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ABSTRACT 

Toxic/mutagenic potentials of Gambierdiscus toxicus (GT) 

and Prorocentrum lima (PL) methanol extracts (CME) were 

determined using brine shrimp (Artemia salina), mouse, 

chicken embryo and Salmonella microsomal assays. PL-CME and 

GT-CME were toxic to shrimp and mice. Isolation and 

separation were accomplished using ether/water, 

hexane/methanol partition and butanol extraction. Toxic 

fractions were purified using column and thin layer 

chromatography (TLC). GT-CME showed low levels of mutagenic 

potential. For GT isolated fractions and PL-CME, no 

mutagenic effects were observed. Both CMEs showed 

embryotoxicity, with no teratogenic effects. Ether/methanol 

and water/butanol fractions showed shrimp toxicity. These 

fractions were purified by treatment with warm/cold 

acetone. Acetone insoluble precipitates were obtained. 

Ether soluble acetone filtrate (ESAF) and butanol soluble 

acetone precipitate (BSAP) showed shrimp and mouse 

toxicity. GT-BSAP produced temperature depression in mice. 

Three toxic isolates were obtained from PL-ESAF, four from 

GT-ESAF and one from both BSAPs columns. TLC preparative 

plates showed at least 12 toxic isolates for PL-ESAF, 8 for 

GT-ESAF and 4 for GT-BSAP. 
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CHAPTER 1 

INTRODUCTION 

Knowledge that the consumption of a variety of fish and 

shellfish is associated with human disease has been 

available for centuries. These diseases result from the 

ingestion of fish which have accumulated toxins of 

bacterial or algal origin (World Health Organization, 

1984). Some of the better known seafood intoxications are: 

scombroid, paralytic shellfish poisoning (PSP), pufferfish 

(tetrodotoxin), cephalod, neurotoxic shellfish poisoning 

(NSP), diarrheic shellfish poisoning (DSP) and ciguatera. 

Scombroid poisoning is caused by the action of bioactive 

amines which are produced in fish by enzymatic/bacterial 

action on fish tissue (Taylor, 1988; Taylor, et al. 1984). 

Symptom.s resemble clinical responses produced by histamine. 

PSP, NSP and DSP are associated with the consumption of 

shellfish which have filter fed on toxin producing 

dinoflagellates with resulting accumulation of the toxins 

(Baden, 1983; Schmidt and Loeblich, 1979; White, 1984). 

Tetrodotoxin is the biotoxin found in certain pufferfish 

and is reported to be of bacterial origin (Mosher and 

Fuhrman, 1984; Taylor, 1988; Yotsu et al., 1987). 

Tetrodotoxin has also been found in newts from several 

genera (Tarich, Cvnops. Triturus), frogs of the genus 
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Atelopus and from several cephalopod and gastropod molluscs 

(Kawabata et. al., 1957). 

Ciguatera poisoning was first reported by Peter Martyr, 

historian of the Americas, in the West Indies (Martyr, 

1555). Spanish sailors were also reported to have ciguatera 

as early as 1606 in the Pacific (Helfrich, 1963). The 

famous voyager Captain James Cook reported an outbreak in 

the South Pacific in 1774, symptoms reported coincide with 

those evident today (Cook, 1777). The origin of the term 

"ciguatera" is believed to be derived from "cigua", the 

name that Cuban natives used for the Turban shell (Turbo 

pica), (currently classified as Cittarium pica), involved 

with food poisoning outbreaks during the Spanish conquest 

(Gudger, 1930). Today the term is used to describe an-' 

illness caused by the consumption of certain fishes 

(primarily reef fish from the tropical and subtropical 

areas of the Caribbean and the Pacific) which have 

accumulated heat resistant, acid stable toxin(s); i.e., 

ciguatoxin(s), from by marine dinoflagellates, via their 

diet. Unlike other dinoflagellate toxins, ciguatoxin(s) is 

rarely concentrated by filter feeding mollusks (shellfish) 

because of the close relation between the ciguatoxigenic 

dinoflagellates and macroalgae or bottom substrates 

(Yasumoto et al., 1977a). The illness is characterized by 

gastrointestinal, cardiovascular and neurological symptoms 

(World Health Organization, 1984) . The most distinctive 
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features of ciguatera are severe pruritus, hot/cold 

reversal sensation, and tingling and numbness of the 

extremities. Some of the neurological symptoms can persist 

for months or even years. 

An accurate assessment of the incidence of ciguatera 

poisoning is not available; however, it is estimated that 

each year from 10,000 to 50,000 people who live in or visit 

tropical and subtropical areas suffer from ciguatera 

poisoning (Ragelis, 1984). Toxic outbreaks of ciguatera are 

sporadic and unpredictable. Additionally, the threat of 

this contamination results in enormous economic losses in 

the recreational and commercial exploitation of fishery 

resources in the affected areas. With increased utilization 

of tropical reef fish in the continental United States 

through interstate trade and tourist travel, incidents of 

ciguatera are on the increase. Ciguatera is the most common 

disease and non-bacterial food poisoning associated with 

the consumption of fish in the U.S. and its territories. 

Federal health research activities [Food and Drug 

Administration (FDA) and National Marine Fisheries Service 

(NMFS)] with respect to ciguatera have focused on the 

protection of human health and the enhancement of commerce 

of subtropical reef fish. This goal can only be realized, 

however, by having a control program for effectively 

removing ciguatoxic fish from the market place. 

Unfortunately, due to the lack of adequate standards and 
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rapid screening methods for monitoring the presence or 

absence of these toxins in fish at various points before it 

reaches the consumer, this goal has not been attained. With 

respect to assessing risks/hazards associated with the 

ciguatera phenomenon, it is also crucial to be aware of the 

chemical properties as well as potential toxicological 

risks associated with individual toxins. Ciguatera research 

and food safety monitoring programs have been hindered by 

the lack of reference materials. Techniques for routinely 

producing larger quantities of purified toxins are now 

emerging. Rapid reliable analytical methods have not been 

developed. Current methods for analysis for ciguatoxin are 

labor-intensive, time-consuming, and lack specificity. 

The key issue in ciguatera continues to be a lack of 

reference material (i.e. toxins) to enable method 

development and toxicity studies. A critical path analysis 

(Figure 1) for ciguatera studies was developed by Dr. 

Douglas L. Park in cooperation with the NMFS while employed 

by the FDA. It is a comprehensive research plan to 

establish an effective safety monitoring program for 

ciguatera. This document highlights the importance of 

obtaining toxins from toxin producing algae, analytical 

method development, and toxicity profile studies. 
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CHAPTER 2 

LITERATURE REVIEW 

1- Occurrence: 

Ciguatera is considered a world health problem. The 

illness is prevalent in the tropical Caribbean and 

subtropical North Atlantic as well as the Pacific regions 

(Bagnis et al., 1979; Bagnis, 1970; Banner, 1965; Lewis, 

1986a; Maharaj et al., 1986; Randall, 1980; Royal, 1982). 

Although in the past toxic outbreaks were limited to the 

endemic areas, interregional transport of fish can result 

in outbreaks in non-tropical parts of the world. 

Ciguatera poisoning outbreaks have been documented in 

Canada, Egypt, Sri Lanka, Italy, Japan, Venezuela, French 

Polynesia, French Antilles and Australia (Bagnis et al., 

1979; Doorenbos, 1984; Gillespie et al., 1986; Hashimoto, 

1979; Vernoux and Abbad El Andaloussi, 1986b; Withers, 

1982). In the United States, cases have been reported in 

Florida, Louisiana, Texas, Kansas, Hawaii, Samoa, the 

Virgin Islands, Massachusetts, Puerto Rico, New York, 

Tennessee and Washington D.C. (Anderson et al., 1983; 

Dawson, 1977; Englebert et al., 1983; Helfrich, 1964; Ho et 

al., 1986; Holt et al., 1984; Lawrence et al., 1980; Morris 

et al., 1982; Paerce et al., 1983; Ragelis, 1984). A few 

cases of ciguatera fish poisonings were reported in 

Vermont, after several restaurants served toxic barracuda 
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imported from tropical regions (Vogt, 1986). Most examples 

outside the circumtropical regions involved the consumption 

of fish shipped from Florida. There is a general increase 

in the incidence of the disease with decreasing latitude. 

Based on an evaluation of ciguatoxin production, percentage 

of toxic fish in fish harvests, and density of ciguatoxic 

dinoflagellates, Gambier, Tuamotu and Marquesas Islands in 

French Polynesia remain the most exposed areas to 

ciguateric risk (Bagnis, 1970). Data collected by Lewis 

(1986), in the Pacific region between the years 1973 and 

1983 indicate higher incidence of ciguatera in the eastern 

Pacific, most notably French Polynesia, some of the 

isolated island groups of the north-central Pacific, 

Kiribati, Tokelau, Tuvalu and one island group in the 

former Trust Territory of the Pacific Islands. One factor 

involved in this phenomenon may be the reduced diversity of 

fish species in these areas with more favorable conditions 

for the proliferation of the macroalgae and dinoflagellate 

community complex responsible for ciguatera. 

More than 400 species of fish have been reported to be 

associated with ciguatera poisoning outbreaks (Halstead, 

1978). This number appears to be high since Bagnis (1969) 

reported 32 fish species in 15 families to cause ciguatera 

in Tahiti and about ten species were found toxic in field 

studies in the Ryukyus islands (Hashimoto, 1979). Table 1 

(Halstead and Courville, 1965) lists some of the species 



that have been implicated with the phenomenon. Species most 

commonly involved are amberjack, red snapper, barracuda, 

grouper, surgeonfish, horse eye jack, crevalle jack, bar 

jack, hogfish, moray eel, dog snapper, sea bass and Spanish 

mackerel (Campbell et al., 1987; Chungue et al., 1984; 

Chungue et al., 1977a; Concon, 1988; Dickey et al., 1982; 

Fusetani et al., 1987; Hashimoto and Yasumoto, 1975; Lewis 

and Endean, 1984a,b; Lewis and Endean, 1983; Vernoux et 

al., 1982). In Florida, more than one third of the 

barracuda tested have been found to contain the toxin(s). 

This has led to a total ban on the sale of barracuda for 

human consumption (Craig, 1980). The broad distribution of 

ciguatoxic fish, between 35 degrees north to 35 degrees 

south latitude (Hessel et al., 1950), suggests the 

possibility that practically all kinds of saltwater fish 

can become toxic (Concon, 1988; Helfrich and Banner, 1963). 

Ciguatoxic fish are usually bottom dwellers or shore fish, 

found usually at a depth of less than 300 feet deep. Most 

frequently the herbivorous species feed on algae and the 

detritus of coral reefs. Larger fish prey on these 

herbivores. Ciguatoxic fish are frequently caught near 

islands because of the abundant coral reefs; however, their 

geographical location and distribution is not consistent. 

Ciguatoxin(s) have also been found in a turban shell (Turbo 

aravrostoma) a food item that has occasionally caused 

ciguatera-like intoxication (Yasumoto and Kanno, 1976a). 
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Table 1: Species 

Family 

of fish implicated in ciguatera poisoning. 

Common name Genus 

Acanthuridae 

Albulidae 

Aleturidae 

Antennariidae 

Apogonidae 

Arripidae 

Aulostomidae 

Balistidae 

Belonidae 

Blenniidae 

Surgeon fish 

Unicorn 

Tang 

Bonefish 

Filefish 

Sargassum fish 

Cardinal fish 

Tommy rough 

Australian salmon 

Trumpetfish 

Triggerfish 

Batrachoididae Toadfish 

Garfish 

Needlefish 

Blenny 

Acanthurus, 

Ctenochaetus, Prionurus 

Naso 

Zebrasoma 

Albula 

Alutera. Anacanthus, 

Pseudaluteres 

Histrio 

Apoaon, Cheilodipterus, 

Paramia 

Arripis 

Arripis 

Alostomus 

Abalistes, Balistapus, 

Balistes, Balistoides, 

Canthidermis, 

Melichthvs. 

Odonus. Pseudobalistes. 

Rhinecanthus 

Corvzichthvs, Qpsanus, 

Thalassophrvne 

Belone 

Belone, Stronavlura 

Entomacrodus, 



Bothidae 

Carangidae 

Flounder 

Jack 

Rainbow runner 

or Hawaiian salmon 

Leatherjacket 

Lookdown 

Amberjack 

Rudderfish 

Pompano, Permit 

Palmometa 

Horse mackerel 

Atlantic moonfish 

Surgefish 

Chaetondontidae Butterflyfish 

Bannerfish 

Angelfish 

Chanidae 

Cirrhitidae 

Clupeidae 

Milkfish 

Hawkfish 

Shad 

Sprats 

Ophblennius 

Bothus. Scophthalmus 

Carangoodes, Caranx, 

Selar, Seriola 

Elegatis 

Oligiphites, 

Scomberoides 

Selene 

Seriola 

Seriola 

Trachinotus 

Trachurus 

Vomer 

Zalocvs 

Chaetodon 

Heniochus 

Holochantus. 

Pomachantus, 

Pygophites 

Chanos 

Paracirrhites 

Anodontostoma, 

Nematolosa 

Clupanodon. Clupea 
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Herring 

Congridae 

Coryphaenidae 

Elopidae 

Engraulidae 

Exocoetidae 

Gempylidae 

Gerridae 

Gobiidae 

Hemiranphidae 

Holocentridae 

Istiophoridae 

Kuhliidae 

Kyphosidae 

Labridae 

Sardines 

Sablefish 

Conger eel 

Dolphin 

Tarpon 

Anchovy 

Flying fish 

Oilfish 

Silverfish 

Goby 

Halfbeak 

Squirrelfish 

Soldierfish 

Sailfish 

Mountain bass 

Rudderfish 

Hogfish 

Wrasse 

Dussumieria, Hishia. 

Qpisthonema 

Harenaula. Sardinella 

Macrura 

Conger 

Corvphaena 

Megalops 

Engraulis, Thrissina 

Cvpselerus 

Ruvettus 

Gerres 

Acentrogobius, 

Ctenogobius. 

Oligolipes, Zenogobius 

Hemiranphus, 

Hvporhamphus 

Holocentrus 

Mvripristis 

Istiophorus 

Kuhlia 

Dovdixodon, Kvphosus 

Bodianus. Lachnolaimus, 

Cheilinus. Coris, 

Ctenolabrus. Epibulus, 

Halichoeres. Thalassoma 

Lophiidae Goosefish Lophiomus. Lophius 
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Lutjanidae Snapper 

Monachantidae 

Mugilidae 

Mullidae 

Muraenidae 

Ogcocephalidae 

Ophichthydae 

Filefish 

Mullet 

Surmullet or 

Goatfish 

Mottled or 

Spotted eel 

Moray eel 

Batfish 

Snake eel 

Worm eel 

Ostraciontidae Cowfish 

Apareus. Aprion, 

Gnathodentrix, 

Gvmnocranius. 

Lethrinus, Lutianus. 

Lvthrulon, Monotaxis, 

Ocvurus. Plectorhinchus 

Amanses. Monacanthus. 

Navodon. Oxvmonocanthus. 

Paramonocanthus, 

Pervaaor, 

Pseudomonocanthus, 

Stephanolepsis 

Chelon. Crenimuqil, 

Mugil 

Mulloidichthvs, 

Parupeneus, 

Qpeneus 

Echidna 

Gvmnothorax, Muraena 

Qqcaphalus 

Callechelvs. Leiuranus. 

Mvrichthvs. Qphichthus, 

Oxvstomus 

Echelus 

Acanthosthracion. 
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Trunkfish 

Phempheridae 

Pomacentridae 

Pomadasydae 

Priacanthidae 

Scaridae 

Scatophagidae 

Sciaenidae 

Scombridae 

Scorpaenidae 

Sweeperfish 

Damselfish 

Grunt 

Bigeye or 

Glasseye snapper 

Parrotfish 

Spadefish 

Croaker or Drum 

Wahoo 

Skipjack 

Bonito 

Mackerel 

Zebrafish 

Barbfish, 

Lionfish 

Scorpionfish 

Oceanfish or 

Kentiocapros. 

Lactophrvs. 

Lactoria. Ostracion, 

Rhinesomus, 

Rhvnchostracion 

Phempheris 

Abudefduf, Dascvllus, 

Pomacentrus 

Anisotremus, 

Orthopristis 

Priacanthus 

Chlorurus, Euscarrus, 

Scarops, Scarus 

Scatophagus 

Johnius, Nibea, 

Osdontoscion 

Acanthocvbium 

Euthvnnus 

Sarda 

Scomberomorus 

Pterois 

Scorpaena 

Scorpaena. Scorpaenopsis 

Sebates 
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Redfish 

Serranidae Grouper 

Siganidae 

Sparidae 

Sphyraenidae 

Syngnathidae 

Synodontidae 

Xiphiidae 

Zanclidae 

Creolefish 

Seabass 

Soapfish 

Rabbitfsih 

Porgy 

Scup 

Barracuda 

Seahorse 

Lizardfish 

Swordfish 

Moorish idol 

Anvperodon, 

Cephalopholis, 

Permatolepsis, 

Epinephelus, 

Mvcteroperca, 

Paralabrax, 

Plectropomus, Variola 

Paranthis 

Promicrops, Epinephelus 

Rvpticus 

Siganus 

Calamus, Ervnnis. 

Pagellus, Paorus, Sparus 

Stenotomus 

Sphvraena 

Hippocampus 

Svnodus 

Xiphias 

Zanclus 
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Another problem associated with ciguatera is that the 

ciguatoxic fish do not remain in specific locations; a 

previous ciguatoxic area may become non-toxic and 

viceversa. Ciguatoxic fish follow different feeding 

regimes, i.e., carnivores feed on smaller herbivores and/or 

molluscs; herbivores feed on macrophytes, inadvertently 

consum.ing dinof lagellates; some are omnivorous and feed on 

both, and others feed on detritus (Randall, 1980). The 

hypothesis that larger fish become toxic after consuming 

already contaminated smaller ones has been confirmed by 

field observations in the Tuamotu Islands (Banner, 1976; 

Randall, 1958). Figure 2 illustrates the proposed 

transmission path of ciguatera toxin from the marine 

dinof lagellate toxicus through herbivorous and 

carnivorous fish to man. Ciguatoxin has been detected in 

the intestinal contents, liver, skin, mucus, gonads and the 

flesh (muscle tissue) of certain species by means of the 

mouse assay and column chromatography (Bagnis et al., 

1974; Chungue et al., 1977b; Gamboa, 1988; Helfrich, 1968; 

Hoffman et al., 1983; Legrand et al., 1988; Yasumoto and 

Scheuer, 1969; Yasumoto, et al. , 1971; 1977b). The liver 

appears to be a target. The highest concentrations of toxin 

were found in this organ (Chungue, 1976). Helfrich et al 

(1968) detected a 50:1 ratio of the toxin in the liver 

versus the flesh of red snapper and Yasumoto and Scheuer 

(1969) reported 100 times as much ciguatoxin in the liver 
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Figure 2: Food chain hypothesis for the transmission 
of ciguatera toxins. 
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as in the flesh of moray eel. The relationship and reason 

for high toxin levels in the liver remains to be 

determined. The liver may serve as the major reservoir for 

the toxins in ciguateric fish or it may be the site where 

the biological precursors are modified. 

Not all the fish in a single fish population contain 

equal levels of toxin (Vernoux et al., 1985a). Also, it has 

been shown that most of the reef fish in French Polynesia 

have an infratoxic level of toxin(s) (Bagnis, 1986). This 

level can build up rapidly to high risk concentrations 

following a bloom of dinoflagellates. 

2- Sources of ciguatera: 

Despite the long history of ciguatera, the major source 

of the toxins, namely a group of benthic dinoflagellates, 

was only discovered within the last decade. Prior to these 

developments, many theories implicated diseased fish, 

pollution and other phenomena in the poisonings. The 

breakthrough occurred when Yasumoto et al. (1977a) found 

considerable toxicity in a sample of algae and detritus 

collected from the surface of dead coral in the Gambier 

Islands of French Polynesia. They also found high numbers 

of a large dinoflagellate in the most toxic samples while 

relatively few in the non-toxic samples. The same pattern 

held for the stomach contents of high and low toxicity 

fish. The organism was tentatively identified as 
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Diplopsalis sp. and was later placed in a new genus and 

named Gambierdiscus toxicus (Adachi and Fukuyo, 1979) 

(Figure 3). Yasumoto et al. (1977a) used various sieving 

and separation techniques to obtain dinoflagellate-rich 

fractions from heterogeneous detrital samples containing 

sand and coral fragments. Bioassay results of the 

dinoflagellate samples showed that toxicity was directly 

proportional to the number of G_^ toxicus organisms in the 

samples. 

The dinoflagellates associated with seafood poisonings 

are, in general, eukaryotic marine algae belonging to the 

division Pyrrhophyta (Steidinger, 1983) . They are among the 

primary producers of organic matter and a major component 

of marine phytoplankton (World Health Organization, 1984; 

Sullivan, 1986) and may be autotrophic, auxotrophic, or 

heterotrophic. Most are single celled motile organisms 

while others exist as filaments or coccoid cells. The 

benthic dinoflagellate community is diverse, consisting of 

species of at least four genera. Over 1200 species are 

known. Few but more than four genera are benthic in habitat 

and more than 20 species over-all have been implicated in 

seafood related toxin production. Toxic species belong to 

widely divergent genera, including: Prorocentrum, 

Dinophvsis. Amphidinium. Gvmnodinium. Alexandrium, 

Protogonvaulax, Gonvaulax. Ostreopsis. Gambierdiscus, and 

Pvrodinium. All are photosynthetic and they synthesize long 
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chained unsaturated fatty acids as food reserves; but they 

have little else in common- Several of the species 

including Gambierdiscus. Coolia. Ostreopsis and 

Prorocentrum secrete enormous amounts of mucilage from 

vesicles containing spirally coiled fibers (Besada et al., 

1982). These species utilize this mucilage as a means of 

attaching to each other and form an intricate network. When 

grown in culture the cells tend to attach themselves to the 

bottom of the flasks by means of a short thread (Besada et 

al., 1982). The occurrence of spirally coiled fibers in 

vesicles in ^ monotis, O. ovata, and toxicus and 

similarities in thecal tabulation suggest that these three 

species are closely related. 

Even within the benthosphere, dinoflagellates differ 

greatly in habitat preference ranging from attachment to 

macroalgae and other surfaces, sand, and the remainder 

free-swimming or rafting on drift algae (Baden, 1983; 

Bomber et al., 1988a; Garcon, 1979), 

Electron microscope observations reveal that all 

dinoflagellates have common characteristics: a vesicular 

cell covering, a 2-3 membrane chloroplast envelope, a 

persistent nuclear envelope with chromosomes attached to 

the envelope and at some time in their life cycle two 

dissimilar flagella (Taylor, 1979; Steidinger, 1983). In 

spite of the presence of flagella, the organisms are 

usually planktonic, and benthic in habit. 
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G. toxicus cells are lenticular, flattened antero-

posteriorly and 38 to 100 um in dimension. The cells have 

pores regularly scattered over the plate surfaces. The 

tabulation is very similar to Heteraulacus (Taylor, 1979). 

