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Abstract: Ciguatera fish poisoning (CFP) occurs mainly when humans ingest finfish 

contaminated with ciguatoxins (CTXs). The complexity and variability of such toxins have 

made it difficult to develop reliable methods to routinely monitor CFP with specificity and 

sensitivity. This review aims to describe the methodologies available for CTX detection, 

including those based on the toxicological, biochemical, chemical, and pharmaceutical 

properties of CTXs. Selecting any of these methodological approaches for routine 

monitoring of ciguatera may be dependent upon the applicability of the method. However, 

identifying a reference validation method for CTXs is a critical and urgent issue, and is 

dependent upon the availability of certified CTX standards and the coordinated action of 

laboratories. Reports of CFP cases in European hospitals have been described in several 

countries, and are mostly due to travel to CFP endemic areas. Additionally, the recent 
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detection of the CTX-producing tropical genus Gambierdiscus in the eastern Atlantic 

Ocean of the northern hemisphere and in the Mediterranean Sea, as well as the 

confirmation of CFP in the Canary Islands and possibly in Madeira, constitute other 

reasons to study the onset of CFP in Europe [1]. The question of the possible contribution 

of climate change to the distribution of toxin-producing microalgae and ciguateric fish is 

raised. The impact of ciguatera onset on European Union (EU) policies will be discussed 

with respect to EU regulations on marine toxins in seafood. Critical analysis and 

availability of methodologies for CTX determination is required for a rapid response to 

suspected CFP cases and to conduct sound CFP risk analysis. 

Keywords: ciguatera; CFP; ciguatoxin; detection methods; Gambierdiscus; methods; 

Europe 

 

1. Introduction  

Ciguatera Fish Poisoning (CFP) is a human intoxication caused by the consumption of fish that 

contain ciguatoxins (CTXs) [2]. The geographical distribution of CFP occurrence is mainly limited to 

tropical and subtropical areas. CFP is found endemically within the western Atlantic Ocean (including 

the Caribbean Sea), in the Indian Ocean, and in the Pacific [3]. Symptoms of the intoxication are used 

to diagnose and distinguish CFP from other seafood intoxications. However, the confirmation of cases 

of CFP relies upon the detection of CTXs in the remaining meal or within the plasma of patients [4]. 

Therefore, it is important to have adequate CTX quantification methods to diagnose CFP cases and 

moreover, to prevent intoxications through the analysis of consumable fish.  

CTXs are secondary metabolites produced by the marine benthic dinoflagellate of the genus 

Gambierdiscus. Numerous congeners of CTXs have been identified according to differences in their 

molecular structure. CTXs from distinct geographical origins (e.g., Pacific, Caribbean, and Indian 

CTXs) have been described. Some CTXs are transmitted through metabolism in the food chain. The 

high toxicity and diversity of CTXs, along with their presence at trace levels in fish tissue, make their 

reliable detection and quantification in fish flesh difficult . Numerous methodologies based upon 

different approaches (e.g., toxicological symptoms, antibody recognition, mass spectrometry, etc.) 

have been developed for CTX recognition. Their applicability not only depends on the sensitivity and 

specificity of the method (ideally, the method is sensitive to all CTX congeners), but also relies on 

effective extraction and clean-up procedures, which are necessary to prepare samples for analysis. In 

the present review, a selection of protocols for sample preparation prior to the application of different 

methodologies of CTX determination is described. A revision of the different approaches available for 

CTX determination, i.e., in vivo mouse bioassay (MBA), in vitro cell based assays (CBA), competitive 

receptor binding assay (RBA), immunological analysis, and physicochemical analysis (HPLC), are 

further described. The applications of these assays as routine screening tools of CTXs in fish and 

Gambierdiscus spp. samples are also discussed.  

The interest for CFP in Europe has been increasing during the last years as CFP has been reported 

in the hospitals of Europe (e.g., France, Spain, the Netherlands, Germany, and Italy), usually in people 
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who consumed imported ciguateric fish or who travelled to CFP areas [5ï8]. Recent reports indicate 

that CFP is present in areas of Africa close to Europe. In 2004, CFP was first confirmed after 

consumption of flesh from fish caught in the Canary Islands [9]. The presence of CTXs was also 

suspected in fish from Madeira in 2007 and 2008 [10]. Additionally, identification of species of 

dinoflagellates of the genus Gambierdiscus, which are potential CTX producers, has been recorded in 

the Mediterranean Sea since 2003 [11ï14], and for the first time in the waters of the Canary Islands in 

2004 [15]. 

