 %
compared to animals fed with not contaminated fish (NC) (Fig. 2a-c).

On the other hand, lymphocytic proliferation in the connective tissue
of the lamina propria was observed in different regions of the small
intestine in animals fed with contaminated fish. Unlike Peyer’s patches,
located in the submucosal layer, these lymphocytic proliferations were
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observed within the mucosal layer (Fig. 3a,b). Likewise, within the
mucosal layer and along the intestinal wall, foci of connective tissue
proliferation compatible with fibrous lesions were observed in animals
fed contaminated fish. Inside these proliferative regions, abundant
vascularization and pyknotic nuclei compatible with apoptotic cells
were observed (Fig. 3c,d).

The rest of the organs examined presented a conserved tissue ar-
chitecture without changes at cellular level in the two experimental
groups. The liver showed a normal structure with hepatocytes arranged
in cords bordering the sinusoid capillaries. The vascular spaces of portal
and hepatic systems present normal size and morphology as well as the

Fig. 5. Representative semi-panoramic images showing the tissue architecture of the lung (a,b), stomach (c,d) and brain (e-h) in the two experimental groups NC
and C. AS: alveolar sac, A: pulmonary alveolus, B: bronchiole; SM: Smooth muscle, SB: Submucosal layer, Mu: Mucosal layer, L: Gastric lumen; TCx: Telencephalic
cortex, Hy: Hippocampus, CSt: Striatum, MdB: Midbrain, Cb: Cerebellum, HdB: Hindbrain. The arrows in image (e) indicate the rostro-caudal and dorso-ventral axes.

Scale bars: (a-f): 100 um, (g,h): 500 pm. Staining: H-Er.
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bile ducts (Fig. 4a,b). The kidneys showed a preserved tissue architec-
ture with normal distribution of elements in cortex and medulla.
Cortico-medullary interface with normal vascular elements was clearly
seen. Medullary rays, calyxes and pelvis, of normal size and structure
were also found (Fig. 4c,d). The heart presented a normal histological
structure without significant changes. The myocardium showed car-
diomyocytes with preserved morphology, showing nuclei in a central
position and intercalary discs with normal distribution (Fig. 4e,f). The
spleen showed a normal tissue architecture without significant changes
in cell composition and distribution, observing the differentiation be-
tween white and red pulp (Fig. 4g,h).

The lung showed normal tissue architecture without significant
changes. No signs of fibrosis were detected. Vascular and air spaces of
normal size and morphology and normal epithelial characteristics were
observed. Alveolar and pulmonary sacs presented normal structure
without significant changes nor thickening of the walls (Fig. 5a,b). The
stomach presented a normal histological structure, clearly differenti-
ating the mucosal, submucosal, and muscular layers without alterations
or significant changes (Fig. 5c,d). The brain presented a normal histo-
logical structure in rostral and caudal areas, without significant changes
in the distribution of gray and white matter. All cortical and subcortical
structures were observed, clearly differentiating the olfactory bulbs,
telencephalic cortex, hippocampi, striatum, as well as the different
thalamic and hypothalamic nuclei in the region of midbrain. In the
hindbrain, the different centers were clearly observed, as well as the
cerebellum with a preserved structure in the cortex and region of the
deep nuclei. Ventricles of preserved size and morphology were also
observed in which the choroid plexus of normal structure could be
identified (Fig. Se-h).

4. Discussion

The analysis of tissues derived from the oral treatment results, in the
small intestine, in a higher presence of Paneth cells, which increased by
27 % compared to control animals. There was proliferation of lymphoid
tissue and connective tissue in the lamina propria, the latter generating
fibrous masses with apoptotic nuclei, and an 8-10 % decrease in weight
in animals fed with toxic muscle compared to the control group. No
other external nor behavioral signs were observed.

Paneth cells are a type of cell found in the small intestine. These
highly specialized cells were described by Gustav Schwalbe and Josef
Paneth in the late 19th century as columnar epithelial cells possessing
prominent eosinophilic granules in their cytoplasm (Paneth, 1888).
Paneth cells are in the small intestinal crypts of Lieberkiihn and play an
integral role in maintaining intestinal homeostasis and modulating the
physiology of the small intestine and its associated microbial flora
(Wallaeys et al., 2023). Paneth cells produce and secrete antimicrobial
peptides and proteins that regulate the epithelial environment and help
defend the host against invading microorganisms. Paneth cells are also
involved in the production of digestive enzymes and mucin, a protein
that helps protect the lining of the small intestine from damage. Paneth
cells secrete to both modulate the microbiome and mediate the in-
flammatory response. IgA is one such component which may be pro-
duced by plasma cells in the lamina propria before accumulating and
associating in Paneth cell granules. This in turn plays a significant role in
secondary regulation of the host microvasculature, the normal injury
and repair mechanisms of the intestinal epithelial layer, and the levels of
intestinal inflammation (Lueschow, McElroy, 2020). Autophagy is also
an important process for Paneth cells. Because Paneth cells tend to live
longer than most other cells of the gut and have many aggregated pro-
teins that could be recycled by other neighboring cells, as damage and
stressors occur to the cells, autophagy becomes activated. The position
of the Paneth cell in the intestinal crypts also allows them to interact
directly with intestinal stem cells, influencing the intestinal stem cells
niche as has recently been revealed (Cray et al., 2021).