This resemblance was also noted by Adachi and Fukuyo (1979) 

in their summary. There are three apical plates, seven 

precingulars, six girdle plates, one transitional plate, 

more than three other sulcal plates and three antapical 

plates (Taylor, 1979). Reproduction is thought to occur by 

binary fission. Sexual reproduction, while difficult to 

observe, is known to occur in over 15 species (Steidinger, 

1980). ̂  toxicus probably has a sexual life cycle since 

isogametes and a planozygote have been partially described 

and illustrated by Taylor (1979) . 

The benthic dinoflagellates potentially implicated as 

major contributors to ciguatera other than toxicus are 

several species of the genus Prorocentrum (P. lima, (Figure 

4), P^ concavum. P. emarainatum, P. mexicanum), several 

species of Ostreopsis (O. ovata, 0. siamensis. O. 

lenticula), Coolia monotis. Thecadinium sp. and Amphidinium 

carterae among others (Baden, 1983; Bergman and Alam, 

1981; Bomber et al., 1988a; Besada et al., 1982; Carlson et 

al., 1982; Chungue et al., 1979; Escalona De Motta et al., 

1986; Norris et al., 1985; Steidinger, 1983; Tindall et 

al., 1984). These dinoflagellates do all not occur in the 

same association in a benthic assemblage. Several toxic 



Figure 4: Proroeentrum lima 
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species occur also in non-ciguateric areas and in temperate 

waters. Strain differences also influence toxin production 

(Bergmann and Alam, 1981; Bomber and Tindall, 1988b). 

It is not known with certainty that benthic 

dinoflagellates are the exclusive source of ciguatera. 

Similar active toxic compounds have been extracted from the 

motile dinof lagellates Gvmnodinium sanauineuin and Gonvaulax 

polvhedi^a (Tindall et al. , 1984). Gram negative marine 

bacilli isolated from ciguatoxic fish and cultured have 

also been shown to produce ciguatoxin-like toxins 

(Doorenbos et al., 1979; Doorenbos, 1984). Because the 

chemical structures of the toxins and metabolites are not 

known, it is impossible to state that ciguatoxin extracted 

from fish is derived solely from G,^, toxicus or any other 

dinoflagellate. It is more likely that the diverse symptoms 

of the illness are a consequence of a combination of 

several toxins (Tindall et al., 1984) and/or metabolites of 

these toxins produced by one or more organisms. 

Studies in tropical coral reef areas have revealed 

that several species of dinoflagellates occur in close 

association with benthic macroalgae (Bomber et al., 1988b; 

Carlson et al. 1984; Rubio, 1987). This information has 

triggered studies examining relationships between 

dinoflagellates and macroalgae by enriching culture media 

with macroalgal extracts. Some of the macroalgal and 

microalgal species tested include Chaetomorpha linum, 
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Dictvota dichotoma and Turbinaria turbinata (Bomber et al., 

1988b; Carlson et al., 1984; Rubio, 1987), and five 

different dinoflagellate species G_^ toxicus, P. concavum. 

P. mexicanum, O. heptaaona and 0^ siamensis. Macroalgal 

extracts stimulated the growth of all dinoflagellate 

species except for P^ mexicanum which was inhibited. This 

indicates that the dinoflagellate-macroalgal response will 

vary according to dinoflagellate species. The benefits of 

this association have been postulated to be shelter, 

attachment and nutritionally derived (World Health 

Organization, 1984). Red and brown macroalgae create an 

environment rich in organic compounds (polyphenols, 

vitamins, nitrogenous compounds) about themselves (Ragan, 

1980). Analysis of this environment has revealed 

concentrations of nitrates and ammonia significantly 

greater than those of open waters (Steidinger, 1983). 

Another characteristic of this environment is its high 

chelating nature. Algal phenols are known to be an 

important source of chelating agents. Highly chelated media 

have been tested with toxicus cultures resulting in 

growth promotion. This indicates that macroalga 

environments rich in chelators play a role in phytoplankton 

nutrition. Chelators can act as metal sequestrants and thus 

detoxify metals. Chelators may also increase the 

availability of these metals by solubilizing those metals 

that would otherwise be in colloidal form and precipitate 
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(Anderson, 1979). The role of chelators in dinoflagellate 

nutrition is not well understood but their growth enhancing 

capacity is evident. 

The role of bacteria in dinoflagellate growth is not 

understood. In a study by Carlson et al. (1982), growth of 

non-axenic cultures of ̂  toxicus and P^. concavum were 

enhanced by soil and macroalgal extracts, while in P. 

mexicanum cultures with bacterial contamination growth was 

inhibited by the extracts. Axenic culture experiments were 

also conducted where results indicated bacteria play an 

important role in the growth of epiphytic dinoflagellates. 

Longer generation times were observed for axenic cultures 

of concavum. These results are similar to those reported 

by Hurtel et. al (1979) for cultures of toxicus. When 

bacteria are added to cultures of ^ toxicus, the growth 

rates and cell yields increased when compared to those of 

axenic cultures. One hypothesis is that bacteria serve as 

intermediaries in the metabolism of macroalgal substances 

that affect dinoflagellate cell division, but this growth 

enhancing effect could be simply the result of carbon 

dioxide enrichment (Carlson et al., 1984). 

The effects of light, salinity, and temperature on the 

growth and the abundance of ciguatera related 

dinoflagellates are not well known. In some experiments G. 

toxicus grew poorly at high light intensities (Withers, 

1981) , which could explain the apparent preference of the 



39 

organism for sub-surface waters in the environment 

(Yasumoto et al., 1980; DeSylva, 1982). However, other 

studies (Carlson and Tindall, 1985), found maximum cell 

density between 1 and 4 meters. In addition, 

dinoflagellates recovered from the environment have been 

found exposed to more than 10% full sunlight in surface 

drift algal communities (Bomber et al., 1988a). 

With respect to the effect of temperature and salinity 

on dinoflagellate growth, observations vary. In the Virgin 

Islands, the abundance of toxicus observed was 

negatively correlated with water temperature (Carlson et 

al. , 1984). Hawaiian Island derived clones were inhibited 

when temperatures reached 27 C (Withers, 1981) and the 

dinoflagellate reached peak abundance at less than 22 C for 

organisms collected off the Australian coast (Gillespie et 

al. , 1985). G_^ toxicus has been collected from mangrove 

roots at temperatures greater than 32 C with salinities 

exceeding 40 o/oo. Due to these differences Bomber et al. 

{1988c), examined the effects of different light sources 

and intensities on the growth efficiency of toxicus. The 

effects of temperature and salinity on the seasonality and 

growth efficiency of a ̂  toxicus clone from Florida were 

also examined. The temperature results confirm that high 

temperatures (> 32 C), are limiting for this dinoflagellate 

and growth could not be supported at less than 16 C. 

Salinity experiments showed that the growth of toxicus 
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is inhibited by high salinities (> 34 o/oo). These results 

are surprising because salinities of 40 o/oo are common for 

in-shore areas where the dinoflagellates have been found. 

G. toxicus grew best at 11% full sunlight which is average 

for ciguatoxic dinoflagellates. Other species such as P. 

micans grow at up to 30% full sunlight (Brand and Guillard, 

1981). This study also indicated that ̂  toxicus is capable 

of producing toxins under high light intensity. 

Data about seasonality of G_^ toxicus is contradictory. 

In Florida, Lawrence et al. (1980) reported that most cases 

of ciguatera are contracted in summer months. For the 

Virgin Islands, Morris et al. (1982) and Ballantine et al. 

(1985) seasonality was not observed. Bomber et al. (1988c) 

collected seasonality data and compared it to the 

temperature, salinity and light intensity experiments 

mentioned above and suggested that ciguatera may be 

seasonal in Florida due in part to decreased abundance of 

G. toxicus in winter, and to decreased toxin production at 

low winter temperatures and irradiance. The lack of 

seasonality of the Virgin Islands may be due to the more 

constant temperatures and irradiance found there. Other 

studies by the same author examined lima and 0. 

heptaaona densities in the Bahamas and Florida for one year 

and compared seasonality, spatial and substrate 

heterogeneity. lima occurred perennially at all Florida 

Key stations; with maximum abundance occurring in the cool 
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water season {< 26 C). Density values one year apart 

suggested annual cycles in P_^ lima density. P_^ lima 

substrate preferences differed form those determined for 

other dinoflagellates examined which indicates a distinct 

substrate niche. In general, P_^ lima dominates algae on 

coral reefs which have been relatively undisturbed by 

dredging operations; toxicus and 0_^ heptagona dominate 

algal reefs (Bomber et al., 1985; Norris et al., 1985). 

This habitat separation may be due to competition for space 

on macroalgae or to characteristics of the organisms 

themselves. 

G. toxicus has been observed to grow prodigiously 

following natural or man-made disturbances of coral reefs 

{Lewis, 1986a). This can be related to the fact that fish 

which live on the windward side of oceanic islands are more 

prone to aggression and hence are ciguatoxic more or less 

continuously (Lee, 1980). It has been postulated that it 

may be advantageous for the organism to live in turbulent 

places because the silt, sand, and other sediments can be 

removed from its surface (Helfrich, 1968). It has been 

suggested that freshly denuded surfaces are likely sites 

for dinoflagellate proliferation (Bagnis et al., 1974; 

Randall, 1958). In contrast to this observation, data 

collected by Yasumoto et al. (1980) suggests that denuded 

surfaces may be the sites of attachment of the algal hosts 

for ciguatoxic dinoflagellates, but not the sites of 
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attachment for the dinoflagellates per se. Also, rafting of 

dinoflagellate populations on floating algae may contribute 

to the initiation of ciguatera in new areas (Besada at al., 

1982). This could affect the food chain transmittance of 

the toxin(s). This phenomenon when combined with 

environmental factors affecting the distribution and 

population levels of toxicus and other toxic 

dinoflagellates, should provide insight on the observed 

patterns of ciguatera outbreaks and would be useful when 

considering food safety monitoring programs. 

In a study by Bomber et al. (1988b) where different 

clones of ^ toxicus were cultured and evaluated for 

toxicity, there was a general increase in the incidence of 

ciguatera with decreasing latitude. This study showed that 

Caribbean isolates of G_^ toxicus are inherently more toxic 

than isolates from Florida or Bermuda. The pattern and 

magnitude of clonal toxicity helps explain the smaller 

number of cases in those areas when compared to the 

Caribbean. The phenotypic differences found among clones 

following a long acclimation process seems to indicate that 

the clones may in fact represent separate races. 

Differences in toxicity have also been observed between 

cultured and wild toxicus. Cultured cells yield less 

toxin than wild ones (Bagnis et al. 1980; Withers 1982). 

There might be some factors such as environmental stress, 

chemical substances, light, salinity of the water and 
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bacteria that have not yet been reproduced in culture 

(Doorenbos, 1984; Yasumoto et al., 1980). Also, these 

differences could be explained on the basis of the degree 

of purity of the samples obtained. 

3- Chemical characteristics of the toxins: 

There are at least five toxins involved in ciguatera, 

which have been named ciguatoxin (CTX), maitotoxin (MTX), 

scaritoxin (STX), okadaic acid (OA), and a recently named 

toxin (prorocentrolide) (Bagnis et al., 1974; Chungue, 

1977b; Tachibana et al., 1981, Tindall, 1983; Yasumoto, 

1971; Yasumoto and Murata, 1988a; Yasumoto and Murata, 

1988b). 

Ciguatoxin has been isolated from toxic fish flesh and 

G. toxicus cultures. CTX was first isolated in 

chromatographically pure form by Scheuer et al. (1967) , (by 

lipid extraction), from Pacific red snapper (Lutianus 

bohar). This same toxic fraction has been obtained from 

moray eel and shark flesh. Moray eel livers have been used 

extensively in subsequent studies because of its relatively 

high toxin content. However, the yield after extraction was 

still as low as 10-20 ng/g (Tachibana et al., 1987; 

Yasumoto et al., 1984). Consequently, structural 

elucidation of ciguatoxin has been hampered by an extremely 

limited supply of the toxin. CTX is insoluble in water or 

benzene, but readily partitions into methanol, acetone. 
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ethanol and isopropanol. The toxin has been obtained in a 

pure crystalline form as a white solid (Scheuer, 1982). It 

appears to be a highly oxygenated, long chain, fatty acid 

in which most of the oxygen atoms occur as cyclic ether 

linkages. CTX may contain four olefinic, five hydroxyl, and 

five methyl groups. Californium-252 plasma desorption mass 

spectrometry of CTX suggests a relative molecular mass of 

1111.7 +/- 0.3 daltons, and a possible molecular formula 

C53H77N024 or C54H78024. Other combinations, however, 

cannot be excluded (Nukina et al., 1983; World Health 

Organization, 1984). The toxin may have two 

interconvertible forms (Nukina et al., 1984). Gamboa et al. 

(unpublished data) isolated three separate toxic fractions, 

one containing okadaic acid, from barracuda (Sphvraena 

barracuda) implicated in a ciguatera poisoning outbreak in 

Puerto Rico. Other barracuda from the same lot tested non

toxic. It is believed that CTX is structurally related to 

other polyether toxins with a structure resembling that of 

okadaic acid and brevetoxin. They have shown similar thin 

layer chromatographic (TLC) properties (Murakami et al., 

1982) as well as cross reactivity in radioimmunoassays 

(Hokama et al., 1987). 

The chemical nature and physiological behavior of STX 

is similar to that of CTX but it can be differentiated by 

DEAE-cellulose column chromatography and also migrates 

differently on TLC (Chungue et al., 1977a; Hashimoto, 
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1979). STX is ether soluble and has been found 

predominantly in many species of parrotfish (Scarus sp.). 

STX has not been detected in the diet of parrotfish 

(Chungue et al., 1977a; Chungue et. al, 1977b; Yasumoto et 

al., 1977b); however, the flesh of toxic parrotfish 

contains mostly STX. Because CTX and MTX were detected in 

the liver and gut, it has been suggested that STX is not 

produced by a dinoflagellate but is a metabolite of 

ciguatoxin (Yasumoto et al., 1977b). This hypothesis 

received further support by the demonstration that CTX and 

STX are interconverted by manipulation on a basic alumina 

column (Tachibana et al., 1987). Chungue et al. (1977a) 

proposed that STX may have part of the structure in common 

with CTX and may also have a non-polar moiety masking the 

polar function which both have. 

Maitotoxin, originally isolated from the gut content of 

surgeonfish, Ctenochaetus striatus, (maito in Tahitian) 

(Yasumoto et al., 1976b; Yasumoto et al., 1971) is 

practically absent from somatic tissue. MTX is a water 

soluble, nondialyzable, highly oxygenated compound that 

appears to hold no structural relationship to STX or CTX 

(Yasumoto et al., 1984; World Health Organization, 1984) 

although it has been speculated it could be a precursor of 

ciguatoxin (Bagnis et al., 1981), MTX is readily separated 

from CTX through the use of silicic acid column and a step 

wise elution with chloroform and methanol (Tachibana, 
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1980). MTX eludes with chloroformrmethanol (1:1) and 

ciguatoxin with (9:1). A MTX-like toxin is produced by G. 

toxicus and possibly by P_^ concavum. The toxin has been 

produced in abundance in dinoflagellate cultures; however, 

it is not well characterized. MTX appears to be a polymeric 

compound, characterized by the presence of many hydroxyl 

groups and ether rings, two sulfate ester groups, and by 

the absence of side chains other than methyls and 

methylenes (Yasumoto et al., 1979; Yasumoto and Murata, 

1988b). Purified material yields an amorphous white solid 

whose molecular weight is around 3424 daltons (Yasumoto and 

Murata, 1988b). There are no amino acid and fatty acid 

moieties in the molecule (Yasumoto et al., 1987a). 

Okadaic acid is produced by P^ lima (Murakami et al. , 

1982), and P. concavum (Dickey et al. 1990), this and other 

structurally related compounds have been implicated in DSP 

(diarrheic shellfish poisoning), most commonly due to 

planktonic dinoflagellates of the genus Dinophvsis 

(Yasumoto et ali, 1980) ̂ Syin.ptoins following the consumption 

of shellfish containing these compounds include diarrhea, 

vomiting and other gastrointestinal disorders. OA is a 

polyether carboxylic acid (Figure 5) first found in sponges 

(Tachibana et al., 1981). This lipid soluble compound has 

been synthesized by coupling three synthetic segments 

prepared in optically active form from a glucose derivative 

(Isobe, 1986). OA has a molecular formula of C44H68013 and 



HO 

H 

Figure 5: Structure 

-J 



48 

a molecular weight of 804 daltons (Isobe, 1986). Yasumoto 

and Murata (1988a), have confirmed that lima produces 

dinophysistoxin-2 (okadaic acid), its diol esters and 35-

methylokadaic acid. Most recently these same researchers 

have isolated a fast acting toxin, a novel macrolide imine 

named prorocentrolide, from P^. lima and elucidated its 

structure (Figure 6). All P^ lima toxins are suspected to 

enter the food chain. Yasumoto et al. (1980) had previously 

isolated two diethyl ether soluble toxins (PL toxin I,II) 

and one fast acting toxin soluble in 1-butanol (PL toxin 

III) from P.:. lima. The chromatographic characteristics of 

PL toxin I and II closely resembled those of STX and CTX 

isolated from ciguateric fish, although later; these toxins 

have been identified as okadaic acid (PL-II) by Murakami et 

al. , (1982) and PL-I as a mixture of its diol esthers by 

Yasumoto et al., (1987). 

Physiological symptoms observed in mice produced by 

toxic extracts of toxicus were comparable to those 

induced by toxic extracts from ciguatoxic fish from the 

same region (Dickey et al., 1982). This finding has 

triggered studies involving large-scale culturing of the 

dinoflagellate, extraction and purification of large 

quantities of toxic materials from these cultures, and the 

establishment of assay procedures for each toxic component 

and characterization of each using specific physiological 

model systems. Studies by Miller et al. (1984) and Dickey 
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et al. (1984) have established the presence of three lipid 

extracted toxins including an acetonitrile-soluble toxin 

(Miller and Tindall, 1988), and a water soluble toxin in G. 

toxicus isolates from the Caribbean. CTX-like and MTX-like 

toxins have been isolated from G^. toxicus (Carlson et al., 

1982; Durand-Clement, 1987; Hokama et al., 1988a; Miller 

et. al., 1982; Miyahara et al., 1987; Tindall, 1982;). By 

comparing this work to that of Tachibana (1980) and Scheuer 

et al. (1967), it appears that these fractions are at least 

partially responsible for the ciguatera syndrome in the 

Caribbean and suggest that toxins extracted from Caribbean 

isolates of G_^ toxicus could be quite different from those 

extracted from cells isolated from the Pacific Ocean. Also, 

compounds isolated from Hawaiian lima and toxicus 

cultures were chromatographically similar to the ones 

isolated from toxic barracuda (Sphvraena barracuda) from 

Puerto Rico (Gamboa and Park, 1985). 

Other toxic extracts have been isolated from benthic 

dinoflagellates collected in subtropical waters and 

cultured. Yasumoto et al. {1987a), tested nine species of 

dinoflagellates including ̂  toxicus, P. lima, Amphidinium 

carterae, and A^ klebsi, for mouse lethality, 

ichthyotoxicity and hemolytic activity. ̂  carterae. A. 

klebsi and ̂  toxicus showed significant hemolytic 

activity. Two of the five hemolytic constituents of A. 

carterae were determined to be mono- and di-
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galactoglycerolipids and their structures have been 

proposed. These compounds are not considered to be involved 

with ciguatera, but more likely to be responsible, in part, 

for fish kills during blooms of dinoflagellate species with 

no known ichthyotoxins. 

In summary, several toxins may be responsible for 

ciguatera. The primary toxin CTX, has been isolated from 

large carnivores and in smaller amounts in herbivores. An 

explanation for this could be that CTX accumulates 

preferentially in large carnivores due to its greater lipid 

solubility. Considerable circumstantial evidence has linked 

G. toxicus to this toxin; however, it has not yet been 

conclusively demonstrated that the toxin produced by the 

dinoflagellate is either identical to, or is a precursor to 

ciguatoxin(s) accumulating in fish. Until suitable 

detection methods for these toxins are developed it will be 

difficult to determine toxin properties. On the other hand, 

chemical and physical characteristics are necessary for the 

development of suitable detection methods. 

4- Analytical methodology: 

Ciguatera toxins are odorless, tasteless and generally 

undetectable by any simple chemical tests. As a result, 

bioassays traditionally have been used to monitor suspect 

fish. Many native tests for toxicity in fish have been 

examined, including discoloration of silver coins, or 
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copper wire, the repulsion of flies or ants and rubbing the 

liver on the gums to ascertain if it causes a tingling 

feeling. But all of these, with the possible exception of 

rubbing the liver on the sensitive tissues of the mouth 

(Lewis, 1986), have proven invalid. In some remote islands 

very elderly or sick members of the community are given 

samples of any suspect fish as a preliminary screening 

test. One man in Polynesia (Davis-Lewis, 1979) even 

reported that he habitually tested fish on his mother in 

law! 

The mouse assay has been traditionally used, but it 

has been regarded as unsatisfactory because of the time 

consuming process of obtaining the lipid soluble extracts 

and its lack of specificity (Yasumoto et al., 1971). Other 

disadvantages are: costs associated with maintaining a 

mouse colony, mice must be within 19-22 g of weight, death 

time is subjective and the death time relationship to dose 

is non-linear (Shimizu, 1979). This assay is unsuitable as 

a market test. The method consists of injecting serially 

diluted semipurified or crude toxic extracts into mice 

(usually intraperitoneally (IP)) and observing the symptoms 

for 24 hours. The results are expressed in mouse units 

where one mouse unit is identified as the amount of toxin 

that kills a 20 g mouse in 24 hours (World Health 

Organization, 1984). Hoffman et al. (1983) constructed a 

dose-response curve for purified ciguatoxin obtained from 



53 

toxic blackfin snapper collected from the Virgin Islands. A 

symptomatological analysis was reported which would 

facilitate the comparison among reports on ciguatera 

research. The mouse bioassay has been used extensively in 

the Pacific and is described in detail by Yasumoto et al. 

(1984) . 

Cat and mongoose bioassays for ciguatoxin in fish have 

been developed by Bagnis, et al. (1971) and Banner, et al. 

(1975). The test is based on feeding cats and mongooses a 

ration containing 100 g of the fish to be tested per kg 

ration. The cat is less satisfactory because they often 

regurgitate part of the test meal. Test animals are 

observed for 48 hours with the response rated from 0 (no 

response) to 5 (death within 48 hours). These feeding tests 

are simple and useful in screening fish for toxicity, but 

they are cumbersome and not quantitative. The results of 

these assays with moray eels were compared to the mouse 

assay by Yasumoto and Scheuer (1969) , showing that livers 

of all eels assayed were toxic to the mouse regardless of 

the results of the screening tests on the eel flesh. 

