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EXECUTIVE SUMMARY

This is the final report for two Fishing Research and Development Grants, 87/058 and 88/029.

Both grants provided funds for research on Ciguatera poisoning and Ciguatoxin. Experimental

studies were conducted on fish and mammals.

Ciguatoxin was shown to cause cellular and subcellular damage to the gills, gut and liver of fish,
however damage was dose related and dependent on species. Attempts were made to visualise
the attachment sites of ciguatoxin in the mammalian central nervous system using
immunocytochemical techniques. No conclusive results emanated from these

immunocytochemical studies.

Biochemical studies on skeletal muscle from the Spanish mackerel indicated that these fish when
carrying ciguatoxin produced a soluble protein of molecular weight 37 400 - 40 600 Daltons. This
protein could not be found in Spanish mackerel that did not carry ciguatoxin. This finding is of
considerable importance to the Fishing Industry as it could form the basis of a reliable and cost
effective test for the presence of ciguatoxin in fish flesh. There are currently no reliable test

available for the detection of ciguatoxin in fish.

Feeding experiments in fish demonstrated that carnivorous fish can absorb ciguatoxin and that
this toxin produces behavioural changes indicative of action on the nervous system. Ciguatoxin
once absorbed from the gut was deposited in skeletal muscle. Precursors of ciguatoxin from
Gambierdiscus toxicus had no observable effects on these fish and were not found in skeletal

muscle after ingestion.

A series of experiments on rats indicated that mannitol had no effect on the alterations in nerve
conduction induced by ciguatoxin and brevetoxin, another polycyclic ether of dinoflagellate origin.
Improvements in the ciguatera syndrome after mannitol infusion reported in clinical trials have
no basis in terms of fundamental nerve conduction parameters. This current study provided no
evidence for reversal by mannitol of the changes in nerve conduction characteristic of ciguatera
poisoning. However it was established that the local anaesthetic and anti-arrhythmic agent,
lignocaine, in clinical doses reversed all of the changes in nerve conduction induced by
ciguatoxin. It is suggested that clinical trials should be instigated for lignocaine treatment of the

human ciguatera syndrome.
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Ciguatera Poisoning

1.0 Introduction

This final report details the outcomes of two Fishing Industry Research and Development

Corporation Grants as given below:

87/058 A study of the protective mechanisms in fish for ciguatoxin (CTX) and an

assessment of their role in the therapy of human victims.

88/029 An assessment in an animal model of the ability of mannitol and other possible

antagonists to reverse the neural symptomatology of ciguatera poisoning.

Both of the above grants are specifically related to ciguatera poisoning and both will be
discussed in this combined report. The format of the report is such that it gives an overview of
ciguatera based on the literature, a general methods section in which the extraction and partial
purification of CTX from fish is described and then sections that address how each of the specific
research objectives of the initial proposals were met. At the end of the report significant

outcomes and directions for future research are presented.

In terms of the initial grants, the specific research objectives are given below:

1. To determine the principal sites of storage CTX in carrier fish. (87/058)

2. To attempt to elucidate the mechanisms of sequestration of CTX in the tissues of
carrier fish. (87/058)

3. To examine the actions of CTX on selected tissues in a mammalian model of

ciguatera poisoning in human. (87/058)

4. To evaluate the mechanisms of sequestration of CTX by fish as potential methods
of therapy in humans. (87/058)

5. To use the ventral coccygeal nerve preparation of the intact anaesthetised rat to
assess the efficacy of mannitol and other antagonists on the reversal of

neurological manifestations of ciguatera poisoning. (88/029)

FRDC Report Grants 87/058 and 88/029 M F Capra |



Ciguatera Poisoning

2.0 General Overview of Ciguatera

Ciguatera poisoning is a form of food poisoning that occurs in humans after the consumption of
particular specimens of a variety of tropical marine fish species. Itis caused by the ingestion of
small quantities of a very powerful toxin, CTX, that occurs in the tissues of the offending fish.
The distribution of human ciguatera poisoning is confined mainly to the tropical regions of the
world where it is a considerable cause of morbidity. Over 50,000 people may be affected each

year in the tropics (Regalis, 1984).