CTXs are toxins produced by certain species of marine algae that can
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accumulate in the flesh of some fish and cause a condition known as
ciguatera, which is characterized by gastrointestinal, cardiovascular,
and neurological symptoms. To the best of our knowledge, until now, no
relationship has been documented between Paneth cells and ciguatoxins
despite their involvement in digestive health and intestinal homeostasis.
Variations in the number of Paneth cells, both reductions or increases,
have been described in humans and animal models associated with
different pathological conditions such as infections, ischemic processes,
or inflammation (Tanaka et al., 2001; Gassler, 2017). An increment of
Paneth cells can lead to a condition known as Paneth cell metaplasia
(PCM), which is characterized by an abnormal accumulation of these
cells in the intestinal crypts, or Paneth cell hyperplasia (PCH), charac-
terized by an increased number of Paneth cells in their usual location.
Both conditions are indicators of chronic epithelial disease cell damage
(Jenkins et al., 1997) and trigger a disruption of the intestinal epithelial
barrier and an increase in inflammation, which can cause a variety of
digestive and immunological problems such as Crohn’s disease. Some of
the most common symptoms include abdominal pain and bloating,
malabsorption of nutrients, diarrhea, and weight loss (Tanaka et al.,
2001; Simmonds et al., 2014). Other potential problems associated with
an increased number Paneth cells include a high risk of infection due to
an imbalance of bacterial colonies in the intestine, as well as the
increased risk to develop certain types of cancer, such as colorectal
cancer (Lopez-Arribillaga et al., 2021). In this work, the presence of PCH
in the small intestine of animals, fed with contaminated fish, suggests a
response to injury of the intestinal barrier caused by CTXs, which could
be mediated by a direct or indirect action of CTXs on Paneth cells.

Alterations of lymphoid tissue in the small intestine can lead to a
variety of conditions and complications. These problems include
gastrointestinal infections that can lead to reduced production of im-
munoglobulins, and an increased risk of infection in the gastrointestinal
tract, and malnutrition due to decreased absorption of nutrients. Altered
lymphoid tissue in the small intestine can also contribute to the devel-
opment of inflammatory bowel disease, as well as the risk of developing
autoimmune disorders and food allergies (Eberl and Lochner, 2009;
Zheng, Zhu, 2022). In this study, the increase in lymphocyte prolifera-
tion observed in the lamina propria also suggests a response to the injury
caused by CTXs on the intestinal barrier. In this sense and considering
the increase observed in Paneth cells, there could be a correlation be-
tween both facts. As described above, some components, such as IgA, are
produced by plasma cells (stimulated B lymphocytes) of the lamina
propria before being accumulated and associated in Paneth cells.
Therefore, the increase in both cell populations seems logical as a joint
response by the intestinal mucosa to the presence of CTXs.

Fibrous lesions in the small intestine are a common complication of
inflammatory bowel disease and may be a sign of a more serious un-
derlying medical condition such as Crohn’s disease or celiac disease.
Treatment for these conditions may involve dietary changes and medi-
cations to reduce inflammation and pain. In some cases, surgery may be
necessary to remove the lesions. If left untreated, these conditions can
lead to serious complications, including malnutrition and bowel
obstruction (Wu et al., 2023). Our results in the experimental condi-
tions, in which the animals were fed with contaminated fish for 10
weeks, the proliferation of lymphocytes and the presence of proliferative
fibrous lesions in the mucosal layer of the small intestine, are clear signs
of local inflammatory response, suggestive of direct and sustained
damage to the intestinal epithelial barrier by the action of CTXs. The
presence of pyknotic nuclei compatible with apoptotic cells is equally
indicative of direct tissue damage. On the other hand, the presence of
fibrous lesions along the small intestine represents an increase in the
thickness of the mucosal layer, compatible with an inflammatory pro-
cess, that could interfere with a normal intestinal absorption (Rieder
et al., 2012), thus justifying the 8-10 % weight loss observed in animals
fed with CTX-contaminated fish.

The analysis of the rest of the organs of the digestive apparatus as
well as organs of other apparatus and systems did not reveal significant
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histological alterations or changes at cellular level in any of them with
the treatment regimen used. In contrast, there are studies in which using
different treatment regimens, specifically higher concentrations of CTXs
for shorter periods of time have described alterations in organs such as
the heart (Terao et al., 1991; 1992).

5. Conclusions

CP syndrome affects humans as a consequence of the ingestion of
CTX-contaminated fish through the trophic chain. In general, there is
abundant information about the digestive, cardiovascular and neuro-
logic effects of ciguateric syndrome in terms of symptomatology;
nonetheless, data on the damage that toxins may produce on the
different organs of affected individuals are scarce. In this work, we have
focused on analyzing the damage caused in organs of mice. The effects
were analyzed using Swiss albino mice treated by oral administration of
low concentration of CTX-enriched food-fish. Thus, the experiment was
performed by feeding mice with CTX-contaminated fish muscle at con-
centrations 10-times below the median lethal dose (LDsg). All animals
were necropsied, and their organs examined. Alterations were found
mainly in the small intestine. The analysis of tissues from the feeding
experiment resulted in an increase of Paneth cells, as well as presence of
lymphoid tissue proliferation and fibrous lesions in the mucosal layer
and a decrease in weight animals treated with contaminated fish. These
findings are suggestive signs of a response to direct and sustained
damage to the epithelial barrier of the small intestine by the action of
CTXs. Thus, the administration of CTX-contaminated fish at low doses,
in which no ciguateric syndrome symptoms nor behavioral changes
were observed in the individuals, causes alterations in gastrointestinal
tissues and decreasing weight. These facts reinforce the need and rele-
vance of accurate detection methods of CTXs in the seafood trophic
chain.
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