Extensive reviews on CFP provide comprehensive analyses regarding the importance of CFP and 

the different factors that influence it [2,3,16ï24]. The present review gives priority to two subjects. 

First, as introduced before, there is a review of CTX determination methods, so as to update readers of 

the available strategies that may improve in the future, and also to standardize and prioritize the 

appropriate methods for CFP management worldwide. Second, in light of the onset of CFP in Europe, 

the paper addresses the importance of the present evidence concerning the onset and evaluates possible 

measures to confront this potential crisis. In a context where the importance of CFP may be recognized 

world-wide, and considering the possible increase of CFP cases in traditionally non-endemic areas in 

Europe and elsewhere, it becomes clear that CFP risk analysis has to be improved to reduce  

CFP impact.  

2. General Considerations about CFP 

2.1. Origin of CFP and toxic fish 

The food chain hypothesis, which suggests that the transfer of toxins along the food web is an 

explanation for CFP movement, was first proposed by Mills . Mills postulated a role for the 

phytoplankton in toxin synthesis [25]. This implication was later supported by Randall [26]. Further 

confirmation arrived by isolation of a toxic marine benthic dinoflagellate, posteriorly described as 

Gambierdiscus toxicus; it was seen as a likely source of CTXs [27]. Adachi and Fukuyo [28] 

confirmed that wild and cultured G. toxicus produce precursors of CTXs (known as gambiertoxins) 

[29]. Transfer of CTXs along the food web was suggested to start with dinoflagellates before moving 

on to herbivorous grazing fish, and then to the carnivorous fish that fed upon the grazers [30]. Some of 

these toxins accumulate in the fish tissue and can be metabolized into the different forms (e.g.,  

CTX-1B and 51-hydroxyCTX-3C) from original CTX structures (e.g., CTX-3C and CTX-4B) that are 

ultimately responsible for human intoxication. 

Both herbivorous and carnivorous fish from tropical areas can be toxic. More than 400 fish species 

have been reported to be potentially ciguateric [31]. In several areas, it has been possible to recognize 

the most hazardous fish species. For example, in some parts of the Caribbean Sea, barracuda 

(Sphyraena spp.) are considered extremely hazardous CFP vectors. Identifying fish species at risk is 

certainly useful for fisheries management and for the establishment of public health regulations. 

However it is not possible to generalize and establish a list of hazardous species worldwide; there is 

significant variation in toxin content between individuals within the same species and between 

geographic areas. A general consideration in a given CFP endemic area is that within the same species, 

young fish are less hazardous than the older and larger ones. A shorter lifespan means a shorter time 
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span available for toxin accumulation in fish tissue. Oshiro et al. [32] stated that the toxicity of larger 

fish is higher than that of smaller ones. Additionally, carnivorous fish, and those situated at higher 

trophic levels within the food webs, can be considered riskier than those situated at lower levels 

(herbivorous). However, these notions have been questioned by Darius et al. [33], who described no 

clear relationship between the size and weight of fish in samples from French Polynesia and CFP 

levels. The group also observed that herbivorous fish were key vectors of CFP [34]. CFP toxins 

accumulate mainly in the viscera of fish, but are also present in the muscle and other parts of the body 

[31,35]. Furthermore, it is important to distinguish fish involved in CFP from fish involved in other 

forms of poisoning (e.g., ichtyosarcotoxaemias) for which the causative agents and symptoms are 

different. This is the case for pufferfish poisoning (caused by tetrodotoxin), scombromoid fish 

poisoning (histamine), clupeoid poisoning, elasmobranch poisoning, mercury fish poisoning [36], or 

caulerpa poisoning [37]. 