Ciguatera poisoning has also been reported to be the most frequent form of food-borne disease
of a chemical nature within the USA (Withers, 1982) with most cases emanating from Florida and
Hawaii. Episodes of ciguatera poisoning have been documented from the Caribbean and the
Pacific Regions (Bagnis et al., 1979; Holt et al., 1984). Cases of ciguatera poisoning occur
annually along the tropical coast of eastern Australia (Capra and Cameron, 1991).

Although causative fish are restricted to tropical regions, cases of ciguatera poisoning have been
reported from temperate regions as a result of individuals consuming toxic fish while in the
tropics and then presenting with the ciguatera syndrome after air travel to a temperate country
and also by the consumption of toxic tropical fish in temperate regions. Forty-four cases of
ciguatera were reported from Canada in a period 1964-1985 both in victims who had consumed
fish in the tropics and in those who consumed tropical fish purchased in Canada (Todd, 1985).
The largest outbreak of ciguatera poisoning in Australia, occurred in 1987 in the temperate city
of Sydney (Capra and Cameron, 1991). Sixty-three people were poisoned in this outbreak after
eating Spanish mackerel (Scomberomores commersomi) marketed in Sydney but captured in
a ciguatera endemic region, just below the southern margin of the Great Barrier Reef some
1300 km to the north of Sydney. in 1984 a further mass poisoning occurred in Sydney in which
40 people were intoxicated. The most dramatic case of mass ciguatera poisoning occurred in

1994 when 500 people in Madagas were poisoned with 98 deaths (Habermeh! et al., 1994).

There is now a considerable amount of information on various aspects of ciguatera poisoning
and CTX with regular publication of reviews and monographs (Juranovic and Park, 1991; Miller,
1991). Interest in the ciguatera syndrome is of long standing with the earliest European

documentation coming from the West Indies in the sixteenth century (Withers, 1982). The first

published records from the southem hemisphere were from Anderson (1776) who described an
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Ciguatera Poisoning

episode of ciguatera poisoning among the crew of one of Captain Cook's ships in the waters of

Vanuatu.

2.1 Toxin(s) Responsible for Ciguatera poisoning

Scheuer et al., (1967) suggested that the syndrome of human ciguatera intoxication that follows
consumption of certain tropical fish was due to a single chemical entity, ciguatoxin (CTX).
Subsequent chemical studies on the livers of toxic moray eels, Gymnothorox javanicus identified
an extremely toxic compound (LD, of 0.45g/kg ip mice) with a molecular weight of 1111.7
Daltons (Tachibana et al., 1987). The compound isolated was a polar and highly oxygenated
molecule that belonged to a class of polyether compounds and showed similar chromatographic

properties to the smaller polycyclic ether compound okadaic acid.

The complexity of the CTX molecule and its low concentration (0.5 to 10.0 ppb) in the tissues of
toxic fish hindered the final elucidation of its structure. Legrand et al., (1989) on the basis of high
resolution mass spectrometry published a probably molecular formula of CgHgs0,,. Later in the
same year a partial structure of CTX was published (Murata et al., 1989a). The full structure of
CTX from fish and its likely dinoflagellate precursor molecule were subsequently published
(Murata et al., 19839b; Murata et al., 1990). Murata et al., (1990) confirmed the previous molecular
formula for CTX of CgHgO,9 and described a brevitoxin-like polyether molecule with 13
continuous-ether rings. A less oxygenated congener (gambiertoxin 4b) was isolated from
Gambierdiscus toxicus the putative elaborator of CTX, which Murata et al., (1990) suggested
may be oxidised as a detoxification step in carrier fish. Lewis et al., (1991) described three major
ciguatoxins CTX-1, CTX-2 and CTX-3 from moray eels. CTX-1 was comparable to the ciguatoxin
isolated from moray eels while CTX-2 and CTX-3 were less polar molecules that were 16 mass
units less that CTX-1. The signs produced in mice by each of these toxins were similar, however,
CTX-2 and CTX-3 induced hind limb paralysis that did not occur with CTX-1. Lewis and Sellin
(1992) have now demonstrated the presence of CTX-1, CTX-2 and CTX-3 in three species of
tropical fish, Spanish mackerel (Scomberomorus commersomi) coral trout (Plectropomus spp)
and blotched javelin (Pomadasys maculates). The relative proportions of the three distinct toxins

differed in each of the species.