Recently a bioassay using mosquitoes has been developed 

(Bagnis et al., 1987; Chungue et al., 1984; Pompon et al., 

1984). This procedure involves intrathoracic injection in 

mosquitoes of serially diluted extracts from fish, and the 

toxicity of the fish expressed as mosquito LD50. It was 

recently used by Bagnis et al. (1987) to obtain a dose-
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response relationship between ingested ciguatoxin and 

clinical symptoms in man. A good correlation between this 

assay and the cat and mouse bioassays was observed. In 

addition, it is a rapid assay, depends on a simple 

extraction, and requires only a small amount of fish for 

analysis. Still, the assay is non-specific and non-

quantitative . 

Banner et al. (1961) tested 37 species of animals and 

found only five were sensitive to oral administration of 

toxic fish flesh. The mouse, although sensitive, was 

eliminated as a feeding-test animal because of its high 

tolerance. Turtle and crayfish test specimens were rejected 

because of the difficulty in quantifying symptoms for the 

former and meals for the latter. The cat was rejected for 

the reason explained above and the mongoose remained the 

chosen species. 

The brine shrimp (Artemia salina) failed to give 

reproducible results (Granade et al., 1975), but it has 

been used successfully by the author as a screening test 

for dinoflagellate extracts (Juranovic and Park, this 

document). 

Chickens, when fed ciguatoxin, have been observed to 

salivate and develop acute motor ataxia, which, has also 

been explored as a screening assay (Vernoux and Lahlou, 

1986a; Vernoux, et al., 1985b). 

Many other bioassays have been developed using guinea 
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pig ileum, guinea pig atrium, isolated frog nerve fibre, 

crayfish nerve cord and human and mouse blood cell 

hemolytic tests (Benoit, et al., 1986; Dickey et al., 1982; 

Escalona De Motta et al., 1986; Lewis and Endean, 1986; 

Miller et al., 1986; Miyahara and Shibata, 1984; Miyahara 

et al., 1979). The guinea pig ileum assay appears to be 

able to distinguish three separate lipid soluble toxins 

obtained from ̂  toxicus cultures. These toxic fractions 

isolated from G. toxicus show inhibition of the guinea pig 

ileum preparations (Miller et al., 1984). Human and mouse 

erythrocytes exhibit different sensitivities to the 

hemolytic action of toxicus and 0^ lenticula extracts 

(Escalona De Motta et al., 1986). Mouse erythrocytes are 

more sensitive to hemolysis than those of human. The 

hemolytic activity of toxicus extracts was greater than 

that of 0^ lenticula and was less temperature dependent 

(Escalona De Mota et al, 1986). Amphidinium ether soluble 

and butanol soluble fractions showed hemolytic activity, 

although toxicity to the mouse was detected only for the 

butanol soluble fraction (Yasumoto et al., 1980). Crayfish 

nerve cord (CNC) has been used successfully as an assay for 

the extracts of the dinoflagellate Prorocentrum concavum 

(Miller et. al., 1986). Three of the P^. concavum extracts 

reduced the activity of the CNC. Purified CTX from moray 

eel induce spontaneous action potentials upon the node of 

Ranvier of frog isolated nerve fibres under current and 
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voltage clamp conditions. This spontaneous activity is 

reversible upon removal of the toxin from the external 

solution {Benoit et. al., 1986). The postulated reason for 

this activity will be explained in the pharmacology section 

of this chapter. 

An interesting bioassay measures the mouse body 

temperature depression (Gamboa and Park, unpublished data; 

Gamboa and Park, 1985; Sawyer et al., 1984) following IP 

injections of toxic fish or dinoflagellate extracts and the 

rectal temperature of the animals is measured and recorded 

immediately before the administration of the extracts and 

recorded for 16 or 48 hours. A pronounced drop in the body 

temperature of the mice was observed following the 

injection of a methanol extract of ^ toxicus. This 

response is dose dependent and the duration of the 

hypothermia was more than 48 hours. Extracts from Caribbean 

ciguatoxic fish elicited similar response in mice body 

temperatures and duration of the hypothermia was similar 

(Gamboa and Park.- 1985; Hoffman et al. , 1983). McMillan and 

co-workers (1980) and Gamboa and Park (unpublished data) 

showed a temperature depression where chloroform was the 

final solvent in the purification scheme. For fractions to 

be considered toxic, the temperature depression must be 

long term (more than 16 hours) or produce death. The 

mechanism by which these toxins lower body temperature is 

unclear. It appears that the biological response of 
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apparent hypothermia is a characteristic property of at 

least some of the toxins associated with ciguatera. 

All traditional bioassays have one common disadvantage 

which is the lack of specificity for individual toxins. An 

alternative method based on immunochemistry has been 

developed by the University of Hawaii (Hokama et al., 

1977). This radioimmunoassay (RIA) for ciguatoxin was 

developed using antibodies produced against a conjugate of 

human serum albumin and ciguatoxin (isolated from toxic 

moray eel) injected into sheep and rabbit. The sheep 

antibody to ciguatoxin was then purified and coupled to 

1125-label to be used in the RIA. This assay was used 

successfully in the screening of amberjacks (Soriola 

dumerili) were 15% of the fish were rejected during a two 

year study on the Hawaiian market (Kimura et. al-, 1982). 

No poisonings were attributed to amberjacks during the two 

year study, although other untested species did cause 

illness. Despite this success, the assay was not suitable 

for routine use due to high cost and time involvement and 

its cross-reactivity with other polyether compounds such as 

brevetoxin and okadaic acid. The cost of the RIA limits its 

use to fish weighing more than 9 kg. 

In 1983, a competitive enzyme immunoassay (EIA) was 

developed and evaluated on Hawaiian reef fishes (Hokama et 

al., 1983; Hokama et al,, 1984). Other researchers such as 

Berger and Berger in 1979 and Chanteu, et al. in 1986 have 
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also developed immunoenzymatic methods for the detection of 

ciguatoxin in fish tissues. This EIA appears promising but 

like the RIA, cross-reacts with other polyether compounds. 

As with its predecessor, this characteristic was used 

effectively to demonstrate the close structural similarity 

of CTX, MTX, brevetoxin and OA. More recently, a rapid 

enzyme immunoassay, based on a horseradish peroxidase 

labeled sheep anti-ciguatoxin antibody applied to liquid-

paper coated bamboo sticks, was developed (Hokama, 1985). 

This assay was able to distinguish between toxic and non

toxic fish. Test results have shown false positives, 

although, no false negatives were observed (Hokama et al., 

1987; Hokama and Miyahara, 1985a). The stick test has been 

further modified using monoclonal antibodies specific for 

OA and CTX that are more specific than the sheep antibody 

(Hokama et al., 1986b; Taizo, 1987). These monoclonal 

antibodies are in the process of being evaluated. A 

preliminary collaborative evaluative study of the rapid 

enzyme immunoassay stick test has been concluded. Eight of 

the nine laboratories involved obtained results that were 

within acceptable limits for each of the three fish cake 

samples homogenized with ciguatoxin (Ragelis, 1988). A full 

collaborative study is planned. 

Additionally, a counterimmunoelectrophoresis (CIEP) 

method has been reported to discriminate between non-toxic 

and toxic Caribbean fish involved in ciguatera outbreaks 



(Emmerson et al., 1983). This procedure however, needs to 

be modified and further tested before it can be used as a 

screening test for ciguatoxic fish (Ragelis, 1984). 

Attempts to validate immunochemical methods have been 

plagued with the lack of antibody supply and reference 

standards. For this same reason, very little has been done 

in the development of HPLC methods for ciguatera. Work 

reported to date mainly involves the use of HPLC as a 

purification tool (Miller and Tindall, 1985). As with other 

marine toxins, it is likely that once the structure of the 

toxin(s) is elucidated, HPLC procedures will be developed 

for their detection (Sullivan, 1986). 
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5- Public health significance: 

Clinical symptoms: 

Many case reports have been documented since the medical 

community has become more aware of the ciguatera fish 

poisoning symptoms. Because ciguatera poisoning is such a 

variable condition, no definitive diagnostic tests are 

available. Diagnosis at present rests upon the clinical 

recognition of a combination of gastrointestinal, 

cardiovascular and neurological symptoms. This multi-phase 

intoxication is thought to be due to the different 

ciguatera related toxins. A summary of these signs and 

symptoms is presented in Table 2. The onset of the illness 

is typical of a toxic food poisoning with patients 

experiencing symptoms within six hours of ingestion and 

most being affected within 24 hours (Gillespie et al., 

1986). Most patients are seen clinically within 12 hours 

after ingesting the fish. The symptoms range in severity 

depending on the patient with the mortality rate being as 

high as 12% per outbrake (Lange, 1987). This figure appears 

to be high since several studies have reported mortality 

rates of less than one per 1,000 cases (Bagnis et al., 

1979). Death is usually due to respiratory paralysis. Post 

mortem examination shows acute visceral congestion with 

occasional hemorrhages (Rege et al., 1979). 

The incubation periods and symptoms are highly variable 
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even between persons who have consumed the same fish. Some 

individuals do not experience symptoms at all while others 

are seriously affected. For most of the patients the first 

signs to appear are paraesthesia and numbness around the 

lips and tongue and numbness or tingling of the 

extremities. For other patients the earliest manifestations 

are diarrhea and vomiting. These abdominal symptoms are 

usually resolved within days. For some individuals the 

neurological symptoms persist for weeks or months (Bagnis 

et al. , 1979). The presence of paraesthesia is considered 

to differentiate ciguatera from other forms of non-seafood 

poisoning or mild gastroenteritis (Morris et al., 1982), 

but this symptom also occurs in PSP, NSP and DSP. Ciguatera 

is differentiated by recent dietary history and perhaps the 

only hallmark symptom is the reversal of temperature 

perception. However, this sympton has also been documented 

for NSP. 

There are clear differences in the reporting of this 

symptom by geographical regions. Morris et al., in the U.S. 

Virgin Islands (1982), Lawrence et al., in Miami (1980) and 

Bagnis et al., in the South Pacific (1979) have reported 

paresthesia incidence rates of 36%, 54% and 89%, 

respectively. Fever is distinctly unusual and suggests the 

presence of another disorder (Bagnis, 1968; Bagnis et al., 

1979) . A reversal of temperature sensation is frequently 

associated with the paraesthesia and dysesthesia, 
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particularly in the peripheries. This symptom is associated 

with myalgia, weakness, giddiness and general malaise. The 

reversal of temperature sensation is more marked in the 

mouth than in the limbs. It has also been noted that 

alcohol exacerbates the paraesthesia even when taken in 

small amounts and some people have reported exacerbations 

even after eating fish (Grant, 1984). 

There appears to be little racial, age or sex variation 

although it has been noted that the diarrhea and abdominal 

pain are more commonly reported by patients of Chinese 

background (Rodgers and Muench, 1896) and in Vanuatu, 

Melanesians seem to suffer more commonly from pruritus, 

ataxia, abdominal pain and weakness than do patients of 

other races (Guillo, 1984). In a study of 3,009 cases of 

ciguatera poisoning in the South Pacific, significant 

differences between signs and symptoms were observed in the 

four main ethnic groups surveyed; Polynesian, Melanesian, 

European and Chinese (Bagnis et al, 1979). Whether this 

variation in symptoms is due to genetic predisposition or 

different eating preferences is unclear. A family of four 

poisoned in Jamaica reported the most distressing symptoms 

to be the initial gastrointestinal symptoms in the children 

and paraesthesia of the lower extremities and lethargy in 

the adults (Maharaj et al,, 1986). A survey in St. Thomas 

(U.S. Virgin Islands), reported a higher attack rate in the 

30-39 age group and lower attack rate for children (Morris 
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et al., 1982), this may reflect a difference in 

susceptibility or it may be the reporting medium (fewer ill 

children were listed in the emergency room log book of the 

hospitals in the area). Diarrhea and abdominal pain appear 

to be more common in males while arthralgia and myalgia 

appear to be more common in women (Bagnis et al., 1979). 

This could suggest a difference in susceptibility to these 

toxins. Male patients have reported a most unpleasant 

complaint in that they had severe pain in the shaft of the 

penis upon erection (Grant, 1984). 

The toxin{s) can cross the placenta, and children born 

of mothers who have been affected late in pregnancy may 

manifest bizarre fetal movements in utero and facial 

palsies after delivery. Maternal hyperesthesia of the 

nipples may interfere with breast feeding (Pearn, 1982). 

In general, the neural symptoms last for about six 

weeks but some patients still have problems after months or 

even years. The long term symptoms usually include loss of 

energy, arthralgia (especially of the knees, ankles, 

shoulders and elbows), myalgia, headache and pruritus. The 

symptoms fluctuate characteristically, sometimes with a 

pseudodiurnal periodicity (Gillespie et al., 1986). Not 

infrequently, the symptoms may return during periods of 

stress, illness or malnutrition (Ho et al., 1986; Johnson 

and Jong, 1983). 

An initial intoxication does not confer immunity. On 
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the contrary, reports of sensitization to the toxin are 

common, patients that have been affected previously suffer 

recurrences of typical ciguateral symptoms after eating 

fish that does not produce symptoms in others (Banner, 

1976; Narayan, 1980). The toxin's effect appears to be dose 

related; recurrent or multiple attacks of ciguatera result 

in a clinically more severe illness compared to that of 

patients experiencing the disease for the first time 

(Bagnis et al., 1979; Ho et al., 1986), This suggests an 

accumulation of the toxin{s) in human tissues. These 

characteristics complicate the identification of patients 

suffering from the consumption of ciguatoxic fish. 

Distinguishing ciguatera from other forms of seafood 

poisoning can sometimes be difficult. Other marine-related 

food poisonings such as scombroid and neurotoxic shellfish 

poisoning (NSP) produce similar symptoms (Hughes, 1979; 

Taylor et al., 1984). Food poisonings due to 

organophosphate, type E botulism, monosodium glutamate and 

bacterial poisonings also have similar clinical signs 

(Taylor, 1988; Taylor et al., 1984); therefore, they should 

be considered in the differential diagnosis. 
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Table 2: Symptomatology of ciguatera poisoning. 

Gastrointestinal: Diarrhoea, vomiting, abdominal pain, 

nausea. 

Neurological: Paraesthesia of the extremities, circumoral 

paraesthesia, temperature reversal, ataxia, arthralgia, 

myalgia; headache, severe pruritus, vertigo and dizziness, 

respiratory paralysis, tremors, chills, dysesthesia, dental 

pain, neck stiffness, convulsions, delirium, 

hallucinations, photophobia, transient blindness, 

salivation, perspiration, watery eyes, metallic taste in 

mouth, blurred vision, hiccup, exacerbation of acne, 

dysuria. 

Cardiovascular: Dyspnea, bradycardia, hypotension, 

tachycardia. 

(Allsop et. al., 1986; Bassetti, 1984; Delord, 1984; 

Hamburger, 1986; Ho et. al., 1983; Johnson & Jong, 1983; 

Lewis, 1986; Maharaj et. al. 1986; Moon, 1981; Rege et. 

al., 1979; Royal, 1982; Vogt, 1986) 
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Pharmacology; 

Research on the mode of action of Ciguatera associated 

toxins has advanced since the early 1980s with the 

improvement of separation and purification techniques. 

Variability between samples tested and the presence of 

secondary toxins has yielded conflicting reports. Early 

studies done by Li (1965) , concluded mistakenly that CTX 

possessed anticholinesterase activity. This was disproven 

by Rayner et al (1968) by analyzing cholinesterase levels 

of the red blood cells of rats killed by intravenous (IV) 

injection of CTX. These observations indicated that this 

toxin contained no anticholinesterase activity and 

suggested that the action of CTX may be more complex. These 

authors suggested that the parallel action of CTX and 

acetylcholine regarding its initial respiratory effects may 

be due to a transmitter cholinomimetic action. Ogura et al. 

(1967) showed no activating response on the 

electroencephalogram with their CTX extracts, as observed 

with the anticholinesterase physostigmine. This also 

indicates no anticholinesterase activity. On the other 

hand, Kosaki and Anderson (1968) found antagonism of CTX by 

physostigmine and that atropine antagonizes the CTX induced 

neuromuscular block. Since atropine and physostigmine have 

opposite effects, the data suggests that CTX may have more 

than one site of action. These differences in results may 

be due also to different extract preparations. Conflicting 
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reports complicate efforts to elucidate the true nature of 

ciguatera toxins. 

The pharmacological action of CTX is apparently related 

to its direct effect on excitable membranes. In nervous 

tissues CTX causes a tetrodotoxin (TTX)-sensitive increase 

in sodium ion permeability and depolarization of the 

resting membrane (Rayner, 1972). This depolarization and 

consequent changes in membrane excitability are antagonized 

by increased extracellular ion concentrations. These 

findings triggered the use of various isolated tissues and 

organs in the development of CTX-specific identification 

assays. Some of these were discussed in the analytical 

methodology section and will be further explained here. 

CTX has been shown to increase the permeability of frog 

skin membranes to sodium ions (Setliff et al., 1971), and 

increase the rate of constant entry of sodium into frog 

muscle cells (Rayner and Kosaki, 1968). This increase in 

the rate constant for sodium entry is antagonized by TTX. 

The depolarization does not occur when the frog muscle is 

exposed to CTX in a sodium-free medium but promptly occurs 

following the addition of NaCl. This is the basis for 

concluding that the action of the toxin involves an 

increase in the permeability of sodium-specific, TTX-

sensitive membrane channels. The most significant 

observation of Setliff's study (Setliff et al., 1971) is 

the interaction between the effects of CTX and Ca++. When 
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Ca++ is added to the medium before CTX, it increases the 

resistance to Na+ movement. This suggests that Ca++ and CTX 

might interact at the same receptor site. Rayner (1972) 

further observed that CTX appeared to have no effect in a 

Ca++ free solution containing EDTA. Therefore; the effect 

of CTX on the resting membrane potential appear to result 

from replacement of Ca++ by CTX at receptor sites which 

regulate Na+ permeability. In this competitive inhibition 

interaction, Ca++ must be regarded as the antagonist and 

CTX as an antagonist with zero efficacy. 

Cardiac effects due to CTX have been studied by Oshika 

(1971) who showed that CTX exhibits cholinergenic and 

adrenergic action in isolated rat atria, which is inhibited 

by a variety of adrenergic and ganglionic blocking agents. 

This dual effect of CTX might be explained in part by 

tolerance to the cardiotonic effects that develop after 

exposure of the atria to high concentrations of CTX and/or 

by the impure state of the toxin used in his experiments. 

Miyahara et al. (1979), also looked at the effects of CTX 

on isolated guinea pig atria and demonstrated that CTX 

induced a dual phase (hypotension with bradycardia followed 

by hypertension and tachycardia) effect in the force of 

contraction. The first phase can be abolished by 

anticholinergic agents (atropine, hexamethonium, and 

hemicholinium (Legrand et al., 1982) whereas the second is 

mediated by B-receptor blockers such as propranolol and 
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reserpine (Miyahara et al., 1985). This could be an 

indirect action by CTX involving B-receptor stimulation by 

a neurotransmitter. The first phase suggests a direct 

activation of the cardiac muscle sodium channels by 

modification of the voltage-dependent channel by increasing 

sodium inward currents, thus producing cardiotonic actions 

(Lewis and Endean, 1986) . 

The use of guinea pig atrium in vitro has been examined 

for various extracts of fish and dinoflagellates and has 

proven to be of great value in the characterization of CTX-

like and MTX-like toxins. 

The effects of CTX on smooth muscles are quite complex. 

Oshizumi et al. (1981) have shown that CTX induces the 

contraction of the guinea pig vas deferens and Miyahara et 

al. (1984) have shown enhanced inhibition of the taenia 

caecum by CTX. These effects are associated with 

norepinephrine release from adrenergic nerves. This release 

is antagonized by TTX, guanethidine, propanolol, reserpine 

and inhibited in the absence of Ca++. In a low Na+ medium, 

contraction induced by norepinephrine, acetylcholine and 

high K+ is exacerbated by CTX. Lewis et al. (1986) 

observed a CTX-induced sustained contraction of the ileum 

that was intensified by eserine and blocked by atropine. 

Recent work by Dickey et al. (1982) showed that CTX extract 

from kingfish applied to the guinea pig ileum blocked the 

effects of acetylcholine and histamine. Short term 



70 

application of CTX was reversible, but the contraction 

amplitude was diminished. Most of these effects of CTX can 

be explained as a direct effect of CTX on excitable 

membranes that can be mediated by the increase in Na+ 

permeability across the postsynaptic membrane. Ohizumi et 

al. (1982) concluded that CTX causes the release of 

endogenous norepinephrine from presynaptic sites and 

potentiates the effects of this neurotransmitter. The use 

of guinea pig taenia caecum has also been considered a 

valued tool for examining ciguatoxic extracts. 

Work done by Lewis et al. (1985) using pentobarbital 

anesthesia and nerve stimulation found that the respiratory 

arrest induced by lethal doses of CTX results from blocking 

phrenic nerve conduction. This depression was believed to 

come from the central respiratory center. However, 

experimental methods may have biased these results, and 

further studies are required to confirm this action. 

Contrary to CTX, the effects of MTX on cardiac muscle 

appear not to be mediated by neurotransmitters. The 

responses of the guinea pig vas deferens to MTX are 

different from those of CTX. MTX causes a dose-dependent 

slower contraction of the vas deferens following an initial 

rapid contraction (Oshizumi et al., 1983b). The slower 

contraction is abolished by phentolamine and reserpine 

whereas the first contraction remains unaffected. Both 

phases are inhibited by verapamil or a calcium-free medium 
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but are not affected by atropine, TTX or chlorpheniramine 

(adrenoreceptor blockers, sodium channel blockers, 

catecholamine depleting drugs). These observations suggest 

that the major part of the first phase of MTX-induced 

contraction is the result of a direct action on the smooth 

muscle membrane. The ability of calcium channel blockers 

and a calcium-free medium to inhibit the contractile 

effects "of MTX implies that the second component of MTX has 

a direct effect on calcium channels. This also suggests 

that Ca++ is indispensable for the action of MTX. Similar 

work done on guinea pig and rat atria and ventricle strips 

showed a dose dependent inotropic action of MTX in these 

tissues (Kobayashi et al., 1985a; Kobayashi et al., 1986a; 

Kobayashi et al., 1986b; Legrand and Bagnis, 1984) which 

was enhanced by adrenaline, abolished by Co++ and not 

affected by TTX or propranolol. Studies using aorta and 

cardiac tissues (Kobayashi et al., 1985b; Oshizumi et al. 