2.2. Epidemiology and symptomatology 

The epidemiology of CFP is difficult to assess accurately since it is widely recognized that CFP 

cases are underreported [38]. Still, numerous epidemiological data exists on CFP [39ï43]. It is 

important to state that significant differences in symptoms may exist between patients. Differences 

also exist among symptoms presented by patients from distinct geographical areas [44]. These 

differences are most probably due to structure-activity and pharmacokinetic variations encountered 

between the different CTX congeners [45,46]. Even within areas, the risk of CFP is not homogenous, 

and the incidence of CFP varies.  

About 400 million people live in areas where CFP is present. In 1998, the worldwide incidence of 

ciguatera was estimated to affect annually between 50,000 and 500,000 individuals [19,47]. CFP is 

rarely fatal with fatalities estimated to be <0.1%; however, fatalities may be higher in the Indian Ocean 

[48]. A survey from 2000 to 2008 in French Polynesia reported a mean incidence rate of around  

23 ± 6.5 cases per 10,000 per year [34]. The highest incidence rate was recorded at 464 cases per 

10,000 in 2002 in Raivavae Island [34]. Among the 47 fish species implicated as responsible in French 

Polynesia, most were carnivorous (68%), followed by herbivorous (21.3%), and omnivorous (10.3%) 

species [43]. In New Caledonia, a survey among the population showed that 70% of the population had 

experienced CFP [49]. A recent survey conducted in 2005 in Nouméa suggested that the CFP 

prevalence rate even increased from 25% in 1992 to 37.6% in 2005 [50]. The fish species most 

incriminated in CFP cases were carnivorous (85%) [51], followed by herbivorous species. 

Additionally, four cases were related to shellfish consumption [50]. 

Clinical manifestations appear 2ï30 h after consumption of ciguateric fish. The symptomatology of 

CFP is quite complex; there are many toxicological manifestations at different levels. The symptoms 

of CFP involve general (e.g., weakness, joint pains, back stiffness, myalgia, headache, chills, faintness, 

dizziness, oliguria, and itching), digestive (e.g., nausea, vomiting, diarrhea, abdominal pain, cramps, 

and dehydration), cardiovascular (e.g., low arterial pressure, irregular heartbeat, and bradycardia), and 

neurological (e.g., dysaesthesia, temperature reversal, paresthesia, superficial hyperesthesia, mydriasis, 

and absence of the patellar and achillean reflex) pathologies [26,39,52]. Some neurological symptoms 

are characteristic of CFP, such as dysaesthesia (reversal of cold and hot sensation/hypersensitivity to 
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cold) and paresthesia (lack of sensitivity in the extremities). CFP neurological effects can also last for 

months, and occasionally, years [38,53]. Alcohol consumption, tobacco smoking, and fish 

consumption have been shown to promote or reactivate symptoms [53,54]. According to numerous 

case studies and reports, the intravenous injection of mannitol (1 g kg
-1
 over 30 min) early after CFP 

seems to be the most efficient therapy for CFP [36,55,56]. Other palliative treatments for CFP 

intoxication have been implemented with some success, such as a a mixture of vitamins (C and B) and 

calcium gluconate in glucose solution [57], and other treatments oriented towards the mitigation or 

reversion of specific symptoms [36,58,59]. Folk remedies have been traditionally used to prevent or 

treat CFP-associated symptoms [60]. For instance, in a study by Boydron-Le Garrec et al. [61], 27 

plant extracts from 31 plants tested showed in vitro protective effects against CTX action, thus leading 

to the possible isolation of new bioactive compounds that can treat CFP [62]. Recently, brevenal, a 

polyether compound produced by the dinoflagellate Karenia brevis, was described as a potent inhibitor 

of CTX-induced neurotoxic effects; acting through the inhibition of CTX-induced catecholamine 

secretion [63]. All of these compounds may be considered as new candidates for CFP  

treatment [62ï64].  

2.3. Organisms producing CTXs 

Gambierdiscus toxicus has been considered the main species responsible for the production of 

CTXs. This marine dinoflagellate usually grows in tropical and subtropical waters as an epiphyte on 

macroalgae in coral reefs, mangroove systems, and on artificial surfaces [65] or sand [66]. Five 

additional Gambierdiscus species were later described: G. belizeanus [66], G. yasumotoi [67], G. 

polynesiensis, G. pacificus, and G. australes [68]. Production of toxins by some of these species has 

been described [67ï70], but their direct implication in CFP outbreaks has never been confirmed. 