Earlier concepts that the ciguatera syndrome in humans is due to a single toxic entity may now
need modification. Lewis et al., (1991) and Lewis and Sellin (1992) have shown that variants of
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Ciguatera Poisoning

the CTX molecule can occur in a number of species of tropical fish and that the ratios of the
different forms of CTX are also variable. A recent review by Juranovic and Park (1991)
acknowledges the possible involvement of five toxins (CTX, maitotoxin, scaritoxin, okadaic acid
and prorocentrolid) in the ciguatera syndrome. Other toxins including palytoxin (Kodama et al.,
1989) may contribute to the general ciguatera syndrome and may also afford an explanation for

the variability of symptoms reported in humans by various authors (Capra and Cameron, 1991).

22 Origins and Transmission of CTX

Humans may fall victim to ciguatera poisoning after eating an individual specimen of any one of
a number of marine tropical fish. Over 400 species of fish were listed worldwide by Halstead
(1978) as potential carriers of CTX and hence possible sources of human intoxication. Halstead's
figures are considered to be an overestimation and the number of potential carriers may be much
lower. Data collected by Bagnis et al., (1985), over twenty years in French Polynesia, implicated
approximately 100 species as potential carriers of CTX. In Australia several species of primarily
carnivorous fish including mackerel, barracuda and coral trout are responsible for human
intoxication (Gillespie et al., 1986). Three species of fish from northern Australia, red bass,
(Lutjanus bohar), chinamen fish (Symphorus nematophorus), and paddletail (Lutianus gibbus),
have been shown to have a high rate of toxicity of 4%, 7% and 18% respectively from reefs in
the vicinity of the coastal city of Cairns (Capra and Cameron, 1991). The incidence of toxicity in
fish can vary both geographically and temporarily.

Although it has long been known that ciguatera poisoning follows the ingestion of certain
specimens of tropical fish, the origin of the toxin remained obscure until quite recently.
Examination of the diets of fish from a ciguatera endemic region of French Polynesia revealed
large numbers of a dinoflagellate, Diplopsalis sp, extracts of which showed similar
chromatographic, pharmacological and immunological properties to CTX derived from fish
tissues (Yasumoto et al., 1977). This dinoflagellate, initially classified as Diplopsalis sp was
subsequently described as Gambierdiscus toxicus (Adachi and Fukuyo, 1979). Gambierdiscus,
an epiphyte found on a number of species of macroalgae, has now been identified in Hawaii
(Taylor, 1979), the Caribbean (Miller et al., 1982) areas of the Pacific other than French
Polynesia (Yasumoto et al., 1984) and Australia (Gillespie et al., 1985). Cultures of
Gambierdiscus have produced maitotoxin (Gillespie et al., 1985) and mixtures purported to

contain both maitotoxin and CTX (Durand et al., 1985). The structural studies of Murata et al.,
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Ciguatera Poisoning

(1989a & b) and (1990) suggest that Gambierdiscus produces precursors (gambiertoxins) of CTX
that are bioconverted to CTX(s) by biochemical mechanisms within fish. Variation in toxicity
between different geographical localities may reflect variation in the numbers of Gambierdiscus
or the presence of strains capable of producing greater concentrations of toxin. Bomber et al.,
(1988) worked with cultures of Gambierdiscus from different latitudes and found that clonal toxic
potencies decreased with increasing latitudes. Holmes et al., (1991) have shown that the
production of gambiertoxins by Gambierdiscus is strain dependent and propose that ciguatera
only occurs when strains with the genetic capacity to produce gambiertoxins give rise to blooms.
The presence of Gambierdiscus toxicus in non-toxic regions suggests that the strains are not
capable of gambiertoxin synthesis and the appearance of toxicity within a previously non-toxic

region may indicate colonisation of the region by toxin producing strains.