1983a) showed that MTX increased the calcium content in 

tissues, calcium uptake of cultured cardiac myocytes and 

intracellular free Ca++ concentration of isolated 

myocardial cells. These experiments showed that MTX 

activated calcium channels and suggested that MTX directly 

increases the current flowing through the cardiac muscle 

membrane which is carried by Ca++. The evidence presented 

above plus recent studies (Gusovsky et al., 1987) with 

neuroblastoma hybrid cells indicate that MTX acts as a 
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voltage-sensitive calcium channel activator. This 

hypothesis has been further tested by Pin et al. (1988) in 

a study examining the effects of HTX on endogenous amino 

acid release from, and Ca++ uptake into, striatal neurons 

developed in primary culture. The conclution is that MTX 

requires the presence of Ca++ to activate Na+ conductance, 

and that Ca++ is probably necessary for MTX activity but 

not for binding. MTX probably binds to neurons even in the 

absence of Ca++ and amino acid release evoked by MTX is due 

only in part to a Co++ sensitive Ca++ influx. The main part 

of the MTX-stimulated amino acid release may be caused by a 

massive influx of Na+, allowing the reversal of the amino 

acid carrier. Therefore, even at very low concentrations, 

MTX activates TTX-insensitive Na+ conductance and does not 

appear to be a specific activator of dihydropyridine-

sensitive, voltage-sensitive calcium channels only. Much 

more work is needed before the complete mechanism of action 

of MTX can be clearly established. 

Little work has been done to elucidate the mechanism of 

action of scaritoxin. Tatsumi et al. (1984) showed a 

releasing action of norepinephrine and acetylcholine from 

adrenergic and cholinergic nerve endings, resulting in the 

contraction of guinea pig vas deferens and ileum, 

respectively. This suggests that the pharmacological action 

of STX is similar to that of CTX, but the available 

information is limited (Legrand and Bagnis, 1984). 
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Okadaic acid, being a polyether, presents ionophoretic 

properties (facilitation of ion transport across membranes) 

as does CTX. It has been found that OA causes contraction 

in smooth muscles even in the absence of Ca++ (Ozaki and 

Karaki, 1987; Shibata, 1985). Ozaki and Karaki (1987) 

studied the mechanism of action of OA compared to calyculin 

A (another polyether isolated from a marine sponge). The 

results of this work suggest that OA has two separate 

effects: activation of calcium channels as well as 

activating contractile elements to induce smooth muscle 

contraction. Recently, OA, in addition to other compounds 

from marine sources, has been found to be a tumor promoter; 

that is, an agent which promotes tumor formation on already 

initiated cells (Fujiki, 1988). It has been found that the 

OA class of tumor promoters bind to their own receptors 

which are present in particulate as well as cytosol 

fractions. The mechanism of action of these compounds has 

been partially elucidated. 
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Treatment; 

There is no curative treatment presently known for 

ciguatera poisoning. Up to now it remains non-specific, 

symptomatic and supportive despite the major advancements 

in the understanding of the pharmacology of the toxin(s). 

Indigenous therapies like juices from the leaves of 

Pithecellobium (Vilavati chinch), Passiflora (Krishnakamal) 

and the sap of Euphorbia (Tidhari nivdunq) are still given 

in sporadic cases (Rege, et al., 1979). Traditionally, the 

immediate first aid treatment is to induce vomiting to try 

to eliminate the toxin{s), but this is of little help since 

the existence of the illness is not suspected until the 

initial symptoms have appeared. It is probably inadvisable 

to administer antiemetics or antidiarrhoeals as these would 

result in retention of the toxin(s) in the intestine for 

longer periods, thus allowing for further absorption with 

probably more serious consequences. If a patient is seen 

within hours, forced emesis and purgation may actually help 

eliminate any remaining toxic fish. Hamburger (1986), has 

suggested that mineral oil ingestion could speed the 

excretion of ciguatoxin since it is lipid soluble. After 

the acute phase analgesic, antiemetic and antidiarrhoeal 

agents may be used. Atropine may be administered to control 

persistent vomiting or diarrhoea (Bagnis, 1968). Fluid and 

electrolytes should be replenished by oral or IV 

crystalloid infusion. In Hawaii, successful treatment has 
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been carried out by thoroughly cleansing the 

gastrointestinal (GI) track with enemas and magnesium 

citrate saline catharsis, then instituting a strict diet 

containing no fish, shellfish or their byproducts, no nuts 

and no alcohol (Grant, 1984) . 

Severe cases of ciguatera may be accompanied by 

respiratory distress and cardiac disturbances. Supplemental 

oxygen and artificial respiration may be necessary. 

Atropine sulfate for bradycardia and dopamine infusion in 

cases of severe hypotension may be used (Yasumoto, 1984). 

However, a drug which can prevent respiratory or cardiac 

failure in cases of ciguatera has not yet been found. Some 

authors feel that atropine sulfate may be contraindicated 

because it can make the respiratory mucus more viscous and 

difficult to aspirate (Johnson and Jong, 1983; Halstead, 

1978). 

Cool showers and/or HI histamine antagonists may 

relieve the itching and pruritus. There is growing evidence 

indicating that amitriptyline can induce rather dramatic 

improvement on both pruritus and dysesthesias (Akeroyd, 

1984; Calvert, et al., 1987; Davis and Villar, 1986). 

Amitriptyline acts as a membrane stabilizer by blocking 

sodium channels in excitable membranes and also has anti

cholinergic actions (Calvert, et al., 1987). Extreme 

temperatures should be avoided if they aggravate the 

temperature reversal symptoms. By the same token, food 
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items that cause the recurrence of ciguateral symptoms, in 

particular fish and alcohol, should be avoided during the 

convalescence period. Administration of high doses of 

multivitamins, especially vitamins B12 and B5, high protein 

diets, and supplemental ascorbic acid may be useful during 

this period (Ho, et al,, 1986; Moon, 1981); however, the 

efficacy of this treatment has not been established. The 

use of prostaglandin synthetase inhibitors such as 

paracetamol or indomethacin have been advocated to control 

headache and paraesthesia (Grant, 1984). Aspirin, in large 

doses, is now used widely because it alleviates some of the 

lingering symptoms (Lewis, 1986). 

Because calcium is a competitive inhibitor of 

ciguatoxin in the frog membrane, large infusions of calcium 

(intravenous calcium gluconate) are recommended in acute 

cases until the serum calcium level is back to normal 

(Lawrence, 1980; Morris, et al., 1982; Russell, 1975). 

Protamide, used in the treatment of shingles in certain 

countries, has been used successfully in treating ciguatera 

cases in the Grand Bahama Island (Ho, et al., 1986). 

Recently, in the Marshall Islands 24 patients with 

acute ciguatera poisoning were treated with intravenous 

mannitol, and each patient's condition improved 

dramatically (Palafox, et al., 1988). All the neurologic 

and muscular dysfunctions exhibited marked lessening within 

minutes. Gastrointestinal symptoms disappeared more slowly. 
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The mechanism of action of this drug in this disease is not 

fully understood. However, it is inexpensive and apparently 

safe, therefore; its use should be considered for treating 

patients with significant ciguatera illness. 

There is considerable need to find medication that 

could be used to treat ciguatera specifically. Potentially 

useful drugs might include local anesthetics (Gillespie, et 

al., 1986). These agents block the sodium channels by 

binding, depending on its state (whether the activation and 

inactivation sites are open or closed). It is feasible that 

a drug of such activity could be found capable of blocking 

the sodium channel in the state following ciguatoxin 

action. Further research in this area is needed. 
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6- Prevention: 

Prevention of ciguatera would, of course, be the best 

strategy; however, because of its complexity this approach 

has been very difficult. Except for feeding trials in 

animals, there is no practical means for the consumer to 

determine whether or not the fish is toxic. Islanders eat a 

sir^all piece of fish and wait for several hours to determine 

if any signs of poisoning occur. In general, the disease 

can be avoided if the following precautions are taken 

(Craig, 1980; Halstead, 1968; Grant, 1984; Lange, 1987; 

Lee, 1980; Rege, et al., 1979; Withers, 1982): 

1- Avoid eating fish caught in endemic regions, 

2- Avoid eating fish considered harmful by natives, do not 

eat scaleless fish or moray eel. 

3- Avoid abnormally large carnivorous fish especially large 

predacious reef fishes such as groupers, barracudas, 

snappers and jacks, on the premise that the larger the 

fish, the more toxin it is likely to have absorbed. 

4- Avoid the liver, head, gonads or viscera of any fish. 

5- Beware of eating reef fish after any aggression or 

disturbance to their environment. 

6- Choose fish harvested from the leeward side of an 

oceanic island if possible. 

7- If possible, the flesh of freshly caught fish should be 

filleted into narrow strips and soaked in several changes 
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of salt water over a 30 minute period. This measure does 

not guarantee wholesomeness, this practice would not leach 

ciguatoxin but it may be making the fish safer to eat due 

to the fact that maitotoxin is water soluble. 

If ciguatera, or any other type of fish poisoning is 

suspected, the person should follow these measures 

(Environmental Epidemiology Program, State of Hawaii, 

1987) : 

1- Call a physician immediately for treatment. If the 

patient's physician is not available, call the nearest 

Poison Center. 

2- Do not take any drugs or medications without the 

physician's advice. 

3- Save the remainder of the fish (including the head and 

the gut) in the refrigerator or freezer to be given later 

to the Department of Health or a suitable organization for 

laboratory analysis. 

4- Call the Department of Health, Poison Center or suitable 

organization to report any case of fish poisoning. 
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7- Summary: 

Ciguatera poisoning has long been recognized as a 

serious problem in the tropical and subtropical regions of 

the world. Due to international and interstate commerce and 

tourist travel the phenomenon is spreading to other parts 

of the globe. Various species of fish (surgeonfish, 

snapper, grouper, barracuda, jack, amberjack among others) 

have been implicated in this type of poisoning. These fish 

accumulate toxins in their flesh and viscera through the 

consumption of smaller fish that have been previously 

contaminated by feeding on toxic dinoflagellates. The most 

probable source of ciguatera is thought to be the benthic 

microorganism, Gambierdiscus toxicus, which produces both 

CTX and MTX, but other species of dinoflagellates such as 

Prorocentrum lima may also contribute with secondary toxins 

associated with the disease. Potentially ciguatoxic 

dinoflagellates have been isolated, cultured under 

laboratory conditions, dinoflagellate growth requirements 

determined as well as some factors affecting toxin 

production. Also, data from their ecological environment 

has been accumulated in an attempt to reveal a relationship 

with the epidemiology of ciguatera outbreaks. 

Several bioassays have been employed to determine the 

ciguatoxicity of fish. Cats have been used due to their 

sensitivity, but regurgitation has made dosage information 

difficult to obtain. Mongooses have also been used but they 
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often carry parasitic and other type of diseases which 

complicate the bioassay. Mice have been used more commonly; 

they offer a more reliable model, can be easily housed, 

readily dosed in several ways and manifest diverse symptoms 

similar to human intoxications; but the amount of toxic 

extract needed, time consumed, complicated extraction 

techniques and instrumentation involved, limit the use of 

this assay commercially. Other bioassays have been explored 

including the brine shrimp, chicken, mosquito, crayfish 

nerve cord, guinea pig ileum, guinea pig atrium and other 

histological preparations; but all require elaborate time 

consuming procedures,-are not reproducible, lack 

specificity and are semiquantitative at best. This limits 

their use as part of a seafood monitoring program. The 

techniques that appear to represent the major advance in 

indentifing and detecting ciguatoxic fish are 

immunochemical methods: RIA, EIA and ELISA. Of these, the 

enzyme immunoassay stick test is the simplest, fastest, 

most specific, more sensitive and does not require 

complicated instrumentation. The problems with this method 

are: its crossreactivity with other polyether compounds and 

the limited antibody supply. Attempts to validate the 

method have been unsuccessful due to the lack of reference 

material. 

The first active compound associated with ciguatera to 

be isolated and studied was CTX and later other secondary 
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toxins such as MTX, STX (only present in fish) and OA have 

been isolated from dinoflagellates as well as toxic fish. 

CTX and STX are similar in their toxic action and lipid 

solubility; MTX is water soluble and also produces some 

similar toxic effects. Structural elucidation of OA has 

been successful and the other compounds are in progress but 

success has been limited due to the unavailability of toxic 

material. 

Ciguatera presents distinct complex polymorphous 

symptoms including gastrointestinal (diarrhea, abdominal 

pain, nausea, vomiting), neurological (paraesthesia, 

dysaesthesia) and cardiovascular (hypotension, bradycardia 

and tachycardia). Clinical symptoms usually begin within a 

few hours of ingesting the fish and can last for days, 

months and even years. The symptoms seem to differ 

depending on the fish source, age, sex and ethnic 

background of the afflicted individual. Treatment has been 

symptomatic up to present and no specific antidote has yet 

been recognized. Pharmacological studies suggest that these 

toxins affect the cell membrane producing electrolyte 

imbalances. Prevention is difficult, with the avoidance of 

large predatory fish and the use of animal screening tests 

are the only tools presently available. 

The ciguatera problem is complex and one of appreciable 

public health and economic importance in many areas of the 

world. Loss of markets, time lost from productive labor in 
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the recovery period from the illness, costs associated with 

monitoring ciguatoxicity, implementation of regulations 

prohibiting the sales of certain species and treatment 

costs are some examples of the economic impact of 

ciguatera. With increasing air travel the condition is 

likely to become more common and thus more frequently 

recognized. The development of a simple test for detecting 

the presence of ciguatoxin as well as improved treatment 

regimens are necessary to improve the management of 

tropical marine resources. Advances in these areas await 

the production of sufficient quantities of purified toxins. 
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CHAPTER 3 

MATERIALS AND METHODS 

Culturing of the dinoflagellates 

Organisms: 

Unialgal isolates of dinoflagellates Prorocentrum lima 

(strain PL200A) and Gambierdiscus toxicus (strain L1928) 

were provided by L. Provasoli and R.R.L. Guillard, Bigelow 

Laboratory for Ocean Sciences, McKown Point, West Boothbay 

Harbor, Maine 04575. 

Media: 

Two different enriched seawater media were used in 

this study: L20-1 and modified K. The compositions of these 

media are shown in Tables 3 and 4, respectively. 

Formulation for L20-1 medium used in this study was based 

on L20 medium provided by Ronda C. Selvin, Bigelow 

Laboratory of Ocean Sciences. This medium is based on 

Guillard's "enrichment f/2" minus silicate (Guillard and 

Ryther, 1962; Guillard, 1975). Compositions of "enrichment 

f/2" and stock solutions are given in Tables 5 through 8. 

Modified K medium is based on Keller and Guillard's K 

medium (Keller and Guillard, 1985). In this study tris, 

silicate and copper sulfate were omitted from the medium 



Table 3: L20-1 enriched seawater medium composition. 

Compound 

NaK03 

NaH2P04-H20 

Vitamins 

Thiamin.KCl 

Eiotin 

312 

Trace metals 

FeC13.6K20 

CUS04.5H20 

ZnS04.7K20 

COC12.6H20 

MnC12.4K20 

Na2Mo04.2K20 

EDTA(Na2) 

NH4C1 

Concentration (mM) 

8.83 X 10"(-2) 

3.63 X 10"(-3) 

3.00 X 10'(-5) 

2.10 X 10'(-7) 

3.70 X 10'(-8) 

1.17 X 10'(-3) 

4.00 X 10'(-6) 

8.00 X 10'(-6) 

5.00 X 10'(-6) 

9.00 X 10'(-5) 

3.00 X 10'(-6) 

1.00 X 10'(-1) 

1.00 X 10'(-1) 

(R. C. Selvin, personal communication) 
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Table 4: Modified K enriched seawater medium composition. 

Compound 

NaN03 

NaH2P04-H20 

Vitamins 

Thiamin.HCl 

Biotin 

B12 

Trace metals 

FeEDTA 

MnC12 

ZnS04 

CoS04 

Na2Mo04 

EDTA(Na2) 

NH4C1 

Na2Se03 

Concentration (mM) 

8.83 X 10" (-1) 

1.00 X 10'^ (-2) 

3.00 X 10" (-4) 

2.10 X 10" (-6) 

3.70 X 10"(-7) 

1.17 X 10" (-2) 

9.00 X 10"(-4) 

8.00 X 10"(-5) 

5.00 X 10"(-5) 

3.00 X 10"(-5) 

1.00 X 10" (-1) 

5.00 X 10"(-2) 

1.00 X 10"(-5) 

(Keller and Guillard, 1985; J.W. Bomber, personal 

communication) 
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Table 5: Composition of enriched seawater medium, 

"enrichment f/2". 

Compound 

NaN03 

NaH2P04-H20 

Na2Si03.9H20 

Vitamins 

Thia:nin .HCl 

Bletin 

B12 

Trace metals 

FeC13.6K20 

CuS04.5H20 

ZnS04.7H20 

C0CI2.6H20 

MnC12.4H20 

Na2Mo04.2H20 

EDTA(Na2) 

Concentration (mM) 

8.83 X 10'(-1) 

3.63 X 10' (-2) 

5.40 - 10.70 X 10'(-2) 

3.00 X 10' (-4) 

2.10 X 10' (-6) 

3.70 X 10'(-7) 

1. 17 X 10' (-2) 

4. 00 X 10' (-5) 

8. 00 X 

<
 

0
 

%—1 

(-5) 

5. 00 X H
*
 
0
 

> (-5) 

9. 00 X 10' (-4) 

3. 00 X 10' (-5) 

1. 17 X 0
 

> 

(-2) 

(Guillard, 1975) 
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Table 6: Enriched seawater medium, "enrichment f/2" primary 

stock solutions for trace elements. 

Salt Primary stock (W/V) 

CUS04.5H20 0.98 

ZnS04.7K20 2.20 

or ZnC12 1.05 

COC12.6K20 1.00 

MnC12.4H20 18.00 

Ka2Mo04.2K20 0.63 

W/V = n graxs salt diluted to 100 ir.l with distilled water. 

{Guillard, 1975) 
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Table 7: Trace metal working stock solution for enriched 

seawater media. 

Compound 

Ferric sequestrene 

Cu primary stock 

Zn primary stock 

Co primary stock 

Mn primary stock 

Mo primary stock 

Distilled water 

Amount 

5 g 

1 ml 

1 ml 

1 ml 

1 ml 

1 ml 

up to 1 liter 

(Guillard, 1975) 
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Table 8: Vitamin primary and working stock solutions used in 

enriched seawater media. 

Vitamin Primary stock Working stock 

Biotin 0.1 mg/ml 1.0 ml 

B12 1.0 rng/inl 0.1 ml 

Thianiin.KCl 20.0 mg 

Distilled water up to 100 ml 

(Guillard, 1975) 
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and a macroalgal extract was added. Preparation of the 

macroalgal extract will be explained later. 0.1% of a 

penicillin/ streptomycin (1:1) antibiotic solution was 

added to both media (Durand-Clement, 1987; Keller and 

Guillard, 1985). The pH of each medium was adjusted to 7.8 

8.2 using either hydrochloric acid (3N) and sodium 

carbonate (1-5M) solutions as appropiate. 

Preparation of the media: 

Natural seawater was obtained from a seawater well on 

the coast of the Gulf of California, in Puerto Penasco, 

Mexico. The seawater was stored under refrigeration (4 C) 

in plastic drums until used. Salinity of the seawater was 

adjusted to 32 o/oo using de-ionized, distilled water. 

Salinity values were determined using an ATAGO dual scale 

hand refractometer (S/MILL, 32-10 Honmachi, Itabashiku, 

Tokyo 173, Japan). Two and four liter polycarbonate 

containers were used to sterilize the seawater by 

autoclaving at 121 C {17 psi) for 20 minutes per liter of 

seawater. Nutrients were filter-sterilized and added 

aseptically following sterilization of the seawater. The pH 

of the media was checked at this point and adjusted as 

necessary. Enriched media was also prepared by lowering the 

pH of the diluted seawater to 4, adding all the nutrients 

except vitamins and antibiotic solutions, and sterilizing 

as outlined above. The vitamin and antibiotic solutions 
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(previously filter sterilized) were added aseptically to 

the sterile medium. pH was adjusted to 7.8 - 8.2 with a 

sterile sodium carbonate solution just before inoculating 

with the cultures. Stock media was stored while still at pH 

4 at 4 C to minimize possibilities of contamination. Stock 

vitamin solutions were stored in the dark at 0 C. Stock 

trace metals, antibiotic, hydrochloric acid and sodium 

carbonate solutions were stored in the dark at 4 C. All 

other stock solutions were stored at room temperature. All 

glassware used in preparation of media, storage of 

nutrients and stock solutions were washed, rinsed with de-

ionized, distilled water, soaked for 24 hours in 10% nitric 

acid, rinsed again and sterilized by autoclaving as 

specified above. 

Preparation of macroalgal extract: 

150 grams (wet weight) of brown macroalgae (Saraasum 

sp.) collected off the Southern California coastline, were 

cut in small pieces and mixed with 350 ml of distilled, de-

ionized water in a blender until a homogenous mixture was 

obtained. This mixture was centrifuged several times to 

eliminate solid material and weighed. The particle free 

extract was stored at 4 C in the dark until use. The 

extract was autoclaved to assure better extraction (J. W. 

Bomber, personal communication) and to ensure sterility. 

Average dry weight of the extract was obtained by weighing 
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triplicate 1 ml samples of extract after drying at 110 C 

for 4 hours and allowing to cool in a desiccator to room 

temperature. A 40 mg equivalent dry weight of macroalgal 

extract was added per liter of modified K medium (J. W. 

Bomber, Department of Botany, Southern Illinois University, 

Carbondale, IL 62901). 

Culture maintenance and scale-up procedures; 

Stock mother cultures were maintained in 10 ml tubes 

of L20-1 and modified K media. Maintenance transfers were 

made at intervals of 15 to 21 days. Harvesting of the cells 

was done at intervals of 21 to 25 days for Prorocentrum 

lima cultures and 25 to 30 days for Gambierdiscus toxicus 

cultures. Aseptic techniques and sterile glassware, were 

used for all culturing operations. Scale-up procedures are 

shown in Figure 7, A diagram of the 20 liter containers 

used in this study is shown in Figure 8. The containers 

were aerated with filtered (cotton or 0.45 um filter) air 

through a single, open glass tube at a rate producing small 

bubbles to achieve gentle aeration of the culture. Cultures 

were transferred during the stationary phase of the growth 

curve. Cultures were incubated at 25 - 27 C, with a 14/10 

hour light/dark cycle. Illumination was provided by 40 watt 

(General Electric, Shoplite) cool-white fluorescent lamps. 

Each culture flask was rotated 180 degrees every two days 

to maximize exposure to light. Cultures were tested 
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10 ml tubes 
I 

125 mi flask 
I 

250 mi flask 
I 

500 ml flask 
I 

1000 ml flask 
I 

2800 ml Fernbach flask > Harvest 
I 

20 liter container 
I 

Harvest 

Figure 7: Scale up procedure for culturing 
dinoflagellates. 
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rubber tubing 
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air outlet 
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Figure 8: Diagram of apparatus for culturing 
dinoflagellates. 
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periodically for bacterial contamination. Non-axenic 

cultures were washed 4 times with fresh, sterile media 

containing antibiotic solution and transferred into clean, 

sterile glassware or discarded. 