However, cases attributed to G. toxicus could have been caused by other Gambierdiscus species. 

These studies, along with recent works [71,72], underline the high degree of complexity in 

Gambierdiscus taxonomy. Due to uncertainties regarding the identification of Gambierdiscus species, 

strongly hampered studies on the ecology of this dinoflagellate, an extensive revision of the six already 

described species was further conducted by Litaker et al. [73]. The revision was based upon 

morphological and phylogenic analysis, and led to the description of four new species, i.e., G. 

caribaeus, G. carolinianus, G. carpenteri, and G. ruetzleri [73]. It was also proposed that the original 

species, G. toxicus, of Adachi and Fukuyo [28], may in fact include multiple species [72,73]. However, 

no toxicological data is currently available regarding these four new species.  

Ecological and physiological studies have been conducted on both wild and cultured Gambierdiscus 

spp. in order to elucidate the factors influencing the occurrence of toxic Gambierdiscus blooms. The 

existence of genetically determined species producing CTXs was first proposed by Holmes et al. [74], 

and is supported by recent data that identified three CTX super-producing clones of G. polynesiensis 

among 20 Gambierdiscus clones tested [69]. The role played by environmental conditions in favoring 

the growth of toxic clones in natura should also be considered [75]. The exact nature of factors 

influencing the toxicity and abundance of Gambierdiscus spp. remains unclear. However, light 

intensity, salinity, water temperature, nutrients, growth stage, and the presence of bacteria have been 

shown to influence the growth and toxicity of Gambierdiscus spp. [76ï79].  
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Other toxin-producing dinoflagellates coexist with Gambierdiscus spp. in ciguatera endemic 

regions, such as species of the genera Prorocentrum, Ostreopsis, Coolia, and Amphidinium. Their 

involvement in CFP is debatable; these species do not produce CTXs, but do produce other toxins. The 

cyanobacteria of the genus Hydrocoleum Kützing was recently proposed as a new additional source of 

CFP based upon the occurrence of unclassical CFP outbreaks after the consumption of giant clams and 

molluscivorous fish [80]. However, these poisoning events were recently suggested to be linked with 

the accumulation of the neurotoxin homoanatoxin-a [81,82]. 

Many bioactive compounds have been isolated from G. toxicus, i.e., maitotoxins (MTXs) [27,83], 

gambierols [84], and gambieric acid [85,86]. MTX increases intracellular calcium [87] and is 

considered one of the most potent among marine biotoxins when injected intra-peritoneally (i.p.) in 

mice, with an LD50 (i.p. 24 h.) of 50 ng.kg
-1
 [88]. However, MTX has no proven role in human 

intoxication due to its low capacity for accumulation in fish flesh and low oral potency [88]. 

Gambierol was described as a potent potassium voltage-gated channel blocker [89] and was suspected 

to participate in the symptoms of CFP [90,91]. Gambieric acids were isolated from the culture medium 

of G. toxicus and were described as potent antifungal polyether compounds [86].  

2.4. Chemical structure of CTXs and geographical variability 

Ciguatoxins are lipophilic polyethers isolated from fish and Gambierdiscus spp. cell extracts (wild 

samples and cultures). Ciguatoxins are odorless, colorless, devoid of heteroatoms other than oxygen, 

and bear few conjugated bonds. Structurally distinct CTXs from the Pacific (P-CTX), Caribbean  

(C-CTX), and Indian Ocean (I-CTX) have been reported [92ï100].  

CTX-1B, a 60 carbon polycyclic ether, was the first CTX completely described in 1990 by Murata 

et al. [100]. Numerous congeners of CTXs, originating from fish and microalgae of the Pacific  

(P-CTXs), were further described. These congeners presented slight modifications of their 

lipophilicity. Occurrence of these different toxins in fish and microalgal samples vary. However,  

P-CTX-1 (P-CTX-1B) usually dominates toxin profiles in the carnivorous fish tissue of the Pacific 

[45,92]. In order to classify the different congeners of CTXs, Legrand et al. [101] proposed the 

distinction between two families of P-CTXs (types 1 and 2) according to the number of carbons and 

the structure of the E ring (See Table 1 and Figure 1). Two CTXs from the Carribean Sea (C-CTXs) 

were first isolated by Vernoux and Lewis [94], and further identified structurally in 1998 [94,102] 

(Table 1 and Figure 1). Additional congeners were later identified by Pottier et al. [97,98]. More 

recently, four Indian Ocean CTXs (I-CTXs) were isolated [96], but their structural determination 

remains to be established. 