Gambierdiscus toxicus may not be the sole originator of toxins responsible for the ciguatera
syndrome as Ostreopsis sp. (Ballantine et al., 1985) and Prorocentrum concavum (Tindall et al.,
1984) have also been implicated. Recently the cyanobacterium Oscillatoria erythreae has been
shown to be a potential source of CTX-like toxins (Hahn and Capra, 1992).

Ciguatoxin precursors are believed to enter the human food chain via browsing and grazing fish
such as the surgeon fish, Ctenochaetus sp, and then move through various trophic levels.
Gambiertoxin-like toxins and CTX-like toxins also enter the food chain via a variety of
invertebrates (Hahn, 1991).

23 Pharmacological actions of Ciguatoxin

It has been long recognised that CTX has profound effects upon the nervous system and Li
(1965), suggested that CTX acted primarily as an anticholinesterase. His studies however
appeared to be based on impure extracts contaminated by other compounds and his assertions
of an anticholinesterase activity were subsequently rejected, Rayner (1969). Rayner (1969) was
the first to suggest that CTX caused a widespread effect on excitable tissues by increasing Na*
permeability. There is now ample evidence to support the view that CTX acts on the Na*
channels of excitable membranes and increases the permeability of these membranes to Na*
(Rayner 1972; Bidard et al.,, 1984; Capra and Cameron, 1985; Lewis, 1985). In cultured
neuroblastoma cells, CTX induces a membrane depolarisation that is antagonised by
tetrodotoxin. The widespread neural effects of CTX would appear to be due to this fundamental
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action of CTX on Na* channels within excitable membranes. The autonomic responses to CTX
may be due to both presynaptic effects producing transmitter release and post synaptic effects
of CTX on Na*channels in effectors (Lewis, 1985). Molgo et al (1990) have shown that CTX; in
nanomolar concentration, acts on Na* channels of the neuromuscular junction to produce both
pre- and postsynaptic effects. The inhibition of the actions of CTX by tetrodotoxin in both, in vitro
neuromuscular preparation from whole animals (Moglo et al., 1990) and cell culture preparations
(Moglo et al., 1991) indicate that the CTX exerts its primary action on Na* channels. Only
preliminary evaluations of the pharmacological actions of the various forms of fish ciguatoxin
have been made to date. All three fish ciguatoxins competitively inhibit the binding of brevetoxin
to voltage dependent sodium channels (Lewis et al.,, 1991), suggesting qualitatively similar

pharmacological actions for the currently described variants of ciguatoxin.

Pharmacological studies on the neural actions of CTX have been restricted, largely, to in vitro
studies of isolated nerve and nerve muscle preparations. Such studies while providing
considerable information on the action of CTX do not approximate the clinical situation that
prevails in human victims. Capra and Cameron (1985) and Cameron et al., (1991a) used in vivo
recordings from the ventral coccygeal nerve of anaesthetised rats as a model of human ciguatera
intoxication. Rats given sublethal doses of CTX derived from toxic Spanish mackerel,
Scomberomorus commersoni, displayed alterations in a number of nerve condition parameters.
There was a significant slowing of both mixed and motor nerve conduction velocities and motor
and mixed nerve amplitudes were significantly reduced. Both absolute refractory periods and
supernormal periods were significantly prolonged together with an exaggeration of the
supernormal response. The results of these in vivo studies indirectly suggest that CTX acts in

intact mammals by prolongation of sodium channel activation.