Preliminary media evaluation: 

Both dinoflagellates were cultured initially in 

"enrichment f/2" minus silicate, L20-1 and f/2:L20-l (1:1) 

combination media using the same conditions explained 

above. Cultures not showing visible appreciable growth in 4 

to 6 weeks were transferred to K medium. 

Bacterial contamination testing; 

Samples (1 ml) of each culture flask were mixed with 5 

mis of DCM medium and incubated at 37 C, for 7 days. 

Formulations for DCM medium and stock solutions (R. C. 

Selvin, Bigelow Laboratory for Ocean Sciences) are shown in 

T a b l e s  9  t o  1 1 .  T u b e s  w e r e  e x a m i n e d  f o r  t u r b i d i t y  a t  2 , 4  

and 7 days. Cultures exhibiting no turbidity after 7 days 

were considered axenic. Similarly, fresh prepared enriched 

seawater media was also tested for bacterial contamination. 
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Table 9: DCM medium composition used in testing algal 

cultures for bacterial contamination. 

Compound Amount 

NaCl 18.00 g 

MgS04.7H20 5.00 g 

KCl 0.60 g 

CaC12 0.10 g 

NaN03 0.50 g 

Na2GlyceroP04 0.40 g 

TRIS buffer 5.00 g 

SodiuTi Acetate. 3H20 0.05 g 

NaK glutamate 0.05 g 

Glycine (D,L) 0.05 g 

Sucrose 0.05 g 

Lactate 0.05 g 

Glycerol 0.50 g 

Trace metal stock 1.00 ml 

Vitamins stock 1.00 ml 

Distilled water up to 1 liter 

Lower pH to 7.7 - 8.0 

(R.C. Selvin, personal communication) 
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Table 10: Trace metal stock solution used in DCM medium. 

Compound 

Ferric sequestrene 

EDTA{Na2) 

ZnS04 {f/2 primary stock) 

MnC12 {f/2 primary stock) 

C0CI2 (f/2 primary stock) 

CuS04 (f/2 primary stock) 

Na2Mo04 (f/2 primary stock) 

Distilled water 

Amount 

0.50 g 

2.50 g 

3.00 ml 

2.00 ml 

0.10 ml 

0.05 ml 

0.10 ml 

up to 100 ml 

(R.C. Selvin, personal communication) 



Table 11: Vitamin primary and working stock solutions used 

in DCM medium. 

Vitamin Primary stock Working stock 

Biotin 1 mg/ml 1.00 ml 

B12 1 mg/ml 0.10 ml 

Thiamin 0.20 g 

Folic acid 2 mg/ml 0.10 ml 

PABA 2 mg/ml 0.50 ml 

Niacin 1 mg/ml 10.00 ml 

Inositol 0.10 g 

Ca pantothenate 2 mg/ml 10.00 ml 

Pyridoxine 1 mg/ml 10.00 ml 

Distilled water up to 100 ml 

(R.C. Selvin, personal communication) 
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Cell counting procedures; 

Cells were counted live under a bright field 

microscope (Erntz Leitz Wetzalr, Germany) by scraping the 

bottom of culture flasks with a teflon policeman, agitating 

the cultures, sampling and counting cell numbers using a 

hemacytometer (Hausser Scientific. Blue Bell, PA. 19422). 

Counts were made in triplicate and the number of cells per 

cubic mm was determined by the formula: 

# of cells/ cubic mm = # of cells counted X 5 X dilution 

# of cubic mm in chambers 

Calculations were made to obtain the average cell density 

(cells/ml). 

Determination of dinoflagellate cell growth curves: 

Triplicate sample flasks of Prorocentrum lima cultures 

were inoculated with a known number of cells. A known 

volume of sample was removed every 5 days for a period of 

30 days and the average cell density was determined. The 

growth curve of Gambierdiscus toxicus was not determined 

for reasons explained in the results and discussion chapter 

of this document. 

Determination of dinoflagellate average cell weight: 

Known numbers of Prorocentrum lima cells were 

collected periodically from the cultures. Samples were 

filtered through a # 1 Whatman paper filter and washed 
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repeatedly with de-ionized, distilled water to eliminate 

mucus and salts. The filter paper was dried at 110 C for 4 

hours, cooled in a desiccator to room temperature and 

weighed. Calculations were made to obtain the average dry 

weight of one cell. The average cell weight of 

Gambierdiscus toxicus was not determined. 

Cell harvesting and toxin extraction procedures 

Cell harvesting procedure: 

Algal cultures were scraped gently with a teflon 

policeman (a rubber spatula was used for 20 liter 

containers) and the slurry of cells was centrifuged (14,703 

g., 10 min) in 275 ml glass centrifuge bottles. The 

supernatant was decanted and the cell pellet retained for 

toxin extraction. 

Cell lysis and toxin extraction procedure: 

Cells from both dinoflagellate species were lysed by 

repeated sonication operations (30, 15 and 7.5 minutes, 

respectively). A cell disrupter (Branson model# 2200, Eagle 

Rd., Danbury, CT. 06810-1961) was used to sonicate the 

cells. The lysing procedure was coupled with the extraction 

procedure and performed in the 275 ml centrifuge bottles. 

100 ml of a warm (35 - 40 C) 80% methanol/water solution 

per 10'6 - lO"? cells were used for toxin extraction. After 
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each sonication run, the remaining cells and cell debris 

were centrifuged as above. The supernatant was separated 

and saved and the procedure was repeated three times. After 

the last extraction all supernatants of the same 

dinoflagellate species grown in the same media were 

combined for concentration and the pellet discarded. 

Occasionally, a fourth sonication and extraction run was 

necessary to remove all the pigment from the cell pellet. 

Extracts were filtered through a #1 Whatman paper filter to 

remove excess mucus and cell debris. 

Extract concentration: 

A water bath rotoevaporator (Buchi, Switzerland), set 

at 65 C, was used to concentrate the 80% methanol extracts. 

The concentrates were taken up to a known volume with 

methanol:chloroform:water (1:1:1) and stored in the dark at 

4 C until toxicity/mutagenicity testing. Samples prepared 

in this manner were considered crude extracts. 

Separation and purification procedures: 

Crude extracts of cells of Prorocentrum lima and 

Gambierdiscus toxicus were partitioned three times with 

diethyl ether:water (2:1) and concentrated in the 

rotoevaporator. The aqueous layer was extracted three times 

with 1-butanol. The ether layer was further partitioned 

thrice with hexane:methanol (1:2). All fractions were 
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concentrated in the rotoevaporator and stored in the dark 

at 4 C until toxicity/mutagenicity testing. After 

toxicity/mutagenicity screening, the ether soluble fraction 

dissolved in methanol and butanol soluble fractions of both 

dinoflagellate species were precipitated by dissolving in 

warm acetone, filtering warm through a 0.20 um solvent 

resistant membrane filter (FP VERICEL, Gelman Sciences, 

Inc., Ann Arbor, MI 48106) and concentrating. Both 

filtrates and precipitates were stored in the dark at 4 C 

until toxicity screening. After toxicity assays were 

performed the butanol soluble and ether soluble filtrates 

of both dinoflagellate species were dissolved and stored in 

cold acetone (-80 C) for 24 hours, filtered cold through a 

0.20 um solvent resistant membrane filter, concentrated, 

and stored in the dark at 0 C until toxicity screening. 

Both the butanol soluble fraction, cold acetone treatment 

precipitate (BECAP) and the ether soluble fraction, warm 

acetone treatment filtrate (ESFWAF) of both dinoflagellate 

species were evaporated to dryness under nitrogen and heat 

(40-60 C). The residues were dissolved in known volumes of 

10 % methanol:water and chloroformrmethanol (1:1) 

respectively, and stored in the dark at 0 C for use in 

column chromatography. No precipitate was obtained for the 

ESFWAF when treated with cold acetone. 
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Column chromatography (CC) procedure: 

Silica Gel 60, (70-230 mesh, EM SCIENCE, Cherry Hill, 

NJ 08034-0395) was used for chromatographic separation of 

the toxins and was activated by placing at 110 C for 1 hour 

and allowed to cool to room temperature in a desiccator. 

Water was added (0.1%) and the mixture was allowed to 

equilibrate in a desiccator for at least 15 hours before 

using. Four columns were packed with 28 grams each of 

Silica Gel 60 dissolved in chloroform. The chloroform was 

subsequently washed with methanol. Two columns were 

equilibrated with a chloroform: methanol (9:1) mixture and 

two with methanol. The chloroform:methanol columns were 

used for the ESFWAF fractions of both dinoflagellate 

species. Eluting solvents used were: chloroform:methanol 

(9:1), chloroform:methanol (1:1) and methanol. 200 ml of 

each eluting solvent was used for Prorocentrum lima sample 

and 100 ml each for Gambierdiscus toxicus sample. The 

methanol columns were used for the BECAP fractions of both 

dinoflagellate species. Eluting solvents used for these 

columns were: methanol, methanol:water (1:1) and water. 200 

ml of each eluting solvent were used for each 

dinoflagellate species sample. The flow rate for all 

columns was about 0.6 ml/min. Fractions of 23.5 ml were 

collected for both Prorocentrum lima isolates and for the 

Gambierdiscus toxicus BECAP isolate. Fractions of 10 ml 

were collected for the Gambierdiscus toxicus ESFWAF isolate 
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due to limited availability of sample. Twenty five isolates 

were obtained for each one of the Prorocentrum lima columns 

and for Gambierdiscus toxicus BECAP column and 30 isolates 

were obtained for Gambierdiscus toxicus ESFWAF column. Each 

one of these isolates was evaporated to dryness under 

nitrogen and heat (40-60 C). The residues were dissolved in 

a known volume of the corresponding chromatographic column 

eluting solvent. Isolates were stored in the dark at 4 C 

until toxicity screening. 

Thin layer chromatography (TLC): 

TLC spectrum of column isolates: 

All isolates obtained from each column of both 

dinoflagellate species were plated on previously activated 

and equilibrated (1 hour at 110 C) Silica Gel 60 (EM 

SCIENCE, Gibbstown,NJ 08027-1296), 0.20 mm, 20 X 20 cm, 

aluminum backed pre-coated TLC plates. Solvent systems 

tested were: ethyl acetate:methanol:water (100:13.5:10), 

chloroform:methanol (9.5:0.5), chloroform:methanol (1:1), 

chloroform:methanol:water (60:35:8), and chloroform: 

methanol:water (60:36:4). The solvent system chosen for the 

ESFWAF isolates of both dinoflagellate species was 

chloroform:methanol (9.5:0.5) and for the corresponding 

BECAP isolates was chloroform:methanol:water (60:36:4). 

ESFWAF plates were developed to 10 cm and BSFP plates to 13 
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cm in equilibrated TLC chambers. Plates were visualized 

with a high-intensity, self-contained, battery operated UV 

light lamp {Model UVGL-48, Ultra-Violet Products, Inc., San 

Gabriel, CA 91778) and by placing under iodine vapor for 

approximately 15 minutes. Retention factors (Rf) were 

charted and the corresponding zones were traced on paper. 

Preparative thin layer chromatography of toxic isolates: 

Toxic isolates of both dinoflagellate species were 

combined based on toxicity screening results and similar 

TLC characteristics. Samples were concentrated under 

nitrogen and heat (40-60 C). Following concentration, 

samples were applied to previously activated and 

equilibrated (1 hour at 110 C) Silica Gel G (ANALTECH, 

Newark, DL 19714), 1 mm, 20 X 20 cm, hand-made plates. The 

same solvent systems used for preliminary TLC analyses were 

used for preparative TLC with the exception of Prorocentrum 

lima column isolates 14,15,16 and 17 and Gambierdiscus 

toxicus column isolates 26,27 and 28, due to the 

visualization of more zones under UV light. Visualizing 

techniques explained in the above section were used with 

the exception of the iodine vapor. Visual and non-visual 

zones were scraped and eluted in 10 ml tubes with the 

corresponding column eluants and stored in the dark at 4 C 

until toxicity screening. 



Toxicity testing 

107 

Brine shrimp assay: 

-S-ample extracts were evaporated to dryness under 

nitrogen to eliminate any trace of solvent. One ml of 

artificial seawater (Forty Fathoms, Marine Enterprises, 

Baltimore, MD 21204), (15 grams per 500 ml of distilled, 

de-ionized water), containing approximately 15 to 20 brine 

shrimp larvae (Artemia salina) were exposed to different 

concentrations of the test samples in 12 X 75 mm 

borosilicate glass tubes. Toxicity of each sample was 

evaluated in quintuplet, quadruplicate or triplicate 

dependent upon availability of sample. Tubes were incubated 

at 31 C for 48 hours. Shrimp mortality was determined at 

4,8,16,24 and 48 hours by counting the immobile (dead) 

larvae using a magnifying glass. At the end of the 48 hour 

observation period, remaining live larvae were killed by 

heat and the total number was counted. Mortality in 

controls (seawater and solvent) was determined 

simultaneously with each screening test. Calculations were 

made to obtain the relative percent mortality of each test 

sample at each observation time. The relative percent 

mortality is equal to the mortality of the control larvae 

substracted from the mortality of the dosed larvae. 
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Mouse acute toxicity assay; 

Test extracts were dried in the same manner as for the 

brine shrimp assay, suspended in a 5% Tween 80 solution and 

filter sterilized. CD-I, female mice (Charles River, 

Boston, MA) weighing 18 to 20 g were dosed different 

concentrations of the test extracts (1 ml per animal) by 

intraperitoneal injection (I.P.) and observed for 24 hours. 

Toxicity of each sample was evaluated in quintuplet, 

quadruplet or duplicate depending on the availability of 

the test extracts and/or animals available. Non-dosed and 

vehicle control animals were observed simultaneously with 

each test. Symptoms and death time were noted and 

calculations were made to determine the mean death time of 

the animals for each test extract and dose. At the end of 

the observation period surviving animals were euthanized 

using nitrogen gas. Appropiate use and care procedures 

outlined by the U.S. Department of Agriculture and Public 

Health Service were followed for all experiments involving 

animals. 

Mouse temperature depression assay: 

This assay was performed in the same manner as the 

mouse acute toxicity assay. In addition, however, rectal 

temperatures of each animal were taken at varied intervals 

over the 24 hour observation period. The experiments were 
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carried out at room temperature (25 C). Rectal temperatures 

were taken using a temperature probe (VWR SCIENTIFIC 

digital thermometer, San Francisco, CA) inserted 

approximately 50 mm into the animal's rectum. Initial 

temperatures (recorded as zero time) were taken immediately 

before administration of test extracts-

Mutagenicity testing 

Salmonella/mammalian microsome mutagenicity assay: 

The procedure described by Maron and Ames (1983), was 

used. 100 ul of different concentrations of the test 

compound and 100 ul of an overnight culture of the tester 

strain Salmonella thvphimurium TAIOO (provided by: B. N. 

Ames, Department of Biochemistry, University of California, 

Berkley, CA 94720) were added to 2 ml of top agar and 

mixed. The mixture was poured over the surface of a minimal 

glucose agar plate (containing approximately 30 ml of 

minimal glucose agar medium) and allowed to harden. 

Inverted plates were incubated in the dark at 37 C for 48 

hours. At the end of this period revertant colonies were 

counted and the average number of revertant colonies per 

dose per test substance was calculated. All glassware, 

reagents, media, utensils and petri dishes used were 

sterile. Mutagenic potential of each sample was evaluated 

in triplicate plates. All the samples were tested with and 
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without the addition of 0.5 ml per plate of S9 (AROCLOR-

1254 induced male Sprague Dawley rat liver homogenate in 

0.154 M KCl; Molecular Toxicology, Inc., College Park, MD 

20742) as a source for activating enzymes. Negative 

controls containing bacteria, S9 mix and solvent were 

required to establish the spontaneous number of colonies 

that arise for the tester strain. Ethanol/water (9.5:0.5), 

acetonitrile and water were used as test substance 

solvents. Positive controls containing the standard 

diagnostic mutagen 2-aminofluorene (2 ug/ul), specific for 

the tester strain, were included. Plates were covered 

promptly after inoculation with brown paper to avoid the 

effects of light on the photosensitive bacteria. Tester 

strain cultures were grown overnight (12 to 16 hours) in 

Oxoid nutrient broth No. 2, at 37 C using a gyrotory shaker 

(G2 model, New Brunswick Scientific Company, Inc., Edison, 

N.J.) set at 200 to 240 rpm, to a density of approximately 

1.0 X 10'9 cells. Growth was determined by measuring 

absorbance at 650 nm using a spectrophotometer (Baush & 

Lomb, Spectronic 20; Rochester, New York). Cultures 

exhibiting absorbance equal to or greater than 0.8 were 

considered appropriate for use. Cultures were protected 

from light by wrapping flasks with metal foil and storing 

in the dark at 4 C for no more than 48 hours before the 

assay. Pre-tests were performed on the culture previous to 

each mutagenicity assay to assure the presence of the 
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adequate mutations: his- (histidine requirement), rfa 

(crystal violet sensitivity) and R-factor (ampicillin 

resistance). 

Teratogenicity testing 

Chicken embryo assay: 

The procedure described by AOAC, Official Methods of 

Analysis, 1984 (Section 26.084) was used. Fertile Single-

Comb White Leghorn eggs were used. Eggs were candled before 

inoculation to eliminate eggs with misplaced air cells, 

blood spots, hair-line cracks and other cell imperfections 

or egg abnormalities. The air cell location of each egg was 

outlined clearly with pencil. Using random selection eggs 

were divided into groups of 20 eggs per dose level of 

sample to be injected. A hole of approximately 2 mm in 

diameter was drilled in the center of the air cell of each 

egg. Using a digital syringe microburet (Micro-Metric 

Instrument Co., Cleveland, OH), ICQ ul of test extract was 

dispensed onto the egg membrane. The hole was immediately 

sealed with a small piece of adhesive tape. Eggs remained 

undisturbed for a 1 hour period to allow dispersion of the 

material. Positive aflatoxin B1 and negative non-dosed and 

carrier (5% tween 80) controls were included. Eggs were 

placed in the incubator trays and loaded into the incubator 

set at 37.4 C and 79% relative humidity. Eggs were turned 
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180 degrees every 12 hours to avoid embryos sticking to one 

side of the egg shell. Trays were rotated every 12 hours to 

assure proper aereation. Eggs were candled daily starting 

day 4. Clear eggs and dead embryos were removed, opened and 

examined for teratogenic effects. Dead embryos were 

preserved at room temperature (25 C) in a 70 % 

methanol/water solution inside glass vials. Incubator 

temperature was monitored periodically and adjusted when 

necessary. On day 17, eggs were placed in hatching trays 

and allowed to hatch until day 23. All unhatched eggs were 

opened and examined. Hatched chicks were examined for 

teratogenic effects and all observations were recorded. 

Surviving chicks were euthanized using nitrogen gas. 

Appropiate animal use and care procedures outlined above 

were followed. 

Okadaic acid analysis 

High performance liquid chromatography (HPLC) procedure: 

Samples of Prorocentrum lima and Gambierdiscus 

toxicus crude extract (1 ml, equivalent to 5.8 X 10"6 

cells), ESFWAF and BECAP (1 ml, equivalent to 2.6 X 10"6 

cells) were sent to Dr. Jean-Marc Fremy (CNEVA, Laboratoire 

Central d'Hygiene Alimentaire, 43, rue de Danzig, F-75015 

Paris, France) for okadaic acid (OA) analysis. The method 

is based on Baker's, (Baker, et al.; 1980) HPLC method for 
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determination of fatty acids, using 9-Diazomethylanthracene 

(ADAM) as a fluorescent and ultra-violet label. Isolates 

were evaporated to dryness and retaken in 500 ul of 

chloroform. 100 ul of 0.1% ADAM reagent, suspended in 

methanol, was used for derivatization. Purification steps 

included passage through a silica gel (SEP-PAK) column 

conditioned with hexane:chloroform, washed with chloroform, 

and eluted with chloroform:methanol. Before HPLC analysis, 

the isolate was retaken in 100 ul methanol. Injection load 

was 10 ul. The procedure was performed using a LICHROCART 

250-4 HPLC, Cartridge Superspher 100 RP-18 (MERCK) column, 

5 um in diameter, 250 mm in length. Eluant used was 

acetonitrile:water (80:20) at a rate of 1 ml/minute. 

Spectrometric detection was performed using a (FIOOO, 

MERCK) fluorimeter at 365 nm (excitation wave length) and 

412 nm (emission wave length). Proper function of the 

system was confirmed by analyzing a reagent blank, samples 

of OA-contaminated and OA-free mussels, and OA standard. 
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CHAPTER 4 

RESULTS AND DISCUSSION 

Culturing of the dinoflagellates 

Prorocentrum lima cells adapted readily to the 

laboratory culturing conditions. Growth was observed in all 

media tested (f/2, f/2:L20-l, L20-1 and K). Cells grown in 

L20-1 and modified K media showed highest densities. No 

growth was observed for Gambierdiscus toxicus cells in f/2, 

f/2:L20-l or L20-1 during the initial 6 week test period 

(the cells became less pigmented and finally died). 

Surviving cells were recovered and transferred to the 

modified K medium. Twice the time required for the scale-up 

of P.. lima was necessary for G. toxicus (4 versus 8 

months). The higher growth rates observed for G. toxicus in 

modified K medium may well be due to the addition of a 

macroalgal extract. This observation is supported by the 

work of Carlson, et al. (1984) and Bomber, J.W. (personal 

communication) where G. toxicus maximum growth rates were 

obtained with addition of macroalgal extracts. The highest 

cell density obtained for P. lima in modified K medium was 

2.5 X 10^4 cells/ml and 1.4 X 10"4 cells/ml in L20-1 

medium. The highest cell yield for G. toxicus was 1.1 X 
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10'4 cells/ml. Table 12 compares cell densities for the two 

species studied. 

Both dinoflagellate species have a tendency to" adhere 

to the bottom of the culture flask. G. toxicus, in 

particular, overloaded the bottom of the flasks forming 

what appeared to be a uni-algal layer. When grown in 

modified K medium, both species produced a mucous-like 

substance which enabled the cells to adhere to each other 

forming strands. G. toxicus appeared to be more sensitive 

than P. lima to the absence of light. When culture tubes 

were placed in racks where light was not direct, less or no 

growth was observed. Both species attached or migrated to 

the sides of the flasks were the light intensity was 

higher; for this reason, cultures were rotated every two 

days to ensure an even growth distribution and light 

exposure. An excess of medium was detrimental to G. toxicus 

cell, producing loss of pigmentation and ultimately cell 

death. Vigorous agitation produced the same result, thus, 

it is not recommended. This sensitivity to environmental 

factors has also been reported by other researchers 

(Bomber, J.W.; personal communication, Yasumoto, et al., 

1979) . 

Cell coloration varied depending on the culture 

medium. P. lima cells appeared orange-brown in modified K 

medium and green-light brown in L20-1. G. toxicus cells 

appeared dark brown in modified K medium and yellow-brown 
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Table 12: Comparison of cell densities of Prorocentrum lima 

and Gambierdiscus toxicus during the study period. 