2.5. Toxicity and mechanisms of action  

CTXs are extremely potent marine toxins with an LD50 in mice (i.p.) equivalent to 0.25, 2.3, and 

0.9 ɛg kg
-1
 for P-CTX-1, P-CTX-2, and P-CTX-3, respectively, leading to the observation that the 

degree of oxidation is positively correlated with potency [45]. Recently, the 54-deoxyCTX was 

described as more potent than P-CTX-1 [22]. P-CTXs are more potent than the C-CTXs (LD50 of 3.6 

and 1 ɛg kg
-1
 for C-CTX-1 and C-CTX-2) and I-CTXs (approximately 5 ɛg kg

-1
). No more than an 
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estimated 1 ng P-CTX-1 per kilogram of body weight is needed to elicit the occurrence of mild CFP 

symptoms in humans [19].  

Table 1. Diversity of CTXs isolated from fish and microalgal origin [92,94ï100]. 

Origin  
Number 

of rings 

Number 

of carbons 
Examples of CTX 

Molecular 

Weigh 
Source 

Pacific (P-) 

Type 

I  
13 60 

CTX (CTX1B, CTX-1) 1110.6 carnivorous fish 

CTX2A2 (CTX-2, 52-epi-54-deoxyCTX) 1094.5 carnivorous fish 

CTX2B2 (CTX-3, 54-deoxyCTX) 1094.5 carnivorous fish 

CTX4A 1060.8 G. toxicus, G. polynesiensis 

CTX4B (GTX-4B, Gt 4b) 1060.8 G. toxicus, G. polynesiensis, 

herbivorous fish 

Type 

II  
13 57 

CTX3C 1022.8 G. toxicus, G. polynesiensis, 

herbivorous fish 

CTX2A1  

(2,3-dihydroxyCTX3C) 
1056.0 carnivorous fish 

Caribbean (C-) 14 62 
CTX-1 1140.7 carnivorous fish 

CTX-2 1140.7 carnivorous fish 

Indian (I -) nd nd 

CTX-1 11406 carnivorous fish 

CTX-2 1140.6 carnivorous fish 

CTX-3 1157.6 carnivorous fish 

CTX-4 1157.6 carnivorous fish 

Figure 1. (a) General and specific structures of Pacific ciguatoxins (P-CTXs) (b) Structure 

of Caribbean ciguatoxins (C-CTX-1). 
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Figure 1. Cont.  
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CTXs directly target the voltage-sensitive Na
+
 channels, thus inducing many effects at the cellular 

and physiological levels, such as membrane excitability, release of neurotransmitter [103], axonal and 

Schwann oedema [104,105], increase of intracellular calcium [106], and blockage of voltage potassium 

channels [107]. CTXs stimulate Na
+
 entry [108] through specific binding to site 5 of the voltage-gated 

Na
+
 channel [109]. The affinity of the different congeners of CTXs for the voltage-dependent Na
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Extensive reviews on the mechanism of action of CFP exist [111]. We want to consider a recent 

hypothesis that explains possible chronic effects of CFP. The chronic long lasting effects of CFP 

actually seem to differentiate CFP from other marine toxin intoxications. Neurological symptoms are 

consistent with CTXsô interactions with voltage-gated Na
+
 channels. However, all the symptoms 
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[112]. The chronic fatigue syndrome that may last for weeks or months [113] has been related to high 

nitric oxide (NO) production [114]. Penil and muscular relaxation, as well as L-type Ca
2+ 

channel 

activation, were shown to be NO-mediated via the NOS pathway [115,116]. Up-regulation by CTXs of 

NO and inducible nitric oxide synthetase (iNOS) was recently confirmed by Kumar-Roiné [112]. As a 

matter of fact, P-CTX-1 was shown to induce a time- and dose-dependent increase in NO release 

within macrophage RAW 264.7 cells, through a high and prolonged increase in iNOS mRNA 

expression. It was further proposed that prolonged voltage-gated Na
+
 channel activity stimulates  