While there is now a considerable literature on the effects of CTX on mammalian nerves, there
are few studies on the actions of this toxin on fish nerves. CTX has been shown to be lethal to
both fresh water fish (Lewis, 1992) and marine fish (Capra et al., 1988). However, marine fish
are less susceptible to CTX than mammals and fish with a feeding regimen that leads to dietary
exposure to Gambierdiscus are less susceptible to CTX than those with no exposure to the
causative dinoflagellate (Capra et al., 1988). Individual tropical fish can carry sufficient CTX in
their tissues to poison several humans without obvious signs of pathology. Neurophysiological
studies (Flowers et al., 1987; Flowers, 1989) and 22Na* efflux studies (Capra et al., 1987) on
marine fish indicate that the Na* channels of fish are susceptible to CTX and that CTX exerts a

similar effect on fish Na* channels to that on mammalian channels. Hahn et al., (1992) have
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described the presence of a CTX induced soluble protein-CTX association in the muscle of toxic
specimens of Scomberomorus commersoni. The induction of this protein and its association with
CTX may be the basis of a sequestration mechanism that diminishes the binding of CTX to the

target sites on the Na* channels of excitable membranes in fish.
24  The effects of Ciguatoxin on humans

There have been many reports on the clinical features and symptomatology of ciguatera
poisoning in humans (Bagnis et al., 1979; Lawrence et al., 1980; Gillespie et al., 1986; Bagnis
and Legrand, 1987; Capra and Cameron, 1991). After ingestion of toxic fish, the course of the
affliction often follows a reasonably predictable pattern. The initial symptoms are usually
gastrointestinal and develop at an early stage some three to twelve hours after the consumption
of toxic fish. The gastrointestinal symptoms can include nausea, vomiting, diarrhoea and
abdominal cramps. The usual time of onset of gastrointestinal symptoms is approximately six
hours after ingestion. The severity of these symptoms is variable and may depend upon the
toxicity and quantity of fish ingested. After the onset of gastrointestinal dysfunction, neurological
symptoms usually begin to appear twelve to eighteen hours after consumption of toxic fish.
These symptoms can include paraesthesia of the lips and extremities, arthralgia, myalgia, dental
pain, convulsions, muscular paralysis, vertigo, severe headache, short term memory loss,
temperature perception reversals, diaphoresis and pruritus. Some victims display psychological
disturbances, manifest as anxiety and depression for months and sometimes years after
intoxication. Cardiovascular symptoms which include bradycardia, tachycardia, arrhythmia and

hypotension are also evident in a number of victims.

A feature of the ciguatera syndrome in humans is the variability in duration and severity of
dysfunction in various victims of the toxin. Variations in the amount of toxin consumed and the
physiological status of each victim may account for some of the variability of response. The
recently established variations in the quantity of the variants of CTX in individual fish may also
contribute to variations in clinical manifestation (Lewis and Sellin, 1992). An outbreak of ciguatera
poisoning in Sydney, Australia in 1987 led to 63 reported cases of intoxication from possibly one
to two toxic Spanish mackerel. A study of forty of these victims over a six month period (Capra
and Cameron, 1991) revealed variations in severity of intoxication and in the duration of
persistence of individual symptoms. The longitudinal study of the Sydney victims did reveal that
symptoms persisted for longer periods than previously reported.
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Six months after ingestion of the toxic fish, 20 of the 40 victims in the study displayed at least one
symptom. One victim who had consumed one kg of toxic fish over a three day period had eight
persistent symptoms after six months. Despite the often severe clinical manifestation of ciguatera
poisoning, very few deaths were attributable to ingestion of fish containing CTXs until the high
mortality reported by Habermehl et al., (1994).

The neurological effects of CTX are clinically prominent and account for the major discomfort of
most victims of this toxin. Very few studies have been undertaken on the neuropathology of CTX
in humans. Limited nerve biopsies of human with clinical ciguatera poisoning reveal striking
oedema of the adoxonal Schwann cell cytoplasm (Allsop et al., 1986). A clinical study of nerve
conduction parameter of the Sural and common peroneal nerves in 15 cases of acute ciguatera
poisoning showed a significant slowing of sensory conduction velocity and prolongation of
absolute and relative refractory periods and of the supernormal period (Cameron et al., 1991 b).
The electrophysiological changes induced in humans by consumption of toxic fish are essentially
similar to those in the rat as previously described. The use of the rat as a model for human