Prorocentrum lima 

Harvest date Medium Volume(ml) Average cell density(a) 
(cells/ml) 

10-12--1988 L20-1 1000 6.5 X 10'^3 
L20-1 1150 8.8 X 10^3 

11-08--1988 K 900 13.2 X 10'3 
K 800 17.4 X 10'3 

L20-1 1500 10.0 X 10^3 
L20-1 1500 6.1 X 10'3 
L20-1 1500 5.8 X 10^3 

11-21--1988 L20-1 1400 7.0 X 10*3 
L20-1 1200 4.6 X 10'3 
L20-1 1500 9.0 X 10'3 

11-30--1988 L20-1 1450 7.2 X 10'3 
L20-1 1700 9.0 X 10'3 
L20-1 1600 9.9 X 10'3 

12-•22--1988 L20-1 1650 8.8 X 10^3 
L20-1 1420 12.9 X 10'3 

K 1520 19 .5 X 10'3 
01-•18--1989 L20-1 1470 6.5 X 10'3 

L20-1 1430 6.9 X 10'3 
L20-1 1400 6.5 X 10"3 

K 1700 9.6 X 10'3 
K 1500 8.1 X 10"3 

02-•18' -1989 L20-1 1520 6.5 X 10'3 
L20-1 1510 7.2 X 10'3 

02-•20 -1989 K 1890 7.6 X 10*3 
03-•10 -1989 L20-1 1630 6.5 X 10*3 

L20-1 1530 6 .6 X 10*3 
K 2120 7.5 X 10*3 

03--15 -1989 K 1580 7.5 X 10*3 
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03-31-1989 L20-1 1500 7.1 X 10^3 
L20-1 1600 7.4 X 10^3 

K 2250 7.0 X 10^3 
K 2100 6.4 X 10^3 

04-20-1989 L20-1 1950 8.4 X 10^3 
L20-1 1850 8.9 X 10~3 

K 1750 12.0 X 10^3 
K 1680 12.1 X 10^3 
K 1720 10.0 X 10^3 
K 2240 8.7 X 10'3 

05-22-1989 L20-1 2200 5.9 X 10'3 
L20-1 2000 6.6 X 10'3 

K 2800 9.5 X 10"3 
06-09-1989 L20-1 2000 6.8 X 10'3 

L20-1 1300 8.6 y 10"3 
L20-1 1700 12.3 X 10'3 

K 1800 9.3 X 10^3 
06-11-1989 L20-1 1500 8.5 X 10*3 

L20-1 1900 10. 8 X 10*3 
L20-1 2150 7.2 X 10*3 

K 2000 12.4 X 10*3 
07-14-1989 L20-1 1900 10.0 X 10*3 

L20-1 1700 10.6 X 10*3 
K 2800 11.7 X 10*3 
K 2500 25.1 X 10*3 

08-18-1989 L20-1 1700 14.8 X 10*3 
L20-1 1900 12.4 X 10*3 
L20-1 1800 14.2 X 10*3 

K 2000 14.2 X 10*3 
K 1600 17.4 X 10*3 
K 1800 15.6 X 10*3 
K 1800 11.2 X 10*3 

09-20-1989 L20-1 9860 7.0 X 10*3 
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Table 12 continued. 

Gambierdiscus toxicus 

02-18-1989 K 1860 7.0 X 10'3 
03-10-1989 K 1700 6.4 X 10'^3 
03-15-1989 K 1350 5,2 X 10'3 
03-31-1989 K 2000 3.3 X 10'3 

K 2240 5.6 X 10'3 
04-20-1989 K 1600 4.3 X 10'3 

K 1820 3.8 X 10''3 
K 2200 6.8 X 10'3 

05-09-1989 K 2100 4.4 X 10'3 
K 1900 2.8 X 10*3 

05-26-1989 K 1700 6.2 X 10*3 
06-09-1989 K 1800 5.3 X 10'3 
07-14-1989 K 3000 10.8 X 10"3 

K 2700 7.5 X lO'S 

(a): Average of three determinations. 
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in L20-1 medium. Under microscopic observation P. lima 

cells remained motile and regular in shape in all cultures. 

G. toxicus cells remained motionless unless disturbed. Some 

irregularly shaped cells were observed occasionally in this 

culture. This is not unusual since deformed cells have been 

reported by Durand and Puiseux-Dao (1985) and Durand-

Clement (1987). 

Figure 9 shows the growth curve for P. lima during a 

30 day period. The exponential phase obtained (15 to 21 

days) compares favorably with that reported by Yasumoto, et 

al, (1980). The harvest time was determined by the 

stationary phase. It was not possible to obtain a growth 

curve for G. toxicus cells due to the fragility of the 

cells and the method used for counting. Lumping and lysing 

of the cells occurred with continuous agitation; therefore, 

the harvest time was determined according to reports from 

Bagnis, et al. (1980), Durand-Clement (1987), Carlson, et 

al. (1984) and Miller et al. (1984). 

The average dry cell weight obtained for P. lima cells 

in modified K medium was 0.19 +/- 0.08 ug and 0.14 +/- 0.19 

ug for L20-1 medium. Average dry cell weight for G. toxicus 

was not determined for the reason explained previously. 

Reports by Durand-Clement (1987) using a different counting 

method (Coulter counter) established G. toxicus cell weight 

to be 0.36 ug. 

Bacterial contamination was detected during the 
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Figure 9: Growth cuirve for Prorocentrum 
lima In L20-1 and modified K media. 
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initial phase of this study (scale-up); therefore, the 

addition of 0.1% of an antibiotic solution (optimum 

concentration according to Durand-Clement (1987)), 

consisting of penicillin/streptomycin 1:1 (Guillard, 1973) 

was included in media preparation procedures. Cultures 

found to be contaminated were washed 4 times with sterile 

media containing antibiotic solution, harvested, or 

discarded if there was pigment loss. There was no evidence 

of large-scale or injurious bacterial infection. A decrease 

in mucilage production was observed in axenic cultures 

relative to contaminated ones. 

Cell harvesting and toxin extraction 

A common problem encountered during cell harvesting 

and toxin extraction was mucilage interference during 

centrifugation. Most of this substance was removed by 

decanting and filtering crude methanol extracts before 

concentrating. This last step also aided in removing excess 

cell debris. There was no evidence of toxin being leached 

into the culture medium. When the remaining supernatant was 

tested, brine shrimp mortality did not exceed 7%. Bagnis et 

al. (1980), using the mouse bioassay, also reported no 

evidence of toxins being excreted into the culture medium. 

Crude methanol extracts of P. lima grown in L20-1 

appear green. Orange-brown crude extracts of both species 
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are obtained when cultures were grown in modified K medium. 

This observation suggests that these dinoflagellates 

produce different pigments depending on the medium used. 

Studies to determine G. toxicus pigment composition showed 

that this dinoflagellate contains at least peridinin (a 

carotenoid) and both clorophylls cl and c2 (Durand and 

Berkaloff, 1985). 

Separation and purification of toxic fractions 

After chemical partition procedures both 

dinoflagellate species fractions appeared similar in color 

and appearance: ESFWAF black-dark green, ESFWAP yellow-dark 

green amorphous solid, BECAP light yellow-white granular 

solid, BECAF dark yellow, BEWAP white crystals, BEWSR light 

brown-yellow and HSF emerald green. Also, after column 

chromatography procedures were performed, ESFWAF yielded a 

red-brown and two different shades of green-colored 

isolates. BECAP yielded only one colored isolate which 

remained light yellow-white. In all CC isolates toxicity 

was associated with the presence of color. This phenomenon 

was also observed by Miller et al. (1984) and Dickey et al 

(1984) for G. toxicus fractions obtained similarly. 

Figures 10 through 21 show the TLC spectrum of all the 

column chromatography isolates obtained for both 

dinoflagellate species. Appendices A and B show the exact 
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Figure 10: Thin layer chromatographic separation 
of column chromatographic fractions 1 to 10 from 
the ether soluble warm acetone filtrate from 
Prorocentrum lima. 
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Figure 11: Thin layer chromatographic separation 
of column chromatographic fractions 11 to 20 from 
the ether soluble warm acetone filtrate from 
Prorocentrum lima. 
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Figure 12: Thin layer chromatographic separation 
of column chromatographic fractions 21 to 25 from 
the ether soluble warm acetone filtrate from 
Prorocentrum lima. 
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Figure 13: Thin layer chromatographic separation 
of column chromatographic fractions 1 to 10 from 
the ether soluble warm acetone filtrate from 
Gambierdiscus toxicus. 
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Figure 13 continued: Thin layer chromatographic 
separation of column chromatographic fractions 
1 to 10 from the ether soluble warm acetone 
filtrate from Gambierdiscus toxicus. 
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Figure 14: Thin layer chromatographic separation 
of column chromatographic fractions 11 to 20 from 
the ether soluble warm acetone filtrate from 
Gambierdiscus toxicus. 
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Figure 15; Thin layer chromatographic separation 
of column chromatographic fractions 21 to 30 from 
the ether soluble warm acetone filtrate from 
Gambierdiscus toxicus. 
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Figure 16: Thin layer chromatographic separation 
of colvunn chromatographic fractions 1 to 10 from 
the butanol extract cold acetone precipitate from 
Prorocentrum lima. 
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11 12 13 24 IS 16 17 18 19 20 
Figure 17: Thin layer chromatographic separation 
of column chromatographic fractions 11 to 20 from 
the butanol extract cold actone precipitate from 
Prorocentrum lima. 
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Figure 18: Thin layer chromatographic separation 
of column chromatographic fractions 21 to 25 from 
the butanol extract cold acetone precipitate from 
Prorocentrum lima. 
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Figure 19: Thin layer chromatographic separation 
of column chromatographic fractions 1 to 10 from 
the butanol extract cold acetone precipitate from 
Gambierdiscus toxicus. 
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Figure 20: Thin layer chromatographic separation 
of column chromatographic fractions 11 to 20 from 
the butanol extract cold acetone precipitate from 
Gambierdiscus toxicus. 
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Figure 21; Thin layer chromatographic separation 
of column chromatographic fractions 21 to 25 from 
the butanol extract cold acetone precipitate from 
Gambierdiscus toxicus. 
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Figure 22: Thin layer chromatographic separation 
of combined column chromatographic fractions PLA, 
PLB, PLC, PLD, GTA, GTB, GTC and GTD from the ether 
soluble warm acetone filtrate from Prorocentrum 
lima and Gambierdiscus toxicus. 
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Rf values for both species. These results and toxicity to 

the brine shrimp (Figures 30-33) were used as criteria to 

combine column chromatography isolates for further study. 

P. lima isolates were combined as follows: 4,5 and 6 (PLA); 

11 and 12 (PLB); 14,15,16 and 17 (PLC); and 19 and 20 

(PLD). G. toxicus isolates were combined as follows: 7,8 

and 9 (GTA); 11,12 and 13 (GTB); 15,16 and 17 (GTC); 26,27 

and 28 (GTD); and 3,4 and 5 (GTE) from the BECAP column. 

Figure 22 shows the TLC spectrum of these combined 

isolates. Rf values are charted in Appendix C. Based on the 

similarities observed G. toxicus column chromatography 

isolates GTA and GTB were combined (GTAB). PLA, GTA and GTB 

represent the same eluting solvent (chloroform:methanol 

9:1). PLB and GTC were eluted with chloroform:methanol 

(1:1) and PLC and GTD with 100% methanol. These combined 

isolates represent the toxic peaks obtained for the ESFWAF 

columns. GTE represents the toxic peak obtained for the 

water soluble BECAP column. Therefore, it was not possible 

to compare chromatographically with the ESFWAF isolates 

with the same developing solvent. No migration was observed 

when this was attempted. Other more polar solvent 

combinations were attempted but then ESFWAF bands 

previously visible with chloroform:methanol (9.5:0.5) were 

lost. For this reason, all ESFWAF CC isolates were 

developed with chloroform:methanol (9.5:0.5) and BECAP CC 

isolates using chloroform:methanol:water (60:36:4). 
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Toxicity screening of fractions obtained by chemical 

partition, CC isolates and TLC preparative plates will be 

discussed later. 

Compounds having common Rfs can be seen for the two 

species from the combined CC isolate spectrum (Figure 22). 

A band located at Rf 0.04 was observed for PLA, PLB, GTA, 

GTB and GTC. One red-brown band located at Rf 0.07 was seen 

for PLA, GTA, GTB, and GTC. Another at Rf 0.11-0.12 was 

observed in all isolates except PLD and GTD. This band was 

bright red under visible light. Three red fluorescent bands 

were observed between Rf's 0.90 and 0.98 for most of the 

isolates. A thick band, visible only with iodine vapor, 

located at Rf 0.44-0.45 was common for PLB and GTC. A brown 

band located at Rf 0.78 was visible for PLA. GTD and PLD 

bands located at Rf 0.97-0.98 appeared light green. All 

other bands fluoresced white or pale blue. Green color was 

observed at the origin. For the BECAP spectrum no color was 

seen for any of the bands. All the bands shown in Figures 

16 through 21 for this precipitate column chromatography 

fractions were only visible under long wave UV or following 

exposure to iodine vapor. 



Toxicity screening 

Crude extracts: 

Both dinoflagellate species crude extracts were 

extremely toxic to the brine shrimp as shown in Figures 23, 

24 and 25. One hundred percent mortality was observed at 16 

hours for concentrations equivalent to 5.5 X 10"5 P. lima 

cells grown in L20-1 medium and at 24 hours for 1.8 X 10"5 

cells grown in K medium (Table 13) . Lethal effects for P.. 

lima L20-1 and K extracts were observed at 4 and 8 hours, 

respectively. These results (Figure 26) suggest that the 

medium might influence toxin production. This observation 

should be explored further before any conclusions should be 

drawn. Lethal effects for G. toxicus crude extracts were 

observed at 16 hours and 100% mortality was seen at 48 

hours (Table 14). A dose-response curve for all extracts 

was clearly defined. Shrimp were observed to swim slowly 

and erratically shortly before death. Brine shrimp have 

been found to be very sensitive to certain organic extracts 

of toxic fish (Granade, et al.; 1976) and erractic swimming 

movements prior to death have also been observed. 

Crude extracts of P. lima cells grown in L20-1 medium 

were also extremely toxic to CD-I female mice as shown in 

Table 15. Mice died as soon as 5 minutes after inoculation 

for the higher doses. Respiratory distress was observed in 

all mice at every dose level. Convulsions, tremors, periods 
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Table 13: Effect of Prorocentrum lima crude extract (80% 

methanol) on brine shrimp (Artemia salina) mortality. 

Prorocentrum lima grown in L20-1 

Dose (equivalent # of cells) 
5.5X10^5 2.7X10^5 5.5X10"4 5.5X10^3 

4 7 7 5 3 
8 85 20 5 3 

16 97 97 86 3 
24 100 100 95 4 
48 100 100 100 25 

8.3X10'5 4.2X10*5 8.3X10'4 8.3X10'3 

2 8 4 0 3 
8 98 98 88 4 

16 100 100 93 28 
24 100 100 100 49 
29 100 100 100 66 
48 100 100 100 100 

Prorocentrum lima grown in modified K medium 

1.8X10''5 9.2X10*4 1.8X10^4 1.8*10'3 

4 5 4 3 3 
8 18 11 3 3 

16 97 96 6 3 
24 100 100 12 3 
48 100 100 93 5 

(a): % Mortality = [(# dead shrimp / total # shrimp)dosed -
(# dead shrimp/ total # shrimp)controls] X 100. 
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Table 14: Effect of Gambierdiscus toxicus crude extract 

(80% methanol) on brine shrimp (Artemia salina) mortality. 

Gambierdiscus toxicus grown in modified K medium 

Time (hours) % Mortality(a) 

Dose (equivalent # of cells) 
6.8X10^4 3.4X10'4 6.8X10'3 6.8X10"2 

4 2 0 0 0 
8 6 4 5 2 

16 73 61 9 3 
24 83 74 10 5 
48 100 77 36 15 

(a): % Mortality = [(# dead shrimp/ total # shrimp)dosed -
(# dead shrimp/ total # shrimp)controls] X 100. 
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Table 15: Acute toxic effect of Prorocentruin lima crude 

extract (80% methanol) on CD-I female mice. 

Dose Animal Death time Mean SD 

(cells/ml) g (minutes) (minutes) (minutes) 

6.0 X 10^6 1 5 20.0 34.6 
2 5 
3 15 
4 30 
5 45 

3.0 X 10*6 1 10 29.6 34.0 
2 20 
3 25 
4 40 
5 53 

6.0 X 10*5 1 5 32.6 48.0 
2 15 
3 30 
4 50 
5 63 

6.0 X 10'4 1 88 93.0 19.1 
2 88 
3 89 
4 90 
5 110 

SD: Standard deviation. 
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of extreme activity and paralysis of the lower extremities 

occurred more often at higher doses. Bloated eyes, 

salivation and lacrimation were also observed. Lethargy was 

observed at the lowest dose. No diarrhea was experienced by 

any of the animals. A clear dose-time to death relationship 

was obtained. 

Fractionated extracts: 

Tables 16 and 17 show the effects of fractionated 

extracts obtained by chemical partition for P. lima and G. 

toxicus, respectively, on brine shrimp mortality. For both 

species, BEWAF and ESF were extremely toxic to shrimp 

larvae. When purified further for both species, BECAP and 

ESFWAF also induced 100% shrimp mortality. All other 

fractionated extracts were either non-toxic or slightly 

toxic (30-50% mortality at 48 hours). The slightly-toxic 

and non-toxic fractions were not tested further. The slight 

toxicity observed for G. toxicus BEWSR and P. lima ESFWAP 

could be the consequence of an incomplete extraction 

(butanol and water are somewhat miscible) or lack of 

sufficient washing of the precipitate while filtering. 

Also, this was only observed when screening was performed 

using the brine shrimp assay. No toxicity to the mouse was 

detected with these fractions at the doses tested. This 

suggests brine shrimp might be susceptible to lower 

quantities of toxins than mice. Figures 27 and 28 clarify 
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Table 16: Effect of Prorocentrum lima fractionated extracts 

on brine shrimp (Artemia salina) mortality. 

Time (hours) % Mortality(a) 

Dose 1 [equivalent # of cells) 

5.4X10' ̂6 2.7X10'6 5.4X10"5 

Butanol extract cold acetone orecioitate 

4 15 15 14 
8 34 20 14 

16 76 39 17 
24 80 65 20 
48 95 95 86 

Butanol extract cold i acetone filtrate 

4 0 0 0 
8 0 0 0 

16 0 0 0 
24 0 0 0 
48 0 0 0 

Butanol extract warm acetone precipitate 

4 0 0 0 
8 0 0 0 

16 0 0 0 
24 0 0 0 
48 0 0 0 

Butanol extract warm acetone filtrate 

4 94 77 0 
8 100 83 0 

16 100 83 0 
24 100 85 0 
48 100 85 0 



149 

Table 16 continued. 

Ether soluble fraction dissolved in methanol 

4 78 37 35 
8 82 82 82 

16 100 100 100 
24 100 100 100 
48 100 100 100 

Ether soluble fraction warm acetone filtrate 

4 80 75 31 
8 96 96 92 

16 100 100 96 
24 100 100 100 
48 100 100 100 
Ether soluble fraction warm acetone orecioitate 

4 2 0 0 
8 2 0 0 

16 2 0 0 
24 43 0 0 
48 49 18 0 

Hexane soluble fraction 

4 0 0 0 
8 0 0 0 

16 0 0 0 
24 0 0 0 
48 0 1 0 

Butanol extraction water soluble residue 

4 1 3 0 
8 1 3 0 

16 1 3 0 
24 1 3 0 
48 1 3 0 

(a): % Mortality = [(# dead shrimp/ total # shrimp)dosed -
(# dead shrimp/ total # shrimp)controls] X 100, 
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Table 17: Effect of Gambierdiscus toxicus fractionated 

extracts on brine shrimp (Artemia salina) mortality. 

Time (hours) % Mortality(a) 

Dose (equivalent # of cells) 

5.4X10'"6 2.7X10'^6 5.4X10^6 

Butanol extract cold acetone precipitate 

4 46 48 27 
8 72 60 36 

16 87 86 55 
24 100 100 60 
48 100 100 100 

Butanol extract cold acetone filtrate 

4 0 0 0 
8 0 0 0 

16 0 0 0 
24 0 0 0 
18 2 0 g. 

Butanol extract warm acetone precipitate 

4 0 0 0 
8 0 0 0 

16 0 0 0 
24 0 0 0 
48 0 0 0 

Butanol extract warm acetone filtrate 

4 94 21 0 
8 100 21 0 

16 100 21 0 
24 100 28 0 
48 100 35 0 
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Table 17 continued. 

Ether soluble fraction dissolved in methanol 

4 55 37 0 
8 75 75 23 

16 82 82 72 
24 100 100 75 
48 100 100 100 

Ether soluble fraction warm acetone filtrate 

4 25 0 0 
8 92 0 0 

16 100 53 45 
24 100 75 65 
48 100 82 58 
Ether soluble fraction warm acetone precipitate 

4 0 0 0 
8 0 0 0 

16 0 0 0 
24 0 0 0 
48 9 0 0 

Hexane soluble fraction 

4 0 0 0 
8 0 0 0 

16 0 0 0 
24 0 0 0 
48 0 0 0 

Butanol extraction water soluble residue 

4 1 6 2 
8 2 6 2 

16 2 12 2 
24 2 12 2 
48 37 32 11 

(a): % Mortality = [(# dead shrimp/ total # shrimp)dosed -
{# dead shrimp/ total # shrimp)controls] X 100. 
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the differences in toxicity to the brine shrimp of these 

fractionated extracts at 16 hours. 

The toxic fractions obtained agree with reports by 

Miller et al. (1984) and Tindall et al. (1984) for G 

toxicus extracts. These researchers were able to obtain a 

toxic ether soluble cold acetone (-20 C) precipitate but 

since the same temperature conditions were not available 

for this study, temperatures of +20, 0 and -80 C were 

studied. No precipitate was obtained for ESF with cold 

acetone treatment. Yasumoto et al. (1979), also isolated 

toxic diethyl ether and butanol soluble fractions from P 

lima but reported only 2 toxic isolates following column 

chromatography of the diethyl ether fraction. Later, 

Murakami et al. (1982) identified the properties of one of 

these isolates to be identical to okadaic acid. High 

performance liquid chromatography (HPLC) analysis of the 

ESFWAF fraction obtained in this study confirm the presence 

of okadaic acid. The significance of these results will be 

discussed later. 