N-methyl-D-aspartate (NMDA receptor), resulting in Ca
2+

 influx, followed by constitutive NOS 

activation, thus leading to NO production. NO would in turn interact with the oxidative stress chain, 

resulting in iNOS gene stimulation, leading to further NO production. NMDA activation by CTXs is 

still not demonstrated, but brevetoxin-induced, prolongated voltage-gated Na
+
 channel activity has 

been shown to induce activation of the Ca
2+

-independent iNOS activity. The NOS pathway may 

provide insight into new therapies for CFP, such as NO scavenging or iNOS inhibition, although 

mannitol, as well as some traditional remedies, has been described as free radical  

scavengers [117,118]. 

3. Methodologies for CTXs Determination 

3.1. Importance of CTX determination 

CFP is the result of simultaneous exposure to a suite of closely-related but structurally distinct 

congeners (CTXs) with different intrinsic potencies and very low concentrations in fish. Indeed, it is 

well known that toxin profiles differ largely between herbivorous and carnivorous fish, and both at the 

species and individual levels.  

For a number of marine toxins, data from human intoxication incidents and also toxicological data 

obtained in laboratory tests, (including biological (in vivo or in vitro) and physico-chemical assays 

using purified standards) have contributed to help regulatory authorities set a Maximum Permitted 

Level (MPL) for each of these toxins. Above this MPL, seafood must be banned from the market. For 

instance, based upon the evaluation of CTX content in fish samples using a mouse bioassay, an MPL 

of 0.01 ng g
-1 

P-CTX-1 equivalent toxicity was proposed for fishery products caught in the Pacific in 

2000 [18,19]. This MPL was derived from estimation of CTX content in fish samples taken from meal 

remains after a mild outbreak of CFP. The value takes into account a 10x safety factor in order to 

address individual human risk and possible uncertainties in the assay accuracy [18,19] and in the 

assumptions of the amount of fish consumed. For Carribean fish, an MPL of 0.1 ng g
-1
 C-CTX-1 has 

been proposed [94]. In 2008, Dickey [119] presented an analysis of more than 100 outbreaks of CFP in 

the U.S. for the period of 1998ï2008 in which exposure levels to CTXs were consistent with the MPL 

previously proposed for Pacific and Caribbean region fish [119,120]. These MPLs - established from 

analysis of fish tissue implicated in CFP - are currently used as acceptable levels to guarantee 

consumer protection [120]. 

One important issue regarding CFP management in a specific area consists of the discrimination of 

non-toxic from toxic fish specimens. Presently, this requires cost and the time-consuming procedures 

of extraction, purification, and determination of CTXs from the flesh of fish. Optimization of 
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extraction and purification protocols to improve recovery of CTXs is still required. The development 

of methodologies that could detect CTXs with high specificity and sensitivity, and which are suitable 

for routine monitoring of food, is a matter of concern. Additionally, the confirmation of the presence of 

CTXs in food or in the blood of patients may help the clinical diagnosis of CFP [4], enabling 

differential diagnoses from other forms of ichtyosarchotoxism. Furthermore, purification of CTXs 

from the flesh of fish is of real interest for the identification of new CTX congeners and for the 

characterization of CTX profiles in different regions [24]. Finally, recovery of CTXs for reference 

production from fish material or for pharmacological studies in the elucidation of the CTXsô 

mechanisms of action also requires the development of reliable methods of detection.  

The abundance and distribution of Gambierdiscus spp., as well as CTX production by these 

microalgae in natural populations, are routinely monitored by some laboratories in ciguatera endemic 

areas. The occurrence of toxic (CTX producing) Gambierdiscus spp. blooms may be used as a bio-

indicator of local ciguatera risk in a specific area [33,34]. Some time (months) after the occurrence of 

toxic Gambierdiscus spp. blooms, the appearance of CTX-containing herbivorous fish may occur 

[121]. Determination of CTXs in phytoplankton samples containing Gambierdiscus spp. may also have 

importance for geographical ciguatera risk assessment [70,122]. Determination of CTX production by 

Gambierdiscus spp. cultures, in parallel with taxonomic studies of the genus Gambierdiscus, is crucial 

for associating toxin production with a particular Gambierdiscus species [67,68]. Studying toxin 

production in cultures also helps to describe the kinetics of CTX production under specific, controlled 

laboratory conditions [77,122,123] or according to the physiological growth stage of Gambierdiscus 

spp. cells [69]. Production of gambiertoxins (ciguatoxin precursors e.g., CTX-4B) by in vitro culturing 

of Gambierdiscus spp. was proposed as an alternative supply of CTXs for reference material 

production [16].  