intoxication may be useful in assessing potential therapies.
2.5 Summary

Ciguatera poisoning is often a severe form of food poisoning that follows the consumption of
certain tropical fish. The syndrome of poisoning may be due to a variety of related polycyclic
ether toxins that are produced in fish by minor modifications of precursor molecules elaborated
by benthic dinoflagellates, in particular Gambierdiscus toxicus. The toxin(s) responsible for the
syndrome have a fundamental action on the Na* channels of excitable tissues and appear to act
both centrally and peripherally. The actions of CTX on Na* channels are qualitatively similar in

humans, rodents and fish.

Two issues are now of prime importance in diminishing the human impact of ciguatera poisoning.
These are the development of reliable and cost effective methods for detection of toxin in the
flesh of fish and the introduction of effective therapeutic regimens for victims of the toxin(s).
Considerable success in the treatment of certain ciguatera victims with intravenous infusions of
mannitol has been reported (Palafox et al., 1992; Blythe et al., 1992).

FRDC Report Grants 87/058 and 88/029 M F Capra 8



Ciguatera Poisoning

3.0 Extraction and Purification of CTX

Several batches of extracted CTX were used in the course of the studies outlined below. Toxic
and potentially toxic fish were acquired as donations from cases of human ciguatera poisoning
and from commercial fisherman in Queensland (Hervey Bay and Cairns) and the Northern
Territory (Gove). The fish were stored at -20 degrees Celsius prior to extraction and bioassay.
The extraction method was based on the method of Nukina et al., (1984) as modified by Hahn
(1991). Tissues of toxic fish were generally pooled for extraction. Species used included
mackerel, barracuda, red bass, chinamen fish, stripey and trumpeter. Large quantities of toxic

flesh were not available from any particular species.

The toxic extract used for pharmacological, physiological and histological experiments in this
study was the fraction eluted form the silic acid column with chloroform: methanol 9:1 (Figure 1).
The toxic extract was reduced by rotary evaporation and stored under anhydrous methanol at
-20 degrees Celsius. When the toxin was required for use, the methanol was evaporated under
a stream of nitrogen. The toxin was taken up in a vehicle consisting of a suitable physiological
saline and 1% Tween 80 solution as an emulsifier. The extracts from the 9:1 chloroform:
methanol are not pure CTX and it was not possible to determine a concentration of CTX in any
particular extract. Estimates were made of the lethality of the toxin by limited bioassay in mice
using death time. For ethical reasons minimal numbers of mice were used. Toxicity was
generally expressed as an LD, value or in terms of mouse units. LD, values were calculated

using the formula of Tachibana (1980) as given below:
Log14(LDs) = Log 4d - 2[Logy, (1+t7)]
where d = dose in mg/kg

t = death time in hours

One mouse unit (mu) is defined as the LD,, value divided by 50 this then being the LD,

equivalent dose in a 20 gram mouse.

3.1 Algal Toxins

Toxins derived from cultures of Gambierdiscus toxicus were kindly provided to the QUT ciguatera

group by Prof Donald Miller of the School of Medicine, Southern lllinois University, Carbondale,
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llinois USA. Prof Miller provided two fractions from extraction of cultured G.toxicus classified in
terms of the chromatography. Green extract with an LD, of 5mg/kg (ip mice) and a
concentration of 1mg/mL in methanol and a Brown extract with an LD, of 1.4mg/kg at a

concentration of 1.75mg/mL in methanol.