The same fractions exibiting toxicity in the brine 

shrimp assay were tested using the mouse temperature 

depression test. No temperature depression was observed for 

any of the fractions tested, except for G. toxicus BECAP 

(Figure 29). A pronounced drop in body temperature was 

observed also by Sawyer et al. (1984) following the 

injection of crude methanol extracts of G. toxicus. 
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Figure  29 ;  E f fec t  o f  Gambierdiscus 
tox icus  butanol  ex t rac t  co ld  acetone  
prec ip i ta te  on  mouse  temipera ture .  
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According to the results obtained in this study the BECAP 

of this species is responsible for the phenomenon. Since 

crude extracts of ciguatoxic fish have been reported to 

produce hypothermia in mice (Hoffman, et al.; 1985, Gamboa 

and Park, 1985), these observations confirm the involvement 

of G. toxicus as a ciguatera causal agent. All animals 

dosed with high levels of G. toxicus ESFWAF died in less 

than 1 hour (Table 18). The BECAP high dose produced death 

between 4 and 6 hours after inoculation. Fifty percent 

mortality was observed at less than 2 hours for the P. 

lima's ESFWAF isolate. Extreme lethargy, reduced body tone, 

skin discoloration, puffed bodies and abstention of food 

and water, were observed for animals exposed to high doses 

of P.. lima BECAP but no animals had died at the end of the 

observation period. Animals dosed with G. toxicus ESWAF 

died of apparent asphyxia after experiencing severe 

respiratory distress. G. toxicus BECAP animals apparently 

died of cardiac arrest. They experienced the same extreme 

lethargy and symptoms stated above for P. lima BECAP 

animals and finally collapsed and remained motionless. One 

of these animals experienced some diarrhea, although this 

could have been caused by the temperature probe. The P. 

lima ESFWAF produced symptoms similar to those observed 

during the acute toxicity mouse assay at higher doses: 

paralysis of the lower extremities, convulsions, tremors, 

hyperactivity and abstention of food and water. A very 
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Table 18: Effect of Prorocentrum lima and Gambierdiscus 

toxicus fractionated extracts on the body temperature of 

CD-I female mice. 

Solvent controls (5% tween 80) 

Time (hours) Rectal temperature (C) 

Animal #: 1 2 3 4 5 

Experiment No. 1 

O.CO 35.8 34.5 36.2 35.7 35.3 
1.25 35.8 36.1 36.6 36.6 34.9 
2.50 35.9 35.3 37.3 34.1 36.6 
4.25 35.0 36.2 34.6 35.4 36.6 
5. 50 35.0 34.7 35.7 35.0 35.0 
7.75 35.6 35.6 35.0 34.7 35.6 

10.00 35.9 35.2 36.6 34.7 35.9 

Experiment No. 2 

0.50 33.7 _ — — 

2.50 33.9 - -

4.75 34.4 - -

8.00 35.0 - -

10.75 36.2 - -

25.50 33.3 - -

No dose controls 

Experiment No. 1 

0.00 35.9 35. 7 36.3 35. 4 36. 9 
1.25 37.8 37. 1 35.9 37. 2 36. 9 
2.50 36.1 36. 6 34.7 36. 7 35. 7 
4.25 34.9 35. 7 36.6 35. 0 36. 2 
5.50 35.0 36. 1 36.8 35. 6 35. 5 
7.75 35.0 35. 2 35.8 36. 6 35. 0 

10-00 35.7 36. 1 36.0 35. 9 34. 3 
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Table 18 continued. 

Experiment No.2 

0. 50 34. 0 
2. 50 33. 5 
4. 75 34. 3 
8. 00 33. 7 

10. 75 34. 8 
25. 50 33. 9 

Gambierdiscus toxicus 

Hexane soluble fraction 

Experiment No. 1 (2 .6 X 10 '6 cells) 

0.00 35.8 35.0 35.5 36.7 35.3 
1.25 36.1 35.4 35.5 35.5 35.3 
2.50 34.8 35.3 34. 5 35.0 35.5 
4.25 36.1 33.7 34.9 33.8 34.6 
5.50 35.0 34.7 34.6 35.0 34.9 
7.75 35.3 36.5 35.9 35.2 36.2 

10. 00 34.4 34.9 36.9 34.4 34.6 

Ether soluble fraction warm acetone filtrate 

Experiment No. 1 (2.6 X 10^4 cells) 

0.00 35.4 35.6 35.6 36.1 
1.25 35.9 34.8 36.3 35.3 
2.50 34.6 34.9 35.8 35.9 
4.25 35.5 36.2 35.4 35.8 
5.50 34.7 34.5 35.0 34.6 
7.75 34.6 34.6 35.5 36,2 
10.00 34.4 35.5 35.7 35.5 

Experiment No. 2 (2.6 X 10^6 cells) 

0.33 33.7* 
0.42 33.8* 
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Table 18 continued. 

Ether soluble fraction warm acetone precipitate 

Experiment No. . 1 (2 .6 X 10 "6 cells) 

0.00 35.3 36.0 36.6 36.1 35.8 
1.25 35.6 35.3 34.5 35.9 35.2 
2.50 34.6 36.9 35.3 35.9 35.9 
4.25 34.6 35.7 35.5 35.3 35.3 
5.50 34.7 34.9 35.7 35.0 35.0 
7.75 35.0 35.3 36.0 35.7 35. 
10.00 34.9 34.4 35.8 35.5 34.4 

Butanol extraction water soluble residue 

Experiment No. 1 (2.6 X 10"6 cells) 

0.00 36.0 36.9 35.9 36.1 
1.25 35.6 36.9 34.7 36.0 
2.50 34.9 36.6 35.9 37.2 
4.25 34.6 35.6 33.9 36.8 
5.50 34.6 35.4 34.7 35.7 
7.75 35.9 35.7 35.0 35.7 

10.00 35.6 34.9 34.8 34.6 

Butanol soluble fraction cold acetone filtrate 

Experiment No. 1 (2.6 X 10"6 cells) 

0.00 35.3 36.1 35.0 36.1 
1.25 36.6 34.9 34.6 34.6 
2.50 36.6 35.0 35.4 35.4 
4.25 35.5 35.3 35.0 35.0 
5.50 36.5 •N r- r-JO . 3 /• r-. 3 
7.75 35.0 35.1 35.5 35.5 

10.00 35.9 35.0 34.8 35.0 

Butanol soluble fraction cold acetone precipitate 
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Table 18 continued. 

Experiment No.l (2.6 X 10'4 cells) 

0.00 34.6 33.7 33.6 34.4 33.4 
1.25 35.0 33.3 34.4 35.8 34.8 
2.50 34.6 33.5 34.0 34.5 34.4 
4.25 34.7 34.4 34.8 34.6 34.6 
5.50 34.4 33.3 34.1 34.1 34.7 
7.75 34.1 36.0 35.7 35.7 34.6 

10.00 33.5 34.6 35.3 35.3 32.9 

Experiment No. 2 (2.6 X 10^6 cells) 

0.50 34.1 35.2 
2.50 29.0 28.9 
4.75 27.0* 30.2 
5.50 27.6* 

Prorocentrum lima 

Hexane soluble fraction 

Experiment No. 1 (2.6 X 20^6 cells) 

0.00 35.4 35.2 35.7 35.3 35.8 
1.25 34.3 35.9 35.3 35.3 35.9 
2.50 35.4 36.2 36.6 35.5 35.6 
4.25 34.6 34.6 35.1 34.6 35.7 
5.50 35.5 35.8 35.8 35.8 34,6 
7.75 35.3 35.3 35.9 35.0 36.6 

10.00 34.9 35.3 33.8 36.6 35.0 

Ether soluble fraction warm acetone precipitate 

Experiment No.l (2.6 X 10'"6 cells) 

0.00 35.4 35.7 36.1 36.1 
1.25 35.5 34.6 36.2 35.9 
2.50 36.2 35.6 36.6 35.5 
4.25 36.6 36.0 35.1 34.8 
5.50 35.4 34.4 36.1 35.2 
7.75 35.0 35.7 36.7 35.6 

10.00 34.9 34.7 36.6 35.5 
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Table 18 continued. 

Ether soluble fraction warm acetone filtrate 

Experiment No. 1 (2.6 X 10^4 cells) 

0.00 35.0 34.9 35.5 35.0 35.4 
1.25 36.1 35.4 36.2 36.2 35.9 
2.50 35.7 35.0 34.7 35.0 34.4 
4.25 34.9 35.0 35.3 34.9 36.0 
5.50 34.7 35.2 34.8 35.0 35.4 
7.75 35.1 34.8 34.4 36.1 35.7 

10.00 35.2 35.5 34.6 36.9 35.0 

Experiment No. 2 (2.6 X 10''6 cells) 

0.33 32.7 33.7 
1.15 33.9* 
2.73 32.5 
4.78 32.2 
7.87 33.2 

10.53 33.6 
25.37 33.5 

Butanol extraction water soluble residue 

Experiment No. 1 (2.6 X 10-6 cells) 

0.00 35.7 35.7 35.0 36.2 
1.25 36.1 35.3 35.7 37.4 
2.50 35.9 36.1 35.1 36.1 
4.25 35.4 35.6 35.2 35.5 
5.50 34.8 36.2 34.6 35.8 
7.75 35.7 35.0 35.8 35.0 

10.00 35.4 34.2 35.6 36.5 

Butanol soluble fraction cold acetone filtrate 
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Table 18 continued. 

Experiment No. 1 (2.6 X 10''6 cells) 

0.00 35.7 36.6 35.2 36.5 
1.25 35.2 35.5 35-7 35.2 
2.50 35.5 35.3 35.2 35.3 
4.25 36.2 35.9 34.4 35.2 
5.50 35.4 35.6 35.0 34.6 
7.75 35.9 34.9 34.5 35.5 
10.00 35.5 34.6 34.7 36.8 

Butanol soluble fraction cold acetone precipitate 

Experiment No. 1 (2.6 X 

sjt < O
 

H
 cells) 

0.00 34.9 34.7 36.8 35.7 
1.25 36.7 36.6 35.5 34.6 
2.50 38.4 37.3 36.7 35.0 
4.25 35.5 36.2 35.0 35.5 
5.50 35.5 35.3 35.2 35.0 
7.75 35.0 35.3 35.2 35.0 

10.00 35.9 35.0 34.5 35.7 

Experiment No. 2 (2.6 X 10^6 cells) 

0.33 35.4 35.0 _  ______  

2.75 31.7 30.9 
4. 92 33.6 33.1 
8. 00 32.6 31.7 

10.67 33.6 33.3 
25. 50 32.8 32.4 — — 

* recorded immediately after death. 



163 

peculiar behavior was exhibited by the surviving animal, it 

continuously rubbed and chewed on his upper extremities, 

sniffed around the cage and would stand avoiding contact 

with surfaces as if this action caused pain. This could be 

an indication of temperature reversal sensation experienced 

by humans or a hypersensitation of the nervous system. This 

behavior, in combination with the other symptoms continued 

for approximately 8 hours, then symptoms slowly disappeared 

and the animal recuperated. 

Column chromatography isolates: 

Four toxic peaks were obtained from the P. lima ESFWAF 

column (Figure 30). Figure 31 shows 4 toxic peaks for G. 

toxicus ESWAF column as well, but isolates 7,8,9,11,12 and 

13 were combined since TLC chromatographic properties 

identical. Miller et al. (1984) also reports 3 different 

lipid soluble toxic fractions isolated by column 

chromatography using the same eluting solvent systems. 

Figure 32 shows a single toxic peak for the G. toxicus 

BECAP column, consisting of fractions 3,4 and 5 and two 

peaks of lower toxicity eluted with 100% water (Table 19). 

No visible zones were detected for these 2 peaks after TLC 

analysis; therefore, they were not analyzed further. Figure 

33 shows two slightly toxic peaks from the P. lima BECAP 

column, including isolates 10,11 and 12,13,14. The fraction 

showing the highest toxicity showed only 27% shrimp 
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Table 19; Effect of Gambierdiscus toxicus column 

chromatographic isolates on brine shrimp (Artemia salina) 

mortality. 

Isolate # % Mortality(a) 

Time (hours) : 16 24 48 

Ether soluble fraction warm acetone filtrate 

1 0 0 0 
2 0 0 0 
3 0 0 0 
4 0 0 0 
5 0 0 17 
6 0 0 83 
7 0 33 83 
8 0 0 33 
9 0 0 33 

10 0 20 80 
11 0 40 80 
12 0 8 10 
13 24 24 35 
14 0 0 81 
15 31 31 62 
16 7 7 29 
17 22 22 23 
18 25 25 25 
19 0 0 0 
20 0 0 0 
21 0 0 0 
22 0 0 0 
23 20 20 20 
24 0 0 33 
25 0 0 67 
26 0 0 17 
27 0 0 0 
28 0 0 0 
29 0 0 0 
30 0 0 0 
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Table 19 continued. 

Butanol soluble fraction cold acetone precipitate 

1 0 0 0 
2 0 0 0 
3 100 100 100 
4 90 90 100 
5 0 0 0 
6 0 0 0 
7 0 0 0 
8 0 0 0 
9 0 0 0 

10 0 0 0 
11 0 0 0 
12 0 0 0 
13 0 0 0 
14 0 0 0 
15 0 0 0 
16 0 0 0 
17 10 10 10 
18 5 11 11 
19 0 0 14 
20 0 0 20 
21 17 17 17 
22 0 0 0 
23 0 0 0 
24 0 0 0 
25 0 0 0 

(a): % Mortality = [(# dead shrimp/ total # shrimp)dosed -
(# dead shrimp/ total # shrimp)controls] X 100. 
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mortality (isolate 13), (Table 20). Therefore, these peaks 

were not analyzed further. One possible explanation for 

this loss of toxicity could be binding of the sample to the 

column silica and failure to elute the toxins with the 

solvents used. 

Preparative thin layer plate chromatography: 

Table 21 shows the effects of preparative TLC isolates 

of P. lima and G. toxicus on brine shrimp mortality. Five 

toxic isolates including the origin were detected for PLA 

(Figure 34). The origin remained a reddish brown color. A 

toxic zone located between Rf 0.05-0.20 corresponds to the 

red-brown and bright red bands described in the separation 

section above. Due to the closeness of these two bands 

there might have been some tailing effect; therefore, for 

the present; they will be considered as one toxic zone. 

White fluorescent bands were responsible for the toxicity 

observed between Rf 0.20-0.40 and 0.50-0.65. Toxicity of 

compounds having Rf 0.40-0.50 corresponded to a clear zone. 

A highly toxic zone was located close to the origin of PLB 

prep-plate (Rf 0.00-0.09), (Figure 35) having a strong 

green color at the origin and a white fluorescent band. Two 

other toxic zones located between Rf values 0.18-0.73 and 

0.73-1.00 were observed. The first zone was a clear zone 

under UV light but corresponded to the area where a thick 

band and two other thinner bands were seen after exposure 
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Prorocentrum lima column 

brine shrimp (Artemia salina) 

Isolate # % Mortality(a) 

Time (hours): 16 24 48 

Ether soluble fraction warm acetone filtrate 

1 40 45 81 
2 55 90 100 
3 75 90 100 
4 82 92 100 
5 100 100 100 
6 100 100 100 
7 70 70 70 
8 40 65 100 
9 45 67 100 
10 67 100 100 
11 100 100 100 
12 100 100 100 
13 100 100 100 
14 25 37 100 
15 66 72 100 
16 34 68 79 
17 23 23 73 
18 40 57 100 
19 100 100 100 
20 0 0 0 
21 0 0 0 
22 0 0 0 
23 0 0 0 
24 yj r \  V A U  
25 0 0 0 
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Table 20 continued. 

Butanol soluble fraction cold acetone precipitate 

1 0 0 3 
2 0 0 1 
3 2 2 2 
4 0 0 0 
5 0 0 0 
6 0 0 0 
7 3 3 3 
8 0 0 0 
9 4 4 4 
10 0 0 14 
11 • 0 0 0 
12 10 10 10 
13 11 11 27 
14 0 0 0 
15 0 0 0 
16 0 0 0 
17 0 0 0 
18 0 0 0 
19 0 0 0 
20 0 0 0 
21 0 0 0 
22 0 0 0 
23 0 0 0 
24 0 0 0 
25 0 0 0 

(a): % Mortality = [(# dead shrimp/ total # shrimp)dosed -
{# dead shrimp/ total # shrimp)controls] X 100. 
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Table 21: Effect of Prorocentrum lima and Gambierdiscus 

toxicus thin layer chromatographic isolates on brine shrimp 

(Artemia salina) mortality. 

Prorocentrum lima ether fraction warm acetone filtrate 

Isolate #; Rf interval % Mortality (a) 

Hours: 16 24 48 

0.00 - 0.05 0 10 73 
0.05 - 0.20 83 90 100 
0.20 - 0.40 40 68 80 
0.40 - 0.50 40 80 85 
0.50 - 0.65 60 85 90 
0.65 - 0.75 0 0 17 
0.75 - 0.83 0 0 0 
0.83 - 0.93 0 0 0 
0.93 - 1.00 0 0 0 

B 0-00 - 0.09 90 100 100 
0.09 - 0.18 5 5 7 
0.18 - 0.73 10 85 100 
0.73 - 1.00 0 85 100 

0.00 - 0.05 90 100 100 
0.05 - 0.11 90 100 100 
0.11 - 0.20 90 100 100 
0.20 - 0.77 0 0 0 
0.77 - 1.00 40 50 90 

0.00 - 0.14 0 0 5 
0.14 - 0.24 5 5 7 
0.24 - 0.41 57 73 90 
0.41 - 0.62 90 100 100 
0.62 - 0.76 90 100 100 
0.76 - 1.00 30 30 40 



174 

Table 21 continued. 

Gambierdiscus toxicus ether fraction warm acetone filtrate 

0.00 _ 0.05 7 7 48 
0.05 - 0.24 90 100 100 
0.24 - 0.31 0 0 5 
0.31 - 0.47 0 0 0 
0.47 - 0.71 3 3 5 
0.71 - 0.95 0 0 0 
0.95 — 1.00 0 0 0 

0.00 0.05 77 90 100 
0.05 - 0.14 12 12 41 
0.14 - 0.24 90 100 100 
0.24 - 0.77 34 34 55 
0.77 - 0.82 23 40 68 
0.82 - 0.91 35 60 60 
0.91 - 1.00 0 0 5 

0.00 - 0.03 0 0 5 
0.03 - 0.11 0 0 0 
0.11 - 0.18 0 0 0 
0.18 - 0.25 0 0 18 
0.25 - 0.35 0 0 4 
0.35 - 0.42 0 0 5 
0.42 - 0.86 0 0 0 
0.86 - 1.00 43 83 93 

Gambierdiscus toxicus butanol cold acetone precipitate 

E 0.00 - 0.04 17 37 40 
0.04 - 0.31 71 71 78 
0.31 - 0.44 81 81 90 
0.44 - 0.84 90 100 100 
0.84 - 1.00 5 7 63 

(a); % Mortality = [(# dead shrimp/ total # shrimp)dosed -
(# dead shrimp/ total # shrimp)controls] X 100. 
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to iodine vapor. The second area corresponded to a clear 

zone plus the solvent front (fluoresced pale blue). At 

least two toxic isolates were detected for PLC (Figure 36), 

one located between Rf 0.00-0.20, exhibiting three thin 

white fluorescent bands and another located between Rf 

0.77-1.00, including a light green wide band and the 

solvent front. It was not possible to determine whether the 

toxicity seen for the three thin bands located between the 

origin and Rf value 0.20 were indeed three different toxic 

fractions or if there was some tailing effect involved 

since these bands were very close and difficult to 

separate. Although the TLC spectrum for PLD was performed 

using chloroformimethanol (9.5:0.5) as developing solvent 

for comparison purposes; a different solvent system, 

chloroform:methanol:water (60:36:4), was used for 

preparative TLC chromatography. This solvent system allowed 

better separation of the compounds of interest. Five 

fluorescent bands plus the origin and the solvent front 

were scraped. At least three toxic isolates located between 

Rf 0.24-0.41; 0.41-0.62 and 0.62-0.76 were obtained (Figure 

37). This analysis gives a total of at least 12 different 

isolates that produced more than 80% mortality to brine 

shrimp at 48 hours. This count does not include the BECAP 

fraction. 

Although TLC properties showed some similarities 

between the two dinoflagellate species studied, prep-TLC 
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brine shrimp toxicities showed also some differences. Only 

one toxic isolate was detected for the GTAB (Figure 38) (Rf 

0.05-0.24) exhibiting three thin bands. Only one, having a 

green-brown color was visible. This isolate could consist 

of the same or similar compounds as the first toxic band 

(Rf 0.00-0.20) in PLA, but remaining toxic zones were 

missing. GTC (Figure 39), produced 5 toxic isolates located 

between Rf 0.00-0.05 (origin), 0.14-0.24 (one band) and 

0.24-0.82 (a clear zone plus two thin white and blue 

fluorescent bands). This last zone contained three 

different toxic zones clearly defined. The clear zone 

corresponds to the thick band and the two other bands 

visible after iodine exposure. The other two zones 

corresponding to fluorescent bands. The first one is 

comparable to a similar zone in PLB. The other two spots 

were not seen for jP. lima. As was done for PLD, GTD was 

developed using chloroform:methanol:water (60:36:4). Figure 

40 shows five bands, with only the one located nearest the 

solvent front showing toxicity. This zone had no apparent 

relation to any of the toxic zones from PLD. Figure 41 

shows at least four toxic isolates for G. toxicus BECAP 

located between Rf 0.00-0.31 (origin plus a clear zone), 

0.31-0.44 (a single white fluorescent band), 0.44-0.84 

(clear zone) and between 0.84-1.00 (a single band plus the 

solvent front). This gives a total of at least 12 different 

isolates exhibiting more than 55% mortality to brine shrimp 
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at 48 hours. 

Dickey et al. (1984), using similar procedures isolated 

one component toxic to the mouse from the butanol extracted 

water soluble fraction of G. toxicus cultures. Later Miller 

and Tindall (1988), improved purification techniques for 

this fraction separating it from the water soluble extract 

based upon its solubility in acetonitrile. Semi-preparative 

high pressure liquid chromatography peaks of this isolate, 

tested using the guinea-pig ileum bioassay isolated one 

toxic peak. The results previously reported and the ones 

just mentioned could confirm the presence of multiple 

toxins associated with these dinoflagellates. 

Mutagenicity 

No mutagenic effects were observed (using tester strain 

Salmonella thvphimurium TAIOO) for cell extracts 

representing 13 to 1.3 X 10"5 cells/100 ul for P. lima 

crude extracts (Table 22). Slight cytotoxicity was observed 

at higher doses with the addition of S9 rat liver fraction. 

Some mutagenic potential was observed for G. toxicus crude 

extracts, as indicated by Figure 42 and Table 23. There 

appears to be a linear dose relationship over the higher 

three log dose range of the curve. This is characteristic 

of most mutagens as reported by Maron and Ames (1983). 

These results should be confirmed by demonstrating a dose-
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Table 22: Mutagenic potentials of Prorocentrum lima crude 

extracts using the Salmonella/mammalian microsomal 

assay(a). 

Experiment No. 1; S9 rat liver homoqenate added. 

Dose Medium Average # o£ revertant colonies 

(equivalent # of cells) Mean +/- Standard deviation 

1.3 X 10^5 L20-1 123 25 
1.3 X 10-^4 143 37 
1.3 X 10'3 147 22 
1.3 X 10^2 161 9 
1.3 X 10*1 138 20 

1.3 X 10'5 K 137 14 
1.3 X 10^4 152 31 
1.3 X 10*3 155 25 
1.3 X 10''2 137 47 
1.3 X lO^l 158 33 

Solvent controls 171 16 
2-Aminofluorene >300 

Experiment No. 2: S9 rat liver homoqenate not added. 