In this chapter, the different strategies proposed for CTX quantification are considered. This 

includes describing sample preparation (for fish and microalgae) and the different existing 

methodologies for CTX quantification. Interestingly, and contrary to other microalgal toxins 

implicated in food poisoning, no recognized official method for the determination of CFP toxins exists.  

3.2. Sample preparation for CTXs determination 

An important issue when considering method development for marine toxins is sample preparation 

prior to toxin determination. Numerous protocols for sample preparation for research or monitoring 

purposes, or both, have been reported in the scientific literature for CTXs during the last decade. The 

nature of the sample, either of fish or microalgae, will have to be specifically addressed, with regard to 

the elimination of interferences and the expected toxin profiles. These two factors differ significantly 

between fish and microalgae. Methods for CTX determination that follow sample preparation may also 

determine the grade of purity of extracts required for the analysis. For example, purification of extracts 

through various Solid Phase Extraction (SPE) steps after solvent partition is often applied when 

analyzing CTX content using LC-MS/MS and CBA methods [119]. Another matter of concern is the 

time required, especially for routine monitoring purposes, for sample preparation to guarantee good 

CTX recovery. A rapid extraction protocol using LC-MS/MS analysis [124] has recently been 

developed to improve the usefulness of the screening of CTX-containing fish. This protocol is  
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twoïto-three times faster than the ñlongò procedures [125]. During another survey of ciguatera [33], an 

additional rapid sample preparation protocol was described for the screening of CTX-containing fish 

using the Receptor Binding Assay (RBA). We present here a selection of protocols published for the 

preparation of microalgal and fish samples containing CTXs. These methods are detailed below 

according to the detection method implemented following sample preparation. 

3.2.1. Fish samples 

Fish sample preparation for CTX determination usually follows a general pattern derived from the 

first descriptions given by Scheuerôs [126] and Yasumotoôs teams [127] in the 1960s. Acetone or 

methanol based extraction is used for the recovery of lipophilic compounds from fish samples. 

Acetone extraction, being more efficient, is preferentially used, and is often implemented two or three 

consecutive times to optimize toxin recovery. A second step consists of the elimination of excessive 

fatty acids based upon solvent partition with hexane, diethyl ether, or chloroform (as in accordance 

with the protocol). Additional purification procedures using SPE have been proposed to improve the 

elimination of resulting fatty acids. Because fatty acids may vary in quantity and quality with the fish 

species, origin, or age of the fish, and because different CTXs may be present according to the 

geographical origin of samples, certain conditions of the purification steps, such as volume and solvent 

gradient, have to be modulated.  

The standard mouse bioassay (MBA) performed by intraperitoneal (i.p.) injection of the diethyl 

ether fraction obtained after liquid partition of fish extracts is often used for the surveillance and 

determination of CTX-contaminated fish [128ï130]. Improvement of sample preparation to enhance 

detection and accurate determination of CTXs in the flesh of fish using the MBA was investigated by 

adding a clean-up step with Florisil SPE to increase the purity of the ether fractions [131] (Figure 2). 

According to these authors, this additional purification step enhanced recovery of P-CTX-1 to 76% vs. 

63% with the standard purification protocol.  

Dickey et al. [119] proposed another purification protocol for CTXs to be used with CBA and  

LC-MS/MS analysis (Figure 3). This protocol is based upon the use of successive solvent partitions, 

followed by various SPE clean-up procedures. The method was reported to be successful for the 

clinical recognition and epidemiology of Pacific and Caribbean ciguatera [119].  