POOLED FISH TISSUE

extracted with acetone (2mL/g x 3)

ACETONE FILTRATE

stored at -20deg C, filter
discard acetone insoluble

POOLED ACETONE FILTRATE

remove solvent (rotary evaporator)

AQUEOUS RESIDUE

bought to 29% methanol v/v,
partitioned against n-hexane

Ag 29% METHANOL

n-HEXANE
Methanol:water
4:1 v/v backwash
POOLED RESIDUE

methanol removed

partitioned against

ethyl acetate 2:1 viv x 3

POOLED ETHYL ACETATE

ethyl acetate removed

Dry oil dissolved in chloroform
SILIC ACID CHROMATOGRAPHY

eluted with 9:1
chioroform:methanol v/iv
CIGUATOXIN EXTRACT

Figure 1: Flow diagram of the bulk extraction procedure for ciguatoxin
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4.0 Addressing the Stated Research Objectives

The combined objectives of the two FRDC research grants supporting ciguatera research at QUT
are given in Section 1.0. In the following sections of this report, the methods by which each of
these objectives were addressed will be detailed. The research conducted at QUT over the past
10 years and supported, in part, by FRDC has fallen into two main categories: studies in fish and
studies in mammals. The funds provided by FRDC in Grants 87/058 and 88/029 supported work
in the fields of fish and mammalian studies and the results of this work will be presented under

these headings.
5.0 Studies in Fish

5.1 General Introduction to Studies in Fish

There are very few reports on the action of CTX on fish. To date, this sparse literature presents

a confusing picture.

The normally non-toxic surgeon fish, Acanthurus xanthopterus, can be fed CTX fish and acquire
the toxicity without the signs of intoxication (Helfrich and Banner, 1963). When CTX was added
to the ambient water of the guppy, Lebistes reticulatus, it produced death in a short time (Bagnis
et al., 1980). The toxin in this case was absorbed via the gills, contrary to what would be the
normal route encountered in nature. Davin et al., (1986) reported on the intoxication in
blueheads, Thalasomma bifascitum, by the ingestion of ciguatera toxins associated with G.
toxicus cultures. Later studies using piscivorous fishes showed abnormal behaviour and death
after consumption of ciguatoxic barracuda (Davin et al, 1988). Capra et al., (1988), reported
differences between two species of reef dwelling pomocentrids, Pomocentrus wardiiand Chromis
nitida. After i.p. injection of ciguatoxin it was found that both species were significantly more
résistant to the toxin than were mammals. However, P. wardii, a browser which feeds on algae,
was significantly more resistant than C. nitida, a planktivore. The difference in their resistance
to the toxin reflects their different feeding habits. The browser, by its mode of feeding, can ingest
G.toxicus, the putative source of ciguatoxin (Adachi and Fukuyo, 1979: Yasumoto et al., 1980)
while the planktivore would rarely come in contact with this benthic dinoflagellate. The nerves
of fish have been shown to respond to CTX in a manner that is qualitatively similar to the

responses of mammalian nerves (Capra et al., 1988; Flowers et al., 1992).
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It was this somewhat confusing picture that initiated the studies of the effects of CTX on fish in

which the following two objectives were addressed:

. To determine the principal sites of storage of CTX in carrier fish.
. To attempt to elucidate the mechanism of sequestration of CTX in the tissues of
carrier fish.

In order to address these objectives a number of related investigations on the effects of CTX on
fish, and the distribution of CTX in fish were performed under the following general headings:

. Histological studies
. Toxicological studies
. Biochemical studies

5.2 Histological Studies on Fish

5.21 Introduction

Capra et al., (1988) found significant histopathological changes in the gills and gastrointestinal
tract of two species of pomacentrids injected with CTX into the peritoneal cavity. These two
structures appeared to be target sites for structural damage associated with the presence of
CTX. It had previously been shown by Coombe et al., (1987), that CTX induced structural

damage at the cellular level in the small intestine of laboratory mice.

In the initial research proposal to FRDC we intended to examine a range of tissues from fish
exposed to CTX in order to assess the extent and site of toxin induced cellular damage. Several
tissues from intoxicated fish were examined during the course of the study and the results are
presented below. It was also our intention to use immunohistochemical techniques to attempt
to localise the binding of CTX within specific tissues. Part of the project also involved the
identification of binding sites within mammalian tissue. As histochemical and
immunohistochemical technigues are in a more refined state for mammalian tissues we decided
to begin these studies in mice. The immunohistochemical studies in mice (Section 6.1) were

quite inconclusive and as these techniques could not be successfully used for mammals we
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