1,3 X 10'^5 L20-1 193 42 
1.3 X 10'^4 175 33 
1.3 X 10^3 149 56 
1.3 X 10*2 170 47 
1.3 X lO'l 164 21 

1.3 X 10^5 K 190 38 
1.3 X 10^4 195 39 
1.3 X 10^3 185 21 
1.3 X 10^2 176 30 
1.3 X lO'l 163 7 

Solvent controls 161 43 
2-Aminofluorene 172 27 

(a): Tester strain: Salmonella thvphimurium TAIOO. 
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Table 23: Mutagenic potentials of Gambierdiscus toxicus 

crude extract using the Salmonella/mammalian microsomal 

assay(a). 

Experiment No. 1 S9 rat liver homoaenate added. 

Dose Medium Average # of revertant colonies 

(equivalent # of cells) Mean +/- Standard deviation 

4.8 X 10^6 K 300 52 
4.8 X lO'^S 217 86 
4.8 X 10"4 184 50 
4.8 X 10'3 133 74 
4.8 X 10^2 129 64 

Solvent controls 171 6 
2-Aminofluorene >300 

Experiment No. 2; S9 rat liver homoaenate not added. 

4.8 X 10^6 K 240 76 
4.8 X 10'5 185 103 
4.8 X 10^4 114 93 
4.8 X 10^3 99 11 
4.8 X 10*^2 126 46 

Solvent controls 146 58 
2-Aminofluorine 168 20 

(a): Tester strain: Salmonella thvphimurium TAIOO. 
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response relationship using a narrower range of 

concentrations. Since the average number of revertant 

colonies observed at the highest dose tested (equivalent to 

4.8 X 10^6) was only 1.75 times higher than the spontaneous 

number and, for a test result to be considered positive, it 

must cause at least doubling in the mean revertants per 

plate (Lawlor, T.E.; Division of Genetic Toxicology, 

Microbiological Associates, Inc., 9900 Blackwell Road, 

Rockville, Maryland 20850); this procedure was not 

attempted. Nevertheless, an attempt was made to evaluate 

the mutagenic potential of fractionated G. toxicus extracts 

(Table 24), hoping to identify a potential mutagenic 

fraction(s) responsible for the tendency observed with the 

crude extracts. No mutagenic potential was observed for any 

of the fractions at the dose range tested. Okadaic acid 

standards provided by Dr. Robert Dickey, (Food and Drug 

Administration, Fisheries Research Branch, Dauphin Island, 

AL 36528) were also tested for mutagenic potential. The 

results of this test are shown in Table 25. Again, no 

mutagenic potential was observed for this toxin at the dose 

range tested. 
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Table 24: Mutagenic potentials of Gambierdiscus toxicus 

fractionated extracts using the Salmonella/mammalian 

microsomal assay(a). 

Experiment No. 1: S9 rat liver homogenate added. 

Dose(equivalent # of cells) Average # revertant colonies 

Mean +/- Standard deviation 

Butanol extract cold acetone filtrate 

5.4 X 10^6 
5.4 X 10^5 
5.4 X 10^4 

5.4 X 10^6 
5.4 X 10'5 
5.4 X 10'4 

129 
164 
146 

16 
83 
97 

Butanol extract cold acetone precipitate 

143 5 
136 60 
141 6 

Butanol extract water soluble residue 

5.4 X lO'e 127 15 
5.4 X 10'5 147 8 
5.5 X 10-^4 156 1 

Ether soluble fraction warm acetone filtrate 

5.4 X 10^6 
5-4 X 10^5 
5.4 X 10'4 

137 0 
165 0 
149 64 

Hexane soluble fraction 

5.4 X 10^6 
5.4 X 10^5 
5.4 X 10'^4 

122 
140 
106 

Solvent controls 

6 
12 
26 

Ethanol 
Acetonitrile 
Water 

103 
130 
124 

Positive control 

4 
45 
15 

2-Aminofluorene >300 
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Table 24 continued. 

Experiment No. 2: S9 rat liver homoaenate not added. 

Butanol extract cold acetone filtrate 

5.4 X 10^6 134 56 
5.4 X 10^5 123 11 
5.4 X 10^4 101 25 

Butanol extract cold acetone precipitate 

5.4 X 10'6 139 27 
5.4 X 10'5 143 16 
5.4 X 10-^4 147 7 

Butanol extract water soluble residue 

5.4 X 10'6 150 28 
5.4 X 10^5 143 16 
5.4 X 10^4 147 7 

Hexane soluble fraction 

5.4 X lO'e 
5.4 X lO'^S 
5.4 X 10^4 

141 
145 
163 

Solvent controls 

11 
16 
15 

Ethanol 
Acetonitrile 
Water 

108 
107 
143 

Positive control 

28 
10 
15 

2-Aminofluorene 131 

(a): Tester strain: Salmonella thvphimurium TAIOO. 
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Table 25: Mutagenic potential of okadaic acid using the 

Salmonella/mammalian microsomal assay(a). 

Experiment No. 1: S9 rat liver homoaenate added. 

Dose (ng/lOO ul) Average # of revertant colonies 

Mean +/- Standard deviation 

0.5 99 12 
0.05 126 1 
0.005 112 0 
Solvent control 103 4 
Positive control >300 

Experiment No. 2: S9 rat liver homoaenate not added. 

0.5 127 31 
0.05 76 0 
0.005 95 11 
Solvent control 108 28 
Positive control 131 5 

(a): Tester strain: Salmonella thvphimurium TAIOO. 
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Chicken embryo mortality was observed for both 

dinoflagellate crude extracts (Figures 43 and 44, Tables 26 

and 27), with the most dramatic effects on embryos treated 

with the G. toxicus extracts equivalent to 4.8 X ICS and 

2.4 X 10"6 cells. None of these embryos survived past the 

6th day of incubation. This is probably due to the 

neurological action of the toxins. The neurological system 

of a 4 day old embryo is at a more sensitive stage of 

development than in freshly injected eggs and therefore is 

probably more susceptible to the action of neurotoxins 

(Park et al., 1986). A dose-response was evident for both 

treatment groups. 85% mortality was observed 7 days after 

incubation for P.. lima extracts equivalent to 8.3 X 10"6 

equivalent cells/egg. Concentrations equivalent to 4.8 X 

10"6 cells for G. toxicus extracts inhibited embryo 

development with no vascular development apparent. This 

suggests G. toxicus extracts are more toxic to the 

developing embryo in early stages. Massive hemorrhaging was 

the only embryonic malformation observed. Hemorrhaging was 

also observed in some of the control embryos. Only 9 chicks 

of G. toxicus lowest dose group (4.8 X 10^4) hatched. Four 

chicks hatched from P lima lowest dose group, 3 and 4 

hatched from the subsequently higher dose groups. 3 of 

these chicks, 2 solvent controls and 1 no dose control had 
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Table 26: Toxic effect of Prorocentrum lima crude extract 

(80% methanol) on the chicken embryo. 

(cells/egg) Day #dead embryos #eaqs dosed #chicks hatched 

8.3 X 10^6 4 3 18 0 
7 15 
13 16 
on £J V 16 
24 18 

4.1 X ic^e 4 1 21 4 
7 5 
13 15 
20 17 

8.3 X ICS 4 2 20 3 
7 3 
13 12 
20 13 
24 17 

8.3 X 10^4 4 2 20 4 
7 5 
13 12 
20 12 
24 16 

Solvent 4 0 16 6 
(5% 7 1 
Tween 80) 13 7 

20 7 
24 10 

Aflatoxin B1 4 4 20 0 
lOug/ml 7 15 

13 20 

No dose 4 1 40 21 
7 3 

13 7 
20 7 
24 19 
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Table 27: Toxic effect of Gambierdiscus toxicus crude 

extract (80% methanol) on the chicken embryo. 

(cells/egg) Day #dead embryos #eaas dosed #chicks hatched 

4.8 X 10^6 4 19 19 0 

2.4 X 10^6 4 17 19 0 
7 19 

4.8 X 10^5 4 12 19 0 
7 18 

13 19 

<
 

o
 

rH C
O

 

•
 4 1 20 9 

7 3 
13 6 
20 6 
24 11 

Solvent 4 0 16 6 
(5% 7 1 
Tween 80) 13 7 

20 7 
24 10 

Aflatoxin B1 4 4 20 0 
lOug/ml 7 15 

13 20 

No dose 4 1 40 21 
7 3 
13 7 
20 7 
24 19 
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balance problems produced by one irregularly placed leg. 

Therefore, this malformation was not considered to be an 

effect of the extracts. No epidemiological data was found 

suggesting malformations caused by the consumption of 

ciguatoxic fish during pregnancy. The results of this assay 

do not suggest gross teratogenic effects produced by the 

extracts tested. Other assay models should be employed to 

determine if internal organs or cells are being damaged. 

Discussion 

The vast array of toxic isolates obtained in this 

study exhibiting different chromatographic properties, 

suggests that there are probably more toxic compounds 

involved in the ciguatera phenomenon than is commonly 

thought. This is not surprising since the clinical picture 

presented by ciguatera patients is so diverse and includes 

a variety of symptoms that are hardly attributable to a few 

toxins. This was partially confirmed by the different 

symptoms observed in mice exposed to lipid and water 

soluble fractions. The results of this study also suggest 

that the role of P. lima in the etiology of ciguatera may 

be equally important as the role attributed to G. toxicus 

and that the production of some similar if not identical 

toxic compounds by both organisms is feasible. This 

hypothesis is supported by okadaic acid analysis data 
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presented in Table 28, where this particular toxin was 

found to be produced by both species of dinoflagellates. 

Okadaic acid has also been reported to be produced by 

cultures of P. concavum (Dickey, et al.; in press) and by 

wild G. toxicus cells (Fremy, J.M.? personal 

communication). Therefore, no one dinoflagellate species 

should be singled out as responsible for ciguatera illness. 

Weight ratios of about 3:1 obtained for P. lima:G. toxicus 

ESFWAF and of about 0.6:1 for BECAP suggest that possibly 

some of these compounds could be produced in different 

relative concentrations by both species with G. toxicus 

producing more water soluble compounds and P.. lima more 

lipid soluble compounds. This is suggested also by data 

presented in Table 28 where the P. lima ESWAF (lipid 

soluble) fraction contained 6 times more okadaic acid in 

the same volume than the G. toxicus ESWAF fraction even 

though the number of cells for G. toxicus was greater. 

Brine shrimp larvae proved to be effective in screening 

out toxic fractions, although as it was mentioned before, 

it is possible that sensitivity of this species to commonly 

occurring dinoflagellate constituents might have influenced 

the number of toxic isolates obtained. Advantages of this 

assay over the mouse bioassay are: a considerably smaller 

amount of test sample is needed to produce mortality, eggs 

are commercially available and active larvae can be 

obtained within 24 hours. 
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Table 28: Determination of okadaic acid levels in 

Prorocentrum lima and Gambierdiscus toxicus extracts. 

Extract/Fraction Equivalent # cells Okadaic Acid (ng) 

Prorocentrum lima 

Crude 5.8 X 10'6 8.75 X 10^3 

Ether soluble 
warm acetone filtrate 7.4 X 10'6 2.00 X 10"4 

Butanol extract cold 
acetone precipitate 1.2 X 10'7 0.00 

Gambierdiscus toxicus 

Crude 4.8 X lO'S 0.00 

Ether soluble 
warm acetone filtrate 1.1 X 10'7 3.33 X 10'3 

Butanol extract cold 
acetone precipitate 1.2 X 10'7 0.00 
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Toxicity results obtained in this study for both G. 

toxicus and P. lima crude and fractionated extracts 

(compared in Table 29), confirm that these cells remain 

very toxic in culture and therefore can be used as raw 

material for providing toxins for further characterization 

and evaluation of their toxic potential. 
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Table 29: Comparative toxic/mutagenic effects of 

Prorocentrum lima and Gambierdiscus toxicus extracts. 

EXTRACT BRINE SHRIMP MUTAGENICITY CHICKEN EMBRYO MOUSE 

CRUDE 
G. toxicus ++++ 
P. lima ++++ 

ETHER/METHANOL PARTITION 
G. toxicus ++++ 
P. lima ++++ 

slight 
negative 

ND 
ND 

++++ 
++++ 

ND 
ND 

ND 
++++ 

ND 
ND 

HEXANE SOLUBLE 
G. toxicus 
P. lima ND 

ND 
ND 

BUTANOL EXTRACT WATER SOLUBLE RESIDUE 
G. toxicus + 
P. lima - ND 

ND 
ND 

BUTANOL EXTRACT WARM ACETONE FILTRATE 
G. toxicus ++++ ND 
P. lima ++++ ND 

ND 
ND 

ND 
ND 

BUTANOL EXTRACT WARM ACETONE PRECIPITATE 
G. toxicus - ND ND 
P. lima - ND ND 

ND 
ND 

BUTANOL EXTRACT COLD ACETONE FILTRATE 
G. toxicus 
P. lima - ND 

ND 
ND 

BUTANOL EXTRACT COLD ACETONE PRECIPITATE 
G. toxicus ++++ - ND 
P. lima ++++ ND ND 

++++ 
+ + 
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Table 29 continued. 

ETHER SOLUBLE FRACTION WARM ACETONE PRECIPITATE 
G. toxicus - ND ND -
P. lima + ND ND -

ETHER SOLUBLE FRACTION WARM ACETONE FILTRATE 
G. toxicus ++++ - ND ++++ 
P. lima ++++ ND ND +++ 

slight = some mutagenic potential observed. 
ND = not determined, ++++ = 100% mortality, 
+++ = 50% or > mortality, ++ = symptoms 
observed, + = < 40% mortality, - = 
negative. 
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CHAPTER 5 

CONCLUSIONS 

1- Prorocentrum lima exhibits better growth in L20-1 and 

modified K niedium« Highest cell densities obtained in L20-1 

and modified K media were 1.4 X 10"4 cells/ml and 2.5 X 

10"4 cells/ml respectively. 

2- Gambierdiscus toxicus exhibits better growth in the 

modified K medium. The highest cell density obtained was 

1.1 X 10^4 cells/ml. 

3- Crude methanolic extracts of both dinoflagellate 

species were toxic to the shrimp larvae and chicken embryo 

within the dose ranges tested. 

4- Crude methanolic extracts of Prorocentrum lima grown in 

L20-1 medium were toxic to the mice within the dose range 

tested. 

5- Prorocentrum lima cultures grown in L20-1 medium were 

more toxic to the shrimp larvae that those grown in 

modified K medium. 
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6- Hexane soluble fractions and water soluble residues of 

both dinoflagellate species were not toxic to the shrimp 

larvae or to the mouse. 

7- Ether soluble fraction warm acetone precipitates and 

butanol extract cold acetone filtrates of both 

dinoflagellate species were not toxic to the shrimp larvae 

or to the mouse. 

8- Ether soluble fraction warm acetone filtrates and 

butanol extract cold acetone precipitates of both 

dinoflagellate species were toxic to the shrimp larvae and 

to the mouse. 

9- Gambierdiscus toxicus butanol extract cold acetone 

precipitate produced a temperature depression effect in the 

mouse. 

10- Gambierdiscus toxicus ether soluble fraction warm 

acetone filtrate and butanol extract cold acetone 

precipitate induced 100% mortality to the mouse whereas 

Prorocentrum lima ether soluble fraction warm acetone 

filtrate induced 50% mortality and the butanol extract cold 

acetone precipitate induced only symptoms. 
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11- Three lipid soluble toxic fractions were isolated from 

Gaiabierdiscus toxicus using column chromatography whereas 

for Prorocentrum lima four different lipid soluble toxic 

fractions were isolated. 

12- One water soluble toxic fraction was isolated from 

Gambierdiscus toxicus using column chromatography. Toxicity 

observed in the butanol extract cold acetone precipitate of 

Prorocentrum lima was not recovered following column 

chromatographic purification. 

13- Twelve different lipid soluble toxic isolates were 

obtained from Prorocentrum lima using preparative thin 

layer chromatography whereas seven different lipid soluble 

toxic isolates were obtained from Gambierdiscus toxicus. 

14- Four different water soluble toxic isolates were 

obtained for Gambierdiscus toxicus using preparative thin 

layer chromatography. 

15- Crude methanolic extracts of Prorocentrum lima showed 

no mutagenic potential using the Salmonella/microsomal 

assay within the dose range tested. Some cytotoxicity to 

Salmonella thvphimurium was observed when S9 rat liver 

homogenate was added. 
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16- Crude methanolic extracts of Gambierdiscus toxicus 

exhibited a slight mutagenic potential which increased when 

S9 rat liver homogenate was added. 

17- None of the chemically isolated fractions of the 

Gambierdiscus toxicus extract showed a positive mutagenic 

potential within the dose range tested. 

18- No mutagenic potential was observed for okadaic acid 

standards within the dose range tested (5 - 500 ng/plate). 

19- Crude methanolic extracts of both dinoflagellate 

species were toxic to the chicken embryo but no gross 

teratogenic effects were observed. 
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APPENDIX A 

THIN LAYER CHROMATOGRAPHIC SEPARATION OF COLUMN 
CHROMATOGRAPHIC FRACTIONS FROM PARTIALLY PURIFIED 

PROROCENTRUM LIMA EXTRACTS 

Retention factors (Rf) 
Ether soluble fraction warm acetone filtrate 

# :  1 2 3 4 5  6 7  8 9  1 0  1 1  

0.56 0.07 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.07 0.07 
0.59 0.09 0.07 0.06 0.06 0.07 0.07 0.07 0.07 0.10 0.16 

0.91 0.26 0.13 0.13 0.13 0.15 0.15 0.14 0.20 0.31 
0.96 0.38 0.27 0.27 0.27 0.28 0.28 0.43 0.37 0.97 
0.98 0.90 0.36 0.36 0.36 0.41 0.41 0.90 0.54 

0.94 0.37 0.38 0.38 0.90 0.90 0.94 0.74 
0.97 0.89 0."0 0.90 0.94 0.94 0.97 0.84 

0.94 0.94 0.94 0.97 0.97 0.94 
0.97 0.98 0.97 0. 97 

12 13 14 15 16 17 18 19 20 21 22 
0.10 0.16 0.16 0.16 0.16 0.16 0.18 0.04 0 .04 * * 

0.17 0.97 0.62 0.62 0.62 0.62 0.27 0 .97 
0.97 0.97 0.97 0.97 0.97 0.97 
23 24 25 
* * * 

* No visible zones were detected. 
Solvent system: chloroform/methanol (9.5:0.5). 
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Butanol soluble fraction cold acetone precipitate 

1 2 3 4 5 6 7 8 9 10 11 
0.32 0.13 0.19 0.32 0.43 0.43 0.43 0.43 0.43 0 .43 0.43 
0.98 0.43 0.35 0.36 0.51 0.51 0.51 0 .51 0.51 0.55 0.55 

0.47 0.57 0.55 1.00 1.00 1.00 1.00 1.00 1.00 0.95 
0.87 1.00 1.00 0.98 

0.94 1.00 
0.98 
1.00 

12 13 14 15 16 17 18 19 20 21 22 
0.43 0.32 0.32 0.32 0-32 1.00 1.00 •k -k ic * 

0.56 0.51 0.51 1.00 1.00 
0.98 1.00 1.00 
1.00 
23 24 25 

* * * 

* No visible zones were detected. 
Solvent system: chloroform/methanol/water (60:36:4). 
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APPENDIX B 

THIN LAYER CHROMATOGRAPHIC SEPARATION OF COLUMN 
CHROMATOGRAPHIC FRACTIONS FROM PARTIALLY PURIFIED 

GAMIERDISCUS TOXICUS EXTRACTS 

Retention factors (Rf) 
Ether soluble fraction warm acetone filtrate 

# • • 1  2  3  4  5  6  7  8  9  1 0  1 1  1 2  
* * * * 0.70 0.28 0.08 0.08 0.08 0.08 0.04 0.05 

0.93 0.93 0.09 0.09 0.09 0.09 0.08 0.08 
0.96 0.95 0.20 0.21 0.21 0.23 0.12 0.11 
0.98 0.98 0.28 0.28 0.31 0.30 0.31 0.31 

0.71 0.71 0.72 0.72 0.92 0.92 
0.93 0.93 0.93 0.95 0.97 0.96 
0.95 0.95 0.95 0.98 
0.98 0.98 0.98 

13 14 15 16 17 18 19 20 21 22 23 24 
0.09 0.08 0.04 0.04 0.13 0.31 * 1.00 * * * * 
0.31 0.09 0.09 0.08 0.31 
0.92 0.30 0.30 0.09 0.45 
0.95 0.92 0.98 0.30 

0.98 0.41 
1.00 

25 26 27 28 29 30 
0.09 0.13 0.13 0.14 0.17 0.17 
0.17 
* No visible zones were detected. 
Solvent system: chloroform/methanol (9.5:0.5). 



Butanol soluble fraction cold, acetone precipitate 

1 2 3 4 5 6 7 8 9 10 11 
0.45 0.43 0.24 0.53 0.58 0.46 0.46 0.48 0.58 0.27 0.27 
1.00 0.53 0.62 0.58 1.00 0.58 0.58 0.58 1.00 0.33 0.33 

0.58 0.77 0.62 0.66 0.68 1.00 0.38 0.38 
0.59 0.92 1.00 1.00 1.00. 0.45 0.47 
0.77 1.00 1.00 1.00 
0.92 
1.00 

12 13 14 15 16 17 18 19 20 21 22 
0.33 0.55 A ic * * * * * 4c A 

1.00 1.00 
23 24 25 
* * * 

* No visible zones were detected. 
Solvent system: chloroform/methanol/water (60:36:4). 
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APPENDIX C 

THIN LAYER CHROMATOGRAPHIC SEPARATION OF COMBINED 
COLUMN CHROMATOGRAPHIC FRACTIONS FROM PARTIALLY PURIFIED 

GAMBIERDISCUS TOXICUS AND PROROCENTRUM LIMA EXTRACTS 

Retention factors (Rf) 
Ether soluble fraction warm acetone filtrate 

Isolate #; PL456 PL1112 PL14151617 PL1920 
0.39 
0.97 

0.04 0.04 0.11 
0.07 0.11 0. 31 
0.12 0.16 0.92 
0.20 0.31 0.97 
0.35 0.44 
0.64 
0.73 
0.78 
0.86 
0.90 
0.93 
0.98 

GT789 GT111213 GT151617 GT262728 
0.04 0.04 0.04 0.98 
0.07 0.07 0.07 
0.11 0.11 0.11 
0.25 0.25 0.20 
0.64 0.64 0.34 
0.90 0.90 0.45 
0.94 0.94 0.90 
0.98 0.98 0.94 

0.98 
Solvent System: chloroform/methanol (9.5:0.5) 
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