Availability of flesh may be one limitation for the determination of CTXs in leftovers meals. In 

2007, Darius et al. [33] described a rapid extraction procedure implemented for routine monitoring of 

ciguatera risk in French Polynesia that is suitable for RBA analysis. This procedure, based upon the 

extraction of 5 g of fish flesh, is applicable to both herbivorous and carnivorous fish of the Pacific 

(Figure 4) [33,34]. Extraction efficiency presented good concordance with standard extraction 

protocols for highly contaminated samples [132].  
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Figure 2. Solid-phase extraction clean-up of CTXs containing fish extract for use with the 

mouse bioassay according to standard preparation procedure ([128] and [131]). 
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Figure 3. Extraction and purification of CTXs from fish samples (caught in the Pacific and 

Caribbean) for use with Cell Based Assay and LC-MS analysis [119]. 
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Figure 4. Extraction and rapid purification of CTXs from Pacific fish samples to be used 

with the Receptor Binding Assay [33]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A CTX rapid extraction method (CREM) was developed by Lewis et al. [124] in order to reduce the 

time of sample preparation with the extraction of only 2 g fish flesh to be used with LC-MS analysis 

(Figure 5). The CREM was described as a successful procedure for P-CTX determination in Pacific 

carnivorous fish, allowing 95% recovery of spiked P-CTX-1 and 85% recovery of P-CTX-1 spiked at a 

concentration close to the limit of quantification of the method (0.1 ppb). According to these authors, 

CREM combined with LC-MS improves sensitivity and allows multiple analyses per day [124]. 

Stewart et al. [125] further adapted the CREM described by Lewis [124] with an additional 

methanol:hexane extraction step while omitting the final normal-phase SPE clean-up. This modified 

CREM not only reduced the time of preparation for fish extracts while requiring only a small quantity 

of fish flesh, but also showed an excellent reproducibility for P-CTX recovery from fish flesh, as well 

as a lower detection limit of 0.03 ng g
-1
 using LC-MS-MS [125].  

3.2.2. Microalgal samples 

Sample preparation procedures for CTX determination in microalgae are still based upon the 

original extraction protocols previously described for CTX (or gambiertoxin) characterization from 

wild and cultured G. toxicus [92,100,133,134]. The first step consists of extracting cell pellets using 

methanol (aqueous or absolute) [33,68ï70,84,122,134] or acetone [100]. According to the aim of the 

research and the grade of purity required, the resulting crude extracts may be further purified for the 

separation of CTXs from other concomitant toxins using liquid/liquid solvent partition with 

dichloromethane, hexane, or diethyl ether [33,68ï70,133ï135], separation through filtration of 

Receptor 

Binding Assay 
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LC-MS/MS 

analysis 

insoluble MTX in -20 ºC acetone [129], chromatography on SPE cartridges [33,69,70,100,133ï135], 

or by high performance liquid chromatography (HPLC) [69,92,100,134].  

One important aspect to consider while dealing with Gambierdiscus spp. extracts is the possible 

interference caused by MTX, another major toxic compound produced by Gambierdiscus spp. isolates, 

as underlined in previous studies [68,69,77,83]. It has been shown that MTX-derived toxicity may vary 

according to strain origin or culture conditions [69,83,123] and that considerable quantities of MTX (in 

toxicity equivalents) may occasionally take over the production of CTXs [83]. 

Figure 5. Rapid extraction and purification procedures for CTX determination in Pacific 

fish samples using LC-MS/MS analysis (CREM-LC-MS/MS) [124]. 
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Figure 6. Extraction and purification procedure of CTXs from wild and cultured 

Gambierdiscus spp. cell pellets [33,68,69]. 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

It is clear that the purification procedure for CTXs is highly conditioned by the presence of MTX, 

and may vary according to the type of sample. For instance, highly concentrated MTX samples may 

require the combination of solvent partition with chromatographic fractioning using SPE or HPLC so 

as to improve the separation of CTXs from MTX. Historically, MBA has been widely used for 

assessing the good separation of CTXs versus MTXs [69,83], although the presence of CTXs in the 

different fractions obtained may also be monitored using RBA [33] or CBA [136]. A recently 

developed CBA for the detection of MTX may help with the identification of the interferences MTX 

produce during CTX purification steps [137]. Figure 6 illustrates a protocol for CTX extraction and 
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